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1. Introduction 1.1 Background 
This document has been prepared on behalf of Cedar Woods (the Proponent) of the Mangles Bay Marina 

Proposal (the Proposal) in response to key issues raised in agency submissions and correspondence 

received from the Office of the Environmental Protection Authority (OEPA) (dated 11 May 2012) in relation 

to the Mangles Bay Public Environmental Review (PER) document which was released for public comment 

in February 2012.  

The OEPA correspondence included an attached submission from the OEPA (Attachment 2 of the 

correspondence) that raised 12 specific issues related to marine environmental quality in Mangles Bay and 

asked that they be addressed.  In summary these issues were: 

1. Proponent to advise status of marina design. 

2. Proponent to demonstrate that best practice measures have been incorporated in the marina design. 

3. The preparation of an Environmental Quality Management Framework (EQMF) consistent with the 

updated Western Australian Planning Commission Development Control Policy 1.8 “Canal Estates 

and Artificial Waterways”. 

4. Proponent to manage marina water quality to ensure that the ability to achieve improved water quality 

in Mangles Bay is not hindered (as required by EPA Bulletin 1237). 

5. An assessment of the potential impacts of possible nutrient accumulation in the marina on the long-

term environmental quality in Mangles Bay. 

6. Proponent to detail contingency measures to be implemented in the event that water quality in the 

Marina deteriorates below accepted Environmental Quality Criteria (EQC) for a Moderate Level of 

Ecological Protection (LEP). 

7. Proponent to develop an Operations Environmental Mitigation and Monitoring Plan (EMMP) that 

clearly defines objectives, identifies threats and establishes appropriate indicators, benchmarks, 

monitoring procedures, data assessment methods and contingency management actions that will 

ensure the relevant Environmental Quality Objectives (EQO) and Environmental Values (EV) 

established by the required EQMF, will be protected. 

8. Proponent to assess the potential impacts of relocating the Lake Richmond Drain and provide details 

of the design and location of the drain. 

9. Proponent to justify the scale and location of the “halo effect” on seagrasses adjacent to project 

infrastructure. 

10. Proponent to assess sedimentation impacts on seagrasses adjacent to the navigation channel. 

11. Proponent to advise settlement pond capacity and arrangements for return water overflow and to 

assess return water discharge impacts. 

12. Proponent to amend the Construction Environmental Management Plan (CEMP) and specifically the 

Dredging Environmental Management Plan (EMP) and the Marine Biodiversity and Habitat 

Management Plan (MBHMP) to address comments provided in correspondence. 

The submission made by the Cockburn Sound Management Council (CSMC) raised a number of issues 

with the Proposal including concerns related to marine environmental quality in Mangles Bay.  In summary, 

CSMC considers Mangles Bay to be a very sensitive and ecologically critical area of Cockburn Sound.  It 

contains remnant seagrass beds which, whilst extremely productive from a fisheries perspective are 

already stressed from existing poor water quality and boating use of the area.  CSMC also considers that 

the proposed marina is poorly located and that the proposed single entrance design potentially threatens 

future water quality in both the marina and subsequently, Mangles Bay.  Furthermore, the CSMC also 

submitted that if the marina does become a source of reduced water quality into Mangles Bay, it will be in 

conflict with the CSMC’s EMP for Cockburn Sound and its Catchment (2005), and the Government of 

Western Australia (2005) State Environmental (Cockburn Sound) Policy 2005. 



 Response to Key Marine and Groundwater Issues Raised in Submissions on the Mangles Bay PER 

CED12080.01_Response to Key Marine and Groundwater Issues Raised in Submissions on the Mangles Bay PER_Rev0  1-Aug-12  2 

Specific concerns raised by CSMC related to the impact of the Proposal on marine environmental quality in 

Mangles Bay focused on the adequacy of the mathematical modelling undertaken and includes: 

• CSMC is not confident that sufficient data has been collected to adequately calibrate and validate 

the hydrodynamic models on which the PER assessment are based.  There is a lack of seasonal 

data, specifically for summer and winter-spring period when DIN is usually at its highest 

concentration, and is when dredging is planned (winter-spring) 

• the PER does not provide defensible estimates of volumes or mass calculations to help clarify the 

contribution that increased phytoplankton production in the marina will have on background water 

quality (light attenuation) in Mangles Bay, nor does it identify the location of the boundary of halo 

effect 

• model used for water quality predictions was not calibrated because it was considered 

unnecessary by APASA but no explanation given as to why 

• there is a clear indication of model uncertainty and the conclusion that the flow conditions 

adjacent the proposed marina are “suitably represented” may be an overstatement 

• the concluding statement in the APASA technical report that “flushing is expected to be adequate 

to prevent build up of (DIN) concentrations over time” is both “difficult to understand” and 

“appears incorrect and overly positive” 

• there is a lack of external peer review for modelling of dredging and water quality impacts. 

The Department of Conversation (DEC) and the Department of Water (DoW) also raised similar concerns 

to CSMC surrounding the groundwater modelling validity, impacts to Lake Richmond water level and 

quality, and the salt water interface.  These issues are addressed in this document, and the appendices to 

this document.  1.2 Purpose of this document  
The above issues are acknowledged by the Proponent to be valid concerns.  All issues raised in 

submissions have been responded to in the detailed Response to Submissions Table, which is provided 

separately.  The purpose of this document is to respond to the key concerns raised in the OEPA and key 

agency submissions.   

The key concerns addressed in this report are: 

1. The adequacy of the marina single entrance design and its flushing characteristics. 

2. The adequacy and reliability of the models used. 

3. The adequacy of the modelling approach used to predict water quality inside the marina. 

4. Results of (new) modelling to show scale of water quality impacts outside the marina. 

5. An assessment of the potential impacts of possible nutrient accumulation in the marina on the long-

term environmental quality in Mangles Bay. 

6. Development of an EQMF consistent with the updated Western Australian Planning Commission 

(WAPC) Development Control Policy 1.8 “Canal Estates and Artificial Waterways”. 

7. The relocation of Lake Richmond overflow drain. 

8. An assessment of sedimentation impacts on seagrasses adjacent to the navigation channel. 

9. The adequacy and reliability of the groundwater model.  

Note that the advice provided by OEPA regarding the development of an Operations Environmental 

Management and Monitoring Plan (OEMMP), and amendment of the Construction EMMP, have not been 

addressed because their content will be dictated by the final provisions of the EQMF –which is yet to be 

negotiated and approved.  However these works will be undertaken once agreement on the detail of the 

EQMF is reached and prior to construction proceeding in the event that the Proposal is approved. 
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1.3 Scope of works undertaken 
To address the above key concerns, the Proponent has: 

• engaged the marina design consultants to outline how best practice measures have been 

incorporated in the marina design 

• engaged the coastal engineers (JFA) to detail the efforts undertaken to minimise seagrass loss 

• requested the modellers APASA respond to the detailed CSMC critique of the modelling work  

• obtained an independent technical peer review of the APASA model and its reliability (review 

undertaken by Dr Jason Antenucci, hydrodynamic modeller of Hatch Consultants)  

• engaged APASA to undertake further modelling of: 

∗ stormwater discharges into the marina water body  

∗ scale and distribution of water quality impacts outside the marina 

∗ sedimentation impacts on seagrasses adjacent to the navigation channel 

• engaged Oceanica to interpret the APASA modelling and assess the scale of water quality impact 

outside the marina and the potential for operational impacts on the long-term environmental 

quality of Mangles Bay 

• engaged Oceanica to develop the  required EQMF  

• engaged Oceanica to assess the risk of indirect seagrass loss from dredging works and to 

undertake a review of historical seagrass offsets and potential alternatives 

• engaged Strategen to develop an Offsets Strategy for seagrass loss on the basis of the Oceanica 

report 

• met with officers from the Water Corporation, Department of Water (DoW), and City of 

Rockingham to resolve the issue of the Lake Richmond Drain relocation and to agree on a 

solution 

• engaged GHD engineers to design a new alignment for the Lake Richmond overflow drain and 

outfall 

• engaged RPS to review the performance efficiency of nutrient stripping bio-filters 

• engaged ERM to prepare a detailed response to key submissions received on groundwater 

issues 

• engaged Dr Phil Wharton of Rockwater to peer review the ERM response to submissions 

• engaged Professor Lindsay Collins (Curtin University) to review the assessment of water level 

impacts on the thrombolite community of Lake Richmond and to develop a proposal for a 

research grant for his students to map the distribution of the thrombolites, research their ecology 

and monitor their condition 

• met with officers of the DoW, DEC and OEPA to discuss issues raised in relation to groundwater 

modelling and potential impacts on Lake Richmond.  

• engaged Dr Matt Elliot of Damara WA Pty Ltd to review the Coastal Processes Assessment 

undertaken by the Project Coastal Engineers (JFA). 
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1.4 Attachments 
The following appendices are submitted as attachments to this document.  They provide the technical 

detail which is summarised in this document. 

Appendix 1: Dr Matt Elliot’s peer review of the JFA Coastal Processes Assessment 

Appendix 2: Section 2 - Oceanica report on risk of indirect seagrass loss from dredging 

  Section 3 – Oceanica seagrass offsets review    

Section 4 – Oceanica report on water quality impacts in Mangles Bay 

  Section 5 – Oceanica’s recommendations for an EQMF 

Appendix 3: Strategen report on rationale for seagrass offsets 

Appendix 4: ERM/Strategen detailed response to key groundwater submissions 

Appendix 5: Dr. Phil Wharton peer review of the submissions, groundwater and Lake Richmond 

  hydrology 

Appendix 6: Dr Jason Antenucci’s peer review of the adequacy and reliability of the APASA  

  modelling investigations 
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2. Response to key issues 2.1 Status and adequacy of marina design 
In Section 1.1.3 of the PER, the marina design is described as “indicative” with the final design still being 

“subject to amendment on the basis of stakeholder consultation, and further environmental and 

engineering investigation”.  The marina water body design contained within the PER is considered worst 

case in that it represents the largest footprint envelope proposed for the water body. In particular, the 

location of the southern canal is fixed and will not extend any closer to the Threatened Ecological 

Communities (TECs) in the south east corner of the Proposal area, nor Lake Richmond than that which is 

shown in the PER.  Should any future modifications in design layout need to be made, they will be made 

within this envelope. 

The CSMC submission noted that previous design options for a marina at this location, and addressed by 

the EPA in a Strategic Environment Review (SER) in 2006 (EPA Bulletin 1237, 2006), all included two 

entrances because of the better flushing believed to occur with such a design.  This design option was 

only made possible by relocating the trestle bridge for the Garden Island Causeway to the west of the 

existing Point Peron Boat launching facility.  However, subsequent analysis of this option by the Proponent 

determined that the cost of relocating the causeway bridge was an order of magnitude too high for the 

project to bear and remain commercially feasible.  Given this severe financial constraint the Proponent was 

directed by the Mangles Bay Project Committee develop a design that was both commercially feasible and 

environmentally acceptable (i.e., demonstrate that the environmental impacts of the single entrance marina 

are at a lesser or equal scale than those impacts anticipated for a two entrance marina). 

A single entrance marina (such as occurs elsewhere along the coast of WA) is the only option that is 

commercially feasible.  Removal of the second entrance to the west of the causeway also results in the 

following project benefits: 

• it avoids any potential environmental impact to Shoalwater Islands Marine Park, including loss of 

seagrasses 

• it reduces the total volume and duration of dredging and any associated maintenance of 

navigability. Specifically the coastal process evaluations indicated that this entrance has a sand 

accretion problem which requires regular maintenance 

• it avoids the removal of the existing public boat launching facility 

• it avoids a potential increased security risk to HMAS Stirling by allowing clear separation between 

the defence establishment entrance and the proposed development. 

The commercial imperative of a single entrance marina was discussed with key agencies and the 

Stakeholder Reference Group and identified as the key project characteristic in the Environmental Scoping 

Document that was subsequently accepted by the EPA for the Proposal.  The Proponent has therefore 

designed a project layout that is environmentally acceptable by addressing the key concerns expressed by 

the EPA in their 2006 Strategic Advice to the Minister.  In that Bulletin, the EPA identified the following 

significant environmental issues associated with developing an inland marina at Mangles Bay: 

1. The potential loss of up to 10 ha of seagrass in Mangles Bay, with 6 ha of this being direct loss, 

and the remainder possibly being the result of indirect losses.  The EPA’s objective regarding 

seagrasses in Cockburn Sound is that there should be no further net loss.  Hence for this Proposal to 

be acceptable, it would need to offset that loss by replanting a substantial area of seagrass.  

Achieving this successfully was considered to be a major undertaking by the EPA given the limited 

success of seagrass transplantation to that date. 

2. The potential for poor water quality from the marina exacerbating water quality in Mangles Bay 

and causing further losses of seagrass in Mangles Bay.  Particular concern was expressed regarding 

the high nutrient levels existing in groundwater and stormwater runoff from Lake Richmond, and the 

need to reduce nutrient levels through some form of intervention. 
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3. The potential salinisation of water in Lake Richmond via seawater intrusion and the effect on the 

survival of the rare thrombolite community which occurs in the Lake.  The EPA was particularly 

concerned that there be sufficient separation between the marina water body and the Lake for 

adverse impacts to be avoided, and required detailed and rigorous hydrogeological investigations be 

conducted to convincingly demonstrate that the separation distances were adequate to maintain the 

freshwater hydrological regime currently in the Lake. 

The above significant issues have been addressed by the Proponent’s marina design as follows. 2.1.1 Seagrass loss 
The main cause of direct seagrass loss is the navigation channel required to enable vessels to access the 

marina.  This channel alone is responsible for the direct loss of approximately 3.4 ha of seagrass.  The 

area of seagrass lost is determined by the depth and width of the navigation channel and the width of the 

slope batters assumed.  A supplementary cause is the loss beneath the footprint of the breakwaters 

required to protect the marina entrance and the scallop of beach that will be placed on either side of the 

breakwaters to resemble the natural beach shoreline of the bay.  The section outlines the basis of each of 

these design elements and how seagrass loss has been calculated. 

The channel depth and width has been designed to accommodate power craft up to 20 m in length, and 

yachts up to 15 m length.  Such vessels require a draft of 3.0 m and an underkeel clearance of 0.5 m.  

There is an Australian Standard (AS 3962) which governs the dimensions of navigation channels 

according to the size and draft of vessels they need to accommodate.  Based on this standard, the 

minimum width of the channel should be 28.5 m and the minimum depth 3.5 m. 

The channel presented in the PER is 30 m wide and 4 m deep.  The slight extra width is preferred because 

catamarans are becoming increasingly popular in WA and they require greater width.  An additional 0.5 m 

of depth has been proposed to allow for siltation and will significantly reduce the need for future 

maintenance dredging. In addition, the maximum slope batter (1:5) has been assumed in the seagrass 

loss estimate of 3.4 ha for the channel alone.  It should be noted that it is most unlikely that such wide 

slopes will eventuate due to their absence elsewhere in Cockburn Sound.  Hence the seagrass loss 

estimate is very conservative. 

Given the depth requirement, the Proponent’s consultants (JFA) have firstly selected the best location for 

the marina entrance from a coastal stability and project utility perspective, and then selected the shortest 

distance between the entrance and the 4 m depth isobath.  The nearest 4 m isobath is directly to the north 

of the entrance, which coincidentally is the direction from which the design storm wave comes from.  So 

the channel is best placed to both reduce seagrass loss and reduce potential for storm erosion of channel 

shoulders.  

The size and shape of the breakwaters are required to: 

• adequately protect the marina entrance from the northerly design storm 

• anchor the beach scallop required to maintain the amenity in front of the development by forming 

a beach of appropriate width commensurate with that provided by the current shoreline and in 

accordance with the development objectives. 

In effect, the breakwaters and groynes work as headlands of crenulated pocket beaches.  The 

predominant background northerly swell waves are diffracted from these headlands and define the long-

term beach shape and orientation and are therefore interdependent on the length of the structures.  The 

minimum length of structures which can maintain the minimum (long-term) required beach width at the 

vulnerable corner of each of the compartments have been proposed in the beach design presented in the 

PER. 
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The beach design is based on the resultant long-term beach shape, the active beach profile and also a 

20 m buffer behind this profile to allow for storm erosion and minor reorientation (storm erosion in the order 

of less than 10 m is expected.  Reorientation in storms is limited as the northerly storm waves are almost 

coincident with the background swell direction).  Hence, the ultimate shape and location formed in 

response to the structures and the combined beach width governs the extent to which the beach will 

impact the seagrass adjacent the development shoreline.  The beaches will only take this design shape in 

the presence of renourishment to build the required buffer to provide the required beach amenity. 

It is important to note that the breakwaters and beach design are based on an assessment of the coastal 

processes operating in Mangles Bay and designed to stabilise a part of the coast that has previously 

suffered erosion. The coastal processes assessment has been independently peer reviewed and 

supported by Dr Matt Elliot of Damara WA Pty Ltd. (Dr Elliot’s peer review is presented in Appendix 1).  

What the above information regarding the beach and channel design means is that the seagrass direct 

loss estimate provided in the PER is a conservative worst case estimate which may not eventuate, but if it 

does will take a number of years (e.g. 7–10) to reach the total area estimate.  Seagrass loss nearshore 

occurs as later stages of the development are completed (e.g., the yacht club to the west of the harbour 

entrance).  It may also be possible to reduce the width of the beach in front of the yacht club thereby 

further reducing seagrass loss; however, detailed design is required before any commitment to this action 

can be provided. 

It is acknowledged that the OEPA also expressed concern regarding the potential for indirect loss of 

seagrass arising from dredging-induced sedimentation and turbidity.  The Proponent has engaged APASA 

to model the sedimentation impacts arising from dredging the navigation channel and Oceanica to assess 

the risk of indirect losses arising from the proposed dredging works (report provided in Appendix 2 – 

Section 2 of this document).  The conclusion of that assessment is that there is negligible risk of indirect 

loss of seagrasses arising from the dredging works due to: 

• the small volume and short duration of dredging proposed (50 000 m
3
 and 3 months) 

• the timing of the year in which it is proposed to undertake the works (winter) 

• the moderate to large particle size and low concentration of fines in the sediments to be dredged 

and the resultant localised sediment deposition pattern 

• the high light availability in the shallow water of Mangles Bay 

• the documented resilience of the local seagrass to short-term (3 month) light loss as determined 

by peer reviewed and published seagrass shading experiments. 

The seagrass loss estimate presented in the PER is a worst case estimate and ultimately may not be 

realised.  However, approval is required to remove 5.66 ha of seagrass from Mangles Bay to enable the 

Proposal to proceed to the detailed design stage where the potential for further reductions in seagrass loss 

will be investigated.  

To mitigate the loss of seagrass, the Proponent has proposed a range of direct, indirect and contingency 

offsets which include the transplantation of 6 ha of seagrass (refer Seagrass Offsets paper, Appendix 3).  

The Proponent’s consultants (Oceanica) are very experienced in this , with techniques that have been 

shown to be successful in other rehabilitation programs.  Based on the use of these techniques, Oceanica 

are confident that such an area can be successfully re-habilitated in the Mangles Bay-Southern Flats 

region of Cockburn Sound, pending the results of undertaking pilot studies to determine suitable 

rehabilitation sites and conditions conducive to healthy seagrass growth.   

The Proponent therefore believes it has been demonstrated that direct loss of seagrass has been 

minimised, the scale of seagrass loss predicted is a worst case estimate, is much less than originally 

anticipated by the EPA and is possible to offset given today’s experience in seagrass transplanting 

techniques.  
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2.1.2 Water quality in the marina 
The key water quality issue in Mangles Bay is light attenuation and its potential adverse impacts on 

seagrass survival.  The main cause of light attenuation in Mangles Bay is the occurrence of phytoplankton 

blooms usually in late summer-autumn.  These presently occur in response to Dissolved Inorganic 

Nitrogen (DIN) input into waters of Mangles Bay from both spring stormwater discharge from Lake 

Richmond, and natural groundwater seepage along the shoreline.  Whilst water quality in Mangles Bay at 

present does not meet the high quality criteria that are set for the area by the CSMC’s Environmental 

Management Plan (2005), it is not presently causing seagrass loss.  The main cause of seagrass loss in 

Mangles Bay at present is the result of increasing number of boat mooring scars. 

Both the OEPA and CSMC have expressed concern that the marina will become a potential additional 

source of poor water quality into Mangles Bay which may then result in further losses of seagrass in 

Mangles Bay.  Water quality in the marina is a function of the volume and concentration of nutrient (DIN) 

input to the waters from runoff and groundwater, and the residence time of that water inside the marina 

before being flushed out to the waters of Mangles Bay.  Every effort has therefore been made by the 

Project planners to develop a water body design that maximises flushing rate (or minimises residence 

time).  Key design initiatives to enhance flushing have included:  

• location of the main water body close to the marina entrance 

• reduction in the total area of canals from that originally identified as desirable 

• the inclusion of vertical impermeable polyvinyl sheeting walls in the canals 

• orientation of the canals in the prevailing wind directions (south, southwest and east) 

• reduction of depth in the canals to 2.5 m. 

The flushing rates of the marina were subsequently determined by APASA for a wide range of 

representative wind and tide conditions occurring during the three principal climate regimes of winter-

spring, summer and autumn.  

The only source of DIN to the marina is anticipated to be from groundwater.  The Proponent has 

committed to design and manage stormwater such that no stormwater runoff to the marina is anticipated 

except in rare rainfall periods (>1:5 year ARI) APASA (2012) have modelled the flushing of both a 5 yr and 

a 100yr ARI rainfall event  and shown that such runoff is rapidly (within 2 days after cessation of event) 

flushed from the marina due to its  low salinity and resultant buoyancy. 

Hence DIN input from groundwater was used as the principal source of nutrient input to the marina water 

body and estimates of nutrient accumulation as a result of residence time in the marina were then derived 

by modelling.  To ensure conservatism in the estimate, the longest flushing rate predicted of 10 days was 

used as the benchmark for nutrient accumulation scenario modelling.  As indicated in Section 1.2 of the 

Oceanica Water Quality Assessment (Appendix 2 – Section 4), this conservatism means that wind speeds 

99% of the time, are expected to be greater than those used in the model that yielded the longest flushing 

time (i.e., worst case still autumn condition with no wind to assist tidal flushing).  Therefore the modelling 

results are considered to be very conservative and worst case.  

The EPA and CSMC concerns regarding the potential for poor water quality emanating from the Marina 

and causing further seagrass loss are addressed in detail in subsequent sections of this document 

(Sections 2.2–2.5).  Appendices to this document summarise the findings of the additional studies 

undertaken by Oceanica and APASA (referred to in Section 1.3 above).  The overall conclusion of these 

studies is that operation of the marina poses negligible risk of further indirect loss of seagrass in Mangles 

Bay. 
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With regard to the original EPA recommendation for some form of human intervention aimed at reducing 

nutrient concentrations in groundwater and Lake Richmond, this task is beyond the scope and capability of 

the Proposal to deliver.  However, the Proponent has investigated the potential for developing a nutrient 

stripping wetland in the drain leading from Lake Richmond.  To this end RPS was engaged to undertake a 

desktop review of the nutrient removal performance of available bio-filtration systems.  This review 

(RPS 2012) concluded that a well designed bio-filtration system could in fact result in water quality 

improvement in the Lake Richmond overflow drain. It also concluded however, that insufficient data were 

available with which to design such a system at present, and that it would need to present no risk to 

achieving the principal flood mitigation requirements of the drain.  It subsequently became clear that the 

bio-retention system would only be effective to treat water from the initial overflow of the Lake each year 

during late winter-spring. As the Lake will overflow for several weeks due to groundwater increases and 

stormwater flows, it is considered to have limited overall benefit. Hence this option has since been 

discarded. 

However, as part of the offset package for the Project, the Proponent has indicated to the City of 

Rockingham, a willingness to assist the City with the implementation of the draft Lake Richmond Water 

Quality and Integrated Catchment Management Plan to improve the water quality of stormwater entering 

the Lake. A nutrient input inventory of the drains leading into Lake Richmond to identify where intervention 

might best be undertaken has been suggested as a first step. 2.1.3 Lake Richmond and thrombolite communities 
As indicated previously, the EPA was concerned about potential water level changes and seawater 

intrusion in the Lake and the effect of that on the survival of the rare thrombolite community which occurs 

in the lake.  The EPA was particularly concerned that there be sufficient separation between the marina 

water body and the lake for adverse impacts to be avoided, and required detailed and rigorous 

hydrogeological investigations be conducted to convincingly demonstrate that the separation distances 

were adequate to maintain the freshwater hydrological regime currently in the Lake.  The issue of water 

levels and water quality and the potential impacts on Lake Richmond and thrombolites was also raised by 

several other agencies during the public comment period.  

To address the EPA concern, the marina has been modified from the options contained within the SER by 

relocating the main water body to the west of the marina entrance, thereby increasing the separation 

distance to Lake Richmond.  In addition, the area of canals has been reduced, and the canals that remain 

will be sheet piled with a poly vinyl material to allow excavation of the marina without dewatering.  This 

material is impermeable and though it is expected some minor leakage will occur at the margins where the 

sheets join together, the walls will provide a barrier to groundwater flow in/ out of the marina, thereby 

restricting landward movement of the seawater wedge adjacent the canals. 

The Proponent commitment to excavate the marina water bodies “in the wet” removes the need to abstract 

groundwater, thereby minimising groundwater drawdown and movement of the saltwater wedge towards 

Lake Richmond. 

Therefore the Proponent considers the marina can be constructed and operated with minimal adverse 

impact on Lake Richmond.  This is confirmed by the modelling that has been undertaken by the 

Proponent’s consultants (ERM).  Note that a detailed response to the groundwater submissions received 

has been provided by the Proponent (Appendix 4 of this document).  This response has subsequently 

been reviewed by an independent peer reviewer (Dr Phil Wharton of Rockwater) who has confirmed the 

adequacy of the modelling work undertaken by ERM and supported the conclusions of the modelling work 

as being reasonable and reliable.  Dr Wharton’s Peer review is presented in Appendix 5.   

 

 

 

 



 Response to Key Marine and Groundwater Issues Raised in Submissions on the Mangles Bay PER 

CED12080.01_Response to Key Marine and Groundwater Issues Raised in Submissions on the Mangles Bay PER_Rev0  1-Aug-12  10 

In summary, the conclusions of the groundwater investigations are that the marina poses no risk of 

saltwater intrusion into Lake Richmond, and will only result in a long-term minor water level reduction in 

late summer of 3.8 cm.  Impacts on the thrombolite community are not expected to be significant, noting 

that: 

• Lake levels fluctuate significantly on a seasonal basis and in response to the magnitude of annual 

rainfall during winter and subsequent evaporation during the dry summer.  The Lake acts as a 

groundwater recharge mound during winter and a groundwater sink during summer.  Lake water 

levels can fall below 0 m AHD towards the end of summer and seasonal variation is about one 

metre (English et al. 2003) 

• the thrombolites occur in an area about 15 m wide in a rim around much of the lake margin.  

Sunlight and fresh water rich in calcium bicarbonate and carbonate are likely to be essential to the 

growth and survival of the thrombolites.  The thrombolites are exposed at the surface during 

summer and submerged under shallow water during winter (English et al. 2003). 

• the lake levels and water quality of the lake at present have also been significantly modified since 

the three stormwater inlet drains and lake outfall were installed several decades ago.  For 

example, about 50 years ago lake salinities were three times higher than they are now and lake 

water levels were 0.5 m higher than they are at present (Goodale et al. 1998).  Sluice gates have 

been installed on the outlet drain to prevent salt water intrusion.  Hence the thrombolite 

community of Lake Richmond has in recent times, already survived substantially more change in 

both water levels and salinity than is predicted to occur as a result of marina construction. 

