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AN INVITATION TO COMMENT ON THIS 
ENVIRONMENTAL REVIEW AND MANAGEMENT PROGRAMME 

The Environmental Protection Authority (EPA) and Cockburn Cement Limited (Cockburn) 
invite people to make a submission on this Environmental Review and Management 
Programme (ERMP). 

Cockburn proposes to dredge sheilsand from Success and Parmelia Banks until approximately 
the year 2014 to construct a Seaway through these Banks. Cockburn will then relocate its 
dredging operation to West Success Bank for at least an additional 20 years. An ERMP has 
been prepared which describes this proposal and its likely effects on the environment. The 
ERMP is available for public review for 12 weeks from 27 November 2000. 

Comments from Government Agencies and the public will assist the EPA to prepare an 
assessment report in which it will make its recommendations to Government. 

Why write a submission? 

A submission is a way to provide information, express your opinion and put forward your 
suggested course of action including any alternative approach. It is useful if you indicate any 
suggestions you have to improve the proposal. 

All submissions received by the EPA will be acknowledged. Submissions will be treated as 
public documents unless specifically marked confidential, and may be quoted in full or in part 
in each report. 

Why not join a group? 

If you prefer not to write your own comments, it may be worthwhile joining a group or other 
groups interested in making a submission on similar issues. Joint submissions may help to 
reduce the workload for an individual or group, as well as increase the pool of ideas and 
information. If you form a small group (up to ten people) please indicate the names of the 
participants. If your group is larger, please indicate how many people your submission 
represents. 

Developing a submission 

You may agree or disagree with, or comment on, the general issues discussed in the ERMP or 
the specified proposals. It helps if you give reasons for your conclusions, supported by 
relevant data. You may make an important contribution by suggesting ways to make the 
proposal environmentally more acceptable. 

When making comments on specific proposals in the ERMP: 

Clearly state your point of view; 

Indicate the source of your information or argument if this is applicable; and 

Suggest recommendations, safeguard or alternatives. 

Points to keep in mind 

By keeping the following points in mind, you will make it easier for your submission to be 
analysed: 

Attempt to list points so that the issues raised are clear. A summary of your submission 
is helpful; 
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Refer each point to the appropriate section, chapter or recommendation in the ERMP; 
and 

Attach any factual information you may wish to provide and give details of the source. 
Make sure your information is accurate. 

Remember to include: 

Your name; 

Your address; 

Date; and 

Whether you want your submission to be confidential. 

The closing date for submission is: 19 February 2001 

Internet access 

The Synopsis and Executive Summary of this document will be accessible on the Internet 
from 30 November 2000. The address for access by world wide web (html readers) is: 

http://www.cockburncement.com.au  

Additional copies of this ERMP, are available for viewing at: 

Department of Environmental 
Protection 
Library Information Centre 
8th Floor, Westralia Square 
141 St George's Terrace, Perth 

Spearwood Public Library 
Rockingham Road, Spearwood 

D.A. Lord & Associates Pty Ltd 
99 Broadway, Nedlands 

Rockingham Community Library 
Dixon Road, Rockingham 

Battye Library of WA History 
(State Reference Library) 
Francis Street, Northbridge 

Kwinana Public Library 
Hub Shopping Centre 
Gilmore Avenue, Kwinana 

Fremantle Library 
Council Building 
8 William Street, Fremantle 

Copies of the main supporting documents for this ERMP are also available for viewing at: 

Department of Environmental Protection; and 

D.A. Lord & Associates Pty Ltd. 

Submissions should be addressed to: 

The Chairman 
Environmental Protection Authority 
Westralia Square 
141 St. George's Terrace 
PERTH WA 6000 

Attention: Juliet Cole 
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The members of the Environmental Management Advisory Board (EMAB) set up by Cockburn 
Cement Limited to provide independent advice to the Company, consider the Environmental Review 
and Management Programme (ERMP) to be an excellent document which raises and addresses all 
areas likely to be of concern, is well and concisely written and structurally sound. The document is 
also consistent with the philosophy of sustainability in its broadest sense, encompassing 
environmental, social, and economic aspects. 

The contents are outlined in an accurate and informative executive summary which precedes a well-
illustrated main text. The ERMP draws on a substantial number of separate reports, including yearly 
progress reports, and presents a very large body of information. 

Much of the work reported in the ERMP relates to the biology of seagrasses, and makes a substantial 
contribution to our knowledge of the ecosystem, re-appraising a number of generalisations which were 
previously often enunciated about these plants, their ecological significance, and their behaviour. 

Among these generalisations were the views that: 

There is a close, direct link between seagrasses and fisheries (not confirmed in the present 
studies); 

Seagrass meadows are stable in the long-term (shown clearly to be no longer tenable); 

Meadow-forming seagrasses cannot be transplanted (a view laid to rest decisively in the ERMP 
studies); and 

Meadows have built up the banks by carbonate formation and sand accretion (a simplistic 
notion clarified by the ERMP studies). 

These generalisations have been widely repeated among scientists, managers, members of the fishing 
industry and the general public. The views of scientists are changing as the work is presented at 
conferences, lectures, and in refereed journals, but the views of the general public will take longer to 
change. 

The studies associated with the ERMP have also resulted in very significant advances in the 
techniques of aerial photography and mapping of seagrasses. This involved incorporation of 
information into a geographical information system, and the use of cutting edge technology to map 
and quantify such previously rather abstract concepts as 'ecological significance' and 'biodiversity'. 

The high quality of the work, carried out by a relatively large group of highly-qualified practitioners, 
has been evident to EMAB members, and reinforced by the International Peer Review Group, set up 
by Cockburn to provide independent advice on research progress. The reputations of those carrying 
out the studies, publication of results in the refereed scientific literature, acceptance of presentations at 
national and international conferences, and acceptance in examined, supervised research student 
theses, further confirms the quality of the work. 

EMAB members have been pleased to closely observe the unfolding of the ERMP studies. In our 
view Cockburn, the State and the advancement of science have been well served by the study. 

EMAB considers that the information provided achieves the overall aim of the ERMP, which was to 
provide a sound, scientifically-valid basis for the consideration of proposals for the long-term mining 
of shelisand. 

Ix. 
MrN. Fitzpafrick 	 rof A. McComb 	 Prof D. O'Connor 
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SYNOPSIS 

COCKBURN CEMENT LIMITED 

Cockburn Cement Limited (Cockburn) is engaged in the manufacture of cement and lime at 
its works in Munster, and is the largest lime producer in Australia. Lime is an essential raw 
material for Western Australia's mineral processing industry, especially alumina and gold. 
Cockburn was established in Western Australia in 1955; it presently has an annual turnover of 
approximately $180 million and directly employs 380 people. 

Calcium carbonate is the sole raw material used by Cockburn for lime production and the 
main raw material used for the production of cement. Cockburn obtains the bulk of this raw 
material from dredging shellsand from Success and Parmelia Banks in Owen Anchorage, 
south-west of Fremantle, under a State Agreement Act, which extends to the year 2011, with 
extension rights to 2021. The State Agreement Act requires the State to make 'every 
endeavour' to find an alternative source of raw material in the event of Owen Anchorage 
shellsand becoming unavailable. Cockburn requires approximately two million tonnes of 
shellsand each year. 

LONG-TERM PROPOSAL 

Cockburn's currently approved reserves in the State Agreement Act area will be depleted by 
mid-2002. Cockburn has concluded there are no suitable accessible alternative resources to 
Success and Parmelia Banks. Cockburn's proposal for Long-Term resource acquisition 
involves continuing shellsand extraction from Success and Parmelia Banks. The proposal has 
two stages: 

Stage One: dredge a 1.5 km wide Seaway through Success and Parmelia Banks; and 

Stage Two: dredge West Success Bank in vicinity of Mewstone Island. 

Stage One will provide resources until 2014, and will require some beneficiation of shellsand. 
Stage Two will provide an estimated additional 20 years of resource. Most of the material 
will require beneficiation; in addition, Cockburn will need to replace its dredging fleet to 
handle swell conditions encountered in the area. 

