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Limitations 

Scope of services 

This report (“the report”) has been prepared by Strategen Environmental Consultants Pty Ltd (Strategen) in accordance 

with the scope of services set out in the contract, or as otherwise agreed, between the Client and Strategen.  In some 

circumstances, a range of factors such as time, budget, access and/or site disturbance constraints may have limited the 

scope of services.  This report is strictly limited to the matters stated in it and is not to be read as extending, by 

implication, to any other matter in connection with the matters addressed in it. 

Reliance on data 

In preparing the report, Strategen has relied upon data and other information provided by the Client and other 

individuals and organisations, most of which are referred to in the report (“the data”).  Except as otherwise expressly 

stated in the report, Strategen has not verified the accuracy or completeness of the data.  To the extent that the 

statements, opinions, facts, information, conclusions and/or recommendations in the report (“conclusions”) are based in 

whole or part on the data, those conclusions are contingent upon the accuracy and completeness of the data.  

Strategen has also not attempted to determine whether any material matter has been omitted from the data.  Strategen 

will not be liable in relation to incorrect conclusions should any data, information or condition be incorrect or have been 

concealed, withheld, misrepresented or otherwise not fully disclosed to Strategen.  The making of any assumption does 

not imply that Strategen has made any enquiry to verify the correctness of that assumption. 

The report is based on conditions encountered and information received at the time of preparation of this report or the 

time that site investigations were carried out.  Strategen disclaims responsibility for any changes that may have 

occurred after this time.  This report and any legal issues arising from it are governed by and construed in accordance 

with the law of Western Australia as at the date of this report.  

Environmental conclusions 

Within the limitations imposed by the scope of services, the preparation of this report has been undertaken and 

performed in a professional manner, in accordance with generally accepted environmental consulting practices.  No 

other warranty, whether express or implied, is made. 
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Summary 

This Marina Environmental Quality Management Plan (MEQMP) is submitted in accordance with the 

requirements under the Environmental Scoping Document (Assessment number: 2012) Items 7 and 7b for 

the Ocean Reef Marina Development by the City of Joondalup. 

The table below presents the environmental criteria to measure achievement of the condition 

environmental outcome that must be met through implementation of this MEQMP. 

Title of Development Ocean Reef Marina. 

Proponent City of Joondalup. 

Environmental Scoping 
Document 

Assessment number: 2012. 

Purpose of this MEQMP The MEQMP is submitted to fulfil the requirements within the Environmental Scoping 
Document (ESD). 

Environmental Protection 
Authority’s (EPA) environmental 
objective for the key 
environmental factor/s 

Benthic Communities and Habitat: 

To maintain the structure, function, diversity, distribution and viability of benthic 
communities and habitats at local and regional scales.  

Marine Environmental Quality:  

To maintain the quality of water, sediment and biota so that the environmental 
values, both ecological and social, are protected.  

Marine Fauna 

To maintain the diversity, geographic distribution and viability of fauna at the species 
and population levels.   

MEQMP environmental 
objective 

1. Ensure that a High Level of Ecological Protection (LEP) is met outside of the 
marina and a Moderate LEP is met within the marina during the operation of the 
Proposal.   

2. Ensure that the marine environmental quality and associated values outside and 
inside the marina and within the Marmion Marine Park are maintained.   

Management Targets Management Target 1:  No loss of benthic habitats beyond 70 m from the marina 
breakwater (as predicted by the impact assessment). 

Management Target 2:  No reduction in abalone abundance beyond 500 m north of 
the Proposal footprint. 

Management Target 3:  Educate marina users to minimise the risk of introduced 
marine species. 

Management Target 4:  Marine water quality outside the marina is maintained within 
acceptable water and sediment parameter limits for High LEP. 

Management Target 5:  Marine water quality inside the marina is maintained within 
acceptable water and sediment parameter limits for Moderate LEP. 

Management Target 6:  Educate marina users to minimise illegal fishing. 

Management Target 7:  All maintenance dredging equipment to be clean and free of 
marine pests. 
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1. Context, scope and rationale 

This Marine Environmental Quality Management Plan (MEQMP) presents the management program for 

the operation of the Ocean Reef Marina Development. 

1.1 What is the Proposal? 

The City of Joondalup (the Proponent) proposes to develop a world class recreational, residential, boating 

and tourist development, located at Ocean Reef, Western Australia, referred to as the Ocean Reef Marina 

Development.  The Ocean Reef Marina Development is located within the City of Joondalup, 

approximately 29 km from the Perth central business district and 9 km from Hillarys Boat Harbour. 

The Proposal involves the upgrade and expansion of the existing Ocean Reef Boat Harbour into a mixed 

use ‘working marina’ enabling club, service commercial and marine industrial uses in the north; a central 

retail, tourist and residential precinct; and a southern boating precinct inclusive of ramps.  The Proposal 

comprises the marine component of the Ocean Reef Marina Development only, the upgraded marina 

facilities and marine related operation activities.  The Proposal will be constructed within a Development 

Envelope as shown in Figure 1. 

1.2 Scope 

This MEQMP has been prepared on behalf of the Proponent to address the requirements under the ESD 

(Assessment number: 2012) for 362 Ocean Reef Road, Ocean Reef, and to support the Public 

Environmental Review (PER) and environmental assessment process.  The requirements of the ESD are 

addressed in the sections of the MEQMP as presented in Table 1.   

The MEQMP addresses operational activities of the Proposal and is a management-based environmental 

management plan (EMP).  It identifies the management actions that should achieve the Environmental 

Protection Authority (EPA) environmental objectives and management targets as well as monitoring to 

assess the efficacy of those management actions.   

Current Environmental Assessment Guidelines (EAG) No 17 (EPA 2015c) outline management plan 

requirements that address one EPA environmental factor per management plan.  Three key EPA 

environmental factors have been identified as potentially being affected by the Proposal operation 

activities (section 1.2.1).  As the impacts to and management of these factors are considered similar, the 

management provisions for each factor have been amalgamated to reduce repetitiveness and provide a 

more effective management plan.  This MEQMP is a management-based management plan and provides 

an adaptive management framework to managing ongoing operational impacts of the Proposal.  

1.2.1 Key environmental factors and aspects 

The primary objective of the ESD in relation to operation activities is to ensure that the marine 

environmental quality and associated values outside the proposed marina and within the Marmion Marine 

Park are maintained.  This MEQMP is based on monitoring and managing the operation of the Proposal to 

ensure that a High LEP is met outside of the marina and a Moderate LEP is met within the marina. 

Based on this objective, three key EPA environmental factors have been identified as requiring 

management during operation including: 

• marine fauna 

• marine environmental quality 

• benthic communities and habitat.   

The monitoring and management of coastal processes is presented in the PER. 
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The EPA environmental objectives for these factors, as well as the potential environmental aspects of the 

marina that may impact these factors are provided in Table 2.  Based on these impacts, the management 

provisions for these factors are considered to be similar and have therefore been combined in section 2 to 

reduce repetitiveness and provide a more robust and effective management program.  

Table 1:  Key environmental factors 

Factor Objective Environmental aspects of the marina 

Marine Environmental 
Quality 

To maintain the quality of water, sediment 
and biota so that the environmental values, 
both ecological and social, are protected. 

1. Physical presence of marina 
infrastructure. 

2. Outflow of marina water into adjacent 
marine waters.  

3. Increased recreational boating 
activity. 

4. Increased public access. 

Benthic Communities and 
Habitat 

To maintain the structure, function, diversity, 
distribution and viability of benthic 
communities and habitats at local and 
regional scales. 

Marine fauna To maintain the diversity, geographic 
distribution and viability of fauna at the 
species and population levels.  

1.2.2 Requirements of the ESD 

The MEQMP has been prepared to address the requirements under the ESD as presented in Table 2.   

Table 2:  Development requirements for the MEQMP under ESD (Assessment number: 2012) 

Item Requirement Section 

Marine 
Environment 
Quality – 
Required 
work item 7b 

An MEQMP that includes monitoring and management to ensure that the operation 
of the Proposal achieves the proposed Environmental Quality Objectives/Limits of 
Ecological Protection defined in the new Environmental Quality Plan required by 6c 
(Figure 1).  The MEQMP should be based on the recommendations and approaches 
in Australian and New Zealand Guidelines for Fresh and Marine Water Quality 
(ANZECC and ARMCANZ 2000) and State Water Quality Management Strategy 
Report 6.   

The MEQMP is to define the Environmental Values to be protected, identify the 
environmental concerns or threats and establish the Environmental Quality 
Objectives and Limits of Ecological Protection to be achieved.   

It is also to include and detail the management and mitigation measures to ensure 
that the Environmental Values and Environmental Quality Objectives are achieved.  
This includes measures to address potential declines in ground and surface water 
quality and/or quantity, which may affect marine environmental quality and flushing 
of the marina waterbody and consequently marine environmental quality.  The 
measures proposed should aim to ensure that the marine environmental quality and 
associated values outside the marina and within the Marmion Marine Park are 
maintained.   

Section 2 

This MEQMP addresses the potential operational impacts of the Proposal.  The Marina Construction 

Monitoring and Management Plan (MCMMP) addresses the management and monitoring of potential 

construction impacts.   
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1.3 Rationale and approach 

This MEQMP has been developed to manage and minimise the potential impacts of operational activities 

upon benthic communities, marine fauna and the quality of the marine environment.   

1.3.1 Environmental baseline studies 

This MEQMP has been prepared in consideration of the following environmental investigations: 

• Ocean Reef Baseline Water and Sediment Quality Desktop Study (Oceanica 2014) 

• Ocean Reef Marina Baseline Water Quality Results (Oceanica 2015a) 

• Ocean Reef Baseline Studies – Marine Fauna Desktop Study (Oceanica 2015b) 

• Ocean Reef Baseline Studies – Marine Pest Survey (Oceanica 2015c) 

• Ocean Reef Marina Proposed Development – 2015 Sediment Survey (Oceanica 2016a) 

• Technical note: Ocean Reef Marina Development PER: EQMF, EQC, EQP and Marine EIA 

advice (Oceanica 2016b) 

• Ocean Reef Benthic Habitat Map Report (Oceanica 2016c) 

• Ocean Reef Baseline Studies – Abalone habitat and abundance at Burns Beach Reef 

(Oceanica 2016d) 

• Roe’s Abalone Environmental Sensitivity (Oceanica 2016e) 

• Ocean Reef Marina Development – Phase 2: Water Quality Modelling (RPS APASA 2016). 

These environmental investigation results are presented in the PER document.   

1.3.2 Key assumptions and uncertainties 

Hydrodynamic modelling 

Consistent with the requirements of the ESD, a three-dimensional hydrodynamic model was developed by 

RPS APASA (2016) to understand dispersion, dilution and accumulation of sediments and contaminants 

from marine-based construction, maintenance activities and outflow from the marina.   

The hydrodynamic model was used to conduct the following water quality assessments (RPS APASA 

2016): 

• assessment of flushing rates within the proposed marina, together with a conservative 

assessment of the potential for accumulation of nutrients sourced from groundwater within the 

marina 

• assessment of the potential for sustained algal growth within the marina due to the combination of 

natural flushing time combined with nutrient loading from groundwater discharge 

• the potential for changes to current circulation and flushing patterns due to the proposed marina, 

particularly in relation to nearby abalone habitat 

• the fate of sediment plumes generated by the construction phase of the Proposal 

• the potential effect of climate change scenarios on the natural flushing time of marina. 

The outcomes of this modelling were used to predict the following residual environmental impacts from 

operation as outlined in the PER.  The model outcomes and predicted impacts will be monitored and 

verified through the proposed monitoring program in this MEQMP and have informed the development of 

trigger levels.  The assumptions incorporated into the modelling are outlined in full in RPS APASA (2016). 
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Marine environmental quality 

The predicted outcomes for marine environmental quality for operation impacts are outlined in the PER 

and include:  

1. The marina will flush with a maximum e-folding time of approximately seven days (and median of six 

days).  The rate of flushing dilutes nutrients in the marina (discharged from groundwater) which limits 

the growth of algae.  The algae modelling results indicate that during summer and autumn the marina 

is adequately flushed to prevent significant algal growth, with the median total predicted 

concentration within the marina being 0.7 µg/L of chlorophyll-a, which represents an increase on the 

baseline chlorophyll-a 0.5 µg/L of only 0.2 µg/L of chlorophyll-a.  The predicted increase in 

chlorophyll-a above background in winter and spring is higher and more variable as a result of higher 

nutrient inputs and alternative periods of calm and stormy weather (which affect flushing).  

2. An assessment of the predicted algal concentration against appropriate criteria for the Moderate LEP 

and High LEP identified that in both LEPs the predicted algal concentration was below the 

appropriate EQC triggers.  

3. No visible plume outside the marina during maintenance dredging. 

4. Modelling showed changes in current speed resulting in a reduction in current of 40–60% for <500 m 

north of the marina, reduction in current of 20% or less for 500–1500 m north of the marina and no 

detectable change in current at distances >1500 m north of the marina. 

Benthic habitats and marine fauna 

The predicted outcomes for benthic communities and habitat and marine fauna for operational impacts are 

outlined in the PER and include:  

1. The footprint related direct and indirect impacts will result in a total of 47.58 ha of Benthic Primary 

Producer Habitat (BPPH) loss, including the Proposal footprint, the entire marina waterbody and a 

70 m ‘halo’ around the footprint.  This predicted loss consists of 0.62 ha seagrass, 13.13 ha 

macroalgae and 33.83 ha of mobile sand BPPH. 

2. The predicted changes in marine environmental quality during construction and operation are not 

expected to cause any impact on BPPH beyond the above losses, with the exception of abalone 

habitats. 

3. Within 500 m north of the Proposal footprint, significant impacts are expected on the abalone 

population primarily as a result in the reduction of current in this area.  This may affect abalone 

populations in an additional 5.4 ha abalone habitat area.  Beyond 500 m, a significant impact on 

abalone is considered unlikely.  Predicted impacts on abalone populations will be confirmed with 

monitoring.  

4. The Proposal will result in no major change in activity than already exists in Ocean Reef Boat 

Harbour and will adhere to standard management procedures for boating and ballast water to 

manage the risk of introduced marine pests during operation. 

5. The Proposal will result in an increased number of boats traversing the Marmion Marine Park. 

However, this is inevitable with or without the Proposal due to population growth in the northern 

Metropolitan area and increased levels of boat ownership in the region.  No significant change to the 

risks associated with boating in relation to potential impacts on BPPH, increased fishing pressure and 

boat strikes is expected. 

6. The Proposal will result in an increase in public access to Ocean Reef and the Marmion Marine Park 

which may potentially increase littler, fauna entanglements, fauna harassment and illegal feeding 

above the level that already exists.  In view of the existing risk present and the proposed 

management measures, the impacts of increased human-fauna interaction will be minor, but will add 

to the human-related stress that animals experience in this region.   

7. Bottlenose dolphins are the only species of conservation significance likely to occur within the 

Development Envelope. Australian fur seals do not have specific conservation significance but are an 

iconic species that would also be likely to occur within the Development Envelope.  The potential 

impact of habitat loss for dolphins ad fur seals are not considered significant as the area around the 

Development Envelope is not an important habitat (i.e. not used for breeding or important foraging 

habitat) and the species and their habitats are widespread in the region. 
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8. The 19 finfish caught by recreational fishers within the Marmion Marine Park are generally 

widespread throughout Western Australia and have limited localised association with the habitat lost 

as a result of the Proposal.  Marmion Marine Park is not a recognised breeding or foraging area for 

any of these finfish species and the Proposal is therefore unlikely to significantly impact finfish 

diversity and geographic distribution. 

1.3.3 Management approach 

The general approach for managing any potential operational impacts is to develop a comprehensive 

management based program that identifies: 

• management risks 

• key management based targets 

• management actions 

• monitoring measures  

• review and revision requirements. 

The proposed monitoring and adaptive management approach is based on Environmental Assessment 

Guideline (EAG) 15 (EPA 2015), the State water quality management strategy document No. 6 

(Government of Western Australia 2004) and the requirements of the ESD.  This approach is based on an 

Environmental Quality Management Framework (EQMF) and Environmental Quality Plan (EQP) that 

outline the values, objectives, risks and Environmental Quality Criteria (EQC) to ensure that the 

appropriate LEP are met. 

A marine environmental quality risk matrix has been developed for the Proposal (Appendix 1), which 

outlines: 

• the potential threats to Environmental Values (EVs) arising from the construction and operation 

phases of the Proposal, including pressure-response relationships 

• commentary on the residual risk to the EVs following environmental impact assessment 

• EQC developed for monitoring to ensure risks to EVs are managed to within acceptable levels. 

The methodology for the marine environmental quality risk-based approach is provided in Appendix 1.   

Environmental Quality Plan 

Consistent with the requirements of the ESD (required work item 2 for marine environmental quality) a 

proposed EQP has been prepared that spatially represents the EVs, Environmental Quality Objectives 

(EQOs) and LEP taking into account the Proposal.  The EQP is part of an overarching marine EQMF, 

which is used to define the values, objectives and quality criteria for monitoring.   

The ESD identifies that Perth's Coastal Waters: Environmental Values and Objectives (EPA 2000) and 10-

year audit of the implementation of the Marmion Marine Park Management Plan 1992–2002 (MPRA 2012) 

are relevant to the preparation of the EQP.  Figure 2 of the Perth Coastal Values study identifies a 

Moderate LEP within the existing Ocean Reef Boat Harbour, Hillarys Boat Harbour and Mindarie Marina 

and a High LEP for the surrounding area (Figure 2).  In addition to these documents, the EPA (2015c) 

published EAG 15 after the release of the ESD. 

LEPs are intended to represent long-term objectives for environmental quality (EPA 2015a).  The objective 

for a High LEP is to allow for small measurable changes in the quality of water, sediment and biota, but not 

to a level that changes ecosystem processes, biodiversity or abundance and biomass of marine life 

beyond the limits of natural variation.  A Moderate LEP may be applied to relatively small areas within 

inner ports and adjacent to heavy industrial premises where pollution from current and/or historical 

activities may have compromised a High LEP.  The Moderate LEP is also considered relevant for marinas 

and harbours (EPA 2015a) and has been applied to the marina waterbody for this Proposal. 
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In accordance with the EQMF concept outlined in EAG 15, an assessment of the five EVs (i.e. ecosystem 

health, fishing and aquaculture, recreation and aesthetics, cultural and spiritual and industrial water supply) 

was undertaken to identify which EQOs required the development of specific EQC to ensure their 

protection.  Table 3 summarises the three EVs and five corresponding EQOs that require the development 

of specific EQCs (Oceanica 2016b).  The other EVs and EQOs are still relevant to the assessment but are 

considered to be protected by default through the protection of the ecosystem health values.   

Table 3:  Summary of relevant EVs and EQOs 

Environmental values Environmental Quality Objective Relevance 

Ecosystem health Maintenance of ecosystem integrity Yes 

Fishing and aquaculture Maintenance of aquatic life for human 
consumption 

Yes 

Maintenance of aquaculture Protection of ecosystem health is an 
adequate proxy 

Recreation and aesthetics Maintenance of primary contact 
recreation values 

Yes 

Maintenance of secondary recreational 
values 

Yes 

Maintenance of aesthetic values Yes 

Cultural and spiritual Maintenance of Cultural and spiritual 
values 

Protection of ecosystem health is an 
adequate proxy 

Industrial water supply Maintenance of Industrial water supply 
values 

Protection of ecosystem health is an 
adequate proxy 

The LEP relate only to the maintenance of ecosystem integrity EQO (EPA 2000 and 2015c).  The 

proposed EQP shifts the current High LEP boundary from around the existing boat harbour to the entrance 

of the proposed marina, with the internal marina waterbody to be managed as a Moderate LEP (Figure 3).  

EAG 15 identifies that for toxicants, a High LEP corresponds with 99% ANZECC (2000) species protection 

level and a Moderate LEP corresponds with a 90% ANZECC (2000) species protection level. 

1.3.4 Rationale for choice of management targets 

Management targets (Table 6) were selected to manage the significant risks identified for the Proposal and 

are based on: 

• review of available data for the region 

• the relationship between the Proposal aspects and the EPA environmental factors 

• industry standards and legislative requirements 

• the requirements of ESD.   

Benthic habitat 

The management targets for seagrass and abalone habitats are based on the predicted impacts on these 

habitats outlined in the PER and verifying impacts are not greater than predicted. 

Water and sediment quality 

The indicators of marine water and sediment, and their associated monitoring protocols, have been 

selected based on the EQP which includes a High LEP outside the marina and a Moderate LEP inside the 

marina waterbody.  ANZECC & ARMCANZ (2000) parameters associated with these LEP were assigned 

to water and sediment indicators in section 2.   
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EQC have been developed in accordance with the definitions provided in EAG 15 (EPA 2015a) where 

"EQC represent scientifically based limits of acceptable change to a measureable environmental 

quality indicator that is important for the protection of the associated environmental value. A 

fundamental requirement of EQC is that they should be clear, readily measurable and auditable... 

 

In order to determine which are the relevant water quality indicators for monitoring, and hence for the 

development of EQC, a conceptual model of the system should be developed that represents how 

the system works. The model should also show the key threats to environmental quality and 

associated pressure/response relationships. The level of knowledge about the area will determine the 

level of detail and confidence in the model… 

 

The environmental quality criteria are divided into relatively simple and easy to measure 

environmental quality guidelines (EQG) and more robust environmental quality standards (EQS). 

Indicators for the development of EQG should be closer to the pressure end of the pressure/response 

relationship (e.g. chlorophyll a concentration…) and give early warning of a potential problem. The 

EQS are generally more difficult to measure and based on indicators located at the response end of 

the relationship"  

As such, EAG 15 recommends that EQC (including EQG and EQS) be developed on a project-specific 

basis and does not prescribe specific water quality indicators/EQC.  For this Proposal, a tiered monitoring 

approach is proposed using EQG (Table 7) to inform construction management, with investigation of EQS 

(Table 8) undertaken where EQG are exceeded. 

The EQG for a High LEP will be implemented in accordance with the following recommendations of 

ANZECC & ARMCANZ (2000) consistent with EPA (2015b): 

• the recommended 99% species protection guideline trigger levels for toxicants in water 

• the ISQG-low
1

 guideline trigger levels for toxicants in sediments.   

The EQG for Moderate LEP will be implemented in accordance with the following recommendations of 

ANZECC & ARMCANZ (2000) (and consistent with EPA 2015b): 

• default 90% species protection guideline trigger levels for toxicants in water 

• the ISQG-low guideline trigger levels for toxicants in sediment.   

Water and sediment criteria 

Water and sediment quality criteria for toxicants, turbidity, visual impacts and toxic chemicals in High LEP 

and Moderate LEP (Table 7 and Table 8) were sourced from the guidelines outlined in Table 4.   

                                                           
1

 Interim sediment quality guideline – low range. 
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Table 4:  Water and sediment quality parameters and source EQG and EQS 

Parameter Source 

Water quality 

Toxicants in water for High LEP Table 2a – EQC for protecting the marine ecosystem from the effects of 
toxicants in marine waters and sediment pore waters (EPA 2015b) 

Toxicants in water for Moderate LEP Table 2a – EQC for protecting the marine ecosystem from the effects of 
toxicants in marine waters and sediment pore waters – EQG for Moderate 
Protection (EPA 2015b) 

Dissolved oxygen (DO) concentration for 
High LEP 

Table 1b – Numerical EQC for protecting the marine ecosystem from the 
effects of physical and chemical stressors – EQG for high protection 
(EPA 2015b) 

DO concentration for Moderate LEP Table 1b – Numerical EQC for protecting the marine ecosystem from the 
effects of physical and chemical stressors – EQG for moderate protection 
(EPA 2015b) 

EQC for the maintenance of seafood safe 
for human consumption 

Table 4 – EQC for the maintenance of seafood safe for human 
consumption (EPA 2015b) 

EQC for the maintenance of primary 
contact recreation 

Table 6 – EQC for the maintenance of primary contact recreation 
(EPA 2015b) 

EQC for aesthetic quality Table 8 – Environmental criteria for aesthetic quality (EPA 2015b) 

EQC for the maintenance of secondary 
contact recreation 

Table 7 – EQC for the maintenance of secondary contact recreation 
(EPA 2015b) 

Sediment quality 

Toxicants in sediments for high and 
moderate protection 

Table 3 – EQC for protecting the marine ecosystem from the effects of 
toxicants in sediment (EPA 2015b) 

Marine fauna and introduced marine species 

The environmental impact assessment undertaken for the Proposal determined a low risk of significant 

impact on marine fauna from operational activities.  However, the Proposal will result in an increase in 

public access to Ocean Reef and the Marmion Marine Park which may potentially increase littler, fauna 

entanglements, fauna harassment and illegal feeding above the level that already exists.  Some marine 

fauna (including birds, dolphins and fur seals) are attracted to the habitat and fishing activities associated 

with marinas and boating.  Therefore, the increased risks to marine fauna associated with the Proposal are 

inherent and as such, the management targets for marine fauna are based primarily on educating the 

public regarding how to minimise harmful interactions with marine fauna and how to respond if they occur. 

The risk of invasive marine species being introduced by boats entering Australia from International waters 

is subject to strict biosecurity measures including ballast water management.  All vessels arriving in 

Australia must first go to a designated port of entry where the Department of Immigration and Border 

Protection, and Department of Agriculture formalities can be completed.  The port of entry for the Perth 

Metropolitan area is Fremantle.  All boats arriving are inspected by a Department of Agriculture officer prior 

to be cleared to go ashore.  These inspections do not include biofouling, therefore vessel operators are 

encouraged to follow the National System for the Prevention and Management of Marine Pest Incursions 

for Recreational, Non-trading and Commercial Fishing Vessels (CA 2009a, 2009b and 2009c) which 

include vessel cleaning guidelines.  These should be followed by all international and interstate arriving 

vessels to ensure they minimise their likelihood of transferring live non-endemic or noxious fish (including 

marine pests) into the State and comply with the Western Australian Fish Resources Management Act 

1994 and regulations.  

The marina operator will provide biosecurity information to all vessels arriving from interstate or 

International waters.  Any biosecurity concerns will be reported to Department of Fisheries (DoF).  The 

Proposal will adhere to standard management practices for boating activities and ballast water during the 

operation of the marina including relevant  DoF guidance (DoF 2015a, 2015b) and policy (DoF 2014a and 

2014b) and The National System for the Prevention and Management of Marine Pest Incursions.   
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The marina is expected to require maintenance dredging approximately once every ten years.  The marina 

operator will contact DoF prior to dredging to discuss management of any biosecurity risks if marine 

equipment (rather than land based equipment) is to be used in maintenance dredging. 

This will ensure the risk of introducing marine pests or diseases to the Development Envelope or the 

Marmion Marine Park is not above what already exists.  Management and monitoring is targeted at 

educating marina users about the appropriate use of marina facilities and how to avoid harmful interactions 

with marine fauna.   
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2. Operation management provisions 

This section of the MEQMP identifies the provisions that the Proponent proposes to implement to reduce 

the potential ongoing environmental impacts on benthic communities, marine water quality and marine 

fauna.  It identifies the management targets that the Proponent will use to measure performance and 

monitoring that will be undertaken in relation to the management targets.  Finally, it identifies how the 

Proponent will review and revise management actions if the management targets are exceeded. 

2.1 MEQMP environmental objective 

The MEQMP environmental objectives are to: 

1. Ensure that a High LEP is met outside of the marina and a Moderate LEP is met within the marina 

during the operation of the Proposal.   

2. Ensure that the marine environmental quality and associated values inside and outside the marina 

and within the Marmion Marine Park are maintained.   

2.1.1 Management actions 

Risk-based management actions (Table 5) have been identified and prioritised based on the EQMF and 

the methodology provided in Appendix 1 to achieve the environmental objectives for the EQP.   

These management actions focus on the ongoing operational activities of the marina that have the highest 

likelihood of causing environmental impact, and were specifically developed to reduce potential impacts on 

benthic communities and marine water quality.  Management and monitoring will be implemented by the 

Proponent for the Proposal for at least five years post-construction.  Ongoing operation management after 

five years will be undertaken by the marina manager. 

Management and monitoring actions have been divided into the following three phases: 

1. Phase 1:  0–2 years post-construction intensive monitoring period to verify all relevant impact 

assessment predictions.  A performance review will be undertaken after two years of monitoring. 

2. Phase 2:  3–5 years post-construction.  Includes annual monitoring to check water quality inside and 

outside the marina.  A performance review will be undertaken at the end of year 5. 

3. Phase 3:  ongoing operational management after 5 years post-construction to be undertaken by the 

long term marina manager.  Actions in this phase include responding to public complaints and 

reporting to Department of Health (DoH) on protection of water quality for primary and secondary 

recreation values and maintenance of aquatic life for human consumption. 
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Table 5:  Risk-based management actions that will be implemented to meet the EPA’s environmental objectives 

Risk and key impacts Management actions Risk-based priority Development phase/timeframe 

Benthic habitat outside the marina 

Altered wave dynamics from marina infrastructure 
presence results in benthic habitat loss. 

Review high resolution vertical digital imagery to ensure seagrass 
loss does not exceed predicted 70 m construction impact ‘halo’ 
(refer to Table 7 for detail). 

Medium Phase 1: Annually for two years post-
construction. 

Abalone habitat 

Altered current dynamics and flushing regime 
results in abalone habitat loss. 

Conduct abalone surveys to ensure abalone loss does not extend 
beyond 500 m north of the Proposal footprint (refer to Table 7 for 
detail). 

Medium Phase 1 and 2: Annually for five years 
post-construction. 

Introduced marine species 

Increased number of introduced marine species 
from increased numbers of large recreational 
vessels berthing in the marina. 

To mitigate the risks of ongoing operation of the marina, DoF 
sanctioned signage will be installed and maintained throughout the 
marina to educate marina users about marine pests; including 
appropriate vessel maintenance measures in-line with The 
National System for the Prevention and Management of Marine 
Pest Incursions for Recreational, Non-trading and Commercial 
Fishing Vessels (CA 2009a,b,c) and . 

Medium All phases. 

Maintain a public complaint register and develop appropriate 
responses to any complaints received. 

Medium All phases. 

Marine water quality outside the marina (High LEP) 

Marina operations cause nutrient release 
(eutrophication) and leads to algal growth, shading, 
benthic habitat loss, anoxia and/or fish kills. 

Verify that changes to nutrient levels in High LEP will be within the 
natural variability for Perth northern waters (i.e. total N between 
0.14 and 0.47 mg/L) (refer to Table 7 for detail). 

Medium Phase 1: Immediately after breakwater 
construction, quarterly for two years. 

Phase 2: Annually. 

Ensure chlorophyll-a concentrations outside the marina do not 

exceed EQG of 0.6 µg/L for more than three days during summer 
(refer to Table 7 for detail). 

Medium Phase 1: Immediately after breakwater 
construction, quarterly for two years. 

Phase 2: Annually. 

Ensure DO concentration in bottom waters outside the marina, 
calculated over a period of no more than one week, is greater than 
90% (refer to Table 7 for detail). 

Medium Phase 1: Immediately after breakwater 
construction, quarterly for two years. 

Phase 2: Annually. 

Toxicant release during marina operations causes 
marine water and sediment contamination outside 
the marina. 

Ensure potential contaminant concentrations in water and 
sediment outside the marina do not exceed EQG (refer to Table 7 
for detail). 

Medium Phase 1: Immediately after breakwater 
construction.  Water - quarterly for two 
years; sediment – annually for two 
years. 

Phase 2: Annually. 
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Risk and key impacts Management actions Risk-based priority Development phase/timeframe 

Marine water quality inside the marina (Moderate LEP) 

Presence of marina infrastructure causes 
accumulation of nutrients inside the marina from 
groundwater discharge. 

Undertake a flushing study to verify the marina flushes with a 
maximum e-folding time of approximately 7 days (and median of 
six days). 

Medium Phase 1: Once, immediately after 
construction.  

Nutrient release from marina operations causes: 

•  algal growth leading to shading and anoxia 

• algal growth of toxic species leading to seafood 
contamination 

• algal growth of toxic species leading to water not 
suitable for primary or secondary contact 
recreation. 

Provide appropriate facilities, marina regulations and educational 
material to recreational boat owners advising of best practice 
measures for: 

• vessel cleaning 

• sullage and bilge water disposal  

• detergent usage. 

Medium All phases. 

Ensure DO concentration in bottom waters inside the marina, 
calculated over a period of no more than one week, is greater than 
80% (refer to Table 7 for detail). 

Medium Phase 1: Immediately after breakwater 
construction, quarterly for two years. 

Phase 2: Annually. 

Ensure concentrations of algae inside the marina do not exceed 
EQG (refer to Table 7 for detail).   

Medium Phase 1: Immediately after breakwater 
construction, quarterly for two years. 

Phase 2: Annually. 

Operation of the marina causes biological (faeces) 
or chemical contaminant release leading to: 

• impacts on ecosystem health  

• seafood contamination  

• water not suitable for primary or secondary 
contact recreation. 

Provide appropriate facilities, marina regulations and educational 
material to recreational boat owners advising of best practice 
measures for: 

• refuelling 

• vessel cleaning 

• fuel and oil spill management 

• sullage and bilge water disposal  

• detergent usage. 

Medium All phases. 

Provide sullage disposal facilities for use by recreational boat 
owners. 

Medium All phases. 

Provide fuel spill containment equipment for use by marina users. Medium All phases 

Ensure biological (faecal) contaminant concentrations inside the 
marina do not exceed EQG (refer to Table 7 for detail).   

Medium Phase 1: Immediately after breakwater 
construction, quarterly for two years. 

Phase 2: Annually. 

Ensure chemical contaminant concentrations inside the marina do 
not exceed EQG (refer to Table 7 for detail).   

Medium Phase 1: Immediately after breakwater 
construction, quarterly for two years. 

Phase 2: Annually. 

Operation of the marina causes visual impacts (e.g. 
minor spills and leaks) unsuitable for aesthetic 
values. 

Verify visual aesthetic impacts are not greater than predicted 
inside the marina (refer to Table 7 for detail).  

Medium Phase 1: Immediately after breakwater 
construction, quarterly for two years. 

Phase 2: Annually. 
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Risk and key impacts Management actions Risk-based priority Development phase/timeframe 

Marine fauna 

Maintenance dredging could introduce marine pests 
if marine based dredging equipment is used. 

The marina operator will contact DoF prior to dredging to discuss 
management of any biosecurity risks if marine equipment (rather 
than land based equipment) is to be used in maintenance 
dredging. 

Medium All phases. 

Increased public access resulting in increased 
human interaction with marine fauna (e.g. boat 
strikes, increased fishing pressure and littering) or 
increased risk of introduced marine species. 

Install educational signage and provide education material to 
inform marina users about ecological values, marine pests and 
appropriate behaviour including: 

• information regarding marine pests and diseases, biosecurity 
and DoF contact phone numbers to report suspected 
biosecurity risks 

• appropriate sullage and ballast water disposal, re-fuelling, boat 
cleaning, maintenance and anti-fouling procedures (no in-water 
cleaning) 

• sustainable fishing practices and recreational fishing regulations 
(e.g. catch limits, legal fish size, illegal fishing, appropriate 
disposal of fishing lines and fish cleaning) 

• contact phone numbers to report fauna entanglement (i.e. in 
fishing lines), vessel strike, fish kills, illegal feeding or other 
inappropriate behaviour 

• ecological values of the Marmion Marine Park 

• awareness of and appropriate behaviour towards marine fauna 
such as seabirds, bottlenose dolphins and Australian fur seals 
in the marina (e.g.no illegal feeding) 

• boat speed limits. 

Low All phases. 

Provide observation sheets to recreational boat owners and 
charter operators and encourage participation in recording 
observations of dolphins or other conservation significant fauna.  
Observation sheets to be collected quarterly by the marina 
manager. 

Low All phases. 

Install fishing line discard bins, pump out facilities, re-fuelling 
facilities, spill response equipment and procedures, boat cleaning 
facilities, fish cleaning facilities and information signs.  

Low All phases. 
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2.1.2 Management targets 

Management targets have been developed to measure and report against achievement of the 

environmental objective in Table 1.   

Table 6:  Management targets to measure the efficacy of management actions relative to the 

environmental objective 

Proponent environmental 
objective 

To identify management and mitigation measures for the Proposal to demonstrate that 
the EPA’s objectives for marine environmental quality, benthic communities and habitat, 
and marine fauna can be met, and to ensure residual impacts are not greater than 
predicted 

Management target 1 No loss of benthic habitats beyond 70 m from marina breakwater (as predicted by the 
impact assessment). 

Management target 2 No reduction in abalone abundance beyond 500 m north of the marina (as predicted by 
the impact assessment). 

Management target 3 Educate marina users to minimise the risk of introduced marine species. 

Management target 4 Marine water quality outside the marina is maintained within acceptable water and 
sediment parameter limits for High LEP. 

Management target 5 Marine water quality inside the marina is maintained within acceptable water and 
sediment parameter limits for Moderate LEP. 

Management target 6 Educate marina users to minimise impacts on marine fauna. 

Management target 7 All maintenance dredging equipment to be clean and free of marine pests. 

2.2 Monitoring 

The purpose of monitoring is to inform, through the management targets, if the environmental objective is 

being achieved and when management actions will have to be reviewed and revised.  This section 

describes how the Proponent will undertake monitoring to determine whether management targets are 

achieved.   

Table 7 outlines the marine fauna and environmental quality monitoring program proposed to be 

undertaken.   
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Table 7:  Tier 1 environmental quality and marine fauna monitoring program 

Indicator/EQG Parameter Monitoring method Location Frequency 

Management Target 1:  No loss of benthic habitats beyond 70 m from marina breakwater (as predicted by the impact assessment) 

No indirect loss of seagrass habitat beyond 70 m from marina 
breakwater. 

Seagrass habitat Review high resolution vertical digital imagery 
(aerial capture). 

Outside 70 m ‘halo’ in 
High LEP and within 
3 km of marina. 

Phase 1: Annually for two 
years post-construction. 

Management Target 2:  No reduction in abalone abundance beyond 500 m north of the marina (as predicted by the impact assessment) 

No reduction in abalone abundance beyond 500 m north of 
the marina. 

Roe’s abalone  Abalone abundance survey in areas beyond 500 m 
north of the marina. 

Survey to include: 

• total count per quadrat and transect 

• density (m
2
) 

• size classes and designated age classes and 
legal and sublegal classifications (based on the 
length of each abalone) 

• total counts and percentage per age and legal 
classification. 

High LEP. Phase 1 and 2: Annually 
post construction for five 
years. 

Management Target 3:  Educate marina users to minimise the risk of introduced marine species 

No public complaints relating to introduced marine species. Introduced marine species Review records of public complaints Moderate LEP. As complaints are received. 

Management Target 4:  Marine water quality outside the marina is maintained within acceptable water and sediment parameter limits for High LEP 

Total N concentrations less than 0.47 mg/L. Total N Undertake water quality sampling at three sites at 
the marina entrance (boundary between High and 
Moderate LEP). 

High LEP. Phase 1: Immediately after 
breakwater construction, 
quarterly for two years. 

Phase 2: Annually. 

Ecosystem health 

Chlorophyll a ≤0.6 µg/L (95
th
 %ile of median baseline values) 

at marina entrance. 

It is noted that the EQG of 1.5 µg/L for phytoplankton biomass 
(algal blooms) will be met if the above EQG is met. 

Chlorophyll-a Monitor chlorophyll-a at three sites at the marina 
entrance (boundary between High and Moderate 
LEP). 

High LEP. Phase 1: Immediately after 
breakwater construction, 
quarterly for two years. 

Phase 2: Annually. 

Ecosystem health 

The median DO concentration in bottom waters at monitoring 
locations, calculated over a period of no more than one week, 
is greater than 90% (high protection).   

DO Monitor DO in three sites at the marina entrance 
(boundary between High and Moderate LEP). 

High LEP. Phase 1: Immediately after 
breakwater construction, 
quarterly for two years. 

Phase 2: Annually. 
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Indicator/EQG Parameter Monitoring method Location Frequency 

Ecosystem health 

95th percentile of the sample concentrations from a single site 
or a defined area should not exceed the EQG. 

Metals:  

Cadmium: 0.7 µg/L  
Chromium III: 7.7 µg/L  
Chromium IV: 0.14 µg/L  
Cobalt: 1 µg/L  
Copper: 0.3 µg/L  
Lead: 2.2 µg/L  
Mercury (inorganic): 0.1 µg/L  
Nickel: 0.8 µg/L  
Silver: 0.8 µg/L  
Vanadium: 50 µg/L  
Zinc: 7 µg/L  
Organics:  
Benzene 500 µg/L   
Napthalene: 50 µg/L  
Pentachlorophenol: 11 µg/L. 

Toxicants in water: 

Metals: 

Cadmium, Chromium III, 
Chromium IV, Cobalt, 
Copper, Lead, Mercury 
(inorganic), Nickel, Silver, 
Vanadium, Zinc. 

Organics: 

Benzene, Napthalene, 
Pentachlorophenol. 

Undertake water quality sampling at three sites at 
the marina entrance (boundary between High and 
Moderate LEP). 

High LEP. Phase 1: Immediately after 
breakwater construction, 
quarterly for two years. 

Phase 2: Annually. 

Ecosystem health 

Median total contaminant concentration in sediments from a 
single site or a defined sampling area should not exceed the 
environmental values below:  

Metals: 

Antimony: 2 mg/kg dry wt 
Arsenic: 20 mg/kg dry wt 
Cadmium: 1.5 mg/kg dry wt 
Chromium: 80 mg/kg dry wt 
Copper: 65 mg/kg dry wt 
Lead: 50 mg/kg dry wt 
Mercury (inorganic): 0.15 mg/kg dry wt 
Nickel: 21 mg/kg dry wt 
Silver: 1 mg/kg dry wt 
Zinc: 200 mg/kg dry wt 
Organometals: 
TBT: 5 µg Sn/kg dry wt. 

Toxicants in sediment: 

Metals: 

(Antimony, Arsenic, 
Cadmium, Chromium, 
Copper, Lead, Mercury 
(inorganic), Nickel, Silver, 
Zinc). 

Organometals:  

TBT. 

Undertake sediment sampling at three sites at the 
marina entrance (boundary between High and 
Moderate LEP). 

High LEP. Phase 1: Immediately after 
breakwater construction, 
annually for two years. 

Phase 2: Annually. 

Fishing and aquaculture 

EQG for fishing and aquaculture will be monitored outside the marina if there is an exceedance inside the marina as outlined in Table 8. 

Primary and secondary contact recreation values 

EQG for primary and secondary contact recreation will be monitored outside the marina if there is an exceedance inside the marina as outlined in Table 8. 

Aesthetic values 

EQG for aesthetic values will be monitored outside the marina if there is an exceedance inside the marina as outlined in Table 8. 



  Ocean Reef Marina 

MEQMP COJ14358_01 R002 Rev 2  

27-Sep-16   17 

Indicator/EQG Parameter Monitoring method Location Frequency 

Management Target 5:  Marine water quality inside the marina is maintained within acceptable water and sediment parameter limits for Moderate LEP 

Ecosystem health 

The median DO concentration in bottom waters at a site, 
calculated over a period of no more than one week, is greater 
than 80% (moderate protection)   

Dissolved oxygen (DO). Monitor DO in three sites inside the marina. Moderate LEP. Phase 1: Immediately after 
breakwater construction, 
monthly for two years. 

Phase 2: Annually. 

Ecosystem health 

Chlorophyll a ≤1.8 µg/L (3 times 80
th
 %ile of median summer 

baseline values) within the marina. 

Chlorophyll-a. Monitor chlorophyll-a at three sites inside the 
marina. 

Moderate LEP. Phase 1: Immediately after 
breakwater construction, 
monthly for two years. 

Phase 2 and 3: Annually. 

Ecosystem health 

95th percentile of the sample concentrations from a single site 
or a defined area should not exceed the following water quality 
parameters: 

Metals: 
Cadmium: 14 µg/L 
Chromium III: 49 µg/L 
Chromium IV: 20 µg/L 
Cobalt: 14 µg/L 
Copper: 3 µg/L 
Lead: 6.6 µg/L 
Mercury (inorganic): 0.7 µg/L 
Nickel: 200 µg/L 
Silver: 1.8 µg/L 
Vanadium: 160 µg/L 
Zinc: 23 µg/L 
Organics: 
Benzene 900 µg/L 
Napthalene: 90 µg/L 

Pentachlorophenol: 33 µg/L. 

Toxicants in water: 

Metals: 

Cadmium, Chromium III, 
Chromium IV, Cobalt, 
Copper, Lead, Mercury 
(inorganic), Nickel, Silver, 
Vanadium, Zinc. 

Organics: 

Benzene, Napthalene, 
Pentachlorophenol. 

Undertake water quality sampling at three sites 
inside the marina.  

Moderate LEP. Phase 1: Immediately after 
breakwater construction, 
quarterly for two years. 

Phase 2: Annually. 
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Indicator/EQG Parameter Monitoring method Location Frequency 

Ecosystem health 

Median total contaminant concentration in sediments from a 
single site or a defined sampling area should not exceed the 
following environmental values below: 

Metals: 

Antimony: 2 mg/kg dry wt  
Arsenic: 20 mg/kg dry wt  
Cadmium: 1.5 mg/kg dry wt  
Chromium: 80 mg/kg dry wt  
Copper: 65 mg/kg dry wt  
Lead: 50 mg/kg dry wt  
Mercury (inorganic): 0.15 mg/kg dry wt  
Nickel: 21 mg/kg dry wt  
Silver: 1 mg/kg dry wt  
Zinc: 200 mg/kg dry wt  

Organometals: 

TBT: 5 µg Sn/kg dry wt.  

Toxicants in sediment: 

Metals: 

(Antimony, Arsenic, 
Cadmium, Chromium, 
Copper, Lead, Mercury 
(inorganic), Nickel, Silver, 
Zinc). 

Organometals: 

TBT. 

Undertake sediment sampling at three sites inside 
the marina. 

Moderate LEP. Phase 1: Immediately after 
breakwater construction, 
annually for two years. 

Phase 2: Annually. 

Primary contact recreation values 

The 95th percentile of the sample concentrations from the 
area of concern (either from one sampling run or from a single 
site over an agreed period of time) should not exceed the 
environmental quality guideline values provided below.  

Antimony: 30 µg/L 
Arsenic: 70 µg/L 
Barium: 7000 µg/L 
Boron: 40 000 µg/L 
Bromate: 200 µg/L 
Cadmium: 20 µg/L 
Chlorite: 3000 µg/L 
Chromium: 500 µg/L 
Copper: 20 000 µg/L 
Cyanide: 800 µg/L 
Fluorine: 15 000 µg/L 
Iodine: 1000 µg/L 
Lead: 100 µg/L 
Manganese: 5000 µg/L 
Mercury: 10 µg/L 
Molybdenum: 500 µg/L 
Monochloramine: 30 000 µg/L 
Nickel: 200 µg/L 
Nitrate: 500 000 µg/L 
Nitrite: 30 000 µg/L 
Selenium: 100 µg/L 
Sulfate: 5 000 000 µg/L. 

Chemical contaminants in 
water: 

Antimony, Arsenic, 
Barium, Boron, Bromate, 
Cadmium, Chlorite, 
Chromium, Copper, 
Cyanide, Fluorine, Iodine, 
Lead, Manganese, 
Mercury, Molybdenum, 
Monochloramine, Nickel, 
Nitrate, Nitrite, Selenium, 
Sulfate.  

Monitor chemical contaminants at three sites 
inside the marina. 

Moderate LEP. Phase 1: Immediately after 
breakwater construction, 
quarterly for two years. 

Phase 2 and 3: Annually. 
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Indicator/EQG Parameter Monitoring method Location Frequency 

Secondary contact recreation values 

Water should contain no chemicals at concentrations that can 
irritate the skin of the human body. 

Chemical contaminants in 
water. 

Review records of public complaints and reports. Moderate LEP. As complaints or reports are 
received. 