The small decline in water levels of 0.038m in Lake Richmond will result following the construction of the 

marina and will only occur towards the end of summer when water levels are naturally low.  The 0.038m is 

in addition to the approximately 1m natural variation of the lake level.  The outcome of the Proposal may 

therefore be that a few more thrombolites that occur near historical low water mark levels (if they occur at 

all at that level) will now be exposed to the atmosphere for short periods.  Given that thrombolites are 

capable of withstanding short periods of exposure and currently do so, and that thrombolites have survived 

greater changes in the recent past than is predicted to occur from marina construction, it would seem 

reasonable to conclude that the thrombolite community will survive the very small changes in water level 

resulting from the Proposal.  

However to add further confidence to these predictions, the Proponent has engaged researchers from 

Curtin University, led by Professor Lindsay Collins to: 

• determine the geodetic survey level within which thrombolites exist on the margins of Lake 

Richmond 

• map the location and condition of the thrombolite community all around the Lake margin to serve 

as a baseline for future monitoring and investigation of effects of water level fluctuations on 

thrombolites. 

Furthermore, the Proponent has indicated willingness to contribute a funding grant to Curtin University for 

research into thrombolite ecology and population dynamics in South Western Australian lakes.  Professor 

Collins has also reviewed the above assessment of likely impact on the thrombolite community and has 

given qualified support to the assessment (pers. comm.). Professor Collins’ peer review and research 

proposal are anticipated in the near future and will be provided once received. Conclusion 

It should be evident from the information presented in this Section that the Proponent has gone to 

substantial effort to utilise best practice measures to design the marina to ensure the potential for adverse 

impacts on seagrasses and water quality in Mangles Bay, and thrombolites in Lake Richmond during both 

its operation, and construction, is minimised.  A substantial amount of investigative work has been 

undertaken by the Proponent’s consultants, and the conclusions of their investigations have been 

supported by independent peer review. 
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2.2 Adequacy and reliability of marine hydrodynamic model 
The CSMC submission plus a summary of the key concerns related to the hydrodynamic model raised by 

CSMC was forwarded to APASA for comment.  APASA’s responses to each concern are presented in the 

Submissions Response table and as such, are not detailed here.  The purpose of this subsection is to 

present an overall response which clearly states APASA’s position on the key issues raised and presented 

earlier in dot point form in Section 1.1 of this document. 

In summary, APASA: 

1. Acknowledge that the reporting section dealing with model calibration and validation could have been 

presented with more clarity, but insist that the model used was appropriate for the study region and 

that it has been both calibrated and validated and shown to be adequate for the modelling purpose 

required of it (refer Section 1.1 of Appendix 2 – Section 4 for more detail). 

2. Remain confident that suitable calibration data and validation data were used, that the model 

constructed represented the bulk of the dynamics in that part of Cockburn Sound, and that the 

processes affecting the flushing of the marina were adequately represented (refer Section 1.2 of 

Appendix 2 – Section 4 for more detail). 

3. Question the need for seasonal data in order to validate the model.  It is not typical that a long-term 

measurement program is required for projects of this nature.  It is also not typical that measurement 

in all seasons is required as validation of the modelling, as generally the modelling is used to predict 

beyond a shorter measurement period.  In the context of this project, the exchange between Mangles 

Bay and the marina entrance is the primary driver of the flushing and resulting level of increase in 

nutrients and other dissolved substances.  Further measurement of conditions, say for example 

during winter, is not expected to result in any meaningful change in the predicted flushing 

performance. 

4. Stand by the assertion that flow conditions adjacent to the marina are suitably represented in terms 

of variability and magnitude and are suitable for the purposes required by this study.  There is 

indication of uncertainty for some periods and at some locations; however, as discussed in the 

documentation, the key processes, and the magnitudes are well represented. 

5. Maintain that the APASA concluding statement refers to the fact that there is no constant climbing 

concentration, but a dynamic fluctuation which was not predicted to escalate in the modelling.  The 

statement was not related to the marina achieving background water quality – as this is not possible.  

It merely points to the establishment of a quasi-stable level that can then be assessed in terms of 

importance and environmental context.  APASA insists that within the intended context, it is a correct 

statement and neither overly positive or negative, nor incorrect. 

It is clear from the above and detailed responses in the Submissions Response table that APASA stand by 

their report and consider the model to have been adequately calibrated and validated, and more than 

adequate for the primary purpose required of it. 

Since the PER was released, the Proponent engaged Dr. Jason Antenucci of Hatch Consultants to review 

the APASA report.  Dr Antenucci’s report is presented in Appendix 6.  In summary, Dr Antenucci considers 

that the model selection, configuration and validation is suitable for the purpose of predicting the flushing 

characteristics of the proposed marina, and is confident that the model captures the major hydrodynamic 

factors likely to influence flushing.  He also confirms that the results of the dredge plume model conform to 

expectations given the coarseness of the dredging material and the relatively quiescent conditions at the 

dredge site. 
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2.3 Water quality predictions inside the marina 
This topic is addressed in Section 2 of the Oceanica water quality assessment report (Appendix 2 –

 Section 4) and the technical reader is referred to that report for detail.  In summary, the approach used by 

Oceanica to model nutrient concentrations inside the marina involved the use of two models: 

• the APASA EFDC model simulated the dilution and dispersion of dissolved inorganic nitrogen 

(DIN) inputs from groundwater only, treating DIN as a conservative tracer to enable calculation of 

increased concentrations of DIN above background levels and assess the adequacy of the marina 

flushing characteristics in the short- to medium-term 

• an equilibrium (box) model which converted increased DIN concentrations (from all sources) into 

Chlorophyll-a concentrations based on residence times in the marina. 

A simple box model was used as it minimises the amount of assumptions required and is robust and 

conservative.  The availability of more complex ecological models to simulate water quality is 

acknowledged, but they require so many assumptions that they seldom result in accurate simulations of 

reality.  The use of such models would require an enormous amount of time and effort, with no guarantee 

of a useful or reliable product, and given the numerous assumptions, would be open to even more criticism 

than the box model. 

Oceanica’s justification for focusing on DIN is that it has been conclusively shown to provide a 

conservative estimate of potential phytoplankton growth in Perth coastal waters given their well 

documented low nitrogen availability.  Only groundwater DIN concentrations were input to the EFDC 

model, and only along the edges of the marina, to allow the potential accumulation of DIN within the water 

body to be clearly modelled.  Groundwater flux was not applied to the adjacent coastline in the model, but 

in reality of course would efflux along the entire shoreline of Mangles Bay.  The marina would only be 

raising the background concentration of DIN in marine water by the addition of groundwater DIN that it 

intercepts.  However, the source of DIN to both the marina and Mangles Bay is the same groundwater. No 

additional sources of DIN to marina waters are anticipated. 

The contribution of stormwater DIN to the models was deliberately excluded on the two-fold basis that: 

• it would not enter the marina under most rainfall events (given the PER commitment to usitlise 

best stormwater management practices) 

• on those few occasions when it did enter the marina, it would rapidly exit as a buoyant surface 

plume due to its low salinity. 

Modelling of larger stormwater events discharging DIN into the marina has subsequently been undertaken 

by APASA.  The results are presented in Figure 2.1 of the Oceanica report (Appendix 2 – Section 4) and 

clearly support the conclusion that such flows would exit the marina within approximately 2 days.  It should 

be noted that the Proponent now proposes to discharge stormwater via a pipe and outfall off the end of the 

eastern breakwater.  

As indicated in Section 1.1, CSMC expressed the concern that “average DIN values had been used and 

that there is a lack of seasonal data, specifically for summer and winter-spring period when DIN is usually 

at its highest concentration”.  Oceanica have addressed this concern in Section 2.1.3 of their report 

Appendix 2 - Section 4) by reviewing available seasonal data and showing that background DIN 

concentrations do not in fact, vary seasonally or inter-annually and that the value of 6 ug/L used in the box 

model as simulating background DIN concentrations in marine waters of Mangles Bay is reliable for all 

seasons. 

Another concern expressed by CSMC was that “modelling of chlorophyll-a concentrations during longer-

term flushing periods such as occur in autumn had not been undertaken”.  Oceanica address this concern 

in Section 2.1.4 of their report (Appendix 2 – Section 4) by showing that the model actually produces very 

conservative estimates of chlorophyll-a concentrations in the marina because of the location and depth of 

the sample points in the model. They also present predicted chlorophyll-a concentrations in the marina 

arising from 6 and 8 day flushing periods for summer and winter, and from 6, 8 and 10 day flushing periods 

for autumn.  The results of this assessment do not change the overall finding reported in the PER that 
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chlorophyll-a concentrations in the marina are typically about twice those of adjacent waters in Mangles 

Bay. 

To confirm the conservative nature of the box model, Oceanica has validated it against data which are 

available for the Jervoise Bay Northern Harbour.  This harbour is known to receive high concentrations of 

DIN from groundwater, and known to have a poor flushing rate and known to regularly develop high 

chlorophyll-a concentrations as a result.  Validation of the box model approach shows that the technique is 

more likely to over-estimate than under-estimate chlorophyll-a concentrations in the Mangles Bay marina 

(refer Section 2.1.5 Oceanica report [Appendix 2 – Section 4]).  The box modelling approach is therefore 

considered to be conservative and robust and whilst only moderately accurate, it is very useful for 

providing a guide to potential water quality in relative rather than absolute terms.  It is considered to be 

more than adequate for the intended purpose. More importantly, the conclusions regarding water quality 

inside the marina reported in the PER have been shown to remain valid for all seasons. 2.4 Water quality impacts outside the marina 
Both the OEPA and CSMC expressed concern that the PER did not present an assessment of the 

potential impacts of reduced water quality inside the marina, and particularly light attenuation, in Mangles 

Bay.  This has been addressed by new studies undertaken by Oceanica and presented in detail in section 

3.0 of their Water Quality Assessment report (Appendix 2 – Section 4).  The following tasks were 

conducted for this assessment: 

• APASA were requested to model the 50
th

, 80
th

 and 95
th

 percentile contours for 0–2 ug/L elevation 

in DIN concentrations above background in waters of Mangles Bay during summer, autumn and 

winter; and also model the 80
th
 and 95

th
 percentile contours for 2–5 ug/L, and the 95

th
 percentile 

contour for 5-10 ug/L during winter (Figures 3.1 to 3.4, Appendix 2 - Section 4). (note, DIN was 

used as a conservative tracer for this study) 

• Oceanica developed a factor for the conversion efficiency of DIN to chlorophyll-a for the different 

seasons and then produced an approximation of the effect of chlorophyll-a concentrations in 

Mangles Bay caused by outflow of Marina waters (Table 3.1, Appendix 2 - Section 4) 

• Oceanica then derived a relationship between chlorophyll-a concentrations and light attenuation 

in Cockburn Sound (Figure 3.5, Appendix 2 - Section 4). 

The key findings of the studies were that: 

• the volume of water exiting the marina during each daily tidal exchange would be approximately 

49 000 m
3
, which represents about 3% of the volume of water over the seagrass meadows of 

Mangles Bay 

• the area of Mangles Bay affected by above background concentrations of DIN (0–2ug/L) 

emanating from the marina was very small (approximately 10%) and restricted mainly to the 

shallow (1 – 2 m) nearshore waters located to the west of the marina entrance during summer 

and autumn for 5–20% of the time.  This pattern was also evident during winter but for the higher 

concentrations above background (2-5 ug/L).  In winter, the 0–2 ug/L contour was a slightly more 

extensive in area (approximately 40%) and covered the wedge formed by the landward portion of 

the Garden Island causeway to the west, and the Palm Beach boat launching ramps to the east. 

However, DIN concentrations were in the lower end of the range (<1 ug/L) 

• the resultant increase in chlorophyll-a concentrations in the affected waters was very small and 

considered most unlikely to trigger an exceedance of the Mangles Bay water quality EQC - which 

only apply during the summer-autumn period, and to the median water quality concentration (50
th

 

percentile) 

• the resultant effect on light attenuation is negligible. Note that the seagrasses in the affected 

waters occur in very shallow areas and as a result, receive light levels well in excess of their daily 

minimum requirements 

• therefore there is no potential for adverse impacts on seagrass in Mangles Bay as a result of 

water quality emanating from the marina. 
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2.5 Assessment of impacts of marina on the long-term environmental quality of Mangles Bay 
It should be evident from the previous section that there is minimal risk of long-term adverse impacts on 

the environmental values of Mangles Bay. However, to validate that conclusion, Oceanica have: 

• reviewed available water quality data from other marinas in metropolitan waters 

• reviewed historical water quality data from Cockburn Sound for the period when seagrass losses 

occurred. 

Section 4 of the Oceanica water quality assessment (Appendix 2 - Section 4) addresses the review of 

water quality data from metropolitan marinas (Hillarys, Success and Jervoise Bay Northern Harbour) and 

shows that over a range of flushing times from good (~1 day) to poor (10–11 days) and average 

chlorophyll-a concentrations ranging from 0.96 ug/L to 6.66 ug/L, water quality immediately outside the 

entrance of all three marinas was little affected and consistently in the order of 1 ug/L. 

This includes the Jervoise Bay Northern Harbour, which is known to have both a poor flushing rate AND 

high nutrient input from groundwater (much higher than at Mangles Bay) and which consistently records 

high chlorophyll-a concentrations inside the harbour. 

Hence it is considered reasonable to infer that water quality immediately outside the Mangles Bay Marina 

will also remain largely unaffected by the proposal. 

The historical review of Cockburn Sound water quality data is presented in Section 5.0 of the Oceanica 

water quality assessment (Appendix 2 - Section 4).  It shows that water quality in Cockburn Sound was 

much poorer during the 1970s than it is currently.  During that time, high DIN inputs from a range of 

government and industry sources resulted in large high concentration chlorophyll-a blooms to develop in 

late summer and autumn.  It also shows that the seagrasses of Mangles Bay survived this extended period 

of very poor water quality – most likely because they occur in shallow waters which are not light limiting. 

Hence it is difficult to believe that the negligible water quality impacts predicted for the proposed Mangles 

Bay Marina will result in additional seagrass loss in Mangles Bay. 2.6 Development of an Environmental Quality Management Framework  
The Western Australian Planning Commission Development Control Policy 1.8 “Canal Estates and Artificial 

Waterways” sets out requirements for the assessment of artificial waterway proposals. One of the key 

requirements of the Policy is that Proponents should establish an Environmental Quality Management 

Framework (EQMF) to ensure that water quality in the artificial waterway is managed such that 

environmental quality and ecological integrity in the adjacent natural water body is not compromised. The 

basis of the EQMF is that the environmental values, environmental quality objectives and levels of 

protection should be defined for the artificial waterway and adjacent natural water body. These have 

already been specified for Mangles Bay by the State Environmental (Cockburn Sound) Policy (SEP)  (Govt 

of WA 2005). Therefore, the EQMF for the Mangles Bay Marina needs to demonstrate how the designated 

environmental quality objectives for Mangles Bay will be safeguarded.  

The Policy indicates that it is the Proponent’s responsibility to develop the primary draft of the EQMF and 

then negotiate its acceptance through the appropriate regulating body – in this case, the CSMC. The 

Proponent has therefore engaged Oceanica to prepare a primary draft of the EQMF; this is presented in 

Appendix 2 – Section 5 of this document for discussion and negotiated approval with CSMC and the 

OEPA. 
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The Proposed EQMF is based on the establishment of two types of Moderate Ecological Protection Area 

(MEPA) as follows (Refer Figure 1): 

1. A Mangles Bay MEPA extending offshore 250 m around the breakwaters from the existing 

shoreline, within which all relevant EQO’s and EQC established for MEPA’s under the Cockburn 

Sound SEP will apply; and 

2. A “MEPA-Artificial Waters” for marina waters only, within which only a subset of the EQC 

established under the SEP apply. The EQC that would not apply are those related to enabling 

seagrass growth, since no seagrass presently occur in the area of the proposed artificial water 

body. 

Justification for the recommended approach, together with proposed monitoring indicators and sites and 

contingency actions are detailed in the Oceanica report presented in Appendix 2Appendix 6 – Section 54. 

 

Figure 1 Proposed MEPAs for the Mangles Bay Marina 2.7 Relocation of Lake Richmond drain 
As indicated in Section 1.1 of this document, the OEPA requested the Proponent to assess the potential 

impacts of relocating the Lake Richmond Drain and provide details of the design and location of the drain.  

The Proponent has discussed this request with the key stakeholders involved in management of the drain 

and water levels in Lake Richmond (Water Corporation, DoW and City of Rockingham) and has engaged 

GHD engineers to prepare a design that re-routes the drain along Safety Bay Road to avoid disturbance of 

TECs.  The relocation currently being negotiated with Water Corporation is to construct the Lake 

Richmond overflow drain as a closed pipe system beneath Safety Bay Road with the discharge point into 

Mangles Bay located at the end of the eastern breakwater of the marina. 

Preliminary hydraulic modelling undertaken by GHD confirms that the Lake Richmond overflow can be 

piped beneath Safety Bay Road.  The hydraulic performance of proposed overflow pipe was also 

determined to be an improvement to the existing open drain.  The effect of dewatering associated with 
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construction of the Lake Richmond overflow as a piped system has been modelled by ERM (2012) and 

demonstrates no significant drawdown to Lake Richmond. 

The benefits of realigning the Lake Richmond overflow to discharge from the eastern breakwater into 

Mangles Bay include: 

• reducing scouring of seagrass from the existing drain outfall on the beach 

• avoiding potential additional seagrass loss from scouring at new location proposed in PER 

• improving beach amenity 

• improving hydraulic performance compared to the open drain (note, the weir level at Lake 

Richmond will not change as a consequence of the realignment of the Lake Richmond overflow 

drain)  

• discharge from the breakwater into deeper water is expected to assist in dilution and dispersion of 

Lake Richmond overflow discharges. 

No adverse impacts to the environmental values or seagrasses of Mangles Bay are anticipated. 2.8 Reliability of Groundwater model 
Several submissions questioned the selection of model used for groundwater investigations. Many 

submissions raised issue with the validity and reliability of data used to inform and calibrate the 

groundwater model. Questions were raised about the confidence in hydraulic conductivity and positioning 

of the saltwater interface from data collected; and. about the length of time groundwater data has been 

collected, and whether this is sufficient, especially given that Rockingham experienced a particularly ‘dry 

year’ during the data collection period.  

These (and other) submissions are addressed in more detail in Appendix 4 of this document. However in 

recognition of the need to confirm the reliability of the model, a summary response is provided below to the  

above key submissions. 

The model used to simulate the effect of marina construction is the 3D SEAWAT model. This model has 

been nested within a broad regional 2D MODAEM model to place the marina works into a regional 

groundwater context (Appendix 5 PER). The Proponent’s hydrological consultants (ERM) insist that 

SEAWAT is fit for purpose. It was developed by the US Geological Survey specifically for saltwater 

intrusion modelling.  Further detail on the characteristics of both models and their applicability to the 

project impact assessment process is provided in the ERM technical report (Appendix 4).  

It should be noted that the Proponent’s originally preferred method of marina construction was to 

undertake excavation in the dry. This method would have required that the groundwater below the marina 

be abstracted and disposed of to enable dry excavation by trucks and land based excavators. The 

relatively complex 3D SEAWAT model was used because the large scale dewatering envisaged for the 

marina excavation needed to be carefully evaluated in terms of potential for seawater intrusion into Lake 

Richmond, ground water level drawdown effects on nearby TEC’s and GDE’s and potential for intersection 

of the drawdown cone into the Tamala Limestone (TL) which occurs at depth beneath the Safety Bay 

Sands (SBS). 

The SEAWAT model showed that large scale dewatering was most unlikely to cause incursion of seawater 

into Lake Richmond but predicted that water level drawdown in the lake could be up to 0.42 m. This 

potential impact was considered unacceptable by the Proponent team  because of the potential for longer 

term exposure  of the thrombolite communities in the lake and drying of adjacent TEC’s and GDE’s.  

Consequently, to avoid these impacts, the Proponent has committed not to dewater but to undertake the 

marina excavation in the wet.  This excavation method is much more expensive than dry excavation, but is 

the only method available that enables avoidance of the large scale dewatering impacts on groundwater 

levels. Wet excavation will be achieved with the piling of polyvinyl sheets around the edge of the marina 

water body to provide an almost impermeable wall, and by excavating the sand inside the wall using a 

floating dredge.   
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Assuming wet excavation the modelling exercise is much simpler and relates entirely to the groundwater in 

the superficial Safety Bay Sands (SBS). The SEAWAT model is more than adequate for this purpose.   

Model results simulating the wet excavation method have confirmed that: 

There will be very little effect on groundwater levels adjacent the marina and in Lake Richmond both during 

the construction period and afterwards during operation (0.032 to 0.038 m lowering respectively); 

Seawater intrusion to groundwater is very much restricted to the marina footprint with no potential for 

intrusion into Lake Richmond. 

Derivation of the SBS permeability for this model was done with MODAEM which calculates recharge and 

then calculates permeability as an output from the model.  Historical Department of Water (DoW) water 

level records for the Cape Peron area spanning a period of some 38 years was used in the MODAEM 

model to determine the permeability coefficient (k) of 15m/d. Two years of water level data from a monitor 

bore east of Lake Richmond (1985/86), plus 12 months of onsite monitoring water level data (MWH 2011a) 

were used to calibrate the model.  The calculated permeability and other parameters for the SBS are 

comparable to those used in the DoW’’s Perth Regional Aquifer Modelling Systems (PRAMS), Peel Harvey 

Regional Aquifer Modelling System (PHRAMS) and Murray models.  It is therefore considered by the 

Proponent’s consultants (ERM) that the model inputs are reliable.  

ERM’s response to groundwater related submissions (Appendix 4) has subsequently  been reviewed by an 

independent peer reviewer (Dr Phil Wharton of Rockwater) who has confirmed the adequacy of the 

modelling work undertaken by ERM and supported the conclusions of the modelling work as being 

reasonable and reliable.  Dr Wharton’s Peer review is presented in Appendix 5. 
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3. Conclusion 
As detailed in the above summary and the technical detail presented in the Appendices to this document, 

the Proponent has: 

• undertaken substantial additional investigations to address the key submissions received 

• utilised best practice measures to design the marina to maximise potential for flushing, minimise 

seagrass loss and avoid potential for saltwater intrusion into Lake Richmond.  All of the key 

significant issues raised by the EPA in their strategic advice to the Minister for this project in 2006 

have been satisfactorily addressed by incorporation of a design solution 

• proposed sensitive construction methods to minimise the impact of dredging on seagrasses 

(dredging during winter), and the impact of water body excavations on water levels in Lake 

Richmond (wet excavation) 

• undertaken rigorous modelling investigations to determine the scale of groundwater impacts from 

construction and operation of the marina, and scale of water quality impacts on Mangles Bay 

• had the adequacy and findings of these modelling studies reviewed and supported  by 

independent peer reviewers 

• demonstrated that the potential risk to environmental values of Mangles Bay and Lake Richmond 

arising from the Proposal are minimal  

• Proposed a draft EQMF which complies with the requirements of the WAPC Development Control 

Policy 1.8 

• proposed realistic and pragmatic offsets to mitigate residual impacts of the project on water 

quality and seagrasses in Mangles Bay and on Lake Richmond environmental values. 
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Mangles Bay Marina – Coastal Processes Assessment 
Peer Review 

1. Summary 
This document provides a technical peer review of Mangles Bay Marina Based Tourism 
Precinct Project – Coastal Processes Assessment (JFA Consultants 2012)1. The focus of 
evaluation has been the applicability of the study to coastal planning and management. 
Significantly, this means that there is a consideration of both technical correctness and the 
implications of any simplifications or errors. 
 
The Coastal Processes Assessment presents an analysis of coastal mobility associated with 
the impacts of the proposed Mangles Bay Marina. The approach involves application of 
wave transformation modelling, estimation of alongshore transport rates and evaluation of 
coastal configurations for a compartmentalised coast. Overall, the study uses a relatively 
simple form of coastal modelling which provides order of magnitude estimates for coastal 
change and management requirements.  
 
Although the JFA report uses similar language to that of State Coastal Planning Policy SPP 
2.62, it is noted that the methodology and implied means of coastal management differs 
considerably from ‘common’ reporting against the policy3. These discrepancies were 
identified and discussed with JFA Consultants, who indicated that their inclusion was 
deliberate, although not explicitly identified as such: 

 Coastal change estimates are not used to derive setback allowances, and hence are 
not directly comparable with Schedule One of SPP 2.6; 

 Methods to estimate change have a high associated uncertainty – with a flexible 
coastal management system intended to accommodate error or variability. 

 
The approach used by JFA is in keeping with the general coastal management objectives of 
the State Government4. However, it does not follow the formulaic approach proposed for 
the general case for SPP 2.6, which describes situations where coastal setback is used as the 
primary mechanism for coastal management. Treatment of the proposed development as a 
variation to the general case should be clearly highlighted in the study, with supporting 
justification provided.  
 
The approach of using a flexible management system to accommodate the simplicity of the 
coastal modelling is a significant strategy that should also be more clearly highlighted. In this 
case, the small scale of modelled coastal response also acts as a mitigating factor. 
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2. Review of Approach 
The approach used by JFA follows a relatively linear sequence, which is essentially followed 
by the report structure: 

 Regional Setting 

 Wave Transformation Modelling 

 Sediment Transport 

 Impacts of the Development 

 Coastal Planning Requirements 

 Coastal Protection at Mangles Bay 
Whilst this sequence is logical and the arguments for connecting elements are apparently 
reasonable, the information reported as defining these connections is not well 
demonstrated, obscuring the validity of the study. Few components assessed by JFA are 
described quantitatively and presented in the report. 
 
Regional Setting 
A brief review of geomorphology was undertaken, to identify primary characteristics of the 
local coast and guide the modelling methodology. JFA identify the proposed marina site as a 
sheltered (swell-affected) low energy beach and subsequently assume dominant processes 
on the basis of low energy beach literature. The literature review is not clear and includes 
several misinterpretations although these are not considered to affect the study outcome. 
One of these is the assumption that sediment transport is wholly restricted to the narrow 
coastal margin – typically the terrace is highly active, but constrains wave directions 
nearshore due to diffraction, facilitating beach recovery under moderate conditions, but 
allowing rapid dispersal of any sand shifted onto the terrace during a storm event. 
 
The logic pathway adopted by JFA for defining key processes is weakened by the transfer 
from local classification of beach profiles, through to generic description of processes. As a 
consequence, the modelling method is likely to exclude any site processes that are not 
common to all low-energy beach systems. The most obvious of these are the influences of 
being located near to the gap between Cape Peron and Garden Island, the response to 
construction of Garden Island Causeway and the role of seagrass beds. Neglect of these 
processes is not considered major, but a more rigorous approach would have been to 
examine, using observations, how these factors modulate the theoretical low-energy beach 
behaviour. 
 
The relative influence of fetch-limited and sheltered (swell-affected) processes has not been 
clearly demonstrated for the site, with only the results for swell wave penetration being 
displayed. The relative influence of northerly wind waves is discussed qualitatively, with 
limited indication of wind occurrence. Separate to the report, JFA have raised the arguments 
that fetch exposure at Mangles Bay corresponds to a rare wind direction. It is recommended 
that this be more clearly illustrated, particularly to justify the use of swell transformation 
and calculation of wave-driven littoral drift. 
 
Wave Transformation Modelling 
ST-Wave, a steady-state spectral wave model developed by the US Army Corps of Engineers5 
was applied for the study. The wave model was calibrated using the single storm event for 
which observed wave data was available from Rottnest, Cottesloe and Owen Anchorage. It 
was subsequently used to develop a transformation matrix from offshore (Rottnest) through 
into Cockburn Sound and Mangles Bay. The method used to generate wind wave conditions 
is not clearly identified, but uses the Rottnest wind record to provide an occurrence matrix. 
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The model used is appropriate, as it is a spectral model, which includes key processes such 
as refraction, diffraction and wave breaking6. However, the absence of wave data near to 
Mangles Bay provides a constraint to effective calibration, as the process of diffraction is 
significantly more influential within Cockburn Sound than either of the two inshore wave 
measurement sites. Demonstration of the model performance through the July 2008 storm 
is recommended, with representation of wave direction at Owen Anchorage the parameter 
of greatest interest. Overall, the calibration exercise is likely to be limited, as it is not 
generally feasible to calibrate the full range of modelling parameters using a single storm 
event – for example, it can be difficult to distinguish wave damping and direction change 
caused by diffraction to those caused by refraction and friction. 
 