Capital costs for a beneficiation plant are an estimated $30 million. A replacement dredge 
fleet will also cost an estimated $30 million. 

To accommodate this proposal, Cockburn will seek amendments to its State Agreement Act. 

This proposal does not address the construction and operation of the beneficiation plant or the 
acquisition of new dredging equipment. Details are provided in this ERMP for information 
only. These activities will be the subject of a separate referral to the EPA. 

OWEN ANCHORAGE: NATURAL PROCESSES 

Since 1995, Cockburn has supported a comprehensive programme of scientific research and 
technical investigations in Owen Anchorage as part of its Shellsand Dredging Environmental 
Management Programme (EMP). This programme has revealed that: 

Success and Parmelia Banks are unconsolidated (i.e. 'loose') sediments, largely calcium 
carbonate, that have formed over the last 7,500 years. Less than 15% of the calcium 
carbonate originates from seagrasses on the Banks. The remainder is derived from 
material obtained further from shore; 
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Dredging previously and presently undertaken by Cockburn has had very small 
influences on wave climate, with no adverse effects on shipping, shoreline stability, and 
structures; 

The seagrasses of Owen Anchorage are neither rare nor endangered. The seagrasses are 
robust, with both distribution and density of seagrasses constantly changing. In Owen 
Anchorage up to 10 km offshore, seagrass cover has increased from 1,242 ha in 1965 
(before Cockburn started dredging) to 1,745 ha in 1999. There is no evidence that 
seagrass cover in Owen Anchorage has previously been this extensive; 

Seagrasses can be returned to areas where previously lost. Techniques have been 
developed for the transplantation of the seagrasses Posidonia and Amphibolis; 

The contribution of seagrasses to ecological significance can be measured. The 
seagrasses of Owen Anchorage contain no rare or endangered species, nor do they 
support any commercial or recreational fishery; and 

Dredging on Success and Parmelia Banks has not caused any loss of biodiversity, or 
rare and endangered species, nor has it affected the ecological function of the area. 

ENVIRONMENTAL EFFECTS OF LONG-TERM PROPOSAL 

The main environmental effects of the Long-Term proposal are: 

Loss of seagrasses, and associated ecological significance: 

Modification to wave climate; and 

Modification of exchange/circulation of waters with Cockburn Sound. 

Within the proposed Seaway, there are an estimated 168.5 ha of seagrasses much of which is 
sparse and which represents less than 10% of the seagrasses on the Banks' surface, and less 
than 1% of the seagrass along the Perth Metropolitan Coast between Becher Point and Quinns 
Rock. The removal of this seagrass will not result in the loss of any rare and endangered 
species, nor will there be any loss of biodiversity. The Seaway will not influence any 
commercial or recreational fishery in the area, nor will it reduce the aesthetics or social 
amenity of the area. 

Dredging in West Success Bank will occur in areas of no seagrass, and will not impinge on 
recreational fishing in the areas close to reefs. 

The Seaway will allow penetration of additional wave energy into Cockburn Sound 
particularly during storms. The influence on shipping, structures, and coastal stability is 
minor. 

The Seaway will increase the exchange of water with Cockburn Sound. This will occur 
primarily in the northern part of Cockburn Sound. The influence on the overall water quality 
of Cockburn Sound is positive but minor. 

The beneficiation of shellsand will require the use of additional power and water. In addition, 
inert reject material will require disposal. 

BENEFITS OF LONG-TERM PROPOSAL 

The benefits of this proposal to the State are: 

Enables it to meet its obligations under the State Agreement Act; 

A Seaway is dredged at little cost to the State providing secure access to Cockburn 
Sound and Garden Island; 
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The near to shore areas of Success and Parmelia Banks will be protected from further 
dredging, thereby conserving seagrasses on either side of the proposed Seaway; and 

Provides WA with an economic and reliable source of lime that is vital to the WA 
alumina industry. 

Approval for the Long-Term proposal would allow Cockburn to proceed with the efficient 
operation of its business with the certainty that it will facilitate appropriate Long-Term 
planning and associated capital investment. 

COMMITMENTS 

Cockburn will make the following commitments as part of its Long-Term proposal: 

Continue to operate or participate in programmes aimed at adding to the knowledge of 
the marine environments associated with its approved dredging plan; 

Maintain monitoring programmes that address: 

- 	Shoreline stability; 

- 	Wave climate; and 

- 	Seagrass cover and distribution; 

Take into consideration the requirements of all relevant parties when developing 
dredging plans; 

Develop post dredging closure plans; and 

Comply with the requirements of the Commonwealth's Environmental Protection and 
Biodiversity Conservation Act 1999. 
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EXECUTIVE SUMMARY 

I. 	INTRODUCTION 

Cockburn Cement Limited (Cockburn) manufactures cement and lime at its works in 
Munster, south of PerthlFremantle, Western Australia, and is the largest lime 
producer in Australia. Lime is an essential raw material for Western Australia's 
mineral processing industry, especially alumina and gold. Cockburn was established 
in Western Australia in 1955 and operates entirely within Western Australia. 
Cockburn directly employs about 380 people, has an annual turnover of 
approximately $180 million, and spends over $100 million per year locally on goods 
and services. Cockburn produces 90% of the State's lime. The contribution of a 
reliable and economic supply of lime is of strategic and economic importance to the 
State. 

Cockburn currently produces approximately 1.3 million tonnes per annum of cement 
and lime. Calcium carbonate is the sole raw material for lime production and the 
main raw material used for the production of cement. Cockburn obtains this raw 
material from dredging shellsand from Success and Parmelia Banks in Owen 
Anchorage, south-west of Fremantle, under the Cement Works Agreement Act, 
1971. The Agreement Act gives Cockburn the right to extract shellsand until the 
year 2011, with rights of extension to 2021. 

Cockburn commenced dredging on Parmelia Bank in 1972. Cockburn's dredging 
operation moved to Success Bank in 1982 for reasons of shellsand quality. 
Cockburn currently uses approximately two million tonnes of shellsand each year. 

The Cement Works Agreement Act confers a number of rights and obligations on the 
Company, and places the following obligation on the State: 

"If and when it should become impracticable for the Company to obtain 
shellsand pursuant to this clause, the State will use every endeavour to 
find other shellsand within a reasonably economic distance f'roin the 
jetty, and if other shellsand is not available, then other equivalent 
material." 

Cockburn has undertaken a series of examinations related to the effects of its marine 
operation, with particular regard to evaluating the effects of dredging on wave 
climate and on seagrasses. 

In 1994, Cockburn submitted a proposal to dredge an area on Success Bank between 
the existing EPA channel and the partially completed second shipping channel, called 
the Short- and Medium-Term dredging areas. Cockburn undertook a suite of detailed 
scientific studies and technical investigations called the Shellsand Dredging 
Environmental Management Programme (the 'EMP'). 

The EMP was designed as a suite of 12 main study components to address: 

Evaluation of the ecological significance of seagrass; 

Development of methods of seagrass rehabilitation; 

Determination of effects of dredging on wave climate, sediment transport and 
shoreline stability; 

Development of methods for beneficiation of lower quality shellsand; and 

Evaluation of alternative raw materials for lime and cement production. 
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The EMP had two major purposes, these being to: 

Provide sufficient technical information to the EPA to evaluate the 
environmental acceptability of Cockbum's proposed Long-Term dredging 
operation: and 

Use the information gained from the studies in the EMP to minimise the 
adverse environmental effects arising Out of the Short- and Medium-Term 
dredging operations. 
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Cockburn also undertook to submit its proposal for Long.ierm access to shellsand 
resource not less than 15 months before depletion of the Medium-Term resource. 
The Medium-Term resource is expected to last until mid-2002 and 15 months prior 
to its depletion is approximately March 2001. 

This ERMP represents Cockburn's proposal for access to resources for the Long-
Term. 