Fishing and aquaculture 

Concentrations of toxic algae should not exceed the following 
environmental quality guideline values in any samples: 

• Alexandrium : 100 cells/L (A. acatenella, A. catenella, A. 
cohorticula, A.fundyense, A.lusitanucum, A. minitum, A. 
ostenfeldii, A. tamiyavanachi, A. tamarense)  

• Dinophysis: 500 cells/L (D. acuta, D. fortii, D. norvegica)  

(Dinophysis acuminate: 30 000 cells/L) 

• Prorocentrum: 500 cells/L (P. lima) 

• Gymnodinium: 1000 cells/L (G. catenatum)  

• Karenia: 1000 cells/L (K. brevis, K. brevis-like, K. mikimotoi) 

• Pseudonitzchia: 250 000 cells/L (P. australis, P. pungens, 
P. turgidula, P. fraudulenta, P. delicatissima, P. 
pseudodelicatissima) 

• Gonyaulax cf. Spinifera: 100 cells/L  

• Protoceratium reticulatum (Gonyaulax grindley): 
500 cells/L.  

Algal toxins. Monitor algal toxins at three sites inside the 
marina. 

Moderate LEP. Phase 1: Immediately after 
breakwater construction, 
annually for two years. 

Phase 2 and 3: Annually. 

Primary contact recreation values 

The phytoplankton cell count from a single site, should not:  

• exceed 10 000 cells/mL; or  

• detect DoH watch list species or exceed their trigger levels.  

Algal toxins. Monitor algal toxins at three sites inside the 
marina. 

Moderate LEP. Phase 1: Immediately after 
breakwater construction, 
quarterly for two years. 

Phase 2 and 3: Annually. 

Secondary contact recreation values 

The median phytoplankton cell count* for a defined sampling 
area (either from one sampling run or from a single site over 
an agreed period of time) should not exceed 25 000 cells/mL.    

Algal toxins. Monitor algal toxins at three sites inside the 
marina. 

Moderate LEP. Phase 1: Immediately after 
breakwater construction, 
quarterly for two years. 

Phase 2 and 3: Annually. 

Primary and secondary contact recreation values 

No public complaints or reports of skin, eye or respiratory 
irritation or potential algal poisoning of recreational users 
considered by a medical practitioner as potentially resulting 
from toxic algae. 

Algal toxins. Review records of public complaints and reports. Moderate LEP. As complaints or reports are 
received. 
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Indicator/EQG Parameter Monitoring method Location Frequency 

Fishing and aquaculture 

The median or geometric mean faecal coliform concentration 
in samples from a single site must not exceed 14 colony 
forming units (CFU)/100 mL and the estimated 90th percentile 
must not exceed 21 CFU/100 mL measured using the 
membrane filtration method.  

or 

The median or geometric mean faecal coliform concentration 
in samples from a single site must not exceed 14 Most 
Probable Number (MPN)/100 mL and the estimated 90th 
percentile must not exceed 43 MPN/100 mL measured using a 
five tube decimal dilution test, or 49 MPN/100 mL measured 
using a three tube decimal dilution test.  

or 

The median or geometric mean total coliform concentration in 
samples from a single site must not exceed 70 MPN/100 mL 
and the estimated 90th percentile must not exceed 
230 MPN/100 mL measured using a five tube decimal dilution 
test, or 330 MPN/100 mL measured using a three tube 
decimal dilution test. 

Biological (faecal) 
contaminants. 

Monitor biological (faecal) contaminants at three 
sites inside the marina.  

Moderate LEP. Phase 1: Immediately after 
commissioning, quarterly for 
two years. 

Phase 2 and 3: Annually. 

Primary contact recreation values 

The 95th percentile bacterial content of marine waters should 
not exceed 200 enterococci/100 mL. 

Biological (faecal) 
contaminants. 

Monitor biological (faecal) contaminants at three 
sites inside the marina. 

Moderate LEP. Phase 1: Immediately after 
breakwater construction, 
quarterly for two years. 

Phase 2 and 3: Annually. 

Secondary contact recreation values 

The 95th percentile bacterial content of marine waters should 
not exceed 2000 enterococci/100 mL. 

Biological (faecal) 
contaminants. 

Monitor biological (faecal) contaminants at 3 sites 
inside the marina. 

Moderate LEP. Phase 1: Immediately after 
breakwater construction, 
quarterly for two years. 

Phase 2 and 3: Annually. 
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Indicator/EQG Parameter Monitoring method Location Frequency 

Aesthetic values 

1. Nuisance organisms: macrophytes, phytoplankton scums, 
filamentous algal mats, blue-green algae and sewage, 
should not be present in excessive amounts. 

2. Faunal deaths: there should be no reported incidents of 
large scale deaths of marine organisms relating from 
unnatural causes. 

3. Water clarity: the natural visual clarity of the water should 
not be reduced by more than 20%. 

4. Colour: the natural hue of the water should not be 
changed by more than ten points on the Munsell scale. 

5. Surface films: oil and petrochemicals should not be 
noticeable as a visual film on the water or detectable by 
odour. 

6. Surface debris: water surfaces should be free of floating 
debris, dust and other objectionable matter including 
substances that cause foaming. 

7. Odour: there should be no objectionable odours. 

Visual aesthetics: 

Nuisance organisms, 
fauna deaths, water 
clarity, colour, surface 
films, surface debris, 
odour. 

Visual inspection at three sites inside the marina. Moderate LEP. Phase 1: Immediately after 
breakwater construction, 
quarterly for two years. 

Phase 2 and 3: Annually. 

Aesthetic values 

No public complaints relating to the above parameters. 

Review records of public complaints. Moderate and High 
LEP. 

As complaints are received. 

Aesthetic values 

The 95th percentile of the sample concentrations from a 
defined sampling area (either from one sampling run or all 
samples over an agreed period of time, or from a single site 
over an agreed period of time) should not exceed the EQG 
values outlined in Table 8, EPA 2015b. 

Fish tainting substances. Monitor concentration of fish tainting contaminant 
at three sites inside the marina. 

Moderate LEP. Phase 1: Immediately after 
breakwater construction, 
quarterly for two years. 

Phase 2 and 3: Annually. 

Aesthetic values 

No public complaints relating to tainting in edible fish. 

Review records of public complaints. Moderate and High 
LEP. 

As complaints are received. 

Management Target 6:  Educate marina users to minimise impacts on marine fauna 

No litter, fishing line and other entanglement sources within 
the marina. 

Litter. Patrol the marina to remove fishing line and other 
entanglement sources. 

Inside marina. All phases: quarterly. 

Observations of marina fauna. Marina fauna. Collection of observation sheets from recreational 
boat owners. 

Inside and outside 
marina. 

All phases: quarterly. 

Management Target 7:  All maintenance dredging equipment to be clean and free of marine pests. 

Any marine equipment used in maintenance dredging to be 
approved for use by DoF prior to arriving at site. 

DoF approval of marine 
maintenance dredging 
equipment 

Record of DoF consultation. Inside marina. All phases:  prior to 
maintenance dredging 
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2.3 Review and revision of management actions 

In the event that management targets are not met, the Proponent will investigate the potential cause and 

any potential impacts that may result to benthic communities, marine fauna and the marine environment.  If 

the management targets were not met as a result of the Proposal the risk assessment will be reviewed and 

management actions revised as per Table 8 to ensure the environmental objectives are met.  

Reviewed and revised management actions will be implemented by the Proponent to mitigate and manage 

impacts so they once again will meet the management target and the environmental objective. 
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Table 8:  Tier 2 monitoring (EQS) and corrective actions for management targets 

Trigger EQS Indicator Tier 2 monitoring method  Location Frequency Corrective actions 

Management Target 1:  No loss of benthic habitats beyond 70 m from marina breakwater 

Recorded loss of seagrass 
beyond 70 m from Proposal 
footprint. 

No additional monitoring required; 
implement corrective actions. 

NA. NA. NA. 1. Notify Department of Parks and 
Wildlife (DPaW) and OEPA of 
recorded loss. 

2. Determine appropriate corrective 
action in consultation with DPaW and 
OEPA. 

Management Target 2:  No reduction in abalone abundance beyond 500 m north of the marina 

Recorded abalone abundance 
loss beyond 500 m north of the 
Proposal footprint. 

No additional monitoring required; 
implement corrective actions. 

NA. NA. NA. 1. Notify OEPA, DPaW and Department 
of Fisheries (DoF). 

2. Determine appropriate corrective 
action or additional offset in 
consultation with DPaW, DoF and 
OEPA. 

Management Target 3:  Educate marina users to minimise the risk of introduced marine species 

Public complaints received 
relating to unsafe practices 
being undertaken within the 
marina (e.g. bilge dumping) or 
suspected introduced marine 
species within the marina. 

No additional monitoring required; 
implement corrective actions. 

NA. NA. NA. 1. Investigate complaint and where 
suspicious or suspected marine pests 
are detected, specimens should be 
collected and passed to DoF for 
confirmation of identification. 

2. Ensure introduced marine pest 
control measures are being 
implemented and are appropriate. 

3. Implement appropriate control to 
reduce or rectify impact. 

4. Where required, improve education 
and signage for boat users 
(particularly large boats that travel to 
multiple harbours) on the importance 
of biosecurity. 

5. Revise and update risk assessment 
and management actions where 
applicable. 
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Trigger EQS Indicator Tier 2 monitoring method  Location Frequency Corrective actions 

Management Target 4:  Marine water quality outside the ORM is maintained within acceptable water and sediment parameter limits for High LEP 

Total N concentrations exceed 
natural variability for Perth 
northern waters (0.47 mg/L 
Total N) at the marina entrance. 

No additional monitoring required; 
implement corrective actions. 

NA. NA. NA. 1. Compare results to other nutrient 
parameters measured (algal 
concentration and DO). 

2. Determine source of nutrient 
enrichment. 

3. Monitor algal concentration and DO 
against EQS as outlined below if 
required. 

Ecosystem health 

Exceedance of chlorophyll-a 
≤0.06 µg/L.at marina entrance.   

Chlorophyll-a ≤0.06 µg/L within 
areas of seagrass or macroalgae 
habitat approximately 100 m from 
the Proposal footprint. 

Monitor chlorophyll-a in water 
column within areas of seagrass and 
macroalgae habitat (based on 
benthic habitat map) approximately 
100 m from the Proposal footprint. 

High LEP. When triggered. 1. If EQS exceeded, monitor benthic 
habitat health. 

2. If benthic habitat health affected, 
notify OEPA to determine appropriate 
corrective actions. 

Ecosystem health 

Exceedance of DO 
concentration EQG in High LEP.   

The median DO concentration in 
bottom waters at a site, calculated 
over a period of no more than one 
week, is greater than 60% (high 
protection). 

Monitor DO at marina entrance. High LEP. When triggered. 1. If EQS exceeded, notify OEPA. 

2. Determine management response in 
relation to potential ecosystem health 
decline i.e. management of anoxia, in 
consultation with OEPA. 

Ecosystem health 

Exceedance of toxicant EQG in 
water in High LEP. 

EQS for high protection 

• Bioavailable measures 
(EPA 2015b, Table 2a) 

• Indirect biological measures 
(EPA 2015b, Table 2a). 

1. Monitor toxicants in water at 
three sites at the marina 
entrance against EQS. 

2. Monitor toxicants in water at 
three reference sites (>500 m 
from Proposal footprint).  

High LEP. When triggered. 1. If EQS exceeded, notify OEPA. 

2. Undertake a visual check of seawall 
for any contamination plume.  

3. Undertake a visual check for source 
of contamination such as 
hydrocarbon leaks/spills.    

4. Determine management response in 
consultation with OEPA. 

Ecosystem health 

Exceedance of toxicant EQG in 
sediment in High LEP. 

EQS for high protection 

• Bioavailable measures 
(EPA 2015b, Table 3) 

• Porewater measures 
(EPA 2015b, Table 3)  

• Indirect biological measures 
(EPA 2015b, Table 3). 

1. Monitor toxicants in sediment at 
three sites at the marina 
entrance against EQS. 

2. Monitor toxicants in sediment at 
three reference sites (>500 m 
from the Proposal footprint).  

High LEP. When triggered. 1. If EQS exceeded, notify OEPA. 

2. Undertake a visual check of seawall 
for plume.  

3. Undertake a visual check for source 
of contamination such as 
hydrocarbon leaks/spills.   

4. Establish EQG monitoring sites 
>500 m from Proposal footprint and 
monitor. 

5. Determine management response in 
consultation with OEPA. 
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Trigger EQS Indicator Tier 2 monitoring method  Location Frequency Corrective actions 

Management Target 4 and 5:  Marine water quality inside the and outside the marina is maintained within acceptable water and sediment parameter limits for Moderate LEP 

Ecosystem health 

Exceedance of DO 
concentration EQG for 
ecosystem health in Moderate 
LEP. 

The median DO concentration in 
bottom waters at a site, calculated 
over a period of no more than one 
week, is greater than 60% 
(moderate protection). 

Monitor DO at three sites inside the 
marina against EQS. 

Moderate LEP. When triggered. 1. If EQS exceeded, notify OEPA. 

2. Determine management response in 
relation to potential ecosystem health 
decline i.e. management of anoxia, in 
consultation with OEPA. 

Ecosystem health 

Chlorophyll-a ≤1.8 µg/L (3 times 
80

th
 %ile of median summer 

baseline values) within the 
marina. 

Chlorophyll-a does not exceed 
1.8 µg/L on more than three 
occasions during summer and in two 
consecutive years (EPA 2015b, 
Table 1a). 

 

1. Monitor DO at three sites inside 
the marina against EQS. 

Moderate LEP. When triggered. 1. If EQS exceeded, notify OEPA. 

2. Determine management response in 
consultation with OEPA. 

Ecosystem health 

Exceedance of toxicant EQG for 
ecosystem health in water in 
Moderate LEP. 

EQS Moderate Protection 

• Bioavailable measures 
(EPA 2015b, Table 2a) 

• Indirect biological measures 
(EPA 2015b, Table 2a). 

1. Monitor toxicants in water at 
three sites inside the marina 
against EQS. 

Moderate LEP. When triggered. 

Continue until in 
compliance with 
EQG. 

1. If EQS exceeded, notify OEPA. 

2. Undertake a visual check for source 
of contamination such as 
hydrocarbon leaks/spills. 

3. Determine management response in 
consultation with OEPA. 

Ecosystem health 

Exceedance of toxicant EQG for 
ecosystem health in sediment in 
Moderate LEP. 

EQS for moderate protection  

• Bioavailable measures (EPA 
2015b, Table 3)  

• Porewater measures 
(EPA 2015b, Table 3)  

• Indirect biological measures (EPA 
2015b, Table 3).  

1. Monitor toxicants in sediment at 
three sites inside the marina 
against EQS. 

Moderate LEP. When triggered. 

Continue until in 
compliance with 
EQG. 

1. If EQS exceeded, notify OEPA. 

2. Undertake a visual check for source 
of contamination such as 
hydrocarbon leaks/spills. 

3. Determine management response in 
consultation with OEPA. 

Primary contact recreation 
values 

Exceedance of chemical 
contaminant EQG for primary 
contact recreation in water in 
Moderate LEP. 

DoH should be consulted for advice 
on setting an appropriate 
environmental quality standard that 
protects recreational users and any 
further investigations that would be 
necessary. 

1. Determine appropriate EQS in 
consultation with DoH. 

2. Monitor chemical contaminants 
at three sites inside the marina 
against EQS. 

3. Monitor chemical contaminants 
at three sites outside the marina 
against EQG (Table 7). 

Moderate LEP and 
High LEP. 

When triggered. Inside the marina 

1. If EQS exceeded, notify OEPA. 

2. Determine management response in 
relation to potential risk to public 
health in consultation with DoH. 

Outside the marina 

1. If EQG exceeded, compare results to 
EQS. 

2. Notify DoH if EQS exceeded. 

3. Determine management response in 
relation to potential risk to public 
health in consultation with DoH. 
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Trigger EQS Indicator Tier 2 monitoring method  Location Frequency Corrective actions 

Secondary contact recreation 
values 

Chemicals at concentrations 
that can irritate the skin of the 
human body were detected in 
Moderate LEP. 

No additional monitoring required; 
implement corrective actions. 

NA. High LEP. When triggered. Inside the marina 

1. Notify DoH. 

2. Determine management response in 
relation to potential risk to public 
health in consultation with DoH. 

Outside the marina 

1. Notify DoH if EQG outside the marina 
exceeded. 

2. Determine management response in 
relation to potential risk to public 
health in consultation with DoH. 

Fishing and aquaculture 

Exceedance of algal toxin EQG 
for fishing and aquaculture in 
Moderate LEP. 

Toxin concentration in seafood 
should not exceed the following EQS 
in any samples (EPA 2015b, Table 
4): 

• paralytic shellfish poison (PSP): 
0.8 mg Saxitoxin eq./kg  

• diarrhoetic shellfish poison (DSP): 
0.2 mg/kg  

• neurotoxic shellfish poison (NSP): 
200 mouse units/kg  

• amnesic shellfish poison (ASP) 
(domoic acid): 20 mg/kg  

• yessotoxins: 1 mg Yessotoxin 
eq./kg.  

1. Notify DoH for advice prior to 
undertaking assessment against 
EQS. 

2. Monitor algal toxins in shellfish 
captured inside the marina 
against EQS in accordance with 
DoH advice. 

3. Monitor algal toxins at three 
sites outside the marina against 
EQG (Table 7). 

Moderate LEP and 
High LEP. 

When triggered. Inside the marina 

1. If EQS exceeded, notify OEPA. 

2. Determine management response in 
relation to potential risk to public 
health in consultation with DoH. 

Outside the marina 

1. If EQG exceeded, notify DoH. 

2. Monitor algal toxins in shellfish 
captured outside the marina against 
EQS in accordance with DoH advice. 

3. Notify DoH if EQS exceeded. 

4. Determine management response in 
relation to potential risk to public 
health in consultation with DoH. 

Primary contact recreation 
values 

Exceedance of algal toxin EQG 
for primary contact recreation in 
Moderate LEP. 

From EPA 2015b,Table 6: 

The phytoplankton cell count* from a 
single site, should not:  
• exceed 50 000 cells/mL; or  

• detect or exceed DoH watch list 
action levels.  

There should be no visual presence 
of algal scums or relatively 
widespread visible presence of 
Lyngbya majuscula filaments 
(NHMRC 2008).  

There should be no confirmed 
incidences by report from a medical 
practitioner, of skin, eye or 
respiratory irritation, caused by toxic 
algae or of algal poisoning of 
recreational users. 

1. Monitor algal toxins at three 
sites inside the marina against 
EQS. 

2. Monitor algal toxins at three 
sites outside the marina against 
EQG (Table 7). 

3. Check for confirmed incidences 
of irritation or poisoning. 

Moderate LEP and 
High LEP. 

When triggered. Inside the marina 

1. If EQS exceeded, notify DoH. 

2. Determine management response in 
relation to potential risk to public 
health in consultation with DoH. 

Outside the marina 

1. If EQG exceeded, compare results to 
EQS. 

2. Notify DoH if EQS exceeded. 

3. Determine management response in 
relation to potential risk to public 
health in consultation with DoH. 
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Trigger EQS Indicator Tier 2 monitoring method  Location Frequency Corrective actions 

Secondary contact recreation 
values 

Exceedance of algal toxin EQG 
for secondary contact recreation 
in Moderate LEP. 

There should be no confirmed 
incidences by report from a medical 
practitioner of skin, eye or 
respiratory irritation or poisoning in 
secondary contact recreational users 
caused by toxic algae or chemical 
contaminants. 

1. Check for confirmed incidences 
of irritation or poisoning. 

2. Monitor algal toxins at three 
sites outside the marina against 
EQG (Table 7). 

Moderate LEP and 
High LEP. 

When triggered. Inside the marina 

1. If EQS exceeded, notify OEPA. 

2. Determine management response in 
relation to potential risk to public 
health in consultation with DoH. 

Outside the marina 

1. If EQG exceeded, notify DoH. 

2. Determine management response in 
relation to potential risk to public 
health in consultation with DoH. 

Fishing and aquaculture 

Exceedance of biological 
(faecal) contaminant EQG for 
fishing and aquaculture in 
Moderate LEP. 

Biological (faecal) contaminant 
should not exceed the following EQS 
in any samples (EPA 2015b, Table 
4): 

The median or geometric mean 
faecal coliform concentration in 
samples from a single site must not 
exceed 70 CFU/100 mL and the 
estimated 90th percentile must not 
exceed 85 CFU/100 mL measured 
using the membrane filtration 
method. 

or 

The median or geometric mean 
faecal coliform concentration in 
samples from a single site must not 
exceed 88 MPN/100 mL and the 
estimated 90th percentile must not 
exceed 260 MPN/100 mL measured 
using a 5 tube decimal dilution test, 
or 300 MPN/100 mL measured using 
a 3 tube decimal dilution test. 

or 

The median or geometric mean total 
coliform concentration in samples 
from a single site must not exceed 
700 MPN/100 mL and the estimated 
90

th
 percentile must not exceed 

2300 MPN/100 mL measured using 
a 5 tube decimal dilution test, or 
3300 MPN/100 mL measured using 
a 3 tube decimal dilution test. 

1. Monitor biological (faecal) 
contaminant at three sites inside 
the marina against EQS. 

2. Monitor biological (faecal) 
contaminant at three sites 
outside the marina against EQG 
(Table 7). 

Moderate LEP and 
High LEP. 

When triggered. Inside the marina 

1. If EQS exceeded, notify OEPA. 

2. Determine management response in 
relation to potential risk to public 
health in consultation with DoH. 

Outside the marina 

1. If EQG exceeded, compare results to 
EQS. 

2. Notify DoH if EQS exceeded. 

3. Determine management response in 
relation to potential risk to public 
health in consultation with DoH. 
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Trigger EQS Indicator Tier 2 monitoring method  Location Frequency Corrective actions 

Primary contact recreation 
values 

Exceedance of biological 
(faecal) contaminant EQG for 
primary contact recreation in 
Moderate LEP. 

Biological (faecal) contaminant 
should not exceed the following EQS 
in any samples (EPA 2015b, Table 
6): 

The 95th percentile bacterial content 
of marine waters should not exceed 
500 enterococci/100 mL. 

1. Monitor biological (faecal) 
contaminant at three sites inside 
the marina against EQS. 

2. Monitor biological (faecal) 
contaminant at three sites 
outside the marina against EQG 
(Table 7). 

Moderate LEP and 
High LEP. 

When triggered. Inside the marina 

1. If EQS exceeded, notify OEPA. 

2. Determine management response in 
relation to potential risk to public 
health in consultation with DoH. 

Outside the marina 

1. If EQG exceeded, compare results to 
EQS. 

2. Notify DoH if EQS exceeded. 

3. Determine management response in 
relation to potential risk to public 
health in consultation with DoH. 

Secondary contact recreation 
values 

Exceedance of biological 
(faecal) contaminant EQG for 
secondary contact recreation in 
Moderate LEP. 

Biological (faecal) contaminant 
should not exceed the following EQS 
in any samples (EPA 2015b, Table 
6): 

The 95th percentile bacterial content 
of marine waters should not exceed 
5000 enterococci/100 mL. 

1. Monitor biological (faecal) 
contaminant at three sites inside 
the marina against EQS. 

2. Monitor biological (faecal) 
contaminant at three sites 
outside the marina against EQG 
(Table 7). 

Moderate LEP and 
High LEP. 

When triggered. Inside the marina 

1. If EQS exceeded, notify OEPA. 

2. Determine management response in 
relation to potential risk to public 
health in consultation with DoH. 

Outside the marina 

1. If EQG exceeded, compare results to 
EQS. 

2. Notify DoH if EQS exceeded. 

3. Determine management response in 
relation to potential risk to public 
health in consultation with DoH. 

Aesthetic values 

Exceedance of visual aesthetic 
EQG in Moderate LEP. 

There should be no overall decrease 
in the aesthetic water quality values 
of the Marmion Marine Park using 
direct measures of the communities’ 
perception of aesthetic value. 

1. Undertake community survey to 
determine whether there has 
been a perceived loss of 
aesthetic value. 

2. Monitor aesthetic values at three 
sites outside the marina against 
EQG (Table 7). 

High LEP. When triggered. 1. If EQS exceeded, identify the causes 
for the loss of aesthetic value. 

2. Determine and implement corrective 
actions to prevent further reduction of, 
and if possible to improve, the 
aesthetic value within an agreed 
timeframe. 

Aesthetic values 

Public complaints relating to 
visual aesthetic impacts. 

NA. Immediately undertake visual 
inspection of aesthetic values in 
Moderate LEP to verify complaint. 

As above. When triggered. If exceedance of EQG, monitor EQS as 
outlined in above. 

Aesthetic values 

Exceedance of EQG for fish 
tainting contaminants. 

There should be no detectable 
tainting of edible fish harvested from 
inside or outside the marina. 

1. Determine source of potential 
contamination and sample 
edible fish from around source 
for taste testing. 

2. Monitor fish tainting 
contaminants at three sites 
outside the marina against EQG 
(Table 7). 

Moderate LEP and 
High LEP. 

When triggered. 1. If EQS exceeded, identify the causes 
for the loss of aesthetic value. 

2. Determine and implement corrective 
actions to prevent further reduction of, 
and if possible to improve, the 
aesthetic value within an agreed 
timeframe. 
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Trigger EQS Indicator Tier 2 monitoring method  Location Frequency Corrective actions 

Aesthetic values 

Public complaints relating to 
tainting in edible fish. 

NA. Immediately monitor EQG as 
outlined in Table 7. 

Moderate LEP. When triggered. If exceedance of EQG, monitor EQS as 
outlined above. 

 

 



Figure 1:  Proposal footprint and Development Envelope
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Figure 2:  Existing level of protection in Perth s Coastal Waters: Environmental 
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Figure 3:  Operational Environmental Quality Plan
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EQO for the protection of Ecosystem Health
• Toxicant concentrations are predicted to meet the High LEP criteria
both within and outside of the marina
• Dissolved oxygen and algal concentrations to meet Moderate LEP 

criteria within the marina and High LEP outside the marina

EQO for the protection of Fishing and Aquaculture
• All EQC for maintaining seafood safe for human consumption (including 
algal toxins, faecal coliforms and toxicants) are expected to be met both within
and outside of the marina.

EQO for maintaining primary contact recreation
• All EQC for maintaining primary contact recreation (including algal toxins, 
faecal coliforms and toxicants) are expected to be met both within and outside
of the marina.

EQO for secondary contact recreation (e.g. boating)
• All EQC for maintaining secondary contact recreation are expected to be met
both within and outside of the marina.

EQO for maintaining aesthetic values
• All EQC for maintaining aesthetic values will be protected 

both within and outside of the marina 

Note:  the ‘Cultural and Spiritual’ and ‘Industrial Water Supply’ Environmental Values
will be protected by default through the application of the Ecosystem Health criteria.
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3. Reporting provisions 

3.1 Review and revision 

3.1.1 Annual reporting 

A summary report will be produced annually during operation that details the results of monitoring.  

The annual report will include: 

• documentation of monitoring undertaken 

• comparison of monitoring results to management targets 

• documentation of any contingency actions undertaken. 

The annual summary report will also include the achievement of management targets and the 

environmental objective.  The MEQMP reporting template is presented in Table 9.   

3.1.2 Performance review 

Performance reviews will be undertaken at 1, 2 and 5 years post-construction.  

Performance review reports will include: 

• monitoring results and comparison to triggers, baseline and reference data 

• corrective actions taken 

• consultation undertaken 

• overview of environmental performance. 

3.1.3 Reporting on exceedance of the management target 

In the event that the management targets are exceeded (or not met), the Proponent will notify the CEO of 

the OEPA within seven days of identification of the exceedance.    
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Table 9:  Environmental Management Plan Reporting table 

EPA’s environmental objective and management targets set in the MEQMP Reporting on the management objective and management target  
Status of 
achievement 

Key Environmental Factor:  Benthic Communities and Habitat 

EPA’s environmental objective:  To maintain the quality of water, sediment and biota 
so that the environmental values, both ecological and social, are protected.  

The structure, function, diversity, distribution and viability of benthic communities and 
habitats at local and regional scales were maintained.  

 Yes 

 No 

Management target 1: 

No loss of benthic habitats beyond 70 m from marina breakwater (as predicted by the 
impact assessment). 

Management target 1: 

No loss of benthic habitats beyond 70 m from marina breakwater (as predicted by the impact 
assessment) was achieved. 

 Yes 

 No 

Management target 2:   

No reduction in abalone abundance beyond 500 m north of the marina (as predicted 
by the impact assessment). 

Management target 2: 

No reduction in abalone abundance beyond 500 m north of the marina (as predicted by the 
impact assessment) was achieved. 

 Yes 

 No 

Key Environmental Factor:  Marine Fauna 

EPA’s environmental objective:  To maintain the diversity, geographic distribution and 
viability of fauna at the species and population levels.   

Diversity, geographic distribution and viability of fauna at the species and population levels 
were maintained.   

 Yes 

 No 

Management target 3: 

Educate marina users to minimise the risk of introduced marine species. 

Management target 3: 

The risk of introduced marine species was minimised through education of marina users. 

 Yes 

 No 

Key Environmental Factor:  Marine Environmental Quality 

EPA’s environmental objective:  To maintain the quality of water, sediment and biota 
so that the environmental values, both ecological and social, are protected. . 

The quality of water, sediment and biota was maintained so that the environmental values, 
both ecological and social, are protected. 

 Yes 

 No 

Management target 4: 

Marine water quality outside the marina is maintained within acceptable water and 
sediment parameter limits for High LEP. 

Management target 4: 

Marine water quality outside the marina was maintained within acceptable water and 
sediment parameter limits for High LEP. 

 Yes 

 No 

Management target 5: 

Marine water quality inside the marina is maintained within acceptable water and 
sediment parameter limits for Moderate LEP. 

Management target 5: 

Marine water quality inside the marina was maintained within acceptable water and sediment 
parameter limits for Moderate LEP. 

 Yes 

 No 

Management target 6: 

Educate marina users to minimise impacts on marine fauna. 

Management target 6: 

Impacts on marine fauna were minimised through education of marina users. 

 Yes 

 No 
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4. Adaptive management 

The Proponent will implement adaptive management systems to provide a robust management plan to 

learn from the implementation of mitigation measures, monitoring and evaluation against management 

targets in order to meet the MEQMP environmental objective.  The following approach will be taken: 

• monitoring data will be systematically evaluated and compared to baseline data on a monthly 

basis in a process of adaptive management to verify whether responses to the impact are the 

similar or similar to predictions 

• address evaluation of assumptions and uncertainties in Section 1.3.2 

• re-evaluate the risk assessment and revision of risk-based priorities on the basis of monitored 

information 

• revision when management actions are not as effective as predicted 

• external changes during the life of the Development, for example: 

∗ amendments to operations 

∗ monitoring results 

∗ continuous improvement and changes in regulatory and corporate requirements 

∗ changes to the sensitivity of the key environmental factors 

∗  implementation of other activities in the area etc.  

• whether the MEQMP needs to be reviewed (e.g. changes to MEQMP provisions, timeframes 

etc.). 
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5. Stakeholder consultation 

As part of the preparation of the MEQMP, consultation with various stakeholders was undertaken and is 

detailed in the PER.   
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TECHNICAL NOTE 

CLIENT: Strategen Environmental 

PROJECT NO: 1058-02-001 DATE: 4 March 2016 

SUBJECT: Ocean Reef Marina Development PER: EQMF, EQC, EQP and Marine EIA advice 

 

 

Pertaining to compilation of the Ocean Reef Marina (ORM) Development (the 'Project') Public 

Environmental Review (PER), this Technical Note describes the Marine Environmental Quality 

Plan (EQP) and overarching marine Environmental Quality Management Framework (EQMF), as 

relevant to: 

 

 defining terminology, issues and parameters for environmental impact assessment (EIA) 

 a gap analysis of modelled/predicted environmental impacts, particularly of the parameters 

assessed in RPS APASA (2016) 

 setting the framework for environmental monitoring and management plans (EMMPs) for 

construction and operational activities 

 alignment with the ecological and social values specified by the Marmion Marine Park 

Management Plan (CALM 1992), with reference to recommendations of the MPRA's (2012) 

ten-year audit report. 

 

1. Environmental Quality Management Framework 

The Environmental Scoping Document (ESD; EPA 2014) requires the following component of 

work to contribute towards the protection of marine environmental quality: 

 

"Provide an Environmental Quality Plan (EQP, i.e. a map) that spatially defines the 

Environmental Values (EVs, both ecological and social), Environmental Quality Objectives 

(EQOs) and Levels of Ecological Protection (LEPs) that currently apply to the area.  The EQP 

should consider the Marine Parks and Reserves Authority’s 10 year audit of the 

implementation Marmion Marine Park Management Plan 2002-2012." 

 

Following release of the ESD, the EPA (2015a) published their Environmental Assessment 

Guideline for Protecting the Quality of Western Australia’s Marine Environment (EAG 15), which 

is also directly relevant and applicable to the EIA and management of the Project. 

 

A conceptual depiction of the EQMF, sourced directly from EAG15 is provided as Figure 1.1. 
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Figure 1.1 Environmental Management Quality Framework (EPA 2015) 

 

In consideration of the EQMF (Figure 1.1), the Project PER must describe how each of the EVs 

will be protected by meeting EQOs, by assessment against relevant Environmental Quality 

Criteria (EQC), where: 

 

"EQC represent scientifically based limits of acceptable change to a measureable 

environmental quality indicator that is important for the protection of the associated 

environmental value. A fundamental requirement of EQC is that they should be clear, readily 

measurable and auditable... 

 

In order to determine which are the relevant water quality indicators for monitoring, and hence 

for the development of EQC, a conceptual model of the system should be developed that 

represents how the system works. The model should also show the key threats to 

environmental quality and associated pressure/response relationships. The level of 

knowledge about the area will determine the level of detail and confidence in the model… 

 

The environmental quality criteria are divided into relatively simple and easy to measure 

environmental quality guidelines (EQG) and more robust environmental quality standards 

(EQS). Indicators for the development of EQG should be closer to the pressure end of the 

pressure/response relationship (e.g. chlorophyll a concentration…) and give early warning of 

a potential problem. The EQS are generally more difficult to measure and based on indicators 

located at the response end of the relationship" 1 (EPA 2015a) 

 

As such, EAG 15 (EPA 2015a) recommends that EQC (including EQG and EQS) be developed 

on a project-specific basis, and does not prescribe specific water quality indicators/EQC. 

 

                                                
1
 N.B. For the environmental value ‘ecosystem health’ different EQC will apply depending on the level of ecological protection to be 

met (see Figure 1). 



 

4 March 2016 3 

A marine environmental quality risk matrix has been developed for the Project (see 

Attachment A), which outlines: 

 

 the potential threats to EVs arising from the construction and operation phases of the Project, 

including pressure-response relationships 

 commentary on the residual risk to the EVs following environmental impact assessment 

 EQC developed for monitoring to ensure risks to EVs are managed to within acceptable levels 

 

The pressure-response relationships and EQC are conceptualised for the: 

 

i. construction phase of the Project in Figure 1.2 

ii. operational phase of the Project in Figure 1.3 

 

While this document identifies the relevant EQC and framework for assessment, the details of 

monitoring and contingency management measures shall be described in the Marine 

Construction Monitoring and Management Plan (for construction of the marina) and the Marine 

Environmental Quality Management Plan (for operation of the marina). 

 

EPA (2015a) also acknowledges that:  

 

"Good examples of this approach are found in the Environmental Quality Criteria Reference 

Document for Cockburn Sound (EPA 2005a) which is a supporting document to the State 

Environmental (Cockburn Sound) Policy 2005 (EPA 2005b).2 

 

Once the relevant indicators, and associated EQC, have been identified an environmental 

quality monitoring program can be designed to measure the selected indicators and assess 

performance against the EQC." 

 

Section 2 below provides Project-specific consideration of applicable EQC before defining the 

EQP. 

 

                                                
2
 Recently superseded by EPA (2015b) Environmental Quality Criteria Reference Document for Cockburn Sound (March 2015) 
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Figure 1.2 Conceptual Environmental Quality Management Framework for the construction phase of the Project 
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Figure 1.3 Conceptual Environmental Quality Management Framework for the operational phase of the Project 
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2. Environmental Quality Criteria 

2.1 Ecosystem Health 

To protect the EV of Ecosystem Health the EQO is to "Maintain ecosystem integrity - this means 

maintaining the structure (e.g. the variety and quantity of life forms) and functions (e.g. the food 

chains and nutrient cycles) of marine ecosystems to an appropriate level" (EPA 2015a). 

 

The stressor-response relationships potentially impacting on Ecosystem Health were identified in 

the marine environmental quality risk matrix (Attachment A) and conceptual models for 

construction (Figure 1.2) and operation (Figure 1.3) as follows: 

 

 Marina construction and operation causing nutrient release (eutrophication), leading to algal 

growth, shading and BPPH loss (see Section 2.1.1) 

 Marina construction and operation causing nutrient release (eutrophication), leading to algal 

growth, collapse and anoxia (see Section 2.1.1) 

 Toxicant release during construction and operation of marina causing water or sediment 

contamination (see Section 2.1.2) 

 Marina construction and dredging causing turbid plume and sedimentation, leading to BPPH 

loss (see Section 5.1) 

2.1.1 Potential impacts from changes in flushing 

In the context of ecosystem health, the concern regarding changes in marina flushing regime is 

the consequent potential for eutrophication inside and/or outside of marina waters.  Longer 

flushing times may lead to nutrient accumulation and algal/phytoplankton stimulation ('algal 

blooms'), possibly leading to reduced water clarity and potential shading impacts on BPPH.  

Further, collapse and biodegradation of algal blooms can lead to reduced dissolved oxygen 

availability in the water column and sediments; with knock-on effects such as sediment toxicant 

release from altered redox conditions, and mortality of (or avoidance by) benthic and pelagic 

fauna. 

 

To assess the risk of eutrophication (and consequential effects) from an altered flushing regime 

of ORM, predictions of water quality were based on a hydrodynamic model that simulated water 

movement (current velocity and direction).  This enabled the prediction of the flushing 

characteristics of the marina, and the degree to which nutrients (and other substances) diluted 

and dispersed within and outside of the marina.  RPS APASA (2016) modelled the e-folding 

('flushing') time during eight 15-day periods that were selected to be representative examples 

covering spring and neap tide conditions in each season.  The range of predicted maximum 

flushing time for each period was 2.3 to 7.3 days (Table 7.1 of RPSA APASA 2016). 

 

For comparison, the flushing times of similar marinas (BMT Oceanica 2012a) have been 

ascertained as: 

 

 Hillary’s Boat harbour: Flushing times ~4 days (average algal concentrations inside the 

marina ~3.3 times the value of ‘outside’ waters) 

 Success Harbour: Flushing times ~1 day (average algal concentrations inside the marina ~2.0 

times the value of ‘outside’ waters) 

 Jervoise Bay Northern Harbour: Flushing times ~10–11 days (average algal concentrations 

inside the marina ~6.5 times the value of ‘outside’ waters) 
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Once flushing characteristics for ORM were ascertained, water quality investigations focussed on 

nutrient-related water quality, as the scoping phase of the project identified phytoplankton 

stimulation as a potential risk to water quality.  Therefore the second component of the flushing 

study considered the potential for accumulation of nutrients within the marina, which are assumed 

to be sourced only from ongoing groundwater discharge into ORM (RPS APASA 2016).  The 

analysis assumed that the nutrient inputs (dissolved inorganic nitrogen and phosphorous) behave 

as unreactive conservative tracers, and while this is unrealistic, it is a conservative approach that 

allows upper bound potential effects to be assessed (RPS APASA 2016).  The results for this 

component of the flushing assessment, regarding the potential for nitrogen and phosphorus 

accumulation within ORM, are tabulated in Table 7.2 and Table 7.3 of RPS APSA (2016); 

summarised in Table 2.1 below.  

 

Table 2.1 Predicted maximum and guideline nutrient concentrations in Ocean Reef 

Marina 

Nutrient Predicted maximum concentration in ORM 

at any location 

(80th percentile; RPS APASA 2016) 

ANZECC & ARMCANZ (2000) guideline for 

south west Australia (80th percentile) 

Total nitrogen 

ug/L 

570 230 

Total 

phosphorous 

ug/L 

3.7  20 (summer) 

40 (winter) 

 

The worst case P80 results for phosphorus within ORM were significantly below the guideline 

value. However, the worst case nitrogen concentrations exceed the guideline value.  This 

component of the assessment considers nitrogen only as passive tracer, which is a conservative 

assumption.  This assumption was therefore relaxed in the ecological modelling component of the 

study where the impact of these nitrogen levels on algal growth was investigated. 

 

To specifically assess the potential for algal growth within and outside the marina following 

development, RPS APASA (2016) also conducted ecological modelling to conservatively over-

estimate algal concentrations within and outside the harbour during each season (Figure 2.1 to 

Figure 2.4).  In almost all scenarios, elevations in algal concentrations were restricted to within 

the marina, with only minor elevations in algal concentration outside of the marina, near its mouth 

(Figure 2.1 to Figure 2.4). 

 

RPS APASA (2016) concluded that, the results indicate that the potential for groundwater 

supported algal growth within ORM of around 0.01 to 0.03 gC/m3 is of a similar order, albeit 

slightly higher, to that of typical background values for Perth coastal waters (0.01 gC/m3); 

i.e. algal concentrations within ORM ~ 3 times the value of 'outside waters'. 

 

For comparison, the increased algal concentrations of similar marinas (BMT Oceanica 2012a) 

have been ascertained as: 

 

 Hillary’s Boat harbour: average algal concentrations inside the marina ~3.3 times the value of 

‘outside’ waters 

 Success Harbour: average algal concentrations inside the marina ~2.0 times the value of 

‘outside’ waters 

 Jervoise Bay Northern Harbour: average algal concentrations inside the marina ~6.5 times 

the value of ‘outside’ waters 
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Inside the marina, sensitive BPPH will not be present such that potential consequences of 

shading from algal growth are irrelevant.  However, a moderate ecological protection area 

(MEPA) will be likely emplaced (see Section 4 - EQP), and EQC will need to be developed and 

monitored during construction (subsequent to breakwater installation) and operation to 

demonstrate that algal elevations (and potential dissolved oxygen depression) are within 

acceptable bounds. 

 

Outside of the marina, a high ecological protection area (HEPA) will be likely emplaced (see 

Section 4 - EQP).  RPS APASA (2016) concludes that the algae attributable to the ORM source 

would be difficult to detect within a few hundred meters of the entrance.  Further, of the 24 

scenarios examined through summer, autumn, winter and spring (Figure 2.1 to Figure 2.4), algal 

concentration greater than 0.01 gC/m3 never occurred outside of the marina during summer 

(Figure 2.1) or autumn (Figure 2.2), and only occurred in close proximity to the entrance once 

during winter (on 17 July 2013; Figure Figure 2.3) and once during spring (9 October 2013; 

Figure 2.4). Outside of the marina, the risk of eutrophic effects (loss of BPPH and/or anoxia) are 

therefore considered negligible during summer and autumn.  Similarly, algal concentrations 

greater than 0.01 gC/m3 near the ORM entrance during winter and spring are infrequent and 

transient (due to the high variability in weather during these seasons, with calm periods 

punctuated by increased flushing during storm events; RPS APASA 2016); such that the risk of 

eutrophic effects (loss of BPPH and/or anoxia) are also considered negligible during winter and 

spring.  Monitoring outside of the marina during construction (subsequent to breakwater 

installation) and operation should focus on validating the predicted/modelled lack of algal 

elevations (and potential dissolved oxygen depression) are within acceptable bounds. 
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Figure 2.1 Maps showing spatial variations in surface layer algal concentrations at 

selected time instances for the summer season scenario (RPS APASA 2016) 
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Figure 2.2 Maps showing spatial variations in surface layer algal concentrations at 

selected time instances for the autumn season scenario (RPS APASA 2016) 
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Figure 2.3 Maps showing spatial variations in surface layer algal concentrations at 

selected time instances for the winter season scenario (RPS APASA 2016) 
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Figure 2.4 Maps showing spatial variations in surface layer algal concentrations at 

selected time instances for the spring season scenario (RPS APASA 2016) 
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2.1.2 Toxicants in water and sediment 

The marine environment outside the marina is in a ‘slightly disturbed’ condition or better in 

accordance with ANZECC & ARMCANZ (2000) definition.  In recognition of this a high level of 

ecological protection has been assigned to these areas.  The EQG for this level of protection 

should be implemented in accordance with the recommendations of ANZECC & ARMCANZ 

(2000) (and consistent with EPA 2015b) as follows: 

 

 The recommended 99% species protection guideline trigger levels for toxicants in water will 

apply 

 The ISQG-low guideline trigger levels for toxicants in sediments. 

 

Within the marina is considered to be ‘moderately to highly disturbed’ and shall be designated a 

MEPA and should be assessed separately. The EQG for moderate ecological protection should 

be implemented in accordance with the recommendations of ANZECC & ARMCANZ (2000) (and 

consistent with EPA 2015b) as follows: 

 

 Application of the default 90% species protection guideline trigger levels for toxicants in water; 

 The ISQG-low guideline trigger levels for toxicants in sediments; 

 

While the methodology for developing EQC for all moderate ecological protection areas should 

be consistent, it may be appropriate to monitor a subset of indicators for the marina depending on 

potential threats to environmental quality and the benthic habitats. 

2.2 Fishing and Aquaculture 

To protect the EV of Fishing and Aquaculture the EQOs (EPA 2015a) are: 

 

 Seafood (caught or grown) is of a quality safe for eating. 

 Water quality is suitable for aquaculture purposes. 

 

The stressor-response relationships potentially impacting on Fishing and Aquaculture values 

were identified in the marine environmental quality risk matrix (Attachment A) and conceptual 

models for construction (Figure 1.2) and operation (Figure 1.3) as follows: 

 

 Nutrient release during marina construction and operation causing toxic algal production and 

seafood contamination 

 Chemical contaminant release during marina construction and operation causing seafood 

contamination 

 Biological (faeces) release during marina operation causing seafood contamination 

2.2.1 Seafood safe for consumption 

As per EPA (2015b), the EQC for this EQO shall set a level of environmental quality that will 

ensure there is a low risk of any effect on the health of human consumers of seafood: 

 

"For filter feeding shellfish, except scallops and pearl oysters, any assessment against the 

EQO must be using data that are collected from a comprehensive monitoring program 

consistent with the requirements of the WASQAP Manual.  The primary threats to human 

consumers of seafood relate to contamination of filter feeding shellfish by faecal pathogens 

(e.g. bacteria), the accumulation of biotoxins from toxic algae and/or the accumulation of toxic 

chemicals in the flesh of the shellfish.  Filter feeding shellfish need to filter large quantities of 

water to obtain their food and in the process they can potentially accumulate significant 
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quantities of pathogens and other contaminants that can cause serious illness in humans. 

However, for other species of seafood and for those shellfish where only the adductor muscle 

is eaten (e.g. scallops and pearl oysters) the DoH advises that there is only a low risk of 

potential impacts on human health and therefore monitoring programs do not need to be as 

comprehensive as required in the WASQAP Manual and may not need to consider faecal 

bacteria or toxic algae." 

 

Where: 

"The two primary reference documents for development of the environmental quality 

guidelines and standards for this objective are the Western Australian Shellfish Quality 

Assurance Program (WASQAP) (DoH, 2011) and the Australia New Zealand Food Standards 

Code (http://www.foodstandards.gov.au/foodstandards/foodstandardscode.cfm), developed 

and administered by Food Standards Australia New Zealand (FSANZ).  Both documents are 

regularly updated and users should check the latest versions to determine whether the 

relevant EQC provided in this document have been revised. The WASQAP Manual can be 

located on the Department of Health (DoH) WA website <www.public.health.wa.gov.au>." 

 

The EQC (including EQG and EQS) specified in EPA (2015b) for biological and chemical 

contaminants are expected to be applicable to this Project. 

2.2.2 Aquaculture production 

There are no aquaculture operations within proximity of the Project.  Should future aquaculture 

operations be approved within the vicinity of the Project, then EQC may need to be developed to 

ensure that water quality is sufficient for those operations.  Compliance with EQC to protect the 

EV of Ecosystem Health should serve as a proxy to maintain water quality suitable for 

aquaculture operations. 

2.3 Recreation and Aesthetics 

To protect the EV of Recreation and Aesthetics the EQOs (EPA 2015a) are: 

 

 Water quality is safe for primary contact recreation (e.g. swimming and diving). 

 Water quality is safe for secondary contact recreation (e.g. fishing and boating). 

 Aesthetic values of the marine environment are protected. 