The importance of wave diffraction within Cockburn Sound suggests that the wave climate 
assessment may be sensitive to the 30o discretisation of offshore wave directions, although 
this may be partly offset by nearshore convergence. 
 
Nearshore wave roses should be presented, as these are the key input used for sediment 
transport modelling. 
 
Sediment Transport 
Sediment transport was assumed to be driven by wave-driven littoral drift, interpreted on 
the basis of directional wave energy analysis with qualitative confirmation using vegetation 
line changes for compartments with different coastal orientations. Both techniques have a 
high level of uncertainty associated with their results, and as identified by JFA, the wave 
energy analysis should be considered as indicative rather than quantitative. 
 
Wave energy analysis was applied to four compartments identified within Mangles Bay, 
based upon coastal orientation and the presence of coastal structures. This suggested 
convergence towards the centre of the compartments, with eastward transport for the two 
western compartments and westward transport for the two eastern compartments. Rates of 
transport were not presented by JFA, noting that transport estimates would require 
interpretation to account for coastal structure bypassing and rotation within compartments. 
 
JFA used the historical vegetation lines to identify three different phases of coastal change 
that occurred in response to installation of Garden Island Causeway (1971). The most recent 
phase from 1988 to 2010 was considered representative of present-day conditions, after 
initial adjustment to the causeway. Consequently, the vegetation line change over this 
period was used to confirm (qualitatively) the behaviour suggested by wave energy analysis, 
with the area of deposition and sand build-up against structures used to interpret the net 
direction of transport within each compartment. JFA acknowledge that the relative capacity 
for vegetation lines to represent erosion or accretion over 20 years along a highly populated 
and managed beach is low-moderate7. Coastal variation between the two years of aerial 
photography was not identified – typically a minimum spacing of 5 years is recommended to 
allow erosion-recovery cycles to be identified. 
 
On the basis of aerial photography from 1976 to 2003, MRA8 estimated that alongshore 
sediment transport for the Mangles Bay area was in the order of 600 m3 p.a. This rate is 
likely to have been influenced by response to Garden Island Causeway and the relative 
difficulties of interpreting vegetation lines. However, it does suggest that the volume of net 
littoral transport at Mangles Bay is small.  
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On the evidence of minor coastal change from 1988 to 2010, JFA suggested that the existing 
beach orientations could be treated as stable. Taken at face value, this statement appears 
contradictory, as the aerial photography indicates that the compartments are experiencing 
systematic change. However, it is suggested that “nearly stable” would be a more 
appropriate term, with the clarifications that (i) shoreline changes have been small; and (ii) 
the small change in orientation (~17o) appears to cause a reversal in transport direction. 
These characteristics effectively guide the subsequent methodology. 
  
Impacts of the Development 
MEPBay9 has been used to estimate stable coastal configurations in response to the marina 
breakwaters. Whilst this is a widely used tool for coastline prediction in response to a 
diffracted wave climate, it has a number of limitations that require careful consideration: 

 Results are non-unique, with different coastal configurations according to net 
sediment volume; 

 The model is sensitive to incident wave direction, and requires a dominant wave 
source with limited directional range (i.e. swell); 

 Secondary factors upon wave direction, such as refraction across the sub-tidal 
terrace, are not included. 

The possible range of wave directions (including both the wave modelling and its possible 
error) should be considered in the MEPBay assessment. 
 
Groynes have been proposed to disconnect each arcuate beach section from the adjacent 
shoreline. This effectiveness of this technique is determined by the variability of the incident 
wave conditions and the potential for bypassing of the groynes, either alongshore or across 
the sub-tidal terrace. The latter mechanism is acknowledged to occur on low energy 
beaches, producing ‘leaky’ groyne fields. 
 
An acute erosion modelling recession of 7m by MRA10 was identified. It is indicated that JFA 
undertook an equivalent assessment, but results are not presented. 
 
Scour and seagrass wrack trapping are briefly considered:  

 Scour is discussed by JFA, but not evaluated. It is noted that the low wave energy at 
the site is considered likely to produce considerably less scour adjacent to the 
breakwaters than for more exposed coastal structures. 

 The potential for the breakwaters to trap seagrass wrack is discussed, with 
recognition that there is a relatively small seagrass catchment and a low littoral 
transport rate. 

Whilst it is considered likely that Mangles Bay Marina will have limited impact on these 
processes, JFA’s assessment is brief and qualitative. It is recommended that these sections 
include a statement to the effect of “On the basis of this qualitative assessment, this process 
was deemed likely to be of minor impact and has not been evaluated in detail.” 
 
Coastal Planning Requirements 
Treatment of Mangles Bay Marina as a variation to Schedule One of SPP 2.6 is indicated 
within Section 6.1. However, in the subsequent parts of this Section, JFA respond directly to 
the components of Schedule One comparing their assessment with a previous study by MRA. 
The Schedule is specifically developed for the use of coastal setbacks as the primary tool for 
protection against coastal erosion hazard over a planning time frame of 100 years.  
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It is to be noted that the MRA study does not form a statutory planning document. Its 
identified purpose was to provide a highly simplified assessment of coastal setbacks which 
would delineate where detailed local coastal setback investigations are likely to be required 
for development approvals purposes. 
 
It is recommended that this Section directly addresses the status of Mangles Bay Marina as a 
coastal node. Whilst this does still imply the need to cater for acute, chronic and long-term 
coastal change, it enables recognition of other forms of coastal erosion hazard mitigation. 
 
Whilst it is recognised that the quantities involved are small, the proposed beach 
renourishment program should include allowance to mitigate downdrift erosion for any 
material that gets impounded by the Marina breakwaters. 
 
Coastal Protection at Mangles Bay 
JFA provide a discussion with respect to a range of coastal protection systems that would 
provide capacity to respond to coastal change. They recommend the use of buried seawalls 
to accommodate acute erosion events and an ongoing / active program of renourishment, 
particularly to cater for recession due to sea level rise. 
 
The approach suggested is considerably more manageable than in many other locations 
dues to the proximity of an area of deposition at Peron Boat Ramp. However, the potential 
implications of this management strategy need to be considered carefully, including the 
effect of likely increasing demands on the sand resource. 
 

3. Recommendations 
The document provided by JFA provides a relatively straightforward analysis of coastal 
processes at the Mangles Bay Marina site. In its present format, the document is slightly 
obscure, with limited quantified model outcomes. Some improvement can be made to 
improve the logical sequence of the report, including: 

 Identify that modelling techniques designed for open-coast situations are less suited 
to describing low energy environments, and bring with them a comparatively high 
level of uncertainty;  

 Clearly identify that the assessment is undertaking a scaling approach, to 
demonstrate that transport volumes are small – this facilitates using a management 
technique that can accommodate a relatively high level of uncertainty; 

 Demonstrate relative dominance of swell waves and their narrow directional band; 

 Illustrate the tolerance of the proposed coastal compartments to the likely range of 
environmental conditions. 

However, the major issue associated with the report is the confusion introduced by 
intermingling the terminology of SPP 2.6 Schedule One (setback policy) with the general 
approach of active and adaptive coastal management.  
 
The status of Mangles May Marina as a coastal node, under SPP 2.6, should be explicitly 
claimed and supported. This would then allow justification for the use of erosion hazard 
mitigation techniques other than coastal setbacks. 
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Executive Summary 

Cedar Woods Properties Limited (Cedar Woods) proposes to develop a tourist based marina 

development in Mangles Bay in Cockburn Sound.  The proposal was referred to the 
Environmental Protection Authority (EPA) and in September 2010 the level of environmental 

assessment was set as a Public Environmental Review (PER). 
 

The draft PER was assessed by the Office of the EPA (OEPA) and the Cockburn Sound 
Management Council (CSMC) in April and May 2012, and both raised a number of concerns 

about potential impacts of the project on marine water quality and seagrasses.  The OEPA 

also identified the need to develop an Environmental Quality Management Framework (EQMF) 
for the marina and adjacent waters, in accordance with the recently released (May 2012) 

Western Australian Planning Commission (WAPC) Development Control Policy 1.8:  Canal 
Estates and Artificial Waterways.  A response to the OEPA and the CSMC is being prepared by 

Strategen on behalf of Cedar Woods, and this report by Oceanica Consulting Pty Ltd 
(Oceanica) provides some of the technical supporting information, specifically: 

 
1. A risk based dredging impacts monitoring program for the Mangles Bay marina. 

2. Potential seagrass restoration offset for the Mangles Bay marina. 

3. Potential operational impacts of the marina on water quality (and seagrasses) in Mangles 
Bay. 

4. A proposed EQMF for the Mangles Bay marina. 
 

Risk based dredging impacts monitoring programme  
A risk based assessment concluded there is minimal risk of indirect seagrass loss or damage 

arising from the dredging program for the project, based on the following reasons: 
 

 Results of local seagrass shading experiments; 

 Timing of dredging (seagrass dormancy) and shallow depth light availability; 
 Short duration of dredging works; 

 Method of dredging and onshore spoil disposal; and 
 Low fines content of sediments and modelling results. 

 
The monitoring approach proposed for the dredging program (in the Construction 

Environmental Management Plan (CEMP) for the project) is considered more than adequate 
to mitigate any seagrass health issues. 

 

Potential seagrass restoration offset 
Cedar Woods proposes to transplant at least 6 ha of seagrass in Cockburn Sound to offset the 

loss of seagrass by the project.  Based on the high costs associated with seagrass 
transplantation ($200-400,000/ha, depending on spacing of transplants) and the length of 

time to produce a fully functioning meadow (approx. 4-6 years if conditions are conducive to 
growth), Oceanica recommends investigation of the suitability and costs of using Artificial 

Seagrass Units (ASUs) to provide a fish nursery habitat on a large scale (commercially 
manufactured).  ASUs could potentially be used as an interim measure to provide fish with a 

habitat during the time taken to form a fully-functioning meadow consisting of transplanted 

natural seagrass.  The ASUs may also potentially be useful in providing transplanted 
seagrasses with a protective barrier against wave energy, while they establish and grow.  

These discussions and investigations would need to be undertaken in conjunction with the 
Department of Fisheries.  Oceanica further recommends potential sites for seagrass 

rehabilitation (either using natural or artificial seagrass) should be checked for suitability to 
support seagrass revegetation by conducting pilot studies for a minimum of 1 to 2 years. 
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Potential operational impacts of the marina on water quality (and seagrasses) in 

Mangles Bay 
The marina should have minimal impacts on water quality in Mangles Bay and no adverse 

effects on the seagrasses in Mangles Bay, based on the following multiple lines of evidence: 
 

1. The water quality modelling for this project was undertaken with a suitable hydrodynamic 
model that was appropriately calibrated and validated, and that used a representative 

range of conditions.  The model constructed represented the bulk of the dynamics, and 

the processes effecting the flushing of the proposed marina were adequately represented.  
This view was shared by highly experienced hydrodynamic modeller Dr Jason Antenucci, 

who undertook an independent technical review of the modelling work. 
2. Predictions of water quality (chlorophyll-a concentrations) inside the marina are 

conservative and defensible.  The box modelling approach used was simple, but robust 
and conservative.  Validation of the modelling approach using Jervoise Bay Northern 

Harbour data also indicated that the technique is more likely to overestimate than 
underestimate chlorophyll-a concentrations for the Mangles Bay marina.   

3. Modelling results for water quality (chlorophyll-a concentrations) in Mangles Bay are also 

conservative and defensible.  The chlorophyll-a predictions and associated effects on light 
attenuation indicate that there will be minimal effects on water quality outside the 

marina, and a very low risk of adverse impacts on seagrasses in Mangles Bay. 
4. Data for other marinas/harbours in Perth coastal waters supports modelling results that 

indicate minimal effects on water quality outside the marina and very low risk of adverse 
impacts on seagrasses in Mangles Bay once the project is in operation. 

5. Seagrasses in Mangles Bay survived many years of water quality in the 1970s and early 
1980s, with chlorophyll-a concentrations as much as three to four times higher than 

occurs today, or that will occur after project completion. 

 
Proposed EQMF for Mangles Bay marina. 

The main purpose for the EQMF required by WAPC Development Control Policy 1.8 is to 
ensure that environmental quality in any artificial waterway is managed such that 

environmental quality and ecological integrity in the adjacent natural waterway is not 
compromised. 

 
An EQMF for the Mangles Bay marina and adjacent waters is proposed based on the EQMF 

already established for the waters of Cockburn Sound under a State Environmental Policy 

(Cockburn Sound SEP).  The proposed EQMF is based on two types of Moderate Ecological 
Protection Areas (MEPAs), as follows: 

 
1. A Mangles Bay MEPA from the existing shoreline of the proposed marina, extending 

radially 250 m from the breakwaters out into Mangles Bay.  Within this MEPA all relevant 
Environmental Quality Objectives and Environmental Quality Criteria (for MEPAs) 

established under the Cockburn Sound SEP will apply.   
2. A "MEPA - Artificial waters" for waters in the marina.  Within this MEPA a subset of the 

Environmental Quality Objectives and Environmental Quality Criteria (for MEPAs) 

established under the Cockburn Sound SEP apply.  Alternative Environmental Quality 
Criteria for nutrient-related water quality in the marina are also proposed, and are based 

on ensuring no adverse effects on nutrient-related water quality in Mangles Bay. 
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1. Introduction 

1.1 Background 

Cedar Woods Properties Limited (Cedar Woods) proposes to develop a tourist based marina 

development located in Mangles Bay in Cockburn Sound.  Mangles Bay Marina Based Tourist 
Precinct comprises a single entrance marina to accommodate up to 500 pens and moorings 

and a surrounding land development comprising tourism, accommodation, commercial, public 
open space and residential land uses.   

 
The proposal was referred to the Environmental Protection Authority (EPA) and in September 

2010 the EPA determined the level of environmental assessment as Public Environmental 

Review (PER), which is the highest level of environmental assessment.  In October 2011, the 
draft PER was submitted to the EPA, which describes the proposal, the likely environmental 

effects and the proposed environmental management procedures associated with the 
proposed development.   

1.2 Response to PER 

The draft PER was assessed by the Office of the Environmental Protection Authority (OEPA), 
correspondence dated 11 May 2012 and the Cockburn Sound Management Council (CSMC), 

correspondence dated 23 April 2012.  A number of environmental concerns were addressed 
by the OEPA and CSMC, as described below. 

 

The OEPA raised twelve specific issues related to marine environmental quality in Mangles 
Bay and requested that they be addressed.  In summary these issues were: 

 
1. Proponent to advise status of marina design. 

2. Proponent to demonstrate that best practice measures have been incorporated into 
marina design. 

3. The preparation of an Environmental Quality Management Framework (EQMF) consistent 
with the updated Western Australian Planning Commission Development (WAPC) Control 

Policy 1.8 “Canal Estates and Artificial Waterways”. 

4. Proponent to manage marina water quality to ensure that the ability to achieve improved 
water quality in Mangles Bay be not constrained as required by EPA Bulletin 1237. 

5. An assessment of the potential impacts of possible nutrient accumulation in the marina on 
the long-term environmental quality in Mangles Bay. 

6. Proponent to detail contingency measures to be implemented in the event that water 
quality in the marina deteriorates below accepted Environmental Quality Criteria (EQC) for 

a Moderate Level of Ecological Protection (LEP). 
7. Proponent to develop an Operations Environmental Mitigation and Monitoring Plan (EMMP) 

that clearly defines objectives, identifies threats and establishes appropriate indicators, 

benchmarks, monitoring procedures, data assessment methods and contingency 
management actions that will ensure the relevant Environmental Quality Objectives (EQO) 

and Environmental Values (EV) established by the required EQMF, will be protected. 
8. Proponent to assess the potential impacts of relocating the Lake Richmond Drain and 

provide details of the design and location of the drain. 
9. Proponent to justify the scale and location of “halo effect” on seagrasses adjacent project 

infrastructure. 
10.  Proponent to assess sedimentation impacts on seagrasses adjacent navigation channel. 

11. Proponent to advise settlement pond capacity and arrangements for return water overflow 

and assess return water discharge impacts. 
12. Proponent to amend the Construction Environmental Management Plan (CEMP) and 

specifically the Dredging Environmental Management Plan (EMP) and the Marine 
Biodiversity and Habitat Management Plan (MBHMP) to address comments provided in 

correspondence. 
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1.3 Response by the Cockburn Sound Management Council 

The CSMC correspondence also raised a number of issues with the Proposal including 

concerns related to marine environmental quality in Mangles Bay.  In summary CSMC 

considers Mangles Bay to be a very sensitive and ecologically critical area of Cockburn Sound.  
It contains remnant seagrass beds which whilst extremely productive from a fisheries 

perspective are already stressed from existing poor water quality and boating use of the 
area.  CSMC also considers that the proposed marina is poorly located and that the proposed 

single entrance design potentially threatens future water quality in both the marina and 
subsequently in Mangles Bay.  If the marina does become a source of reduced water quality 

into Mangles Bay, it will be in conflict with the CSMC’s EMP for Cockburn Sound and its 
Catchment (2005), and the State Environmental (Cockburn Sound) Policy 2005. 

 

Specific concerns raised by CSMC related to the impact of the Proposal on marine 
environmental quality in Mangles Bay focus on the adequacy of the mathematical modelling 

undertaken and include: 
 

 CSMC is not confident that sufficient data has been collected to adequately calibrate and 
validate the hydrodynamic models on which the PER assessment are based.  There is a 

lack of seasonal data, specifically for summer and winter-spring period when DIN is 
usually at its highest concentration, and is when dredging is planned (winter-spring) 

 the PER does not provide defensible estimates of volumes or mass calculations to help 

clarify the contribution that increased phytoplankton production in the marina will have on 
background water quality (light attenuation) in Mangles Bay, nor identify the location of 

the halo effect boundary of effect 
 model used for water quality predictions was not calibrated because considered 

unnecessary by APASA but no explanation given as to why 
 there is a clear indication of model uncertainty and the conclusion that the flow conditions 

adjacent the proposed marina are “suitably represented” may be an overstatement 
 the concluding statement in the APASA technical report that “flushing is expected to be 

adequate to prevent build up of (DIN) concentrations over time” is both “difficult to 

understand” and “appears incorrect and overly positive “ 
 there is a lack of external peer review for modelling of dredging and water quality 

impacts. 

1.4 Purpose of this report 

A response to OEPA and CSMC concerns is being prepared by Strategen on behalf of Cedar 

Woods, and this report by Oceanica Consulting Pty Ltd (Oceanica) provides technical 
supporting information about potential impacts on marine water quality and seagrasses, and 

the development of an EQMF for the Mangles Bay marina and adjacent waters.  The 
information is structured as follows: 

 

1. Risk based dredging impacts monitoring programme for the Mangles Bay marina strategic 
planning (Section 2).  This section assesses the risk of seagrass loss due to dredging, and 

identifies an appropriate monitoring response, if required. 
2. Potential seagrass restoration offset for the Mangles Bay marina strategic planning 

(Section 3).  This section discusses the options and potential research value for seagrass 
restoration as an environmental offset as part of the Mangles Bay marina strategic 

planning. 
3. Potential operational impacts of the Mangles Bay marina on water quality (and 

seagrasses) in Mangles Bay (Section 4).  This section uses modelling results and other 

evidence to investigate whether the proposed marina would have adverse impacts on 
water quality or the seagrasses in Mangles Bay. 

4. Proposed Environmental Quality Management Framework (EQMF) for Mangles Bay marina 
(Section 5).  This section addresses the WAPC Development Control Policy 1.8: Canal 

Estates and Artificial Waterway (WAPC 2012), which requires the development of an 
appropriate EQMF for canal estates or artificial waterways and any adjacent natural 

waterway or water body. 
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2. Risk based dredging impacts monitoring program for 
Mangles Bay marina strategic planning 

2.1 Background 

This section presents a risk assessment of seagrass loss arising from the proposed dredging 
programme for the Mangles Bay marina, based on the following considerations: 

 
 Results of local seagrass shading experiments; 

 Timing of dredging (seagrass dormancy) and shallow depth light availability; 

 Short duration of dredging works; 
 Method of dredging and onshore spoil disposal; and 

 Low fines content of sediments and modelling results. 
 

The section assesses the risk of seagrass loss and identifies an appropriate monitoring 
response, if required.  It is noted that Strategen and Oceanica anticipate that the Office of 

the Environmental Protection Authority (OEPA) will stipulate that the requirements of 
Environmental Assessment Guideline (EAG) No. 7 for Marine Dredging Proposals (EPA 2010) 

be implemented.  The purpose of the risk assessment is to find out if the scale of monitoring 

can be reduced in line with the risk of seagrass loss (i.e. confirmation that nothing 
unanticipated is occurring to the seagrass adjacent to the proposed dredge channel).  A 

seagrass monitoring program is proposed which is considered to be more than adequate to 
mitigate adverse impacts given the very low risk posed by the short term dredging 

programme. 

2.2 Risk assessment of seagrass loss 

2.2.1 Local shading experiments 

Recent studies have examined the duration of light loss required to manifest an impact on 
two species of seagrass (Amphibolis griffithii and Posidonia sinuosa), some of the key 

meadow-forming species in Cockburn Sound, with P. sinuosa the key species in Mangles Bay.  

This research has shown that seagrasses employ physiological and morphological 
mechanisms in response to light reduction (shading) to balance the loss of carbon; with the 

nature of the response depending on the species, environment and intensity/duration of 
shading, although an ability to adapt in any way can prolong survival (Collier et al 2009). 

2.2.1.1 Posidonia sinuosa shading experiment 

Collier et al (2009) investigated the effect of shading on the seagrass Posidonia sinuosa to 
identify mechanisms that prolong its survival during periods of low light, and permit its 

subsequent recovery.  The time taken for shoot loss to occur in P. sinuosa is generally longer 
than for other seagrass species (3–6 months) versus. 18 days for Zostera marina and 

21 days for Halophila ovalis, with some Posidonia sinuosa shoots surviving over 12 months 

below minimum light requirements (Collier et al. 2009 and references contained therein). 
 

Shade treatments used during the experiments were low (70-100% of ambient 
Photosynthetic Photon Flux Density), medium (12–39%) and heavy (5–4%) at the shallow 

(3–4 m) site, while the deep (7–8 m) site had no heavy shading treatment.  Heavy shading 
at the shallow site and medium shading at the deep site were below minimum light 

requirements (MLR) for the long-term survival of P. sinuosa (8.5% of surface light; Collier 
2006). 

 

Physiological, morphological and growth attributes were repeatedly measured during 
198 days (approx 28 weeks or six and a half months) of shade treatments.  Results of the 

experiments showed that shoot density declined by 82% within 105 days under the heavy 
shade treatment, although 6% of shoots remained after 198 days.  Collier et al. (2009) 

estimated that complete shoot loss (0 shoots m2) would have taken nearly 2 years in high 
shade and 3.5 years in moderate shading; with recovery in moderately and heavily shaded 

meadows taking 3.5 to 5 years. 
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2.2.1.2 Amphibolis griffithii shading experiment 

Recent research by McMahon & Lavery (2008) investigated the responses of Amphibolis 

griffithii to reduced light availability.  They conducted a manipulative experiment designed to 
simulate light reduction impacts resulting from different dredging scenarios, with varying 

durations and intensities of light reduction, as well as different times of the year that light 
reduction was imposed (McMahon & Lavery 2008).   

 
Light was reduced to either 13-19% of ambient light (‘moderate’ light reduction treatment) or 

to 5-11% of ambient light (‘high’ light reduction treatment), for 3, 6 or 9 months duration 

(McMahon & Lavery 2008).  McMahon & Lavery (2008) noted that the 'moderate' light 
reduction treatment actually represented a severe degree of shading.  Experiments 

commenced at either the end of summer or end of winter, to test the effect of seasonal 
differences in carbohydrate reserves on the response of A. griffithii to light reduction, with 

carbohydrate reserves expected to be higher post-summer (McMahon & Lavery 2008).  
Recovery of A. griffithii following light reduction was monitored for up to 23 months 

(McMahon & Lavery 2008). 
 

Key findings reported by McMahon & Lavery (2008) included: 

 
 All experimental treatments had a negative impact on A. griffithii; 

 The initial responses to light stress were physiological; 
 An increased intensity or duration of light reduction resulted in morphological responses; 

 A. griffithii meadows recovered to unshaded levels (in terms of leaf biomass) 10 months 
after light reduction ceased but only in treatments that were shaded for three months; 

 Treatments shaded for six or nine months showed no recovery up to 23 months after the 
removal of light reduction; 

 Time of year clearly affected the susceptibility of A. griffithii to shading and its subsequent 

recovery.  Plants shaded at the end of winter were generally less affected and had faster 
recovery than those shaded at the end of summer; and 

 Light reduction also impacted algal epiphyte biomass. 
 

The relationship derived by McMahon & Lavery (2008) was based on three, six and nine 
months of moderate and high shading, and indicated that A. griffithii plants receiving a 

500 hour reduction in the number of hours where PAR is above Ik1 over a period of three 
months (i.e. a severe degree of shading) may undergo an interim (i.e. plants recovered when 

the shading was removed) 30% decrease in leaf biomass if shaded at the end of summer, but 

no decrease in leaf biomass if shaded at the end of winter.   

2.2.1.3 Conclusions 

The results of these experiments that have specifically investigated the effect of light 

reduction on P. sinuosa and A. griffithii demonstrate that these species demonstrate a high 
tolerance and ability to survive reduced light conditions for an extended period of time (i.e. 

months to years, depending upon the level of shading).  Seagrass is more likely to be less 
affected and recover if shaded for shorter time periods (i.e. three months) and if the shading 

occurs at the end of winter rather than summer, as is the case with Mangles Bay marina 
(where dredging is proposed to occur between May and August).  Dredging during winter is 

considered to be a good time to dredge for seagrasses and was also considered to be a 

reasonable time of year for minimising impacts on fish spawning and penguin breeding times. 
It should also be noted that during these experiments, seagrasses were shaded continuously, 

whereas the dredging proposed for Mangles Bay marina is not continuous as it is only 
proposed during daylight hours (nominally 6 AM to 6 PM) for six days/week.  The level of 

shading over seagrass will also be of a far lesser level, and intermittent according to the 
movement of the dredge plume with wind and current conditions as well as movement of the 

dredge along the channel.   
 

                                          
1
 Ik = The minimum light level at which the maximum rate of photosynthesis is reached (at the intersection of the 

initial slope and the maximum photosynthetic rate). 
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2.2.2 Timing of dredging and shallow depth light availability 

The critical window of environmental sensitivity for seagrasses has been considered.  

Dredging for the Mangles Bay marina is proposed to be undertaken during winter months 
(roughly between May and August), which is the time of year when seagrass are dormant (as 

opposed to summer months when seagrasses are actively growing).  In addition, the site for 
the Mangles Bay marina proposal is very shallow (from intertidal to around 3 m water depth), 

which allows for greater light availability for seagrasses (i.e. seagrasses in Mangles Bay will 
be well in excess of their minimum light requirements under most conditions, rather than at 

their depth limit for survival). 

2.2.3 Short duration of dredging works 

Cedar Woods proposed dredging for the Mangles Bay marina is anticipated to last for 2-3 

months, starting in early June and continuing to early August (about nine weeks), with the 
dredge operating six days a week during daylight hours (nominally 6 AM to 6 PM).  This 

duration is much less than the time taken for shoot loss to occur in Posidonia sinuosa even 
when heavily shaded (refer to Section 2.2.1.1).  Therefore an assessment of the short 

duration of dredging is sufficient to conclude that there is minimal risk of adverse impacts on 

seagrass meadows adjacent to the dredged channel.  

2.2.4 Method of dredging and onshore spoil disposal 

As stated in the PER for this proposal (Strategen 2012), the proposal has been estimated to 
result in the loss of 5.66 ha of seagrass (direct and indirect effects).  Dredging of the channel 

has the capacity to generate localised turbidity.  Information on particle size distribution data 
for dredged sediments did not encounter rock and therefore it has been assumed that no 

cutting will be required during the dredging program (Strategen 2012), which will result in 

lower levels of turbidity than if cutting was required.   
 