2. 	COCKBURN'S DREDGING OPERATION AND DEVELOPMENT OF 
LONG-TERM DREDGING PROPOSAL 

Cockburn requires a source of calcium carbonate of grade 92% or higher for the 
direct production of lime. Lower grade material can be used for cement production. 
Cockburn's kilns have been specifically designed to use shellsand from Success and 
Parmelia Banks. Cockburn currently has approved resources (located in the Short-
and Medium-Term areas on Success Bank) that will last until about mid-2002. A 
forecast for shellsand requirement indicates a gradual increase over the next 20 years. 

YEAR CEMENT GRADE SAND 
(thousand tonnes) 

LIME GRADE SAND 
(thousand tonnes) 

TOTAL 
(thousand tonnes) 

2000 454 1350 1804 
2005 474 1750 2224 
2010 442 2158 2600 
2015 328 2408 2736 
2020 213 2659 2872 

TOTAL 8498 46398 54896 

A comprehensive review of limestone and limesand resources within WA shows: 

Other than in Cockburn Sound (including Owen Anchorage) there are no 
identified resources of high quality carbonates in or near Perth, Deposits on 
Garden Island are unlikely to be exploited; 

Along the west coast, limesands at Dongara provide one source of suitable 
quality for lime production available to Cockburn. Cockburn currently 
operates a lime kiln in the area using this resource. In 1997, Westlime (WA) 
Limited, a separate company, also commissioned a lime kiln using this 
resource; 

Some high quality limestone deposits have been found in the Dampier 
Archipelago. Conservation issues will strongly influence exploitation; 

The Cape Range has substantial deposits of high grade limestone. Exploitation 
will be heavily influenced by conservation issues and transport costs; and 

Lime is produced in the Goldfields area using limestone quarried 400 km east 
of Kalgoorlie at Loongana. Further development of this resource is limited to 
industrial expansion in the Goldfields area, transportation costs limiting use 
further afield. 

Further deposits similar to Success and Parmelia Banks in volume (and possibly 
grade) do not exist in shallow water (less than 20 m) along the Western Australia 
coast between Augusta and Geraldton. 

The analysis of the availability of alternative resources to meet Cockburn's 
requirements for raw materials for the next 20 years or more has concluded that there 
are no known resources of calcium carbonate available to Cockburn that could be 
accessed commercially, outside of Success and Parmelia Banks. 
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Environmental considerations aside, Cockburn's preferred option for acquisition of 
shellsand resource would be from East Success Bank. Within this area there is 
sufficient limegrade shellsand for 15 years of supply that would not require 
beneficiation. In addition, Cockburn could dredge this area with no modifications to 
its existing equipment. 	However, this nearshore area is likely to be less 
environmentally acceptable than the Long-Term proposal. 

Consequently, Cockburn has elected not to pursue this option, but rather to develop 
its Long-Term dredging proposal that involves completion of a Seaway through 
Success and Parmelia Banks, and then relocate to West Success Bank. 

Cockburn's Long-Term dredging proposal will be implemented in two stages. 

Stage One 

A Seaway which is 1.5 km wide, will be constructed through Success and Parmelia 
Banks. 

Cockburn will be able to dredge and transport all of this material with its existing 
facilities. Much of the resource within the Seaway is of grade lower than 92% and 
will require beneficiation (i.e. removal of silica) for the manufacture of lime. 
Cockburn will construct a beneficiation facility at its Munster site when required, at 
an estimated cost of $30 million. There will be an approximate 20% loss of material 
during beneficiation. 	Resource in the Seaway area will be sufficient until 
approximately 2014. 

Stage Two 

Once a Seaway has been completed, Cockburn will relocate its dredging operation to 
an area on West Success Bank. The bulk of this area lies to the west of the existing 
State Agreement Act area, and within an existing Exploration Licence area held by 
Cockburn. 

The total resource within West Success Bank is substantial. Although average grade 
of the material is less than 92%, there are pockets of 92% or better material. 
Unfortunately, these high grade shelisands are overlain and interleaved by low grade 
sands. Once dredged, most of this material will require beneficiation. 

To beneficiate material from the Seaway and West Success Bank, Cockburn has 
selected the technique of electrostatic separation, currently used at its plant at 
Dongara. The beneficiation plant would be constructed at the site of the existing 
Munster works, but this is subject to a future referral. 

The dredging schedule for the Long-Term proposes: 

Dredging will first occur on Success and Parmelia Banks in areas of high 
quality shellsand with existing equipment; 

Dredging will then occur in areas of lower grade shellsand on mainly Success 
Bank. At this time, beneficiation will be introduced; 

Dredging will then move to Parmelia Bank, using existing equipment; and 

The Seaway will be then completed by dredging any areas remaining to a 
uniform depth for navigation. 

It is estimated that the Seaway resource will be depleted during the year 2014. 
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This proposal will provide the following benefits to the State of Western Australia: 

It allows the State to meet its obligations under the State Agreement Act; 
The Seaway will be dredged at little cost to the State; 

The nearshore areas of Success and Parmelia Banks will be protected from 
further dredging and seagrass on either side of the Seaway is conserved; 

Western Australia is assured of an economic and reliable source of lime; and 

Improve access of shipping to Cockburn Sound, of particular relevance to 
industry and to the Royal Australian Navy. 

3. 	OWEN ANCHORAGE: NATURAL FEATURES, SEAGRASSES AND 
ECOLOGICAL SIGNIFICANCE 

Nearshore coastal waters of the south-west of Western Australia are, by world 
standards, shallow, nutrient-poor, clear, and of low to moderate energy. The coastal 
region is characterised by limestone reefs and platforms, and extensive sandy areas 
some of which contain seagrasses. 

Success and Parmelia Banks are the main focus of this proposal, and form the 
northern and southern sills of the Owen Anchorage basin. Success Bank extends in 
an east to west direction from Catherine Point to West Success Bank and Straggler 
Rocks. Parmelia Bank extends in an east to west direction from Woodman Point to 
Carnac Island. 

Bank composition and form ation 

The banks are composed mainly of geologically 'recent' calcium carbonate material 
derived from farther offshore and driven shoreward, with the larger volume of 
sediment being transported by swell waves. 

Bank formation is linked to the inundation and subsequent erosion of the Garden 
Island Ridge dune system caused by a rapid rise in sea level about 10,000 years ago. 
At that time the sea-level was approximately 27 m below present sea-level and the 
shoreline was located up to 5 km offshore from its present position. The sea-level 
rose rapidly from 10,000 to 6,400 years ago to a point where the sea-level was 3 m 
above its present level. This high point is known as the middle-Holocene high stand. 
Since 6,400 years ago there has been a small decline in sea-level to its present level, 
which was reached approximately 1,500 years ago. Since then, the sea-level has 
been relatively stable. 

It appears that significant Bank growth commenced 6,000 to 7,410 years ago, after 
the submergence and subsequent erosion of the Garden Island Ridge. The eroded 
carbonate sands were transported shorewards and accumulated within the deeper 
waters as sand bars that are aligned at right angles to the shore. These sand bars 
formed in the lee of elevated areas of the Garden Island Ridge; Straggler Rocks for 
Success Bank and Carnac Island for Parmelia Bank. A similar feature is seen further 
south in the shallow sand bar that extends from Penguin Island to the mainland. As 
the Banks continued to grow and shallow, sufficient light to support seagrasses 
would have begun to reach the Bank tops. At a water depth shallower than about 
9 m sufficient light would have reached the bottom to support the growth of 
Posidonia and Amphibolis seagrasses. The Banks have continued to grow and 
become shallower and have supported a highly variable coverage of seagrasses. 
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Seagrasses contribute less than 15% of calcium carbonate to the overall sediment 
store in Success and Parmelia Banks. 

Wave climate, Bank and shoreline stability 

The wave climate of local coastal waters is dominated by a persistent low to 
moderate energy system which is generally far more variable in winter than in 
summer. There are three main sources of waves: 

' 	Swell waves created by distant storms in the Southern Ocean; 

'Local' seas produced by the sea breeze, which are superimposed on the swell 
pattern; and 

Local seas generated by the passage of winter storms. The wave heights, 
periods and directions vary considerably from storm to storm. 

Garden Island and the shore-parallel chain of reefs of the Garden Island Ridge 
substantially reduces wave energy entering Owen Anchorage and Cockburn Sound. 