 

The stressor-response relationships potentially impacting on Recreation and Aesthetic values 

were identified in the marine environmental quality risk matrix (Attachment A) and conceptual 

models for construction (Figure 1.2) and operation (Figure 1.3) as follows: 

 

 Breakwater construction and dredging causing turbid plume and water clarity outside marina 

to be not suitable for primary contact recreation 

 Nutrient release during: 

 marina construction causing toxic algal production and water to be not suitable for primary 

or secondary contact recreation outside marina 

 operation of marina causing toxic algal production and water to be not suitable for primary 

or secondary contact recreation inside marina 

 Chemical contaminant release during construction or operation of marina causing water to be 

not suitable for primary or secondary contact recreation 

 Biological (faeces) contaminant release during operation of marina causing water to be not 

suitable for primary or secondary contact recreation 
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2.3.1 Primary contact recreation (swimming) 

As per EPA (2015b), the EQC for this EQO are intended to "protect people from ill effects caused 

by poor water quality when undertaking recreational activities where the participant comes into 

frequent direct contact with the water, either as part of the activity or accidentally (e.g. swimming, 

water skiing, wind surfing or diving)." 

 

The EQC (including EQG and EQS) specified in EPA (2015b) for faecal pathogens, toxic algae, 

water clarity and toxic chemicals are expected to be applicable to this Project. 

2.3.2 Secondary contact recreation (boating) 

As per EPA (2015b), the EQC for this EQO are intended to "protect people from ill effects caused 

by poor water quality when undertaking recreational activities in which the participant comes into 

direct contact with the water infrequently, either as part of the activity or accidentally (e.g. 

boating, canoeing or fishing). 

 

The EQC (including EQG and EQS) specified in EPA (2015b) for faecal pathogens, toxic algae, 

water clarity and toxic chemicals are expected to be applicable to this Project. 

2.3.3 Aesthetics 

Project-specific EQC for visual water quality derived from EPA (2015b) should be developed 

including semi-quantitative observations of: 

 

 Nuisance organisms:  

 Faunal deaths: 

 Water clarity 

 Colour  

 Surface films 

 Surface debris 

 Odour 

 

Further, EPA (2015b) provides guidelines for fish tainting substances based on levels of 

contaminants that may make water or edible marine life unpalatable (but not toxic) to people.  

The EQC (including EQG and EQS) specified in EPA (2015b) for fish tainting are expected to be 

applicable to this Project. 

2.4 Industrial Water Supply 

To protect the EV of Industrial Water Supply the EQO is to ensure "Water quality is suitable for 

industrial use" (EPA 2015a). 

 

There are no industrial water intakes within proximity of the Project.  Should future industrial 

intakes be approved within the vicinity of the Project, then EQC may need to be developed to 

ensure that water quality is sufficient for those industrial requirements.  Compliance with EQC to 

protect the EV of Ecosystem Health should serve as a proxy to maintain water quality suitable for 

industrial water intake. 

2.5 Cultural and Spiritual 

The EQO for this EV is simply to protect cultural and spiritual values of the marine environment 

(EPA 2015a). 
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Cultural and spiritual values of Indigenous Australians connected to marine and coastal 

environments may relate to a range of uses and issues including animals and plants associated 

with water, spiritual relationships, customary use, recreational activities and significant sites in the 

landscape (Collings 2012).  Similar to Indigenous Australians, many non-indigenous Australians 

consider the coastal and marine environment to hold significant cultural and spiritual value; and 

their way of life of on the coastal fringe helps define their identity (Webler and Lord 2010). 

 

Specific guidelines for marine water quality to protect cultural and spiritual values of Indigenous 

Australians are yet to be developed, and EPA (2015) does not denote EQC for the EQO to 

protect cultural and spiritual values.  However, it is often deemed that the protection of 

ecosystem, recreational, fishing and aesthetic values of water bodies offers some assurance and 

a proxy towards protecting the fauna, flora, habitats and recreation values of cultural and spiritual 

importance (ANZECC & ARMCANZ 2000a). 
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3. Marmion Marine Park Ecological and Social Values 

Under the Conservation and Land Management Act 1984 (CALM Act), marine parks and 

reserves (including Marmion Marine Park) are vested in the Marine Parks and Reserves Authority 

(MPRA).  The MPRA has a statutory function under the CALM Act to prepare management plans 

for marine parks and reserves management plans, through the Department of Parks and Wildlife 

(DPaW), and to assess the implementation of these plans. 

 

The MPRA (2012) conducted a 10-year audit of the Marmion Marine Park Management Plan 

(CALM 1992) in 2012; and the Project ESD requires that the EQP to consider MPRA's (2012) 

audit report findings. 

 

Of particular relevance, the MPRA found that the Marmion Marine Park Management Plan 

(CALM 1992) "was not prepared with measurable outcome-based objectives"; and that, "in 

keeping with the outcome-based management plans that are now standard for marine park 

management in WA, management of Marmion Marine Park is reported in the…audit against a set 

of performance indicators developed for nearby Shoalwater Islands Marine Park and adapted by 

the operational [DPaW] district staff." 

 

The set of indicators, those considered to be KPIs, and their relevant [ecological and social] 

values are shown in Table 3.1 and Table 3.2 below. 

 

The ecological and social values adopted for the Marmion Marine Park under the CALM Act 

(MPRA 2012; Table 3.1, Table 3.2) are analogous to the EVs adopted EPA's environmental 

quality management framework (EQMF, Section 1); and the KPIs established by MPRA (2012) 

are similar in intent to the EQOs of the EQMF.  Notwithstanding, MPRA/DPaW's mandate in the 

management of marine parks is contextually different to the EPA's broader role in protection of 

WA's marine environmental quality.  As such, it is useful to consider the alignment of the MPRA's 

(2012) KPIs for ecological and social values of Marmion Marine Park, with the EQOs and EVs 

specified under the EQMF for the Project. 

 

Ocean Reef Marina is excised from, but surrounded by, Marmion Marine Park (Figure 3.1).  Most 

of the Park is zoned for 'General Use', with three small 'Sanctuary' zones in the centre of the 

Park, and 'The Lumps Sanctuary Zone' being the closest (~2.5 km) to Ocean Reef Marina.  The 

targets for marine park zones under the CALM Act and the equivalent levels of ecological 

protection from the EPA's EQMF are presented in Table 3.1.   

 

Given that the location of Marmion Marine Park is within 5 km of major development area, a high 

level of ecological protection is required to align with the MPRA’s long-term targets for marine 

environmental quality.  Since the marine environmental quality of all areas beyond the 

Development Envelope boundary are not anticipated to change as a result of Project, the 

MPRA’s long-term targets are unlikely to be compromised by activities related to operation of the 

Marina. 
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Table 3.1 Long-term management targets for ecological values in Marmion Marine 

Park (MPRA 2012) 
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Table 3.2 Management objectives for social values in Marmion Marine Park 

(MPRA 2012) 
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Figure 3.1 Zoning Plan for the Marmion Marine Park (CALM 1992) 
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Table 3.3 Targets from marine park management plans and the equivalent levels of 

ecological protection from the EPA's EQMF 

Marine Park Zone 

CALM Act Management Plan 

Targets for Marine Environmental 

Quality 

EPA's Level of Protection 

Sanctuary zone 

No change from background levels, 

as a result of human activity in the 

marine park. 

Maximum, unless within 5 km of 

major development area, where high 

may be considered (i.e. HEPA in 

Marmion MP) 

Recreation zone 

No change from background levels, 

as a result of human activity in the 

marine park 

Maximum, unless within 5 km of 

major development area, where high 

may be considered (i.e. HEPA in 

Marmion MP) 

General use zone 

No change from background levels 

except in areas where some level of 

change is approved by the 

appropriate government regulatory 

authority. The area of change is not 

to exceed 1% (by area) of these 

zones.  The level of change allowed 

in the 1% (by area) should not cuase 

the management objectives and 

targets for any other zones in the 

marine park to be compromised 

Maximum, except in areas approved 

(where a government regulatory 

authority may approve a high, 

moderate or low level of ecological 

protection) (i.e. HEPA in Marmion 

MP) 
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4. Environmental Quality Plan 

Provide an Environmental Quality Plan (EQP, i.e. a map) that spatially defines the Environmental 

Values (EVs, both ecological and social), Environmental Quality Objectives (EQOs) and Levels of 

Ecological Protection (LEPs) that currently apply to the area.  The EQP should consider the 

Marine Parks and Reserves Authority’s 10 year audit of the implementation Marmion Marine Park 

Management Plan 2002-2012." 

 

Under the EPA's (2015) EQMF, all EVs and EQO are applicable within the EQP.  Implementation 

of EQC shall be as follows for EVs and EQOs of: 

 

 Ecosystem Health 

 Maintenance of ecosystem integrity 

 MEPA - inside marina and ZoHI (EQC for phytoplankton and toxicants) 

 HEPA - outside ZoHI and marina (EQC for phytoplankton and toxicants) 

 

 Fishing and Aquaculture 

 Seafood safe for consumption (EQC for biological/chemical contaminants) 

 Water quality suitable for aquaculture (future operations protected by proxy - compliance 

with other EQC) 

 

 Recreation and Aesthetics 

 Primary contact recreation (EQC for faecal contamination, toxic algae, water clarity, 

chemical contaminants) 

 Secondary contact recreation (EQC faecal contamination, toxic algae, chemical 

contaminants) 

 Aesthetics (EQC for visual aspects and fish tainting) 

 

 Industrial Water Supply 

 Water quality suitable for aquaculture (future operations protected by proxy - compliance 

with other EQC) 

 

 Cultural and Spiritual 

 (protected by proxy - compliance with other EQC) 

 

A map shall be compiled to demonstrate the EQP described above, for inclusion within the 

MCMMP and MEQMP. 

 

Protection of the EVs depicted in the EQP, will also protect MPRA (2012) ecological and social 

values of Marmion Marine Park. 
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5. Guidance for assessment of potential impacts on BPPH, 
Abalone and Western Rock Lobster 

5.1 Predicted zones of influence and impact on BPPH  

When applying the EQMF in EIA, another key marine EAG that also needs to be considered in 

the context of environmental quality is EAG 7 - Marine Dredging Proposals (EPA 2015).  EAG 15 

is the EQMF is "focussed on the monitoring and management of longer term, more chronic 

effects on environmental quality", whereas EAG 7 is an "activity-based guidance" that "considers 

impacts over the limited time frames associated with individual projects" (EPA 2015). 

 

In the context of the Project, the framework described by EAG 7 for conducting EIA of potential 

shorter-term construction and dredging impacts, is particularly relevant to assessment of indirect 

loss of seagrass due to shading and sedimentation from turbid plumes during construction 

 

The EPA requires that the extent, severity and duration of impacts on benthic habitat and 

associated biota be defined in accordance with Environmental Assessment Guideline No. 7 

Environmental Assessment Guideline for Marine Dredging Proposals (EAG 7; EPA 2011) using 

spatially-defined zones as follows: 

 

 Zone of Influence (ZoI) - the area where changes in environmental quality associated with 

dredge plumes were predicted, but these changes were not expected to result in a detectible 

impact on benthic biota.  The ZoI represents the predicted maximum extent of the dredge 

plumes, and beyond it there should be no dredge-generated plumes discernible from 

background conditions at any stage during the dredging campaign.  EAG 7 (EPA 2011) notes 

that the ZoI can be large, but at any point in time the dredge plumes are likely to be restricted 

to a relatively small portion of the ZoI.  Reference sites for monitoring natural variability are 

ideally located outside of the Zone of Influence of the dredging activities. 

 Zone of Moderate Impact (ZoMI) - the area where predicted impacts on seagrass and 

benthic organisms were expected to be sub-lethal, and/or the impacts were recoverable 

within a period of five years following completion of the dredging activities. 

 Zone of High Impact (ZoHI) - the area where impacts on seagrass meadows and associated 

benthic organisms were predicted to be irreversible (defined as lacking a capacity to return or 

recover to a pre-dredging state within a timeframe of five years or less). 

 

In accordance with EAG 7 (EPA 2011) zones shall be conservatively derived as follows: 

 

 Zone of Influence (ZoI) - the outer boundary of the ZoI was defined using the 100th 

percentile of the area where a TSS threshold of 2 mg/L above background was exceeded, 

representing the maximum extent of the visible plume (see Figure 5.1) 

 Zone of Moderate Impact (ZoMI) – defined as coincident with the ZoHI (conservative 

modelling results for both TSS (see Section 3.1.1) and sedimentation (see Section 3.1.2) 

implied an outer boundary of the ZoMI that coincided with the outer boundary of the ZoHI. 

 Zone of High Impact (ZoHI) - comprising direct and indirect losses due to the development 

footprint, as follows: 

 direct losses due to the breakwaters and reclamation areas; and 

 indirect loss due to a 50 m halo effect around the breakwaters. 

 

It is recommended that a map is prepared depicting these zones. 
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Figure 5.1 Conservative depiction of the Zone of Influence - i.e. potential extent of the 

area where visible plumes may occur during the full construction period.  

Analysis based on TSS elevation of 2 mg/L above background occurring 

during construction at any time (100th percentile) and at any level in the 

water column. (Source: RPS APASA 2016) 

5.1.1 Tolerance of seagrass to shading 

The time taken for 'irreversible' loss to occur is noted for the following species: 

 

 Posidonia sinuosa (perennial species) - 3 to 6 months shading below minimum light 

requirements 

 Amphibolis griffithii (perennial species) - 3 months shading below minimum light requirements 

 Halophila ovalis (ephemeral species) - 21 days shading below minimum light requirements 

 Zostera marina (ephemeral species) - 18 days shading below minimum light requirements 

(Collier 2006; McMahon and Lavery 2008; Collier et al. 2009 and references contained 

therein). 

 

Water quality modelling indicated total suspended solids elevations of 2 mg/L or less 

(conservative proxy for shading) occurring outside the ZoHI for 1% of the time over the duration 

of: 

 

 Breakwater reclamation/construction (6 months) for a period of less than 2 days, in patches 

within 50 m of the breakwater/construction footprint (Figure 5.2) 

 Dredging (7 months) for a period of 0 days (i.e. suspended sediments shall be contained 

within the marina; Figure 5.3) 

 The entire construction/dredging period (13 months) for a period of 0 days (i.e. isolated 

patches within the ZoHI, incorporating the 50 m halo, occurred for a period of less than 4 

days) (Figure 5.4). 
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5.1.2 Tolerance of seagrass to sedimentation  

Most BPPH communities are expected to persist through a level of 3 cm sedimentation 

(Fremantle Ports 2009). 

 

Modelling of the degree of sedimentation at the end of the entire construction period showed 

highly localised effects within a very short distance of the dredge area, with no significant degree 

of sediment deposition (> 1 cm) outside the ZoHI (Figure 5.5). 

 

 

Figure 5.2 Map of the 99th percentile of maximum TSS concentrations during the 

breakwater/reclamation construction period (first 6 months). provide detail 

of the level of effect that is predicted to be exceeded 1% of the time or less.  

In terms of the 6- month analysis period, 1% of the time equates to less than 

2 days, and less than 8 hours over any month. (Source: RPS APASA 2016) 
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Figure 5.3 Map of the 99th percentile of maximum TSS concentrations during the 

dredging period (final 7 months).  The results show that the discharge of any 

significant concentration of suspended sediment is expected to occur less 

than 1% of the time, with the sediment expected to be contained within the 

marina. (Source: RPS APASA 2016) 
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Figure 5.4 Map of the 99th percentile of maximum TSS concentrations during the entire 

construction period.  This figure highlights the localised levels that are 

expected to be exceeded 1% or less over the full 13 month period, which 

equates to approximately 4 days in total. (Source: RPS APASA 2016) 



 

4 March 2016 28 

 

Figure 5.5 Map of the potential extent of the area where bottom deposition above model 

thresholds is expected to occur during the entire construction period. 

Analysis based on bottom concentration above background occurring at any 

time regardless of persistence.  N.B. The contour of 1000 g/m2 equates to a 

deposited thickness of approximately 1 cm. (Source: RPS APASA 2016) 

5.2 Roe's Abalone EIA 

5.2.1 Parameters which may influence abalone distribution 

Direct loss of habitat from construction 

Direct loss of Roe's abalone (Haliotis roei) habitat from the construction of the marina 

infrastructure and a potential 50 m halo effect has been estimated at 11.8 ha 

(BMT Oceanica 2016a). 

Indirect loss from construction or operation 

When considering potential environmental sensitivities of Roe's abalone (BMT Oceanica 2016b), 

construction and operation of the marina may potentially introduce multiple changes affecting 

abalone populations on Burns Beach Reef.  These include: changes in hydrodynamics at the reef 

scale, sediment deposition, increases in nutrients in seawater, and changes in seawater 

temperature.   

Reef scale hydrodynamics 

Modelling shows that changes in current speed and residual currents will occur mainly north of 

the proposed development.  The affect is most pronounced in summer, when peak instantaneous 

absolute differences of current speed from modelling of the existing harbour versus the proposed 

marina were of the order 5-10 cm s-1 (Figure 5.6).  Changes in current speeds may affect the 

particle sizes that can remain suspended in the water column, and potentially affect the amount 

and fractions of both sediments and wrack that will be supplied to the areas of abalone habitat.  

These changes can also modify the coastal processes that determine where the sediment and 
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wrack will be deposited and eroded.  Changes in the distribution of drift algae that can be utilised 

by the Roe's abalone as a food source will affect the population directly as drift algae is believed 

to be a significant portion of their diet.  But, it is not possible to predict how the drift algae, 

generated from the breakdown of wrack, will be affected by the changes in wrack deposition and 

movement.  Changes in the current speed and the subsequent reduction in flushing along Burns 

Beach Reef may also have an effect on the settling location of broadcast larvae along the reef 

which are dispersed in the water column and transported to the reef on the currents.   

 

Figure 5.6 Maps of residual currents from a 15 day scenario commencing 9 January 

2013 (greatest change scenario).  Black boxes indicate the grid cells 

coinciding with abalone habitats north and south of proposed marina.  Note 

the different scales on the two colour legends (Source: RPS APASA 2016) 

Sediment deposition 

Increased sediment deposition is predicted to occur up to a maximum thickness of 1 cm on the 

reef north of the proposed development (Figure 5.5).   No deposition of sediment is expected on 

the reef south of the development as it is greater than 500 m from the development.  It is not 

anticipated that this level of sedimentation will affect abalone health directly but, increased 

sediment deposition from construction activities (or changes in hydrodynamics after construction 

of marine infrastructure) may: 

 

1. bury suitable protection (cryptic) sites for Roe's abalone.  Inundation of sediments can result 

in the loss of safe habitat for juvenile and adult abalone due to cryptic sites and home scars 

becoming inundated with sediment, thus exposing abalone to predators.  Large variations in 

mollusc abundance can occur when sand in-fills cracks and crevices and limits molluscs to 

bare ridges. 

2. smothering and resultant death of non-geniculate coralline algae (NCAs).  Sediment that 

builds up on crustose NCAs can quickly smother and kill the algae.  This is significant as NCA 

are required habitats to trigger Roe's abalone larval settlement and metamorphosis and thus 

loss of NCAs may have an immediate negative effect on recruitment of Roe's abalone larvae.   

 

A potential natural offset to increased sediment deposition on the reef and NCAs may be a 

subsequent removal of this sediment by large swells or storms along these high energy reefs.  
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The modelling results indicate that in this shallow water zone wave action will resuspend 

deposited sediments every 1 to 2 days (RPS APASA 2016).   

Nutrient concentrations 

Within the harbour, modelling shows a potential increase in nitrogen concentrations with a 

maximum P80 concentration reaching 0.57 mg L-1 for nitrogen and 0.0037 mg L-1 for phosphorus 

(see Section 2.1.1).  Subsequent modelling of the influence of outflows from the marina indicated 

that the maximum concentration that would reach the abalone habitat to the north would be 

15.1% of the concentration in the marina.  Assuming a worst case scenario of 0.57 mg L-1 for 

nitrogen and a 15.1% concentration reaching the nearest northern abalone habitat this would 

result in a concentration increase of 0.086 mg L-1 for nitrogen.  Baseline concentrations measured 

along Burns Beach Reef and the area immediately within the proposed marina development 

ranged from 0.1-0.16 mg L-1 (BMT Oceanica 2015).  An increase of 0.086 mg L-1 for nitrogen 

would result in a total concentration of 0.19-0.25 mg L-1 for nitrogen compared to background 

water quality concentrations of 0.14-0.47 mg L-1 recorded for the Perth's northern waters 

(Buckee et al. 1994).  Increases in nutrients are thus expected to be relatively small compared to 

background.   

 

If significant nutrient shifts (e.g. increased nitrogen) were sourced from seawater, groundwater 

and/or sediments this may favour certain algal community species (i.e. Ulva spp.) within the 

abalone populated zones on the reef, which may increase total canopy cover.  Rapid increases in 

nutrients could result in increased foliose and filamentous turfing algae, which can reduce NCA 

coverage.  This occurs as the turfing algae increases sedimentation due to baffling effects, and 

can lead to smothering of NCA.  Increases in nutrients and sedimentation favours growth of turf 

algae, compared to the present algal communities in the zones that support abalone.  Nutrient 

inputs can have six times the effect on increasing turfing algae compared to sediment alone. 

 

Although increased nutrient inputs may increase turfing algae and potentially decrease abalone 

population recruitment success, the community of grazers present may be able to consume the 

excess turf algae and ameliorate the effect.  Resulting increases in filamentous turfing algae may 

be eaten by mollusc grazing, but a more robust and taller species may move into the cleared 

spaces.  The effect of these other opportunistic species is not known in relation to the abalone 

ecology on the localised reef. 

Seawater temperature 

Seawater temperature ranges are not expected to differ from natural background temperatures 

during construction or operation of the marina.  Seawater temperature has been shown to affect 

growth rates of abalone, the success of larvae and regional recruitment success, result in mass 

mortalities and worsen the effect of pathogens on a population.  A complete mortality event was 

inferred to be due to a single two-month-long elevated temperature event of up to 3ºC.   

5.2.2 Area of potential effect on abalone habitat 

An area of potential effect on abalone may be inferred from consideration of substantial 

geographical changes introduced by the marina on: (i) reef scale hydrodynamics, (ii) sediment 

deposition, (iii) nutrient concentrations and/or (iv) seawater temperature.  Although it is not 

possible to definitively state what effect these changes will have on the abalone population of 

Burns Beach Reef it is assumed that some negative response may occur within the area of 

potential effect.   

Reef scale hydrodynamics 

The construction of the proposed development will alter the current speed and flushing rate of the 

coastal margin along Burns Beach Reef (RPS APASA 2016).  However, modelling of surface 
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wave height showed very little change in wave heights after development of the marina and wave 

energy will be assumed to be equivalent to the wave energy experienced by the reef now.  

 

Modelling showed changes in current speed resulting in a: 

 

 reduction in current of 40-60% for < 500 m north of the marina 

 reduction in current of 20% for 500-1500 m north of the marina  

 and no detectable change in current at distances > 1500 m north of the marina. 

 

South of the marina there was no substantial change in current speed over abalone habitat which 

is at a distance is >500 m from the marina, mainly since the current is dominated by northward 

flow for most of the year.    

 

A reduction in flushing of the northern coastal margin was modelled due to the reduction of 

current speed along the northern reef.  The time take it took for a tracer concentration to fall 

below 2% of its initial release concentration (surrogate of mixing) was reduced from 1 hour 

(before) to 7.5 hours (after) installation of the marina.  The reduced rate of coastal flushing is 

indicative of reef-scale hydrodynamic changes that are predicted to occur to the north along 

Burns Beach Reef.   

Sediment deposition  

Modelling results indicated that potential seabed sediment deposition comprised a maximum 

concentration of: 

 

 <100 g m-2 (i.e. 0.1 mm of thickness) at distances <500 m from the marina 

 <1 g m-2 (or negligible) at distances >500 m from the marina. 

 

In the shallow zones (2-6 m water depth) that abalone inhabit, the finer sediment that is able to 

be dispersed over larger distances from the source location tends to be resuspended due to 

wave action.  Modelling results for the construction period predict that this is likely to occur, 

resulting in episodic deposition and then resuspension every 1 to 2 days (RPS APASA 2016).   

 

Considering the conservative values of sediment deposition presented above represent a minimal 

threat to macroalgae communities or abalone individuals, coupled with the episodic deposition 

regime, any impact of sediment deposition on abalone is expected be minimal and limited to less 

than 500 m from the source location of the marina.  

Nutrient concentrations 

If an increase in nitrogen is experienced amongst abalone habitat a potential shift in macroalgae 

community (i.e. increase in turf algae) could occur.  Ecological modelling of surface algae 

response concentrations due to nutrient flushing (RPS APASA 2016) showed that the algae 

attributable to the ORM source would be difficult to detect within a few hundred meters of the 

entrance (see Section 2.1.1; and Figure 2.1 to Figure 2.4).  Surface algae concentrations are 

highly sensitive to nutrient inputs where the macroalgae community on Burns Beach Reef will be 

relatively resistant to change.  Short term increases in surface algae concentrations are not 

expected to affect abalone populations, but may represent an early indicator of change in 

nutrients.    

 

The macroalgae habitat associated with the Roe's abalone habitat is not likely to be affected at by 

increased nutrients along Burns Beach reef as these low (near background) nutrient 

concentrations.  Coupled with continual coastal margin flushing, nutrient-related shifts in the 

macroalgae community structure of Burns Beach Reef are not expected.  As a conservative 
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estimate, it is anticipated that any nutrient related impacts on abalone will be minimal and limited 

to <500 m north of the marina. 

 

 

Figure 5.7 Surface layer concentrations of algae at selected time instances for the 

spring season.  Coloured dots indicate the location of virtual observation 

stations, as indicated in the legend. (source RPS APASA 2016) 
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Seawater temperature 

Seawater temperature was not modelled as it is unlikely to be affected by the development.  As 

such no impact is predicted from changes in seawater temperature due to the proposed 

development. 

5.2.3 Boundaries for Roe's abalone area of potential effect along Burns Beach 
Reef north of the proposed marina 

The environmental parameters subject to substantial change from marina development and 

potentially affecting abalone populations on Burns Beach Reef are listed in Table 5.1, together 

with a spatial estimate of the corresponding change in each parameter to the north of the marina. 

In summary, the expected area of Roe's abalone habitat along Burns Beach Reef that may be 

affected by environmental parameters were: 

 

 Reef scale hydrodynamics have the potential to alter sedimentation, and the distribution of 

drift algae and abalone larvae, along the reef for up to 1500 m north of the marina; however 

beyond 500 m north of the marina, current speeds are reduced by <20%. 

 Sediment deposition would be minimal and limited to <500 m north from the source location 

of the marina. 

 Increases in nutrients are expected to be minimal and any subsequent impact to macroalgae 

community associated with Roe's abalone is expected to be limited to <500 m north from the 

marina 

 No impact from seawater temperature change is expected. 

  

It is recommended that the zone of potential effect for Roe's abalone is presented on a map of 

the existing Roe's abalone habitat.    
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Table 5.1 Environmental parameters subject to substantial change from marina development and potentially affecting abalone populations 

on Burns Beach Reef, including spatial estimates of the corresponding change in each parameter to the north of the marina  

Parameter modelled to 

have substantial 

changes 

Potential changes to natural reef system Change in parameter based on distance north of the Development along 

Burns Beach Reef 

0-500 m  500-1500 m >1500 m 

Reef scale hydrodynamics Shift in distribution of:   

 Sediment deposition 

 Wrack deposition 

 Drift algae load 

 Abalone larvae dispersion 

Reduction of current 

speed by 40-60% 

Reduction of current 

speed by 20% 

None 

Sediment deposition Loss of cryptic microhabitats for abalone  

Smothering of non-geniculate coralline algae 

seabed deposition 

<100 g m-2 (i.e. 0.1 mm 

of thickness) 

None None 

Nitrogen concentration Shift in algae community structure 

Increased growth of turfing algae 

Seawater surface layer concentrations of 

algae 

An increase of 

0.086 mg L-1 for nitrogen 

Minimal surface algae 

response detectable for 

up to 1000 m 

None 
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5.3 Western Rock Lobster EIA 

The western rock lobster (WRL; Panulirus cygnus) is endemic to the state of Western Australia, 

and inhabits shelf waters between North-West Cape to Cape Leeuwin.  Juvenile WRL inhabit 

nearshore reefs and seagrass habitats until they develop into ‘white’ lobsters, and undertake a 

mass migration offshore.  Nearshore habitats of the Marmion Marine Park are typical of those 

inhabited by WRL.  Western rock lobsters are omnivorous feeders which may prefer meat over 

plants but rely on a wider variety of benthic foods including coralline algae (which is likely 

consumed to assist with mineralisation of the exoskeloton), gastropods, crabs, seagrass and 

numerous algae (MacArthur et al.2007).  Each year it is estimated that up to 20% of the entire 

biomass of WRL are harvested each year by commercial fishermen in Western Australia 

(MacArthur et al.2007). 

5.3.1 Lifecycle of the western rock lobster 

The WRL has a five stage life history.  This includes both pelagic (living in the open ocean) and 

benthic (living on the seafloor) stages.  These stages can be simplified to include the phyllosoma, 

puerulus, post-puerulus juveniles, juvenile whites, adult reds.  Full development from larvae to 

sexual maturity takes between 4.5 and 6 years.  Post-puerulus juveniles, juvenile whites and 

adult reds may inhabit areas of the MMP. 

5.3.2 Phyllosoma 

Western rock lobsters hatch on the continental shelf as planktonic, zoeal larva called phyllosoma 

between December and March (Phillip 1986) and are morphologically different to adult WRL 

(McWilliam & Phillips 2007).  The phyllosoma larvae are transported offshore in wind-driven 

currents.  These larvae have been caught as far as 1500 km offshore of the Western Australia 

mainland.  The larvae feed on zooplankton and develop via a series of moults, resulting in a 

progressive increase in size (McWilliam & Phillips 2007).  Between May and October the offshore 

wind-driven currents decrease in velocity and the phyllosoma vertically migrate deeper into the 

water column where they are transported shoreward by deep water easterly currents.  After 

9-11 months offshore as the phyllosoma larvae phase, the final larva stage metamorphoses at 

near the edge of the continental shelf into a morphologically distinct puerulus (Jernakoff et 

al. 1990). 

5.3.3 Puerulus 

The puerulus phase is a brief transitional stage (3–4 weeks long) that connects the planktonic 

and benthic life cycle phases.  Unlike the phyllosoma larval phase, puerulus (postlarva) can 

actively swim and migrate the distances of 40–60 km to the coastal shelf regions where they 

settle (Phillips 1986).  Puerulus have been known settle on reefs at least 30 m deep but they 

generally occupy shallow reef habitats at <12 m depth (Jernakoff et al. 1990).  Settlement of the 

larvae can occur throughout the year; however, peak settlement occurs between August and 

February (Phillips 1986; Caputi 2008).  The puerulus stage does not feed or moult during the 

migration to coastal regions.   

5.3.4 Post-puerulus juveniles 

After settlement in the coastal regions, the pueruli develops a dark pigmentation in the 

exoskeleton and moults within a few days into the post-puerulus juveniles which are 7–9 mm long 

(Jernakoff et al. 1990).  The duration of the post-puerulus phase after settlement is about six 

months.  In the initial stages of this phase, the post-pueruli are solitary animals living in small 

cracks and crevices in caves and on faces of limestone reefs which have a coverage of seagrass 

and/or macroalgae.  During this stage post-puerulus juveniles do not leave the protection of the 

immediate reef.   
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5.3.5 Juvenile (whites) 

When the post-pueruli are 16–20 mm in carapace length, they become gregarious, mix with other 

individuals and migrate into a juvenile habitat of caves and ledges of limestone patch reefs 

(Jernakoff et al. 1994).  The duration of the juvenile phase is generally 3–4 years (Phillips 1983).  

A characteristic moult occurs during October or November whereby the old red exoskeleton is 

shed and replaced by a pale pink exoskeleton, referred to as the adolescent ‘white’ phase.  After 

moulting, the white colouration gradually changes to the characteristic red over the ensuing two 

months (MacArthur et al. 2008).  These freshly moulted juveniles aged 4–5 years with a carapace 

length of ~50-80 mm migrate offshore to lobster spawning habitats (Phillips 1983).  Migration to 

offshore waters occurs between November and January.  During this westerly to north westerly 

migration the WRL may travel up to 600 m per day and travel as far as 40-60 km to reach 

breeding grounds in 30-150 m deep waters.  

5.3.6 Adult (reds) 

The habitat of mature WRL occurs between the outer edge of coastal lagoons and the edge of 

the continental shelf in a depth range of 30 m to 150 m (Jernakoff et al. 1994).  Western rock 

lobsters predominantly occupy limestone reefs habitats but may also live in seagrass and 

macroalgae communities during migrations.  Females reach sexual maturity at a carapace length 

between 65-88 mm, while males reach sexual maturity at carapace lengths of 72–95 mm 

(Melville-Smith & de Lestang 2006).  Mating typically occurs between the months of July and 

August at depths between 40–80 m.  Male WRL affix a sperm packet (spermatophores), also 

known as a ‘tar spot’, to the females’ chest (pleopods).  This sperm packet remains intact for a 

period of about 69 days, after which fertilisation occurs. Spawning occurs during November to 

February (Caputi 2008).  Up to 600,000 eggs develop on the underside of the female; females in 

this condition are commonly referred to as ‘berried’.  Eggs are attached the females for a period 

between 19-68 days with hatching occurring by the end of February or March. 

5.4 Distribution and habitat of the western rock lobster 

5.4.1 Distribution 

WRL are endemic to the state of Western Australia.  They inhabit the clear, well-oxygenated shelf 

waters along the coast, from North-West Cape (21°45’S) to Cape Leeuwin (34°22’S) 

(Chittleborough 1975; Figure 5.8).  The distribution of WRL can extend up to at least 1,500 km 

offshore in its phyllosoma stage but, rock lobsters are typically observed by humans inhabiting 

nearshore and continental shelf reef structures as juvenile and adults. 

5.4.2 Habitat 

Post-puerulus WRL (<25 mm carapace length) typically inhabit small holes in the face of coastal 

limestone reefs, as well as within ledges and caves.  The addition of cover, such as that provided 

by seagrass or macroalgae, is preferred to bare reef (Jernakoff 1990).  Smaller juvenile lobsters 

tend to inhabit the reef face, while larger individuals (25-45 mm) are common within caves, under 

ledges and in larger holes in the reef (Jernakoff et al. 1994, MacArthur et al. 2007).  Western rock 

lobsters >25 mm will forage on reef covered in algal turf or Amphibolis spp seagrass but will also 

travel at night into adjacent seagrass beds to feed.  Although WRL travel significant distances 

(hundreds of meters) in a night they remain within 50 m of the protection of the reef (MacArthur et 

al. 2007).  Offshore larger WRL individuals may be associated with sponge communities with 

smaller individuals being more likely to be associated with the presence of Ecklonia sp. algal 

communities (Bellchambers et al. 2010).  Western rock lobsters are often associated with sponge 

fields, sea squirts, kelps, seaweeds and seagrasses (MacArthur et al. 2007). 
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Source:  Fletcher et al. (2005) 

Figure 5.8 Distribution of Western Rock Lobster within Western Australia 

Cape Leeuwin 

North West Cape 
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5.4.3 Habitat types of the Marmion Marine Park 

The inshore area coastal lagoon of the Marmion Marine Park (MMP) is characterised by regular 

high energy waves breaking across the reef which has a significant effect on the macro algal 

community which may be present.  Inshore reef systems and seagrass beds provide hides and 

micro-habitats for WRL juveniles and adults.  These habitats are important during different stages 

of the WRL lifecycle.  Post-puerulus, juvenile and adult WRL typically inhabit the shallow reefs, 

and will forage for food at night over several hundreds of meters.  The large sand flats (offshore 

mobile sand habitat) beyond the inshore reefs are important areas for juvenile (white) WRL 

during their migration offshore.   

 

Inshore reefs within the MMP which are potential habitat for juvenile and adult WRL tend to be 

'high' relief reef with macroalgal assemblages. 

 

For the purpose of delineating a potential habitat map for WRL the visual assessment of high 

relief was determined to be >1 m.  LiDAR data was used to attribute the MMP habitat map and 

thus the 'high' relief habitat was determined by algorithms in the software.  Determinations of high 

relief by software were validated by referring to visual assessments to confirm the relief attribute.  

Although high relief has been designated as the potential WRL habitat, it is noted that low relief 

reef with sufficient 'gullies' may provide some habitat for juvenile stages.   

 

The areas immediately adjacent to the proposed development would be considered adequate for 

early stage juvenile settlement and growth but an earlier study showed that the habitat at Ocean 

Reef (within a 3 km radius of the existing marina) is not a significant nursery area for juvenile 

lobsters, which may reflect upon seasonal differences in recruitment (although lobsters > 56 mm 

were encountered in larger numbers) (Meagher and LeProvost 1975 in Bellchamber et al. 2012).  

Regionally, the Sorrento area has been shown to support high densities of juvenile rock lobsters, 

due to the extensive availability of preferred habitats, such as reefs and limestone pavement 

(Bellchamber et al. 2012).  

 

No designated potential adult WRL habitat is located within the area of direct loss of habitat (i.e. 

the project footprint), nor in the zone of potential influence, based on the present habitat mapping 

study (Figure 5.9).  No juvenile habitat has been recognised within 3 km of the existing marina, 

based on an earlier study (Bellchamber et al. 2012).  Marina construction and operational 

activities are not expected to result in significant WRL habitat loss . 

 

It is recommended that a map is prepared depicting the maximum footprint of the visual plume 

(i.e. Figure 5.1) overlaid on the 'potential Western Rock Lobster habitat' map (Figure 5.9).   
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Figure 5.9 Potential juvenile and adult Western Rock Lobster habitat in Marmion Marine 

Park 
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Attachment A 

Project Marine Environmental Quality Risk Matrix 

 

 



 

 

Environmental Factor: Marine Environmental Quality – Construction 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

Ecosystem Health 
Maintenance of 

ecosystem integrity 

Breakwater 

construction and 

dredging  

Causes turbid plume 

and sedimentation, 

leading to BPPH loss 

HEPA – Outside 

Marina 

Rating: Moderate 

 

Rationale: 

TSS modelling does not predict 

impacts of turbid plume on BPPH 

outside of the ZoHI/ZoMI 

Intent: 

Verify TSS model – monitor TSS at 

ZoMI/ZoI boundary  

 

Tier 1 indicator (EQG): 

TSS ≤2 mg/L (above background) 

rolling average (14 days) 

 

Monitoring sites: 

Turbidity loggers at 3 sites on ZoMI/ZoI 

boundary. 

Turbidity loggers at 3 reference sites 

outside ZoI 

 

Monitoring Frequency: 

Logging turbidity and downloading at 

fortnightly intervals 

 

Contingency Management: 

 If EQG exceeded, monitor EQS 

 Visual check of silt curtain for plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

Intent: 

Monitor TSS at BPPH sites 

 

 

Tier 2 indicator (EQS): 

TSS ≤2 mg/L (above background) 

rolling average (14 days) 

 

Monitoring sites: 

Turbidity loggers at 3 sites in ZoI where 

BPPH is present (i.e. seagrass on 

habitat map). 

Turbidity loggers at 3 reference sites 

outside ZoI 

 

Contingency Management: 

If EQS exceeded: 

 Monitor BPPH health 

 Visual check of silt curtain for 

plume 

 Visual check of seawall for 

plume 

 Review rock washing efficacy 

 Reduce dredging 

Turbidity logger 

will need to be 

calibrated against 

TSS in the field 

and/or laboratory. 

Ecosystem Health Maintenance of 

ecosystem integrity 

Breakwater 

construction and 

dredging  

Causes turbid plume 

and sedimentation, 

leading to BPPH loss MEPA – Inside 

Marina 

Rating: Negligible 

 

Rationale: 

Assume BPPH Zone of Loss 

within ZoHI/ZoMI 

 

- -  

Ecosystem Health Maintenance of 

ecosystem integrity 

Toxicant release 

during breakwater 

construction and 

dredging  

Causes water 

contamination 

MEPA – Inside 

Marina 

Rating: Moderate 

 

Rationale: 

Water quality EIA suggests 

toxicants within acceptable limits 

 

Best practice stormwater 

management 

 

Risk of minor spills and leaks 

during construction 

Intent: 

Verify no water contamination 

 

Tier 1 indicator (EQG): 

Toxicants in water for MEPA (EPA 2015) 

– Table 2a – Environmental quality 

criteria for protecting the marine 

ecosystem from the effects of toxicants 

in marine waters and sediment pore 

waters – EQG for Moderate Protection 

 

 

95th percentile of the sample 

concentrations from a single site or a 

defined area should not exceed the EQG 

 

EQG at Moderate Protection 

Metals 

   Cadmium: 14 µg/L 

   Chromium III: 49 µg/L 

   Chromium IV: 20 µg/L 

   Cobalt: 14 µg/L 

Intent: 

Verify no water contamination 

 

Tier 2 indicator (EQS): 

Toxicants in water for MEPA (EPA 

2015) – Table 2a – EQS for Moderate 

Protection 

 

EQS Moderate Protection 

 Bioavailable measures (EPA 2015 

Table 2a) 

 Indirect biological measures (EPA 

2015 Table 2a) 

 

Monitoring sites: 

 Water sampling at 3 sites in the 

MEPA 

  

 Monitoring frequency: 

 Triggered by EQG 

 Continue until in compliance with 

EQG 

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 



 

4 March 2016 45 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

   Copper: 3 µg/L 

   Lead: 6.6 µg/L 

   Mercury (inorganic): 0.7 µg/L 

   Nickel: 200 µg/L 

   Silver: 1.8 µg/L 

   Vanadium: 160 µg/L 

   Zinc: 23 µg/L 

Organics 

   Benzene 900 µg/L 

   Napthalene: 90 µg/L 

   Pentachlorophenol: 33 µg/L 

 

Monitoring sites: 

 Water sampling at 3 sites in the 

MEPA 

  

 Monitoring frequency 

 Not required during breakwater 

construction 

 Fortnightly during dredging and 

reclamation 

  

Contingency Management: 

If EQG exceeded, monitor EQS 

 

 Visual check for source of 

contamination such as hydrocarbon 

leaks/spills 

Contingency Management: 

If EQS exceeded: 

 

 Investigate source of 

contamination 

 Reduce dredging 

Ecosystem Health Maintenance of 

ecosystem integrity 

Toxicant release 

during breakwater 

construction and 

dredging  

Causes water 

contamination 

HEPA – Outside 

Marina 

Rating: Moderate 

 

Rationale: 

Water quality EIA suggests 

toxicants within acceptable limits 

 

Best practice stormwater 

management 

 

Risk of minor spills and leaks 

during construction 

Intent: 

Verify no water contamination 

 

Tier 1 indicator (EQG): 

Toxicants in water for HEPA (EPA 2015) 

– Table 2a – Environmental quality 

criteria for protecting the marine 

ecosystem from the effects of toxicants 

in marine waters and sediment pore 

waters. 

 

95th percentile of the sample 

concentrations from a single site or a 

defined area should not exceed the EQG 

 

EQG at ZoMI/ZoI boundary 

Metals 

   Cadmium: 0.7 µg/L 

   Chromium III: 7.7 µg/L 

   Chromium IV: 0.14 µg/L 

   Cobalt: 1 µg/L 

   Copper: 0.3 µg/L 

   Lead: 2.2 µg/L 

   Mercury (inorganic): 0.1 µg/L 

   Nickel: 0.8 µg/L 

   Silver: 0.8 µg/L  

   Vanadium: 50 µg/L 

Intent: 

Verify no water contamination 

 

Tier 2 indicator (EQS): 

Toxicants in water for HEPA (EPA 

2015) – Table 2a – Environmental 

quality criteria for protecting the marine 

ecosystem from the effects of toxicants 

in marine waters and sediment pore 

waters. 

 

EQS High Protection 

 Bioavailable measures (EPA 2015 

Table 2a) 

 Indirect biological measures (EPA 

2015 Table 2a) 

 

Monitoring sites: 

 Water sampling at 3 sites on 

ZoMI/ZoI boundary 

  

Contingency Management: 

If EQS exceeded: 

 

 Establish EQG sites on ZoI 

boundary 

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 



 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

   Zinc: 7 µg/L 

Organics 

   Benzene 500 µg/L 

   Napthalene: 50 µg/L 

   Pentachlorophenol: 11 µg/L 

 

Monitoring sites: 

 Water sampling at 3 sites on 

ZoMI/ZoI boundary 

  

 Monitoring frequency: 

 Fortnightly during construction 

  

Contingency Management: 

 If EQG exceeded, monitor EQS 

 Water sampling at 3 reference sites 

outside ZoI 

 Visual check of silt curtain for plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

 Visual check for source of 

contamination such as hydrocarbon 

leaks/spills 

 Visual check for source of 

contamination such as 

hydrocarbon leaks/spills  

 Visual check of silt curtain for 

plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

 Reduce dredging 

Ecosystem Health Maintenance of 

ecosystem integrity 

Toxicant release 

during breakwater 

construction and 

dredging  

Causes sediment 

contamination 

MEPA – Inside 

Marina 

Rating: Moderate 

 

Sediment quality EIA suggests 

toxicants within acceptable limits 

 

Best practice stormwater 

management 

 

Risk of minor spills and leaks 

during construction 

Intent: 

Verify no sediment contamination 

 

Tier 1 indicator (EQG): 

Toxicants in sediments for moderate 

protection (EPA 2015; Table 3) - Median 

total contaminant concentration in 

sediments from a single site or a defined 

sampling area should not exceed the 

environmental EQG values below: 

 

Metals 

   Antimony: 2 mg/kg dry wt 

   Arsenic: 20 mg/kg dry wt 

   Cadmium: 1.5 mg/kg dry wt 

   Chromium: 80 mg/kg dry wt 

   Copper: 65 mg/kg dry wt 

   Lead: 50 mg/kg dry wt 

   Mercury (inorganic): 0.15 mg/kg dry wt 

   Nickel: 21 mg/kg dry wt 

   Silver: 1 mg/kg dry wt 

   Zinc: 200 mg/kg dry wt 

Organometals 

   TBT: 5  µg Sn/kg dry wt 

 

Monitoring sites: 

 3 sites in MEPA 

 

Monitoring frequency: 

 Not required during breakwater 

construction 

Intent: 

Verify no sediment contamination 

 

Tier 2 indicator (EQS): 

EQS for moderate protection 

 Bioavailable measures (EPA 2015 

Table 3) 

 Porewater measures (EPA 2015 

Table 3) 

 Indirect biological measures (EPA 

2015 Table 3) 

 

Monitoring sites: 

 3 sites in MEPA 

 

Contingency Management: 

If EQS exceeded: 

 Investigate source of 

contamination 

 Reduce dredging 

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 
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Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

 Fortnightly during dredging and 

reclamation 

 

Contingency Management: 

 If EQG exceeded, monitor EQS 

 Visual check for source of 

contamination such as hydrocarbon 

leaks/spills 

Ecosystem Health Maintenance of 

ecosystem integrity 

Toxicant release 

during breakwater 

construction and 

dredging  

Causes sediment 

contamination 

HEPA – Outside 

Marina 

Rating: Moderate 

 

Sediment quality EIA suggests 

toxicants within acceptable limits 

 

Best practice stormwater 

management 

 

Risk of minor spills and leaks 

during construction 

Intent: 

Verify no sediment contamination 

 

Tier 1 indicator (EQG): 

Toxicants in sediments for high 

protection (EPA 2015; Table 3) - Median 

total contaminant concentration in 

sediments from a single site or a defined 

sampling area should not exceed the 

environmental EQG values below: 

 

Metals 

   Antimony: 2 mg/kg dry wt 

   Arsenic: 20 mg/kg dry wt 

   Cadmium: 1.5 mg/kg dry wt 

   Chromium: 80 mg/kg dry wt 

   Copper: 65 mg/kg dry wt 

   Lead: 50 mg/kg dry wt 

   Mercury (inorganic): 0.15 mg/kg dry wt 

   Nickel: 21 mg/kg dry wt 

   Silver: 1 mg/kg dry wt 

   Zinc: 200 mg/kg dry wt 

Organometals 

   TBT: 5  µg Sn/kg dry wt 

 

Monitoring sites: 

 Sediment sampling at 3 sites on 

ZoMI/ZoI boundary 

  

 Monitoring frequency: 

 Fortnightly during construction 

  

Contingency Management: 

 If EQG exceeded, monitor EQS 

 Sediment sampling at 3 reference 

sites outside ZoI 

 Visual check of silt curtain for plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

 Visual check for source of 

contamination such as hydrocarbon 

leaks/spills 

Intent: 

Verify no sediment contamination 

 

Tier 2 indicator (EQS): 

EQS for moderate protection 

 Bioavailable measures (EPA 2015 

Table 3) 

 Porewater measures (EPA 2015 

Table 3) 

 Indirect biological measures (EPA 

2015 Table 3) 

 

Monitoring sites: 

 Sediment sampling at 3 sites on 

ZoMI/ZoI boundary 

 

Contingency Management: 

If EQS exceeded: 

 Establish EQG sites on ZoI 

boundary 

 Visual check for source of 

contamination such as 

hydrocarbon leaks/spills  

 Visual check of silt curtain for 

plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

 Reduce dredging 

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 

Fishing and 

Aquaculture 

Maintenance of 

aquatic life for human 

consumption 

Biological (faeces) 

contaminant release 

during breakwater 

construction and 

Causes seafood 

contamination 

Inside and Outside 

of Marina 

Rating: Negligible 

 

Rationale: 

No significant sources of 

   



 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

dredging  biological contaminants (faeces) 

during construction 

Fishing and 

Aquaculture 

Maintenance of 

aquatic life for human 

consumption 

Chemical contaminant 

release during 

breakwater 

construction and 

dredging  

Causes seafood 

contamination 

Outside of Marina 

(assume no fishing 

inside of Marina 

during 

construction) 

Rating: Moderate 

 

Rationale: 

 

Potential sources of chemical 

contaminants during 

construction, including minor 

spills and leaks 

Intent:  

Verify no seafood contamination 

 

Tier 1 indicator (EQG): 

Ecosystem health monitoring for water 

and sediment 

 

Monitoring sites: 

Ecosystem health monitoring for water 

and sediment 

 

Contingency Management: 

If EQG exceeded, monitor EQS 

Intent: 

Verify no seafood contamination 

 

Tier 2 indicator (EQS): 

EQG for chemicals in seafood flesh 

(EPA 2015; Table 4). 