Turbidity during breakwater construction and dredging is expected to cause only minor, 
highly localised and short-term impacts on water quality, and therefore on seagrasses in 

Mangles Bay.  Turbidity during dredging is not expected to result in any adverse impacts on 
seagrasses (Strategen 2012).  The channel will be dredged using a small cutter suction 

dredge, which is a relatively clean dredging method, with dredged material to be pumped to 
settlement and infiltration basins located within the proposal area adjacent to the coast.  

There is to be no placement of dredge material directly either side of the dredge operation 

area, which will further reduce turbidity. 

2.2.5 Low fines content and turbidity modelling  

Temporary changes in turbidity during construction activities are expected to have minimal 
effects on seagrass.  The extent of the visible plume was expected to be where the combined 

TSS of the dredge-generated plume and background TSS is above approximately 4 mg/l, with 
background TSS values identified as being 2-3 mg/l and hence a dredge-generated TSS 

threshold of 2 mg/l was plotted as the extent of the visible plume (Strategen 2012). 

 
Water quality modelling indicated total suspended solids values of 5 mg/L or less occurring 

outside the access channel footprint for 1% of the time over the duration of the three month 
dredging program (i.e. six hours) (Strategen 2012).  A visible plume is generally expected to 

be restricted to within the vicinity of the dredging channel, although a weakly concentrated 
plume may be visible up to 100-200 m away at certain times (Strategen 2012).  In addition, 

silt curtains will be available to be used as a possible contingency measure (weather and sea 
conditions permitting) during the dredging to further control turbidity as required 

(Strategen 2012). 
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2.3 Proposed monitoring approach 

2.3.1 Derivation of zones of impact 

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 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). 

 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 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. 
 

In accordance with EAG 7 (EPA 2011) zones were defined in the Construction Environmental 

Management Plan for this proposal (Strategen 2011), as depicted in Figure 2.1 and were 
conservatively derived as follows: 

 
 Zone of High Impact (ZoHI) - comprising direct and indirect losses due to the 

development footprint, as follows: 
 direct losses due to the access channel and batters, breakwaters and beach 

breakwaters, reclamation areas; and  
 indirect loss due to a 15 m halo effect around the breakwaters (refer to 

Section 2.3.1.1). 

 Zone of Moderate Impact (ZoMI) – notionally defined as extending 10 m beyond the 
ZoHI (conservative modelling results for both TSS and sedimentation implied an outer 

boundary of the ZoMI that coincided with the outer boundary of the ZoHI, so a notional 
ZoMI was defined to avoid a boundary marking a change from ‘irreversible loss of benthic 

biota’ to ‘no detectable impacts on benthic biota’).   
 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 was exceeded, representing the 
maximum extent of the visible plume.   
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Notes: 

1. All sites located on the 2.5–3.0 m depth contour, except site SG1 (depth 1.5 m) which was not possible due to 

the rapid shallowing of waters towards the Causeway. 

Figure 2.1 Seagrass monitoring sites SG1 to SG6, relative to Zones of Moderate Impact and 
Influence 

2.3.1.1 Indirect losses due to halo effect 

The indirect loss of seagrass due to a 15 m halo effect around the breakwaters was based on 

empirical evidence.  The halo effect evident around the Causeway and other hard structures 
in Mangles Bay, as seen in aerial photography, was generally less than 10 m, but this was on 

eastern side of the Causeway, with some evidence of a slightly greater halo effect on the 
western side.  A conservative approach was taken as the breakwaters will have both eastern 

and western faces. 

2.3.1.2 Relative influence of TSS concentrations versus degree of sedimentation 

The proposed monitoring approach in Section 2.3.2 was based solely on modelled results for 

TSS concentrations.  Modelling of the degree of sedimentation at the end of the dredging 

program showed highly localised effects within a very short distance of the dredge area, with 
no significant degree of sediment deposition outside the channel boundary (Figure 2.2). 
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Notes: 

1. There is nothing significant (1 mm or more) predicted outside of the modelled dredge footprint and this probably 

represents the same result within +/- half a channel width at best from the channel.  

Figure 2.2 Modelled footprint showing sedimentation due to dredging at the end of the program 

 

2.3.2 Proposed monitoring approach 

The proposed monitoring regime includes activities to be performed throughout the 
construction phase of the proposal for light attenuation and seagrass, as well as corrective 

actions to be undertaken if the target is not achieved (Table 2.1).  The monitoring sites 
shown in Figure 2.1 are placed along 2.5–3.0 m depth contour as far as possible, where 

effects on seagrass-if any-are deemed most likely to occur.  Although most dredging will 
occur closer to the shore (as more sediment must be removed to achieve target depth) the 

seagrasses here are in much shallower water and so are much less vulnerable to shading 

effects from dredging plumes.  Further offshore from the chosen monitoring sites there will 
be little or no dredging (the existing water depth is already at, or close to, target depth) and 

so seagrasses in these deeper waters will be less exposed to dredge plumes (see also 
Figure 2.3).   

 
The chosen monitoring sites represent a balance between sufficient risk of exposure to 

dredge plumes at sufficient water depth for turbidity to potentially cause effects on seagrass.  
The two reference sites (Figure 2.4) cover the depths of the potential impact sites (2.5–3.0 m 

and 1.5 m).   

 
The seagrass monitoring sites shown in Figure 2.1 and Figure 2.4 will also be those used for 

deployment of light loggers for the measurement of light attenuation identified in Table 2.1.  
The short duration of the dredge program and low risk to seagrass are such that no 

relocation of light loggers (to follow the movements of the dredge) is planned during the 
dredge program.  
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From APASA (2011) 

Notes: 

1. The TSS plume will not cover the entire area shown at any one moment in time, but represents the total 

‘footprint’ for the entire dredging program.  TSS concentrations represent values above background TSS 

concentrations.  The black line denotes the access channel footprint. 

Figure 2.3 Potential extent of the dredging plume, based on the 99th percentile of total 
suspended solids (TSS) concentrations 
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Table 2.1 Mangles Bay marina construction monitoring for the marine environment 

Activity and location Frequency Target Corrective action 

Visual assessment (location, 

length, width and direction)1 
and photographic record of 
any turbid plume originating 
from the construction area 

Twice daily during 

dredging and 
turbidity-causing con-
struction works 

No excessive 

turbidity5 outside of 
the predicted ZoI is 
generated during 
construction.  Pho-
tographic record to 

confirm visual as-
sessment  

1. Investigate cause of ex-

cessive turbidity. 
2. Initiate contingency 

action (e.g. silt curtain, 
change dredge methods 
and timing) to reduce 

turbidity.  
3. Inform DEC/OEPA, 

CSMC and City of 
Rockingham if necessary 

Light attenuation2 (water 
clarity), calculated from in 
situ light loggers 

(downloaded fortnightly) at 
six potential impact sites 
(SG1 to SG6) in baseline 
surveys and two reference 
sites located east of the 
proposal area, outside the 

area of influence (Figure 2.1 
and Figure 2.4) 

Continuously from 
two months prior to 
construction to two 

months after con-
struction. 

Sufficient light6 to 
reach seagrass 
meadows to main-

tain seagrass health 

1. Investigate cause of ex-
ceedance in levels. 

2. Initiate monthly4 sea-

grass density and health 
monitoring to determine 
impact on seagrasses. 

3. Change methods to re-
duce turbidity 

Seagrass density as docu-
mented via a series of fixed 
quadrats (20 cm x 20 cm) 
at seagrass health sites set 
up at sites SG1 to SG6 

(Figure 2.1) and two refer-
ence sites (Figure 2.4).  
Visual assessment of sea-
grass health (e.g. smother-
ing of seagrass, epiphyte 
load) to be documented at 

each site via underwater 
photographs. 

Within two weeks 
prior to commence-
ment and within two 
weeks following com-
pletion of the con-

struction works.  Ad-
ditional monitoring to 
be conducted if trig-
gered by exceedance 
of the LAC monitoring 
criteria. 

Seagrass shoot 
density3 is not im-
pacted by con-
struction works, 
relative to baseline 

shoot density 
counts and refer-
ence sites 

1. Investigate cause of tur-
bidity. 

2. Stop work on site. 
3. Instigate measures to 

prevent further dete-

rioration of conditions 
4. Initiate more detailed 

monitoring of ambient 
water quality and sea-
grass shoot density. 

5. Inform DEC/OEPA if 

necessary. 

Notes: 

1. Visual assessment to include date, relevant weather and sea-state conditions and proximity of plume to nearest 

edge of dense seagrass meadows adjacent to the construction site. 

2. LAC to be calculated daily using light data collected between 10:00 and 14:00. 

3. Seagrass shoot density criteria is that the median shoot density at a test site should not fall below 20
th

 

percentile of the reference site. 

4. Seagrass health monitoring was proposed to be undertaken fortnightly in the CEMP and has been changed to 

monthly based on recent advice received from the OEPA.  OEPA stated that monitoring seagrass shoot density at 

fortnightly intervals will lead to the regular disturbance caused by measurement which could impact on shoot 

density itself and reduce one of the pressures potentially affecting seagrass (sedimentation) by the removal of 

sediment during the shoot counting procedure.  The OEPA recommends that monthly monitoring is adequate. 

5. Excessive turbidity during visual assessment defined as when the seafloor cannot be seen continuously for over 

1 week. 

6. Sufficient light reaching the seagrass meadows refers to when the LAC calculations for each site were based on 

triggers where the weekly median LAC at a potential impact site exceed 80th percentile of the reference site for 

2 consecutive weeks. 
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Figure 2.4 Seagrass health reference sites 

 

2.4 Conclusion and Recommendations 

In conclusion, there is minimal risk of indirect seagrass loss or damage arising from the 

project based on the following reasons: 
 

 Results of local seagrass shading experiments; 
 Timing of dredging (seagrass dormancy) and shallow depth light availability; 

 Short duration of dredging works; 
 Method of dredging and onshore spoil disposal; and 

 Low fines content of sediments and modelling results. 
 

Based on the information on the likely impacts of the dredging for this proposal on seagrass 

and their light requirements, the monitoring approach proposed in Section 2.3 (from the 
CEMP) is more than adequate to mitigate any seagrass health issues related to the proposed 

dredging program, given that the risk assessment has clearly indicated that there are unlikely 
to be any adverse impacts on seagrasses as a result of dredging-induced shading. 
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3. Potential seagrass restoration offset for Mangles Bay 
marina strategic planning 

3.1 Background 

This section discusses the options and potential research value for seagrass restoration as an 
environmental offset as part of the Mangles Bay marina strategic planning, including: 

 
 Review of the success of seagrass regrowth through transplantation and previous 

regulatory requirements for seagrass rehabilitation programs. 

 Review of recent literature on the feasibility of using artificial seagrass based upon the 
results of recent studies, which would be used to generate fish habitat.  

 Investigate potential seagrass transplant locations in the south east of Cockburn Sound 
and discuss potential research objectives and program informally with local seagrass 

transplantation/restoration experts, namely Geoff Bastyan (Bastyan & Associates, 
Albany). 

3.2 Seagrass transplantation success 

3.2.1 History of seagrass transplantation 

Seagrass rehabilitation can be described as the process of returning seagrass to an area 
where seagrass meadows previously existed.  The majority of seagrass rehabilitation in 

Western Australia has been undertaken through the Seagrass Research and Rehabilitation 
Plan (SRRP), which is a collaborative program managed by Oceanica Consulting (Oceanica) 

involving Cockburn Cement Limited (Cockburn) as the major sponsor and the Department of 
Commerce (DoC) as the secondary sponsor.  The most crucial component of the SRRP was to 

develop the capability for the rapid and cost effective planting of seagrasses, which was 
conducted in both Cockburn Sound and Albany Harbours. 

 
In Cockburn Sound a total area of 3.1 ha has been planted, and the results of the 

rehabilitation efforts are visible from the air in the western, middle and eastern sections of 

the transplanted area.  Since the initial planting exercise in the summer of 2004/05, a total of 
78,806 sprigs2 have been planted.  Improved transplanting techniques have increased 

survival of transplanted sprigs, particularly in both the more recently planted middle and 
western-most hectares compared with the eastern hectare.  Both the middle and western 

hectares had the highest sprig survival rate (>85%) compared to the eastern hectare (overall 
survival of 23%).  The transplanted areas had sprigs expanding and merging and evidence of 

flowering. 
 

In Albany’s Oyster Harbour, seagrass rehabilitation of 1 ha of sprigs has demonstrated high 

survival rates (>90%) and growth that, together with the success of previous rehabilitation 
exercises, suggest that highly successful rehabilitation is feasible.  Coalescence of sprigs can 

be expected within 5 years if conditions are good.  In long-term monitoring plots established 
in Albany's Princess Royal Harbour in 2000, survival rates after eight years were close to 

40% for both species, with estimates that survival was at least 70% in the first five years.   

3.2.2 Regulatory requirements for seagrass rehabilitation 

3.2.2.1 SRRP Ministerial Requirements 

Minister's condition 7.1 for the Seagrass Research and Rehabilitation Plan (SRRP) for 

Cockburn under Statement 599 is to develop a SRRP and address: 
 

1. The use of seagrass remaining in the proposal area where dredging for shellsand will 
occur, for: 

i. Subsea mechanical transplanting experiments; and 
ii. Rehabilitating areas in the vicinity that are shallow and unvegetated to mitigate the 

impacts of dredging; 
2. Criteria on which to base performance; 

                                          
2
 Pieces of seagrass rhizome (underground stems) with several leaves attached. 
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3. Development of seagrass revegetation techniques and technology, consistent with 

commitment 9; 
4. Improving understanding of the determinants of seagrass establishment and regeneration 

under natural conditions. 
5. The use of findings from the research program to increase the rate of transplanting. 

6. The application of research. 
7. The effect of nutrient-enriched water passing from Cockburn Sound onto the seagrasses 

on Parmelia and Success Banks. 

 
Ministerial Statement 490, condition 4.1 required DoC to "within the ten year period following 

the commencement of construction, the proponent shall revegetate with Posidonia sinuosa or 
other appropriate seagrass species an area within Cockburn Sound that has a reasonable 

chance of survival and is equivalent to the area of seagrass that will be lost as a direct 
consequence of the proposal (i.e. 2.1 ha)". 

3.2.2.2 Albany Harbours Ministerial Requirements 

Since the development and successful techniques developed under the SRRP, a number of 
proposals in recent years have been approved by the Office of the Environmental Protection 

Authority (OEPA) involving seagrass rehabilitation. Two such approved projects are the 

Albany Waterfront Development and the Albany Port Expansion Project, with the 
requirements of seagrass rehabilitation for these projects described below.  In summary, the 

requirements are for the proponent to replant seagrass at a planting density to achieve 75% 
average cover within 10 years following planting. 

 

Albany Protected Harbour Development 
 

LandCorp received environmental approval for the Albany Protected Harbour Development 
(the Harbour) in Princess Royal Harbour (PRH), Albany in Ministerial Statement 787 on 19 

February 2009.  The proposal allowed for the construction of a boat harbour for commercial 

and recreational craft through the extension of the existing Albany Town Jetty, with a 
breakwater that will shelter a 6.6 ha area of water.  Condition 9 of Statement 787 describes 

the requirements for seagrass rehabilitation and monitoring for the project (Table 3.1). 
 

Table 3.1 Ministerial Statement 787:  Condition 9 ‘Seagrass Rehabilitation and Monitoring’ 

No. Ministerial Condition 9 

9-1 
The proponent shall implement the proposal to ensure that seagrass is not adversely affected 
beyond the 15 metre halo around the breakwater as shown on Figure 2 of Schedule 1. 

9-2 
The proponent shall replant 0.4 hectares of seagrass in selected areas of Princess Royal 
Harbour, as referred to in schedule 1, at a planting density to achieve 75% average cover in 

those areas after a 10 year period 

9-3 

To ensure seagrass loss is not greater than that described in Schedule 1, the proponent shall 
design and implement a monitoring programme for construction and operations. 
 
The monitoring programme shall include: 
 
1. annual monitoring of seagrass extent (through high resolution vertical digital imagery) 

and density adjacent to the project area during construction and for two years following 
construction (i.e. three instances of monitoring) to determine any impact of the proposal 
on seagrass; and 

2. monitoring of the survival and shoot density of rehabilitated seagrass annually for four 
years following planting to confirm that survival and growth are sufficient to attain 0.4 

hectares of seagrass meadow of 75% average cover within 10 years following planting. 

9-4 
The proponent shall provide proposed management measures to the CEO of the Department 
of Environment and Conservation if the requirements of condition 9-3 demonstrate, or are 
likely to demonstrate, that seagrass loss may be greater than that described in Schedule 1 

9-5 

The proponent shall report annually to the Department of Environment and Conservation and 
the Department of Water on the total seagrass loss and the status of the seagrass 
rehabilitation for four years following completion of construction of the Albany Protected 
Harbour. 
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Albany Port Expansion Project 
 

The Albany Port Expansion Project in PRH involves the dredging of 12 Mm3 of sediments to 
allow access of Cape size vessels to the Port and was given environmental approval on 18 

November 2010, subject to a series of environmental conditions listed in Ministerial 
Statement 846.  The requirements included to prepare and implement a monitoring program 

for seagrass rehabilitation (Table 3.2).   

Table 3.2 Ministerial Statement 846:  Condition 6 ‘Seagrass Rehabilitation and Monitoring’ 

No. Ministerial Condition 6  

6-1 

Prior to the commencement of dredging and reclamation the proponent shall commence the 
rehabilitation of a minimum of 1 hectare of seagrass in Princess Royal Harbour using 
seagrass donor material from the zone of loss in Figure 5 of Schedule 1 at a planting density 
that achieves 75% average cover in those areas within 10 years following planting at a 
location(s) to the requirements of the CEO of the Office of the Environmental Protection 

Authority on advice of the Department of Water and the Department of Environment and 
Conservation. 
 
The species to be used in seagrass rehabilitation shall include Posidonia sinuosa and 
Posidonia australis. 

6-2 

The proponent shall design and implement a monitoring program for the seagrass 

rehabilitation required by condition 6-1 within 1 year of completion of construction activities.  
The monitoring program shall include monitoring of the survival and shoot density of 
rehabilitated seagrass annually for the four years following rehabilitation to confirm that 
survival and growth are sufficient to attain 1 hectare of seagrass meadow of 75% average 
cover within 10 years following planting. 

6-3 

The proponent shall report to the Office of the Environmental Protection Authority on the 
progress of seagrass rehabilitation required by condition 6-2 annually for four years following 

planting, and then every two years thereafter until it can be demonstrated to the satisfaction 
of the CEO of the Office of the Environmental Protection Authority on advice of the 
Department of Water and Department of Environment and Conservation that the requirement 
of condition 6-1 has been met. 

 

3.3 Feasibility of artificial seagrass  

Studies involving the use of artificial seagrass units (ASUs) have been used extensively to 

test ecological hypotheses, largely for the following reasons: 

 
 They can be easily modified for experimental purposes and be used to control habitat 

characteristics, e.g. leaf height and shoot density (Irving et al 2007; Jenkins et al 2002). 
 They can be colonised by epiphytic algae very quickly, within a few months of deployment 

in Mangles Bay (Crawley 1997) and have shown similar species composition and 
distribution of epiphytes to natural seagrass (Cattaneo & Kalff 1979; Horner 1987). 

 They closely mimic the function of natural seagrass by providing a habitat source for 
fauna and have a mobile fauna representative of natural seagrass beds in terms of 

diversity and abundance (Virnstein and Curran 1986, Hall and Bell 1988, Upston and 

Booth 2003; as cited in Irving et al 2007).   
 

Studies have used a variety of forms of ASUs, with some of the more recent types 
summarised in Table 3.3 and further details available in the references provided.  Generally, 

ASUs have been designed to mimic the species of seagrass common to the study area, in 
relation to leaf height, width, colour and density.  The majority of the ASUs reported in the 

scientific literature are produced from some type of plastic. 
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Table 3.3 Artificial seagrass units mimicking different seagrass species 

Seagrass species Composition of Artificial Seagrass Unit Study site and Reference 

Enhalus acoroides 

Buoyant plastic artificial seagrass (47 cm long x 

15 mm wide strips) attached to an aluminium 
frame (90 cm square by 10 cm high) with a 
plastic mesh base.  Four hundred blades (492 
blades m2), with a total surface area of 6 m2 
were attached to each tray. 

Embley River estuary, north 
east Australia (Kenyon et al 
1999) 

Heterozostera sp. 

Christmas green, polypropylene curling ribbon, 

5 mm wide.  ASUs constructed by cutting ribbon 
into either 0.8 m or 0.4 m lengths and either 4 or 
8 of these sections were tied at mid-length to a 
horse-shoe shaped length of wire to form 
artificial plants with densities of 8 or 16 leaves. 

Port Phillip Bay, Victoria 
(Jenkins et al 2002) 

Posidonia/Zostera sp. 
and Halophila sp. 

ASUs consisted of strips of polypropylene packing 
tape (6 mm wide) attached to 1 m2 galvanised 

steel mesh frames (mesh size of 4 cm × 6.5 cm).  
ASUs mimicking seagrasses with long (20 cm) 
leaves (Posidonia/Zostera) and short (5 cm) 
leaves (Halophila spp.). 

Lake Conjola, south of Sydney 
(Davis et al 2009) 

Posidonia sinuosa 

Each ASU consisted of 16 ‘shoots’ made from 60 
× 1 cm strips of 200 μm clear polyethylene.  
Each strip was folded around a plastic base grid 

and stapled to form two leaves: one 40 cm and 
one 20 cm.  Grids were ~13 cm × 15 cm with 
rectangular apertures of ~1.2 cm × 1.5 cm 

Southern end of Geographe 

Bay, Western Australia (Barnes 
et al 2008) 

Zostera marina 

Each unit of artificial seagrass comprised 2 leaves 
of 10 mm width, 0.5 mm thickness and 500 mm 
length, consisting of green polypropylene.  
Various levels of seagrass density, i.e. 0, 25, 50, 

75 and 100% of the natural density, were 
employed. 

Lake Hamana (Horinouchi et al 
2009) 

Zostera capricorni 

ASUs were made by attaching 550 bunches of 
artificial leaves to 2.4 x 2.9 m panels of 
galvanised steel mesh with a grid size of 100 
mm.  Each bunch comprised 10 leaves and was 
made by slitting a 340 x 90 mm length of plastic 

into strips of equal width.  These strips were 
joined by leaving 60 mm at one end of the length 
of plastic un-slit.  The plastic contained small (3 
mm diameter) air bubbles. When attached to the 
mesh the “buoyant” leaves simulated living 

seagrass.  The leaf density of the ASU was 
800 m2 and the height of leaves was 280 mm. 

Broken Bay, New South Wales 
(Bell et al 1985) 

Heterozostera 
nigricaulis 

5-mm-wide green polypropylene ribbon was tied 
to steel mesh (1 m2) at a density of 3,520 
leaves/m2.  At each intersection of the steel 
mesh, 8 pieces of 1-m-long ribbon were tied to 
give 16 leaves, each ~0.45 m long. 

Port Phillip Bay, Victoria 
(Macreadie et al 2009) 

Thalassia testudinum 

ASU leaves 9 mm wide x 19 cm long were evenly 

distributed and attached to an iron grid (density 
200 leaves m2) experimental unit (1 x 1 x 0.8 m) 
by copper staples. 

Spanish Water Bay in south-

western Curaçao, Netherlands 
Antilles (Verweij et al 2006) 
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3.4 Seagrass as fish nursery habitat 

3.4.1 Seagrass as fish habitat 

The three-dimensional structure of seagrass provides fish with shelter, but also with food, 
which is abundant in seagrass beds and is present in the form of invertebrates attracted to 

the structure or hiding in the sediment, seagrass leaves, algae; and epibionts3 associated 
with seagrass leaves (Verweij et al 2006 and references contained therein). 

 

Seagrass habitats generally support larger numbers of fish species and individuals and 
provide nursery habitats for juveniles of many species, compared with unvegetated bare 

substrata (Horinouchi et al 2009 and references contained therein).  The sheltering effect of 
habitat complexity against predators is sometimes considered as an especially important 

factor responsible for such differences (Horinouchi et al 2009 and references contained 
therein).  The importance of habitat in providing shelter is especially true for juveniles 

because they are particularly vulnerable to predation, and sometimes select seagrass 
habitats in an apparent effort to reduce predation risks (Horinouchi et al 2009 and references 

contained therein). 

 
Fish assemblages can be similar in artificial and natural seagrass beds (Upston & Booth 2003; 

cited in Macreadie et al 2009).  In New South Wales, ASUs have been shown to yield fewer 
species of fauna (fish, decapods and cephalopods) than comparable areas of adjacent 

seagrass beds; however this was attributed to the shorter time to accumulate species (Bell et 
al 1985).  Sampling with portable ASUs allows settlement of fish postlarvae to be assessed 

temporally (e.g. daily or tidally) or spatially (e.g. distinct areas affected by different current 
regimes).  The strength of settlement can be used to evaluate the productivity of nursery 

habitat for fishery populations (Kenyon et al 2009). 

3.4.2 Artificial seagrass beds as fish nurseries, New Zealand 

A recent study by the National Institute of Water and Atmospheric Research in New Zealand 

(NIWA) produced and installed artificial seagrass units at Whangapoua Estuary in the 
Coromandel, New Zealand (NIWA n. d.).  There are no reports or publications available on 

the research to date, apart from the information available on media releases4.   
 

NIWA created artificial seagrass from a series of mats 3 m2 (1.8 m by 1.8 m) from plastic 

fronds to mimic Zostera seagrass5.  The plants were made from green plastic fronds, tied to 
wire frames to form the artificial mats (Figure 3.1). The mats mimicked six density levels of 

seagrass from sparse to very dense, that were used to measure how differing shoot densities 
(densities ranged from a bare frame, through to the highest densities seen in natural subtidal 

meadows of Zostera in New Zealand) affect how many juvenile fish are present. 
 

Results showed that fish numbers peaked towards the higher densities, and plateauxed at the 
highest density, probably due to food limitation.  Fish formed an active feeding front on the 

up-current side of the mats, visually picking out zooplankton as they were swept through the 

mats by the current.  Fish numbers were five to 10 times higher in the densest seagrass 
mats, with 19 species in the mats, including lots of juvenile snapper and trevally.  If was 

inferred that the fish were seeking shelter, and the artificial mats provided them with good 
protection (NIWA n. d.).   

 

                                          
3
 An epibiont is an organism that lives on the surface of another living organism 

4
  Oceanica contacted NIWA staff to seek further information. 

5
  NIWA provided an estimate of $NZ 600-800 per 3 m2 unit, both for materials, and the labour to put everything 

together.  NIWA advised that these costs were reduced with better suppliers and faster construction and would be 

further reduced by working with a manufacturer.  Assuming ~1300 units/ha would be needed (spaced 1 m apart), 

unit costs would need to be ~$NZ 300 or less to be roughly comparable to transplantation costs with real seagrass. 



18 Oceanica:  Strategen:  Mangles Bay Marina Based Tourist Precinct, Technical Response to OEPA and CSMC 

 
Source:  Crispin Middleton, obtained from NIWA website 

Figure 3.1 Artificial Zostera seagrass beds in Whangapoua Estuary, Coromandel, New Zealand 
providing a nursery environment for juvenile fish  

3.5 Suitable transplantation sites  

The Cockburn Sound Management Council has identified the Eastern Shore of Cockburn 

Sound as its priority area for seagrass rehabilitation6.  Previously, successful seagrass 
rehabilitation in Cockburn Sound has been conducted on Southern Flats (refer Oceanica 

2011).  It is important to note that potential sites on the Eastern Shore would need to be 
investigated via pilot studies that determined the suitability of this region, in terms of water 

quality (light climate), nutrients, exposure and water depth.  Discussions with transplantation 
expert Geoff Bastyan suggest that one possible site could be the southern-most wharf (the 

grain terminal jetty) on the eastern shore in Cockburn Sound.  The seagrass in this area is 
very depauperate with large areas of bare sand where seagrass hasn’t returned, and as there 

is not much boating activity it could be a good site for artificial seagrass trials. 