A mathematical wave climate model has been finalised and calibrated to simulate 
present--day wave conditions, and used to predict the likely effects upon sea 
conditions following the Short- and Medium-Term dredging of Success Bank. 

The modelling indicates the wave characteristics following the Short- and Medium-
Term dredging will not be significantly different from the conditions now prevailing, 
thus the overall sediment contribution will be largely uninterrupted, but within the 
dredged basin sediment movement will be significantly less. Dredge slopes undergo 
some erosion, with a maximum bank top regression of 50 m. Dredge slopes are then 
stable (usually within three years). 

The shoreline of Owen Anchorage is substantially modified by developments, 
including the WAPET Groyne extending seaward off Woodman Point. These 
developments have affected sediment movement, particularly longshore drift, and to 
an extent the present shape of the coast, which is generally accreting at an average 
rate of 40,000 m3/year. The Short-- and Medium-Term dredging has little overall 
effect on sediment patterns on beaches. 

Seagrasses distribution and function 

Perth's metropolitan waters are at the southern end of the overlap region between the 
warm temperate southern Australian marine biota found from Cape Leeuwin to 
South Australia and the tropical marine biota of the region north-east of North West 
Cape (and continuous with the Indo-West Pacific region). Temperate species 
predominate - 

The region contains four main types of benthic habitats: shallow sandy areas 
containing seagrass meadows; shallow sandy areas containing no plants; limestone 
reef usually covered in algae (seaweed); and sand/silt unvegetated areas in deeper 
waters (greater than 10 m deep) - 

Shallow unvegetated areas and seagrass meadows are common in the lee of the 
chains of reefs and islands (the Garden Island Ridge is one) that occur up to 4 km 
offshore between Yanchep and Mandurah; and in the shallow waters around Rottnest 
Island. The reefs carry extensive 'kelp gardens' (dominated by the large brown algae 
Ecklonia radiata or Sargassurn species) as well as mixed stands of red, green and 
brown algae. The diversity and abundance of invertebrates and fish is highest in and 
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around the reefs, followed by seagrass meadows. The deep unvegetated basins of 
Owen Anchorage, Cockburn Sound and Warnbro Sound also support a rich benthic 
(bottom-dwelling) fauna dominated by species that feed on detritus (dead and 
decaying organic material). 

Seagrasses are an important component of the nearshore ecosystem in Western 
Australia and occupy approximately 20,000 km2  of the Western Australian coast in 
water depths ranging from the intertidal to 45 m. The diversity of seagrass genera 
(10), and species (25) along this coastline is unequalled elsewhere in the world. 

The species richness of seagrasses in Perth's coastal waters is the highest in 
Australia. There are only about 50 species of seagrass worldwide, 13 of which are 
found in Perth's coastal waters. 

A series of aerial photographs from the years 1965, 1972, 1982, 1995 and 1999 have 
been used to map seagrasses, and show: 

Seagrass distribution and density in Owen Anchorage has changed measurably 
over the past 30 years and these changes are continuing; 

The combined area occupied on mapped areas of Success and Parmelia Banks 
has increased from 1,242 ha in 1965, to 1,537 ha in 1972, to 1,753 ha in 1999, 
gains of 295 ha and 196 ha respectively. Between 1972 and 1999 a total of 
147 ha of seagrass was lost due to shelisand dredging, while previously an 
estimated 85 ha of seagrass had been lost due to the construction of the FPA 
shipping channel; 

Seagrasses are capable of recolonisation under natural conditions by the lateral 
extension of existing clumps, or through fruit settlement and seedling 
germination. In particular, Posidonia coriacea is shown to propagate from 
seedlings, a finding regarded as a major advance in the knowledge of 
seagrasses in wave-dominated environments; and 

Seagrass wrack and associated detritus is accumulating in the dredged basin 
and establishing a new localised habitat for marine plants and animals. 

Seagrass habitats are significant contributors to the biodiversity of the Owen 
Anchorage area. They support different, and in most cases richer, biological 
communities than unvegetated sand habitat, particularly sand in shallow waters but 
not as rich and diverse as reef systems. 

In terms of epiphytes (algae that grow on seagrasses) and invertebrates, Amphibolis 
griffithii has the greatest biodiversity, followed by P. coriacea and Heterozostera 
tasmanica, deep sand and shallow sand. 

Invertebrate fauna are generally far more abundant in seagrass habitats than shallow 
bare sand areas: deep sand areas have values intermediate between these two. 
Invertebrates are an important link between primary producers and fish. Many 
invertebrates feed directly on living and/or decomposing plant material in the water 
column or on and in sediments. Invertebrates are, in turn, the preferred food of many 
species of fish. Analysis of invertebrate fauna of the areas dredged by Cockburn at 
different times in the past (1985, 1994, 1995, 1996, 1997) has shown that dredged 
areas have fauna similar to natural deep areas within about four years. 
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There are generally more fish in seagrass habitats than in unvegetated habitats. 
There is a broadly held view that seagrasses provide important nursery habitats for 
the juveniles of many species of fish, (including commercially important ones) 
before they emigrate with increasing size. This characteristic was not observed with 
the fish communities in seagrasses on Success and Parmelia Banks where the 
majority of these are species that either spend their entire life cycle in these habitats 
('residents') or immigrate there as mature adults. In relative terms P. sinuosa 
meadows is used more extensively as a nursery habitat than A. griffithii and 
P. coriacea meadows, but resident species still predominate. Some species also 
occupy P. sinuosa meadows as juveniles before migrating to meadows of other 
seagrasses 

Seasonally, particularly foilowing winter storms, seagrass and to a lesser extent algal 
detritus accumulates along the Owen Anchorage shoreline, where it decomposes. 
The decomposing seagrass and algal wrack is recognised as an important habitat and 
food resource, particularly for juvenile fish. 

The bulk of the commercial and recreational fish species in the Owen Anchorage 
area do not have a direct dependence on the seagrass habitat present 

Socioeconomic uses 

Four main socioeconomic uses occur in the Owen Anchorage area: 

Ports and shipping; 

Shellsand dredging; 

Primary and secondary direct contact recreation based around the Woodman 
Point reserve; and 

Industry at Coogee. 
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The most common recreational uses of the area are swimming, fishing, 
di ving/snorkelling, pleasure/relaxing, walking/jogging, boating and crabbing. The 
human uses that involve seagrasses in the Owen Anchorage area are proportionately 
small and restricted almost entirely to boaters who pass over the top of Cockburn's 
lease area. 

Ecological significance 

The ecological significance of seagrass can be assessed by evaluating three factors: 

Biodiversity value (representing the attribute of biodiversity); 

Socio-economic value (representing cultural attributes); and 

Ecological value (incorporating the attributes of habitat complexity, 
biogeochemical cycling, primary production and secondary production). 

Modelling/GIS based methods have been developed to quantify biodiversity value 
and ecological value of habitats in the Owen Anchorage area, and so assess changes 
due to dredging. Patterns in the relative biodiversity value and ecological value of 
habitats in the Owen Anchorage area are very similar. 

Aniphibolis grzffithii has the greatest ecological value of all habitats in the area, due 
to its higher values for all attributes. Posidonia australis and P. sinuosa have similar 
ecological value and are intermediate between the bare sand and A. grzjfithii habitats, 
and this also applies to their four attribute values. P. coriacea has a significantly 
lower ecological value than other Posidonia habitats, due to its low habitat 
complexity (due in turn to its patchy nature) and, to a lesser extent, its lower 
secondary production (due to overall lower densities of macro-invertebrates and 
fish). Of all the seagrass habitats, Heterozostera tasmanica habitat has the lowest 
ecological value, and is the only vegetated habitat with values generally lower than 
the deep sand habitat. This reflects the very sparse seagrass cover of H. tasmanica 
on Success and Parmelia Banks and its very low habitat complexity. 

Deep sand habitat has higher ecological values than both Heterozostera tasmanica 
and shallow sand habitat due to higher macro-invertebrate and fish biornass, which is 
reflected in higher secondary production values. In addition, the increased depth of 
deep sand habitats provides greater volume for phytoplankton production, and so it 
has an elevated primary production value relative to the shallow sand habitat. 