 

Median chemical concentration in the 

flesh of seafood should not exceed the 

EQG for seafood contamination in 

flesh: 

   Copper: 

      Crustacea: 20 mg/kg 

      Fish: 2 mg/kg 

      Molluscs: 30 mg/kg 

   Selenium: 

      Crustacea/molluscs: 1 mg/kg 

      Fish: 2 mg/kg 

   Zinc: 

      Crustacea: 40 mg/kg 

      Fish: 15 mg/kg 

      Oysters: 290 mg/kg 

 

Monitoring sites: 

Opportunistic collection of crustacean 

(crabs & lobsters), fish, molluscs and 

oysters within ZoMI. 

 

Contingency Management: 

If EQG for seafood contamination in 

flesh exceeded, monitor EQS for 

seafood contamination in flesh: 

   Arsenic 

      Crustacea and fish: 2 mg/kg 

      Molluscs: 1 mg/kg 

   Cadmium 

      Molluscs: 2 mg/kg 

   Lead 

      Fish: 0.5 mg/kg 

      Molluscs: 2.0 mg/kg 

   Mercury 

      Crustacea, molluscs, fish: 0.5 

mg/kg (mean level) 

 

 Visual check for source of 

contamination such as 

hydrocarbon leaks/spills  

 Visual check of silt curtain for 

plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

 Reduce dredging 

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 
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Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

Fishing and 

Aquaculture 

Maintenance of 

aquaculture 

There are no 

aquaculture operations 

within proximity of the 

Project.   

Should future 

aquaculture operations 

be approved within the 

vicinity of the Project, 

then EQC may need to 

be developed to 

ensure that water 

quality is sufficient for 

those operations.   

Outside of Marina 

(no aquaculture 

operations inside 

of Marina) 

Rating: Negligible 

 

Rationale: 

Compliance with EQC to protect 

the EV of Ecosystem Health 

serves as a proxy to maintain 

water quality suitable for 

aquaculture operations. 

   

Recreation and 

Aesthetics 

Maintenance of 

primary contact 

recreation values 

Breakwater 

construction and 

dredging causing 

turbid plumes 

Causes decrease in 

water clarity unsuitable 

for primary contact 

recreation 

Outside of Marina 

(assume no 

primary contact 

recreation inside 

of Marina during 

construction) 

Rating: Moderate 

 

Rationale: 

TSS modelling does not predict 

impacts of turbid plume on 

primary contact areas outside of 

the Marina 

Intent: 

Verify TSS model – monitor TSS at 

ZoMI/ZoI boundary 

 

Tier 1 indicator (EQG): 

Refer to Ecosystem Health monitoring for 

water quality (TSS) 

 

Monitoring sites: 

Refer to Ecosystem Health monitoring for 

water quality (TSS) 

 

Contingency Management: 

If EQG Ecosystem Health monitoring for 

water quality (TSS) exceeded, monitor 

EQS 

Intent: 

Monitor water clarity at ZoMI/ZoI 

boundary and primary contact areas 

 

Tier 2 indicator (EQS): 

Secchi depth must exceed 1.6 m (EPA 

2015; Table 6) 

 

Monitoring sites: 

3 sites on ZoMI/ZoI boundary 

 

Contingency Management: 

If EQS exceeded: 

 

 Monitor sites on ZoI boundary 

 Monitor sites in proximity to 

recreational beaches 

 Visual check of silt curtain for 

plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

 Reduce dredging 

 

Recreation and 

Aesthetics 

Maintenance of 

primary and 

secondary contact 

recreation values 

Biological (faeces) or 

chemical contaminant 

release during 

breakwater 

construction and 

dredging  

Causes water not 

suitable for primary or 

secondary contact 

recreation 

Outside of Marina 

(assume no 

primary or 

secondary contact 

recreation inside 

of Marina during 

construction) 

Rating: Negligible 

 

Rationale: 

No significant sources of 

biological contaminants (faeces) 

during construction 

   

Recreation and 

Aesthetics 

Maintenance of 

primary contact 

recreation values 

Chemical contaminant 

release during 

breakwater 

construction and 

dredging  

Causes water not 

suitable for primary or 

secondary contact 

recreation 

Outside of Marina 

(assume no 

primary or 

secondary contact 

recreation inside 

of Marina during 

construction) 

Rating: Moderate 

 

Rationale: 

Potential sources of chemical 

contaminants during 

construction, including minor 

spills and leaks 

Intent: 

Verify no water contamination 

 

Tier 1 indicator (EQG): 

Contaminants of concern in water (EPA 

2015; Table 6 – Toxic Chemicals) 

 

The 95th percentile of the sample 

concentrations from the area of concern 

(either from one sample run or from a 

single site over an agreed period of time) 

should not exceed the EQG values 

below: 

 

Antimony: 30 µg/L 

Arsenic: 70 µg/L 

Intent: 

Verify no water contamination 

 

Tier 2 indicator (EQS): 

EQS from EPA 2015 for primary 

contact; Table 6G. 

 

DoH should be consulted for advice on 

setting an appropriate EQS that 

protects recreational users and any 

further investigations that would be 

necessary 

 

Contingency Management: 

If EQS exceeded: 

 Monitor sites in proximity to 

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 



 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

Barium: 7000 µg/L 

Boron: 40 000 µg/L 

Bromate: 200 µg/L 

Cadmium: 20 µg/L 

Chlorite: 3000 µg/L 

Chromium: 500 µg/L 

Copper: 20 000 µg/L 

Cyanide: 800 µg/L 

Fluorine: 15 000 µg/L 

Iodine: 1000 µg/L 

Lead: 100 µg/L 

Managanese: 5000 µg/L 

Mercury: 10 µg/L 

Molybdenum: 500 µg/L 

Monochloramine: 30 000 µg/L 

Nickel: 200 µg/L 

Nitrate: 500 000 µg/L 

Nitrite: 30 000 µg/L 

Selenium: 100 µg/L 

Sulfate: 5 000 000 µg/L 

 

Monitoring sites: 

3 sites at ZoMI/ZoI boundary 

 

Frequency: 

Fortnightly during construction 

 

Contingency Management: 

If EQG exceeded, monitor EQS 

recreational beaches 

 Visual check of silt curtain for 

plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

 Reduce dredging 

Recreation and 

Aesthetics 

Maintenance of 

secondary contact 

recreation values 

Chemical contaminant 

release during 

breakwater 

construction and 

dredging  

Causes water not 

suitable for primary or 

secondary contact 

recreation 

Outside of Marina 

(assume no 

primary or 

secondary contact 

recreation inside 

of Marina during 

construction) 

Rating: Moderate 

 

Rationale: 

Potential sources of chemical 

contaminants during 

construction, including minor 

spills and leaks 

Intent: 

Verify no water contamination 

 

Tier 1 indicator (EQG): 

Contaminants of concern in water (EPA 

2015; Table 7 – Toxic Chemicals) 

 

Water should contain no chemicals at 

concentrations that can irritate the skin of 

the human body 

 

Monitoring sites: 

Monitor reports from public 

 

Frequency: 

As reported by public 

 

Contingency Management: 

If EQG exceeded, monitor EQS 

Intent: 

Verify no water contamination 

 

Tier 2 indicator (EQS): 

The Health Department of WA should 

be consulted for advice on setting an 

appropriate EQS that protects 

recreational users and any further 

investigations that would be necessary 

 

Contingency Management: 

If EQS exceeded: 

 Monitor sites in proximity to 

recreational beaches 

 Visual check of silt curtain for 

plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

 Reduce dredging 

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 

Recreation and 

Aesthetics 

Maintenance of 

aesthetic values 

Breakwater 

construction and 

dredging activities 

Visual impacts from 

TSS plume or minor 

spills and leaks 

unsuitable for 

aesthetic values 

Outside of Marina 

(assume aesthetic 

values relaxed 

inside of Marina 

during 

construction) 

Rating: Moderate 

 

Rationale: 

Potential sources of chemical 

contaminants during 

construction, including minor 

Intent: 

Verify visual TSS plume and potential 

other aesthetic impacts not greater than 

predicted 

 

Tier 1 indicator (EQG): 

Intent: 

Verify visual TSS plume and potential 

other aesthetic impacts not greater 

than predicted 

 

Tier 2 indicator (EQS): 

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 
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Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

spills and leaks  TSS (Ecosystem Health) – refer 

above 

 Nuisance organisms: macrophytes, 

phytoplankton scums, filamentous 

algal mats, blue-green algae and 

sewage, should not be present in 

excessive amounts 

 Faunal deaths: there should be no 

reported incidents of large scale 

deaths of marine organisms relating 

from unnatural cuases 

 Water clarity: the natural visual 

clarity of the water should not be 

reduced by more than 20% 

 Colour: the natural hue of the water 

should not be changes by more than 

ten points on the Munsell scale 

 Surface films: oil and petrochemicals 

should not be noticeable as a visual 

film on the water or detectable by 

odour 

 Surface debris: water surfaces 

should be free of floating debris, 

dust and other objectional matter 

including substances that cause 

foaming 

 Odour: there should be no 

objectional odours 

 Concentrations of contaminants will 

not exceed the EQG for tainting 

substances (EPA 2015; Table 8J) 

 

Monitoring sites: 

Three sites on ZoMI/ZoI boundary 

 

Frequency  

Fortnightly during construction 

 

Contingency Management: 

If EQG exceeded, monitor EQS 

TSS (Ecosystems Health) – refer 

above 

 

There should be no overall decrease 

in the aesthetic water quality values 

using direct measures of the 

communities perception of aesthetic 

value for the factors: 

  

 Nuisance organisms:  

 Faunal deaths: 

 Water clarity 

 Colour  

 Surface films 

 Surface debris 

 Odour 

 

There should be no detectable tainting 

of edible fish harvested 

 

Monitoring sites: 

Three sites on ZoMI/ZoI boundary 

 

Frequency  

When triggered  

 

Contingency Management: 

If EQS exceeded: 

 Visual check for source of 

contamination such as 

hydrocarbon leaks/spills  

 Visual check of silt curtain for 

plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

 Reduce dredging 

Cultural and Spiritual 

Maintenance of 

cultural and spiritual 

values 

Breakwater 

construction and 

dredging activities 

It is deemed that the 

protection of 

ecosystem, 

recreational, fishing 

and aesthetic values 

offers assurance and a 

proxy towards 

protecting the fauna, 

flora, habitats and 

recreation values of 

cultural and spiritual 

importance 

Inside and Outside 

of Marina 

Rating: Negligible 

 

Rationale: 

Compliance with EQC to protect 

the EVs of Ecosystem Health, 

Fishing, Recreation and 

Aesthetics serves as a proxy to 

maintain water quality suitable for 

aquaculture operations. 

   

Industrial Water 

Supply 

Maintenance of 

industrial water 

There are no industrial 

water uses within 

Should future 

industrial water uses 

Inside and Ouside 

of Marina 

Rating: Negligible 

 
   



 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

supply values proximity of the Project be approved within the 

vicinity of the Project, 

then EQC may need to 

be developed to 

ensure that water 

quality is sufficient for 

those uses.   

Rationale: 

Compliance with EQC to protect 

the EV of Ecosystem Health 

serves as a proxy to maintain 

water quality suitable for 

aquaculture operations. 

Reference: 

EPA (2015) Environmental quality criteria reference document for Cockburn Sound. Environmental Protection Authority, Perth, Western Australia, March 2015. 
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Environmental Factor: Marine Environmental Quality – Operation of Marina 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

Ecosystem Health 
Maintenance of 

ecosystem integrity 

Operation of marina 

causing nutrient 

release 

(eutrophication) 

Causes algal growth, 

shading and BPPH 

loss 

HEPA – Outside 

Marina 

Rating: Moderate 

 

Rationale: 

Ecological modelling does not 

predict impacts of algal plume on 

BPPH outside of the ZoHI/ZoMI 

Intent: 

Verify ecological model – monitor algal 

concentration at HEPA-MEPA boundary  

 

Tier 1 indicator (EQG): 

Algal concentration ≤0.01 mgC/m
3 

at 

HEPA/MEPA boundary 

 

Monitoring sites: 

3 sites on HEPA-MEPA boundary 

 

Monitoring frequency: 

Immediately after breakwater 

construction, monthly for 2 years. 

 

Contingency Management: 

If EQG exceeded: 

 Monitor EQS 

Intent: 

Monitor algal concentration at BPPH 

sites 

 

Tier 2 indicator (EQS): 

Algal concentration ≤0.01 mgC/m
3 

in 

ZoI 

 

Monitoring sites: 

In ZoI where BPPH is present (i.e. 

seagrass on habitat map). 

 

Contingency Management: 

If EQS exceeded: 

 Monitor BPPH health 

 

Ecosystem Health 
Maintenance of 

ecosystem integrity 

Operation of marina 

causing nutrient 

release 

(eutrophication) 

Causes algal growth, 

shading and BPPH 

loss 

MEPA – Inside 

Marina 

Rating: Negligible 

 

Rationale: 

Assume BPPH Zone of Loss 

within ZoHI/ZoMI 

 

   

Ecosystem Health 
Maintenance of 

ecosystem integrity 

Operation of marina 

causing nutrient 

release 

(eutrophication) 

Causes algal growth, 

collapse and anoxia 

MEPA – Inside 

Marina 

Rating: Moderate 

 

Rationale: 

Ecological modelling does not 

suggest impacts of algal plume 

on DO inside harbour 

Intent: 

Verify ecological model – monitor 

dissolved oxygen (DO) in MEPA  

 

Tier 1 indicator (EQG): 

EQG for DO concentration (EPA 2015; 

Table 1b) 

The median DO concentration in 

bottom waters at a site, calculated 

over a period of no more than one 

week, is greater than 80% (moderate 

protection) 

 

Monitoring sites: 

Three sites in MEPA 

 

Monitoring Frequency: 

Immediately after breakwater 

construction, monthly for 2 years 

 

Contingency Management: 

If EQG exceeded: 

Monitor EQS 

Intent: 

Verify ecological model – monitor 

dissolved oxygen (DO) in MEPA  

 

Tier 2 indicator (EQS): 

EQS for DO concentration (EPA 

2015; Table 1aD) 

The median DO concentration in 

bottom waters at a site, calculated 

over a period of no more than one 

week, is greater than 60% (moderate 

protection) 

 

Monitoring sites: 

Three sites in MEPA 

 

Monitoring Frequency: 

When triggered 

 

Contingency Management: 

 Contact OEPA 

 Management response required 

in relation to potential 

ecosystem health decline – 

management of anoxia required  

 

Ecosystem Health 
Maintenance of 

ecosystem integrity 

Operation of marina 

causing nutrient 

release 

Causes algal growth, 

collapse and anoxia 

HEPA – Outside 

Marina 

Rating: Moderate 

 

Rationale: 

Intent: 

Verify ecological model – monitor 

dissolved oxygen (DO) in HEPA  

Intent: 

Verify ecological model – monitor 

dissolved oxygen (DO) in MEPA  

 



 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

(eutrophication) Ecological modelling does not 

suggest impacts of algal plume 

on DO outside harbour 

 

Tier 1 indicator (EQG): 

EQG for DO concentration (EPA 2015; 

Table 1b) 

The median DO concentration in 

bottom waters at a site, calculated 

over a period of no more than one 

week, is greater than 90% (high 

protection) 

 

Monitoring sites: 

Three sites on HEPA-MEPA boundary 

 

Monitoring Frequency: 

Immediately after breakwater 

construction, monthly for 2 years 

 

Contingency Management: 

If EQG exceeded: 

Monitor EQS 

 

Tier 2 indicator (EQS): 

EQS for DO concentration (EPA 

2015; Table 1aD) 

The median DO concentration in 

bottom waters at a site, calculated 

over a period of no more than one 

week, is greater than 60% (high 

protection) 

 

Monitoring sites: 

Three sites on HEPA-MEPA boundary 

 

Monitoring Frequency: 

When triggered 

 

Contingency Management: 

 Contact OEPA 

 Management response required 

in relation to potential 

ecosystem health decline – 

management of anoxia required 

Ecosystem Health Maintenance of 

ecosystem integrity 

Toxicant release 

during marina 

operation 

Causes water 

contamination 

MEPA – Inside 

Marina 

Rating: Moderate 

 

Rationale: 

Water quality EIA suggests 

toxicants within acceptable limits 

 

Best practice stormwater 

management 

 

Risk of minor spills and leaks 

during operations 

Intent: 

Verify no water contamination 

 

Tier 1 indicator (EQG): 

Toxicants in water for MEPA (EPA 2015) 

– Table 2a – Environmental quality 

criteria for protecting the marine 

ecosystem from the effects of toxicants 

in marine waters and sediment pore 

waters – EQG for Moderate Protection 

 

 

95th percentile of the sample 

concentrations from a single site or a 

defined area should not exceed the EQG 

 

EQG at Moderate Protection 

Metals 

   Cadmium: 14 µg/L 

   Chromium III: 49 µg/L 

   Chromium IV: 20 µg/L 

   Cobalt: 14 µg/L 

   Copper: 3 µg/L 

   Lead: 6.6 µg/L 

   Mercury (inorganic): 0.7 µg/L 

   Nickel: 200 µg/L 

   Silver: 1.8 µg/L 

   Vanadium: 160 µg/L 

   Zinc: 23 µg/L 

Organics 

   Benzene 900 µg/L 

   Napthalene: 90 µg/L 

   Pentachlorophenol: 33 µg/L 

Intent: 

Verify no water contamination 

 

Tier 2 indicator (EQS): 

Toxicants in water for MEPA (EPA 

2015) – Table 2a – EQS for Moderate 

Protection 

 

EQS Moderate Protection 

 Bioavailable measures (EPA 2015 

Table 2a) 

 Indirect biological measures (EPA 

2015 Table 2a) 

 

Monitoring sites: 

 Water sampling at 3 sites in the 

MEPA 

  

 Monitoring frequency: 

 Triggered by EQG 

 Continue until in compliance with 

EQG 

Contingency Management: 

If EQS exceeded: 

 

 Investigate source of 

contamination 

  

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 
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Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

 

Monitoring sites: 

 Water sampling at 3 sites in the 

MEPA 

  

 Monitoring frequency 

 Immediately after breakwater 

construction, quarterly for 2 years 

  

Contingency Management: 

If EQG exceeded, monitor EQS 

 

 Visual check for source of 

contamination such as hydrocarbon 

leaks/spills 

Ecosystem Health Maintenance of 

ecosystem integrity 

Toxicant release 

during marina 

operation 

Causes water 

contamination 

HEPA – Outside 

Marina 

Rating: Moderate 

 

Rationale: 

Water quality EIA suggests 

toxicants within acceptable limits 

 

Best practice stormwater 

management 

 

Risk of minor spills and leaks 

during operations 

Intent: 

Verify no water contamination 

 

Tier 1 indicator (EQG): 

Toxicants in water for HEPA (EPA 2015) 

– Table 2a – Environmental quality 

criteria for protecting the marine 

ecosystem from the effects of toxicants 

in marine waters and sediment pore 

waters. 

 

95th percentile of the sample 

concentrations from a single site or a 

defined area should not exceed the EQG 

 

EQG at High Protection 

Metals 

   Cadmium: 0.7 µg/L 

   Chromium III: 7.7 µg/L 

   Chromium IV: 0.14 µg/L 

   Cobalt: 1 µg/L 

   Copper: 0.3 µg/L 

   Lead: 2.2 µg/L 

   Mercury (inorganic): 0.1 µg/L 

   Nickel: 0.8 µg/L 

   Silver: 0.8 µg/L  

   Vanadium: 50 µg/L 

   Zinc: 7 µg/L 

Organics 

   Benzene 500 µg/L 

   Napthalene: 50 µg/L 

   Pentachlorophenol: 11 µg/L 

 

Monitoring sites: 

 Water sampling at 3 sites on the 

HEPA-MEPA boundary 

  

 Monitoring frequency: 

 Immediately after breakwater 

Intent: 

Verify no water contamination 

 

Tier 2 indicator (EQS): 

Toxicants in water for HEPA (EPA 

2015) – Table 2a – Environmental 

quality criteria for protecting the marine 

ecosystem from the effects of toxicants 

in marine waters and sediment pore 

waters. 

 

EQS at High Protection 

 Bioavailable measures (EPA 2015 

Table 2a) 

 Indirect biological measures (EPA 

2015 Table 2a) 

 

Monitoring sites: 

 Water sampling at 3 sites on the 

HEPA-MEPA boundary 

  

Contingency Management: 

If EQS exceeded: 

 

 Investigate source of 

contamination 

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 



 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

construction, quarterly for 2 years 

  

Contingency Management: 

 If EQG exceeded, monitor EQS 

 Water sampling at 3 reference sites 

outside ZoI 

 Visual check of seawall for plume 

 Visual check for source of 

contamination such as hydrocarbon 

leaks/spills 

Ecosystem Health Maintenance of 

ecosystem integrity 

Toxicant release 

during marina 

operation  

Causes sediment 

contamination 

MEPA – Inside 

Marina 

Rating: Moderate 

 

Sediment quality EIA suggests 

toxicants within acceptable limits 

 

Best practice stormwater 

management 

 

Risk of minor spills and leaks 

during operations 

Intent: 

Verify no sediment contamination 

 

Tier 1 indicator (EQG): 

Toxicants in sediments for moderate 

protection (EPA 2015; Table 3) - Median 

total contaminant concentration in 

sediments from a single site or a defined 

sampling area should not exceed the 

environmental EQG values below: 

 

Metals 

   Antimony: 2 mg/kg dry wt 

   Arsenic: 20 mg/kg dry wt 

   Cadmium: 1.5 mg/kg dry wt 

   Chromium: 80 mg/kg dry wt 

   Copper: 65 mg/kg dry wt 

   Lead: 50 mg/kg dry wt 

   Mercury (inorganic): 0.15 mg/kg dry wt 

   Nickel: 21 mg/kg dry wt 

   Silver: 1 mg/kg dry wt 

   Zinc: 200 mg/kg dry wt 

Organometals 

   TBT: 5  µg Sn/kg dry wt 

 

Monitoring sites: 

 3 sites in MEPA 

 

Monitoring frequency: 

 Immediately after breakwater 

construction, annually for 2 years 

 

Contingency Management: 

 If EQG exceeded, monitor EQS 

 Visual check for source of 

contamination such as hydrocarbon 

leaks/spills 

Intent: 

Verify no sediment contamination 

 

Tier 2 indicator (EQS): 

EQS for moderate protection 

 Bioavailable measures (EPA 2015 

Table 3) 

 Porewater measures (EPA 2015 

Table 3) 

 Indirect biological measures (EPA 

2015 Table 3) 

 

Monitoring sites: 

 3 sites in MEPA 

 

Contingency Management: 

If EQS exceeded: 

 Investigate source of 

contamination 

  

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 

Ecosystem Health Maintenance of 

ecosystem integrity 

Toxicant release 

during marina 

operation  

Causes sediment 

contamination 

HEPA – Outside 

Marina 

Rating: Moderate 

 

Sediment quality EIA suggests 

toxicants within acceptable limits 

 

Best practice stormwater 

management 

Intent: 

Verify no sediment contamination 

 

Tier 1 indicator (EQG): 

Toxicants in sediments for high 

protection (EPA 2015; Table 3) - Median 

total contaminant concentration in 

Intent: 

Verify no sediment contamination 

 

Tier 2 indicator (EQS): 

EQS for moderate protection 

 Bioavailable measures (EPA 2015 

Table 3) 

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 
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Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

 

Risk of minor spills and leaks 

during operations 

sediments from a single site or a defined 

sampling area should not exceed the 

environmental EQG values below: 

 

Metals 

   Antimony: 2 mg/kg dry wt 

   Arsenic: 20 mg/kg dry wt 

   Cadmium: 1.5 mg/kg dry wt 

   Chromium: 80 mg/kg dry wt 

   Copper: 65 mg/kg dry wt 

   Lead: 50 mg/kg dry wt 

   Mercury (inorganic): 0.15 mg/kg dry wt 

   Nickel: 21 mg/kg dry wt 

   Silver: 1 mg/kg dry wt 

   Zinc: 200 mg/kg dry wt 

Organometals 

   TBT: 5  µg Sn/kg dry wt 

 

Monitoring sites: 

 Sediment sampling at 3 sites on 

HEPA-MEPA boundary 

  

 Monitoring frequency: 

 Immediately after breakwater 

construction, annually for 2 years 

  

Contingency Management: 

 If EQG exceeded, monitor EQS 

 Sediment sampling at 3 reference 

sites outside ZoI 

 Visual check of seawall for plume 

 Visual check for source of 

contamination such as hydrocarbon 

leaks/spills 

 Porewater measures (EPA 2015 

Table 3) 

 Indirect biological measures (EPA 

2015 Table 3) 

 

Monitoring sites: 

 Sediment sampling at 3 sites on 

HEPA-MEPA boundary 

 

Contingency Management: 

If EQS exceeded: 

 Establish EQG sites on ZoI 

boundary 

 Investigate source of 

contamination 

  

Fishing and 

Aquaculture 

Maintenance of 

aquatic life for human 

consumption 

Operation of marina 

causing nutrient 

release 

(eutrophication) 

Causes algal growth of 

toxic species and 

seafood contamination 

Inside and Outside 

of Marina 

Rating: Moderate 

 

Rationale: 

No history of problematic toxic 

algal blooms 

 

Ecological modelling does not 

suggest impacts of algal plume 

outside or inside harbour 

Intent: 

Monitor algal toxins inside the Marina  

 

Tier 1 indicator (EQG): 

Concentrations of toxic algae should 

not exceed the following 

environmental quality guideline 

values in any samples (EPA 2015, 

Table 4) 

 

Alexandrium : 100 cells/L 

(A. acatenella, A. catenella, A. 

cohorticula, A.fundyense, A.lusitanucum, 

A. minitum, A. ostenfeldii, A. 

tamiyavanachi, A. tamarense) 

 

Dinophysis: 500 cells/L 

(D. acuta, D. fortii, D. norvegica) 

(Dinophysis acuminate: 30000 cells/L) 

 

Prorocentrum: 500 cells/L 

Intent: 

Monitor algal toxins inside and outside 

the Marina 

 

Tier 2 indicator (EQS): 

Toxin concentration in seafood should 

not exceed the following environmental 

quality standards in any samples 

(EPA 2015, Table 4) 

 

Paralytic shellfish poison (PSP): 0.8 mg 

Saxitoxin eq./kg 

 

Diarrhoetic shellfish poison (DSP): 0.2 

mg/kg 

 

Neurotoxic shellfish poison (NSP): 200 

mouse units/kg 

 

Amnesic shellfish poison (ASP) 

(domoic acid): 20 mg/kg 

Species and 

toxicants of 

concern only – 

the list may be 

rationalised 



 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

(P. lima) 

 

Gymnodinium: 1000 cells/L 

(G. catenatum) 

 

Karenia: 1000 cells/L 

(K. brevis, K. brevis-like, K. mikimotoi) 

 

Pseudonitzchia: 250,000 cells/L 

(P. australis, P. pungens, P. turgidula, P. 

fraudulenta, P. delicatissima, P. 

pseudodelicatissima) 

 

Gonyaulax cf. Spinifera: 100 cells/L 

 

Protoceratium reticulatum (Gonyaulax 

grindley): 500 cells/L 

 

Monitoring sites: 

3 sites inside the Marina 

 

Monitoring frequency: 

Immediately after breakwater 

construction, quarterly for 2 years 

 

Contingency Management: 

If EQG exceeded: 

 Monitor EQG at sites outside the 

Marina 

 Monitor EQS 

 

Yessotoxins: 1 mg Yessotoxin eq./kg 

 

Monitoring sites: 

 3 sites inside the Marina 

 3 sites outside Marina (compare 

against EQG) 

 

Contingency Management: 

If EQS exceeded: 

 Contact DoH; Management 

response required in relation to 

potential risk to public health 

 Outside marina, compare to 

EQS; if exceeded, then contact 

DoH; Management response 

required in relation to potential 

risk to public health 

Fishing and 

Aquaculture 

Maintenance of 

aquatic life for human 

consumption 

Biological (faeces) 

contaminant release 

during operation of 

Marina (e.g. swimming 

and boat sullage) 

Causes seafood 

contamination 

Inside and Outside 

of Marina 

Rating: Moderate 

 

Rationale: 

Human use of Marina, including 

swimming and boat sullage may 

introduce biological (faecal) 

contaminants 

Intent: 

Monitor biological (faecal) contaminants 

inside the Marina  

 

Tier 1 indicator (EQG) 

From Table 4 of EPA (2015): 

 

The median or geometric mean faecal 

coliform concentration in samples 

from a single sitemust not exceed 14 

CFU/100mL and the estimated 90th 

percentile must not exceed 21 

CFU/100 mL measured using the 

membrane filtration method. 

  or 

The median or geometric mean faecal 

coliform concentration in samples 

from a single site must not exceed 14 

MPN/100 mL and the estimated 90th 

percentile must not exceed 43 

MPN/100 mL measured using a 5 tube 

decimal dilution test, or 49 MPN/100 

mL measured using a 3 tube decimal 

dilution test. 

  or 

Intent: 

Monitor biological (faecal) 

contaminants inside and outside the 

Marina 

 

Tier 2 indicator (EQS): 

From Table 4 of EPA (2015): 

 

The median or geometric mean faecal 

coliform concentration in samples from 

a single site must not exceed 70 

CFU/100 mL and the estimated 90th 

percentile must not exceed 85 

CFU/100 mL measured using the 

membrane filtration method. 

  or 

The median or geometric mean faecal 

coliform concentration in samples from 

a single site must not exceed 88 

MPN/100 mL and the estimated 90th 

percentile must not exceed 260 

MPN/100 mLmeasured using a 5 tube 

decimal dilution test, or 300 MPN/100 

mL measured using a 3 tube decimal 

dilution test. 
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Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

The median or geometric mean total 

coliform concentration in samples 

from a single site must not exceed 70 

MPN/100 mL and the estimated 90th 

percentile must not exceed 230 

MPN/100 mL measured using a 5 tube 

decimal dilution test, or 330 MPN/100 

mL measured using a 3 tube decimal 

dilution test. 

 

Monitoring sites: 

3 sites inside the Marina 

 

Monitoring frequency: 

Immediately after commissioning, 

quarterly for 2 years 

 

Contingency Management: 

If EQG exceeded: 

 Monitor EQG at 3 sites outside the 

Marina  

 Monitor EQS 

  or 

The median or geometric mean total 

coliform concentration in samples from 

a single site must not exceed 700 

MPN/100 mL and the estimated 90th 

percentile must not exceed 2300 

MPN/100 mL measured using a 5 tube 

decimal dilution test, or 3300 MPN/100 

mL measured using a 3 tube decimal 

dilution test. 

 

Monitoring sites: 

 3 sites inside the Marina 

 3 sites outside Marina (compare 

against EQG) 

 

 

Contingency Management: 

If EQS exceeded: 

 Contact DoH; Management 

response required in relation to 

potential risk to public health 

 Outside marina, compare to 

EQS; if exceeded, then contact 

DoH; Management response 

required in relation to potential 

risk to public health 

Recreation and 

Aesthetics 

Maintenance of 

primary contact 

recreation values 

Operation of marina 

causing nutrient 

release 

(eutrophication) 

Causes algal growth of 

toxic species and 

water to be not 

suitable for primary 

contact recreation 

Inside and Outside 

of Marina 

Rating: Moderate 

 

Rationale: 

No history of problematic toxic 

algal blooms 

 

Ecological modelling does not 

suggest impacts of algal plume 

outside or inside harbour 

Intent: 

Monitor algal toxins inside the Marina  

 

Tier 1 indicator (EQG) 

From Table 6 of EPA (2015): 

 

The phytoplankton cell count* from a 

single site, should not: 

– exceed 10 000 cells/mL; or 

– detect DoH watch list species or 

exceed their trigger levels. # 

 

There should be no reports of skin, 

eye or respiratory irritation or 

potential algal poisoning of 

recreational users considered by a 

medical practitioner as potentially 

resulting from toxic algae when less 

than 10 000 cells/mL is present in the 

water column. 

 

Monitoring sites: 

3 sites inside the Marina 

 

Monitoring frequency: 

Immediately after breakwater 

construction, quarterly for 2 years 

 

Intent: 

Monitor algal toxins inside and outside 

the Marina 

 

Tier 2 indicator (EQS) 

From Table 6 of EPA (2015): 

 

The phytoplankton cell count* from a 

single site, should not: 

– exceed 50 000 cells/mL; or 

– detect or exceed DoH watch list 

action levels. 

 

There should be no visual presence of 

algal scums† or relatively widespread 

visible presence of Lyngbya majuscula 

filaments (NHMRC 2008). 

 

There should be no confirmed 

incidences by report from a medical 

practitioner, of skin, eye or respiratory 

irritation, caused by toxic algae or of 

algal poisoning of recreational users. 

 

Monitoring sites: 

 3 sites inside the Marina 

 3 sites outside Marina (compare 

against EQG) 

* Phytoplankton 

cell counts 

include 

cyanobacteria 

and eukaryotic 

organisms. 

 

# Detection or 

exceedance of 

DOHWA watchlist 

trigger levels 

should trigger re-

sampling and a 

visual 

assessment of 

the site within 48 

hours for 

assessment 

against EQS B 

and C. 

 

† Algal scums are 

defined as dense 

accumulations of 

algal cells at or 

near the surface 

of the water 

forming a layer of 



 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

Contingency Management: 

If EQG exceeded: 

 Monitor EQG at sites outside the 

Marina 

 Monitor EQS 

 

Contingency Management: 

If EQS exceeded: 

 Contact DoH; Management 

response required in relation to 

potential risk to public health 

 Outside marina, compare to 

EQS; if exceeded, then contact 

DoH; Management response 

required in relation to potential 

risk to public health 

distinct 

discolouration 

(green, blue, 

brown or red) 

(Gov QLD, 2002). 

Recreation and 

Aesthetics 

Maintenance of 

secondary contact 

recreation values 

Operation of marina 

causing nutrient 

release 

(eutrophication) 

Causes algal growth of 

toxic species and 

water to be not 

suitable for secondary 

contact recreation 

Inside and Outside 

of Marina 

Rating: Moderate 

 

Rationale: 

No history of problematic toxic 

algal blooms 

 

Ecological modelling does not 

suggest impacts of algal plume 

outside or inside harbour 

Intent: 

Monitor algal toxins inside the Marina  

 

Tier 1 indicator (EQG) 

From Table 7 of EPA (2015): 

 

The median phytoplankton cell count* for 

a defined sampling area (either from one 

sampling run or from a single site over 

an agreed period of time) should not 

exceed 25 000 cells/mL. 

 

There should be no reports of skin, eye 

or respiratory irritation or potential algal 

poisoning of recreational users 

considered by a medical practitioner as 

potentially resulting from toxic algae 

when less than 25 000 cells/mL is 

present in the water. 

 

Monitoring sites: 

3 sites inside the Marina 

 

Monitoring frequency: 

Immediately after breakwater 

construction, quarterly for 2 years 

 

Contingency Management: 

If EQG exceeded: 

 Monitor EQG at sites outside the 

Marina 

 Monitor EQS 

Intent: 

Monitor algal toxins inside and outside 

the Marina 

 

Tier 2 indicator (EQS) 

From Table 7 of EPA (2015): 

 

There should be no confirmed 

incidences, by report from a medical 

practitioner, of skin, eye or respiratory 

irritation or poisoning in secondary 

contact recreational users caused by 

toxic algae or chemical contaminants. 

 

Monitoring sites: 

 3 sites inside the Marina 

 3 sites outside Marina (compare 

against EQG) 

 

Contingency Management: 

If EQS exceeded: 

 Contact DoH; Management 

response required in relation to 

potential risk to public health 

 Outside marina, compare to 

EQS; if exceeded, then contact 

DoH; Management response 

required in relation to potential 

risk to public health 

* Phytoplankton 

cell counts 

include 

cyanobacteria 

and eukaryotic 

organisms. 

Recreation and 

Aesthetics 

Maintenance of 

primary contact 

recreation values 

Biological (faeces) 

contaminant release 

during operation of 

Marina (e.g. swimming 

and boat sullage) 

Causes water to be 

not suitable for primary 

contact recreation 

Inside and Outside 

of Marina 

Rating: Moderate 

 

Rationale: 

Human use of Marina, including 

swimming and boat sullage may 

introduce biological (faecal) 

contaminants 

Intent: 

Monitor biological (faecal) contaminants 

inside the Marina  

 

Tier 1 indicator (EQG) 

From Table 6 of EPA (2015): 

 

The 95th percentile bacterial content of 

marine waters should not exceed 200 

enterococci/100 mL. 

 

Intent: 

Monitor biological (faecal) 

contaminants inside and outside the 

Marina 

 

Tier 2 indicator (EQS) 

From Table 6 of EPA (2015): 

 

The 95th percentile bacterial content of 

marine waters should not exceed 500 

enterococci/100 mL. 
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Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

Monitoring sites: 

3 sites inside the Marina 

 

Monitoring frequency: 

Immediately after breakwater 

construction, quarterly for 2 years 

 

Contingency Management: 

If EQG exceeded: 

 Monitor EQG at sites outside the 

Marina 

 Monitor EQS 

 

Monitoring sites: 

 3 sites inside the Marina 

 3 sites outside Marina (compare 

against EQG) 

 

Contingency Management: 

If EQS exceeded: 

 Contact DoH; Management 

response required in relation to 

potential risk to public health 

 Outside marina, compare to 

EQS; if exceeded, then contact 

DoH; Management response 

required in relation to potential 

risk to public health 

Recreation and 

Aesthetics 

Maintenance of 

secondary contact 

recreation values 

Biological (faeces) 

contaminant release 

during operation of 

Marina (e.g. swimming 

and boat sullage) 

Causes water to be 

not suitable for 

secondary contact 

recreation 

Inside and Outside 

of Marina 

Rating: Moderate 

 

Rationale: 

Human use of Marina, including 

swimming and boat sullage may 

introduce biological (faecal) 

contaminants 

Intent: 

Monitor biological (faecal) contaminants 

inside the Marina  

 

Tier 1 indicator (EQG) 

From Table 7 of EPA (2015): 

 

The 95th percentile bacterial content of 

marine waters should not exceed 2 000 

enterococci/100 mL. 

 

Monitoring sites: 

3 sites inside the Marina 

 

Monitoring frequency: 

Immediately after breakwater 

construction, quarterly for 2 years 

 

Contingency Management: 

If EQG exceeded: 

 Monitor EQG at sites outside the 

Marina 

 Monitor EQS 

Intent: 

Monitor biological (faecal) 

contaminants inside and outside the 

Marina 

 

Tier 2 indicator (EQS) 

From Table 7 of EPA (2015): 

 

The 95th percentile bacterial content of 

marine waters should not exceed 5 000 

enterococci/100 mL. 

 

Monitoring sites: 

 3 sites inside the Marina 

 3 sites outside Marina (compare 

against EQG) 

 

Contingency Management: 

If EQS exceeded: 

 Contact DoH; Management 

response required in relation to 

potential risk to public health 

 Outside marina, compare to 

EQS; if exceeded, then contact 

DoH; Management response 

required in relation to potential 

risk to public health 

 

Recreation and 

Aesthetics 

Maintenance of 

primary contact 

recreation values 

Chemical contaminant 

release during 

operation of Marina, 

including minor spills 

and leaks Causes water to be 

not suitable for primary 

contact recreation 

Inside and Outside 

of Marina 

Rating: Moderate 

 

Rationale: 

 

Potential sources of chemical 

contaminants during operation of 

Marina, including minor spills and 

leaks 

Intent: 

Monitor chemical contaminants inside 

the Marina  

 

Tier 1 indicator (EQG) 

From Table 6 of EPA (2015): 

 

The 95th percentile of the sample 

concentrations from the area of 

concern (either from one sampling 

run or from a single site over an 

Intent: 

Monitor chemical contaminants inside 

and outside the Marina 

 

Tier 2 indicator (EQS) 

From Table 6 of EPA (2015): 

 

DoH should be consulted for advice on 

setting an appropriate environmental 

quality standard that protects 

recreational users and any further 

 



 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

agreed period of time) should not 

exceed the environmental quality 

guideline values provided below. 

 

Antimony: 30 µg/L 

Arsenic: 70 µg/L 

Barium: 7000 µg/L 

Boron: 40 000 µg/L 

Bromate: 200 µg/L 

Cadmium: 20 µg/L 

Chlorite: 3000 µg/L 

Chromium: 500 µg/L 

Copper: 20 000 µg/L 

Cyanide: 800 µg/L 

Fluorine: 15 000 µg/L 

Iodine: 1000 µg/L 

Lead: 100 µg/L 

Managanese: 5000 µg/L 

Mercury: 10 µg/L 

Molybdenum: 500 µg/L 

Monochloramine: 30 000 µg/L 

Nickel: 200 µg/L 

Nitrate: 500 000 µg/L 

Nitrite: 30 000 µg/L 

Selenium: 100 µg/L 

Sulfate: 5 000 000 µg/L 

 

Monitoring sites: 

3 sites inside the Marina 

 

Monitoring frequency: 

Immediately after breakwater 

construction, quarterly for 2 years 

 

Contingency Management: 

If EQG exceeded: 

 Monitor EQG at sites outside the 

Marina 

 Monitor EQS 

investigations that would be necessary. 

 

Monitoring sites: 

 3 sites inside the Marina 

 3 sites outside Marina (compare 

against EQG) 

 

Contingency Management: 

If EQS exceeded: 

 Contact DoH; Management 

response required in relation to 

potential risk to public health 

 Outside marina, compare to 

EQS; if exceeded, then contact 

DoH; Management response 

required in relation to potential 

risk to public health 

Recreation and 

Aesthetics 

Maintenance of 

secondary contact 

recreation values 

Chemical contaminant 

release during 

operation of Marina, 

including minor spills 

and leaks 

Causes water to be 

not suitable for 

secondary contact 

recreation 

Inside and Outside 

of Marina 

Rating: Moderate 

 

Rationale: 

 

Potential sources of chemical 

contaminants during operation of 

Marina, including minor spills and 

leaks 

Intent: 

Monitor chemical contaminants inside 

the Marina  

 

Tier 1 indicator (EQG) 

From Table 7 of EPA (2015): 

 

Water should contain no chemicals at 

concentrations that can irritate the skin of 

the human body. 

 

Monitoring sites: 

3 sites inside the Marina 

 

Monitoring frequency: 

Immediately after breakwater 

Intent: 

Monitor chemical contaminants inside 

and outside the Marina 

 

Tier 2 indicator (EQS) 

From Table 7 of EPA (2015) 

 

Same as EQG 

 

Monitoring sites: 

 3 sites inside the Marina 

 3 sites outside Marina (compare 

against EQG) 

 

Contingency Management: 

If EQS exceeded: 
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Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

construction, quarterly for 2 years 

 

Contingency Management: 

If EQG exceeded: 

 Monitor EQG at sites outside the 

Marina 

 Monitor EQS 

 Contact DoH; Management 

response required in relation to 

potential risk to public health 

 Outside marina, compare to 

EQS; if exceeded, then contact 

DoH; Management response 

required in relation to potential 

risk to public health 

Recreation and 

Aesthetics 

Maintenance of 

aesthetic values 
Marina operations 

Visual impacts from 

minor spills and leaks 

unsuitable for 

aesthetic values 

Inside and outside 

of Marina  

Rating: Moderate 

 

Rationale: 

Potential sources of minor spills 

and leaks during operation of 

Marina 

Intent: 

Verify visual aesthetic impacts not 

greater than predicted inside the Marina 

 

 Nuisance organisms: macrophytes, 

phytoplankton scums, filamentous 

algal mats, blue-green algae and 

sewage, should not be present in 

excessive amounts 

 Faunal deaths: there should be no 

reported incidents of large scale 

deaths of marine organisms relating 

from unnatural causes 

 Water clarity: the natural visual 

clarity of the water should not be 

reduced by more than 20% 

 Colour: the natural hue of the water 

should not be changes by more than 

ten points on the Munsell scale 

 Surface films: oil and petrochemicals 

should not be noticeable as a visual 

film on the water or detectable by 

odour 

 Surface debris: water surfaces 

should be free of floating debris, 

dust and other objectional matter 

including substances that cause 

foaming 

 Odour: there should be no 

objectional odours 

 Concentrations of contaminants will 

not exceed the EQG for tainting 

substances (EPA 2015; Table 8J) 

 

Monitoring sites: 

Three sites inside of Marina 

 

Frequency  

Immediately after breakwater 

construction, quarterly for 2 years 

 

Contingency Management: 

If EQG exceeded: 

 Monitor EQG at sites outside the 

Marina 

 Monitor EQS 

Intent: 

Verify visual TSS plume and potential 

other aesthetic impacts not greater 

than predicted 

 

There should be no overall decrease 

in the aesthetic water quality values 

using direct measures of the 

communities perception of aesthetic 

value for the factors: 

  

 Nuisance organisms:  

 Faunal deaths: 

 Water clarity 

 Colour  

 Surface films 

 Surface debris 

 Odour 

 

There should be no detectable tainting 

of edible fish harvested 

 

Monitoring sites: 

 3 sites inside the Marina 

 3 sites outside Marina (compare 

against EQG) 

 

Contingency Management: 

If EQS exceeded: 

 Investigate source of aesthetic 

decrease and manage as 

appropriate 

  

 

 



 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

Cultural and Spiritual 

Maintenance of 

cultural and spiritual 

values 

Marina operations 

It is deemed that the 

protection of 

ecosystem, 

recreational, fishing 

and aesthetic values 

offers assurance and a 

proxy towards 

protecting the fauna, 

flora, habitats and 

recreation values of 

cultural and spiritual 

importance 

Inside and Outside 

of Marina 

Rating: Negligible 

 

Rationale: 

Compliance with EQC to protect 

the EVs of Ecosystem Health, 

Fishing, Recreation and 

Aesthetics serves as a proxy to 

maintain water quality suitable for 

aquaculture operations. 

   

Industrial Water 

Supply 

Maintenance of 

industrial water 

supply values 

Marina operations 

Should future 

industrial water uses 

be approved within the 

vicinity of the Project, 

then EQC may need to 

be developed to 

ensure that water 

quality is sufficient for 

those uses.   

Inside and Ouside 

of Marina 

Rating: Negligible 

 

Rationale: 

Compliance with EQC to protect 

the EV of Ecosystem Health 

serves as a proxy to maintain 

water quality suitable for 

aquaculture operations. 