3.6 Recommendations 

As part of the PER for this proposal, Cedar Woods proposed to transplant at least 6 ha of 

seagrass in Cockburn Sound to offset the loss of seagrass by the proposal.  Based on the high 

costs associated with seagrass transplantation ($200-400,000/ha, depending on spacing of 
transplants) and the length of time to produce a fully functioning meadow (estimate approx 

4-6 years if conditions are conducive to growth, as described in Oceanica 2011), Oceanica 
recommends the following:  

 
 Cedar Woods and Strategen further investigate the suitability and costs associated with 

the use of ASUs to provide a fish nursery habitat on a large scale (commercially 
manufactured).  These discussions and investigations would need to be undertaken in 

conjunction with the Department of Fisheries.  ASUs could potentially be used as an 

interim measure to provide fish with a habitat during the time taken to form a fully-
functioning meadow consisting of transplanted natural seagrass.  The ASUs may also 

potentially be useful in providing transplanted seagrasses with a protective barrier against 
wave energy, while they establish and grow. 

 Any potential sites for seagrass rehabilitation (either using natural or artificial seagrass) 
should be checked for suitability to support seagrass revegetation by conducting pilot 

studies for a minimum of 1 to 2 years. 

                                          
6
  In its submission on the PER for the Mangles Bay Marina Based Tourist Precinct. 
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4. Potential operational impacts of the Mangles Bay marina 
on water quality (and seagrasses) in Mangles Bay 

4.1 Background 

The section summarises modelling results and other evidence to demonstrate that, based on 
available information, the proposed marina should have a minimal impact on water quality in 

Mangles Bay, and no adverse impact on the seagrasses in Mangles Bay.  This view is based 
on the following multiple lines of evidence: 

 

1. The water quality modelling for this project was undertaken with a suitable hydrodynamic 
model that was appropriately calibrated and validated, and that used a representative 

range of conditions. 
2. Predictions of water quality inside the marina are conservative and defensible. 

3. Additional quantitative analysis of the modelling results for water quality in Mangles Bay 
indicates that there are minimal effects on water quality outside the marina. 

4. Data for other marinas/harbours in Perth coastal waters supports modelling results that 
indicate minimal effects on water quality outside the marina and very low risk of adverse 

impacts on seagrasses in Mangles Bay once the project is in operation. 

5. Seagrasses in Mangles Bay survived many years of water quality in the 1970s and early 
1980s that was worse than the water quality that occurs today, or that will occur after 

project completion. 

 

Each of these is discussed further below.   

4.2 Water quality modelling 

4.2.1 Use of suitable hydrodynamic model 

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 the marina and Mangles Bay. 
 

As noted in the PER, due to the necessity to accurately simulate baroclinic current flows, 
wind, tide and groundwater inputs, modelling was undertaken using the Environmental Fluid 

Dynamics Code (EFDC) model, applied within Applied Science Associates (ASA) WQMAP 
framework.  Horizontal model resolution was from 8-10 m within the marina and to 450 m at 

the outer edges of the domain.  The model had six vertical layers, with middle layers 
specified as 20% of the local water depth, and the top and bottom layers as 10% of the local 

water depth to provide better resolution near the seabed and the water surface.   

 
The hydrodynamic modelling was therefore (i) three-dimensional, (ii) based on appropriate 

spatial resolution, and (iii) incorporated both baroclinic7 and barotropic8 effects.  
Furthermore, EFDC has been applied in numerous studies in Australia, including Cockburn 

Sound, Perth Coastal Waters, the Peel Inlet, Mermaid Sound, Port Hedland Harbour, Darwin 
Harbour, Hawkes Bay in New Zealand, and Caution Bay in Papua New Guinea (APASA 2011).  

Most of these studies involved rigorous validation of the hydrodynamic model performance, 
hence the model algorithms were considered robust and fit for the purposes of this study 

(APASA 2011). 

4.2.2 Calibration and validation of the model 

Model performance was calibrated and validated using data collected from Acoustic Doppler 

Current Profilers (ADCPs) deployed in Mangles Bay during two measurement periods:  from 
10 February to 11 March 2011, and from 11 March to 7 April 2011, and from 14 drogue 

deployments over the same period (APASA 2011).   
 

                                          
7
  Changes in water density 

8
  Changes in water level 
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The first measurement period was used as the calibration period, where the best winds, 

boundary conditions, friction factors and other parameters were determined to provide the 
strongest match to the data.  The second measurement period was then used as a validation 

set, which was for both a different time period and a different location.  Further validation 
was conducted using the drogue comparisons. 

 
Wind data were also collected at Mangles Bay (on Royal Australian Navy premises at the 

southern end of the Garden Island Causeway) to determine if wind measurements at the BoM 

site on the northern end of the Causeway were suitable for inclusion in the model.  Wind 
speeds at Garden Island were consistently higher for winds from the southwest and east 

quadrant.  In general, wind speeds at Mangles Bay were about 65% of those at Garden 
Island for south- easterlies, and 75% for easterlies.  Wind directions for the two locations 

were generally similar, as were recorded wind speeds other than south-westerlies and 
easterlies.  This comparison suggested that winds in Mangles Bay will be slightly weaker from 

sheltered sectors than indicated in the long run records at the more exposed Garden Island 
location, and this was considered in the application of the wind data in the modelling. 

 

Asia-Pacific ASA (APASA) is confident that suitable calibration and validation data were 
available, that the model constructed represented the bulk of the dynamics, and that the 

processes effecting the flushing of the proposed marina were adequately represented.  This 
view was shared by highly experienced hydrodynamic modeller Dr Jason Antenucci9, who 

undertook an independent technical review of APASA's modelling work. 

4.2.3 Flushing estimates using a range of representative conditions 

The flushing characteristics of the marina were determined by 'seeding' the water area 

corresponding to the marina with a conservative dye (i.e. the concentration only changes due 
to dilution and dispersion) within the model.  The initial dye concentration was set to 100, 

representing 100% of an arbitrary contaminant. 
 

Flushing simulations were conducted to represent the three identified hydrodynamic regimes 
in Cockburn Sound/Mangles Bay:  summer, autumn and winter/spring.  The selection of 

representative conditions for each regime was based on an analysis of more than 10 years of 
wind data measured at Garden Island by the Bureau of Meteorology.  Simulations of each 

season were completed over a period of 60 days.  As the flushing time depends on the 

prevailing conditions during each of the seasons, a range of model flushing tests was 
completed over differing tidal and wind conditions.  Seven scenarios were modelled for each 

season, ensuring a wide range of typical environmental conditions was covered.  A further set 
of simulations for summer was completed to assess the sensitivity of results to the potential 

wind sheltering that may occur in Mangles Bay, with wind speeds from the southwest and the 
east factored, as discussed in Section 4.2.2. The predictions of flushing rates were thus 

carried out for a large number of combinations of winds, tides and atmospheric conditions.   
 

As noted in the PER (Strategen 2012) calm conditions were not always associated with poor 

flushing, as wind is only one of the important mechanisms for exchange of water, with the 
others being the tides/water levels and density gradient driven flows.  A weak wind event can 

yield different results depending on whether it coincides with spring or neap tides, a 
previously well-mixed or stratified water body, or stable versus highly fluctuating air 

temperatures.  Weak wind speeds may also lead to better flushing than strong winds if the 
wind direction retards two-layer flows. 

 
In terms of the wind speed, the worst case for flushing in the modelled scenarios was when 

the 12 day average wind speed was 4.16 m/s (from early to mid-June, 2003).  Reviewing the 

available Garden Island data set from November 2001 through to March of 2011, this event 
represented the 1.28th percentile of the record.  This means that only 1.28% of recorded 

12 day periods had average wind speeds weaker than this modelled scenario.  The weakest 
(0th percentile) from this record was a 12 day average of 3.68 m/s, occurring during late April 

and early May of 2003.  Wind speeds for around 99% of the time are therefore expected to 
be greater than the modelled scenario that yielded the longest flushing time, and so the 

model results are considered representative of all but rare events. 

                                          
9
  Presently at Hatch Water, and prior to that the Deputy Director of the Centre for Water Research, the University of 

Western Australia. 
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4.3 Prediction of water quality in the marina 

4.3.1 Modelling approach 

Water quality investigations focussed on nutrient-related water quality, as the scoping phase 

of the project identified phytoplankton blooms as the main potential risk to water quality.  
Nutrient-related water quality within the marina was examined two ways: 

 
1. The dispersion and dilution of dissolved inorganic nitrogen (DIN) inputs to marina waters, 

treating DIN as a conservative tracer within the EFDC model.  A constant background DIN 
concentration of 6 μg/L in marine waters was used, and inputs of DIN from the local 

groundwater system were applied along the marina edges using data from groundwater 

modelling undertaken for the Proposal.  Because this approach treated DIN as a 
conservative tracer and focused on the degree to which the major DIN input 

(groundwater DIN) caused an increase in DIN concentrations above background values, it 
did not include DIN cycling processes such as the uptake and release of DIN from 

sediments, or the uptake and release of DIN from phytoplankton.  The results did, 
however, demonstrate whether the flushing characteristics of the marina had sufficient 

dispersion and dilution to prevent the gradual build-up of concentrations in the short- to 
medium-term. 

2. Equilibrium (box) modelling, which used flushing estimates from the EFDC model to 

predict the degree to which phytoplankton levels in marine waters (expressed as 
chlorophyll-a concentrations) increased in the marina, based on the residence times of 

marina waters and the nutrient inputs that phytoplankton are exposed to when in the 
marina.  This approach included the main nutrient inputs (groundwater DIN) and main 

nutrient cycling processes within the marina (uptake of DIN by phytoplankton, and 
release of DIN by sediments).   

 

4.3.1.1 Rationale for modelling approach 

The modelling focus on DIN was deliberate.  There are many factors that influence 

phytoplankton growth but, as noted in the PER, studies in Perth’s coastal waters have 

conclusively shown that phytoplankton growth is strongly limited by nitrogen, and so 
incorporation of DIN into phytoplankton biomass provides a conservative estimate of 

potential phytoplankton growth.  The results of the Cockburn Sound Management Council 
(CSMC) routine summer water quality monitoring program also strongly support the nitrogen 

limitation of phytoplankton growth, with inorganic nitrogen to phosphorus ratios10 typically 
<3, and often ≤1 (refer to Section 4.5). 

 

Nutrient tracer modelling 
To model DIN concentrations inside and outside the marina, DIN was treated as a 

conservative tracer, and the model used seasonally and spatially varying groundwater DIN 

inputs to the marina.  Model simulations were completed for each of the three seasons 
considered over a 58 day period that included a 28 day warm-up period.  Statistical analysis 

was completed for the final 30 days of each simulation.  
 

Equilibrium (box) modelling 
The box modelling approach is simple, but robust and conservative.  The approach is 
conservative in that it does not include the inhibition of phytoplankton growth by light or 

other nutrients and trace elements, nor does it include losses due to death, settling or 
grazing:  it simply assumes that any DIN present is converted to phytoplankton growth, and 

that there are no losses of phytoplankton due to any processes.   

 
While complex ecological models are available to model water quality, their very complexity 

involves numerous assumptions and uncertainties, and they seldom result in accurate 
simulations of reality.  Such ecological models still require inputs from hydrodynamic 

modelling and groundwater modelling, and although physical processes are far better known 
than ecological processes (and can be more easily validated), they also involve assumptions 

                                          
10

  The Redfield ratio (106C:16N:1P by atom or ~40:7:1 by mass) is used as a general guide for determining 

whether nitrogen or phosphorus is more limiting for phytoplankton growth.  The N:P ratios for Perth's coastal waters 

indicate pronounced nitrogen limitation. 
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and uncertainties and do not fully simulate reality.  Therefore there is little to be gained-and 

the real risk of errors and/or unrealistic predictions-in using a complex ecological model that 
builds on the results of a hydrodynamic model that in turn incorporates results from a 

groundwater model.  Such an exercise would take an enormous amount of time and effort, 
with no guarantee of a useful product, and would potentially be open to even more criticism. 

4.3.1.2 DIN inputs 

As noted above, the major DIN input used in water quality modelling was groundwater.  The 
data from groundwater modelling undertaken for the Proposal (ERM 2011) provided average 

seasonal values (summer, autumn and winter), and seasonal variation was incorporated 

within the nutrient tracer modelling by interpolation between these values.  Groundwater flux 
was fed into the model along the edges of the marina, and varied spatially as well as 

temporally.  Groundwater flux was not applied to the adjacent coastline, to allow the 
potential build up within the marina to be clearly modelled.  It should be noted that DIN in 

groundwater is currently seeping into the Sound all along the Mangles Bay shoreline.  The 
marina will not add any further concentrations of DIN, it will only allow DIN to accumulate to 

higher concentrations as a result of the slower flushing times within the marina. 
 

The contribution of stormwater DIN was deliberately excluded from both the DIN tracer 

modelling and the equilibrium (box) modelling on the two-fold basis that (i) stormwater 
would not enter the marina under most rainfall events, and (ii) on those few occasions when 

it did it enter the marina it would rapidly exit as a buoyant surface flow (due to its freshwater 
nature).  The assumption that little or no stormwater would enter the marina under most 

rainfall events was because the proposed development will use Best Management Practices 
for stormwater management, with small rainfall events (<1 in 1 year event) infiltrated 

through the use of soakwells, swales and/or underground infiltration cells in a manner 
consistent with Water Sensitive Urban Design and the Department of Water's Stormwater 

management manual.  Rainfall events less than the 1 in 1 year event constitute 99% of the 

volume of rainfall (DoW 2004-2007), with only overflow from larger rainfall events potentially 
to be discharged to the marina:  as noted in the PER (Strategen 2012), options for 

stormwater management in these larger events were subject to further investigation.  
 

Subsequent to the release of the PER, modelling of larger rainfall events has been undertaken 
by APASA using the hydrodynamic model of the marina.  This modelling examined the 

combined discharge into the proposed marina from Lake Richmond and the development 
catchment using flood flow events, based on 72 hour five-year and 100-year ARI11 rainfall 

events.  Modelling of five-year and 100-year events was completed for a 14 day period that 

was previously identified as a worst case for flushing out of the 21 scenarios simulated for the 
project (an early autumn condition commencing in early March where a period of weak winds 

coincided with moderate to neap tides).  The modelling also ensured the peak of the flood 
flow was timed to coincide with the commencement of a moderate flooding tide, after which 

the conditions tended towards neap and mixed tides which would offer limited tidal exchange.  
The timing coincident with a flood tide was to ensure that the initial discharge would be 

opposed by the tide, reducing the effectiveness of any exchange.  These conditions were 
expected to show a practical worst case in the event of the predicted storm discharge. 

 

Modelling results for the five-year flood event showed that, following the cessation of 72 hour 
flood event, the effect of the discharge disappeared within approximately 2 days, giving a 

total period of 5 days of elevated DIN levels (when compared to the "no stormwater flow" 
case).  Similar results were found for the 100-year flood event, although DIN concentrations 

peaked at slightly higher concentrations than the five-year event.  Results for 100-year flood 
event are shown in Figure 4.1, and supported the view that such flows would rapidly exit the 

marina.  
 

                                          
11

  Average return interval. 
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Notes:  

1. Top and bottom diagrams represent the two options considered for the location of the stormwater discharge.  

The two options were:  (1) Stormwater discharge near the mouth of the marina, and (2) Stormwater discharge 

inside the body of the marina. 

Figure 4.1 Results from APASA modelling of DIN concentrations in the marina before, during 
and after a 72-hour flood event caused by a 1 in 100 year rainfall event  

 

Although the stormwater modelling results supported the exclusion of stormwater DIN inputs 
from modelling of water quality in the marina, this issue is no longer relevant.  The project 

now proposes to discharge stormwater off the end of the marina breakwaters (i.e. outside the 
marina and into deeper waters further offshore, where it will be even more rapidly dispersed 

and diluted). 

4.3.1.3 Background DIN used in modelling of DIN concentration in the marina 
and waters of Mangles Bay 

The background DIN value used in modelling for summer and autumn (6 µg/L) was informed 
by the weekly December 2009 to March 2010 data for the nearest of the CSMC's water 

quality monitoring sites, summarised below. 
 

2009/2010 (data available at the time of modelling undertaken for the PER) 
 Site 11 - all ammonia (NH4) values were 2 µg/L, and 14 of the 16 weekly values for 

nitrate-plus-nitrite (NOx) were 1 µg/L (the other two values were 3 and 4 µg/L).  N:P 
ratios were ≤3 on all occasions, and ≤1 on most occasions. 

 Site MB - 7 of the 16 weekly monitoring results for NH4 had values of 2 µg/L and 

remaining values ranged between 3 and 7 µg/L, while 11 of the 16 weekly results for NOx 
were 1 µg/L (the other five values were 2, 3, 3, 3 and 5 µg/L).  N:P ratios were ≤3 on all 

occasions, and ≤1 on most occasions. 
 

These data indicated that DIN concentrations varied little, consistent with the pronounced 
nitrogen limitation of algal growth that characterises Perth coastal waters (see 
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Section 4.3.1.4; also evident in the low N:P ratios).  Weekly data obtained by RPS (2009) at 

seven nearshore sites in the vicinity of the proposed Port Rockingham marina for 12 weeks in 
January to March 2007 also confirmed this view, with an average DIN concentrations of just 

over 5 µg/l, and little variation (e.g. a 95th percentile of 6 µg/L).  Nor did this view change 
with the CSMC data for December 2010 to March 2011, even though conditions were far 

more atypical, as shown below. 
 

20010/2011 (atypical year due to La Nina-induced "marine heat wave" in WA 

coastal waters, with high chlorophyll-a concentrations throughout Cockburn Sound) 
 Site 11 - 13 of the 16 NH4 values were 2 µg/L (the other three values were 4, 4 and 16 

µg/L), and 11 of the 16 weekly values for nitrate-plus-nitrite (NOx) were 1 µg/L (the other 
five values were 2, 2, 3, 3 and 5 µg/L).  N:P ratios were ≤3 on all occasions, and ≤2 on 

most occasions. 
 Site MB - all monitoring values for NH4 were 2 µg/L, while 14 of the 16 weekly results for 

NOx were 1 µg/ (the other two values were 2 and 3 µg/L).  N:P ratios were ≤3 on all 
occasions, and ≤2 on most occasions. 

 

There were fewer data available for winter conditions, but RPS (2009) data obtained for 
seven sites in the vicinity of the proposed Port Rockingham marina for five weeks in 

September 2007 also indicated similar DIN concentrations (average just over 5 µg/L) and 
little variation.  Therefore the background DIN value of 6 µg/L used in the modelling of DIN 

concentrations in the marina is considered reliable and conservative. 

4.3.1.4 Prediction of chlorophyll-a concentrations in marina 

The equilibrium (box) modelling of chlorophyll-a concentrations in the marina produces 

values for overall marina water quality.  The average flushing time for the marina was 
calculated by APASA as 6.8 days, and so flushing times of 6 days and 8 days were chosen for 

equilibrium (box) modelling as a fair representation of flushing times for overall marina 

waters under most conditions.  While flushing point analysis of the marina indicated 17% of 
flushing time predictions of 10 days or greater (with the highest proportion of these in 

autumn), three of the five flushing points used were at the end of each of the three canals 
(the other two points were at the marina entrance, and at the western edge of the main body 

of the marina).  The flushing point analysis was therefore based largely on sites in the marina 
that are in the ‘worst’ possible places for flushing:  60% of sites represented flushing at the 

end of the canals rather than average flushing time for the marina.  Furthermore, as the 
marina varies in depth from 2.7 to 4.0 m AHD, the flushing results for the three 'canal' points 

represented less than 25% of the volume of marina waters.  Therefore it should be noted 

that this represents a very conservative assessment. 
 

The equilibrium (box) modelling includes groundwater DIN inputs and sediment nutrient 
fluxes:  stormwater DIN inputs were excluded for reasons outlined in Section 4.3.1.2.  The 

groundwater DIN inputs were from modelling undertaken for the Proposal (ERM 2011).  
Sediment DIN efflux was based on measurements by Lavery et al (1993) for sediments from 

Shoalwater Bay (2.4 mg N/m2/d, equivalent to 0.29 kg N/day for the marina) as part of the 
Perth Coastal Waters study, and comparable to published rates for sandy, carbonate 

sediments.  This rate was also consistent with results from more recent work by Forehead 

(2006) in Cockburn Sound at sites in water depths of 1.5 m, 4 m, 8 m and 14 m:  DIN fluxes 
ranged from an uptake of 0.75 mg/m2/day to a release of 14 mg/m2/day, and averaged 

2 mg/m2/day.  As Forehead’s (2006) work indicated that net uptake of DIN was common in 
Cockburn Sound sediments, a zero sediment flux was also simulated.  These sediment 

nutrient fluxes were considered defensible on the two-fold basis that they were reasonably 
representative of likely conditions, and there is a Proposal commitment to management 

(removal of nutrient-rich sediments) should excessive sediment nutrient release lead to 
higher than predicted chlorophyll-a concentrations. 

 

The ratios of chlorophyll-a to carbon, and of carbon to nitrogen in phytoplankton are 
relatively uniform (50C:1Chl a, and 5.7C:1N; by mass) and if it is conservatively assumed 

that all available DIN is utilised by phytoplankton, the chlorophyll-a concentration will be 
approximately 0.117 times the predicted DIN concentration.  This conservative assumption 

(DIN:chlorophyll conversion efficiency of 1.0) was adopted in summer and autumn, but it was 
assumed only half the DIN was utilised in winter.  The winter conversion efficiency was based 

on the results of RPS (2009) which found similar levels of dissolved inorganic nutrient in 



26 Oceanica:  Strategen:  Mangles Bay Marina Based Tourist Precinct, Technical Response to OEPA and CSMC 

summer and winter, but chlorophyll-a concentrations in winter were about half of those in 

summer:  the lesser growth of phytoplankton in winter (reflected in lower chlorophyll-a 
levels) was attributed to the lower temperatures and available light. 

 
The results for flushing times of 6 days and 8 days are reproduced in Table 4.1, and include 

results for a 10 day flushing time in autumn.  The inclusion of the 10 day flushing time for 
autumn does not change the overall result previously reported in the PER; that chlorophyll-a 

concentrations are typically about twice those of adjacent waters in Mangles Bay.  The 

modelling approach predicts values for overall marina water quality (i.e. it does not provide 
information on spatial variation in chlorophyll-a concentrations within the marina), so 

chlorophyll-a concentrations at the marina entrance would be lower than those shown in 
Table 4.1, and higher at the ends of the canals. 

 

Table 4.1 Predicted chlorophyll-a concentrations in Mangles Bay marina waters 

e-folding time 
Ground-

water DIN 
load 

Sediment 
DIN load 

Background 
chl.-a 

Predicted 
increase in 

chl.-a 

Final 
chl.-a 

Level of 
increase 
in chl.-a 

Summer (DIN to chlorophyll conversion efficiency of 1.0) 

Six days 

0.1 kg/day 

0 

1.3 µg/L 0.8 µg/L 2.1 µg/L 1.6 

 1.7 µg/L 0.8 µg/L 2.5 µg/L 1.5 

 2.1 µg/L 0.8 µg/L 2.9 µg/L 1.4 

 

0.29 kg/day 

1.3 µg/L 1.2 µg/L 2.5 µg/L 1.9 

 1.7 µg/L 1.2 µg/L 2.9 µg/L 1.7 

 2.1 µg/L 1.2 µg/L 3.3 µg/L 1.6 

Eight days 

0.1 kg/day 

0 

1.3 µg/L 0.8 µg/L 2.1 µg/L 1.6 

 1.7 µg/L 0.8 µg/L 2.5 µg/L 1.5 

 2.1 µg/L 0.8 µg/L 2.9 µg/L 1.4 

 

0.29 kg/day 

1.3 µg/L 1.4 µg/L 2.7 µg/L 2.1 

 1.7 µg/L 1.4 µg/L 3.1 µg/L 1.8 

 2.1 µg/L 1.4 µg/L 3.5 µg/L 1.7 

Autumn (DIN to chlorophyll conversion efficiency of 1.0) 

Six days 

0.2 kg/day 

0 

1.3 µg/L 1.0 µg/L 2.3 µg/L 1.8 

 1.7 µg/L 1.0 µg/L 2.7 µg/L 1.6 

 2.1 µg/L 1.0 µg/L 3.1 µg/L 1.5 

 

0.29 kg/day 

1.3 µg/L 1.4 µg/L 2.7 µg/L 2.1 

 1.7 µg/L 1.4 µg/L 3.1 µg/L 1.8 

 2.1 µg/L 1.4 µg/L 3.5 µg/L 1.7 

Eight days 

0.2 kg/day 

0 

1.3 µg/L 1.1 µg/L 2.4 µg/L 1.8 

 1.7 µg/L 1.1 µg/L 2.8 µg/L 1.6 

 2.1 µg/L 1.1 µg/L 3.2 µg/L 1.5 

 

0.29 kg/day 

1.3 µg/L 1.4 µg/L 2.9 µg/L 2.2 

 1.7 µg/L 1.4 µg/L 3.3 µg/L 2.0 

 2.1 µg/L 1.4 µg/L 3.7 µg/L 1.8 

Ten days 

0.2 kg/day 

0 

1.3 µg/L 1.1 µg/L 2.4 µg/L 1.9 

 1.7 µg/L 1.1 µg/L 2.8 µg/L 1.7 

 2.1 µg/L 1.1 µg/L 3.2 µg/L 1.6 

 

0.29 kg/day 

1.3 µg/L 1.8 µg/L 3.1 µg/L 2.4 

 1.7 µg/L 1.8 µg/L 3.5 µg/L 2.1 

 2.1 µg/L 1.8 µg/L 3.9 µg/L 1.9 

Winter (DIN to chlorophyll conversion efficiency of 0.5) 

Six days 

0.7 kg/day 

0 

0.6 µg/L 0.9 µg/L 1.5 µg/L 2.4 

 0.8µg/L 0.9 µg/L 1.7 µg/L 2.1 

 1.0 µg/L 0.9 µg/L 1.9 µg/L 1.8 

 

0.29 kg/day 

0.6 µg/L 1.1 µg/L 2.4 µg/L 2.7 

 0.8µg/L 1.1 µg/L 1.8 µg/L 2.3 

 1.0 µg/L 1.1 µg/L 2.0 µg/L 2.1 

Eight days 

0.7 kg/day 

0 

0.6 µg/L 1.1 µg/L 1.7 µg/L 2.6 

 0.8µg/L 1.1 µg/L 1.9 µg/L 2.3 

 1.0 µg/L 1.1 µg/L 2.1 µg/L 2.0 

 

0.29 kg/day 

0.6 µg/L 1.3 µg/L 2.0 µg/L 3.1 

 0.8µg/L 1.3 µg/L 2.2 µg/L 2.6 

 1.0 µg/L 1.3 µg/L 2.4 µg/L 2.3 



 

Oceanica:  Strategen:  Mangles Bay Marina Based Tourist Precinct, Technical Response to OEPA and CSMC  27 

4.3.1.5 Model validation 

The accuracy of the equilibrium (box) modelling approach is at best moderate, as the 

efficiency with which DIN is converted to phytoplankton growth depends on a range of other 
parameters such as the proportion of DIN present as ammonium versus nitrate, the 

availability of other nutrients, light, temperature, phytoplankton species, mixing and 
phytoplankton numbers.  For example, a large proportion of groundwater DIN is typically 

present as nitrate (ERM 2011), and phytoplankton growth can be slower if nitrate rather than 
ammonium is the main source of DIN because it requires more energy to convert nitrate to 

the amino acids required for growth. 

 
The modelling approach provides a guide to potential water quality (in terms of chlorophyll-a 

levels) in relative rather than absolute terms, and is best used to approximate chlorophyll 
levels in regions where they are likely to be moderate, as is the case for the Mangles Bay 

marina.  Validation of the modelling approach for the Jervoise Bay Northern Harbour using 
relevant data (Table 4.2) indicates that the technique is more likely to overestimate than 

underestimate chlorophyll-a concentrations for the Mangles Bay marina (Table 4.3). 