Between 1972 and 1995 (prior to Short-Term dredging) significant increases in 
ecological value have occurred on eastern and West Success Bank and West 
Parmelia Bank, reflecting the large increases in cover of Arnphibolis griffithii and 
Posidonia coriacea that have occurred over this time. It is estimated that the 
ecological value of the Owen Anchorage area has increased by about 10% from 1972 
to 1995 because gains in seagrass cover have far outweighed the losses. These 
estimates exclude the considerable ecological importance of reefs in the Owen 
Anchorage area. 

Mitigation techniques 

Seagrass revegetation and installation of artificial reefs have been evaluated as 
potential means of replacing the loss of ecological value due to dredging of seagrass. 

Artificial reefs have been discounted as providing major contributions to ecological 
value. In contrast, seagrass revegetation has now advanced sufficiently to be 
perceived as a management tool for the future rather than an experimental endeavour. 
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Mechanical transplantation techniques were developed based on the use of an 
underwater mechanical harvester, ECOSUB I. The ECOSUB I system extracts large 
sods of seagrass intact, that is, with most of their root and canopy structure being 
retained during extraction, transport and replanting. ECOSUB I extracts sods of 
approximately 50 x 50 cm in size, to a depth of 40 cm, transports them to a donor 
site, and plants them into excavated holes of the same dimensions as those from 
which they were removed. 

2,040 sods were transplanted by ECOSUB I between September 1996 and December 
1999. The ECOSUB II system was developed in 1999, and consists of a separate 
harvester and planter. ECOSUB II transplants sods of 0.75 m x 0.75 m in size. From 
January 2000 and July 2000 a further 305 sods were planted by ECOSUB H. With 
the planting configuration employed 2,711 m2  of seagrass meadow at 25% cover has 
been produced. 

The overall survival of all of the sods that have been mechanically transplanted is 
about 70%. Many sods have now survived for as much as three years and are 
expanding. The transplanting process does not appear to be significantly disturbing 
the natural seasonal growth patterns of the seagrass. Spreading of sods has been also 
observed and recorded. 

Large numbers of seedlings, particularly Heterozostera tasmanica and P. sinuosa, 
have also been observed among transplanted sods. The transplanted sods provide a 
site for seedlings to settle. The seagrass donor site is a mixture of single and mixed 
species meadows, and so the species composition of the sods is also variable. 
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Infihling by other seagrasses has resulted in the initial recipient site becoming 
indistinguishable from adjacent natural meadows. 

The development of an operational mechanical transplantation technique is one of 
the major achievements of this EMP. These excellent results have been achieved in 
one of the most hydro-dynamically active seagrass environments in Australia, and 
provide encouragement for even greater success in calmer environments, assuming 
water quality is sufficiently good. Transplantation on its own is both expensive and 
slow, while it incurs damage to the donor seagrass beds. The development of fully 
ecologically sustainable techniques for seagrass revegetation will need to include 
methods for generating planting units of seagrasses from source material such as 
seeds, sprigs, or tissue culture, combined with the use of mechanical planting 
methods. The work completed clearly demonstrates that seagrass revegetation/ 
transplantation is feasible and, if carefully planned and implemented, can be 
successful. 

4. 	ENVIRONMENTAL EFFECTS OF LONG-TERM DREDGING PROPOSAL 

The specific changes associated with the dredging of the Long-Term resource are: 

Modifications to the bathymetry of the Owen Anchorage seabed; and 
Loss of seagrass and bare sand habitat in shallow water on both Success and 
Parmelia Banks and commensurate gain in deep bare sand habitat. 

The construction of the Seaway and the deepening of sections of both Success and 
Parmelia Banks will have two physical effects. First, the wave climate of the region 
will be modified allowing wave energy from the Owen Anchorage area to penetrate 
deeper into Cockburn Sound. Second, the Seaway will also allow greater exchange 
of water between Cockburn Sound, Owen Anchorage and Gage Roads. 

The Seaway will convert large areas of shallow sand habitat to deep sand habitat. 
Stage One involves dredging a total area of 433 ha, 168.5 ha of which is seagrass, the 
bulk of this being sparse. Stage Two involves dredging approximately 350 ha of 
West Success Bank, which has been deliberately defined to avoid areas of seagrass, 
major reefs and islands. 

Areas to be dredged during Stage I and 2 of cockburn c Long- Term dredging proposal 

DREDGING AREAS TOTAL SEAGRASS SEAGRASS ASSEMBLAGE 
AREA (ha) AREA (ha)  

Stage One: Seaway  
Success Bank 121.0 35.2 Mainly 	mixed 	Atnphiboli.s 

griffithii/Posidonia coriacea with 
some Posidonia sin nose 

Parmelia Bank 312.0 133.3 Mainly sparse Posidonia sinuosa 
and 	Amphibolis 	grifflthii 	with 
some Posidonia australis 

SUBTOTAL 433.0 168.5  
Stage Two: West Success Bank 350 nil 

The three most significant environmental issues associated with Cockbum's Long-
Term dredging are: 

Modification of wave climate in both Owen Anchorage and Cockburn Sound, 
with attendant effects on shipping, navigation, coastal structures and the 
stability of the Banks and shoreline; 

XX 	 WNG.mRM SIIELLSAND DRED(;IN(;. !?RMP 



Increased exchange of seawater between Owen Anchorage and Cockburn 
Sound and improvement in water quality (as indicated by water clarity) of 
Cockburn Sound; and 

Changes to the ecological significance of the Owen Anchorage area due to 
decreased area of seagrasses and shallow bare sand habitat, and increased area 
of deep sand habitat. During the dredging of the Seaway, an average of 14 ha 
of seagrass will be removed each year. 

A number of additional environmental issues have also been addressed in this 
assessment, including: 

Changes in water quality and clarity due to dredging; 

Impacts on commercial and recreational fisheries; 

Compliance with the National Strategy for Ecologically Sustainable 
Development; 

Compliance with the National Strategy for the Conservation of Australia's 
Biological Diversity; 

Impacts on Aboriginal culture and heritage; and 

a 	Increased use of water and energy (and associated greenhouse gas emissions) 
with beneficiation, and disposal of the reject material generated by this process. 

Wave climate 

Predicted changes in wave climate and attendant effects on Bank and shoreline 
stability are as follows: 

For swell and sea breeze the proposed dredging programmes will have a 
limited and localised effect on the wave conditions within Owen Anchorage 
and Cockburn Sound; 

During moderate winter storm and severe storm events small changes in wave 
conditions from the proposed Seaway will be experienced up to the southern 
extent of Cockburn Sound; 

The change in wave conditions indicate that the WAPET Groyne and the 
Jervoise Bay Northern Harbour Northern Breakwater will experience increased 
wave heights during a design storm of a 100 year average recurrence interval 
(AR I); 

The nature and shape of Success and Parmelia Banks will be unaffected by 
dredging except during severe storm events; 

Localised erosion may occur at the Explosives Jetty in Owen Anchorage; and 

A programme of wave climate measurement and continuing modelling is 
needed to confirm model forecasts. 

Any effects within Cockburn Sound will only be felt once the Seaway is complete. 
Effects in Owen Anchorage will be felt progressively as dredging continues through 
Success and then Parmelia Banks. 

Circulation and exchange 

The construction of the Seaway will alter the patterns of circulation and exchange of 
water in the vicinity of the Seaway. Of particular significance is the effect the 
Seaway will have on the exchange of waters from Cockburn Sound, a semi-enclosed 
basin with limited flushing and well documented localised water quality problems. 
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The highest rate of exchange of water from Cockburn Sound currently occurs in 
winter due to the generation of strong baroclinic (density-driven) flow. In contrast, 
exchange rates are lowest in summer when the water column is fully mixed and 
barotropic flows (driven by differences in water levels) dominate. At present, 
surface waters (to a depth of 5-8 m) exchange freely between Cockburn Sound and 
the open waters to the north and west. The Seaway will have very little influence on 
this process. Some exchange of water at depths between 5-8 m and 15 rn with 
Cockburn Sound already occurs through the existing FPA channel. This is only 
150 in wide; the Seaway will be 1,500 in wide. Hence, the Seaway will have greatest 
influence on exchange of waters from northern Cockburn Sound at depths from 8-
15 m. 