   

Reference: 

EPA (2015) Environmental quality criteria reference document for Cockburn Sound. Environmental Protection Authority, Perth, Western Australia, March 2015. 
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Environmental Factor: Benthic Communities and Habitats 

Project Phase 
Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

Inside or Outside 

Marina 

Risk rating of impact and 

rationale 

Tier 1 

Monitoring and Management Strategy 

Tier 2 

Monitoring and Management 

Strategy  

Notes 

Construction 

Breakwater 

construction and 

dredging  

Causes turbid plume 

and sedimentation, 

leading to indirect 

BPPH loss 

Outside Marina 

Rating: Moderate 

 

Rationale: 

TSS modelling does not predict 

impacts of turbid plume on BPPH 

outside of the ZoHI/ZoMI 

Intent: 

Verify TSS model – monitor TSS at 

ZoMI/ZoI boundary  

 

Tier 1 indicator (EQG): 

TSS ≤2 mg/L (above background) 

rolling average (14 days) 

 

Monitoring sites: 

Turbidity loggers at 3 sites on ZoMI/ZoI 

boundary. 

Turbidity loggers at 3 reference sites 

outside ZoI 

 

Monitoring Frequency: 

Logging turbidity and downloading at 

fortnightly intervals 

 

Contingency Management: 

 If EQG exceeded, monitor EQS 

 Visual check of silt curtain for plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

Intent: 

Monitor TSS at BPPH sites 

 

 

Tier 2 indicator (EQS): 

TSS ≤2 mg/L (above background) 

rolling average (14 days) 

 

Monitoring sites: 

Turbidity loggers at 3 sites in ZoI where 

BPPH is present (i.e. seagrass on 

habitat map). 

Turbidity loggers at 3 reference sites 

outside ZoI 

 

Contingency Management: 

If EQS exceeded: 

 Monitor BPPH health 

 Visual check of silt curtain for 

plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

 Reduce dredging 

Turbidity logger 

will need to be 

calibrated against 

TSS in the field 

and/or laboratory. 

Operation Marina footprint 
Causes direct loss of 

BPPH 

Inside and Outside 

Marina 

Rating: Moderate 

 

Rationale: 

BPPH survey indicates minor 

direct BPPH loss 

Intent: 

Verify BPPH survey 

 

Tier 1 indicator: 

Engineering survey confirms as-built 

Marina footprint same as that detailed 

in BPPH survey 

 

Monitoring sites: 

Marina footprint 

 

Contingency Management: 

If Tier 1 exceeded, monitor Tier 2 

Intent: 

BPPH survey of halo area 

 

Tier 2 indicator: 

BPPH survey of halo areas 

 

Monitoring sites: 

Breakwater halo of BPPH 

 

Contingency Management: 

If Tier 2 exceeded: 

 BPPH survey of broader area 

 

 

Operation Marina footprint 

Causes 50 m halo of 

indirect loss around 

breakwaters 

Outside Marina 

Rating: Moderate 

 

Rationale: 

BPPH survey indicates minor 

halo BPPH loss 

Intent: 

Verify BPPH survey 

 

Tier 1 indicator: 

Post-construction BPPH survey of 

halo area 

 

Monitoring sites: 

Breakwater halo of BPPH 

 

Contingency Management: 

If Tier 1 exceeded, monitor Tier 2 

Intent: 

BPPH survey of broader area 

 

Tier 2 indicator: 

BPPH survey of broader area 

 

Monitoring sites: 

Broader area 

 

Contingency Management: 

If Tier 2 exceeded: 

 Monitor BPPH recovery 
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Environmental Factor: Marine Fauna 

 

Project Phase 
Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

Inside or Outside 

Marina 

Risk rating of impact and 

rationale 

Tier 1 

Monitoring and Management Strategy 

Tier 2 

Monitoring and Management 

Strategy  

Notes 

Construction 

Breakwater 

construction and 

dredging  

Causes interference or 

collision with marine 

fauna 

Outside Marina 

Rating: Negligible 

 

Rationale: 

Marine fauna EIA suggests risks 

to marine fauna from construction 

activities are not significant 

  

Marine fauna 

observer may be 

required during 

construction 

activities to 

ensureno impact 

on marine fauna 

Operation Marina operations 

Causes interference or 

collision with marine 

fauna 

Inside and Outside 

Marina 

Rating: Negligible 

 

Rationale: 

Marine fauna EIA suggests risks 

to marine fauna from operational 

activities are not significant 
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Summary 

This Marina Construction Monitoring and Management Plan (MCMMP) is submitted in accordance with the 

requirements under the Environmental Scoping Document (Assessment number: 2012) Items 6 and 7a for 

the Ocean Reef Marina Development by the City of Joondalup. 

The table below presents the proposed environmental criteria to measure achievement of the predicted 

environmental outcomes through implementation of this MCMMP. 

 

Title of Development Ocean Reef Marina. 

Proponent City of Joondalup. 

Environmental Scoping 
Document 

Assessment number: 2012. 

Purpose of this MCMMP The MCMMP is submitted to fulfil the requirements within the Environmental 
Scoping Document (ESD). 

Environmental Protection 
Authority’s (EPA) environmental 
objective for the key 
environmental factors 

Benthic Communities and Habitat: 

To maintain the structure, function, diversity, distribution and viability of benthic 
communities and habitats at local and regional scales.  

Marine Environmental Quality:  

To maintain the quality of water, sediment and biota so that the environmental 
values, both ecological and social, are protected.  

Marine Fauna 

To maintain the diversity, geographic distribution and viability of fauna at the species 
and population levels.   

MCCMP environmental 
outcomes  

1. EPA objectives for benthic communities and habitat can be met. 

2. The construction of the Proposal achieves the High Level of Ecological 
Protection (LEP) and Moderate LEP defined in the Environmental Quality Plan 
(EQP). 

3. Residual impacts to marine fauna and benthic communities and habitat are not 
greater than predicted. 
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Environmental criteria 

Trigger criteria Parameter Source 

Marine water quality monitoring 

Turbidity 2 mg/L (above background) rolling average 14 days.  

No visible plume beyond the silt curtain(s). 

Toxicants 
outside of 
the marina 
(High LEP) 

EQC for protecting the marine ecosystem from the effects of 
toxicants in marine waters and sediment pore waters 
(EPA 2015b; Table 2a). 

Toxicants 
inside the 
marina 
(Moderate 
LEP) 

EQC for protecting the marine ecosystem from the effects of 
toxicants in marine waters and sediment pore waters – EQG for 
Moderate Protection (EPA 2015b; Table 2a). 

Toxicants in water (EPA 2015b; Table 2a) EQG for moderate 
protection. 

EQC for the maintenance of secondary contact recreation (EPA 
2015b; Table 7). 

Dissolved 
oxygen (DO) 
concentratio
n for High 
LEP 

Numerical EQC for protecting the marine ecosystem from the 
effects of physical and chemical stressors – EQG for high 
protection (EPA 2015b; Table 1b). 

DO 
concentratio
n for 
Moderate 
LEP 

Numerical EQC for protecting the marine ecosystem from the 
effects of physical and chemical stressors – EQG for moderate 
protection (EPA 2015b; Table 1b). 

Water quality 
for recreation 
(primary and 
secondary 
contact) 

Environmental quality criteria for the maintenance of primary 
contact recreation (EPA 2015b; Table 6). 

Environmental quality criteria for the maintenance of secondary 
contact recreation (EPA 2015b; Table 7). 

Visual 
impacts 

Environmental Quality Criteria for aesthetic quality (EPA 2015b; 
Table 8). 

Defined based on the assessment of zones of influence and 
impact in accordance with EAG 7 (EPA 2011). 

Sediment quality monitoring 

Toxicants Environmental quality criteria for protecting the marine 
ecosystem from the effects of toxicants in marine waters and 
sediment pore waters (EPA 2015b; Table 3). 

Marine fauna monitoring 

Fauna Defined based on the assessment of zones of influence and 
impact in accordance with EAG 7 (EPA 2011). 

 



 Ocean Reef Marina 

MCMMP COJ14358_01 R001 Rev 2  

27-Sep-16   

Table of contents 

1. Context, scope and rationale 1 

1.1 What is the Proposal? 1 

1.1.1 Construction activities and methodology 1 

1.2 Scope 2 

1.2.1 Key environmental factors and aspects 2 

1.2.2 Requirements of the ESD 3 

1.3 Rationale and approach 4 

1.3.1 Environmental baseline studies 4 

1.3.2 Key assumptions and uncertainties 4 

1.3.3 Management approach 7 

1.3.4 Rationale for choice of environmental criteria 8 

1.3.5 Rationale for choice of trigger level actions 10 

2. Construction management provisions 11 

2.1 Environmental criteria 11 

2.2 Monitoring 15 

2.3 Implementation of trigger level EQG actions 15 

2.4 Implementation of EQS contingency actions 21 

3. Reporting provisions 30 

3.1.1 Reporting on exceedance of trigger criteria 30 

4. Adaptive management 31 

5. Stakeholder consultation 32 

6. References 33 

 

List of tables 

Table 1:  Key environmental factors, objectives and Proposal environmental aspects 3 

Table 2:  Proposal requirements for the MCMMP under ESD (Assessment number: 2012) 3 

Table 3:  Summary of relevant EVs and EQOs 8 

Table 4:  Water and sediment quality parameter and source EQG and EQS 10 

Table 5:  Trigger environmental criteria for marine water quality for inside and outside the Proposal footprint 12 

Table 6:  Trigger environmental criteria for sediment quality for both inside and outside the Proposal footprint 15 

Table 7:  Trigger level criteria for marine fauna for inside and outside the Proposal footprint 15 

Table 8:  Monitoring program for marine water quality 16 

Table 9:  Monitoring program for sediment quality 20 

Table 10:  Monitoring program for marine fauna 20 

Table 11:  EQS marine water quality trigger criteria 22 

Table 12:  Sediment EQS levels 25 

 

List of figures 

Figure 1:  Proposal footprint and Development Envelope 26 

Figure 2:  Construction and dredging areas 27 

Figure 3:  Existing level of protection in Perth’s Coastal Waters:  Environmental Values and Objectives 28 

Figure 4:  Extent of construction impacts within Environmental Quality Plan 29 

 

List of appendices 

Appendix 1 Technical note (Oceanica 2016b)





 Ocean Reef Marina 

MCMMP COJ14358_01 R001 Rev 2  

27-Sep-16  1 

1. Context, scope and rationale 

1.1 What is the Proposal? 

The City of Joondalup (the Proponent) proposes to develop a world class recreational, residential, boating 

and tourist Ocean Reef Marina Development at Ocean Reef, Western Australia.  The Ocean Reef Marina 

Development is located in the Ocean Reef locality within the City of Joondalup, approximately 29 km from 

the Perth central area and 9 km from Hillarys Boat Harbour.  

The Proposal involves the upgrade and expansion of the existing Ocean Reef Boat Harbour into a mixed 

use ‘working marina’ enabling club, service commercial and marine industrial uses in the north; a central 

retail, tourist and residential precinct; and a southern boating precinct inclusive of public boat ramps.  The 

Proposal comprises the marine component of the Ocean Reef Marina Development only, the upgraded 

marina facilities and marine related construction activities.  The Proposal will be constructed within a 

Development Envelope as shown in Figure 1. 

1.1.1 Construction activities and methodology 

Construction of the Proposal will require the following activities to take place: 

• construction of the two outer breakwaters 

• removal of the existing breakwaters from the boat launching harbour 

• dredging of sand and rock inside the harbour 

• disposal of dredge spoil into land reclamation areas inside the breakwaters (Figure 2).   

The construction of the Proposal will be land-based; with dredging and reclamation activities being 

undertaken with land based excavation equipment.   

Construction of the Proposal will be undertaken in stages, commencing with the construction of the 

northern and southern breakwaters and reclamation area seawalls over a six month period (November to 

April).  Following this, the dredge and reclamation works within the harbour are anticipated to take a further 

seven months (April to November).   

Construction methods for the breakwaters will include the end tipping of suitable material from trucks 

progressively from the shore into the water to form the breakwater core.  Up to 500 000 tonnes of material 

will be required for breakwater construction and the majority will be sourced from the land component of 

the Ocean Reef Marina Development.  The core material is likely to be well-graded limestone rubble of 

approximately 1 m in diameter (with no more than 20% being less than 0.35 m in diameter).  The resulting 

batter slopes will be trimmed by the excavator and the core encased in granite armour placed onto the 

structure.  The southern and northern breakwater arms are likely to be constructed in parallel.  

Construction of the seawalls for the reclamation areas will also be undertaken during this phase. 

Following construction of the breakwaters, suspended sediment generated by the remainder of the marine 

construction works (including dredging) will be contained within the marina waterbody.  Silt curtains are the 

most likely management mechanism and have been referred to throughout the Public Environmental 

Review (PER) and supporting documents as the key management method for containing suspended 

sediment following breakwater construction.  However, alternative methods that achieve the same 

outcome (with the same level of certainty regarding effectiveness) may be used by the construction 

contractor.  Therefore, all references to silt curtains in this document should be considered to mean “the 

use of silt curtain(s) or other effective mechanism(s) to contain suspended sediment within the active 

construction area with a high level of certainty”. 
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Silt curtains hang in the water column from the surface with a weighted bottom.  A silt curtain lets water but 

not fine sediment pass through it and they are a highly effective and commonly used method of containing 

turbidity during marine construction in Western Australia.  Silt curtains need a protected environment to be 

effective so the initial breakwater construction at Ocean Reef will be done without a silt curtain but all 

internal works within the marina will be undertaken behind a silt curtain.  Additional silt curtains will be 

deployed if necessary to ensure the effective containment of suspended sediments. 

No silt curtain will be placed across the marina entrance, as this would restrict access to the boat ramps. 

Following the installation of silt curtains, dredging works will be undertaken in the main marina dredge area 

and the boat ramp dredge area (Figure 2).  Dredging is proposed to be completed using a hydraulic 

excavator working from a series of temporary bunds created using similar methods and materials to the 

breakwaters.  Any rock breaking required will be undertaken with hydraulic rock breakers of pulled up by 

the hydraulic excavators; no blasting will be undertaken as part of this Proposal. This material will then be 

dredged with an open excavator bucket.   The bunds will be reworked multiple times, being constructed 

and removed in line with the dredging works.  The dredged material will be loaded into trucks and utilised 

in the reclamation areas.  The reclamation areas will be lined by a finer core material and a heavy duty 

geo-textile before general fill is placed.  This will minimise the turbidity that is released into the marina 

(albeit behind a silt curtain) from dredge spoil seepage. 

Roads and service infrastructure (electricity, water, sewerage, communication and gas) will be constructed 

or installed during the marina construction period.  Minor dewatering may be required for trenching to 

install some services but would be managed within the marine construction area.   

1.2 Scope 

This MCMMP has been prepared on behalf of the Proponent to address the requirements of the ESD 

(Assessment number: 2012) for 362 Ocean Reef Road, Ocean Reef, and to support the PER and 

environmental assessment process.  

The MCMMP addresses the marine component of the Ocean Reef Marina Development only and includes 

the upgraded marina facilities and marine-related construction.   

The requirements of the ESD are addressed in the following sections of the MCMMP as presented in 

Table 2.   

EAG 17 (EPA 2015c) outlines management plan requirements that address one EPA environmental factor 

per management plan.  Three key EPA environmental factors have been identified as potentially being 

affected by the Proposal construction activities (Section 1.2.1).  As the impacts to and management of 

these factors are considered similar, the management provisions for each factor have been amalgamated 

to reduce repetitiveness and provide a more effective management plan.  This MCMMP is an outcome-

based management plan and provides an adaptive management framework to managing construction 

impacts.   

1.2.1 Key environmental factors and aspects 

The objective of the MCMMP is to identify the management and monitoring provisions that the Proponent 

proposes to implement to manage and minimise potential construction impacts to: 

• meet the EPA’s objectives for benthic communities and habitat as described in Table 1 

• meet the objectives of the MCMMP as set out in the ESD which are to minimise the potential 

impacts of construction activities in order to maintain the Moderate LEP and High LEP within and 

surrounding the ORM, and to ensure residual impacts to marine fauna and benthic communities 

and habitat are not greater than expected 

• to fulfil the requirements of the MCMMP (Table 2). 
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Based on these objectives, three key EPA factors have been identified as requiring management during 

construction including: 

• marine environmental quality 

• benthic communities and habitat 

• marine fauna. 

The EPA environmental objectives for these factors, as well as potential environmental aspects of the 

Proposal that may impact these factors are provided in Table 1.  Based on these impacts, the 

management provisions for these factors are considered to be similar and have therefore been combined 

in section 2 to reduce repetitiveness and provide a more robust and effective management program.  

Table 1:  Key environmental factors, objectives and Proposal environmental aspects 

Factor Objective 
Environmental aspects of the Proposal (construction 
only) 

Marine 
Environmental 
Quality 

To maintain the quality of water, sediment 
and biota so that the environmental values, 
both ecological and social, are protected. 

1. Removal of existing breakwaters and marine 
infrastructure. 

2. Dredging to allow for the construction and 
maintenance of the marina waterbody. 

3. Placement of limestone for the marina 
breakwaters. 

4. Seepage of return water from land reclamations 
areas to allow for the construction and 
maintenance of the marina. 

Marine fauna To maintain the diversity, geographic 
distribution and viability of fauna at the 
species and population levels.  

Benthic 
Communities 
and Habitat 

To maintain the structure, function, diversity, 
distribution and viability of benthic 
communities and habitats at local and 
regional scales. 

1.2.2 Requirements of the ESD 

The MCMMP has been prepared to address the requirements under the ESD as presented in Table 2.   

Table 2:  Proposal requirements for the MCMMP under ESD (Assessment number: 2012) 

Item Requirement Section 

Marine 
Environment 
Quality – 
Required work 
item 7a 

An MCMMP that includes the protocols and procedures for monitoring 
(e.g. turbidity, light attenuation coefficient, visual records etc.) and 
management (e.g. silt curtains, pre-washing of limestone rock for 
breakwater etc.) to ensure that the construction of the development 
achieves the proposed Environmental Quality Objectives/Levels of 
Ecological Protection defined in the new Environmental Quality Plan 
required by 6c (Figure 1). The MCMMP is to include the protocols and 
procedures for removing/modifying the marine infrastructure in the 
current Ocean Reef Boat Harbour. 

Section 2, Table 8.  

Benthic Habitat 
and Communities 
– Required work 
item 6  

Include in the MCMMP details of the monitoring and management to 
occur during and after construction to demonstrate and ensure that the 
EPA’s objectives for benthic communities and habitats can be met and 
that residual impacts are not greater than predicted. The MCMMP is to 
include the protocols and procedure for mapping turbidity plumes and 
reporting the realised extent of the zones of impact and influence defined 
for the proposal. 

Section 2. 

Marine Fauna – 
Required work 
item 8 

Include in the MCEMP details of monitoring and management during and 
after construction to demonstrate and ensure that residual impacts to 
marine fauna are not greater than predicted.   

Section 2. 

Note This is the only 
reference in the ESD 
to a MCEMP.  This 
reference has been 
interpreted to mean 
the MCMMP 
consistent with the rest 
of the ESD. 

The MCMMP specifies the management and monitoring of potential impacts from construction activities 

outlined in Section 2.  Operational impacts of the marina are addressed in the Marina Environmental 

Quality Management Plan (MEQMP).   
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1.3 Rationale and approach 

This MCMMP has been developed to manage and minimise the potential impacts of construction activities 

in order to maintain the Moderate LEP within the marina waterbody and High LEP in the waters outside the 

marina and to ensure residual impacts to marine fauna and benthic communities and habitat are not 

greater than expected.  To meet these broad objectives, the monitoring program will be focussed on 

verifying the predicted impacts in the PER and monitoring water and sediment quality in relation to the 

relevant Moderate LEP and High LEP criteria.   

The identified management and monitoring programs for marine fauna, water and sediment quality in 

Section 2.2 will ensure an adaptive management approach to fulfil the ESD required work items 6, 7a and 

8 (Table 2).  

The construction methodology in Section 1.1.1 informed model predictions, and therefore the 

environmental trigger criteria, used in this MCMMP.   

1.3.1 Environmental baseline studies 

This MCMMP has been prepared in consideration of the following environmental investigations: 

• Ocean Reef Baseline Water and Sediment Quality Desktop Study (Oceanica 2014) 

• Ocean Reef Marina Baseline Water Quality Results (Oceanica 2015a) 

• Ocean Reef Baseline Studies – Marine Fauna Desktop Study (Oceanica 2015b) 

• Ocean Reef Baseline Studies – Marine Pest Survey (Oceanica 2015c) 

• Ocean Reef Marina Proposed Development – 2015 Sediment Survey (Oceanica 2016a) 

• Technical note: Ocean Reef Marina Development PER: EQMF, EQC, EQP and Marine EIA 

advice (Oceanica 2016b) 

• Ocean Reef Benthic Habitat Map Report (Oceanica 2016c) 

• Ocean Reef Baseline Studies – Abalone habitat and abundance at Burns Beach Reef 

(Oceanica 2016d) 

• Roe’s Abalone Environmental Sensitivity (Oceanica 2016e) 

• Ocean Reef Marina Development – Phase 2: Water Quality Modelling (RPS APASA 2016). 

These environmental investigation results are presented in the PER document.   

1.3.2 Key assumptions and uncertainties 

Hydrodynamic modelling 

Consistent with the requirements of the ESD, a three-dimensional hydrodynamic model was developed by 

RPS APASA (2016) to understand dispersion, dilution and accumulation of sediments and contaminants 

from marine-based construction, maintenance activities and outflow from the marina.   

Following construction of the breakwaters, silt curtains (or other turbidity containment methods if 

demonstrated to be equally effective) will be installed around the active construction area to prevent the 

majority of fine material escaping into the external marine environment.  The use of silt curtains has been 

assumed to provide a highly effective barrier to turbidity as they will be used in optimal conditions (i.e. in a 

protected environment) and maintained and monitored.  Modelling of the barrier has assumed that only the 

finest material present in the upper portion of the water column would have the potential to wash over the 

barrier under certain conditions.  These assumptions regarding the effectiveness of silt curtains are 

justified based on the widespread and successful use of silt curtains in the containment of sediment 

plumes during construction in Western Australia.  If necessary, additional silt curtains would be deployed.   
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The hydrodynamic model was used to conduct the following water quality assessments (RPS APASA 

2016): 

• assessment of flushing rates within the proposed marina, together with a conservative 

assessment of the potential for accumulation of nutrients sourced from groundwater within the 

marina 

• assessment of the potential for sustained algal growth within the marina due to the combination of 

natural flushing time combined with nutrient loading from groundwater discharge 

• the potential for changes to current circulation and flushing patterns due to the proposed marina, 

particularly in relation to nearby abalone habitat  

• the fate of sediment plumes generated by the construction phase of the Proposal 

• the potential effect of climate change scenarios on the natural flushing time of marina. 

The outcomes of this modelling were used to predict the following residual environmental impacts from 

construction as outlined in the PER.  The model outcomes and predicted impacts will be monitored and 

verified through the proposed monitoring program in this MCMMP and have informed the development of 

trigger levels.  The assumptions incorporated into the modelling are outlined in full in RPS APASA (2016). 

Marine environmental quality 

The predicted outcomes for marine environmental quality are outlined in the PER and include:  

1. The turbidity plume from construction may be visible anywhere within a 244.2 ha area within the 

Marmion Marine Park depending on currents and wind direction.  The visible plume was defined in 

the model as any exceedance of 2 mg/L TSS at any time (100
th

 percentile) during construction.  No 

environmental impacts would be expected from short term turbidity. However, when considered at a 

99
th

 percentile, the 2 mg/L TSS plume (a conservative threshold for any environmental effect) will not 

extend beyond the Development Envelope.   

2. The extent of seabed deposition is expected to be restricted to 70 m from the Proposal footprint.  

Seabed deposition (>1000 g/m
2 

or 1 mm depth) will not occur outside the Development Envelope. 

3. The sediment meets the National Assessment Guidelines for Dredging (NAGD) screening levels (with 

one exception which further tests showed met the appropriate guidelines) and is unlikely to discharge 

contaminants.  One sample found adjacent to the existing boat ramp exceeded NAGD screening 

levels for Tributyl tin (TBT), however met the 90% Species Protection Trigger Value.   Based on the 

concentrations of TBT in the sediment Oceanica (2016a) concluded that it is unlikely that harmful 

concentrations of TBT would be released from sediments during dredging and the onshore use of this 

material in the reclamation area is considered an effective management action and an overall benefit 

to the marine environment. 

4. Geotechnical testing indicates that the sediment is expected to be clean with a low risk of 

contamination release during dredging.  The monitoring program (both of water quality in the marina 

and of the dredged sediments) is described in the MCMMP and would identify any contamination, if it 

was exposed during dredging.  Any seepage from dredged material to the marina would be through a 

geotextile lining and into the marina behind a silt curtain.   

Benthic communities and habitat and marine fauna 

The predicted outcomes for benthic communities and habitat and marine fauna for construction impacts 

are outlined in the PER and include:  

1. The footprint related direct and indirect impacts will result in a total of 47.58 ha of Benthic Primary 

Producer Habitat (BPPH) loss, including the Proposal footprint, the entire marina waterbody and a 

70 m ‘halo’ around the footprint.  This predicted loss consists of 0.62 ha seagrass, 13.13 ha 

macroalgae and 33.83 ha of mobile sand BPPH. 

2. The predicted changes in marine environmental quality during construction and operation are not 

expected to cause any impact on BPPH beyond the above losses, with the exception of abalone 

habitats.  
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3. The estimated cumulative loss of seagrass in the Local Assessment Unit (LAU) historically, without 

the Proposal, is 2.16% which already exceeds the cumulative loss guideline.  The Proposal will result 

in a small increase in the area of seagrass affected (0.05%), bringing the estimated cumulative loss 

to 2.21% within the LAU.  Given the Proposal has avoided all direct impacts on seagrass and has a 

very small predicted indirect loss (0.62 ha), this potential loss is unlikely to compromise the EPA 

objective for benthic communities and habitat which is to “maintain the structure, function, diversity, 

distribution and viability of benthic communities and habitats at local and regional scales”.   

4. The cumulative loss guideline for macroalgae is not exceeded (cumulative loss of 0.36%) whereas 

the cumulative loss guideline is almost exceeded for mobile sand (cumulative loss of 1.00%).  The 

mobile sand BPPH type has the lowest productivity of the benthic habitats in the area and a 

cumulative loss of 1% within the LAU is unlikely to have a significant ecological effect. 

5. Direct footprint related loss of abalone (within the 70 m ‘halo’) is expected to be 12.54 ha (or 9.6%) of 

the mapped extent of abalone habitat in the Marmion Marine Park. 

6. Within 500 m north of the Proposal footprint, significant impacts are expected on the abalone 

population primarily as a result in the reduction of current in this area.  This may affect abalone 

populations in an additional 5.4 ha abalone habitat area.  Beyond 500 m, a significant impact on 

abalone is considered unlikely.  Predicted impacts on abalone populations will be confirmed with 

monitoring.  These predicted significant residual impacts will be offset as detailed in the PER.   

7. Bottlenose dolphins are the only species of conservation significance likely to occur within the 

Development Envelope. Australian fur seals do not have specific conservation significance but are an 

iconic species that would also be likely to occur within the Development Envelope.  The potential 

impact of habitat loss for dolphins ad fur seals are not considered significant as the area around the 

Development Envelope is not an important habitat (i.e. not used for breeding or important foraging 

habitat) and the species and their habitats are widespread in the region. 

8. The 19 finfish caught by recreational fishers within the Marmion Marine Park are generally 

widespread throughout Western Australia and have limited localised association with the habitat lost 

as a result of the Proposal.  Marmion Marine Park is not a recognised breeding or foraging area for 

any of these finfish species and the Proposal is therefore unlikely to significantly impact finfish 

diversity and geographic distribution. 

9. No mapped Western Rock Lobster habitat occurs within the potential impact areas.  Therefore, there 

is predicted to be negligible impact on Western Rock Lobster habitat as a result of the Proposal. 

10. Minor temporary marine noise associated with construction of the breakwaters and dredging will 

cause avoidance behaviour by marine fauna. 

11. Increased potential for entanglements will be mitigated by the majority of construction being 

undertaken using land-based techniques and all dredging to be undertaken behind a silt curtain.  

Standard best practice management and mitigation measures will minimise the potential for fauna 

entanglements.   

12. The construction of the Proposal will be undertaken using land-based equipment; therefore the risk of 

introducing marine species is considered negligible during construction. 

Predicted zones of influence and impact on benthic habitats 

The extent, severity and duration of impacts on benthic habitat and associated biota were defined in the 

PER in accordance with EAG No. 7 Environmental Assessment Guideline for Marine Dredging Proposals 

(EAG 7; EPA 2011) using spatially-defined zones as follows: 

1. Zone of Influence (ZoI):  the area where changes in environmental quality associated with dredge 

plumes were predicted, however these changes were not expected to result in a detectible impact on 

benthic biota.  The ZoI represents the predicted maximum extent of the dredge plumes, and beyond 

it, there should be no dredge-generated plumes discernible from background conditions at any stage 

during the dredging campaign.  EAG 7 (EPA 2011) notes that the ZoI can be large, but at any point in 

time the dredge plumes are likely to be restricted to a relatively small portion of the ZoI.  Reference 

sites for monitoring natural variability are ideally located outside of the ZoI of the dredging activities.  

2. Zone of Moderate Impact (ZoMI) - the area where predicted impacts on seagrass and benthic 

organisms were expected to be sub-lethal and/or the impacts were recoverable within a period of five 

years following completion of the dredging activities.  
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3. Zone of High Impact (ZoHI) - the area where impacts on seagrass meadows and associated benthic 

organisms were predicted to be irreversible (defined as lacking a capacity to return or recover to a 

pre-dredging state within a timeframe of five years or less).  

The EAG 7 zones have been defined for the Proposal as: 

• ZoI - the outer boundary of the ZoI was defined using the 100
th

 percentile of the area where a 

TSS criteria of 2 mg/L above background was exceeded at any time during the modelled 

construction period, representing the maximum extent of the visible plume  

• ZoHI - extends to 70 m from the breakwater.  This is within the extent of Proposal Footprint-

related benthic habitat losses (direct and indirect ‘halo’ effects which are estimated to extend up 

to 70 m from the breakwater).  No irreversible or reversible impacts on benthic habitats are 

expected outside of this zone as a result of construction-related turbidity and seabed deposition 

• ZoMI - defined as coincident with the ZoHI as an assessment of potential impacts on benthic 

habitats showed that no potential impact (temporary and reversible) is predicted outside of the 

ZoHI.  This assessment was based on there being no exceedance of the following conservative 

environmental criteria outside the 70 m ZoHI around the breakwaters: 

∗ TSS of >= 2 mg/L for a prolonged period (nominally one week based on seagrass shading) 

∗ seabed deposition of >= to 1 cm for any length of time.  

These zones will inform monitoring and adaptive management. 

1.3.3 Management approach 

The PER presents predicted impacts of the Proposal construction based on detailed baseline 

investigations and modelling.  The overarching approach for managing any potential indirect impacts from 

the Proposal on marine environmental quality, marine fauna and benthic communities and habitat, is to 

implement a comprehensive monitoring and contingency program that is based on using indicators of 

marine environmental quality (particularly water quality) as the foundation for adaptive management of 

construction effects.  Water quality parameters are useful for adaptive management as they are closely 

related to the cause of environmental impacts and can be monitored and responded to quickly (before 

there is an environmental response).  Environmental parameters that are closer to the environmental 

impact such as seagrass health and abalone abundance will also be monitored but less frequently.   

A marine environmental quality risk matrix has been developed for the Proposal (Appendix 1), which 

outlines: 

• the potential threats to Environmental Values (EVs) arising from the construction and operation 

phases of the Proposal, including pressure-response relationships 

• commentary on the residual risk to the EVs following environmental impact assessment 

• Environmental Quality Objectives (EQCs) developed for monitoring to ensure risks to EVs are 

managed to within acceptable levels. 

The trigger level criteria or EQC have been developed for each key indicator (Section 2.1) to enable the 

Proponent to determine whether contingency measures are required to be implemented (Section 2.3 and 

2.4). 

Environmental Quality Plan 

Consistent with the requirements of the ESD (required work item 2 for marine environmental quality) an 

Environmental Quality Plan (EQP) has been prepared that spatially represents the EVs, Environmental 

Quality Objectives (EQOs) and LEPs.  The EQP is part of an overarching marine Environmental Quality 

Management Framework (EQMF), developed by the EPA for protecting and maintaining the quality of the 

State’s marine environment, and used to define the values, objectives and quality criteria for monitoring.   
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The ESD identifies that Perth's Coastal Waters: Environmental Values and Objectives (EPA 2000) and the 

10-year audit of the implementation of the Marmion Marine Park Management Plan 1992–2002 (MPRA 

2012) are relevant to the preparation of the EQP.  Figure 2 of the Perth Coastal Values study identifies a 

Moderate LEP within the existing Ocean Reef Boat Harbour, Hillarys Boat Harbour and Mindarie Marina 

and a High LEP for the surrounding area (Figure 3).  In addition to these documents, the EPA (2015c) 

published the Environmental Assessment Guideline No. 15 Environmental Assessment Guideline for 

Protecting the Quality of Western Australia’s Marine Environment (EAG 15) after the release of the ESD. 

LEPs are intended to represent long-term objectives for environmental quality (EPA 2015c).  The objective 

for a High LEP is to allow for small measurable changes in the quality of water, sediment and biota, but not 

to a level that changes ecosystem processes, biodiversity or abundance and biomass of marine life 

beyond the limits of natural variation.  A Moderate LEP may be applied to relatively small areas within 

inner ports and adjacent to heavy industrial premises where pollution from current and/or historical 

activities may compromise a High LEP.  This level of ecological protection is also considered relevant for 

marinas and harbours (EPA 2015c). 

In accordance with the EQMF concept outlined in EAG 15, an assessment of the five EVs (i.e. ecosystem 

health, fishing and aquaculture, recreation and aesthetics, cultural and spiritual and industrial water supply) 

was undertaken to identify which EQOs required the development of specific EQCs to ensure their 

protection.  Table 3 summarises the three EVs and five corresponding EQOs that require the development 

of specific EQCs (Oceanica 2016b).  The other EVs and EQOs are still relevant to the assessment but are 

considered to be protected by default through the protection of the ecosystem health values.   

Table 3:  Summary of relevant EVs and EQOs 

Environmental values Environmental Quality Objective Relevance 

Ecosystem health Maintenance of ecosystem integrity Yes 

Fishing and aquaculture Maintenance of aquatic life for human 
consumption 

Yes 

Maintenance of aquaculture Protection of ecosystem health is an 
adequate proxy 

Recreation and aesthetics Maintenance of primary contact 
recreation values 

Yes 

Maintenance of secondary recreational 
values 

Yes 

Maintenance of aesthetic values Yes 

Cultural and spiritual Maintenance of Cultural and spiritual 
values 

Protection of ecosystem health is an 
adequate proxy 

Industrial water supply Maintenance of Industrial water supply 
values 

Protection of ecosystem health is an 
adequate proxy 

The LEP relate only to the maintenance of ecosystem integrity EQO (EPA 2000 and 2015c).  The 

proposed EQP shifts the High LEP boundary from around the current Ocean Reef Boat Harbour to the 

entrance of the proposed marina, with the internal marina waters to be managed as a Moderate LEP 

(Figure 4).  EAG 15 identifies that for toxicants, a High LEP corresponds with 99% ANZECC (2000) 

species protection level and a Moderate LEP EPA 2000 corresponds with a 90% ANZECC (2000) species 

protection level. 

1.3.4 Rationale for choice of environmental criteria 

The indicators of marine water and sediment and their associated monitoring protocols, have been 

selected based on the EQP which includes a High LEP outside the marina and a Moderate LEP inside the 

marina waterbody.  ANZECC & ARMCANZ (2000) parameters associated with these LEP were assigned 

to water and sediment indicators in Section 2.1.   
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EQC have been developed in accordance with the definitions provided in EAG 15 (EPA 2015a) where: 

"EQC represent scientifically based limits of acceptable change to a measureable environmental 

quality indicator that is important for the protection of the associated environmental value. A 

fundamental requirement of EQC is that they should be clear, readily measurable and auditable... 

 

In order to determine which are the relevant water quality indicators for monitoring, and hence for the 

development of EQC, a conceptual model of the system should be developed that represents how 

the system works. The model should also show the key threats to environmental quality and 

associated pressure/response relationships. The level of knowledge about the area will determine the 

level of detail and confidence in the model… 

 

The environmental quality criteria are divided into relatively simple and easy to measure 

environmental quality guidelines (EQG) and more robust environmental quality standards (EQS). 

Indicators for the development of EQG should be closer to the pressure end of the pressure/response 

relationship (e.g. chlorophyll a concentration…) and give early warning of a potential problem. The 

EQS are generally more difficult to measure and based on indicators located at the response end of 

the relationship."  

As such, EAG 15 recommends that EQC (including EQG and EQS) be developed on a project-specific 

basis, and does not prescribe specific water quality indicators/EQC.  For this Proposal, a tiered monitoring 

approach is proposed using EQG to inform construction management, with investigation of EQS 

undertaken where EQG are exceeded. 

The EQG for a High LEP will be implemented in accordance with the following recommendations of 

ANZECC & ARMCANZ (2000) consistent with EPA (2015b): 

• the recommended 99% species protection guideline trigger levels for toxicants in water 

• the ISQG-low
1

 guideline trigger levels for toxicants in sediments.   

The EQG for Moderate LEP will be implemented in accordance with the following recommendations of 

ANZECC & ARMCANZ (2000) (and consistent with EPA 2015b): 

• default 90% species protection guideline trigger levels for toxicants in water 

• the ISQG-low guideline trigger levels for toxicants in sediment.   

If there are exceedances of the EQG, additional environmental monitoring of EQS to determine the 

potential for environmental impact has been developed and is presented in Section 2.4.  

Water and sediment criteria 

Water and sediment quality criteria for toxicants, turbidity, visual impacts and toxic chemicals in High LEP 

and Moderate LEP (Table 5) were sourced from the guidelines referenced in Table 4.   

                                                           
1

 Interim sediment quality guideline – low range. 
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Table 4:  Water and sediment quality parameter and source EQG and EQS 

Parameter Source 

Water quality 

Toxicants in water for High LEP Table 2a – EQC for protecting the marine ecosystem from the effects of toxicants 
in marine waters and sediment pore waters (EPA 2015b). 

Toxicants in water for Moderate 
LEP 

Table 2a – EQC for protecting the marine ecosystem from the effects of toxicants 
in marine waters and sediment pore waters – EQG for Moderate Protection 
(EPA 2015b). 

Dissolved oxygen (DO) 
concentration for High LEP 

Table 1b – Numerical EQC for protecting the marine ecosystem from the effects of 
physical and chemical stressors – EQG for high protection (EPA 2015b). 

DO concentration for Moderate 
LEP 

Table 1b – Numerical EQC for protecting the marine ecosystem from the effects of 
physical and chemical stressors – EQG for moderate protection (EPA 2015b). 

EQC for the maintenance of 
primary contact recreation 

EPA 2015b Table 6 – EQC for the maintenance of primary contact recreation. 

EQC for aesthetic quality EPA 2015b Table 8 – EQC for aesthetic quality. 

EQC for the maintenance of 
secondary contact recreation 

EPA 2015b; Table 7 – EQC for the maintenance of secondary contact recreation. 

EQC for turbidity 

(EQG for Total Suspended Solids 
[TSS and visual monitoring) 

Defined based on the assessment of zones of influence and impact in accordance 
with EAG 7 (EPA 2011).  

Sediment quality 

Toxicants in sediments for high 
and moderate protection 

EPA 2015b; Table 3 – EQC for protecting the marine ecosystem from the effects 
of toxicants in sediment. 

Marine fauna 

The land based construction methodology means that all construction equipment will be land based, 

minimising the risk of vessel strike during construction.  As a result, fauna observers are not proposed as a 

standard management measure during the construction phase of the Proposal.  If daily observations by the 

construction contractor identify that dolphins or other marine mammals are active in the immediate area 

(e.g. breakwater rock dumping), work will not commence until a dedicated Marine Fauna Observer (MFO) 

is present. 

The land based construction methodology also means that as there will be no marine construction 

equipment required; the risk of introduced marine species is considered negligible during construction and 

no monitoring or management is proposed. 

The potential for marine fauna to be affected by turbidity, nutrient release or contamination release during 

construction (from dredging and breakwater construction) is addressed through the protection of water 

quality.   

Trigger level criteria for marine fauna is presented in Table 7.   

1.3.5 Rationale for choice of trigger level actions 

Trigger level actions to be implemented when EQG are exceeded (Table 8, Table 9) and EQS (Table 11, 

Table 12) were selected based on the following: 

• requirements of the ESD  

• baseline information and available data for the Proposal area and local region 

• the relationships between relevant Proposal aspects and impacts on each environmental factor 

• scientific credibility.  
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2. Construction management provisions 

This section identifies the construction management provisions that the Proponent proposes to implement 

to maintain the Moderate LEP and High LEP defined in the EQP within and surrounding the Proposal.  It 

identifies the environmental criteria that the Proponent will use to measure performance and monitoring 

that will be undertaken in relation to these environmental criteria.  Finally, it defines the trigger level actions 

that the Proponent will undertake if the environmental criteria are exceeded. 

2.1 Environmental criteria 

Two levels of trigger criteria were considered during development of this MCMMP.  They are EQG and 

EQS trigger criteria and actions consistent with EPA (2015a) and EPA (2015b).  EQG triggers were set at 

a conservative level to ensure trigger level actions are implemented well in advance of the environmental 

outcome being compromised.  EQS trigger criteria and actions are to be implemented if EQG trigger level 

criteria are exceeded (Section 2.4).   

A failure to meet EQG and EQS trigger levels signals that the environmental outcome is not being met and 

that notification of the appropriate agencies and implementation of additional contingency actions would be 

required. 

Table 5, Table 6 and Table 7 outlines EQG trigger environmental criteria for marine water quality, sediment 

quality and marine fauna.   
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Table 5:  Trigger environmental criteria for marine water quality for inside and outside the Proposal footprint 

Category 
no. 

Trigger criteria category Indicator 
Trigger criteria (EQG) 

Ecosystem health Fishing and Aquaculture Recreation and Aesthetics 

1. Turbidity TSS  2 mg/L (above background) rolling 
average 14 days 

Apply ecosystem health criteria for 
TSS 

Apply ecosystem health criteria for TSS 

Visible plume No visible plume beyond the silt 
curtain 

No visible plume beyond the silt 
curtain 

No visible plume beyond the silt curtain 

2. Toxicants outside of the 
marina (High LEP) 

Antimony Not applicable Apply ecosystem health monitoring 
for water toxicants (High LEP; 
Category 2) 

30 µg/L
2 

Arsenic Not applicable 70 µg/L
2
 

Barium Not applicable 7000 µg/L
2
 

Boron Not applicable 40 000 µg/L
2
 

Bromate Not applicable 200 µg/L
2
 

Cadmium 0.7 µg/L1 20 µg/L
2
 

Chlorite Not applicable 3000 µg/L
2
 

Chromium Not applicable 500 µg/L
2
 

Chromium III 7.7 µg/L1 Not applicable 

Chromium IV 0.14 µg/L1 Not applicable 

Cobalt 1 µg/L1 Not applicable 

Copper 0.3 µg/L1 20 000 µg/L
2
 

Cyanide Not applicable 800 µg/L
2
 

Fluorine Not applicable 15 000 µg/L
2
 

Iodine Not applicable 1000 µg/L
2
 

Lead 2.2 µg/L1 100 µg/L
2
 

Manganese Not applicable 5000 µg/L
2
 

Mercury (inorganic) 0.1 µg/L1 10 µg/L
2
 

Molybdenum Not applicable 500 µg/L
2
 

Monochloramine Not applicable 30 000 µg/L
2
 

Nickel 0.8 µg/L1 200 µg/L
2
 

Silver 0.8 µg/L1 Not applicable 

Vanadium 50 µg/L1 Not applicable 

Zinc 7 µg/L1 Not applicable 

Selenium Not applicable 100 µg/L
2
 

Benzene 500 µg/L1 Not applicable 

Napthalene 50 µg/L1 Not applicable 

Pentachlorophenol 11 µg/L1 Not applicable 

Nitrate Not applicable 500 000 µg/L
2
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Category 
no. 

Trigger criteria category Indicator 
Trigger criteria (EQG) 

Ecosystem health Fishing and Aquaculture Recreation and Aesthetics 

Nitrite Not applicable 30 000 µg/L
2
 

Sulfate Not applicable 5 000 000 µg/L
2
 

3. Toxic chemicals outside of 
the marina (High LEP) and 
inside the marine (Moderate 
LEP) for secondary contact 
recreation 

Toxic chemicals Not applicable Not applicable Water should contain no chemicals at concentrations 
that can irritate the skin of the human body

4
 

4. Toxicants within the marina 
(Moderate LEP) 

Cadmium 14 µg/L
5
 Apply ecosystem health monitoring 

for water toxicants (High LEP; 
Category 2 above) 

As for Category 2 above 

Water should contain no chemicals at concentrations 
that can irritate the skin of the human body

4
 

Chromium III 49 µg/L
5
 

Chromium IV 20 µg/L
5
 

Cobalt 14 µg/L
5
 

Copper  3 µg/L
5
 

Lead  6.6 µg/L
5
 

Mercury (inorganic) 0.7 µg/L
5
 

Nickel  200 µg/L
5
 

Silver 1.8 µg/L
5
 

Vanadium  160 µg/L
5
 

Zinc 23 µg/L
5
 

Benzene 900 µg/L
5
 

Napthalene 90 µg/L
5
 

Pentachlorophenol 33 µg/L
5
 

5. Dissolved oxygen outside of 
the marina 

DO % in bottom 
waters 

90% Not applicable Not applicable 

6. Dissolved oxygen inside the 
marina 

DO % in bottom 
waters 

80% Not applicable Not applicable 

7. Visual impacts inside the 
marina (Moderate LEP) 

Nuisance organisms Not applicable Not applicable Macrophytes, phytoplankton scums, filamentous algal 
mats, blue-green algae and sewage, should not be 
present in excessive amounts

3
 

Fauna deaths Not applicable Not applicable There should be no reported incidents of large scale 
deaths of marine organisms relating from unnatural 
causes

3
 

Surface films Not applicable Not applicable Oil and petrochemicals should not be noticeable as a 
visual film on the water or detectable by odour

3
 

Surface debris Not applicable Not applicable Water surfaces should be free of floating debris, dust 
and other objectionable matter including substances 
that cause foaming

3
 

Odour Not applicable Not applicable There should be no objectionable odours
3
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Category 
no. 

Trigger criteria category Indicator 
Trigger criteria (EQG) 

Ecosystem health Fishing and Aquaculture Recreation and Aesthetics 

Contaminants Not applicable Not applicable Concentrations of contaminants will not exceed the 
EQG for tainting substances

3
 

8. Visual impacts outside of 
the marina (High LEP) 

Nuisance organisms Not applicable Not applicable Macrophytes, phytoplankton scums, filamentous algal 
mats, blue-green algae and sewage, should not be 
present in excessive amounts

3
 

Fauna deaths Not applicable Not applicable There should be no reported incidents of large scale 
deaths of marine organisms relating from unnatural 
causes

3
 

Water clarity Not applicable Not applicable The natural visual clarity of the water should not be 
reduced by more than 20%

3
 

Colour Not applicable Not applicable The natural hue of the water should not be changes by 
more than ten points on the Munsell scale

3
 

Surface films Not applicable Not applicable Oil and petrochemicals should not be noticeable as a 
visual film on the water or detectable by odour

3
 

Surface debris Not applicable Not applicable Water surfaces should be free of floating debris, dust 
and other objectionable matter including substances 
that cause foaming

3
 

Odour Not applicable Not applicable There should be no objectionable odours
3
 

Contaminants Not applicable Not applicable Concentrations of contaminants will not exceed the 
EQG for tainting substances

3
 

Source: 
1
 Toxicants in water for High LEP (EPA 2015b; Table 2a). 