Table 4.2 Dimensions, DIN inputs and flushing times of Jervoise Bay Northern Harbour and 
proposed Mangles Bay marina 

Parameter 
Jervoise Bay Northern 

Harbour1 
Mangles Bay Marina 

Areas ~71 hectares ~12 hectares 

Depth ~8 m 2.7–4 m 

Volume at Mean Sea Level 6,230,000 m3 420,000 m3 

Summer groundwater DIN input ~24 kg/day ~0.1 kg/day 

Summer sediment DIN input ~11 kg/day ~25 kg/day 

DIN loading/m3 ~5.6 mg/day ~0.8 mg/day 

Average flushing time ~9.3 days ~6.8 days 

Source: Unpublished data from Parsons Brinckerhoff 

 

Table 4.3 Increase in chlorophyll-a concentrations in the Jervoise Bay Northern Harbour 
predicted by equilibrium (box) modelling versus actual increase 

'Background' chlorophyll-a 
Increase in chl-a predicted by 
equilibrium box modelling1 

Actual increase measured2 

Using median chlorophyll-a concentration for CSMC site 7 

2009/2010 (median 0.9 µg/L) 
6.3 to 8.4-fold increase 
(5.7–7.5 µg/L) 

3.9-fold 
(3.5 µg/L) 

2010/2011 (median 1.1 µg/L) 
5.3 to 7.0-fold increase 

(5.9–7.7 µg/L) 

3.7-fold 

(4.1 µg/L) 

Using median chlorophyll-a concentration for CSMC site 6A 

2009/2010 (median 0.8 µg/L) 7.0 to 9.3-fold increase 
(5.6–7.4 µg/L) 

4.4-fold 
(3.5 µg/L) 

2010/2011 (median 0.7 µg/L) 7.8 to 10.5-fold increase 
(5.5–7.3 µg/L) 

6.3-fold 
(4.1 µg/L) 

Notes: 

1. Range incorporates a zero sediment flux scenario as well as the value in Table 4.2. 

2. Cockburn Sound Management Council (CSMC) routine monitoring data.  Refer to Table 4.6. 

 

4.4 Modelled results for water quality outside the marina 

4.4.1 Nutrient tracer modelling 

For the PER, analysis of modelling results focussed on waters inside the marina.  This was 

subsequently extended to waters outside the marina to address stakeholder submissions on 
the PER about the degree to which outflow of marina waters might affect water quality in 

Cockburn Sound.  DIN was treated as a conservative tracer for this exercise.  Data were 
processed as contours of the percentage of time that DIN concentrations were 'elevated 

above background' during summer (Figure 4.2), autumn (Figure 4.3) and winter (Figure 4.4 
and Figure 4.5).   
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In Figure 4.2 to Figure 4.5 the percentile contours are for ranges of DIN concentrations (e.g. 

0–2 µg/L), and so when interpreting the information in these figures it should be borne in 
mind that both the frequency and degree of DIN 'elevations above background' decrease with 

increasing distance from the marina entrance, as follows: 
 

 The area between the 50th and 80th percentile contours represents the region where, for 
20–50% of the time, DIN concentrations are elevated by 0–2 µg/L (refer Figure 4.3).  

Elevations of 2 µg/L are more frequent in waters closer to the 50th percentile contour 

(usually at, or close to, the marina entrance), grading to elevations that occur less 
frequently and that are also closer to the lower end of the 0–2 µg/L range with increasing 

distance from the marina and out towards the 80th percentile contour. 
 The area between the 80th and 95th percentile contour represents the region where, for 

5–20% of the time, DIN concentrations are elevated by 0–2 µg/L, with most of these 
elevations likely to lie in the lower end of the 0–2 µg/L range. 

 Outside the 95th percentile contour, DIN concentrations may be elevated by 0–2 µg/L for 
less than 5% of the time, with most of these 'elevations' likely to lie in the lower end of 

the 0–2 µg/L range. 

 
It also needs to be emphasised that the 'elevations above background' shown in Figure 4.2 to 

Figure 4.5 do not represent an additional groundwater DIN load to Mangles Bay due to the 
marina.  The groundwater DIN shown as exiting via marina waters is presently already 

discharging into the nearshore waters of Mangles Bay.  The marina won't substantially alter 
the amount of groundwater DIN discharged, but will alter the spatial pattern of the DIN 

elevations.  The 'elevations in DIN' due to outflow from marina shown in Figure 4.2 to 
Figure 4.5 are therefore not corrected for the DIN elevations due to groundwater discharge 

that already occur at present without the marina.  The residence time of marina waters are, 

however, such that the DIN will be more likely to manifest as phytoplankton growth (i.e. 
elevated chlorophyll-a levels) in marina waters, rather than the present situation where the 

DIN directly fuels phytoplankton growth and/or epiphyte growth in the waters of Mangles Bay 
to an unknown-but probably appreciable12-degree.   

 
The modelling results for summer and autumn indicate minor effects on water quality (as 

expressed by DIN elevations of 0–2 µg/L).  Effects are mainly in the very shallow waters (i.e. 
1–2 m deep) west of marina, mainly for 5–20% of the time and involving elevations that are 

likely to lie in the lower end of the range (Figure 4.2 and Figure 4.3).  Lesser effects also 

occur to the east of the marina in autumn (Figure 4.3). 
 

In winter, modelling results indicate minor effects on water quality (DIN elevations of 0–
2 µg/L) of DIN that are more extensive, but largely involving elevations that are likely to lie 

in the lower end of the range (Figure 4.4).  In winter the modelling results also indicated DIN 
elevations of 2–5 µg/L, mainly in the very shallow waters west of marina and for 5–20% of 

the time (with elevations likely to be closer to 2 µg/L in the area between the 80th and 95th 
percentile contours), and a much smaller area with DIN elevations of 5–10 µg/L for less than 

5–20% of the time (Figure 4.5).   

 

                                          
12

  Given the elevated chlorophyll-a concentrations compared to most other areas in Cockburn Sound, and epiphyte 

loads on seagrass in Mangles Bay at present 
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Notes: 

1. 50th percentile contour not shown as it did not extend outside marina breakwaters 

Figure 4.2 Modelled 80th and 95th percentile contours for 0–2 µg/L elevation in DIN 
concentrations above background during summer 

 

 

Figure 4.3 Modelled 50th, 80th and 95th percentile contours for 0–2 µg/L elevation in DIN 
concentrations above background in autumn 
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Figure 4.4 Modelled 50th, 80th and 95th percentile contours for 0–2 µg/L elevation in DIN 
concentrations above background in winter 

 
Notes: 

1. 50th percentile contour for 2-5 µg/L and 50th and 80th percentile contours for 5–10 µg/L not shown as they did 

not extend outside marina breakwaters 

Figure 4.5 Modelled 80th and 95th percentile contours for 2–5 µg/L and 95th percentile contour 
for 5–10 µg/L elevation in DIN concentrations above background in winter 
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4.4.2 Possible effects on chlorophyll-a concentrations 

Accurate prediction of changes caused by the marina to chlorophyll-a concentrations in the 

waters of Mangles Bay requires more than just accurate predictions of dilution and dispersion 
patterns.  Also required would be detailed knowledge about the extent to which DIN in 

groundwater discharge along the ~1.5 km of the Mangles Bay shoreline (not just ~600 m of 
shoreline adjacent to the marina footprint) fuels phytoplankton growth and seagrass epiphyte 

growth in the waters of Mangles Bay, and the extent to which this would change when the 
groundwater intercepted by the marina footprint fuels phytoplankton growth within and 

outside the marina.  The complexity of such predictions involves many factors:  the nutrient 

uptake rates and growth dynamics of phytoplankton and epiphytes (e.g. growth rates, decay 
rates, settlement losses, grazing losses), and sediment nutrient fluxes, to name a few.  Such 

relationships are hard to quantify, and even harder to validate.  For these reasons a simpler 
approach to prediction was employed. 

 
Nutrient tracer modelling within marina waters indicated DIN concentrations around twice 

that of background during summer and autumn, and three- to four-fold higher in winter 
(APASA 2011).  Coincidentally, this approximates the level of increase in chlorophyll-a 

concentrations within the marina that is predicted by equilibrium (box) modelling.  An 

increase (relative to background) of 0–2 µg/L DIN in summer or autumn, or 0–4 µg/L DIN in 
winter, therefore approximates an increase in chlorophyll-a concentration of 0–33%.  Using 

this approximation, Table 4.4 provides the potential effects on chlorophyll-a concentrations in 
the areas bounded by the 50th, 80th and 95th percentile contours shown in Figure 4.2 to 

Figure 4.5.   

Table 4.4 Approximation of the effect on chlorophyll-a concentrations in Mangles Bay caused 
by the outflow of Mangles Bay marina waters 

Parameter 
Season 

Summer Autumn Winter 

Elevation in DIN concentra-

tion above background 
0–33% (0–2 µg/L) 0–33% (0–2 µg/L) 0–67% (0–4 µg/L) 

Conversion efficiency of DIN 
to chlorophyll-a 

1.0 1.0 0.5 

Corresponding elevation in 
chlorophyll-a concentration 
above background 

0–33% 0–33% 0–33% 

Area bounded by 50th and 
80th %ile contours. 

Average chl-a increase of 0–17% at 50th %ile contour to 0–6.6% at 80th 
%ile contour.  Also a gradation of lower to higher values of predicted ranges 
from 80th %ile contour to 50th %ile contour.   

Area bounded by 80th and 

95th %ile contours. 

Average chl-a increase of 0–6.7% at 80th %ile contour to 0–1.7% at 95th 

%ile contour.  Most values bounded by 80th and 95th %ile contours likely to 
lie in the lower end of the range. 

 
The results in Table 4.4 indicate minimal effects on chlorophyll-a concentrations in general, 

and therefore on water quality EQC (which apply during December to March, and so relevant 
to results for the summer and autumn).  This interpretation is considered conservative 

because, as noted in Section 4.4.1 it involves no correction of results for the unknown-but 
probably appreciable13-degree to which the DIN in groundwater already fuels phytoplankton 

growth and/or epiphyte growth in Mangles Bay at present.  It is also noted that although 
environmental quality criteria for Cockburn Sound involve comparison of medians for 

summer/autumn conditions against trigger values, they are not included in Table 4.4:  

modelling results indicated that median (i.e. 50th percentile) water quality in Mangles Bay 
during summer and autumn will be little affected, if at all (refer to Figure 4.2 and Figure 4.3). 

 
The results in Table 4.4 are also supported by a simple tidal prism 'reality check'.  The 

volume of water exiting the marina during each daily tidal exchange would be approximately 
49,000 m3, and this represents about 3% of the volume of water over the seagrass meadows 

in the nearshore waters of Mangles Bay (approx. 100 hectares of seagrass, and 
conservatively assuming an average water depth of 1.5 m).   

                                          
13

  Given the elevated chlorophyll-a concentrations compared to most other areas in Cockburn Sound, and epiphyte 

loads on seagrass in Mangles Bay at present 
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4.4.3 Predicted changes in light attenuation due to increased chlorophyll-a 
concentrations in Mangles Bay 

Oceanica's baseline data report for this project (Oceanica 2011) did not attempt to predict 

the effect on light attenuation due to increased chlorophyll-a concentrations in Mangles Bay, 
on the basis that the relationships between these parameters in Cockburn Sound are not 

consistent or always strong.  This requirement has since been raised in stakeholder 
submissions on the PER, and so is addressed below.  

 
The relationship between chlorophyll-a concentrations and light attenuation in the waters of 

Cockburn Sound, based on weekly data for summer 2009/2010, is shown in Figure 4.6.  The 

relationship is not strong, with only approximately 40% of the variation in light attenuation 
explained by changes in chlorophyll-a concentration (i.e. R2 value of 0.41).   

 

 
Notes:   

1. Data made available courtesy of the CSMC.  Incorporates data for sites 4, 5, 6A, 7, 8, 9, 9A, 10, 11, 12, 13 and 

NH3 (refer to Figure 4.1) 

Figure 4.6 Relationship between chlorophyll-a concentrations and light attenuation in the 
waters of Cockburn Sound, summer 2009/2010 

 
Light attenuation14 at site MB in Mangles Bay (refer to Figure 4.7) was estimated using the 

relationship in Figure 4.6, based on chlorophyll-a concentration during summer 2009/2010 
(Table 4.5).  The effect on light attenuation due to an increase in chlorophyll-a concentrations 

of 33% (the upper end of the range of potential increases in Mangles Bay waters, refer to 
Section 4.4.2) was also estimated using the same relationship (Table 4.5).  Furthermore, the 

amount of surface light reaching the seabed at water depths of 1 m and 2 m was calculated, 

based on the estimated light attenuation (Table 4.5):  these water depths were chosen as 
representative of seagrass meadows in areas where increases in chlorophyll-a concentrations 

of 0–33% may occur for some of the time (Figure 4.2 and Figure 4.3).   
 

Even acknowledging the poor relationship in Figure 4.6, the effects on light attenuation (and 
seagrasses) are likely to be minimal:  the values in Table 4.5 are based on the upper value of 

predicted chlorophyll-a increases, and furthermore would only be present for part of the time 
(mostly <20% of the time; refer to Section 4.4.1).  The seagrasses in question are also in 

very shallow waters receiving light levels well in excess of their minimum requirements (e.g. 

for P. sinuosa this is 8.5% of surface light; Collier 2006).  It should therefore be clear from 

                                          
14

  The CSMC's routine monitoring program does not measure light attenuation directly at this site, because the 

waters are too shallow. 
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the preceding and above conservative assessment that there is minimal risk of adverse 

impact on seagrasses in Mangles Bay as a result of light attenuation arising from increased 
phytoplankton concentrations. 

 

Table 4.5 Predicted changes in light attenuation due to predicted increase in chlorophyll-a 
concentrations, based on summer 2009/2010 data 

Statistic Chl-a (µg/L),  
Predicted light 

attenuation (/m) 

% of surface light 

at 1 m depth 

% of surface light 

at 2 m depth 

Original water quality, summer 2009/2010 

20th percentile 1.30 0.094 80.5% 64.9% 

Median 1.65 0.100 79.4% 63.1% 

80th percentile 2.10 0.107 78.2% 61.1% 

Chl-a increase of 33% 

20th percentile 
Median 
80th percentile 

1.73 0.101 
79.3% 62.8% 

 2.19 0.108 78.0% 60.8% 

 2.79 0.118 76.2% 58.1% 

Notes:   

1. Data made available courtesy of the CSMC.  Based on relationships established for data for sites 4, 5, 6A, 7, 8, 

9, 9A, 10, 11, 12, 13 and NH3 (refer to Figure 4.6) 

 

4.5 Water quality data outside other marinas in Perth metropolitan 
waters 

Water quality data are available for three marinas in Perth coastal waters for summer 
1999/2000:  weekly data were obtained for 10 weeks at Hillary’s Boat Harbour, Success 

Harbour and the Jervoise Bay Northern Harbour.  At each marina, water quality 
measurements were taken at three sites inside the marina, and one site immediately outside 

the breakwater (BBG, 2001).  Flushing times were also estimated (BBG, 2001).  Results were 
as follows: 

 

 Hillary’s Boat harbour:  Flushing times ~4 days, average chlorophyll-a concentrations 
inside the marina ~3.3 times the value of ‘outside’ waters (3.13 μg/L versus 0.96 μg/L), 

 Success Harbour:  Flushing times ~1 day, average chlorophyll-a concentrations inside the 
marina ~2.0 times the value of ‘outside’ waters (2.24 μg/L versus 1.18 μg/L)  

 Jervoise Bay Northern Harbour:  Flushing times ~10–11 days, average chlorophyll-a 
concentrations inside the marina ~6.5 times the value of ‘outside’ waters (6.66 μg/L 

versus 1.02 μg/L15) 
 

Over a range of flushing times from good (~1 day) to poor (10–11 days) and average 

chlorophyll-a concentrations from 0.96 μg/L to 6.66 μg/L, water quality immediately outside 
all three marinas was little affected and consistently in the vicinity of 1 μg/L concentration. 

 
More recent and more detailed information for the most poorly flushed marina-Jervoise Bay 

Northern Harbour-is also available from the CSMC's routine summer water quality monitoring 
program, which measures water quality weekly from December to March inclusive at the sites 

shown in Figure 4.7.  CSMC site NH (also known as site NH3) characterises water quality 
within the Jervoise Bay Northern Harbour, and site 6A characterises water quality 

immediately outside the harbour.  As can be seen in Table 4.6, even though the Northern 

Harbour has the poorest water quality in Cockburn Sound, water quality immediately outside 
the marina is little affected. 

 
The Mangles Bay marina is smaller, better flushed and has lesser nutrient inputs than 

Jervoise Bay (Table 4.2) and its chlorophyll-a concentrations are predicted to be less 
elevated.  It is therefore reasonable to infer that water quality immediately outside the 

Mangles Bay marina will also be little affected by operation of the completed marina project. 

                                          
15

  Note that these measurements were in 1999/2000, when groundwater DIN inputs to the harbour were greater 

than at present. 
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Figure 4.7 Sites routinely measured in the CSMC's summer water quality monitoring program 

 

Table 4.6 Median chlorophyll-a concentrations at CSMC's routine monitoring sites in summer 
2009/2010 and summer 2010/2011 

Monitoring site 
Median chl-a concentration, 
2009/2010 

Median chl-a concentration, 
2010/2011 

Central Cockburn Sound 

4 0.60 0.90 

5 0.60 0.80 

8 0.65 0.90 

Eastern shore 

MB 1.65 2.60 

10 1.45 1.60 

9A 1.40 1.50 

9 1.20 1.50 

12 0.85 1.20 

7 0.90 1.10 

6A 0.80 0.70 

NH3 3.5 4.1 

Southern Cockburn Sound 

11 1.15 1.30 

13 1.40 1.50 
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4.6 Persistence of Mangles Bay seagrass meadows during the 
1970s and early 1980s 

The first environmental studies in Cockburn Sound were carried out in the early 1970s 
(funded by Fremantle Ports) and identified two major issues (DCE 1979): 

 
 Deteriorating environmental quality due to blooms of phytoplankton 

 Widespread loss of seagrass as a result of shading caused by increased growth of 

epiphytes and phytoplankton  
 

The subsequent three-year (1976–1979) Cockburn Sound Environmental Study (DCE 1979) 
linked the blooms and seagrass loss to massive nitrogen inputs from two outfalls:  an outfall 

shared by the Kwinana Nitrogen Company (KNC) and the CSBP Fertiliser works, and the 
outfall of the Woodman Point Wastewater Treatment Plant.  At that time, the KNC/CSBP 

outfall alone was discharging 3 tonnes DIN/day into waters close to CSMC site 9A (Chiffings 
1979).  Management of these two nitrogen sources in the 1980s, and subsequent 

management of other sources identified in the 1990s (e.g. contaminated groundwater 

beneath the Western Mining Corporation, and adjacent to the Jervoise Bay Northern 
Harbour), has resulted in a considerable improvement in water quality in Cockburn Sound. 

 
Water quality in Cockburn Sound was at its worst during the 1970s and early 1980s but there 

are few data to gauge its full extent.  The most comprehensive data are from an 18 month 
study from July 1977 to December 1978 (Chaney 1978 and Chiffings 1979, cited in Pearce et 

al 2000), for inshore sites in Mangles Bay and just north of Woodman Point, with weekly 
samples between July 1977 and August 1978.  The 'Mangles Bay' site was site 214, near the 

CBH (Grain Terminal) jetty, closely corresponding to CSMC site 10.  Based on 1977–1978 

data for site 214, seasonal averages and standard deviations for Mangles Bay, as estimated 
by Helleren and John (1997, cited in Pearce et al 2000) and reproduced in Pearce et al 

(2000) were as follows: 
 

 Seasonal summer average based on 1977 and 1978 data:  6.09±4.00 µg/L 
 Seasonal autumn average based on 1977 and 1978 data:  6.53±4.00 µg/L 

 Seasonal winter average based on 1977 and 1978 data:  5.24±2.98 µg/L 
 Seasonal spring average based on 1977 and 1978 data:  6.30±4.33 µg/L 

 

By comparison from December 2009 to March 2010 the median of site 10 was 1.45 μg/L and 
no value exceeded 2.3 μg/L, and from December 2010 to March 2011 the median was 1.60 

μg/L and no value exceeded 3.6 μg/L.  The 1977–78 data suggest chlorophyll-a 
concentrations that were three to four times higher than at present. 

 
Other data for the 1970s and early 1980s are even sparser, but those that are available are 

presented in Table 4.7 and also confirm the occurrence of phytoplankton blooms of much 
greater magnitude than at present.   

Table 4.7 Chlorophyll-a concentrations (µg/L) in the vicinity of Mangles Bay, 1977 to 1981 

Month/year 
CSMC Site 9 
(MP site 7, 

TC site 1751) 

CSMC Site 9A 
(MP site 8, 

TC site 2011) 

CSMC Site 10 
(MP site 9, 

TC site 2141) 

CSMC Site 11 
(MP site 14, 

TC site 2251) 

Meagher and LeProvost (1975) study2 

7–8/11/1974 6.4±1.2 6.2±2.7 6.1±1.2 5.2±2.0 

10–11/12/1974 3.3±0.2 5.2±2.0 4.8±3.0 6.1±1.9 

28–29/12/1974 3.0±0.2 3.9±0.8 3.8±0.9 2.5±1.7 

7–8/01/1975 3.8±0.8 3.8±0.2 5.4±1.3 6.3±1.8 

10–12/03/1975 9.0±9.5 3.7±0.5 4.3±0.1 3.0±1.0 

15–16/04/1974 3.2±0.9 3.4±1.3 2.5±0.4 2.1±1.1 

     

Chiffings (1975, 1987) studies 

05/12/1977 1.65 1.80 1.23 3.07 

23/01/1978 6.47 5.80 4.23 3.03 

29/03/1978 1.20 2.03 1.53 1.77 

     

12/12/1979 1.1 1.9 2.2 3.6 

17/01/1980 1.1 2.1 3.5 2.2 
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Month/year 
CSMC Site 9 
(MP site 7, 
TC site 1751) 

CSMC Site 9A 
(MP site 8, 
TC site 2011) 

CSMC Site 10 
(MP site 9, 
TC site 2141) 

CSMC Site 11 
(MP site 14, 
TC site 2251) 

19/02/1980 2.0 1.9 1.7 1.6 

19/03/1980 3.2 2.8 1.7 2.1 

     

5/12/1980 0.73 4.07 4.4 3.77 

14/01/1981 0.7 1.43 1.37 1.83 

16/02/1981 5.43 6.43 9.13 6.13 

19/03/1981 1.97 1.6 3.2 2.47 

Notes: 

1. MP = site number used in Meagher and LeProvost (1975) study and TC = site number used in the Chiffings 

(1979, 1987) studies, that closely corresponds to the CSMC site noted. 

2. Values are the average ± standard deviation of readings taken at 2 m depth intervals, as provided in Helleren 

and Pearce (2000) 
 

The seagrasses in Mangles Bay survived the extended period of very poor water quality in the 

1970s and 1980s caused by the massive nitrogen inputs at that time.  This provides added 

confidence to predictions that outflow of water from the marina should have a minimal effect 
on seagrass survival and growth, as the predicted effects on water quality in Mangles Bay are 

also minimal, and mainly over seagrasses in shallow waters receiving light levels well in 
excess of their minimum requirements (refer Section 4.4.3).   

4.7 Conclusions 

The information presented in this section demonstrates that the proposed marina should 
have minimal impacts on water quality in Mangles Bay and no adverse effects on the 

seagrasses in Mangles Bay, based on the following multiple lines of evidence: 
 

1. The water quality modelling for this project was undertaken with a suitable hydrodynamic 

model that was appropriately calibrated and validated, and that used a representative 
range of conditions.  The model constructed represented the bulk of the dynamics, and 

the processes effecting the flushing of the proposed marina were adequately represented.  
This view was shared by highly experienced hydrodynamic modeller Dr Jason Antenucci, 

who undertook an independent technical review of APASA's modelling work. 
2. Predictions of water quality (chlorophyll-a concentrations) inside the marina are 

conservative and defensible.  The box modelling approach used was simple, but robust 
and conservative.  Validation of the modelling approach using Jervoise Bay Northern 

Harbour data also indicated that the technique is more likely to overestimate than 

underestimate chlorophyll-a concentrations for the Mangles Bay marina.   
3. Modelling results for water quality (chlorophyll-a concentrations) in Mangles Bay are also 

conservative and defensible.  The chlorophyll-a predictions and associated effects on light 
attenuation indicate that there will be minimal effects on water quality outside the 

marina, and a very low risk of adverse impacts on seagrasses in Mangles Bay. 
4. Data for other marinas/harbours in Perth coastal waters supports modelling results that 

indicate minimal effects on water quality outside the marina and very low risk of adverse 
impacts on seagrasses in Mangles Bay once the project is in operation. 

5. Seagrasses in Mangles Bay survived many years of water quality in the 1970s and early 

1980s, with chlorophyll-a concentrations as much as three to four times higher than 
occurs today, or that will occur after project completion. 
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5. Proposed EQMF for Mangles Bay marina 

5.1 Background 

The Western Australian Planning Commission (WAPC) Development Control Policy 1.8:  Canal 

Estates and Artificial Waterway (WAPC 2012) requires the development of an appropriate 
environmental quality management framework (EQMF) for canal estates or artificial 

waterways and any adjacent natural waterway or water body.  The main purpose for applying 
the EQMF is to ensure that environmental quality in the artificial waterway is managed such 

that environmental quality and ecological integrity in the adjacent natural waterway, water 
body or groundwater is not compromised.   

 

The EQMF requires the definition of environmental values (EVs), environmental quality 
objectives (EQOs) and levels of protection for the canal estate or artificial waterway and 

adjacent natural waterway or water body.  The environmental values that generally need to 
be protected include ‘ecosystem health’, ‘fishing’ (safe for consumption) and ‘recreation and 

aesthetics’. 
 

The EQMF is also required to address the following aspects: 
 

1. Water and sediment quality indicators 

2. Establishing the quality of the adjacent natural waterway, water body or source 
groundwater 

3. Compliance with environmental quality objectives for artificial waterways 
4. Compliance with environmental quality objectives for water and sediment quality in 

adjacent natural waterway or water body 
5. General aesthetic guidelines 

6. Maintenance of artificial waterway water quality by natural process 
7. Stormwater runoff and drainage 

8. Industrial and residential waste 

9. Vessel sullage 
10. Impact on fauna and flora 

 
The proposed EQMF for the Mangles Bay marina is discussed in this section.  The existing 

EQMF for the waters of Cockburn Sound is highly relevant and so is also briefly outlined 
(Section 5.2), while the proposed EQMF for the marina and aspects 1, 3 and 4 of the EQMF 

are discussed in Section 5.3, and aspects 2 and 5–10 in Section 5.4.   

5.2 Existing EQMF for Cockburn Sound 

An EQMF for the marine waters of Cockburn Sound is established under a State 

Environmental (Cockburn Sound) Policy (SEP) (Government of WA 2005), with Environmental 

Values (EVs) and Environmental Quality Objectives (EQOs) as shown in Table 5.1.   

Table 5.1 Environmental Values and Objectives established under the Cockburn Sound SEP 

Environmental Value Environmental Quality Objective 

Ecosystem health Maintenance of ecosystem integrity 

Fishing and aquaculture 
Maintenance of aquatic life for human consumption 

Maintenance of aquaculture 

Recreation and aesthetics 

Maintenance of primary contact recreation values 

Maintenance of secondary contact recreation values 

Maintenance of aesthetic values 

Industrial water supply Maintenance of industrial water supply values 

Source:  Government of WA (2005) 

 

The Cockburn Sound SEP has Environmental Quality Criteria (EQC) that provide quantitative 
benchmarks for measuring success in achieving the EQOs (EPA 2005a).  There are two types:  

Environmental Quality Guidelines (EQGs) and Environmental Quality Standards (EQSs).  