Dredging will initially be mainly on Success Bank, and it is likely that the Seaway 
through Success Bank will be the first section completed. This would be followed 
some years later by dredging on Parmelia Bank, completing the Seaway. It is not 
until this time that any significant impact to the oceanography of the region, 
specifically the flushing of Cockburn Sound, will be realised. 

At that time, the following changes in water circulation and exchange, and attendant 
effects on water quality, are anticipated: 

The Seaway will increase the area through which exchange occurs at the 
northern end of Cockburn Sound by approximately 27%. This corresponds to a 
7% decrease in the existing sill and bank cross-sectional areas. Exchange of 
the bottom 5 m of water will remain restricted by the remnant bank; 

The Seaway will allow an enhanced baroclinic exchange, particularly under 
autumn and winter conditions where the most favourable density gradients are 
formed; and 

The average flushing efficiency for Cockburn Sound is expected to improve by 
5% in summer and 15% in winter. The average annual overall improvement in 
flushing will be approximately 10%. 

Predicted changes in flushing times for the entire volume of water within Cockburn 
Sound are shown below. 

Changes in flushing due to the Sea way 

AUTUMN WINTER WINTER-STORM SUMMER 
Existing 37 days 22 days 28 days 44 days 
Seaway 33 days 17 days 24 days 41 days 

vu(e; ruisnzng nine is equat to toe tune iaeen jor toe tracer concentraflon to Pe reduced to ii7c of the original value (also 
called efolding (line). 

The influence of improved flushing would be felt most strongly in the immediate 
vicinity of the Seaway, at the northern end of Cockburn Sound. In addition: 

No additional penetration of the Swan River plume is anticipated in winter; 

A small overall improvement in water quality (as indicated by water clarity) is 
expected in northern Cockburn Sound; and 

Although the Seaway will generate only minor changes in the patterns of 
circulation, exchange and mixing of water, a net positive benefit to the water 
quality (which would be measured using characteristics such as water clarity) 
of Cockburn Sound will be realised by its construction. 
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Ecological significance 

Methods to assess ecological significance of seagrass have been developed based on 
the collective evaluation of three factors, which are: 

Biodiversity value (representing the attribute of biodiversity); 

Socio-economic value (representing cultural attributes); and 

Ecological value (incorporating the attributes of habitat complexity, 
biogeochemical cycling, primary production and secondary production). 

Dredging will change the abundance and composition of biota at sites of dredging. 
Adjacent sites, and the broader area will retain their full compliment of species. 
Consequently, dredging will result in no changes in the biodiversity of the Owen 
Anchorage area, nor result in the loss of any local endemic, rare or endangered 
species. 

Socio-economic uses of the Owen Anchorage area are not expected to change in any 
measurable way due to Cockburn's Long-Term dredging proposal. 

The changes in ecological value due to the entire Cockburn dredging programme, 
from its commencement in 1972 to the end of the Long-Term dredging of West 
Success Bank by the end of 2034, can be assessed for five separate dredging 
configurations: 

Configuration 1: 1972; before dredging by Cockburn commenced; 

Configuration 2: 1995; or 'referenc& configuration, prior to dredging of 
Medium-Term; 

Configuration 3: completion of dredging of Short- and Medium-Term, by mid-
2002; 

Configuration 4: completion of Stage I of Long-Term dredging (the Seaway) 
by about 2014; and 

3 	Configuration 5: completion of Stage 2 of the Long-Term dredging (Seaway 
plus West Success Bank) by about 2034. 

A small increase in ecological value of the Owen Anchorage area was forecast 
between 1972 and 1995 (Configurations 1 and 2). Calculated changes in ecological 
value that would arise from the dredging of Configurations 3, 4 and 5 are illustrated 
overleaf. 

The completion of Cockburn's Long-Term dredging proposal (Configuration 5) will 
result in both losses and gains in ecological value in localised areas, but the spatial 
extent of these impacts is small (on the scale of the overall Owen Anchorage area). 
The overall effect of the Long-Term dredging proposal will be an ecological value 
about 2.0% lower than 1995, but still higher than in 1972. This assessment does not 
include the considerable ecological value of the Garden Island reef chain which, if 
included, would further lessen any effects. Thus, the Owen Anchorage area will 
maintain an ecological value after the LongTerm dredging, equivalent to that of 
1972 (before Cockburn commenced dredging in Owen Anchorage) which has been 
deemed 'acceptable'. 
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largely to pollution. The completion of the Long-Term dredging plus the historical 
losses in Cockburn Sound would result in the theoretical total loss of ecological 
value due to seagrasses rising from 19.7% to 20.5%, This small change would be 
extremely difficult to detect. In addition, this estimate does not include the 
significant contribution to ecological function of reefs and floating algae in the area. 

Increased water and energy requirements 

Introduction of beneficiation will require the use of additional power (electricity and 
fuel) and water. Additional power use will generate an extra ten thousand tonnes of 
CO2  per year which is an increase of less than 1% of the CO2  emissions of 1.4 
million tonnes per year from the existing facilities. Additional water requirements 
are one million kilolitres per year, to be obtained from an existing bore field or from 
recycled water, 

Dredging impacts on water clarity 

Wave climate is the main factor determining water clarity in the Owen Anchorage 
area. With the proposed dredging, the majority of the study area will experience 
little or no change in wave climate for the greater part of the year, and so it is 
unlikely that the overall turbidity of the study area will increase significantly. Any 
increases that do occur should be extremely localised, of short duration, and in winter 
when seagrass growth is least likely to be affected. 

Turbidity plumes from Cockburn's dredge and onshore washing plant are not 
expected to change from existing levels. 

Commercial and recreational fisheries 

Success and Parmelia Banks and the Owen Anchorage basin receive relatively little 
attention from the fishing community. However, the Garden Island reef chain 
(especially Rowboat Rock, Seal Rock and Mewstone) are favoured sites for 
recreational fishers. The Garden Island reef chain will not be dredged by Cockburn. 
The large majority of the proposed dredging area is well clear of the reef line, and 
indeed will be actively avoided by Cockburn as it is unsuitable resource. The 
physical distance between areas favoured by recreational fishers and Cockburn's 
dredging areas suggests there will be little overlap. 

Few commercially and recreationally important species of fish are abundant in 
seagrass habitats in the Owen Anchorage area, either as juveniles or adults. 
Important invertebrates such as crabs and prawns are relatively abundant in deep 
bare sand habitat. Due to the scale of seagrass loss and gain in deep areas caused by 
Cockburn's Long-Term dredging proposal, no adverse effects on populations of 
commercially and recreationally important fish and invertebrate species in Owen 
Anchorage and Cockburn Sound and the Garden Island reef chain are expected. 

National Strategy for Ecologically Sustainable Development 

The Cockburn proposal is consistent with the need for ecologically sustainable 
development. 

By dredging the Seaway to Cockburn Sound at little cost to the State, Cockburn is 
also providing an improved means of moving shipping into and out of Cockburn 
Sound, which will in the future provide a benefit to Western Australia, Cockburn's 
Long-Term dredging proposal will not impair essential ecological processes in the 
Owen Anchorage region, and the ecological value of the area will remain well within 
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the natural range experienced in the last 35 years. Finally, as discussed earlier, there 
will be no effect on regional biodiversity. 

National Strategy for the Conservation of Australia's Biological Diversity 

The proposal by Cockburn to complete dredging of the Seaway to Cockburn Sound 
does not conflict with the National Strategy for the Conservation of Australia's 
Biodiversity. The area to be dredged has an essentially temperate biota consisting of 
species which occur over wide areas of southwestern Australia. No rare or 
endangered marine species are known to occur in the study area. Furthermore, the 
overall biodiversity of the study area will not change due to Cockburn's Long-Term 
dredging proposal. 