2
 EQC for the maintenance of primary contact recreation (EPA 2015b; Table 6). 

3
 EQC for aesthetic quality (EPA 2015b; Table 8). 

4 
EQC for the maintenance of secondary contact recreation (EPA 2015b; Table 7). 

5
 Toxicants in water for Moderate LEP (EPA 2015b; Table 2a). 

 



 Ocean Reef Marina 

MCMMP COJ14358_01 R001 Rev 2  

27-Sep-16  15 

Table 6:  Trigger environmental criteria for sediment quality for both inside and outside the Proposal 

footprint 

Category 
no. 

Trigger criteria category Indicator Trigger criteria for ecosystem health 

9. Toxicants Antimony  2 mg/kg dry wt 

Arsenic  20 mg/kg dry wt 

Cadmium 1.5 mg/kg dry wt 

Chromium 80 mg/kg dry wt 

Copper 65 mg/kg dry wt 

Lead 50 mg/kg dry wt 

Mercury (inorganic) 0.15 mg/kg dry wt 

Nickel 21 mg/kg dry wt 

Silver 1 mg/kg dry wt 

Zinc 200 mg/kg dry wt 

TBT: 5 µg Sn/kg dry wt 

10. Appearance of dredged 
material 

Colour Dredged material should not be black in 
colour 

Odour No strong sulphurous odours 

Table 7:  Trigger level criteria for marine fauna for inside and outside the Proposal footprint 

Category 
no. 

Trigger criteria 
category 

Trigger criteria 

11. Fauna deaths No incidents of deaths of marine organisms relating from unexpected causes 
within 100 m of the Proposal footprint. 

2.2 Monitoring 

The purpose of monitoring is to inform, through comparison with the environmental trigger criteria, if the 

environmental objectives are being achieved and when trigger level actions will have to be implemented, 

reviewed and revised. 

The monitoring program will involve monitoring of marine environmental quality and levels, sediment 

quality and marine fauna in order to: 

• determine if changes are occurring to these factors above that predicted in the PER 

• determine if the Moderate LEP and High LEP are being maintained consistent with the proposed 

EQP 

• assess whether any changes are due to the Proposal or external/natural factors. 

The monitoring program is provided in Table 8. 

2.3 Implementation of trigger level EQG actions 

Trigger level actions to be implemented if the associated trigger criterion signals the need for increased 

mitigation or protection has been developed (Table 8).  These trigger level actions will be implemented by 

the Proponent to mitigate and manage impacts so they once again will meet trigger criteria and achieve 

the ESD environmental outcome.   
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Table 8:  Monitoring program for marine water quality 

Category 
no. 

Trigger criteria Method Timing/frequency Location Trigger level actions  

Ecosystem health 

1.  No visible plume 
beyond silt curtain. 

Visual monitoring and 
photo monitoring by 
construction contractor 
to check effective 
functioning of silt 
curtain(s). 

Dredging and 
reclamation period only. 

Opportunistic visual 
monitoring plus twice 
daily photo monitoring 
during construction. 

Active construction area. 1. Inspect source and extent of turbidity. 

2. Check effective functioning of silt curtain and implement remedial action if 
required. 

3. If visible plume is still visible beyond the silt curtain, review management of 
construction to determine if additional contingency actions required (may include 
review of rock quarry processes, modification of construction processes or 
cessation of construction during certain weather events, installation of additional 
silt curtains or washing of core material). 

2 mg/L (above 
background) rolling 
average 14 days 
(Table 5). 

Logging turbidity and 
downloading at 
fortnightly intervals.  

Every two weeks during 
construction and for one 
month following 
completion. 

High LEP. 

Turbidity loggers at 3 sites 
on ZoMI/ZoI boundary 
(70 m from the 
breakwater). 

Turbidity loggers at 3 
reference sites outside 
ZoI. 

1. If EQG trigger criteria are exceeded, monitor EQS criteria as per Table 11. 

2. Compare logged data at ZoMI/ZoI boundary with reference sites and investigate 
whether exceedance was caused by construction.  

3. Visual check for ongoing turbidity outside of construction areas for source and 
extent of turbidity.  

4. Review management of construction. 

2. Criteria for toxicants 
outside the marina 
(Category 2 in Table 
5). 

Water sampling during 
construction. 

Every two weeks during 
construction and for one 
month following 
completion. 

High LEP. 

3 sites on ZoMI/ZoI 
boundary (70 m from the 
breakwater).  

1. If EQG trigger criteria are exceeded, monitor EQS criteria as per Table 11. 

2. Water sampling at 3 reference sites outside ZoI. 

3. Check sediment sampling results for potential sources of toxicants. 

4. Visual check for source of contamination such as hydrocarbon leaks/spills. 

4.  Criteria for toxicants 
within the marina 
(Category 4 in Table 
5). 

Water sampling during 
dredging and 
reclamation. 

Every two weeks. 3 sites within the active 
construction area (i.e. in 
the area of water 
contained by the silt 
curtains). 

1. If EQG trigger criteria are exceeded, monitor EQS criteria as per Table 11. 

2. Check sediment sampling results for potential sources of toxicants. 

3. Visual check for source of contamination such as hydrocarbon leaks/spills. 

5. The median DO 
concentration in 
bottom waters at a 
site, calculated over 
a period of no more 
than one week, is 
greater than 90% 
(high protection)   

Monitor DO in three 
sites at the marina 
entrance (boundary 
between High and 
Moderate LEP). 

Every two weeks.  High LEP.  1. If EQG trigger criteria are exceeded, monitor EQS criteria as per Table 11. 

2. Check water quality parameters to determine potential source of low DO. 
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Category 
no. 

Trigger criteria Method Timing/frequency Location Trigger level actions  

6. The median DO 
concentration in 
bottom waters at 
monitoring locations, 
calculated over a 
period of no more 
than one week, is 
greater than 80% 
(moderate 
protection)   

Monitor DO in three 
sites inside the marina. 

Every two weeks. Moderate LEP. 1. If EQG trigger criteria are exceeded, monitor EQS criteria as per Table 11. 

2. Check water quality parameters to determine potential source of low DO. 

 

Fishing and Aquaculture 

2. Criteria for toxicants 
outside the marina 
(Category 2 in Table 
5) and inside the 
marina (Category 4 

in Table 5). 

Water sampling during 
construction. 

Every two weeks. High LEP. 

3 sites on ZoMI/ZoI 
boundary (70 m from the 
breakwater). 

3 sites within the active 
construction area (i.e. in 
the area of water 
contained by the silt 
curtains). 

1. If EQG trigger criteria for ecosystem health are exceeded, monitor EQS criteria 
for seafood contamination in flesh as per Table 11. 

Recreation and Aesthetics (primary contact and secondary contact) 

2. Criteria for toxicants 
outside the marina 
(Category 2 in Table 
5) and inside the 
marina (Category 4 

in Table 5). 

One water sample run 
or from a single site 
over an agreed period 
of time. 

Fortnightly during 
construction. 

High LEP. 

3 sites at ZoMI/ZoI 
boundary (70 m from the 
breakwater). 

3 sites within the active 
construction area (i.e. in 
the area of water 
contained by the silt 
curtains). 

1. If EQG trigger criteria are exceeded, monitor EQS criteria as per Table 11. 

3. Criteria for toxic 
chemicals inside and 
outside of the marina 
for secondary 
contact (Category 3 
in Table 5). 

Monitor reports from 
public. 

As reported by the 
public. 

High LEP. 1. If EQG trigger criterion is exceeded, monitor EQS triggers as per Table 11. 



  Ocean Reef Marina 

MCMMP COJ14358_01 R001 Rev 2  

27-Sep-16   18 

Category 
no. 

Trigger criteria Method Timing/frequency Location Trigger level actions  

7. Criteria for visual 
impacts inside the 
marina (Category 7 
in Table 5). 

Visual inspection. Fortnightly and 
opportunistically during 
construction. 

High LEP. 1. If EQG trigger criteria are exceeded, monitor EQS criteria as per Table 11. 

2. Manual removal of any rubbish or debris from the marina waters or construction 
site. 

3. In the event that multiple dead or dying fish are observed in the water within the 
zone of influence of construction work: 

a. the Proponent will immediately report the sighting to the 
Department of Fisheries through Fishwatch 1800 815 507 

b. the Department of Fisheries (fish health unit) will investigate the 
sighting and advise the Director General of the Department of 
Fisheries (or approved delegate) 

c. the Director General (or approved delegate) will form a view, on 
balance, as to whether the dredging and/or disposal works may 
be directly or indirectly contributing to fish kills, and will notify 
the Proponent 

d. if the dredging and/or disposal works are considered likely to be 
directly or indirectly contributing to fish kills, the Director 
General (or approved delegate) may direct the Proponent to 
temporarily suspend the dredging and disposal works pending 
further investigation. Following investigation and reporting by 
the Proponent, the Director General will advise the Proponent 
within two weeks if contingency measures are required to be 
implemented prior to recommencing dredging and/or disposal 

e. if dead or dying fish are observed within the vicinity of the 
dredging and disposal works, but outside the predicted zone of 
influence, the Department of Fisheries will notify the Proponent. 

Monitor reports from the 
public. 

As reported by the 
public. 

High LEP. 1. As above. 
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Category 
no. 

Trigger criteria Method Timing/frequency Location Trigger level actions  

8. Criteria for visual 
impacts outside the 
marina (Category 8 
in Table 5). 

Visual inspection. Fortnightly during 
construction. 

High LEP. 1. If EQG trigger criteria are exceeded, monitor EQS criteria as per Table 11. 

2. In the event that multiple dead or dying fish are observed in the water within the 
zone of influence of construction work: 

a. the Proponent will immediately report the sighting to the 
Department of Fisheries through Fishwatch 1800 815 507 

b. the Department of Fisheries (fish health unit) will investigate the 
sighting and advise the Director General of the Department of 
Fisheries (or approved delegate) 

c. the Director General (or approved delegate) will form a view, on 
balance, as to whether the dredging and/or disposal works may 
be directly or indirectly contributing to fish kills, and will notify 
the Proponent 

d. if the dredging and/or disposal works are considered likely to be 
directly or indirectly contributing to fish kills, the Director 
General (or approved delegate) may direct the Proponent to 
temporarily suspend the dredging and disposal works pending 
further investigation. Following investigation and reporting by 
the Proponent, the Director General will advise the Proponent 
within two weeks if contingency measures are required to be 
implemented prior to recommencing dredging and/or disposal 

e. if dead or dying fish are observed within the vicinity of the 
dredging and disposal works, but outside the predicted zone of 
influence, the Department of Fisheries will notify the Proponent. 

Monitor reports from the 
public. 

As reported by the 
public. 

High LEP. 1. As above. 
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Table 9:  Monitoring program for sediment quality 

Category 
no. 

Trigger criteria Method Timing/frequency Location Trigger level actions  

Ecosystem health 

6. Criteria for toxicants in 
sediment (Category 9 in 
Table 6). 

Sediment sampling 
during dredging 
activities within the 
existing Ocean Reef 
boat harbour. 

Once during dredging 
of the existing Ocean 
Reef boat harbour and 
then once following 
completion of all 
dredging.   

3 sites on ZoMI/ZoI 
boundary (70 m from the 
breakwater). 

1. If EQG trigger criteria are exceeded, monitor EQS triggers as per Table 12. 

2. Sediment sampling at 3 reference sites outside ZoI. 

3. Review water quality sample results and sediment sampling of dredge 
material to investigate source of contamination. 

4. Visual check for source of contamination such as hydrocarbon leaks/spills.  

Criteria for toxicants in 
sediment (Category 9 in 
Table 6). 

Sediment sampling of 
dredged material from 
existing Ocean Reef 
boat harbour. 

Once during dredging 
of the existing Ocean 
Reef boat harbour.   

3 samples from dredge 
areas. 

1. If EQG trigger criteria are exceeded, monitor EQS triggers as per Table 12. 

2. Visual check for source of contamination such as hydrocarbon leaks/spills. 

7. Dredged material 
appears uncontaminated 
(i.e. visual appearance, 
no odour). 

Construction contractor 
to identify any excavated 
material that is black 
and has a strong 
sulphurous odour. 

Throughout dredge 
period. 

Dredge areas. 1. Cease excavation in the area with black/odorous material (excavation may 
continue in other areas). 

2. Separate black/odorous material from other excavated material and store 
in a bunded stockpile. 

3. Undertake sediment sampling as per No. 6 to determine if the material is 
contaminated.  

4. If sediment is contaminated, notify Office of the Environmental Protection 
Authority (OEPA) within seven days and determine appropriate course of 
action. 

5. Treat material on-site if appropriate or dispose of material to appropriately 
licensed landfill. 

Fishing and Aquaculture 

6. Criteria for toxicants in 
sediment (Category 9 in 
Table 6). 

 

Water sampling during 
construction. 

Every two weeks. High LEP. 

3 sites on ZoMI/ZoI 
boundary (70 m from the 
breakwater). 

1. If EQG trigger criteria for ecosystem health are exceeded, monitor EQS 
triggers for seafood contamination in flesh as per Table 12. 

 

Table 10:  Monitoring program for marine fauna 

Category 
no. 

Trigger criteria Method Timing/frequency Location Trigger level actions  

8. No marine mammal 
deaths. 

Monitor reports from 
the public and 
Contractor incident 
reports. 

As required. Development Envelope. 1. Investigate cause. 

2. Notify OEPA within two days. 

3. If required, have a marine fauna observer on site during the construction 
phase of the Proposal.   
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2.4 Implementation of EQS contingency actions 

If the EQG in Table 8 to Table 10 are exceeded, then the EQS monitoring and if necessary contingency 

actions included in Table 11 and Table 12 will be implemented to ensure the required environmental 

outcomes are achieved.   
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Table 11:  EQS marine water quality trigger criteria 

Category Trigger criteria Indicator Location EQS level actions 

1. Criteria for TSS. 2 mg/L (above background) 
rolling average 14 days. 

Turbidity loggers at 3 sites in ZoI where 
seagrass is present. 

Turbidity loggers at 3 sites in abalone habitat 
at boundary of ZoI.  

Turbidity loggers at 3 reference sites outside 
ZoI.  

Continue monitoring until in compliance with 
primary trigger levels. 

1. If EQS levels are exceeded in seagrass areas compared to reference sites, 
monitor seagrass health within seven days.  

2. If EQS levels are exceeded in abalone habitat compared to reference sites, 
monitor abalone populations within 1500 m of the Proposal footprint and 
compare to baseline surveys.  No specific timing is proposed for this action as 
abalone surveys can only be undertaken in calm summer conditions. 

3. Check effective functioning of silt curtains and implement remedial action if 
required. 

4. Cease construction activities that are causing sediment plume until visible 
plume over seagrass areas has dissipated and the turbidity loggers show TSS 
is <2 mg/L. 

5. Review management of construction to determine if additional contingency 
actions required (may include review of rock quarry processes, modification of 
construction processes or cessation of construction during certain weather 
events, installation of additional silt curtains or washing of core material). 

6. If seagrass monitoring indicates that seagrass health is affected, notify OEPA 
and determine appropriate course of action. 

7. If abalone monitoring indicates abalone populations are affected beyond 500 m 
from the Proposal footprint, notify OEPA and determine appropriate course of 
action and/or proportional offsets. 

Secchi depth must exceed 1.6 m 
(EPA 2015a; Table 6). 

3 sites on ZoMI/ZoI boundary. 1. If EQS level is exceeded, monitor sites on ZoI boundary to determine whether 
secchi depth readings are above background and therefore likely to be caused 
be associated with the Proposal. 

2. Monitor sites in proximity to recreational beaches.  

3. Check effective functioning of silt curtains and implement remedial action if 
required. 

4. Cease construction activities if they are causing sediment plume until secchi 
depth meets criteria. 

5. Review management of construction to determine if additional contingency 
actions required (may include review of rock quarry processes, modification of 
construction processes or cessation of construction during certain weather 
events, installation of additional silt curtains or washing of core material). 

2. Criteria for toxicants 
outside the marina. 

Bioavailable measures (EPA 
2015b Table 2a).  

Indirect biological measures 
(EPA 2015b Table 2a). 

Water sampling at 3 sites on ZoMI/ZoI 
boundary. 

Water sampling at 3 references sites outside 
ZoI. 

Continue monitoring until in compliance with 
primary trigger levels. 

1. If EQS levels are exceeded compare to reference sites, notify OEPA and 
determine appropriate course of action. 

2. Visual check for source of contamination such as hydrocarbon leaks/spills. 

3. Investigate potential cause of contamination through review of all monitoring 
results. 

4. Review management of construction to determine if additional contingency 
actions required.  
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Category Trigger criteria Indicator Location EQS level actions 

2. Toxicants in seafood 
flesh outside of the 
marina. 

Median chemical concentration 
in the flesh of seafood should 
not exceed the EQG for seafood 
contamination in flesh: 

Copper: 

• Crustacea: 20 mg/kg 

• Fish: 2 mg/kg 

• Molluscs: 30 mg/kg. 

Selenium: 

• Crustacea/molluscs: 1 mg/kg 

• Fish: 2 mg/kg. 

Zinc: 

• Crustacea: 40 mg/kg 

• Fish: 15 mg/kg 

• Oysters: 290 mg/kg. 

Opportunistic collection of crustacean (crabs 
& lobsters), fish, molluscs and oysters within 
the ZoMI. 

1. If EQS levels are exceeded, monitor EQS for seafood contamination in flesh: 

Arsenic: 

• Crustacea and fish: 2 mg/kg 

• Molluscs: 1 mg/kg. 

Cadmium: 

• Molluscs: 2 mg/kg. 

Lead: 

• Fish: 0.5 mg/kg 

• Molluscs: 2 mg/kg. 

Mercury: 

Crustacea, molluscs, fish: 0.5 mg/kg (mean level). 

2. Visual check for source of contamination such as hydrocarbon leaks/spills. 

3.  Notify OEPA and Department of Fisheries if fish are contaminated (i.e. exceed 
the levels listed in 1. above) and determine appropriate course of action. 

4. Review management of construction to determine if additional contingency 
actions required. 

3. Criteria for toxic 
chemicals inside and 
outside of the marina 
for secondary contact. 

EQS from EPA 2015b for 
primary contact; Table 6G.  

High LEP. 1. If EQS levels are exceeded, monitor sites in proximity to recreational beaches. 

2. Notify Department of Health of exceedance and agree appropriate course of 
action. 

4. Criteria for toxicants 
within the marina. 

Bioavailable measures (EPA 
2015b Table 2a).   

Indirect biological measures 
(EPA 2015b Table 2a).  

Water sampling at 3 sites in the Moderate 
LEP. 

Continue monitoring until in compliance with 
primary trigger levels. 

1. Investigate source of contamination. 

2. Review management of construction to determine if additional contingency 
actions required.  

5. The median DO 
concentration in 
bottom waters within 
the marina, calculated 
over a period of no 
more than one week, 
is greater than 80% 
(moderate LEP)   

The median DO concentration in 
bottom waters at a site, 
calculated over a period of no 
more than one week, is greater 
than 60% (high protection). 

Moderate LEP. 1. If EQS exceeded, notify OEPA. 

2. Determine management response in relation to potential ecosystem health 
decline i.e. management of anoxia, in consultation with OEPA. 

6. The median DO 
concentration in 
bottom waters at a 
site, calculated over a 
period of no more 
than one week, is 
greater than 90% 
(high LEP)   

The median DO concentration in 
bottom waters at a site, 
calculated over a period of no 
more than one week, is greater 
than 60% (high protection). 

High LEP. 1. If EQS exceeded, notify OEPA. 

2. Determine management response in relation to potential ecosystem health 
decline i.e. management of anoxia, in consultation with OEPA. 
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Category Trigger criteria Indicator Location EQS level actions 

7. Criteria for visual 
impacts inside the 
marina). 

There should be no overall 
decrease in the aesthetic water 
quality values inside the marina 
with the exception of water 
clarity and colour as a result of 
predicted construction turbidity.  
Aesthetic water quality will be 
assessed fortnightly by 
environmental consultant and 
through monitoring and 
investigation of complaints and 
include: 

• nuisance organisms 

• faunal deaths 

• surface films 

• surface debris 

• odour. 

There should be no detectable 
tainting of edible fish caught. 

Fortnightly observations by environmental 
consultant within marina. 

1. Visual check for source of contamination such as hydrocarbon leaks/spills. 

2. Investigate cause of decrease in aesthetic water quality values and review 
management of construction. 

8. Criteria for visual 
impacts outside the 
marina). 

There should be no overall 
decrease in the aesthetic water 
quality values (assessed 
fortnightly by environmental 
consultant and through 
monitoring and investigation of 
complaints)  including: 

• nuisance organisms 

• faunal deaths 

• water clarity 

• colour 

• surface films 

• surface debris 

• odour. 

There should be no detectable 
tainting of edible fish caught. 

Fortnightly observations by environmental 
consultant at boundary of the Marmion 
Marine Park. 

1. Visual check for source of contamination such as hydrocarbon leaks/spills. 

2. Investigate cause of decrease in aesthetic water quality values and review 
management of construction. 
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Table 12:  Sediment EQS levels 

Category Trigger criterion Indicator Location Trigger level actions 

9. Criteria for 

toxicants in 

sediment.  

• Bioavailable measures (EPA 2015b Table 
3) 

• Porewater measures (EPA 2015b Table 3) 

• Indirect biological measures (EPA 2015b 
Table 3). 

Sediment sampling at 3 sites on 
ZoMI/ZoI boundary. 

1. If EQS levels are exceeded, establish monitoring sites on ZoI boundary. 

2. Visual check for source of contamination such as hydrocarbon leas/spills. 

3. Review water quality sample results and sediment sampling of dredge material 
to investigate source of contamination. 

4. Notify OEPA of exceedance and agree appropriate course of action. 

3 sites in Moderate LEP. 1. If EQS levels are exceeded, review water quality sample results and sediment 
sampling of dredge material to investigate source of contamination. 

2. Notify OEPA of exceedance and agree appropriate course of action. 

Toxicants in 
seafood flesh 
outside of the 
marina. 

Median chemical concentration in the flesh of 
seafood should not exceed the EQG for 
seafood contamination in flesh: 

Copper: 

• Crustacea: 20 mg/kg 

• Fish: 2 mg/kg 

• Molluscs: 30 mg/kg. 

Selenium: 

• Crustacea/molluscs: 1 mg/kg 

• Fish: 2 mg/kg. 

Zinc: 

• Crustacea: 40 mg/kg 

• Fish: 15 mg/kg 
• Oysters: 290 mg/kg. 

Opportunistic collection of 
crustacean (crabs & lobsters), 
fish, molluscs and oysters within 
the ZoMI. 

1. If EQS levels are exceeded, monitor EQS for seafood contamination in flesh: 

Arsenic: 

• Crustacea and fish: 2 mg/kg 

• Molluscs: 1 mg/kg. 

Cadmium: 

• Molluscs: 2 mg/kg. 

Lead: 

• Fish: 0.5 mg/kg 

• Molluscs: 2 mg/kg. 

Mercury: 

Crustacea, molluscs, fish: 0.5 mg/kg (mean level). 

2. Visual check for source of contamination such as hydrocarbon leaks/spills. 

3.  Notify OEPA and Department of Fisheries if fish are contaminated (i.e. exceed 
the levels listed in 1. above) and determine appropriate course of action. 

4. Review management of construction to determine if additional contingency 
actions required. 



Figure 1:  Proposal footprint and Development Envelope
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Figure 2:  Construction and dredging areas 
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Figure 3:  Existing level of protection in Perth s Coastal Waters: Environmental 

   Values and Objectives  
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Figure 4 Extent of construction impacts within Environmental Quality Plan
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EQO for the protection of Ecosystem Health:
• Toxicant concentrations (potentially released during breakwater construction 
and dredging) are predicted to meet the EQC and EQO for the protection of 
Ecosystem Health (within both the High and Moderate LEP areas).

EQO for the protection of the EV of Fishing and Aquaculture:
• Biological or chemical contaminant concentrations (potentially released 
during breakwater construction and dredging) are predicted to meet the EQO 
for the protection of the EV of Fishing and Aquaculture both within and outside 
the marina throughout construction period.

EQO for maintaining primary contact recreation:
• During construction phase, the turbid plumes created during breakwater 
construction and dredging may cause a decrease in water clarity such that 
waters within the limit of construction impacts and result in the area being 
unsuitable for primary contact recreation (e.g. swimming).  As such, swimming 
will be prohibited within the limit of construction impacts.

EQO for secondary contact recreation (e.g. boating):
• Biological or chemical contaminant concentrations (potentially released 
during breakwater construction and dredging) are predicted to meet the EQO 
of maintaining Secondary contact recreation

EQO for maintaining aesthetic values
• During the construction phase, the turbid plumes created during breakwater 
construction and dredging may cause a reduction of visual amenity such that 
waters within the limit of construction impacts may not meet the EQO for 
maintaining aesthetic values.
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3. Reporting provisions 

A brief summary report will be produced every month during construction that details the results of 

monitoring.  

The monthly report will include: 

• documentation of monitoring undertaken 

• comparison of monitoring results to trigger values 

• documentation of any contingency actions undertaken. 

These monthly reports will be submitted to the OEPA. 

3.1.1 Reporting on exceedance of trigger criteria 

In the event of exceedance of any EQS, the Proponent will notify the OEPA in writing within seven days. 
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4. Adaptive management 

The Proponent will implement an adaptive management system to provide a robust management plan, 

which effectively meets the environmental objectives.  To achieve this, the MCMMP will be reviewed on an 

annual basis to ensure that the plan takes into consideration amendments to operations, monitoring 

results, audits, continuous improvement and changes in regulatory and corporate requirements.  If revised, 

a copy of the revised MCMMP will be provided to the Chief Executive Officer of the OEPA for approval 

prior to implementation. 

Trigger level actions will also be reviewed annually to ensure they meet EPA’s environmental objectives.  

Any changes to trigger levels, and trigger level actions will be reported as part of monthly reporting 

requirements.  
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5. Stakeholder consultation 

As part of the preparation of the MCMMP, consultation with various stakeholders was undertaken and is 

detailed in the PER.   
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TECHNICAL NOTE 

CLIENT: Strategen Environmental 

PROJECT NO: 1058-02-001 DATE: 4 March 2016 

SUBJECT: Ocean Reef Marina Development PER: EQMF, EQC, EQP and Marine EIA advice 

 

 

Pertaining to compilation of the Ocean Reef Marina (ORM) Development (the 'Project') Public 

Environmental Review (PER), this Technical Note describes the Marine Environmental Quality 

Plan (EQP) and overarching marine Environmental Quality Management Framework (EQMF), as 

relevant to: 

 

 defining terminology, issues and parameters for environmental impact assessment (EIA) 

 a gap analysis of modelled/predicted environmental impacts, particularly of the parameters 

assessed in RPS APASA (2016) 

 setting the framework for environmental monitoring and management plans (EMMPs) for 

construction and operational activities 

 alignment with the ecological and social values specified by the Marmion Marine Park 

Management Plan (CALM 1992), with reference to recommendations of the MPRA's (2012) 

ten-year audit report. 

 

1. Environmental Quality Management Framework 

The Environmental Scoping Document (ESD; EPA 2014) requires the following component of 

work to contribute towards the protection of marine environmental quality: 

 

"Provide an Environmental Quality Plan (EQP, i.e. a map) that spatially defines the 

Environmental Values (EVs, both ecological and social), Environmental Quality Objectives 

(EQOs) and Levels of Ecological Protection (LEPs) that currently apply to the area.  The EQP 

should consider the Marine Parks and Reserves Authority’s 10 year audit of the 

implementation Marmion Marine Park Management Plan 2002-2012." 

 

Following release of the ESD, the EPA (2015a) published their Environmental Assessment 

Guideline for Protecting the Quality of Western Australia’s Marine Environment (EAG 15), which 

is also directly relevant and applicable to the EIA and management of the Project. 

 

A conceptual depiction of the EQMF, sourced directly from EAG15 is provided as Figure 1.1. 
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Figure 1.1 Environmental Management Quality Framework (EPA 2015) 

 

In consideration of the EQMF (Figure 1.1), the Project PER must describe how each of the EVs 

will be protected by meeting EQOs, by assessment against relevant Environmental Quality 

Criteria (EQC), where: 

 

"EQC represent scientifically based limits of acceptable change to a measureable 

environmental quality indicator that is important for the protection of the associated 

environmental value. A fundamental requirement of EQC is that they should be clear, readily 

measurable and auditable... 

 

In order to determine which are the relevant water quality indicators for monitoring, and hence 

for the development of EQC, a conceptual model of the system should be developed that 

represents how the system works. The model should also show the key threats to 

environmental quality and associated pressure/response relationships. The level of 

knowledge about the area will determine the level of detail and confidence in the model… 

 

The environmental quality criteria are divided into relatively simple and easy to measure 

environmental quality guidelines (EQG) and more robust environmental quality standards 

(EQS). Indicators for the development of EQG should be closer to the pressure end of the 

pressure/response relationship (e.g. chlorophyll a concentration…) and give early warning of 

a potential problem. The EQS are generally more difficult to measure and based on indicators 

located at the response end of the relationship" 1 (EPA 2015a) 

 

As such, EAG 15 (EPA 2015a) recommends that EQC (including EQG and EQS) be developed 

on a project-specific basis, and does not prescribe specific water quality indicators/EQC. 

 

                                                
1
 N.B. For the environmental value ‘ecosystem health’ different EQC will apply depending on the level of ecological protection to be 

met (see Figure 1). 
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A marine environmental quality risk matrix has been developed for the Project (see 

Attachment A), which outlines: 

 

 the potential threats to EVs arising from the construction and operation phases of the Project, 

including pressure-response relationships 

 commentary on the residual risk to the EVs following environmental impact assessment 

 EQC developed for monitoring to ensure risks to EVs are managed to within acceptable levels 

 

The pressure-response relationships and EQC are conceptualised for the: 

 

i. construction phase of the Project in Figure 1.2 

ii. operational phase of the Project in Figure 1.3 

 

While this document identifies the relevant EQC and framework for assessment, the details of 

monitoring and contingency management measures shall be described in the Marine 

Construction Monitoring and Management Plan (for construction of the marina) and the Marine 

Environmental Quality Management Plan (for operation of the marina). 

 

EPA (2015a) also acknowledges that:  

 

"Good examples of this approach are found in the Environmental Quality Criteria Reference 

Document for Cockburn Sound (EPA 2005a) which is a supporting document to the State 

Environmental (Cockburn Sound) Policy 2005 (EPA 2005b).2 

 

Once the relevant indicators, and associated EQC, have been identified an environmental 

quality monitoring program can be designed to measure the selected indicators and assess 

performance against the EQC." 

 

Section 2 below provides Project-specific consideration of applicable EQC before defining the 

EQP. 

 

                                                
2
 Recently superseded by EPA (2015b) Environmental Quality Criteria Reference Document for Cockburn Sound (March 2015) 
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Figure 1.2 Conceptual Environmental Quality Management Framework for the construction phase of the Project 
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Figure 1.3 Conceptual Environmental Quality Management Framework for the operational phase of the Project 
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2. Environmental Quality Criteria 

2.1 Ecosystem Health 

To protect the EV of Ecosystem Health the EQO is to "Maintain ecosystem integrity - this means 

maintaining the structure (e.g. the variety and quantity of life forms) and functions (e.g. the food 

chains and nutrient cycles) of marine ecosystems to an appropriate level" (EPA 2015a). 

 

The stressor-response relationships potentially impacting on Ecosystem Health were identified in 

the marine environmental quality risk matrix (Attachment A) and conceptual models for 

construction (Figure 1.2) and operation (Figure 1.3) as follows: 

 

 Marina construction and operation causing nutrient release (eutrophication), leading to algal 

growth, shading and BPPH loss (see Section 2.1.1) 

 Marina construction and operation causing nutrient release (eutrophication), leading to algal 

growth, collapse and anoxia (see Section 2.1.1) 

 Toxicant release during construction and operation of marina causing water or sediment 

contamination (see Section 2.1.2) 

 Marina construction and dredging causing turbid plume and sedimentation, leading to BPPH 

loss (see Section 5.1) 

2.1.1 Potential impacts from changes in flushing 

In the context of ecosystem health, the concern regarding changes in marina flushing regime is 

the consequent potential for eutrophication inside and/or outside of marina waters.  Longer 

flushing times may lead to nutrient accumulation and algal/phytoplankton stimulation ('algal 

blooms'), possibly leading to reduced water clarity and potential shading impacts on BPPH.  

Further, collapse and biodegradation of algal blooms can lead to reduced dissolved oxygen 

availability in the water column and sediments; with knock-on effects such as sediment toxicant 

release from altered redox conditions, and mortality of (or avoidance by) benthic and pelagic 

fauna. 

 

To assess the risk of eutrophication (and consequential effects) from an altered flushing regime 

of ORM, predictions of water quality were based on a hydrodynamic model that simulated water 

movement (current velocity and direction).  This enabled the prediction of the flushing 

characteristics of the marina, and the degree to which nutrients (and other substances) diluted 

and dispersed within and outside of the marina.  RPS APASA (2016) modelled the e-folding 

('flushing') time during eight 15-day periods that were selected to be representative examples 

covering spring and neap tide conditions in each season.  The range of predicted maximum 

flushing time for each period was 2.3 to 7.3 days (Table 7.1 of RPSA APASA 2016). 

 

For comparison, the flushing times of similar marinas (BMT Oceanica 2012a) have been 

ascertained as: 

 

 Hillary’s Boat harbour: Flushing times ~4 days (average algal concentrations inside the 

marina ~3.3 times the value of ‘outside’ waters) 

 Success Harbour: Flushing times ~1 day (average algal concentrations inside the marina ~2.0 

times the value of ‘outside’ waters) 

 Jervoise Bay Northern Harbour: Flushing times ~10–11 days (average algal concentrations 

inside the marina ~6.5 times the value of ‘outside’ waters) 

 



 

4 March 2016 7 

Once flushing characteristics for ORM were ascertained, water quality investigations focussed on 

nutrient-related water quality, as the scoping phase of the project identified phytoplankton 

stimulation as a potential risk to water quality.  Therefore the second component of the flushing 

study considered the potential for accumulation of nutrients within the marina, which are assumed 

to be sourced only from ongoing groundwater discharge into ORM (RPS APASA 2016).  The 

analysis assumed that the nutrient inputs (dissolved inorganic nitrogen and phosphorous) behave 

as unreactive conservative tracers, and while this is unrealistic, it is a conservative approach that 

allows upper bound potential effects to be assessed (RPS APASA 2016).  The results for this 

component of the flushing assessment, regarding the potential for nitrogen and phosphorus 

accumulation within ORM, are tabulated in Table 7.2 and Table 7.3 of RPS APSA (2016); 

summarised in Table 2.1 below.  

 

Table 2.1 Predicted maximum and guideline nutrient concentrations in Ocean Reef 

Marina 

Nutrient Predicted maximum concentration in ORM 

at any location 

(80th percentile; RPS APASA 2016) 

ANZECC & ARMCANZ (2000) guideline for 

south west Australia (80th percentile) 

Total nitrogen 

ug/L 

570 230 

Total 

phosphorous 

ug/L 

3.7  20 (summer) 

40 (winter) 

 

The worst case P80 results for phosphorus within ORM were significantly below the guideline 

value. However, the worst case nitrogen concentrations exceed the guideline value.  This 

component of the assessment considers nitrogen only as passive tracer, which is a conservative 

assumption.  This assumption was therefore relaxed in the ecological modelling component of the 

study where the impact of these nitrogen levels on algal growth was investigated. 

 

To specifically assess the potential for algal growth within and outside the marina following 

development, RPS APASA (2016) also conducted ecological modelling to conservatively over-

estimate algal concentrations within and outside the harbour during each season (Figure 2.1 to 

Figure 2.4).  In almost all scenarios, elevations in algal concentrations were restricted to within 

the marina, with only minor elevations in algal concentration outside of the marina, near its mouth 

(Figure 2.1 to Figure 2.4). 

 

RPS APASA (2016) concluded that, the results indicate that the potential for groundwater 

supported algal growth within ORM of around 0.01 to 0.03 gC/m3 is of a similar order, albeit 

slightly higher, to that of typical background values for Perth coastal waters (0.01 gC/m3); 

i.e. algal concentrations within ORM ~ 3 times the value of 'outside waters'. 

 

For comparison, the increased algal concentrations of similar marinas (BMT Oceanica 2012a) 

have been ascertained as: 

 

 Hillary’s Boat harbour: average algal concentrations inside the marina ~3.3 times the value of 

‘outside’ waters 

 Success Harbour: average algal concentrations inside the marina ~2.0 times the value of 

‘outside’ waters 

 Jervoise Bay Northern Harbour: average algal concentrations inside the marina ~6.5 times 

the value of ‘outside’ waters 
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Inside the marina, sensitive BPPH will not be present such that potential consequences of 

shading from algal growth are irrelevant.  However, a moderate ecological protection area 

(MEPA) will be likely emplaced (see Section 4 - EQP), and EQC will need to be developed and 

monitored during construction (subsequent to breakwater installation) and operation to 

demonstrate that algal elevations (and potential dissolved oxygen depression) are within 

acceptable bounds. 

 

Outside of the marina, a high ecological protection area (HEPA) will be likely emplaced (see 

Section 4 - EQP).  RPS APASA (2016) concludes that the algae attributable to the ORM source 

would be difficult to detect within a few hundred meters of the entrance.  Further, of the 24 

scenarios examined through summer, autumn, winter and spring (Figure 2.1 to Figure 2.4), algal 

concentration greater than 0.01 gC/m3 never occurred outside of the marina during summer 

(Figure 2.1) or autumn (Figure 2.2), and only occurred in close proximity to the entrance once 

during winter (on 17 July 2013; Figure Figure 2.3) and once during spring (9 October 2013; 

Figure 2.4). Outside of the marina, the risk of eutrophic effects (loss of BPPH and/or anoxia) are 

therefore considered negligible during summer and autumn.  Similarly, algal concentrations 

greater than 0.01 gC/m3 near the ORM entrance during winter and spring are infrequent and 

transient (due to the high variability in weather during these seasons, with calm periods 

punctuated by increased flushing during storm events; RPS APASA 2016); such that the risk of 

eutrophic effects (loss of BPPH and/or anoxia) are also considered negligible during winter and 

spring.  Monitoring outside of the marina during construction (subsequent to breakwater 

installation) and operation should focus on validating the predicted/modelled lack of algal 

elevations (and potential dissolved oxygen depression) are within acceptable bounds. 

 



 

4 March 2016 9 

 

Figure 2.1 Maps showing spatial variations in surface layer algal concentrations at 

selected time instances for the summer season scenario (RPS APASA 2016) 
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Figure 2.2 Maps showing spatial variations in surface layer algal concentrations at 

selected time instances for the autumn season scenario (RPS APASA 2016) 
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Figure 2.3 Maps showing spatial variations in surface layer algal concentrations at 

selected time instances for the winter season scenario (RPS APASA 2016) 
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Figure 2.4 Maps showing spatial variations in surface layer algal concentrations at 

selected time instances for the spring season scenario (RPS APASA 2016) 
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2.1.2 Toxicants in water and sediment 

The marine environment outside the marina is in a ‘slightly disturbed’ condition or better in 

accordance with ANZECC & ARMCANZ (2000) definition.  In recognition of this a high level of 

ecological protection has been assigned to these areas.  The EQG for this level of protection 

should be implemented in accordance with the recommendations of ANZECC & ARMCANZ 

(2000) (and consistent with EPA 2015b) as follows: 

 

 The recommended 99% species protection guideline trigger levels for toxicants in water will 

apply 

 The ISQG-low guideline trigger levels for toxicants in sediments. 

 

Within the marina is considered to be ‘moderately to highly disturbed’ and shall be designated a 

MEPA and should be assessed separately. The EQG for moderate ecological protection should 

be implemented in accordance with the recommendations of ANZECC & ARMCANZ (2000) (and 

consistent with EPA 2015b) as follows: 

 

 Application of the default 90% species protection guideline trigger levels for toxicants in water; 

 The ISQG-low guideline trigger levels for toxicants in sediments; 

 

While the methodology for developing EQC for all moderate ecological protection areas should 

be consistent, it may be appropriate to monitor a subset of indicators for the marina depending on 

potential threats to environmental quality and the benthic habitats. 

2.2 Fishing and Aquaculture 

To protect the EV of Fishing and Aquaculture the EQOs (EPA 2015a) are: 

 

 Seafood (caught or grown) is of a quality safe for eating. 

 Water quality is suitable for aquaculture purposes. 

 

The stressor-response relationships potentially impacting on Fishing and Aquaculture values 

were identified in the marine environmental quality risk matrix (Attachment A) and conceptual 

models for construction (Figure 1.2) and operation (Figure 1.3) as follows: 

 

 Nutrient release during marina construction and operation causing toxic algal production and 

seafood contamination 

 Chemical contaminant release during marina construction and operation causing seafood 

contamination 

 Biological (faeces) release during marina operation causing seafood contamination 

2.2.1 Seafood safe for consumption 

As per EPA (2015b), the EQC for this EQO shall set a level of environmental quality that will 

ensure there is a low risk of any effect on the health of human consumers of seafood: 

 

"For filter feeding shellfish, except scallops and pearl oysters, any assessment against the 

EQO must be using data that are collected from a comprehensive monitoring program 

consistent with the requirements of the WASQAP Manual.  The primary threats to human 

consumers of seafood relate to contamination of filter feeding shellfish by faecal pathogens 

(e.g. bacteria), the accumulation of biotoxins from toxic algae and/or the accumulation of toxic 

chemicals in the flesh of the shellfish.  Filter feeding shellfish need to filter large quantities of 

water to obtain their food and in the process they can potentially accumulate significant 
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quantities of pathogens and other contaminants that can cause serious illness in humans. 

However, for other species of seafood and for those shellfish where only the adductor muscle 

is eaten (e.g. scallops and pearl oysters) the DoH advises that there is only a low risk of 

potential impacts on human health and therefore monitoring programs do not need to be as 

comprehensive as required in the WASQAP Manual and may not need to consider faecal 

bacteria or toxic algae." 

 

Where: 

"The two primary reference documents for development of the environmental quality 

guidelines and standards for this objective are the Western Australian Shellfish Quality 

Assurance Program (WASQAP) (DoH, 2011) and the Australia New Zealand Food Standards 

Code (http://www.foodstandards.gov.au/foodstandards/foodstandardscode.cfm), developed 

and administered by Food Standards Australia New Zealand (FSANZ).  Both documents are 

regularly updated and users should check the latest versions to determine whether the 

relevant EQC provided in this document have been revised. The WASQAP Manual can be 

located on the Department of Health (DoH) WA website <www.public.health.wa.gov.au>." 

 

The EQC (including EQG and EQS) specified in EPA (2015b) for biological and chemical 

contaminants are expected to be applicable to this Project. 

2.2.2 Aquaculture production 

There are no aquaculture operations within proximity of the Project.  Should future aquaculture 

operations be approved within the vicinity of the Project, then EQC may need to be developed to 

ensure that water quality is sufficient for those operations.  Compliance with EQC to protect the 

EV of Ecosystem Health should serve as a proxy to maintain water quality suitable for 

aquaculture operations. 

2.3 Recreation and Aesthetics 

To protect the EV of Recreation and Aesthetics the EQOs (EPA 2015a) are: 

 

 Water quality is safe for primary contact recreation (e.g. swimming and diving). 

 Water quality is safe for secondary contact recreation (e.g. fishing and boating). 

 Aesthetic values of the marine environment are protected. 

 

The stressor-response relationships potentially impacting on Recreation and Aesthetic values 

were identified in the marine environmental quality risk matrix (Attachment A) and conceptual 

models for construction (Figure 1.2) and operation (Figure 1.3) as follows: 

 

 Breakwater construction and dredging causing turbid plume and water clarity outside marina 

to be not suitable for primary contact recreation 

 Nutrient release during: 

 marina construction causing toxic algal production and water to be not suitable for primary 

or secondary contact recreation outside marina 

 operation of marina causing toxic algal production and water to be not suitable for primary 

or secondary contact recreation inside marina 

 Chemical contaminant release during construction or operation of marina causing water to be 

not suitable for primary or secondary contact recreation 

 Biological (faeces) contaminant release during operation of marina causing water to be not 

suitable for primary or secondary contact recreation 
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2.3.1 Primary contact recreation (swimming) 

As per EPA (2015b), the EQC for this EQO are intended to "protect people from ill effects caused 

by poor water quality when undertaking recreational activities where the participant comes into 

frequent direct contact with the water, either as part of the activity or accidentally (e.g. swimming, 

water skiing, wind surfing or diving)." 

 

The EQC (including EQG and EQS) specified in EPA (2015b) for faecal pathogens, toxic algae, 

water clarity and toxic chemicals are expected to be applicable to this Project. 

2.3.2 Secondary contact recreation (boating) 

As per EPA (2015b), the EQC for this EQO are intended to "protect people from ill effects caused 

by poor water quality when undertaking recreational activities in which the participant comes into 

direct contact with the water infrequently, either as part of the activity or accidentally (e.g. 

boating, canoeing or fishing). 

 

The EQC (including EQG and EQS) specified in EPA (2015b) for faecal pathogens, toxic algae, 

water clarity and toxic chemicals are expected to be applicable to this Project. 

2.3.3 Aesthetics 

Project-specific EQC for visual water quality derived from EPA (2015b) should be developed 

including semi-quantitative observations of: 

 

 Nuisance organisms:  

 Faunal deaths: 

 Water clarity 

 Colour  

 Surface films 

 Surface debris 

 Odour 

 

Further, EPA (2015b) provides guidelines for fish tainting substances based on levels of 

contaminants that may make water or edible marine life unpalatable (but not toxic) to people.  

The EQC (including EQG and EQS) specified in EPA (2015b) for fish tainting are expected to be 

applicable to this Project. 

2.4 Industrial Water Supply 

To protect the EV of Industrial Water Supply the EQO is to ensure "Water quality is suitable for 

industrial use" (EPA 2015a). 

 

There are no industrial water intakes within proximity of the Project.  Should future industrial 

intakes be approved within the vicinity of the Project, then EQC may need to be developed to 

ensure that water quality is sufficient for those industrial requirements.  Compliance with EQC to 

protect the EV of Ecosystem Health should serve as a proxy to maintain water quality suitable for 

industrial water intake. 

2.5 Cultural and Spiritual 

The EQO for this EV is simply to protect cultural and spiritual values of the marine environment 

(EPA 2015a). 
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Cultural and spiritual values of Indigenous Australians connected to marine and coastal 

environments may relate to a range of uses and issues including animals and plants associated 

with water, spiritual relationships, customary use, recreational activities and significant sites in the 

landscape (Collings 2012).  Similar to Indigenous Australians, many non-indigenous Australians 

consider the coastal and marine environment to hold significant cultural and spiritual value; and 

their way of life of on the coastal fringe helps define their identity (Webler and Lord 2010). 

 

Specific guidelines for marine water quality to protect cultural and spiritual values of Indigenous 

Australians are yet to be developed, and EPA (2015) does not denote EQC for the EQO to 

protect cultural and spiritual values.  However, it is often deemed that the protection of 

ecosystem, recreational, fishing and aesthetic values of water bodies offers some assurance and 

a proxy towards protecting the fauna, flora, habitats and recreation values of cultural and spiritual 

importance (ANZECC & ARMCANZ 2000a). 
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3. Marmion Marine Park Ecological and Social Values 

Under the Conservation and Land Management Act 1984 (CALM Act), marine parks and 

reserves (including Marmion Marine Park) are vested in the Marine Parks and Reserves Authority 

(MPRA).  The MPRA has a statutory function under the CALM Act to prepare management plans 

for marine parks and reserves management plans, through the Department of Parks and Wildlife 

(DPaW), and to assess the implementation of these plans. 

 

The MPRA (2012) conducted a 10-year audit of the Marmion Marine Park Management Plan 

(CALM 1992) in 2012; and the Project ESD requires that the EQP to consider MPRA's (2012) 

audit report findings. 

 

Of particular relevance, the MPRA found that the Marmion Marine Park Management Plan 

(CALM 1992) "was not prepared with measurable outcome-based objectives"; and that, "in 

keeping with the outcome-based management plans that are now standard for marine park 

management in WA, management of Marmion Marine Park is reported in the…audit against a set 

of performance indicators developed for nearby Shoalwater Islands Marine Park and adapted by 

the operational [DPaW] district staff." 

 

The set of indicators, those considered to be KPIs, and their relevant [ecological and social] 

values are shown in Table 3.1 and Table 3.2 below. 