EQGs are threshold numerical values which, if met, indicate a high degree of certainty that 
the associated EQO has been achieved.  If the guideline value is not met, then a more 

detailed assessment process against an EQS is triggered.  EQSs are threshold numerical 
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values that indicate a level beyond which there is a significant risk that the associated EQO 

has not been achieved, and a management response is triggered (EPA 2005a). 
 

The EV of ecosystem health has different EQC for designated zones of high, moderate and 
low ecological protection, whereas the social EVs (fishing and aquaculture, aquaculture, 

recreation and aesthetics, and industrial water supply) have the same EQC applied 
throughout Cockburn Sound.  The majority of Cockburn Sound is designated a high ecological 

protection area (HEPA), with designated moderate ecological protection areas (MEPAs) in the 

area adjacent to the industrial area on the eastern shore (which includes marinas/harbours), 
and also Careening Bay on Garden Island.  Low ecological protection areas (LEPAs) are 

confined to a few small areas around industrial outfalls. 

5.3 Proposed EQMF for the Mangles Bay marina 

WAPC (2012) requires demonstration that the "environmental quality objectives established 

for the artificial waterway (both ecological and social)" and the "environmental quality 
objectives for water and sediment quality in adjacent natural waterway or water body" will be 

met to the satisfaction of: 
 

 the Department of Environment and Conservation (DEC); 

 Cockburn Sound Management Council (CSMC); 
 Environmental Protection Authority (EPA) or the Office of the EPA (OEPA); 

 the Department of Health; and 
 the Department of Fisheries. 

5.3.1 Levels of protection 

The breakwaters of the proposed Mangles Bay marina are located within a HEPA, but the 

majority of the marina extends inland.  The CSMC's routine environmental monitoring 

program indicates that sites in Mangles Bay do not always meet nutrient-related water 
quality and seagrass shoot density EQC for a high level of ecological protection:  EQC for a 

moderate protection level of ecological protection are met, but are not applicable under the 
present zoning. 

 
There are existing precedents for establishing MEPAs in marine waters around jetties, 

groynes and breakwaters, as a radial extension of 250 m (Pilbara Coastal Water Quality 
Consultation Outcomes:  Environmental Values and Environmental Quality Objectives; DoE 

2006).  There are no precedents for zoning of an artificial waterway such as the Mangles Bay 

marina, which is created specifically for the purpose of social values and is located almost 
entirely within an area of no existing marine ecological value (because it is presently land). 

 
The proposed EQMF for the Mangles Bay marina is based on the establishment of two types 

of MEPA (Figure 5.1), as follows: 
 

1. A Mangles Bay MEPA from the existing shoreline of the proposed marina, extending 
radially 250 m from the breakwaters out into Mangles Bay.  Within this MEPA all relevant 

EQOs and EQC established under the Cockburn Sound SEP will apply. 

2. A "MEPA - Artificial waters" for marina waters.  Within this MEPA a subset of the EQOs and 
EQC established under the Cockburn Sound SEP apply (Table 5.2 and Table 5.3). 

 
The rationale for the proposed MEPA in Mangles Bay is two-fold: 

 
 Its dimensions are based on precedent (DoE 2006), and outside this area there should be 

minimal effect of marina outflow on the water quality in Mangles Bay; and 
 It must be demonstrated to the CSMC and the OEPA that "environmental quality 

objectives for water and sediment quality in adjacent natural waterway or water body" 

are met.  The Mangles Bay marina cannot demonstrate that the EQO for Maintenance of 
ecosystem integrity will be met for a high level of ecological protection because it is not 

always met at present (based on nutrient-related EQC), but – based on available 
information and modelling results (Strategen 2012) – moderate protection EQC can be 

met under all but exceptional circumstances16.   

                                          
16

  For example, the marine heat wave that occurred in WA waters in February 2011 (Pearce et al 2011) 
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Notes:   

1. Diagram also shows CSMC's routine water quality and seagrass shoot density monitoring sites in Mangles Bay, 

and four of the proposed water quality and seagrass shoot density monitoring sites for the Proposal CEMP 

Figure 5.1 Proposed moderate ecological protection areas for the Mangles Bay marina 

 

5.3.2 Environmental quality objectives 

5.3.2.1 Mangles Bay MEPA 

Within the proposed MEPA in Mangles Bay, all relevant EQOs established under the Cockburn 

Sound SEP will apply. 

5.3.2.2 MEPA - Artificial waters 

Within the "MEPA - Artificial waters" (Table 5.2) a subset of EQOs is proposed based on the 
rationale that neither aquaculture or industrial water supply are relevant, while swimming 

(i.e. primary contact recreation) is not to be permitted in the marina, but water quality must 
be fit for occasional immersion (i.e. secondary contact recreation). 

Table 5.2 EVs and EQOs relevant to the proposed "MEPA - Artificial waters":  relevant EQOs 
shaded yellow, and non-relevant EQOs shaded blue 

Environmental Value Environmental Quality Objective 

Ecosystem health Maintenance of ecosystem integrity 

Fishing and aquaculture 
Maintenance of aquatic life for human consumption 

Maintenance of aquaculture 

Recreation and aesthetics 

Maintenance of primary contact recreation values 

Maintenance of secondary contact recreation values 

Maintenance of aesthetic values 

Industrial water supply Maintenance of industrial water supply values 

Source:  Government of WA (2005) 
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5.3.3 Environmental quality criteria 

5.3.3.1 Mangles Bay MEPA 

Within the proposed MEPA in Mangles Bay, all relevant EQOs and EQC established under the 

Cockburn Sound SEP for MEPAs will apply. 

5.3.3.2 MEPA - Artificial waters 

Within the "MEPA - Artificial waters" the proposed EQC (Table 5.3) are based on the following 

rationale: 
 

 For the EQO of Maintenance of ecosystem integrity, existing nutrient-related EQC 
(chlorophyll-a, light attenuation coefficient, phytoplankton biomass and seagrass shoot 

density) are not relevant, because the main objective of these EQC is the protection of 

seagrass meadows and/or ensuring water quality sufficient to allow seagrass meadows to 
re-establish along the eastern side of Cockburn Sound (EPA 2005a; Section 3.1.2).  The 

marina is an artificial waterway established in the terrestrial environment (i.e. no 
seagrass present), for the purpose of social values.  Alternative nutrient-related EQC are 

discussed further below (refer also to Table 5.4). 
 Other existing EQC for the EQO of Maintenance of ecosystem integrity are relevant.  For 

example, planktonic organisms and motile fauna (e.g. fish, dolphins) that enter the 
marina will be exposed to any toxicants in the water or released from sediments.  Existing 

EQC for dissolved oxygen and pH will also provide a mechanism for management of 

excessive sediment nutrient enrichment and (although it is not expected) the 
development of monosulfidic black oozes. 

 All existing EQC for the EQOs of Maintenance of aquatic life for human consumption and 
Maintenance of secondary contact recreation are relevant. 

 Existing EQC for the EQO of Maintenance of aesthetic values for water clarity, colour and 
reflectance are not relevant (e.g. the EQG for water clarity requires that seagrass should 

generally be visible in up to 10m of water under calm conditions in summer).  The 
remaining EQC are consistent with the requirements of the general aesthetic guidelines in 

Section 8.1.5 of WAPC (2012) (refer also to Section 5.4.2). 

 

Table 5.3 EQOs and EQC relevant to the proposed "MEPA - Artificial waters":  relevant EQC 
shaded yellow, and non-relevant EQC shaded blue 

Environmental Quality Objective Environmental Quality Criteria 

Maintenance of ecosystem integrity - Moderate 
ecological protection 

Nutrient enrichment EQC for chlorophyll-a, light 
attenuation and seagrass 

Phytoplankton biomass 

Dissolved oxygen 

Water temperature 

Salinity 

pH 

Toxicants in marine waters 

Toxicants in sediments 

Maintenance of aquatic life for human consumption Thermotolerant faecal coliforms in water 

 Thermotolerant faecal coliforms in fish flesh 

 Algal biotoxins 

 Chemicals in seafood 

Maintenance of secondary contact recreation values Faecal pathogens 

 Toxic algae 

 Physical and parameters (pH and toxic chemicals) 

Maintenance of aesthetic values Nuisance organisms 

 Faunal deaths 

 Water clarity 

 Colour 

 Reflectance 

 Surface films 

 Surface debris 

 Submerged debris 

 Odour 

 Fish tainting substances 

Source:  Government of WA (2005) and EPA (2005a) 
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Provisional nutrient-related EQC for the "MEPA - Artificial waters" (i.e. waters within the 

marina) are shown in Table 5.4.  The proposed chlorophyll-a EQC comprise:  (i) an EQG to 
confirm predictions of overall marina water quality (i.e. chlorophyll-a concentrations two to 

three-fold higher than source waters in Mangles Bay; Strategen 2012;, and (ii) an EQS based 
on whether the water quality within the marina is such that outflow from the marina affects 

the level of compliance with EQS in the Mangles Bay MEPA.  The sediment EQC for TOC and 
TKN (Table 5.4; with links to water quality EQC for dissolved oxygen and ammonia in 

Table 5.3) and the EQC for Maintenance of aesthetic values (Table 5.3) are deemed sufficient 

to prevent other undesirable aspects of nutrient-related water quality within the marina. 
 

Table 5.4 Provisional nutrient-related EQC for the proposed "MEPA - Artificial waters" 

Indicator 
Environmental Quality 
Guideline 

Environmental Quality 
Standard 

Nutrient-related water quality 

Chlorophyll-a concentration 

1. Median chlorophyll-a 
concentration in marina 

waters during the non-river 
flow period does not exceed 
three times the median of 
source waters1 

2. Chlorophyll-a concentration at 
any site does not exceed 

three times the median of 
source waters1 on more than 
50% of occasions during the 
non-river flow period 

The EQS for chlorophyll-a 
concentrations in the Mangles Bay 
MEPA is exceeded, and this 
exceedance can be demonstrably 
linked to outflow of poor quality 

water from the Mangles Bay 
marina. 

Nutrient-related sediment quality 

Sediment total organic carbon 
(TOC) 

Median TOC of marina sediments 
is more than three times the 
value of suitable reference sites2 

MEPA EQS for dissolved oxygen 
for bottom waters (EPA 2005a)3 

Sediment total kjeldahl nitrogen 
(TKN) 

Median TKN of marina sediments 

is more than three times the 
value of suitable reference sites2 

MEPA EQS for ammonia 

concentrations  in the water 
column (EPA 2005a)4 

Notes: 

1. Based on nearshore sites in Mangles Bay outside the proposed MEPA 

2. Sites in Mangles Bay without seagrass and of a similar depth to marina sites.  Allowance is made for the typical 

two-fold level of variation associated with natural sediment characteristics and sampling and analysis variability 

(ANZECC/ARMCANZ 2000) 

3. Ambient value for dissolved oxygen in bottom waters >60% saturation at any site for a defined period of not 

more than 6 weeks 

4. The 95%ile of the ammonia concentration should not exceed 1200 µg/L. 
 

5.3.4 Proposed monitoring indicators 

The indicators proposed for assessing water and sediment quality in the marina and adjacent 
waters, and contaminant levels in biota, are provided in Table 5.5.   

Table 5.5 Proposed indicators for assessing water and sediment quality 

Indicator 
Monitored to demonstrate compliance with 
EQC, or for contextual purposes 

Water quality 

Nutrients - ammonia, nitrate+nitrite, free reactive 
phosphorus, total nitrogen, total phosphorus 

Contextual 
Ammonia - EQG and EQS for toxicants 

Chlorophyll-a EQG and EQS 

Seagrass shoot density (Mangles Bay MEPA only) EQS 

Total suspended solids Contextual 

Physico-chemical parameters - salinity, 

temperature, dissolved oxygen and pH 

Contextual - salinity and temperature 

EQG and EQS  - dissolved oxygen and pH 

Bacterial water quality - enterococci EQC 

Nuisance organisms EQG 

Faunal deaths EQG 

Surface films EQG 

Surface debris EQG 

Submerged debris EQG 

Odour EQG 
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Indicator 
Monitored to demonstrate compliance with 
EQC, or for contextual purposes 

Sediments 

Total organic carbon EQG 

Total kjeldahl nitrogen EQG 

Total phosphorus Contextual 

Metals (arsenic, cadmium, chromium, copper, 
mercury, lead, nickel, selenium, zinc) 

EQG 

Polycyclic aromatic hydrocarbons EQG 

Tributyltin EQG 

Biota (naturally present mussels on pylons) 

Bacteria - thermotolerant coliforms  

Metals (arsenic, cadmium, chromium, copper, 
mercury, lead, nickel, selenium, zinc) 

EQG/EQS 

Polycyclic aromatic hydrocarbons Contextual 

Tributyltin Contextual 

 

Sampling protocols would be as specified in the standard operating procedures (SOP manual 
for the Cockburn Sound SEP (EPA 2005b). 

5.3.5 Proposed monitoring sites 

It is proposed that water quality and sediment quality monitoring be undertaken at three 
sites in the MEPA - Artificial waters and three sites in the Mangles Bay MEPA.  Water quality 

would also be assessed at three sites outside the Mangles Bay MEPA, to characterise source 
waters, and enable assessment of compliance with the nutrient-related EQC for the proposed 

"MEPA - Artificial waters".  The location of the monitoring sites will be agreed with the CSMC 
and OEPA.   

 
It is also proposed to monitor seagrass shoot density at seagrass monitoring sites SG1–SG4 

established for the Mangle Bay marina CEMP (Figure 5.1).   

5.4 Remaining aspects of EQMF 

5.4.1 Establishing the quality of the adjacent natural waterway, water body or 
source groundwater 

WAPC (2012 requires water quality data to be collected prior to assessment of the project, 

and to cover at least one full season or preferably one year.  Water quality data for 
groundwater and the marine waters of Mangles Bay collected during baseline studies for the 

proposal fulfil these requirements (Strategen 2012). 

5.4.2 General aesthetic guidelines 

WAPC (2012 requires proponents to demonstrate how the development has been designed 

and how it will be managed, to ensure that the waterway will be: 
 

 free from materials that settle to form putrescent or otherwise objectionable sludge 
deposits; 

 free from floating debris, oil, grease, scum, foam and other floating materials in amounts 
sufficient to be unsightly or otherwise objectionable; and 

 free from materials that will produce colour, odour, turbidity, or other conditions to such a 
degree as to be unsightly or otherwise objectionable. 

 

The marina has been designed to maximise natural flushing characteristics as follows: 
 

 location of the main water body close to the marina entrance; 
 reduction in the total area of canals from that originally identified as desirable; 

 the inclusion of vertical impermeable polyvinyl sheeting walls in the canals; 
 orientation of the canals in the prevailing wind directions (south, southwest and east); 

and 
 reduction of depth in the canals to 2.5 m. 
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As described in Strategen (2012), an operational management plan (OMP) for the marina will 

also be developed, and will include: 
 

 a fuel spill management plan 

 a maintenance and management plan for marina facilities, (including maintenance 
dredging and – if required - removal of subtidal wrack, or nutrient-rich surficial 

sediments) 
 codes of conduct for users of the marina 

 ongoing monitoring of water and sediment quality within the marina 
 monitoring of seagrass health 

 sullage facilities. 
 

The EQC discussed in Section 5.3.3 also provide the indicators and management framework 

to address the general aesthetic requirements identified by WAPC (2012). 

5.4.3 Maintenance of artificial waterway water quality by natural process 

Available information and modelling results (Strategen 2012) indicate that maintenance of 

artificial waterway water quality should be largely dependent on natural processes, thus 
minimising the need for active management.  The flushing rates of the marina (6–10 days) 

determined by APASA (2011) were for a wide range of representative wind and tide 
conditions occurring during the three principal climate regimes of winter-spring, summer and 

autumn.  The longest flushing rate predicted occurred during "worst case" still autumn 
condition with no wind to assist tidal flushing:  wind speeds, 99% of the time, are expected 

to be greater than those used in the model that yielded the longest flushing time.  Therefore 
the modelling results are considered to be conservative.  
 

The OMP for the Mangles Bay marina will include a reporting framework and contingency 
management plan for managing the impacts of development should water quality criteria or 

standards for the waterway not be met.  The main mechanism for poorer-than-expected 

water quality is likely to be a result of sediment nutrient fluxes being higher than expected 
and so the removal of surficial sediments would be the main contingency management 

measure identified in the operational management plan.  It is anticipated that monitoring 
results would be provided to relevant stakeholders in an annual report, with reporting 

protocols also established to ensure their early notification of any exceedance of EQSs.   

5.4.4 Stormwater runoff and drainage 

The proposal involves best management practices to treat stormwater prior to infiltration or 
discharge in line with the Stormwater Management Manual (DoW 2004-2007), and WAPC’s 

Planning Bulletin No. 92 Urban Water Management.  Stormwater management will be 

addressed in water management documents produced in accordance with Better Urban Water 
Management (WAPC 2008). 

5.4.5 Industrial and residential waste 

No industrial or residential waste or effluent of any nature (including air conditioner bleed-off) 

will be discharged directly or indirectly into the marina.  The maintenance and management 
plan for the marina includes a waste management plan with measures to reduce waste, 

monitor waste, educate users of appropriate waste disposal measures and provide corrective 

actions should waste management measures prove ineffective. 

5.4.6 Vessel sullage  

Codes of conduct for users of the marina will specify no discharge of boat sullage to the 
artificial waterway or adjacent marine environment.  The proposal includes sullage facilities 

that will meet the Department of Health and Water Corporation requirements for adequacy of 
the pump out facilities and connection to the utility service. 

5.4.7 Impact on fauna and flora  

Impacts on the passage of fauna (including cetaceans, migratory bird species and fish) in the 
natural waterway have been addressed in the proposal PER, and include avoidance, 

minimisation, mitigation and management measures during both construction (in the CEMP) 
and operation (in the OMP) (Strategen 2012).  The impacts upon benthic primary producers 
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(seagrass) from dredging and increased turbidity have also been assessed in detail 

(Strategen 2012). 
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  Rationale for Marine Offsets at Mangles Bay Introduction 
This document presents the Proponents proposal for offsetting seagrass losses in Mangles Bay.  As such 

it summarises: 

• background to the need for a seagrass offset 

• Environmental Protection Authority (EPA) position on offsets 

• the key points of submissions received by the Proponent regarding the adequacy of proposed 

seagrass offsets 

• advice provided by the Proponent’s consultant’s Oceanica regarding the known success of 

previous seagrass transplanting works and previous regulator requirements for seagrass offsets 

• advice provided by Oceanica regarding the success of artificial seagrass units (ASU’s ) as a 

means of providing habitat for marine fauna and juvenile fishes 

• recommendations from Oceanica regarding potential seagrass transplant locations on the south 

eastern shores of Cockburn Sound 

• the Proponent’s proposal for offsetting the loss of 5.6 ha of seagrass. Background 
In the PER, the Proponent offered to replace the loss of approximately 6 ha of seagrass arising from 

construction of the navigation channel and breakwaters of the Proposal with an equivalent area of 

seagrass transplanted to sites on Southern Flats.  In addition there is potential to rehabilitate the mooring 

scars within the Proposal Area as boats take up moorings within the marina.  This would yield an additional 

3 ha of rehabilitated seagrass meadow.   EPA position on offsets 
Offsets are off-site actions to address significant residual environmental impacts of a development or 

activity.  There are two categories of environmental offsets: 

1. Direct offsets, which are actions providing for on-ground improvement, rehabilitation and 

conservation of habitat on a ‘like for like’ basis.  These include the acquisition, restoration, 

revegetation and rehabilitation of areas outside the proposal footprint. 

2. Indirect offsets are actions aimed at improving scientific knowledge or community awareness of 

environmental values that are impacted by a development or activity and may include research or 

contributions to existing State Government initiatives, policies or strategic funds. 

The Office of the EPA (OEPA) has recommended to the proponent that Principle D – “Positive 

environmental offset ratios should apply where risk of failure is apparent” as detailed within Guidance 

Statement No. 19, should be applied to the seagrass offset for this Proposal.  The OEPA has noted that 

the success rate for seagrass transplantation is approximately 50% based on transplant trials conducted in 

2010/2011.  Considering the documented success rate they feel it is uncertain whether a positive 

environmental offset ratio will be achieved by replanting only 6ha of seagrass.  OEPA therefore 

recommended that a ratio of 2:1 be considered and discussed in the PER. 

In addition, the OEPA have drawn attention to the contingency planning that has been incorporated into 

recent conditions set for other projects such as Wheatstone and Crosslands.  The kind of conditions for 

these projects identify potential risks and contingencies if these risks are realised.  One response is to 

establish a contingency fund.  
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Cockburn Sound Management Council (CSMC) position on offsets 
Tom Rose met with Cedar Woods and Strategen on 20 April 2012, and proposed the following as CSMC 

top priorities for the management of Cockburn Sound: 

• funding a Scoping Document for the development of a multiple –use management tool to enable 

transparent decision making on appropriate uses for the CSMC catchment 

• tie the proposed direct offset of seagrass restoration to a staged research program into 

understanding the natural seagrass recolonisation process with a view to developing a technique 

for broad area seagrass restoration on the eastern shelf of Cockburn Sound.  The aim being to 

eventually restore seafloor habitat suitable for fish nursery purposes along the east coast of 

Cockburn Sound 

• fund an urgently needed data base management system for CSMC 

• build an aquaculture facility aimed at developing larvae and juveniles of recreationally important 

fishes caught in Cockburn Sound for purposes of seeding the Sound on an annual basis with fish 

fry. Summary of submissions 
All submissions received by the Proponent which address the adequacy of the proposed seagrass offsets 

have been listed and answered in the Submissions Response Table Section 14.1 Marine Offsets.  The key 

points made in the submissions were: 

• offsets need to be substantial and have regional significance (in outcome) 

• CSMC strategic aim is to increase seagrass coverage in Cockburn Sound 

• the proposed offset ratio should be higher than 1:1 

• rehabilitation to 75% cover not considered adequate 

• replanting of the mooring scars in Mangles Bay may not be successful and is not considered an 

adequate offset as these will regenerate naturally once moorings are removed 

• seagrass transplants on Southern Flats have had mixed success so successful rehabilitation is 

not  guaranteed 

• the cost of seagrass transplanting is very high and to be assured of success needs to be regularly 

monitored for up to 10 years 

• seagrass transplanting will take at least 7-10 years if not longer to return the ecosystem benefits 

lost when the grass is removed. What happens in the interim period? How will loss of habitat for 

juvenile fish and other marine fauna be offset? 

• artificial reefs , habitat enhancement and fish stocking preferred to seagrass rehabilitation by 

recreational fishing community. Oceanica Advice 
Oceanica’s advice is contained in their memo to Strategen dated 3 July 2012.  In summary it concludes 

that: 

• whilst the history of seagrass transplantation is relatively short, results to date have demonstrated 

that rehabilitation is feasible and has been successful 

• there have been three previous Ministerial Statements which included conditions relating to 

seagrass rehabilitation.  All have required the proponent to re-establish an equivalent area of 

seagrass to that removed by the project (i.e. ratio of 1;1).  All have required that 75% cover be 

attained in transplant areas within 10 years 

• ASUs have been used extensively in the scientific literature since 1987 as research tools.  They 

are usually made of plastic and have been shown to be readily colonised by epiphytic algae and 

to support a mobile fauna similar to natural seagrass beds in terms of diversity and abundance 

• recently, a research study in New Zealand has created large ASU mats (3 m
2
) from plastic fronds 

at varying density of fronds to determine what frond density supported the highest abundance of 
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juvenile fish.  Results indicated that the mats were readily colonised by fish and that the highest 

densities supported the highest diversity and abundance of fish including commercially and 

recreationally important species.  Commercial production of such units would be needed to bring 

their cost into line with transplantation costs 

• CSMC has identified the eastern shore of CS as a priority for seagrass rehabilitation as one of its 

key Strategic Aims.  The  shallow sand banks in the lee of the grain terminal jetty at Kwinana on 

the eastern shore of the Sound has been identified by transplant experts as being potentially 

suitable for seagrass transplantation  and research.  It is noted that this area is currently used by 

mussel farmers and that they will need to be consulted on the suitability of undertaking 

transplanting studies in the vicinity of their operations. Oceanica recommendations 
Oceanica’s recommendations are as follows:  

• Cedar Woods and Strategen further investigate the suitability and costs associated with the use of 

ASUs to provide a fish nursery habitat on a large scale (commercially manufactured).  These 

discussions and investigations would need to be undertaken in conjunction with the Department 

of Fisheries (DoF).  ASUs could potentially be used as an interim measure to provide fish with a 

habitat during the time taken to form a fully-functioning meadow consisting of transplanted natural 

seagrass.  The ASUs may also potentially be useful in providing transplanted seagrasses with a 

protective barrier against wave energy, while they establish and grow 

• any potential sites for seagrass rehabilitation (either using natural or artificial seagrass) should be 

checked for suitability to support seagrass revegetation by conducting pilot studies for a minimum 

of 1 to 2 years.  Strategen advice to Cedar Woods 
Based on the above information Strategen recommends the following offset package to mitigate the loss of 

~6ha of seagrass in Mangles Bay.  The package has been designed to address: 

• the EPA requirements for both a direct and an indirect offset plus a contingency offset 

• the CSMC strategic aim to rehabilitate the eastern shore of Cockburn Sound for purposes of 

increasing fish nursery habitat 

• the preference for habitat  enhancement for fish over seagrass transplants from recreational 

fishermen 

• the concern expressed in submissions that seagrass transplanting will not replace ecosystem 

benefits lost for at least 10 years 

• the concern that finding large areas of donor seagrass beds is not easy 

• the concern that transplantation may not be successful at all sites. 

The proposed package is as follows: Direct offset 
Replace the amount of seagrass removed by the Proposal (5.6 ha) with an equivalent area of seagrass 

transplant to 75% cover within 10 years (as per precedent projects).  Donor seagrass species would be 

those already present in Mangles Bay – Posidonia sinuosa and P. Australis – and would be obtained from 

within confines of navigation channel as much as possible within development timeframe.  Most transplant 

sites will be in areas of Southern Flats which have been shown to be successfully rehabilitated in recent 

past.  However some transplanting will be undertaken at sites on the eastern shore of Cockburn Sound, 

the location to be agreed with OEPA, DoF and CSMC officers.  

All transplant sites will need to undergo pilot studies first to confirm their long term suitability. 
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Indirect Offset 
1. Undertake research into improving the fish nursery potential of the eastern shore of Cockburn Sound 

using a combination of fish habitat enhancement techniques including large ASUs, artificial reefs and 

natural seagrass transplants at the potentially suitable site identified in the lee of the grain terminal 

jetty.  Such research would aim initially to establish one hectare of enhanced habitat (e.g. artificial 

reef and ASUs) plus one hectare of successful seagrass transplanting on the eastern side of 

Cockburn Sound. 

2. Regulators to acknowledge that the seagrass loss estimate presented in the PER is a conservative 

worst case estimate which is unlikely to fully eventuate and which will take up to 10 years after 

construction commences to eventuate.  Hence it is possible to stage the delivery of seagrass offset 

requirements and allow time for pilot studies and initial research initiatives into artificial habitat 

enhancement. 

3. Regulators to accept that the Proposal will indirectly result in the natural rehabilitation of some 3 ha of 

mooring scars in Mangles Bay.  The DoT has postponed the rationalisation and improvement of 

swing moorings in Mangles Bay until the acceptability of the Proposal has been determined.  If the 

Proposal is approved, the DoT will subsequently remove as many of the moorings as considered 

appropriate.  If the Proposal is not approved, the DoT will rationalise the number of moorings and 

request registered owners to install seagrass friendly moorings.  Approval of the marina will therefore 

result in the removal of many moorings from Mangles Bay. Contingency offset 
Establish a contingency fund for purposes of either: 

• ensuring that the direct offset is achieved (e.g., repair of transplants after storm damage) 

or 

• supporting the aims and outcomes of the indirect offset (e.g. .increasing the area of ASUs 

established in the event that  they are successful). 
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  Response to Submissions - Groundwater and Lake Richmond Hydrology 
This document has been prepared  by Strategen and ERM in response to agency concerns regarding 

groundwater, hydrogeology, and impacts to Lake Richmond following the release of the Mangles Bay 

Public Environmental Review (PER) for public comment in February 2012.  Summary of Issues 
The main issues raised in relation to groundwater, hydrogeology and Lake Richmond in key agency 

responses to the PER were: 

1. Groundwater Model 

• appropriateness of model used 

• validity of model data inputs 

• effect of climate change on groundwater levels 

• potential impact on domestic bores. 