Aboriginal culture and heritage 

Only one registered site exists in the area proposed for the construction of the 
beneficiation plant. Upon advice of the Aboriginal Affairs Department (AAD), 
ethnographic and archaeological surveys of the proposed construction site will be 
undertaken to ascertain whether there are any unregistered sites to which the 
Aboriginal Heritage Act applies. 

In relation to native title, there is an existing native title claim which has been 
registered over the area covered by Cockburn's proposals. Native title has been 
extinguished on the land which is the subject of the proposed beneficiation plant. In 
relation to the proposed dredging works, the right to negotiate will not apply. Other 
procedural rights which apply under the Native Title Act will be followed. 

5. 	ENVIRONMENTAL MANAGEMENT AND MITIGATION OF IMPACTS 

The Long-Term dredging programme is developed with the objectives to ensure: 

No significant net loss of ecological function of Owen Anchorage and its 
surrounds; 

No loss of biodiversity; and 

No loss of rare and endangered species. 

Cockburn operates within the Safety, Health and Environment Policy of its parent 
company Adelaide Brighton Limited, which states: 

"The Adelaide Brighton Limited group of companies is committed to achieving a 
safe, productive and healthy work environment. It is our fundamental policy to 
conduct our business responsibly and in a manner designed to protect our 
employees, adjacent communities and the natural environment." 

A series of specific goals have been set to achieve this policy. 

The Environmental Management Plan to be implemented with the Long-Term 
dredging component has several components, each directed to areas where 
environmental influences are anticipated and require management. 

Environmental Management System (EMS) Manual 

The EMS for the Long-Term dredging operation will be designed to include the 
processes for Planning, Implementation, Checking and Corrective Action and 
Review and Continuous Improvement using Environmental Improvement Plans. 
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Dredging schedules, reporting systems, and dredge records reconciliation 

As part of its EMP, Cockburn will continue to provide annual reporting of all 
activities associated with the environmental aspects of the dredging prograrnme 

Seagrass revegetation plan 

It is recognised that it will not be possible to restore the same seagrasses that are lost 
during dredging, back into dredged areas due to the increased water depth, but 
revegetation of other areas has been successful. Cockburn has been the sole 
supporter of the programme to develop techniques for the revegetation of seagrasses 
and has successfully pioneered a technique for transplantation of seagrasses using 
large sods; a world first. Seagrass revegetation is feasible, but techniques other than 
transplantation of large sods will ultimately be required to establish seagrass 
revegetation techniques that are cost effective and sufficiently rapid. 

Cockburn will provide substantial support for the development and implementation 
of these techniques in a joint venture termed a Seagrass Management Plan (SMP). 

The SMP will investigate planting techniques that include: 

Use of seeds, and actively growing sprigs and rhizomes; 

Use of small cores and plugs of appropriate seagrass species; and 

Innovative techniques such as tissue culture 

It is recognised that initially (for a period of at least five to ten years), seagrass 
revegetation techniques will not be developed to enable revegetation to occur at the 
same rate at which seagrass is being removed by dredging. Further, it is likely that 
revegetation efforts will take place not only in Owen Anchorage but also in areas 
where seagrass losses are known to have occurred, such as Cockburn Sound. 

Cockburn will continue to monitor the distribution and abundance of seagrasses in 
the Owen Anchorage and West Success Bank areas. 

Wave climate, sediment transport, and shoreline stability 

Effects of dredging the Seaway on wave climate, patterns of sediment transport and 
shoreline stability will be minor. 

Effects will be seen first and progressively within the Owen Anchorage area as 
dredging proceeds through Success Bank. Initially there will be no effects on 
Cockburn Sound, with measurable influences only upon completion of the full 
Seaway. Routine measurements of wave conditions plus modelling is needed to 
progressively follow and confirm any influences of dredging. 

This will allow a proactive modification of the dredging programme prior to any 
significant influences occurring. 

Management plan: beneficiation plant 

A Works Approval application will be prepared for the proposed beneficiation plant 
that addresses: water requirements as well as the means for its disposal; energy 
requirements; noise and dust; and storage and disposal of reject material. 
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West Success Bank: marine investigations 

A programme of study of the marine environment of West Success Bank will be 
developed to: 

Map benthic habitats; 

Categorise benthic invertebrate communities; 

Evaluate role of reefs in maintaining ecological function of the area; 

Determine fish species that are present, their characteristics and requirements; 
and determine the value of the area for both commercial and recreational 
fisheries; and 

Evaluate sediment transport processes. 

This programme will commence in early 2002, to be completed over a 36 month 
period. 

Develop closure plans for dredging operations 

Cockburn will develop a series of closure plans for the dredging of the Seaway and 
West Success Bank to address: 

Completion of Seaway through Success Bank; 

Completion of Seaway through Parmelia Bank; and 

Completion of West Success Bank dredging, either in sections or completely. 

Public information and community consultation 

Cockburn will maintain an information and communication programme that 
regularly provides information on the progress of its Long-Term dredging 
programme. 

6. 	PROPONENT'S COMMITMENTS 

Cockburn makes a series of commitments to form part of its Long-Term dredging 
programme. These are: 

Prepare EMS manual for the Long-Term dredging programme; 

Submission of Annual Reports to include: 

- 	Details of annual and five year environmental improvement programmes, 
and the auditing of the progress of these; 

- 	Summary of dredging activities completed, reconciliation of dredge 
volumes, and future dredge plans; 

- 	Summary of progress of seagrass revegetation research; 

- 	Summary of monitoring activities including sediment transport and 
shoreline monitoring, and aerial photography for seagrass mapping; 

- 	Summary of any marine investigations on West Success Bank; and 

- 	Public Information and Community Consultation. 

Contribute to the SMP; 

Implement monitoring programmes for: 

Seagrass distribution and abundance on Success and Parmelia Banks; and 

- 	Wave climate, sediment transport and shoreline monitoring. 

Undertake marine investigations on West Success Bank; 

xxviii 	 LONG-TERM SIIELLSANJ) DREDGING: ERMP 



Obtaining Works Approval for construction and operation of sheilsand 
beneficiation plant; 
Develop closure plans for Long-Term dredging operation; and 

Continue Public Information and Community Consultation Programme. 

7. 	EPA SPECIFIC GUIDELINES FOR TILE ERMP 

The EPA has provided detailed guidelines on the Environmental Factors, 
Environmental Issues and Scope of Work required of the ERMP. The EPA 
guidelines and required information are tabulated below. 
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ENVIRONMENTAL EPA OBJECTIVES AND SCOPE OF EXISTING ENVIRONMENT POTENTIAL IMPACTS PREDICTED OUTCOME 
ISSUES AND WORK 

FACTORS 
MARINE Maintain the processes that support and sustain the biological tliversity of the local area and region. 
PROCESSES Demonstrate that hiodiversity will not be compromised by this proposal. 

BIOLOGICAL Objectives: 
DIV LRSITY (I) 	Maintain the ecological function, abundance, species diversity and geographic distribution ot marine flora and fliuna; and 

(ii) 	1'iicourage innovation in the development and implementation of practical technical solutions thr the rehabilitation ol the environment. 

Marine Flora Map and describe seagra.ss on Success and Detailed mapping undertaken in 1995 and The proposed Long-'Ierm dredging will The proposed Long-Term dredging will 
Parmelia Banks, including West Success 1999.   Aerial photographs used to map remove 35 ha of dense seagrass horn remove 7.9% of the estimated 2,133 ha of 
Bank. historical seagrass di.strihutions in 1965 Success Bank in a total area of 121 ha and seagrass presently in the Owen Anchorage 

Assessment of potential impacts (direct and 1972. 133 ha of mostly sparse seagrass 110111 area. 

and indirect) on marine flora, including Success and Parmelia Ranks support a Parmelia Rank in a total area of 312 ha. Ctinulati\'e losses of seagrass from 
seagrass (for Success Bank, Parmelia patchy mosaic of shallow sand and I Jttk seagrass occurs in the area of West Cockhurn's Short-. Medium- and Long- 
Bank and West Success Bank) as a result seagrass habitats of varying species Success Bank that has been proposed for i'erm dredging (1995 to 2034) equal 
of the proposal. composition and cover. Meadows of dredging. 12.7% of the 1995 area . comprising 

Assessment of the I.ong-Terrn proposal in Amphibo/is gr:ffithii  and Posit/unit., I3iodiversity and ecological value will 13.1% of the 1995 area otflmjthiho/is 

its local context and against the present coriacea predominate on Success Bank, decline in areas where Amphi ho/is griJjit/zii, 10.6% loss of Posidonia 

condition and distribution of sc ici msscs in and Amphtho1i' yiJlithii and Posit./on,a c,uft:rhit and Posu/o,iia habitat is dicdcd s,,ii,osa/I' ausrial:s and IS S'/ loss of 
the region. sinuosalP. ausu-ahs on l'armeia Bank. but will increase where Ileterozostera mixed P. coriacea/H. tasmonica. 