 

The ecological and social values adopted for the Marmion Marine Park under the CALM Act 

(MPRA 2012; Table 3.1, Table 3.2) are analogous to the EVs adopted EPA's environmental 

quality management framework (EQMF, Section 1); and the KPIs established by MPRA (2012) 

are similar in intent to the EQOs of the EQMF.  Notwithstanding, MPRA/DPaW's mandate in the 

management of marine parks is contextually different to the EPA's broader role in protection of 

WA's marine environmental quality.  As such, it is useful to consider the alignment of the MPRA's 

(2012) KPIs for ecological and social values of Marmion Marine Park, with the EQOs and EVs 

specified under the EQMF for the Project. 

 

Ocean Reef Marina is excised from, but surrounded by, Marmion Marine Park (Figure 3.1).  Most 

of the Park is zoned for 'General Use', with three small 'Sanctuary' zones in the centre of the 

Park, and 'The Lumps Sanctuary Zone' being the closest (~2.5 km) to Ocean Reef Marina.  The 

targets for marine park zones under the CALM Act and the equivalent levels of ecological 

protection from the EPA's EQMF are presented in Table 3.1.   

 

Given that the location of Marmion Marine Park is within 5 km of major development area, a high 

level of ecological protection is required to align with the MPRA’s long-term targets for marine 

environmental quality.  Since the marine environmental quality of all areas beyond the 

Development Envelope boundary are not anticipated to change as a result of Project, the 

MPRA’s long-term targets are unlikely to be compromised by activities related to operation of the 

Marina. 
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Table 3.1 Long-term management targets for ecological values in Marmion Marine 

Park (MPRA 2012) 

 

 

 

 



 

4 March 2016 19 

Table 3.2 Management objectives for social values in Marmion Marine Park 

(MPRA 2012) 
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Figure 3.1 Zoning Plan for the Marmion Marine Park (CALM 1992) 
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Table 3.3 Targets from marine park management plans and the equivalent levels of 

ecological protection from the EPA's EQMF 

Marine Park Zone 

CALM Act Management Plan 

Targets for Marine Environmental 

Quality 

EPA's Level of Protection 

Sanctuary zone 

No change from background levels, 

as a result of human activity in the 

marine park. 

Maximum, unless within 5 km of 

major development area, where high 

may be considered (i.e. HEPA in 

Marmion MP) 

Recreation zone 

No change from background levels, 

as a result of human activity in the 

marine park 

Maximum, unless within 5 km of 

major development area, where high 

may be considered (i.e. HEPA in 

Marmion MP) 

General use zone 

No change from background levels 

except in areas where some level of 

change is approved by the 

appropriate government regulatory 

authority. The area of change is not 

to exceed 1% (by area) of these 

zones.  The level of change allowed 

in the 1% (by area) should not cuase 

the management objectives and 

targets for any other zones in the 

marine park to be compromised 

Maximum, except in areas approved 

(where a government regulatory 

authority may approve a high, 

moderate or low level of ecological 

protection) (i.e. HEPA in Marmion 

MP) 
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4. Environmental Quality Plan 

Provide an Environmental Quality Plan (EQP, i.e. a map) that spatially defines the Environmental 

Values (EVs, both ecological and social), Environmental Quality Objectives (EQOs) and Levels of 

Ecological Protection (LEPs) that currently apply to the area.  The EQP should consider the 

Marine Parks and Reserves Authority’s 10 year audit of the implementation Marmion Marine Park 

Management Plan 2002-2012." 

 

Under the EPA's (2015) EQMF, all EVs and EQO are applicable within the EQP.  Implementation 

of EQC shall be as follows for EVs and EQOs of: 

 

 Ecosystem Health 

 Maintenance of ecosystem integrity 

 MEPA - inside marina and ZoHI (EQC for phytoplankton and toxicants) 

 HEPA - outside ZoHI and marina (EQC for phytoplankton and toxicants) 

 

 Fishing and Aquaculture 

 Seafood safe for consumption (EQC for biological/chemical contaminants) 

 Water quality suitable for aquaculture (future operations protected by proxy - compliance 

with other EQC) 

 

 Recreation and Aesthetics 

 Primary contact recreation (EQC for faecal contamination, toxic algae, water clarity, 

chemical contaminants) 

 Secondary contact recreation (EQC faecal contamination, toxic algae, chemical 

contaminants) 

 Aesthetics (EQC for visual aspects and fish tainting) 

 

 Industrial Water Supply 

 Water quality suitable for aquaculture (future operations protected by proxy - compliance 

with other EQC) 

 

 Cultural and Spiritual 

 (protected by proxy - compliance with other EQC) 

 

A map shall be compiled to demonstrate the EQP described above, for inclusion within the 

MCMMP and MEQMP. 

 

Protection of the EVs depicted in the EQP, will also protect MPRA (2012) ecological and social 

values of Marmion Marine Park. 
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5. Guidance for assessment of potential impacts on BPPH, 
Abalone and Western Rock Lobster 

5.1 Predicted zones of influence and impact on BPPH  

When applying the EQMF in EIA, another key marine EAG that also needs to be considered in 

the context of environmental quality is EAG 7 - Marine Dredging Proposals (EPA 2015).  EAG 15 

is the EQMF is "focussed on the monitoring and management of longer term, more chronic 

effects on environmental quality", whereas EAG 7 is an "activity-based guidance" that "considers 

impacts over the limited time frames associated with individual projects" (EPA 2015). 

 

In the context of the Project, the framework described by EAG 7 for conducting EIA of potential 

shorter-term construction and dredging impacts, is particularly relevant to assessment of indirect 

loss of seagrass due to shading and sedimentation from turbid plumes during construction 

 

The EPA requires that the extent, severity and duration of impacts on benthic habitat and 

associated biota be defined in accordance with Environmental Assessment Guideline No. 7 

Environmental Assessment Guideline for Marine Dredging Proposals (EAG 7; EPA 2011) using 

spatially-defined zones as follows: 

 

 Zone of Influence (ZoI) - the area where changes in environmental quality associated with 

dredge plumes were predicted, but these changes were not expected to result in a detectible 

impact on benthic biota.  The ZoI represents the predicted maximum extent of the dredge 

plumes, and beyond it there should be no dredge-generated plumes discernible from 

background conditions at any stage during the dredging campaign.  EAG 7 (EPA 2011) notes 

that the ZoI can be large, but at any point in time the dredge plumes are likely to be restricted 

to a relatively small portion of the ZoI.  Reference sites for monitoring natural variability are 

ideally located outside of the Zone of Influence of the dredging activities. 

 Zone of Moderate Impact (ZoMI) - the area where predicted impacts on seagrass and 

benthic organisms were expected to be sub-lethal, and/or the impacts were recoverable 

within a period of five years following completion of the dredging activities. 

 Zone of High Impact (ZoHI) - the area where impacts on seagrass meadows and associated 

benthic organisms were predicted to be irreversible (defined as lacking a capacity to return or 

recover to a pre-dredging state within a timeframe of five years or less). 

 

In accordance with EAG 7 (EPA 2011) zones shall be conservatively derived as follows: 

 

 Zone of Influence (ZoI) - the outer boundary of the ZoI was defined using the 100th 

percentile of the area where a TSS threshold of 2 mg/L above background was exceeded, 

representing the maximum extent of the visible plume (see Figure 5.1) 

 Zone of Moderate Impact (ZoMI) – defined as coincident with the ZoHI (conservative 

modelling results for both TSS (see Section 3.1.1) and sedimentation (see Section 3.1.2) 

implied an outer boundary of the ZoMI that coincided with the outer boundary of the ZoHI. 

 Zone of High Impact (ZoHI) - comprising direct and indirect losses due to the development 

footprint, as follows: 

 direct losses due to the breakwaters and reclamation areas; and 

 indirect loss due to a 50 m halo effect around the breakwaters. 

 

It is recommended that a map is prepared depicting these zones. 
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Figure 5.1 Conservative depiction of the Zone of Influence - i.e. potential extent of the 

area where visible plumes may occur during the full construction period.  

Analysis based on TSS elevation of 2 mg/L above background occurring 

during construction at any time (100th percentile) and at any level in the 

water column. (Source: RPS APASA 2016) 

5.1.1 Tolerance of seagrass to shading 

The time taken for 'irreversible' loss to occur is noted for the following species: 

 

 Posidonia sinuosa (perennial species) - 3 to 6 months shading below minimum light 

requirements 

 Amphibolis griffithii (perennial species) - 3 months shading below minimum light requirements 

 Halophila ovalis (ephemeral species) - 21 days shading below minimum light requirements 

 Zostera marina (ephemeral species) - 18 days shading below minimum light requirements 

(Collier 2006; McMahon and Lavery 2008; Collier et al. 2009 and references contained 

therein). 

 

Water quality modelling indicated total suspended solids elevations of 2 mg/L or less 

(conservative proxy for shading) occurring outside the ZoHI for 1% of the time over the duration 

of: 

 

 Breakwater reclamation/construction (6 months) for a period of less than 2 days, in patches 

within 50 m of the breakwater/construction footprint (Figure 5.2) 

 Dredging (7 months) for a period of 0 days (i.e. suspended sediments shall be contained 

within the marina; Figure 5.3) 

 The entire construction/dredging period (13 months) for a period of 0 days (i.e. isolated 

patches within the ZoHI, incorporating the 50 m halo, occurred for a period of less than 4 

days) (Figure 5.4). 
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5.1.2 Tolerance of seagrass to sedimentation  

Most BPPH communities are expected to persist through a level of 3 cm sedimentation 

(Fremantle Ports 2009). 

 

Modelling of the degree of sedimentation at the end of the entire construction period showed 

highly localised effects within a very short distance of the dredge area, with no significant degree 

of sediment deposition (> 1 cm) outside the ZoHI (Figure 5.5). 

 

 

Figure 5.2 Map of the 99th percentile of maximum TSS concentrations during the 

breakwater/reclamation construction period (first 6 months). provide detail 

of the level of effect that is predicted to be exceeded 1% of the time or less.  

In terms of the 6- month analysis period, 1% of the time equates to less than 

2 days, and less than 8 hours over any month. (Source: RPS APASA 2016) 
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Figure 5.3 Map of the 99th percentile of maximum TSS concentrations during the 

dredging period (final 7 months).  The results show that the discharge of any 

significant concentration of suspended sediment is expected to occur less 

than 1% of the time, with the sediment expected to be contained within the 

marina. (Source: RPS APASA 2016) 
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Figure 5.4 Map of the 99th percentile of maximum TSS concentrations during the entire 

construction period.  This figure highlights the localised levels that are 

expected to be exceeded 1% or less over the full 13 month period, which 

equates to approximately 4 days in total. (Source: RPS APASA 2016) 



 

4 March 2016 28 

 

Figure 5.5 Map of the potential extent of the area where bottom deposition above model 

thresholds is expected to occur during the entire construction period. 

Analysis based on bottom concentration above background occurring at any 

time regardless of persistence.  N.B. The contour of 1000 g/m2 equates to a 

deposited thickness of approximately 1 cm. (Source: RPS APASA 2016) 

5.2 Roe's Abalone EIA 

5.2.1 Parameters which may influence abalone distribution 

Direct loss of habitat from construction 

Direct loss of Roe's abalone (Haliotis roei) habitat from the construction of the marina 

infrastructure and a potential 50 m halo effect has been estimated at 11.8 ha 

(BMT Oceanica 2016a). 

Indirect loss from construction or operation 

When considering potential environmental sensitivities of Roe's abalone (BMT Oceanica 2016b), 

construction and operation of the marina may potentially introduce multiple changes affecting 

abalone populations on Burns Beach Reef.  These include: changes in hydrodynamics at the reef 

scale, sediment deposition, increases in nutrients in seawater, and changes in seawater 

temperature.   

Reef scale hydrodynamics 

Modelling shows that changes in current speed and residual currents will occur mainly north of 

the proposed development.  The affect is most pronounced in summer, when peak instantaneous 

absolute differences of current speed from modelling of the existing harbour versus the proposed 

marina were of the order 5-10 cm s-1 (Figure 5.6).  Changes in current speeds may affect the 

particle sizes that can remain suspended in the water column, and potentially affect the amount 

and fractions of both sediments and wrack that will be supplied to the areas of abalone habitat.  

These changes can also modify the coastal processes that determine where the sediment and 
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wrack will be deposited and eroded.  Changes in the distribution of drift algae that can be utilised 

by the Roe's abalone as a food source will affect the population directly as drift algae is believed 

to be a significant portion of their diet.  But, it is not possible to predict how the drift algae, 

generated from the breakdown of wrack, will be affected by the changes in wrack deposition and 

movement.  Changes in the current speed and the subsequent reduction in flushing along Burns 

Beach Reef may also have an effect on the settling location of broadcast larvae along the reef 

which are dispersed in the water column and transported to the reef on the currents.   

 

Figure 5.6 Maps of residual currents from a 15 day scenario commencing 9 January 

2013 (greatest change scenario).  Black boxes indicate the grid cells 

coinciding with abalone habitats north and south of proposed marina.  Note 

the different scales on the two colour legends (Source: RPS APASA 2016) 

Sediment deposition 

Increased sediment deposition is predicted to occur up to a maximum thickness of 1 cm on the 

reef north of the proposed development (Figure 5.5).   No deposition of sediment is expected on 

the reef south of the development as it is greater than 500 m from the development.  It is not 

anticipated that this level of sedimentation will affect abalone health directly but, increased 

sediment deposition from construction activities (or changes in hydrodynamics after construction 

of marine infrastructure) may: 

 

1. bury suitable protection (cryptic) sites for Roe's abalone.  Inundation of sediments can result 

in the loss of safe habitat for juvenile and adult abalone due to cryptic sites and home scars 

becoming inundated with sediment, thus exposing abalone to predators.  Large variations in 

mollusc abundance can occur when sand in-fills cracks and crevices and limits molluscs to 

bare ridges. 

2. smothering and resultant death of non-geniculate coralline algae (NCAs).  Sediment that 

builds up on crustose NCAs can quickly smother and kill the algae.  This is significant as NCA 

are required habitats to trigger Roe's abalone larval settlement and metamorphosis and thus 

loss of NCAs may have an immediate negative effect on recruitment of Roe's abalone larvae.   

 

A potential natural offset to increased sediment deposition on the reef and NCAs may be a 

subsequent removal of this sediment by large swells or storms along these high energy reefs.  
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The modelling results indicate that in this shallow water zone wave action will resuspend 

deposited sediments every 1 to 2 days (RPS APASA 2016).   

Nutrient concentrations 

Within the harbour, modelling shows a potential increase in nitrogen concentrations with a 

maximum P80 concentration reaching 0.57 mg L-1 for nitrogen and 0.0037 mg L-1 for phosphorus 

(see Section 2.1.1).  Subsequent modelling of the influence of outflows from the marina indicated 

that the maximum concentration that would reach the abalone habitat to the north would be 

15.1% of the concentration in the marina.  Assuming a worst case scenario of 0.57 mg L-1 for 

nitrogen and a 15.1% concentration reaching the nearest northern abalone habitat this would 

result in a concentration increase of 0.086 mg L-1 for nitrogen.  Baseline concentrations measured 

along Burns Beach Reef and the area immediately within the proposed marina development 

ranged from 0.1-0.16 mg L-1 (BMT Oceanica 2015).  An increase of 0.086 mg L-1 for nitrogen 

would result in a total concentration of 0.19-0.25 mg L-1 for nitrogen compared to background 

water quality concentrations of 0.14-0.47 mg L-1 recorded for the Perth's northern waters 

(Buckee et al. 1994).  Increases in nutrients are thus expected to be relatively small compared to 

background.   

 

If significant nutrient shifts (e.g. increased nitrogen) were sourced from seawater, groundwater 

and/or sediments this may favour certain algal community species (i.e. Ulva spp.) within the 

abalone populated zones on the reef, which may increase total canopy cover.  Rapid increases in 

nutrients could result in increased foliose and filamentous turfing algae, which can reduce NCA 

coverage.  This occurs as the turfing algae increases sedimentation due to baffling effects, and 

can lead to smothering of NCA.  Increases in nutrients and sedimentation favours growth of turf 

algae, compared to the present algal communities in the zones that support abalone.  Nutrient 

inputs can have six times the effect on increasing turfing algae compared to sediment alone. 

 

Although increased nutrient inputs may increase turfing algae and potentially decrease abalone 

population recruitment success, the community of grazers present may be able to consume the 

excess turf algae and ameliorate the effect.  Resulting increases in filamentous turfing algae may 

be eaten by mollusc grazing, but a more robust and taller species may move into the cleared 

spaces.  The effect of these other opportunistic species is not known in relation to the abalone 

ecology on the localised reef. 

Seawater temperature 

Seawater temperature ranges are not expected to differ from natural background temperatures 

during construction or operation of the marina.  Seawater temperature has been shown to affect 

growth rates of abalone, the success of larvae and regional recruitment success, result in mass 

mortalities and worsen the effect of pathogens on a population.  A complete mortality event was 

inferred to be due to a single two-month-long elevated temperature event of up to 3ºC.   

5.2.2 Area of potential effect on abalone habitat 

An area of potential effect on abalone may be inferred from consideration of substantial 

geographical changes introduced by the marina on: (i) reef scale hydrodynamics, (ii) sediment 

deposition, (iii) nutrient concentrations and/or (iv) seawater temperature.  Although it is not 

possible to definitively state what effect these changes will have on the abalone population of 

Burns Beach Reef it is assumed that some negative response may occur within the area of 

potential effect.   

Reef scale hydrodynamics 

The construction of the proposed development will alter the current speed and flushing rate of the 

coastal margin along Burns Beach Reef (RPS APASA 2016).  However, modelling of surface 
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wave height showed very little change in wave heights after development of the marina and wave 

energy will be assumed to be equivalent to the wave energy experienced by the reef now.  

 

Modelling showed changes in current speed resulting in a: 

 

 reduction in current of 40-60% for < 500 m north of the marina 

 reduction in current of 20% for 500-1500 m north of the marina  

 and no detectable change in current at distances > 1500 m north of the marina. 

 

South of the marina there was no substantial change in current speed over abalone habitat which 

is at a distance is >500 m from the marina, mainly since the current is dominated by northward 

flow for most of the year.    

 

A reduction in flushing of the northern coastal margin was modelled due to the reduction of 

current speed along the northern reef.  The time take it took for a tracer concentration to fall 

below 2% of its initial release concentration (surrogate of mixing) was reduced from 1 hour 

(before) to 7.5 hours (after) installation of the marina.  The reduced rate of coastal flushing is 

indicative of reef-scale hydrodynamic changes that are predicted to occur to the north along 

Burns Beach Reef.   

Sediment deposition  

Modelling results indicated that potential seabed sediment deposition comprised a maximum 

concentration of: 

 

 <100 g m-2 (i.e. 0.1 mm of thickness) at distances <500 m from the marina 

 <1 g m-2 (or negligible) at distances >500 m from the marina. 

 

In the shallow zones (2-6 m water depth) that abalone inhabit, the finer sediment that is able to 

be dispersed over larger distances from the source location tends to be resuspended due to 

wave action.  Modelling results for the construction period predict that this is likely to occur, 

resulting in episodic deposition and then resuspension every 1 to 2 days (RPS APASA 2016).   

 

Considering the conservative values of sediment deposition presented above represent a minimal 

threat to macroalgae communities or abalone individuals, coupled with the episodic deposition 

regime, any impact of sediment deposition on abalone is expected be minimal and limited to less 

than 500 m from the source location of the marina.  

Nutrient concentrations 

If an increase in nitrogen is experienced amongst abalone habitat a potential shift in macroalgae 

community (i.e. increase in turf algae) could occur.  Ecological modelling of surface algae 

response concentrations due to nutrient flushing (RPS APASA 2016) showed that the algae 

attributable to the ORM source would be difficult to detect within a few hundred meters of the 

entrance (see Section 2.1.1; and Figure 2.1 to Figure 2.4).  Surface algae concentrations are 

highly sensitive to nutrient inputs where the macroalgae community on Burns Beach Reef will be 

relatively resistant to change.  Short term increases in surface algae concentrations are not 

expected to affect abalone populations, but may represent an early indicator of change in 

nutrients.    

 

The macroalgae habitat associated with the Roe's abalone habitat is not likely to be affected at by 

increased nutrients along Burns Beach reef as these low (near background) nutrient 

concentrations.  Coupled with continual coastal margin flushing, nutrient-related shifts in the 

macroalgae community structure of Burns Beach Reef are not expected.  As a conservative 
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estimate, it is anticipated that any nutrient related impacts on abalone will be minimal and limited 

to <500 m north of the marina. 

 

 

Figure 5.7 Surface layer concentrations of algae at selected time instances for the 

spring season.  Coloured dots indicate the location of virtual observation 

stations, as indicated in the legend. (source RPS APASA 2016) 
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Seawater temperature 

Seawater temperature was not modelled as it is unlikely to be affected by the development.  As 

such no impact is predicted from changes in seawater temperature due to the proposed 

development. 

5.2.3 Boundaries for Roe's abalone area of potential effect along Burns Beach 
Reef north of the proposed marina 

The environmental parameters subject to substantial change from marina development and 

potentially affecting abalone populations on Burns Beach Reef are listed in Table 5.1, together 

with a spatial estimate of the corresponding change in each parameter to the north of the marina. 

In summary, the expected area of Roe's abalone habitat along Burns Beach Reef that may be 

affected by environmental parameters were: 

 

 Reef scale hydrodynamics have the potential to alter sedimentation, and the distribution of 

drift algae and abalone larvae, along the reef for up to 1500 m north of the marina; however 

beyond 500 m north of the marina, current speeds are reduced by <20%. 

 Sediment deposition would be minimal and limited to <500 m north from the source location 

of the marina. 

 Increases in nutrients are expected to be minimal and any subsequent impact to macroalgae 

community associated with Roe's abalone is expected to be limited to <500 m north from the 

marina 

 No impact from seawater temperature change is expected. 

  

It is recommended that the zone of potential effect for Roe's abalone is presented on a map of 

the existing Roe's abalone habitat.    
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Table 5.1 Environmental parameters subject to substantial change from marina development and potentially affecting abalone populations 

on Burns Beach Reef, including spatial estimates of the corresponding change in each parameter to the north of the marina  

Parameter modelled to 

have substantial 

changes 

Potential changes to natural reef system Change in parameter based on distance north of the Development along 

Burns Beach Reef 

0-500 m  500-1500 m >1500 m 

Reef scale hydrodynamics Shift in distribution of:   

 Sediment deposition 

 Wrack deposition 

 Drift algae load 

 Abalone larvae dispersion 

Reduction of current 

speed by 40-60% 

Reduction of current 

speed by 20% 

None 

Sediment deposition Loss of cryptic microhabitats for abalone  

Smothering of non-geniculate coralline algae 

seabed deposition 

<100 g m-2 (i.e. 0.1 mm 

of thickness) 

None None 

Nitrogen concentration Shift in algae community structure 

Increased growth of turfing algae 

Seawater surface layer concentrations of 

algae 

An increase of 

0.086 mg L-1 for nitrogen 

Minimal surface algae 

response detectable for 

up to 1000 m 

None 
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5.3 Western Rock Lobster EIA 

The western rock lobster (WRL; Panulirus cygnus) is endemic to the state of Western Australia, 

and inhabits shelf waters between North-West Cape to Cape Leeuwin.  Juvenile WRL inhabit 

nearshore reefs and seagrass habitats until they develop into ‘white’ lobsters, and undertake a 

mass migration offshore.  Nearshore habitats of the Marmion Marine Park are typical of those 

inhabited by WRL.  Western rock lobsters are omnivorous feeders which may prefer meat over 

plants but rely on a wider variety of benthic foods including coralline algae (which is likely 

consumed to assist with mineralisation of the exoskeloton), gastropods, crabs, seagrass and 

numerous algae (MacArthur et al.2007).  Each year it is estimated that up to 20% of the entire 

biomass of WRL are harvested each year by commercial fishermen in Western Australia 

(MacArthur et al.2007). 

5.3.1 Lifecycle of the western rock lobster 

The WRL has a five stage life history.  This includes both pelagic (living in the open ocean) and 

benthic (living on the seafloor) stages.  These stages can be simplified to include the phyllosoma, 

puerulus, post-puerulus juveniles, juvenile whites, adult reds.  Full development from larvae to 

sexual maturity takes between 4.5 and 6 years.  Post-puerulus juveniles, juvenile whites and 

adult reds may inhabit areas of the MMP. 

5.3.2 Phyllosoma 

Western rock lobsters hatch on the continental shelf as planktonic, zoeal larva called phyllosoma 

between December and March (Phillip 1986) and are morphologically different to adult WRL 

(McWilliam & Phillips 2007).  The phyllosoma larvae are transported offshore in wind-driven 

currents.  These larvae have been caught as far as 1500 km offshore of the Western Australia 

mainland.  The larvae feed on zooplankton and develop via a series of moults, resulting in a 

progressive increase in size (McWilliam & Phillips 2007).  Between May and October the offshore 

wind-driven currents decrease in velocity and the phyllosoma vertically migrate deeper into the 

water column where they are transported shoreward by deep water easterly currents.  After 

9-11 months offshore as the phyllosoma larvae phase, the final larva stage metamorphoses at 

near the edge of the continental shelf into a morphologically distinct puerulus (Jernakoff et 

al. 1990). 

5.3.3 Puerulus 

The puerulus phase is a brief transitional stage (3–4 weeks long) that connects the planktonic 

and benthic life cycle phases.  Unlike the phyllosoma larval phase, puerulus (postlarva) can 

actively swim and migrate the distances of 40–60 km to the coastal shelf regions where they 

settle (Phillips 1986).  Puerulus have been known settle on reefs at least 30 m deep but they 

generally occupy shallow reef habitats at <12 m depth (Jernakoff et al. 1990).  Settlement of the 

larvae can occur throughout the year; however, peak settlement occurs between August and 

February (Phillips 1986; Caputi 2008).  The puerulus stage does not feed or moult during the 

migration to coastal regions.   

5.3.4 Post-puerulus juveniles 

After settlement in the coastal regions, the pueruli develops a dark pigmentation in the 

exoskeleton and moults within a few days into the post-puerulus juveniles which are 7–9 mm long 

(Jernakoff et al. 1990).  The duration of the post-puerulus phase after settlement is about six 

months.  In the initial stages of this phase, the post-pueruli are solitary animals living in small 

cracks and crevices in caves and on faces of limestone reefs which have a coverage of seagrass 

and/or macroalgae.  During this stage post-puerulus juveniles do not leave the protection of the 

immediate reef.   
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5.3.5 Juvenile (whites) 

When the post-pueruli are 16–20 mm in carapace length, they become gregarious, mix with other 

individuals and migrate into a juvenile habitat of caves and ledges of limestone patch reefs 

(Jernakoff et al. 1994).  The duration of the juvenile phase is generally 3–4 years (Phillips 1983).  

A characteristic moult occurs during October or November whereby the old red exoskeleton is 

shed and replaced by a pale pink exoskeleton, referred to as the adolescent ‘white’ phase.  After 

moulting, the white colouration gradually changes to the characteristic red over the ensuing two 

months (MacArthur et al. 2008).  These freshly moulted juveniles aged 4–5 years with a carapace 

length of ~50-80 mm migrate offshore to lobster spawning habitats (Phillips 1983).  Migration to 

offshore waters occurs between November and January.  During this westerly to north westerly 

migration the WRL may travel up to 600 m per day and travel as far as 40-60 km to reach 

breeding grounds in 30-150 m deep waters.  

5.3.6 Adult (reds) 

The habitat of mature WRL occurs between the outer edge of coastal lagoons and the edge of 

the continental shelf in a depth range of 30 m to 150 m (Jernakoff et al. 1994).  Western rock 

lobsters predominantly occupy limestone reefs habitats but may also live in seagrass and 

macroalgae communities during migrations.  Females reach sexual maturity at a carapace length 

between 65-88 mm, while males reach sexual maturity at carapace lengths of 72–95 mm 

(Melville-Smith & de Lestang 2006).  Mating typically occurs between the months of July and 

August at depths between 40–80 m.  Male WRL affix a sperm packet (spermatophores), also 

known as a ‘tar spot’, to the females’ chest (pleopods).  This sperm packet remains intact for a 

period of about 69 days, after which fertilisation occurs. Spawning occurs during November to 

February (Caputi 2008).  Up to 600,000 eggs develop on the underside of the female; females in 

this condition are commonly referred to as ‘berried’.  Eggs are attached the females for a period 

between 19-68 days with hatching occurring by the end of February or March. 

5.4 Distribution and habitat of the western rock lobster 

5.4.1 Distribution 

WRL are endemic to the state of Western Australia.  They inhabit the clear, well-oxygenated shelf 

waters along the coast, from North-West Cape (21°45’S) to Cape Leeuwin (34°22’S) 

(Chittleborough 1975; Figure 5.8).  The distribution of WRL can extend up to at least 1,500 km 

offshore in its phyllosoma stage but, rock lobsters are typically observed by humans inhabiting 

nearshore and continental shelf reef structures as juvenile and adults. 

5.4.2 Habitat 

Post-puerulus WRL (<25 mm carapace length) typically inhabit small holes in the face of coastal 

limestone reefs, as well as within ledges and caves.  The addition of cover, such as that provided 

by seagrass or macroalgae, is preferred to bare reef (Jernakoff 1990).  Smaller juvenile lobsters 

tend to inhabit the reef face, while larger individuals (25-45 mm) are common within caves, under 

ledges and in larger holes in the reef (Jernakoff et al. 1994, MacArthur et al. 2007).  Western rock 

lobsters >25 mm will forage on reef covered in algal turf or Amphibolis spp seagrass but will also 

travel at night into adjacent seagrass beds to feed.  Although WRL travel significant distances 

(hundreds of meters) in a night they remain within 50 m of the protection of the reef (MacArthur et 

al. 2007).  Offshore larger WRL individuals may be associated with sponge communities with 

smaller individuals being more likely to be associated with the presence of Ecklonia sp. algal 

communities (Bellchambers et al. 2010).  Western rock lobsters are often associated with sponge 

fields, sea squirts, kelps, seaweeds and seagrasses (MacArthur et al. 2007). 



 

4 March 2016 37 

 
Source:  Fletcher et al. (2005) 

Figure 5.8 Distribution of Western Rock Lobster within Western Australia 

Cape Leeuwin 

North West Cape 
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5.4.3 Habitat types of the Marmion Marine Park 

The inshore area coastal lagoon of the Marmion Marine Park (MMP) is characterised by regular 

high energy waves breaking across the reef which has a significant effect on the macro algal 

community which may be present.  Inshore reef systems and seagrass beds provide hides and 

micro-habitats for WRL juveniles and adults.  These habitats are important during different stages 

of the WRL lifecycle.  Post-puerulus, juvenile and adult WRL typically inhabit the shallow reefs, 

and will forage for food at night over several hundreds of meters.  The large sand flats (offshore 

mobile sand habitat) beyond the inshore reefs are important areas for juvenile (white) WRL 

during their migration offshore.   

 

Inshore reefs within the MMP which are potential habitat for juvenile and adult WRL tend to be 

'high' relief reef with macroalgal assemblages. 

 

For the purpose of delineating a potential habitat map for WRL the visual assessment of high 

relief was determined to be >1 m.  LiDAR data was used to attribute the MMP habitat map and 

thus the 'high' relief habitat was determined by algorithms in the software.  Determinations of high 

relief by software were validated by referring to visual assessments to confirm the relief attribute.  

Although high relief has been designated as the potential WRL habitat, it is noted that low relief 

reef with sufficient 'gullies' may provide some habitat for juvenile stages.   

 

The areas immediately adjacent to the proposed development would be considered adequate for 

early stage juvenile settlement and growth but an earlier study showed that the habitat at Ocean 

Reef (within a 3 km radius of the existing marina) is not a significant nursery area for juvenile 

lobsters, which may reflect upon seasonal differences in recruitment (although lobsters > 56 mm 

were encountered in larger numbers) (Meagher and LeProvost 1975 in Bellchamber et al. 2012).  

Regionally, the Sorrento area has been shown to support high densities of juvenile rock lobsters, 

due to the extensive availability of preferred habitats, such as reefs and limestone pavement 

(Bellchamber et al. 2012).  

 

No designated potential adult WRL habitat is located within the area of direct loss of habitat (i.e. 

the project footprint), nor in the zone of potential influence, based on the present habitat mapping 

study (Figure 5.9).  No juvenile habitat has been recognised within 3 km of the existing marina, 

based on an earlier study (Bellchamber et al. 2012).  Marina construction and operational 

activities are not expected to result in significant WRL habitat loss . 

 

It is recommended that a map is prepared depicting the maximum footprint of the visual plume 

(i.e. Figure 5.1) overlaid on the 'potential Western Rock Lobster habitat' map (Figure 5.9).   
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Figure 5.9 Potential juvenile and adult Western Rock Lobster habitat in Marmion Marine 

Park 
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Attachment A 

Project Marine Environmental Quality Risk Matrix 

 

 



 

 

Environmental Factor: Marine Environmental Quality – Construction 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

Ecosystem Health 
Maintenance of 

ecosystem integrity 

Breakwater 

construction and 

dredging  

Causes turbid plume 

and sedimentation, 

leading to BPPH loss 

HEPA – Outside 

Marina 

Rating: Moderate 

 

Rationale: 

TSS modelling does not predict 

impacts of turbid plume on BPPH 

outside of the ZoHI/ZoMI 

Intent: 

Verify TSS model – monitor TSS at 

ZoMI/ZoI boundary  

 

Tier 1 indicator (EQG): 

TSS ≤2 mg/L (above background) 

rolling average (14 days) 

 

Monitoring sites: 

Turbidity loggers at 3 sites on ZoMI/ZoI 

boundary. 

Turbidity loggers at 3 reference sites 

outside ZoI 

 

Monitoring Frequency: 

Logging turbidity and downloading at 

fortnightly intervals 

 

Contingency Management: 

 If EQG exceeded, monitor EQS 

 Visual check of silt curtain for plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

Intent: 

Monitor TSS at BPPH sites 

 

 

Tier 2 indicator (EQS): 

TSS ≤2 mg/L (above background) 

rolling average (14 days) 

 

Monitoring sites: 

Turbidity loggers at 3 sites in ZoI where 

BPPH is present (i.e. seagrass on 

habitat map). 

Turbidity loggers at 3 reference sites 

outside ZoI 

 

Contingency Management: 

If EQS exceeded: 

 Monitor BPPH health 

 Visual check of silt curtain for 

plume 

 Visual check of seawall for 

plume 

 Review rock washing efficacy 

 Reduce dredging 

Turbidity logger 

will need to be 

calibrated against 

TSS in the field 

and/or laboratory. 

Ecosystem Health Maintenance of 

ecosystem integrity 

Breakwater 

construction and 

dredging  

Causes turbid plume 

and sedimentation, 

leading to BPPH loss MEPA – Inside 

Marina 

Rating: Negligible 

 

Rationale: 

Assume BPPH Zone of Loss 

within ZoHI/ZoMI 

 

- -  

Ecosystem Health Maintenance of 

ecosystem integrity 

Toxicant release 

during breakwater 

construction and 

dredging  

Causes water 

contamination 

MEPA – Inside 

Marina 

Rating: Moderate 

 

Rationale: 

Water quality EIA suggests 

toxicants within acceptable limits 

 

Best practice stormwater 

management 

 

Risk of minor spills and leaks 

during construction 

Intent: 

Verify no water contamination 

 

Tier 1 indicator (EQG): 

Toxicants in water for MEPA (EPA 2015) 

– Table 2a – Environmental quality 

criteria for protecting the marine 

ecosystem from the effects of toxicants 

in marine waters and sediment pore 

waters – EQG for Moderate Protection 

 

 

95th percentile of the sample 

concentrations from a single site or a 

defined area should not exceed the EQG 

 

EQG at Moderate Protection 

Metals 

   Cadmium: 14 µg/L 

   Chromium III: 49 µg/L 

   Chromium IV: 20 µg/L 

   Cobalt: 14 µg/L 

Intent: 

Verify no water contamination 

 

Tier 2 indicator (EQS): 

Toxicants in water for MEPA (EPA 

2015) – Table 2a – EQS for Moderate 

Protection 

 

EQS Moderate Protection 

 Bioavailable measures (EPA 2015 

Table 2a) 

 Indirect biological measures (EPA 

2015 Table 2a) 

 

Monitoring sites: 

 Water sampling at 3 sites in the 

MEPA 

  

 Monitoring frequency: 

 Triggered by EQG 

 Continue until in compliance with 

EQG 

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 
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Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

   Copper: 3 µg/L 

   Lead: 6.6 µg/L 

   Mercury (inorganic): 0.7 µg/L 

   Nickel: 200 µg/L 

   Silver: 1.8 µg/L 

   Vanadium: 160 µg/L 

   Zinc: 23 µg/L 

Organics 

   Benzene 900 µg/L 

   Napthalene: 90 µg/L 

   Pentachlorophenol: 33 µg/L 

 

Monitoring sites: 

 Water sampling at 3 sites in the 

MEPA 

  

 Monitoring frequency 

 Not required during breakwater 

construction 

 Fortnightly during dredging and 

reclamation 

  

Contingency Management: 

If EQG exceeded, monitor EQS 

 

 Visual check for source of 

contamination such as hydrocarbon 

leaks/spills 

Contingency Management: 

If EQS exceeded: 

 

 Investigate source of 

contamination 

 Reduce dredging 

Ecosystem Health Maintenance of 

ecosystem integrity 

Toxicant release 

during breakwater 

construction and 

dredging  

Causes water 

contamination 

HEPA – Outside 

Marina 

Rating: Moderate 

 

Rationale: 

Water quality EIA suggests 

toxicants within acceptable limits 

 

Best practice stormwater 

management 

 

Risk of minor spills and leaks 

during construction 

Intent: 

Verify no water contamination 

 

Tier 1 indicator (EQG): 

Toxicants in water for HEPA (EPA 2015) 

– Table 2a – Environmental quality 

criteria for protecting the marine 

ecosystem from the effects of toxicants 

in marine waters and sediment pore 

waters. 

 

95th percentile of the sample 

concentrations from a single site or a 

defined area should not exceed the EQG 

 

EQG at ZoMI/ZoI boundary 

Metals 

   Cadmium: 0.7 µg/L 

   Chromium III: 7.7 µg/L 

   Chromium IV: 0.14 µg/L 

   Cobalt: 1 µg/L 

   Copper: 0.3 µg/L 

   Lead: 2.2 µg/L 

   Mercury (inorganic): 0.1 µg/L 

   Nickel: 0.8 µg/L 

   Silver: 0.8 µg/L  

   Vanadium: 50 µg/L 

Intent: 

Verify no water contamination 

 

Tier 2 indicator (EQS): 

Toxicants in water for HEPA (EPA 

2015) – Table 2a – Environmental 

quality criteria for protecting the marine 

ecosystem from the effects of toxicants 

in marine waters and sediment pore 

waters. 

 

EQS High Protection 

 Bioavailable measures (EPA 2015 

Table 2a) 

 Indirect biological measures (EPA 

2015 Table 2a) 

 

Monitoring sites: 

 Water sampling at 3 sites on 

ZoMI/ZoI boundary 

  

Contingency Management: 

If EQS exceeded: 

 

 Establish EQG sites on ZoI 

boundary 

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 



 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

   Zinc: 7 µg/L 

Organics 

   Benzene 500 µg/L 

   Napthalene: 50 µg/L 

   Pentachlorophenol: 11 µg/L 

 

Monitoring sites: 

 Water sampling at 3 sites on 

ZoMI/ZoI boundary 

  

 Monitoring frequency: 

 Fortnightly during construction 

  

Contingency Management: 

 If EQG exceeded, monitor EQS 

 Water sampling at 3 reference sites 

outside ZoI 

 Visual check of silt curtain for plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

 Visual check for source of 

contamination such as hydrocarbon 

leaks/spills 

 Visual check for source of 

contamination such as 

hydrocarbon leaks/spills  

 Visual check of silt curtain for 

plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

 Reduce dredging 

Ecosystem Health Maintenance of 

ecosystem integrity 

Toxicant release 

during breakwater 

construction and 

dredging  

Causes sediment 

contamination 

MEPA – Inside 

Marina 

Rating: Moderate 

 

Sediment quality EIA suggests 

toxicants within acceptable limits 

 

Best practice stormwater 

management 

 

Risk of minor spills and leaks 

during construction 

Intent: 

Verify no sediment contamination 

 

Tier 1 indicator (EQG): 

Toxicants in sediments for moderate 

protection (EPA 2015; Table 3) - Median 

total contaminant concentration in 

sediments from a single site or a defined 

sampling area should not exceed the 

environmental EQG values below: 

 

Metals 

   Antimony: 2 mg/kg dry wt 

   Arsenic: 20 mg/kg dry wt 

   Cadmium: 1.5 mg/kg dry wt 

   Chromium: 80 mg/kg dry wt 

   Copper: 65 mg/kg dry wt 

   Lead: 50 mg/kg dry wt 

   Mercury (inorganic): 0.15 mg/kg dry wt 

   Nickel: 21 mg/kg dry wt 

   Silver: 1 mg/kg dry wt 

   Zinc: 200 mg/kg dry wt 

Organometals 

   TBT: 5  µg Sn/kg dry wt 

 

Monitoring sites: 

 3 sites in MEPA 

 

Monitoring frequency: 

 Not required during breakwater 

construction 

Intent: 

Verify no sediment contamination 

 

Tier 2 indicator (EQS): 

EQS for moderate protection 

 Bioavailable measures (EPA 2015 

Table 3) 

 Porewater measures (EPA 2015 

Table 3) 

 Indirect biological measures (EPA 

2015 Table 3) 

 

Monitoring sites: 

 3 sites in MEPA 

 

Contingency Management: 

If EQS exceeded: 

 Investigate source of 

contamination 

 Reduce dredging 

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 
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Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

 Fortnightly during dredging and 

reclamation 

 

Contingency Management: 

 If EQG exceeded, monitor EQS 

 Visual check for source of 

contamination such as hydrocarbon 

leaks/spills 

Ecosystem Health Maintenance of 

ecosystem integrity 

Toxicant release 

during breakwater 

construction and 

dredging  

Causes sediment 

contamination 

HEPA – Outside 

Marina 

Rating: Moderate 

 

Sediment quality EIA suggests 

toxicants within acceptable limits 

 

Best practice stormwater 

management 

 

Risk of minor spills and leaks 

during construction 

Intent: 

Verify no sediment contamination 

 

Tier 1 indicator (EQG): 

Toxicants in sediments for high 

protection (EPA 2015; Table 3) - Median 

total contaminant concentration in 

sediments from a single site or a defined 

sampling area should not exceed the 

environmental EQG values below: 

 

Metals 

   Antimony: 2 mg/kg dry wt 

   Arsenic: 20 mg/kg dry wt 

   Cadmium: 1.5 mg/kg dry wt 

   Chromium: 80 mg/kg dry wt 

   Copper: 65 mg/kg dry wt 

   Lead: 50 mg/kg dry wt 

   Mercury (inorganic): 0.15 mg/kg dry wt 

   Nickel: 21 mg/kg dry wt 

   Silver: 1 mg/kg dry wt 

   Zinc: 200 mg/kg dry wt 

Organometals 

   TBT: 5  µg Sn/kg dry wt 

 

Monitoring sites: 

 Sediment sampling at 3 sites on 

ZoMI/ZoI boundary 

  

 Monitoring frequency: 

 Fortnightly during construction 

  

Contingency Management: 

 If EQG exceeded, monitor EQS 

 Sediment sampling at 3 reference 

sites outside ZoI 

 Visual check of silt curtain for plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

 Visual check for source of 

contamination such as hydrocarbon 

leaks/spills 

Intent: 

Verify no sediment contamination 

 

Tier 2 indicator (EQS): 

EQS for moderate protection 

 Bioavailable measures (EPA 2015 

Table 3) 

 Porewater measures (EPA 2015 

Table 3) 

 Indirect biological measures (EPA 

2015 Table 3) 

 

Monitoring sites: 

 Sediment sampling at 3 sites on 

ZoMI/ZoI boundary 

 

Contingency Management: 

If EQS exceeded: 

 Establish EQG sites on ZoI 

boundary 

 Visual check for source of 

contamination such as 

hydrocarbon leaks/spills  

 Visual check of silt curtain for 

plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

 Reduce dredging 

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 

Fishing and 

Aquaculture 

Maintenance of 

aquatic life for human 

consumption 

Biological (faeces) 

contaminant release 

during breakwater 

construction and 

Causes seafood 

contamination 

Inside and Outside 

of Marina 

Rating: Negligible 

 

Rationale: 

No significant sources of 

   



 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

dredging  biological contaminants (faeces) 

during construction 

Fishing and 

Aquaculture 

Maintenance of 

aquatic life for human 

consumption 

Chemical contaminant 

release during 

breakwater 

construction and 

dredging  

Causes seafood 

contamination 

Outside of Marina 

(assume no fishing 

inside of Marina 

during 

construction) 

Rating: Moderate 

 

Rationale: 

 

Potential sources of chemical 

contaminants during 

construction, including minor 

spills and leaks 

Intent:  

Verify no seafood contamination 

 

Tier 1 indicator (EQG): 

Ecosystem health monitoring for water 

and sediment 

 

Monitoring sites: 

Ecosystem health monitoring for water 

and sediment 

 

Contingency Management: 

If EQG exceeded, monitor EQS 

Intent: 

Verify no seafood contamination 

 

Tier 2 indicator (EQS): 

EQG for chemicals in seafood flesh 

(EPA 2015; Table 4). 

 

Median chemical concentration in the 

flesh of seafood should not exceed the 

EQG for seafood contamination in 

flesh: 

   Copper: 

      Crustacea: 20 mg/kg 

      Fish: 2 mg/kg 

      Molluscs: 30 mg/kg 

   Selenium: 

      Crustacea/molluscs: 1 mg/kg 

      Fish: 2 mg/kg 

   Zinc: 

      Crustacea: 40 mg/kg 

      Fish: 15 mg/kg 

      Oysters: 290 mg/kg 

 

Monitoring sites: 

Opportunistic collection of crustacean 

(crabs & lobsters), fish, molluscs and 

oysters within ZoMI. 

 

Contingency Management: 

If EQG for seafood contamination in 

flesh exceeded, monitor EQS for 

seafood contamination in flesh: 

   Arsenic 

      Crustacea and fish: 2 mg/kg 

      Molluscs: 1 mg/kg 

   Cadmium 

      Molluscs: 2 mg/kg 

   Lead 

      Fish: 0.5 mg/kg 

      Molluscs: 2.0 mg/kg 

   Mercury 

      Crustacea, molluscs, fish: 0.5 

mg/kg (mean level) 

 

 Visual check for source of 

contamination such as 

hydrocarbon leaks/spills  

 Visual check of silt curtain for 

plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

 Reduce dredging 

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 
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Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

Fishing and 

Aquaculture 

Maintenance of 

aquaculture 

There are no 

aquaculture operations 

within proximity of the 

Project.   

Should future 

aquaculture operations 

be approved within the 

vicinity of the Project, 

then EQC may need to 

be developed to 

ensure that water 

quality is sufficient for 

those operations.   

Outside of Marina 

(no aquaculture 

operations inside 

of Marina) 

Rating: Negligible 

 

Rationale: 

Compliance with EQC to protect 

the EV of Ecosystem Health 

serves as a proxy to maintain 

water quality suitable for 

aquaculture operations. 