2. Lake Richmond  

• impact of changes to water levels on Lake ecosystem 

• impacts of changes to water salinity on Lake ecosystem 

• effects of climate change on water levels in Lake Richmond. 

3. Future monitoring. 

Cedar Woods has investigated the above issues, and has presented responses. Sections 1 - 3 detail the 

main issues (as listed above) and Cedar Woods responses, and Section 4 details proposed contingencies 

and mitigation measures.  Responses to all of the matters raised in submission which are relevant are 

provided in Attachment 1.  Also presented are mitigation and contingency measures to increase 

confidence that impacts from the proposal will not be ecologically significant and can be readily managed 

to minimise risk of adverse effects.  Groundwater Model Model Selection 
Several submissions questioned the selection of model used for groundwater investigations.  

Specifically, the DEC recommended that the proponent use the computer program SEAWAT, 

expressing the opinion that SEAWAT was a more widely accepted industry standard for numerical 

modelling of saltwater-freshwater interface in areas with complex geometry, such as marinas with 

canals.   

The 3D SEAWAT model has in fact been used to model the effect of marina construction and has been 

nested within a broad regional 2D MODAEM model to place the marina works into a regional groundwater 

context (Appendix 5 PER). 

The Proponent’s hydrological consultants (ERM) agree that SEAWAT is fit for purpose. It was developed 

by the US Geological Survey specifically for saltwater intrusion modelling.  Further detail on the 

characteristics of both models and their applicability to the project impact assessment process is provided 

in the ERM technical report (Appendix 5 PER).  

It should be noted that the Proponent’s originally preferred method of marina construction was to 

undertake excavation in the dry. This method would have required that the groundwater below the marina 

be abstracted and disposed of to enable dry excavation by trucks and land based excavators. The 

relatively complex 3D SEAWAT model was used because the large scale dewatering envisaged for the 

Level 2, 322 Hay Subiaco WA 6008  PO Box 243 Subiaco WA 6904  Phone (08) 9380 3100 Fax (08) 9380 4606  Podium Level, Bunbury Tower, 61 Victoria Street Bunbury WA 6230  PO Box 287 Bunbury WA 6231  Phone 08 9792 4797 Fax 08 9792 4708  
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marina excavation needed to be carefully evaluated in terms of potential for seawater intrusion into Lake 

Richmond, ground water level drawdown effects on nearby TEC’s and GDE’s and potential for intersection 

of the drawdown cone into the Tamala Limestone (TL) which occurs at depth beneath the Safety Bay 

Sands (SBS). 

The SEAWAT model showed that large scale dewatering was most unlikely to cause incursion of seawater 

into Lake Richmond but predicted that water level drawdown in the lake could be up to 0.42 m. This 

potential impact was considered unacceptable by the Proponent team  because of the potential for longer 

term exposure  of the thrombolite communities in the lake and drying of adjacent TEC’s and GDE’s.  

Consequently, to avoid these impacts, the Proponent has decided not to dewater but to undertake the 

marina excavation in the wet.  This excavation method is much more expensive than dry excavation, but is 

the only method available that enables avoidance of the large scale dewatering impacts on groundwater 

levels. Wet excavation will be achieved with the piling of polyvinyl sheets around the edge of the marina 

water body to provide an impermeable wall, and by excavating the sand inside the wall using a floating 

dredge.   

With wet excavation the modelling exercise is much simpler and relates entirely to the groundwater in the 

SBS. The SEAWAT model is more than adequate for this purpose.  Model results simulating the wet 

excavation method have confirmed that: 

• There will be very little effect on groundwater levels adjacent the marina and in Lake Richmond 

both during the construction period and afterwards during operation (0.032 to 0.038 m lowering  

respectively); 

• Seawater intrusion to groundwater is very much restricted to the marina footprint with no potential 

for intrusion into Lake Richmond. Model Inputs 
Submissions raised issue with the validity and reliability of data used to inform and calibrate the 

groundwater model.  Specifically, DEC cited that long screened bores were used in groundwater 

data collection, and questioned whether these bores were suitably constructed for purpose.   

Further, the DEC raised questions about the confidence in hydraulic conductivity and positioning 

of the saltwater interface from data collected.  The DEC also raised concerns about the length of 

time groundwater data has been collected, and whether this is sufficient, especially given that 

Rockingham experienced a particularly ‘dry year’ during the data collection period.  

The Department of Water (DoW) raised concerns about the lack of documentation surrounding the 

groundwater data that was collected, specifically related to the length of time data was collected 

for.  The DoW recommends collecting groundwater data for a period of 5 years.  The DoW also 

questioned whether data collected in a ‘dry year’ in Rockingham is suitable for assessing risk to 

groundwater from the proposal.  

Derivation of the SBS permeability for this model was done with MODAEM which calculates recharge and 

then calculates permeability as an output from the model.  Historical Department of Water (DoW) water 

level records for the Cape Peron area spanning a period of some 38 years (See figure 1) was used in the 

MODAEM model to determine the k of 15m/d. Two years of water level data from a monitor bore east of 

Lake Richmond (1985/86 , plus 12 months of onsite monitoring water level data were used to calibrate the 

model.  Water level monitoring on site was conducted by MWH up to November 2011 and in total some 24 

months data are available to provide longer term calibration if required.  The calculated permeability and 

other parameters for the SBS are comparable to those used in the DoW’s Perth Regional Aquifer 

Modelling Systems (PRAMS), Peel Harvey Regional Aquifer Modelling System (PHRAMS) and Murray 

models.  It is therefore considered by the Proponent’s consultants (ERM) that the model inputs are reliable.  
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The MWH report on the two year groundwater monitoring program concluded that: 

• Water levels in the bores located within the SBS aquifer show a strong response to rainfall 

events. Therefore rainfall is the principal recharge mechanism to the SBS; 

• tidal response is observed in the SBS bores closest to the ocean but is not observable in bores 

beyond 200 m from the coast; and Climate Change  
The DEC have cited that groundwater modelling has not included scenarios to account for changes 

in future climatic conditions, including sea level rises due to climate change.   

It is true that scenarios to account for future climatic conditions have not been undertaken. This is because 

such scenarios are not necessary. Any potential impacts from climate change are unrelated to the marina.  

As indicated previously, groundwater levels in the SBS are directly related to rainfall and, close to the 

coast, tidal level. If rainfall decreases or sea level increases as a result of climate change, then the 

regional groundwater level will respond accordingly. Note however that these changes will occur 

irrespective of whether or not the marina is constructed.  

The Western Australian Planning Commission, Draft State Planning Policy 2.6 – State Coastal Planning 

Policy (February 2012) confirms that allowance for sea level rise should be based on a vertical sea level 

rise of 0.9 metres over a 100-year planning timeframe to 2110. A sea level rise of 0.9 m will inundate any 

coastal areas which are <0.9 m above present sea level.  It is not known if there are such areas present on 

Cape Peron however, these areas may be easily identified from a topographic map. 

The sea level rise would cause the top of the seawater wedge to migrate inland commensurate with the 

migration of the sea inland.  This is likely to only be a movement of a few metres.   
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There will also be further migration of the bottom of the seawater wedge.  If rainfall recharge to Lake 

Richmond and the groundwater system reduces, the reduced groundwater outflow will modify the shape of 

the seawater interface and cause the toe of the wedge at the base of the SBS to be 10 to 15 m further 

inland than at present.   

A cross-section indicating the position of the salt water wedge, the SBS aquifer and Lake Richmond is 

provided in Figure 2.  The potential climate change affected migration of the seawater wedge is too small 

to plot on the cross-section.  Lake Richmond, for example is 500 to 600 m from the coast and the migration 

of the sea and saltwater interface will have no impact, being hundreds of metres from the lake. This will 

have no impact on the salinity of Lake Richmond. 

It is likely that water table levels will also rise by about 0.5 m +/- 0.2 m between the coast and Lake 

Richmond but higher immediately adjacent to the lake in winter when it acts as a groundwater recharge 

mound. Lower rainfall due to climate change and increased urbanisation may also result in increased 

dependence on domestic bores for summer irrigation.  

The marina will not exacerbate these climate change effects. The influence of the marina will remain as 

currently predicted irrespective of future climate change. 

Lower rainfall due to climate change and increased urbanisation may also result in increased dependence 

on domestic bores for summer irrigation.  

Lake Richmond historical water levels date from the 1940’s and those monitored by MWH date from Feb 

2010 to November 2011.  Before the outlet drain was installed at 0.58 AHD, the water levels in the lake 

peaked around 1.8 m AHD.  After its installation the peak winter lake level reduced to about 1.5 m AHD. 

Due to climate change effects the outlet drain from Lake Richmond could be up to 1 m below high sea 

level, Winter Lake levels could rise to 2 m AHD compared to a maximum of 1.3 m AHD over the last 40 

years. 

Over the MWH monitoring period, winter lake water levels were above the outlet drain elevation from July 

2011 onwards peaking at about 1.21 m AHD.  It suggests that by raising the elevation of the outlet drain 

the volume of winter outflow could be reduced thereby offsetting future reduced lake levels under a climate 

change low rainfall scenario.  This would also enhance groundwater recharge to the adjacent SBS 

In order to prevent seawater intrusion during summer and to control higher lake levels during winter the 

outlet drain would need to be re-engineered.  It is noted that these changes will be required irrespective of 

the development of the marina.  

Thrombolites at Lake Richmond may become permanently covered due to sea level rise, unlike at present 

when they become exposed during the summer.  Even before the outlet drain was installed the minimum 

lake level was about 0.3 m AHD similar to those recorded subsequent to its installation.  The minimum 

level is likely to rise to about 1 m. 

Reduced rainfall could potentially reduce stormwater runoff to the lake depending on how the catchment 

area develops, however increased urbanisation in the stormwater catchment area will increase runoff from 

roofs and paved areas and offset the lower rainfall to some extent.  

The main impact will be on water levels which will rise and potentially permanently submerge the 

thrombolites.  The out let from the lake will need to be re-engineered to prevent seawater inflow. Increased 

urbanisation within the catchment area will also impact lake water levels.  The marina development will not 

exacerbate these climate change effects. The influence of the marina will remain as currently predicted 

irrespective of future climate change. 
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Lake Richmond Water levels 
Several submission raised concerns about the predicted 3.2-3.8 cm change in lake levels, and the 

subsequent impact on thrombolite communities in the lake.  DoW have requested additional 

information into methods used to determine the reduction in Lake level, and further to this, an 

estimation of the impact this reduction will have on thrombolites in Lake Richmond.   

The predicted small reductions in water level of Lake Richmond are graphically illustrated in figures 37 to 

41 in the PER. These figures show the historical high, average and low water levels of the lake based on 

DoW data.  They also show the predicted reduced levels after marina construction. However of these 

levels, only the reduced low water level is of potential concern because it may expose additional areas of 

lake shore which support Thrombolites towards the end of summer. 

Several key aspects of the hydrology of Lake Richmond and the thrombolite community are worth noting: 

1. Lake levels fluctuate significantly seasonally and in response to the magnitude of annual rainfall 

during winter and subsequent evaporation during the dry summer.  The lake acts as a groundwater 

recharge mound during winter and a groundwater sink during summer.  Lake water levels can fall 

below 0 mAHD towards the end of summer and seasonal variation is about one metre (English, et al., 

2003). 

2. The thrombolites occur in an area about 15 m wide in a rim around much of the lake margin. Sunlight 

and fresh water rich in calcium bicarbonate and carbonate are likely to be essential to the growth and 

survival of the thrombolites. The thrombolites are exposed at the surface during summer and 

submerged under shallow water during winter.  (English, et al., 2003). 

3. The lake levels and water quality of the lake at present have also been significantly modified since 

the three stormwater inlet drains and lake outfall were installed several decades ago. For example, 

about 50 years ago Lake salinities were three times higher than they are now and lake water levels 

were 0.5 m higher than they are at present.  Sluice gates have been installed on the outlet drain to 

prevent salt water intrusion (Tingay and Associates, 1998). Hence the thrombolite community of Lake 

Richmond has in recent times already survived substantially more change in both water levels and 

salinity than is predicted to occur as a result of marina construction. 

The small decline in water levels predicted as a result of marina construction will only occur towards the 

end of summer when water levels are already low.  The outcome of the project therefore may be that a few 

more thrombolites that occur near historical low water mark levels (If they occur at all at that level) would 

be exposed to the atmosphere for short periods. Given that Thrombolites are capable of withstanding short 

periods of exposure and currently do so, and that Thrombolites have survived greater changes in the 

recent past than is predicted to occur from marina construction, it would seem reasonable to conclude that 

the thrombolite community will not be adversely impacted by the very small changes in water level 

resulting from the project.  

However to clarify the situation, the Proponent will commit to further studies to: 

1. Determine the survey level within which Thrombolites exist on the margins of Lake Richmond; and  

2. Map the location and condition of the thrombolite community all around the Lake margin to serve as a 

baseline for future monitoring and investigation of effects of water level fluctuations on thrombolites. 

Furthermore, the Proponent will investigate the use of lake level management or groundwater abstraction 

to manage lake water levels towards the end of summer if required as a contingency to protect the 

Thrombolite community which occurs (if any) at the lowest levels in the Lake. In committing to this action 

the Proponent will be implementing some of the key recommendations of the Interim Recovery Plan No. 

122: Thrombolite Community of Coastal Freshwater Lakes (Lake Richmond), Interim Recovery Plan 2003-

2008 (English, et al., 2003). 
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Water salinity and saltwater interface 
Several submissions raised concerns about saltwater intrusion from the marina water body into 

the vicinity of Lake Richmond, and the subsequent impact on thrombolite communities in the lake.   

The DEC did a preliminary assessment using the Glover Analytical Solution (Domenico and 

Schwartz 1990) which suggests that the position of saltwater interface under Lake Richmond may 

be more sensitive than indicated in the PER.  The DEC recommended that further work be 

undertaken to assess the impact of up-coning that could be tolerated in the system.   

Salt water intrusion into Lake Richmond from the marina water body is not possible. The walls of the 

marina will be impermeable poly-vinyl sheeting which will hold back fresh groundwater in adjacent land at 

higher head of pressure. Salt water cannot flow uphill against a fresh water head.  The change to wet 

excavation method is estimated to only lead to a small change in the position of the existing saltwater 

interface.  Peer review of this aspect indicates that based on a simple model, the interface will be more 

than 400 m west of Lake Richmond after marina construction (Wharton 2012 initial advice on issues raised 

in submissions).  The marina does not pose a threat of saltwater incursion into Lake Richmond. 

Figures 2 and 3 in the ERM technical report (Appendix 5 PER) present a regional surface geological map 

and a conceptual regional hydrogeologic profile of the project area respectively. These figures are re- 

presented here as figures 2 and 3. From figure 3 it should be clear that there is a seawater interface  which 

extends approximately 150 metres inland from the coastline to the base of the SBS.  The Tamala 

Limestone also contains seawater.   

It is readily acknowledged that future abstraction of groundwater could lead to an inland movement of the 

seawater interface and some salinisation of the currently low salinity groundwater..  This has previously 

occurred at Cape Peron, where some domestic bores draw salty water (Woods, 1988; Coastwise, 2001).  

A similar risk exists in the Port Kennedy-Lark Hill areas, where groundwater allocations are becoming 

increasingly committed. However as indicated earlier, abstraction of groundwater has been rejected as a 

means of excavating the marina and will not occur as part of the Project. Hence the Project does not pose 

a risk of saltwater intrusion into Lake Richmond. 

Furthermore, any future salinity increases in the lake would manifest at depth such that the shallow 

thrombolites would not be exposed to the higher salinities.  Such higher salinities will not derive from the 

marina but possibly from other activities such as increased abstraction from domestic or other irrigation 

bores.  The MWH lake water quality monitoring has indicated a vertical stratification in the lake which 

manifests as increasing salinity and decreasing pH below about – 7 mAHD.  Maximum lake depth is about 

14 or 15 m.   

A preliminary bore census (observations only, without engagement) was carried out by ERM in the area in 

2010 for the Water Corporation with the estimated distribution of private bores reproduced at Annex D of 

ERM’s Conceptual Site Model Report (Annex C, ERM, 2011) . The results showed evidence of significant 

domestic bore use in the area.  

It is likely that only community wells within 200 to 300 m of the marina will potentially be impacted by 

migration of the saline wedge and an increase in salinity.  A cross-section indicating the position of the salt 

water wedge, the SBS aquifer and Lake Richmond is provided in Figure 2.   

Bores within 200 to 400 m of the marina footprint, particularly to the west, may experience some increase 

in salinity during the summer irrigation period as they are most likely to be sunk into the mid-upper part of 

the SBS.   

MWH monitor bores closest to the marina in fact already show some salinity elevation (refer Figure 1). 

MB2 has shown a vertical increase in salinity from 1,000 to 3,000 mg/L in the SBS.   

Domestic bores may be constructed into the upper lower salinity sections of the SBS. The MWH EC 

profiling data indicates a significant increase in EC readings during the month of December in SBS 

screened wells MB02, 9, 13 and SBS/TL cross screened well MB05. This may possibly be associated with 
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domestic bore use in the summer months (adjacent to observed wells), however further assessment would 

be required to confirm this. 

Due to environmental approval conditions, the project will commit to a bore census to assist in determining 

the existing bore quality.  Future Monitoring 
The DEC and DoW both recommend further monitoring of groundwater, including outside the 

marina area.   

More detail on the location of domestic bores is recommended prior to marina development including 

depth, annual usage, time of usage (summer months) and water quality.  Domestic or other bores near the 

marina could be impacted by the marina development (water quality) and those near LR could in turn 

impact the water level and quality in the lake. 

It is recognised and accepted that some of the earlier investigations had limitation in terms of SBS and TL 

interaction and the pump test data for the SBS.  Going forward, Cedar Woods has committed to sealing 

the interconnected bores and installing replacement monitor bores, particularly to intersect the seawater 

interface in the SBS along the coast between the marina and Lake Richmond.  The wet excavation method 

does not have any effect on the groundwater in the TL and therefore further investigation of the TL is not 

required. 

The Proponent also proposes to monitor the condition of the Thrombolites towards the end of summer 

each year (March April) to determine whether historically low water levels have been exceeded and 

whether or not artificial water level manipulation is warranted. Contingencies and Mitigation 
Contingency actions which are currently being investigated include: 

1. Raising the weir level towards end of winter to allow storage of greater volumes of water in the lake at 

start of Summer, thereby balancing out the small reduction in groundwater levels caused by the 

marina over the longer term.  

2. Artificial recharge of the lake water level towards end of summer by topping up from a suitable but 

deeper groundwater source nearby. 

The Thrombolites of Lake Richmond have already experienced substantial change in water levels and 

salinity in recent years and have proven to be robust survivors of that change. It is considered that the 

Project does not pose a realistic threat to the Thrombolite community of Lake Richmond.  REFERENCES 
English V, Blyth N, Goodale A, Goodale B, Moore L, Mitchell D, Loughton B, Tucker J, Halse S & King S 

2003, Thrombolite Community of Coastal Freshwater Lakes (Lake Richmond). Interim Recovery Plan 

2003 – 2008, Interim Recovery Plan No. 122, CALM, Perth, Western Australia. 

Environmental Resources Management Pty Ltd 2011, Proposed Mangles Bay Marina Based Tourist 

Precinct – Groundwater Modelling and Impact Assessment 

Tingay and Associates 1998, A Strategic Plan for Perth’s Greenways, Final report, Perth, Western 

Australia. 

Western Australian Planning Commission 2012 Draft State Planning Policy 2.6 – State Coastal Planning 

Policy. 
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STRATA DESCRIPTIONS

SAND: light to medium grey to buff coloured 
calcareous sand with shell fragments, minor 
seaweed noted 202224965.

SAND: light grey to buff coloured calcareous 
sand with shell fragments, less than 10%, 
fine quartz grains, some light cementation.

SILTY CLAY: brown grey/grey silty clay.

CLAYEY SAND: grey/brown loose clayey 
sand. Limestone/  shell 
fragments > 5mm present.

CLAYEY ROCK: brown/grey moderately 
plastic loose 5mm rock fragments. 
Limestone fragments also present.

CLAY: greyish grey/dark grey/brown/orange 
clay.

SHALE: black, very fine grains, some small 
quarts rocks,’sticky’ texture.

LIMESTONE: sandy with large shells.

cephalopod.

MARINE SANDMARINE SAND

CLAYCLAY

TAMALA LIMESTONETAMALA LIMESTONE

INTERBEDED CLAY, SHALE, SAND (ROCKINGHAM SAND)INTERBEDED CLAY, SHALE, SAND (ROCKINGHAM SAND)
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PEER REVIEW OF RESPONSE TO SUBMISSIONS, GROUNDWATER AND 

LAKE RICHMOND HYDROLOGY (Strategen and ERM, 26 July 2012) 

 

I have read the submissions from the Department of Water (DoW), Department of 

Environment and Conservation (DEC), the Cockburn Sound Management Council, Dr 

Semeniuk and Dr De Boorder; and the responses to the key issues prepared by consultants 

to the proponent. 

The main items of concern identified in the proponent’s response were: 

1. Groundwater Model 

• Appropriateness of model used 

• Validity of model data units 

• Effect of climate change on groundwater levels 

• Potential impact on domestic bores 

2. Lake Richmond 

• Impact of changes to water levels on lake ecosystem 

• Impacts of changes to water salinity on lake ecosystem 

• Effects of climate change on water levels in Lake Richmond 

3. Future monitoring. 

 

We agree with the proponent that the model is appropriate for representing post-

construction changes to the groundwater regime. Calculating the changes is relatively 

simple as they will largely be determined by the hydraulic conductivity of the Safety Bay 

Sand, the new position of the seawater boundary (the marina) and groundwater recharge. 

The value used for hydraulic conductivity is appropriate and consistent with that used in 

other studies. The SEAWAT model is the most common used for saltwater interface 

modelling. Calibrating the model to groundwater levels measured in a dry period will have 

produced conservative predictions with relatively low predicted groundwater levels 

resulting in a larger-than-usual predicted saltwater interface movement. 

We also agree with the comments on the potential impacts of climate change. Higher sea 

levels will result in higher groundwater levels and so tend to at least partially compensate 

for any lower groundwater levels resulting from reduced recharge. There is likely to be less 

surface runoff to Lake Richmond, although this will be at least partly balanced by the 

impacts of continuing urbanisation in the area. However, a sea-level rise of 0.9 m could 
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result in more than “a few metres” incursion of the saltwater wedge along the coast. 

Professor Pattiaratchi of the University of Western Australia Oceans Institute has estimated 

the each 1 cm of sea-level rise could result in 1 m of erosion – a 0.9 m rise could then 

result in a 90 m incursion of the ocean and the saltwater wedge (although not at the marina 

which, no doubt, would be armoured to prevent erosion). 

The modelling results, as well as calculations by the DEC, indicate that the saltwater 

interface post construction will not reach Lake Richmond. Also, saltwater interface 

measurements reported by Dr Semeniuk are consistent with those predicted by the model 

for the pre-construction case, and show the interface is steep along the coast. 

The predicted water-level change at the lake of about 0.04 m is also reasonable, even 

without modelling, considering that groundwater levels at the marina are to be lowered up 

to 0.12 m, at a distance of 500 m or more from the lake. Whether or not this small change 

would impact on the Thrombolites is not known by the reviewer, but salinities have 

decreased substantially, and low water levels have fallen by about 0.2 m in the lake since 

drains were constructed into and out of the lake. Lake levels are largely a function of the 

impact of these drains. 

Private or other bores that could potentially be impacted by water level and salinity 

changes in the marina need to be identified and the impact assessed, as much as anything 

to provide information to enable any future claims to be dealt with. 

A groundwater monitoring programme will be needed to monitor any impacts. Existing 

bores that are screened in both the Safety Bay Sand and Tamala Limestone need to be 

sealed up, and some additional monitoring points including specific interface monitoring 

bores will be required. These items are planned to be addressed by the proponent as stated 

in the response to submissions. 

 

Dated: 27 July 2012 Rockwater Pty Ltd 

 

 

 
 

 P H Wharton 

 Principal  
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1. Introduction 
This brief report contains a review of the “Mangles Bay Marina Marine Modelling Study” 
(document name J0105 Cedar Woods Marina Modelling Study – Rev 0.pdf) conducted by Asia 
Pacific Applied Science Associates (APASA), APASA project number J0105. 

The objective of this report is to provide an overview of the suitability of the modeling strategy 
employed for the purpose of predicting flushing, water quality and dredge plume characteristics 
of the proposed Mangles Bay Marina.  

2. Suitability of Models 
Simulation of Cockburn Sound requires a three-dimensional hydrodynamics model due to the 
geographic variation in depth and breadth of the Sound. In this study, the three-dimensional 
model EFDC was applied. The EFDC model is distributed by the US EPA’s Center for Exposure 
Assessment Modeling (CEAM), and is thus recognised as suitable for the objectives of the current 
project. The curvilinear, sigma-coordinate grid used is suitable for the current application.  

For the wave modeling, the SWAN model was used. This model is widely applied in similar 
applications and is suitable for the purpose herein. 

For the dredge plume modeling, the SSFATE model was used. This model is developed and 
distributed by APASA. The basic structure of the model (ie a Lagrangian particle tracking model) 
is strongly compatible with the purpose of predicting plume dynamics, particularly as numerical 
dispersion of strong concentration gradients is avoided.  

3. Suitability of Modeling Methodology 
The key processes likely responsible for the flushing of the Mangles Bay Marina are tidal and 
wind forcing. Wave motion will effectively be zero due to the shape of the marina entry. 
Convective exchange will also be simulated by the model set-up, though it’s effect is difficult to 
quantify and expected to be minor in any case.  

It is clear that the boundary forcing of such a large domain is complex, particularly when it is 
affected by large scale atmospheric conditions as shown in the report. The treatment of the 
boundary forcing conditions for the model was appropriate, both for the physical and scalar 
values. Consideration of the wind differences across the Sound was also good, and I am not 
surprised by the result that the Garden Island wind data gave the better result for the large scale 
circulation in the Sound as it’s more representative of the large scale surface forcing.  

The ability of the model to predict the measurements of water level, current speed and direction 
is good. The use of drogue measurements as a test of the model’s ability to simulate large scale 
transport velocities is appropriate, and the performance of the model in reproducing the drogue 
movements is good. 

The use of the tracers and the e-folding time for determining flushing times is appropriate. One 
aspect requiring consideration is that significant wind sheltering could occur from the built 
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environment of the marina. Reduced wind speeds have been used to determine these effects, 
though the extent to which these represent the actual future condition is unknown.  

Regarding the dredge plume modeling, the results are as expected given the coarseness of the 
bed material and the dredging methodology. There is no real discussion of the wave modeling 
results on the sediment plume. Presumably the fast deposition of the plume means that wave 
effects are minimal, though it would be nice to explicitly state this.  

4. Summary 
In general, the model selection, configuration and validation is suitable for the purpose of 
predicting the flushing characteristics of Mangles Bay Marina. The model captures the major 
hydrodynamic factors likely to influence flushing. 

The report also does not indicate any likely water quality implications of the flushing times, 
which may be because it was outside the scope. It would seem to be that flushing times in excess 
of 10 days could potentially be an issue. Whilst it maybe outside the APASA scope, this potential 
should nonetheless be recognised in the context of the development.    

Given the coarseness of the dredge plume material and the relatively quiescent conditions at the 
dredge site, the results of the dredge plume model conform to expectations. 
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