   

Recreation and 

Aesthetics 

Maintenance of 

primary contact 

recreation values 

Breakwater 

construction and 

dredging causing 

turbid plumes 

Causes decrease in 

water clarity unsuitable 

for primary contact 

recreation 

Outside of Marina 

(assume no 

primary contact 

recreation inside 

of Marina during 

construction) 

Rating: Moderate 

 

Rationale: 

TSS modelling does not predict 

impacts of turbid plume on 

primary contact areas outside of 

the Marina 

Intent: 

Verify TSS model – monitor TSS at 

ZoMI/ZoI boundary 

 

Tier 1 indicator (EQG): 

Refer to Ecosystem Health monitoring for 

water quality (TSS) 

 

Monitoring sites: 

Refer to Ecosystem Health monitoring for 

water quality (TSS) 

 

Contingency Management: 

If EQG Ecosystem Health monitoring for 

water quality (TSS) exceeded, monitor 

EQS 

Intent: 

Monitor water clarity at ZoMI/ZoI 

boundary and primary contact areas 

 

Tier 2 indicator (EQS): 

Secchi depth must exceed 1.6 m (EPA 

2015; Table 6) 

 

Monitoring sites: 

3 sites on ZoMI/ZoI boundary 

 

Contingency Management: 

If EQS exceeded: 

 

 Monitor sites on ZoI boundary 

 Monitor sites in proximity to 

recreational beaches 

 Visual check of silt curtain for 

plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

 Reduce dredging 

 

Recreation and 

Aesthetics 

Maintenance of 

primary and 

secondary contact 

recreation values 

Biological (faeces) or 

chemical contaminant 

release during 

breakwater 

construction and 

dredging  

Causes water not 

suitable for primary or 

secondary contact 

recreation 

Outside of Marina 

(assume no 

primary or 

secondary contact 

recreation inside 

of Marina during 

construction) 

Rating: Negligible 

 

Rationale: 

No significant sources of 

biological contaminants (faeces) 

during construction 

   

Recreation and 

Aesthetics 

Maintenance of 

primary contact 

recreation values 

Chemical contaminant 

release during 

breakwater 

construction and 

dredging  

Causes water not 

suitable for primary or 

secondary contact 

recreation 

Outside of Marina 

(assume no 

primary or 

secondary contact 

recreation inside 

of Marina during 

construction) 

Rating: Moderate 

 

Rationale: 

Potential sources of chemical 

contaminants during 

construction, including minor 

spills and leaks 

Intent: 

Verify no water contamination 

 

Tier 1 indicator (EQG): 

Contaminants of concern in water (EPA 

2015; Table 6 – Toxic Chemicals) 

 

The 95th percentile of the sample 

concentrations from the area of concern 

(either from one sample run or from a 

single site over an agreed period of time) 

should not exceed the EQG values 

below: 

 

Antimony: 30 µg/L 

Arsenic: 70 µg/L 

Intent: 

Verify no water contamination 

 

Tier 2 indicator (EQS): 

EQS from EPA 2015 for primary 

contact; Table 6G. 

 

DoH should be consulted for advice on 

setting an appropriate EQS that 

protects recreational users and any 

further investigations that would be 

necessary 

 

Contingency Management: 

If EQS exceeded: 

 Monitor sites in proximity to 

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 



 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

Barium: 7000 µg/L 

Boron: 40 000 µg/L 

Bromate: 200 µg/L 

Cadmium: 20 µg/L 

Chlorite: 3000 µg/L 

Chromium: 500 µg/L 

Copper: 20 000 µg/L 

Cyanide: 800 µg/L 

Fluorine: 15 000 µg/L 

Iodine: 1000 µg/L 

Lead: 100 µg/L 

Managanese: 5000 µg/L 

Mercury: 10 µg/L 

Molybdenum: 500 µg/L 

Monochloramine: 30 000 µg/L 

Nickel: 200 µg/L 

Nitrate: 500 000 µg/L 

Nitrite: 30 000 µg/L 

Selenium: 100 µg/L 

Sulfate: 5 000 000 µg/L 

 

Monitoring sites: 

3 sites at ZoMI/ZoI boundary 

 

Frequency: 

Fortnightly during construction 

 

Contingency Management: 

If EQG exceeded, monitor EQS 

recreational beaches 

 Visual check of silt curtain for 

plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

 Reduce dredging 

Recreation and 

Aesthetics 

Maintenance of 

secondary contact 

recreation values 

Chemical contaminant 

release during 

breakwater 

construction and 

dredging  

Causes water not 

suitable for primary or 

secondary contact 

recreation 

Outside of Marina 

(assume no 

primary or 

secondary contact 

recreation inside 

of Marina during 

construction) 

Rating: Moderate 

 

Rationale: 

Potential sources of chemical 

contaminants during 

construction, including minor 

spills and leaks 

Intent: 

Verify no water contamination 

 

Tier 1 indicator (EQG): 

Contaminants of concern in water (EPA 

2015; Table 7 – Toxic Chemicals) 

 

Water should contain no chemicals at 

concentrations that can irritate the skin of 

the human body 

 

Monitoring sites: 

Monitor reports from public 

 

Frequency: 

As reported by public 

 

Contingency Management: 

If EQG exceeded, monitor EQS 

Intent: 

Verify no water contamination 

 

Tier 2 indicator (EQS): 

The Health Department of WA should 

be consulted for advice on setting an 

appropriate EQS that protects 

recreational users and any further 

investigations that would be necessary 

 

Contingency Management: 

If EQS exceeded: 

 Monitor sites in proximity to 

recreational beaches 

 Visual check of silt curtain for 

plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

 Reduce dredging 

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 

Recreation and 

Aesthetics 

Maintenance of 

aesthetic values 

Breakwater 

construction and 

dredging activities 

Visual impacts from 

TSS plume or minor 

spills and leaks 

unsuitable for 

aesthetic values 

Outside of Marina 

(assume aesthetic 

values relaxed 

inside of Marina 

during 

construction) 

Rating: Moderate 

 

Rationale: 

Potential sources of chemical 

contaminants during 

construction, including minor 

Intent: 

Verify visual TSS plume and potential 

other aesthetic impacts not greater than 

predicted 

 

Tier 1 indicator (EQG): 

Intent: 

Verify visual TSS plume and potential 

other aesthetic impacts not greater 

than predicted 

 

Tier 2 indicator (EQS): 

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 
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Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

spills and leaks  TSS (Ecosystem Health) – refer 

above 

 Nuisance organisms: macrophytes, 

phytoplankton scums, filamentous 

algal mats, blue-green algae and 

sewage, should not be present in 

excessive amounts 

 Faunal deaths: there should be no 

reported incidents of large scale 

deaths of marine organisms relating 

from unnatural cuases 

 Water clarity: the natural visual 

clarity of the water should not be 

reduced by more than 20% 

 Colour: the natural hue of the water 

should not be changes by more than 

ten points on the Munsell scale 

 Surface films: oil and petrochemicals 

should not be noticeable as a visual 

film on the water or detectable by 

odour 

 Surface debris: water surfaces 

should be free of floating debris, 

dust and other objectional matter 

including substances that cause 

foaming 

 Odour: there should be no 

objectional odours 

 Concentrations of contaminants will 

not exceed the EQG for tainting 

substances (EPA 2015; Table 8J) 

 

Monitoring sites: 

Three sites on ZoMI/ZoI boundary 

 

Frequency  

Fortnightly during construction 

 

Contingency Management: 

If EQG exceeded, monitor EQS 

TSS (Ecosystems Health) – refer 

above 

 

There should be no overall decrease 

in the aesthetic water quality values 

using direct measures of the 

communities perception of aesthetic 

value for the factors: 

  

 Nuisance organisms:  

 Faunal deaths: 

 Water clarity 

 Colour  

 Surface films 

 Surface debris 

 Odour 

 

There should be no detectable tainting 

of edible fish harvested 

 

Monitoring sites: 

Three sites on ZoMI/ZoI boundary 

 

Frequency  

When triggered  

 

Contingency Management: 

If EQS exceeded: 

 Visual check for source of 

contamination such as 

hydrocarbon leaks/spills  

 Visual check of silt curtain for 

plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

 Reduce dredging 

Cultural and Spiritual 

Maintenance of 

cultural and spiritual 

values 

Breakwater 

construction and 

dredging activities 

It is deemed that the 

protection of 

ecosystem, 

recreational, fishing 

and aesthetic values 

offers assurance and a 

proxy towards 

protecting the fauna, 

flora, habitats and 

recreation values of 

cultural and spiritual 

importance 

Inside and Outside 

of Marina 

Rating: Negligible 

 

Rationale: 

Compliance with EQC to protect 

the EVs of Ecosystem Health, 

Fishing, Recreation and 

Aesthetics serves as a proxy to 

maintain water quality suitable for 

aquaculture operations. 

   

Industrial Water 

Supply 

Maintenance of 

industrial water 

There are no industrial 

water uses within 

Should future 

industrial water uses 

Inside and Ouside 

of Marina 

Rating: Negligible 

 
   



 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

supply values proximity of the Project be approved within the 

vicinity of the Project, 

then EQC may need to 

be developed to 

ensure that water 

quality is sufficient for 

those uses.   

Rationale: 

Compliance with EQC to protect 

the EV of Ecosystem Health 

serves as a proxy to maintain 

water quality suitable for 

aquaculture operations. 

Reference: 

EPA (2015) Environmental quality criteria reference document for Cockburn Sound. Environmental Protection Authority, Perth, Western Australia, March 2015. 
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Environmental Factor: Marine Environmental Quality – Operation of Marina 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

Ecosystem Health 
Maintenance of 

ecosystem integrity 

Operation of marina 

causing nutrient 

release 

(eutrophication) 

Causes algal growth, 

shading and BPPH 

loss 

HEPA – Outside 

Marina 

Rating: Moderate 

 

Rationale: 

Ecological modelling does not 

predict impacts of algal plume on 

BPPH outside of the ZoHI/ZoMI 

Intent: 

Verify ecological model – monitor algal 

concentration at HEPA-MEPA boundary  

 

Tier 1 indicator (EQG): 

Algal concentration ≤0.01 mgC/m
3 

at 

HEPA/MEPA boundary 

 

Monitoring sites: 

3 sites on HEPA-MEPA boundary 

 

Monitoring frequency: 

Immediately after breakwater 

construction, monthly for 2 years. 

 

Contingency Management: 

If EQG exceeded: 

 Monitor EQS 

Intent: 

Monitor algal concentration at BPPH 

sites 

 

Tier 2 indicator (EQS): 

Algal concentration ≤0.01 mgC/m
3 

in 

ZoI 

 

Monitoring sites: 

In ZoI where BPPH is present (i.e. 

seagrass on habitat map). 

 

Contingency Management: 

If EQS exceeded: 

 Monitor BPPH health 

 

Ecosystem Health 
Maintenance of 

ecosystem integrity 

Operation of marina 

causing nutrient 

release 

(eutrophication) 

Causes algal growth, 

shading and BPPH 

loss 

MEPA – Inside 

Marina 

Rating: Negligible 

 

Rationale: 

Assume BPPH Zone of Loss 

within ZoHI/ZoMI 

 

   

Ecosystem Health 
Maintenance of 

ecosystem integrity 

Operation of marina 

causing nutrient 

release 

(eutrophication) 

Causes algal growth, 

collapse and anoxia 

MEPA – Inside 

Marina 

Rating: Moderate 

 

Rationale: 

Ecological modelling does not 

suggest impacts of algal plume 

on DO inside harbour 

Intent: 

Verify ecological model – monitor 

dissolved oxygen (DO) in MEPA  

 

Tier 1 indicator (EQG): 

EQG for DO concentration (EPA 2015; 

Table 1b) 

The median DO concentration in 

bottom waters at a site, calculated 

over a period of no more than one 

week, is greater than 80% (moderate 

protection) 

 

Monitoring sites: 

Three sites in MEPA 

 

Monitoring Frequency: 

Immediately after breakwater 

construction, monthly for 2 years 

 

Contingency Management: 

If EQG exceeded: 

Monitor EQS 

Intent: 

Verify ecological model – monitor 

dissolved oxygen (DO) in MEPA  

 

Tier 2 indicator (EQS): 

EQS for DO concentration (EPA 

2015; Table 1aD) 

The median DO concentration in 

bottom waters at a site, calculated 

over a period of no more than one 

week, is greater than 60% (moderate 

protection) 

 

Monitoring sites: 

Three sites in MEPA 

 

Monitoring Frequency: 

When triggered 

 

Contingency Management: 

 Contact OEPA 

 Management response required 

in relation to potential 

ecosystem health decline – 

management of anoxia required  

 

Ecosystem Health 
Maintenance of 

ecosystem integrity 

Operation of marina 

causing nutrient 

release 

Causes algal growth, 

collapse and anoxia 

HEPA – Outside 

Marina 

Rating: Moderate 

 

Rationale: 

Intent: 

Verify ecological model – monitor 

dissolved oxygen (DO) in HEPA  

Intent: 

Verify ecological model – monitor 

dissolved oxygen (DO) in MEPA  

 



 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

(eutrophication) Ecological modelling does not 

suggest impacts of algal plume 

on DO outside harbour 

 

Tier 1 indicator (EQG): 

EQG for DO concentration (EPA 2015; 

Table 1b) 

The median DO concentration in 

bottom waters at a site, calculated 

over a period of no more than one 

week, is greater than 90% (high 

protection) 

 

Monitoring sites: 

Three sites on HEPA-MEPA boundary 

 

Monitoring Frequency: 

Immediately after breakwater 

construction, monthly for 2 years 

 

Contingency Management: 

If EQG exceeded: 

Monitor EQS 

 

Tier 2 indicator (EQS): 

EQS for DO concentration (EPA 

2015; Table 1aD) 

The median DO concentration in 

bottom waters at a site, calculated 

over a period of no more than one 

week, is greater than 60% (high 

protection) 

 

Monitoring sites: 

Three sites on HEPA-MEPA boundary 

 

Monitoring Frequency: 

When triggered 

 

Contingency Management: 

 Contact OEPA 

 Management response required 

in relation to potential 

ecosystem health decline – 

management of anoxia required 

Ecosystem Health Maintenance of 

ecosystem integrity 

Toxicant release 

during marina 

operation 

Causes water 

contamination 

MEPA – Inside 

Marina 

Rating: Moderate 

 

Rationale: 

Water quality EIA suggests 

toxicants within acceptable limits 

 

Best practice stormwater 

management 

 

Risk of minor spills and leaks 

during operations 

Intent: 

Verify no water contamination 

 

Tier 1 indicator (EQG): 

Toxicants in water for MEPA (EPA 2015) 

– Table 2a – Environmental quality 

criteria for protecting the marine 

ecosystem from the effects of toxicants 

in marine waters and sediment pore 

waters – EQG for Moderate Protection 

 

 

95th percentile of the sample 

concentrations from a single site or a 

defined area should not exceed the EQG 

 

EQG at Moderate Protection 

Metals 

   Cadmium: 14 µg/L 

   Chromium III: 49 µg/L 

   Chromium IV: 20 µg/L 

   Cobalt: 14 µg/L 

   Copper: 3 µg/L 

   Lead: 6.6 µg/L 

   Mercury (inorganic): 0.7 µg/L 

   Nickel: 200 µg/L 

   Silver: 1.8 µg/L 

   Vanadium: 160 µg/L 

   Zinc: 23 µg/L 

Organics 

   Benzene 900 µg/L 

   Napthalene: 90 µg/L 

   Pentachlorophenol: 33 µg/L 

Intent: 

Verify no water contamination 

 

Tier 2 indicator (EQS): 

Toxicants in water for MEPA (EPA 

2015) – Table 2a – EQS for Moderate 

Protection 

 

EQS Moderate Protection 

 Bioavailable measures (EPA 2015 

Table 2a) 

 Indirect biological measures (EPA 

2015 Table 2a) 

 

Monitoring sites: 

 Water sampling at 3 sites in the 

MEPA 

  

 Monitoring frequency: 

 Triggered by EQG 

 Continue until in compliance with 

EQG 

Contingency Management: 

If EQS exceeded: 

 

 Investigate source of 

contamination 

  

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 
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Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

 

Monitoring sites: 

 Water sampling at 3 sites in the 

MEPA 

  

 Monitoring frequency 

 Immediately after breakwater 

construction, quarterly for 2 years 

  

Contingency Management: 

If EQG exceeded, monitor EQS 

 

 Visual check for source of 

contamination such as hydrocarbon 

leaks/spills 

Ecosystem Health Maintenance of 

ecosystem integrity 

Toxicant release 

during marina 

operation 

Causes water 

contamination 

HEPA – Outside 

Marina 

Rating: Moderate 

 

Rationale: 

Water quality EIA suggests 

toxicants within acceptable limits 

 

Best practice stormwater 

management 

 

Risk of minor spills and leaks 

during operations 

Intent: 

Verify no water contamination 

 

Tier 1 indicator (EQG): 

Toxicants in water for HEPA (EPA 2015) 

– Table 2a – Environmental quality 

criteria for protecting the marine 

ecosystem from the effects of toxicants 

in marine waters and sediment pore 

waters. 

 

95th percentile of the sample 

concentrations from a single site or a 

defined area should not exceed the EQG 

 

EQG at High Protection 

Metals 

   Cadmium: 0.7 µg/L 

   Chromium III: 7.7 µg/L 

   Chromium IV: 0.14 µg/L 

   Cobalt: 1 µg/L 

   Copper: 0.3 µg/L 

   Lead: 2.2 µg/L 

   Mercury (inorganic): 0.1 µg/L 

   Nickel: 0.8 µg/L 

   Silver: 0.8 µg/L  

   Vanadium: 50 µg/L 

   Zinc: 7 µg/L 

Organics 

   Benzene 500 µg/L 

   Napthalene: 50 µg/L 

   Pentachlorophenol: 11 µg/L 

 

Monitoring sites: 

 Water sampling at 3 sites on the 

HEPA-MEPA boundary 

  

 Monitoring frequency: 

 Immediately after breakwater 

Intent: 

Verify no water contamination 

 

Tier 2 indicator (EQS): 

Toxicants in water for HEPA (EPA 

2015) – Table 2a – Environmental 

quality criteria for protecting the marine 

ecosystem from the effects of toxicants 

in marine waters and sediment pore 

waters. 

 

EQS at High Protection 

 Bioavailable measures (EPA 2015 

Table 2a) 

 Indirect biological measures (EPA 

2015 Table 2a) 

 

Monitoring sites: 

 Water sampling at 3 sites on the 

HEPA-MEPA boundary 

  

Contingency Management: 

If EQS exceeded: 

 

 Investigate source of 

contamination 

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 



 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

construction, quarterly for 2 years 

  

Contingency Management: 

 If EQG exceeded, monitor EQS 

 Water sampling at 3 reference sites 

outside ZoI 

 Visual check of seawall for plume 

 Visual check for source of 

contamination such as hydrocarbon 

leaks/spills 

Ecosystem Health Maintenance of 

ecosystem integrity 

Toxicant release 

during marina 

operation  

Causes sediment 

contamination 

MEPA – Inside 

Marina 

Rating: Moderate 

 

Sediment quality EIA suggests 

toxicants within acceptable limits 

 

Best practice stormwater 

management 

 

Risk of minor spills and leaks 

during operations 

Intent: 

Verify no sediment contamination 

 

Tier 1 indicator (EQG): 

Toxicants in sediments for moderate 

protection (EPA 2015; Table 3) - Median 

total contaminant concentration in 

sediments from a single site or a defined 

sampling area should not exceed the 

environmental EQG values below: 

 

Metals 

   Antimony: 2 mg/kg dry wt 

   Arsenic: 20 mg/kg dry wt 

   Cadmium: 1.5 mg/kg dry wt 

   Chromium: 80 mg/kg dry wt 

   Copper: 65 mg/kg dry wt 

   Lead: 50 mg/kg dry wt 

   Mercury (inorganic): 0.15 mg/kg dry wt 

   Nickel: 21 mg/kg dry wt 

   Silver: 1 mg/kg dry wt 

   Zinc: 200 mg/kg dry wt 

Organometals 

   TBT: 5  µg Sn/kg dry wt 

 

Monitoring sites: 

 3 sites in MEPA 

 

Monitoring frequency: 

 Immediately after breakwater 

construction, annually for 2 years 

 

Contingency Management: 

 If EQG exceeded, monitor EQS 

 Visual check for source of 

contamination such as hydrocarbon 

leaks/spills 

Intent: 

Verify no sediment contamination 

 

Tier 2 indicator (EQS): 

EQS for moderate protection 

 Bioavailable measures (EPA 2015 

Table 3) 

 Porewater measures (EPA 2015 

Table 3) 

 Indirect biological measures (EPA 

2015 Table 3) 

 

Monitoring sites: 

 3 sites in MEPA 

 

Contingency Management: 

If EQS exceeded: 

 Investigate source of 

contamination 

  

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 

Ecosystem Health Maintenance of 

ecosystem integrity 

Toxicant release 

during marina 

operation  

Causes sediment 

contamination 

HEPA – Outside 

Marina 

Rating: Moderate 

 

Sediment quality EIA suggests 

toxicants within acceptable limits 

 

Best practice stormwater 

management 

Intent: 

Verify no sediment contamination 

 

Tier 1 indicator (EQG): 

Toxicants in sediments for high 

protection (EPA 2015; Table 3) - Median 

total contaminant concentration in 

Intent: 

Verify no sediment contamination 

 

Tier 2 indicator (EQS): 

EQS for moderate protection 

 Bioavailable measures (EPA 2015 

Table 3) 

Contaminants of 

concern only – 

the list of 

contaminants 

may be 

rationalised 
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Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

 

Risk of minor spills and leaks 

during operations 

sediments from a single site or a defined 

sampling area should not exceed the 

environmental EQG values below: 

 

Metals 

   Antimony: 2 mg/kg dry wt 

   Arsenic: 20 mg/kg dry wt 

   Cadmium: 1.5 mg/kg dry wt 

   Chromium: 80 mg/kg dry wt 

   Copper: 65 mg/kg dry wt 

   Lead: 50 mg/kg dry wt 

   Mercury (inorganic): 0.15 mg/kg dry wt 

   Nickel: 21 mg/kg dry wt 

   Silver: 1 mg/kg dry wt 

   Zinc: 200 mg/kg dry wt 

Organometals 

   TBT: 5  µg Sn/kg dry wt 

 

Monitoring sites: 

 Sediment sampling at 3 sites on 

HEPA-MEPA boundary 

  

 Monitoring frequency: 

 Immediately after breakwater 

construction, annually for 2 years 

  

Contingency Management: 

 If EQG exceeded, monitor EQS 

 Sediment sampling at 3 reference 

sites outside ZoI 

 Visual check of seawall for plume 

 Visual check for source of 

contamination such as hydrocarbon 

leaks/spills 

 Porewater measures (EPA 2015 

Table 3) 

 Indirect biological measures (EPA 

2015 Table 3) 

 

Monitoring sites: 

 Sediment sampling at 3 sites on 

HEPA-MEPA boundary 

 

Contingency Management: 

If EQS exceeded: 

 Establish EQG sites on ZoI 

boundary 

 Investigate source of 

contamination 

  

Fishing and 

Aquaculture 

Maintenance of 

aquatic life for human 

consumption 

Operation of marina 

causing nutrient 

release 

(eutrophication) 

Causes algal growth of 

toxic species and 

seafood contamination 

Inside and Outside 

of Marina 

Rating: Moderate 

 

Rationale: 

No history of problematic toxic 

algal blooms 

 

Ecological modelling does not 

suggest impacts of algal plume 

outside or inside harbour 

Intent: 

Monitor algal toxins inside the Marina  

 

Tier 1 indicator (EQG): 

Concentrations of toxic algae should 

not exceed the following 

environmental quality guideline 

values in any samples (EPA 2015, 

Table 4) 

 

Alexandrium : 100 cells/L 

(A. acatenella, A. catenella, A. 

cohorticula, A.fundyense, A.lusitanucum, 

A. minitum, A. ostenfeldii, A. 

tamiyavanachi, A. tamarense) 

 

Dinophysis: 500 cells/L 

(D. acuta, D. fortii, D. norvegica) 

(Dinophysis acuminate: 30000 cells/L) 

 

Prorocentrum: 500 cells/L 

Intent: 

Monitor algal toxins inside and outside 

the Marina 

 

Tier 2 indicator (EQS): 

Toxin concentration in seafood should 

not exceed the following environmental 

quality standards in any samples 

(EPA 2015, Table 4) 

 

Paralytic shellfish poison (PSP): 0.8 mg 

Saxitoxin eq./kg 

 

Diarrhoetic shellfish poison (DSP): 0.2 

mg/kg 

 

Neurotoxic shellfish poison (NSP): 200 

mouse units/kg 

 

Amnesic shellfish poison (ASP) 

(domoic acid): 20 mg/kg 

Species and 

toxicants of 

concern only – 

the list may be 

rationalised 



 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

(P. lima) 

 

Gymnodinium: 1000 cells/L 

(G. catenatum) 

 

Karenia: 1000 cells/L 

(K. brevis, K. brevis-like, K. mikimotoi) 

 

Pseudonitzchia: 250,000 cells/L 

(P. australis, P. pungens, P. turgidula, P. 

fraudulenta, P. delicatissima, P. 

pseudodelicatissima) 

 

Gonyaulax cf. Spinifera: 100 cells/L 

 

Protoceratium reticulatum (Gonyaulax 

grindley): 500 cells/L 

 

Monitoring sites: 

3 sites inside the Marina 

 

Monitoring frequency: 

Immediately after breakwater 

construction, quarterly for 2 years 

 

Contingency Management: 

If EQG exceeded: 

 Monitor EQG at sites outside the 

Marina 

 Monitor EQS 

 

Yessotoxins: 1 mg Yessotoxin eq./kg 

 

Monitoring sites: 

 3 sites inside the Marina 

 3 sites outside Marina (compare 

against EQG) 

 

Contingency Management: 

If EQS exceeded: 

 Contact DoH; Management 

response required in relation to 

potential risk to public health 

 Outside marina, compare to 

EQS; if exceeded, then contact 

DoH; Management response 

required in relation to potential 

risk to public health 

Fishing and 

Aquaculture 

Maintenance of 

aquatic life for human 

consumption 

Biological (faeces) 

contaminant release 

during operation of 

Marina (e.g. swimming 

and boat sullage) 

Causes seafood 

contamination 

Inside and Outside 

of Marina 

Rating: Moderate 

 

Rationale: 

Human use of Marina, including 

swimming and boat sullage may 

introduce biological (faecal) 

contaminants 

Intent: 

Monitor biological (faecal) contaminants 

inside the Marina  

 

Tier 1 indicator (EQG) 

From Table 4 of EPA (2015): 

 

The median or geometric mean faecal 

coliform concentration in samples 

from a single sitemust not exceed 14 

CFU/100mL and the estimated 90th 

percentile must not exceed 21 

CFU/100 mL measured using the 

membrane filtration method. 

  or 

The median or geometric mean faecal 

coliform concentration in samples 

from a single site must not exceed 14 

MPN/100 mL and the estimated 90th 

percentile must not exceed 43 

MPN/100 mL measured using a 5 tube 

decimal dilution test, or 49 MPN/100 

mL measured using a 3 tube decimal 

dilution test. 

  or 

Intent: 

Monitor biological (faecal) 

contaminants inside and outside the 

Marina 

 

Tier 2 indicator (EQS): 

From Table 4 of EPA (2015): 

 

The median or geometric mean faecal 

coliform concentration in samples from 

a single site must not exceed 70 

CFU/100 mL and the estimated 90th 

percentile must not exceed 85 

CFU/100 mL measured using the 

membrane filtration method. 

  or 

The median or geometric mean faecal 

coliform concentration in samples from 

a single site must not exceed 88 

MPN/100 mL and the estimated 90th 

percentile must not exceed 260 

MPN/100 mLmeasured using a 5 tube 

decimal dilution test, or 300 MPN/100 

mL measured using a 3 tube decimal 

dilution test. 
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Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

The median or geometric mean total 

coliform concentration in samples 

from a single site must not exceed 70 

MPN/100 mL and the estimated 90th 

percentile must not exceed 230 

MPN/100 mL measured using a 5 tube 

decimal dilution test, or 330 MPN/100 

mL measured using a 3 tube decimal 

dilution test. 

 

Monitoring sites: 

3 sites inside the Marina 

 

Monitoring frequency: 

Immediately after commissioning, 

quarterly for 2 years 

 

Contingency Management: 

If EQG exceeded: 

 Monitor EQG at 3 sites outside the 

Marina  

 Monitor EQS 

  or 

The median or geometric mean total 

coliform concentration in samples from 

a single site must not exceed 700 

MPN/100 mL and the estimated 90th 

percentile must not exceed 2300 

MPN/100 mL measured using a 5 tube 

decimal dilution test, or 3300 MPN/100 

mL measured using a 3 tube decimal 

dilution test. 

 

Monitoring sites: 

 3 sites inside the Marina 

 3 sites outside Marina (compare 

against EQG) 

 

 

Contingency Management: 

If EQS exceeded: 

 Contact DoH; Management 

response required in relation to 

potential risk to public health 

 Outside marina, compare to 

EQS; if exceeded, then contact 

DoH; Management response 

required in relation to potential 

risk to public health 

Recreation and 

Aesthetics 

Maintenance of 

primary contact 

recreation values 

Operation of marina 

causing nutrient 

release 

(eutrophication) 

Causes algal growth of 

toxic species and 

water to be not 

suitable for primary 

contact recreation 

Inside and Outside 

of Marina 

Rating: Moderate 

 

Rationale: 

No history of problematic toxic 

algal blooms 

 

Ecological modelling does not 

suggest impacts of algal plume 

outside or inside harbour 

Intent: 

Monitor algal toxins inside the Marina  

 

Tier 1 indicator (EQG) 

From Table 6 of EPA (2015): 

 

The phytoplankton cell count* from a 

single site, should not: 

– exceed 10 000 cells/mL; or 

– detect DoH watch list species or 

exceed their trigger levels. # 

 

There should be no reports of skin, 

eye or respiratory irritation or 

potential algal poisoning of 

recreational users considered by a 

medical practitioner as potentially 

resulting from toxic algae when less 

than 10 000 cells/mL is present in the 

water column. 

 

Monitoring sites: 

3 sites inside the Marina 

 

Monitoring frequency: 

Immediately after breakwater 

construction, quarterly for 2 years 

 

Intent: 

Monitor algal toxins inside and outside 

the Marina 

 

Tier 2 indicator (EQS) 

From Table 6 of EPA (2015): 

 

The phytoplankton cell count* from a 

single site, should not: 

– exceed 50 000 cells/mL; or 

– detect or exceed DoH watch list 

action levels. 

 

There should be no visual presence of 

algal scums† or relatively widespread 

visible presence of Lyngbya majuscula 

filaments (NHMRC 2008). 

 

There should be no confirmed 

incidences by report from a medical 

practitioner, of skin, eye or respiratory 

irritation, caused by toxic algae or of 

algal poisoning of recreational users. 

 

Monitoring sites: 

 3 sites inside the Marina 

 3 sites outside Marina (compare 

against EQG) 

* Phytoplankton 

cell counts 

include 

cyanobacteria 

and eukaryotic 

organisms. 

 

# Detection or 

exceedance of 

DOHWA watchlist 

trigger levels 

should trigger re-

sampling and a 

visual 

assessment of 

the site within 48 

hours for 

assessment 

against EQS B 

and C. 

 

† Algal scums are 

defined as dense 

accumulations of 

algal cells at or 

near the surface 

of the water 

forming a layer of 



 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

Contingency Management: 

If EQG exceeded: 

 Monitor EQG at sites outside the 

Marina 

 Monitor EQS 

 

Contingency Management: 

If EQS exceeded: 

 Contact DoH; Management 

response required in relation to 

potential risk to public health 

 Outside marina, compare to 

EQS; if exceeded, then contact 

DoH; Management response 

required in relation to potential 

risk to public health 

distinct 

discolouration 

(green, blue, 

brown or red) 

(Gov QLD, 2002). 

Recreation and 

Aesthetics 

Maintenance of 

secondary contact 

recreation values 

Operation of marina 

causing nutrient 

release 

(eutrophication) 

Causes algal growth of 

toxic species and 

water to be not 

suitable for secondary 

contact recreation 

Inside and Outside 

of Marina 

Rating: Moderate 

 

Rationale: 

No history of problematic toxic 

algal blooms 

 

Ecological modelling does not 

suggest impacts of algal plume 

outside or inside harbour 

Intent: 

Monitor algal toxins inside the Marina  

 

Tier 1 indicator (EQG) 

From Table 7 of EPA (2015): 

 

The median phytoplankton cell count* for 

a defined sampling area (either from one 

sampling run or from a single site over 

an agreed period of time) should not 

exceed 25 000 cells/mL. 

 

There should be no reports of skin, eye 

or respiratory irritation or potential algal 

poisoning of recreational users 

considered by a medical practitioner as 

potentially resulting from toxic algae 

when less than 25 000 cells/mL is 

present in the water. 

 

Monitoring sites: 

3 sites inside the Marina 

 

Monitoring frequency: 

Immediately after breakwater 

construction, quarterly for 2 years 

 

Contingency Management: 

If EQG exceeded: 

 Monitor EQG at sites outside the 

Marina 

 Monitor EQS 

Intent: 

Monitor algal toxins inside and outside 

the Marina 

 

Tier 2 indicator (EQS) 

From Table 7 of EPA (2015): 

 

There should be no confirmed 

incidences, by report from a medical 

practitioner, of skin, eye or respiratory 

irritation or poisoning in secondary 

contact recreational users caused by 

toxic algae or chemical contaminants. 

 

Monitoring sites: 

 3 sites inside the Marina 

 3 sites outside Marina (compare 

against EQG) 

 

Contingency Management: 

If EQS exceeded: 

 Contact DoH; Management 

response required in relation to 

potential risk to public health 

 Outside marina, compare to 

EQS; if exceeded, then contact 

DoH; Management response 

required in relation to potential 

risk to public health 

* Phytoplankton 

cell counts 

include 

cyanobacteria 

and eukaryotic 

organisms. 

Recreation and 

Aesthetics 

Maintenance of 

primary contact 

recreation values 

Biological (faeces) 

contaminant release 

during operation of 

Marina (e.g. swimming 

and boat sullage) 

Causes water to be 

not suitable for primary 

contact recreation 

Inside and Outside 

of Marina 

Rating: Moderate 

 

Rationale: 

Human use of Marina, including 

swimming and boat sullage may 

introduce biological (faecal) 

contaminants 

Intent: 

Monitor biological (faecal) contaminants 

inside the Marina  

 

Tier 1 indicator (EQG) 

From Table 6 of EPA (2015): 

 

The 95th percentile bacterial content of 

marine waters should not exceed 200 

enterococci/100 mL. 

 

Intent: 

Monitor biological (faecal) 

contaminants inside and outside the 

Marina 

 

Tier 2 indicator (EQS) 

From Table 6 of EPA (2015): 

 

The 95th percentile bacterial content of 

marine waters should not exceed 500 

enterococci/100 mL. 
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Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

Monitoring sites: 

3 sites inside the Marina 

 

Monitoring frequency: 

Immediately after breakwater 

construction, quarterly for 2 years 

 

Contingency Management: 

If EQG exceeded: 

 Monitor EQG at sites outside the 

Marina 

 Monitor EQS 

 

Monitoring sites: 

 3 sites inside the Marina 

 3 sites outside Marina (compare 

against EQG) 

 

Contingency Management: 

If EQS exceeded: 

 Contact DoH; Management 

response required in relation to 

potential risk to public health 

 Outside marina, compare to 

EQS; if exceeded, then contact 

DoH; Management response 

required in relation to potential 

risk to public health 

Recreation and 

Aesthetics 

Maintenance of 

secondary contact 

recreation values 

Biological (faeces) 

contaminant release 

during operation of 

Marina (e.g. swimming 

and boat sullage) 

Causes water to be 

not suitable for 

secondary contact 

recreation 

Inside and Outside 

of Marina 

Rating: Moderate 

 

Rationale: 

Human use of Marina, including 

swimming and boat sullage may 

introduce biological (faecal) 

contaminants 

Intent: 

Monitor biological (faecal) contaminants 

inside the Marina  

 

Tier 1 indicator (EQG) 

From Table 7 of EPA (2015): 

 

The 95th percentile bacterial content of 

marine waters should not exceed 2 000 

enterococci/100 mL. 

 

Monitoring sites: 

3 sites inside the Marina 

 

Monitoring frequency: 

Immediately after breakwater 

construction, quarterly for 2 years 

 

Contingency Management: 

If EQG exceeded: 

 Monitor EQG at sites outside the 

Marina 

 Monitor EQS 

Intent: 

Monitor biological (faecal) 

contaminants inside and outside the 

Marina 

 

Tier 2 indicator (EQS) 

From Table 7 of EPA (2015): 

 

The 95th percentile bacterial content of 

marine waters should not exceed 5 000 

enterococci/100 mL. 

 

Monitoring sites: 

 3 sites inside the Marina 

 3 sites outside Marina (compare 

against EQG) 

 

Contingency Management: 

If EQS exceeded: 

 Contact DoH; Management 

response required in relation to 

potential risk to public health 

 Outside marina, compare to 

EQS; if exceeded, then contact 

DoH; Management response 

required in relation to potential 

risk to public health 

 

Recreation and 

Aesthetics 

Maintenance of 

primary contact 

recreation values 

Chemical contaminant 

release during 

operation of Marina, 

including minor spills 

and leaks Causes water to be 

not suitable for primary 

contact recreation 

Inside and Outside 

of Marina 

Rating: Moderate 

 

Rationale: 

 

Potential sources of chemical 

contaminants during operation of 

Marina, including minor spills and 

leaks 

Intent: 

Monitor chemical contaminants inside 

the Marina  

 

Tier 1 indicator (EQG) 

From Table 6 of EPA (2015): 

 

The 95th percentile of the sample 

concentrations from the area of 

concern (either from one sampling 

run or from a single site over an 

Intent: 

Monitor chemical contaminants inside 

and outside the Marina 

 

Tier 2 indicator (EQS) 

From Table 6 of EPA (2015): 

 

DoH should be consulted for advice on 

setting an appropriate environmental 

quality standard that protects 

recreational users and any further 

 



 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

agreed period of time) should not 

exceed the environmental quality 

guideline values provided below. 

 

Antimony: 30 µg/L 

Arsenic: 70 µg/L 

Barium: 7000 µg/L 

Boron: 40 000 µg/L 

Bromate: 200 µg/L 

Cadmium: 20 µg/L 

Chlorite: 3000 µg/L 

Chromium: 500 µg/L 

Copper: 20 000 µg/L 

Cyanide: 800 µg/L 

Fluorine: 15 000 µg/L 

Iodine: 1000 µg/L 

Lead: 100 µg/L 

Managanese: 5000 µg/L 

Mercury: 10 µg/L 

Molybdenum: 500 µg/L 

Monochloramine: 30 000 µg/L 

Nickel: 200 µg/L 

Nitrate: 500 000 µg/L 

Nitrite: 30 000 µg/L 

Selenium: 100 µg/L 

Sulfate: 5 000 000 µg/L 

 

Monitoring sites: 

3 sites inside the Marina 

 

Monitoring frequency: 

Immediately after breakwater 

construction, quarterly for 2 years 

 

Contingency Management: 

If EQG exceeded: 

 Monitor EQG at sites outside the 

Marina 

 Monitor EQS 

investigations that would be necessary. 

 

Monitoring sites: 

 3 sites inside the Marina 

 3 sites outside Marina (compare 

against EQG) 

 

Contingency Management: 

If EQS exceeded: 

 Contact DoH; Management 

response required in relation to 

potential risk to public health 

 Outside marina, compare to 

EQS; if exceeded, then contact 

DoH; Management response 

required in relation to potential 

risk to public health 

Recreation and 

Aesthetics 

Maintenance of 

secondary contact 

recreation values 

Chemical contaminant 

release during 

operation of Marina, 

including minor spills 

and leaks 

Causes water to be 

not suitable for 

secondary contact 

recreation 

Inside and Outside 

of Marina 

Rating: Moderate 

 

Rationale: 

 

Potential sources of chemical 

contaminants during operation of 

Marina, including minor spills and 

leaks 

Intent: 

Monitor chemical contaminants inside 

the Marina  

 

Tier 1 indicator (EQG) 

From Table 7 of EPA (2015): 

 

Water should contain no chemicals at 

concentrations that can irritate the skin of 

the human body. 

 

Monitoring sites: 

3 sites inside the Marina 

 

Monitoring frequency: 

Immediately after breakwater 

Intent: 

Monitor chemical contaminants inside 

and outside the Marina 

 

Tier 2 indicator (EQS) 

From Table 7 of EPA (2015) 

 

Same as EQG 

 

Monitoring sites: 

 3 sites inside the Marina 

 3 sites outside Marina (compare 

against EQG) 

 

Contingency Management: 

If EQS exceeded: 
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Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

construction, quarterly for 2 years 

 

Contingency Management: 

If EQG exceeded: 

 Monitor EQG at sites outside the 

Marina 

 Monitor EQS 

 Contact DoH; Management 

response required in relation to 

potential risk to public health 

 Outside marina, compare to 

EQS; if exceeded, then contact 

DoH; Management response 

required in relation to potential 

risk to public health 

Recreation and 

Aesthetics 

Maintenance of 

aesthetic values 
Marina operations 

Visual impacts from 

minor spills and leaks 

unsuitable for 

aesthetic values 

Inside and outside 

of Marina  

Rating: Moderate 

 

Rationale: 

Potential sources of minor spills 

and leaks during operation of 

Marina 

Intent: 

Verify visual aesthetic impacts not 

greater than predicted inside the Marina 

 

 Nuisance organisms: macrophytes, 

phytoplankton scums, filamentous 

algal mats, blue-green algae and 

sewage, should not be present in 

excessive amounts 

 Faunal deaths: there should be no 

reported incidents of large scale 

deaths of marine organisms relating 

from unnatural causes 

 Water clarity: the natural visual 

clarity of the water should not be 

reduced by more than 20% 

 Colour: the natural hue of the water 

should not be changes by more than 

ten points on the Munsell scale 

 Surface films: oil and petrochemicals 

should not be noticeable as a visual 

film on the water or detectable by 

odour 

 Surface debris: water surfaces 

should be free of floating debris, 

dust and other objectional matter 

including substances that cause 

foaming 

 Odour: there should be no 

objectional odours 

 Concentrations of contaminants will 

not exceed the EQG for tainting 

substances (EPA 2015; Table 8J) 

 

Monitoring sites: 

Three sites inside of Marina 

 

Frequency  

Immediately after breakwater 

construction, quarterly for 2 years 

 

Contingency Management: 

If EQG exceeded: 

 Monitor EQG at sites outside the 

Marina 

 Monitor EQS 

Intent: 

Verify visual TSS plume and potential 

other aesthetic impacts not greater 

than predicted 

 

There should be no overall decrease 

in the aesthetic water quality values 

using direct measures of the 

communities perception of aesthetic 

value for the factors: 

  

 Nuisance organisms:  

 Faunal deaths: 

 Water clarity 

 Colour  

 Surface films 

 Surface debris 

 Odour 

 

There should be no detectable tainting 

of edible fish harvested 

 

Monitoring sites: 

 3 sites inside the Marina 

 3 sites outside Marina (compare 

against EQG) 

 

Contingency Management: 

If EQS exceeded: 

 Investigate source of aesthetic 

decrease and manage as 

appropriate 

  

 

 



 

 

Environmental 

Value 

Environmental 

Quality Objective  

Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

LEP (MEPA – 

Inside Marina; 

HEPA Outside 

Marina) 

Risk rating of impact and 

rationale 

Tier 1 / EQG 

Monitoring and Management Strategy 

Tier 2 / EQS 

Monitoring and Management 

Strategy  

Notes 

Cultural and Spiritual 

Maintenance of 

cultural and spiritual 

values 

Marina operations 

It is deemed that the 

protection of 

ecosystem, 

recreational, fishing 

and aesthetic values 

offers assurance and a 

proxy towards 

protecting the fauna, 

flora, habitats and 

recreation values of 

cultural and spiritual 

importance 

Inside and Outside 

of Marina 

Rating: Negligible 

 

Rationale: 

Compliance with EQC to protect 

the EVs of Ecosystem Health, 

Fishing, Recreation and 

Aesthetics serves as a proxy to 

maintain water quality suitable for 

aquaculture operations. 

   

Industrial Water 

Supply 

Maintenance of 

industrial water 

supply values 

Marina operations 

Should future 

industrial water uses 

be approved within the 

vicinity of the Project, 

then EQC may need to 

be developed to 

ensure that water 

quality is sufficient for 

those uses.   

Inside and Ouside 

of Marina 

Rating: Negligible 

 

Rationale: 

Compliance with EQC to protect 

the EV of Ecosystem Health 

serves as a proxy to maintain 

water quality suitable for 

aquaculture operations. 

   

Reference: 

EPA (2015) Environmental quality criteria reference document for Cockburn Sound. Environmental Protection Authority, Perth, Western Australia, March 2015. 

 

 



 

4 March 2016 65 

 

Environmental Factor: Benthic Communities and Habitats 

Project Phase 
Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

Inside or Outside 

Marina 

Risk rating of impact and 

rationale 

Tier 1 

Monitoring and Management Strategy 

Tier 2 

Monitoring and Management 

Strategy  

Notes 

Construction 

Breakwater 

construction and 

dredging  

Causes turbid plume 

and sedimentation, 

leading to indirect 

BPPH loss 

Outside Marina 

Rating: Moderate 

 

Rationale: 

TSS modelling does not predict 

impacts of turbid plume on BPPH 

outside of the ZoHI/ZoMI 

Intent: 

Verify TSS model – monitor TSS at 

ZoMI/ZoI boundary  

 

Tier 1 indicator (EQG): 

TSS ≤2 mg/L (above background) 

rolling average (14 days) 

 

Monitoring sites: 

Turbidity loggers at 3 sites on ZoMI/ZoI 

boundary. 

Turbidity loggers at 3 reference sites 

outside ZoI 

 

Monitoring Frequency: 

Logging turbidity and downloading at 

fortnightly intervals 

 

Contingency Management: 

 If EQG exceeded, monitor EQS 

 Visual check of silt curtain for plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

Intent: 

Monitor TSS at BPPH sites 

 

 

Tier 2 indicator (EQS): 

TSS ≤2 mg/L (above background) 

rolling average (14 days) 

 

Monitoring sites: 

Turbidity loggers at 3 sites in ZoI where 

BPPH is present (i.e. seagrass on 

habitat map). 

Turbidity loggers at 3 reference sites 

outside ZoI 

 

Contingency Management: 

If EQS exceeded: 

 Monitor BPPH health 

 Visual check of silt curtain for 

plume 

 Visual check of seawall for plume 

 Review rock washing efficacy 

 Reduce dredging 

Turbidity logger 

will need to be 

calibrated against 

TSS in the field 

and/or laboratory. 

Operation Marina footprint 
Causes direct loss of 

BPPH 

Inside and Outside 

Marina 

Rating: Moderate 

 

Rationale: 

BPPH survey indicates minor 

direct BPPH loss 

Intent: 

Verify BPPH survey 

 

Tier 1 indicator: 

Engineering survey confirms as-built 

Marina footprint same as that detailed 

in BPPH survey 

 

Monitoring sites: 

Marina footprint 

 

Contingency Management: 

If Tier 1 exceeded, monitor Tier 2 

Intent: 

BPPH survey of halo area 

 

Tier 2 indicator: 

BPPH survey of halo areas 

 

Monitoring sites: 

Breakwater halo of BPPH 

 

Contingency Management: 

If Tier 2 exceeded: 

 BPPH survey of broader area 

 

 

Operation Marina footprint 

Causes 50 m halo of 

indirect loss around 

breakwaters 

Outside Marina 

Rating: Moderate 

 

Rationale: 

BPPH survey indicates minor 

halo BPPH loss 

Intent: 

Verify BPPH survey 

 

Tier 1 indicator: 

Post-construction BPPH survey of 

halo area 

 

Monitoring sites: 

Breakwater halo of BPPH 

 

Contingency Management: 

If Tier 1 exceeded, monitor Tier 2 

Intent: 

BPPH survey of broader area 

 

Tier 2 indicator: 

BPPH survey of broader area 

 

Monitoring sites: 

Broader area 

 

Contingency Management: 

If Tier 2 exceeded: 

 Monitor BPPH recovery 
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Environmental Factor: Marine Fauna 

 

Project Phase 
Project 

Element/Stressor 

Potential 

Environmental 

Impact/Response 

Inside or Outside 

Marina 

Risk rating of impact and 

rationale 

Tier 1 

Monitoring and Management Strategy 

Tier 2 

Monitoring and Management 

Strategy  

Notes 

Construction 

Breakwater 

construction and 

dredging  

Causes interference or 

collision with marine 

fauna 

Outside Marina 

Rating: Negligible 

 

Rationale: 

Marine fauna EIA suggests risks 

to marine fauna from construction 

activities are not significant 

  

Marine fauna 

observer may be 

required during 

construction 

activities to 

ensureno impact 

on marine fauna 

Operation Marina operations 

Causes interference or 

collision with marine 

fauna 

Inside and Outside 

Marina 

Rating: Negligible 

 

Rationale: 

Marine fauna EIA suggests risks 

to marine fauna from operational 

activities are not significant 
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