Assessment of the value of seagrass as a There 	were 	large 	natural 	increases 	in tasinanica, and shallow sand are dredged. There will be no loss of species from the 

functional biological component of the seagrass 	area 	on 	Success 	Bank 	and Further improvements in mechanical Owen Anchorage area due to the proposed 
local and regional ecosystem. western Parnielia Bank between 1965 and transplantation rates are feasible. dredging, but localised changes (gains and 

Assessment ot cumulative impact 
1995. losses) in species composition and 

. . 	. 	. 	. 
(including Cockburn Sound) in terms of 

, 	 . 	. 
The ecology of seagrasses and their hiota ubundancc will occtii. 

loss of seagrass and habitat and/or has been studied in detail. I)redging between 1995 and 2034 will 

creation of new habitat. Modelling/GIS-hased methods have been cause a 2% loss of the overall ecological 

Assessment of thc signiicmncc 0!Sciiass 
developed for assessing hiodiversity value of the Owen Anchorage area in   

distribution on Success and Parmeha 
(species ol scaiass cpiphytcs 1995 	sshicli will still slichtly cxcu.cd thc 

Banks including West Success B ink in 
- 

i nvertebrates and hsh) and ecological estimated value of ecological value in 

terms of ecological function s'is-a- vis 
value, that perinit changcs dum. to dredging 

- 
1972 (bcloic (ockhurn commcncm.d 

seagrass occurrence and lunction in the 
to be quantified. operations in Owen Anchorage). 

surrounding areas of Cockburn Sound, Lcological value assessed using attributes The proportional importance of (54.3%) 

and the Garden Island and Rottnest (ecological functions) of habitat seagrass will remain within the range of 

Shelves, complexity, primary and secondary the last 35 years. 
production, and biogeochemical cycline. 

Assessment ol the leasihility and success In relative terms. Ainphibohs çr,Jfmthii has 
of seagrass transplantation. 

the greatest ecological value, lollowed in 
I)etail technical information generated order by Po.vidonia sin uoso./I'. oust ru/is. 
trom studies that form the LMP for the P. coriacea, deep sand. Ileterozostera 
medium and Short-Term dredging fasmanica, and shallow sand. 
proposals, such as the development of 
techniques fOr transplanting seagrasses. 

Proposed measures to mitigate impacts. 
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ENVIRONMENTAL 
ISSUES AND 

FACTORS 

Marine Fauna 

SUBSTRATE 

Banks 

EPA OBJECTIVES AND SCOPE OF 
WORK 

Baseline studies to identify existing fauna 
in the project area. 

Assessment of potential impacts (direct 
and indirect) on marine fauna (local and 
regional) as a result of the pro1eci. 

Proposed measures to manage impacts. 

Assessment of potential impacts (direct 
and indirect) on marine fauna and flora 
(local and reinonal) as a result of 
alteration of substrate by the protect. 

EXISTING EN VIRONMENT 

The overall ecological value of the ()wen 
Anchorage area has increased by 10% 
between 1972 and 1995, due to natural 
increases in seagrass area. 

Seagrasses have contributed between 
51.5-60.8% of the overall ecological 
value of the Owen Anchorage area in the 
last 35 years. 

Mechanical transplantation techniques for 
seagrass have been developed with 
E(X)SUB I, and large scale operations are 
now possible with ECOSUI3 It. Overall 
survival of transplanted sods is —70%, 
some of which are over three years old. 
Over 2.711 1112  of seagrass meadow at 
251h. cover has been planted. 

The invertebrates and fish of habitats on 
the Banks and in the owen Anchorage 
basin have been studied in detail. Fauna 
of Western Success Bank (near the reefs) 
less studicu. 

Widely differing species occur in various 
habitats. Invertebrates in deep sand not as 
diverse or abundant as in seagrass 
habitats, but more diverse and abundant 
than in hare shallow sand. Approximately 
equal in seagrass Heterozostera tasmanica 
and deep sand. l)iiforcnces less 
pronounced for fish, but lish particularly 
abundant and diverse in seagra.sses 
Posidonia sin uosa and Amphibolis. I ish 
very sparse in shaliow sand. 

POTENTIAL IMPACTS 

Each habitat has a distinct complement of 
species. Little between-habitat 
dependence has been observed. 
Therefore, impacts will be through 
changes in habitat. 

PREDICTED OUTCOME 

There was an estimated 19.7% loss in the 
ecological value of the Cockhurn 
Sound/Owen Anchorage area from the 
pre- 1970s to 1995, due to historical loss of 
seagrass in the Sound. Cockhurn's 
proposal will increase this to a 20.5% loss. 

The proposed dredging will result in a 
0.2% loss in the ecological value of 
nearshore coastal waters from Yanchep to 
Becher I'oint (including Rottnest Island). 

Mechanical seagrass transplantation has 
proven to he highly successful. 

Management measures include a Scagrass 
Management Plan, for the development of 
seagrass revegetation techniques that can 
achieve revegetation rates of a minimum 
of 1 ha/annum, and further investigations 
of biota on Western Success Bank. 

Changes incorporated into estimates of 
hiodiversity and ecological value 
described above in Marine Flora. 

Management measures include a Seagrass 
Management Plan (including ongoing 
seagrass revegetation trials), and further 
investigations of biota on Western 
Success Bank. 

Objectives: 

(i) 	Maintain the basis for ecological function, species abundance, diversity and geographic distribution of marine flora and fauna; 

(h) Maintain the diversity and relative proportions of substrates which occur in the area; and 

(iii) Encourage innovation in the development of practical technical solutions for the rehabilitation of the environment. 

See Marine Flora and Marine Fauna 	See Marine Flora above for impacts on See Marine flora above for impacts on 
above. 	 flora and fauna. 	 I flora and fauna. 
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ENVIRONMENTAL EPA OBJECTIVES AND SCOPE OF EXISTING ENVIRONMENT POTENTIAL IMPACTS PREDICTED OUTCOME 
ISSUES AND WORK 

FACTORS  

Detail technical information generated The Banks are approximately 7.000 years The 	minor changes 	in 	magnitude 	and Negligible changes in sediment transport 
from studies that Ibrm the [1-MP for the old and still growing. They are gradually direction 01' wave action expected 	with except in small, locahsed areas. Overall 
Medium and Short-Term dredging shallowing nearshore and in some places, proposed dredging may cause changes in stability of Banks not expected to decline. 
proposals, such as the evaluation of the offshore, due to sediment accumulation. sediment transport along the Banks. l)redge 	slopes 	have 	potential 	use 	for 
elk'cts of dredging on the stability of' Most sediment comes from offshore, with Dredge slopes stability not expected 	to seagrass transplantation. 
Success and I'armelia Banks. little contribution from calcareous biota in change. 
Proposed measures to manage impacts. seitgrasses. Relinement 	of 	hydrodynamic 	modelling 

and further monitoring needed to contirm 
Monitoring of existing dredge slopes lack of elThcts. and management measures 
shows they become stable in about three (e.g 	altered 	dredging 	configurations) 
years, with a maximum regression of undertaken as necessary. 
about 50 in occurring largely in the lirst 
year. 

Foreshore Detail wave modilication effects resulting Relatively low wave energy environment Minor changes in magnitude and direction Small changes in wave climate under most 
from dredging 01 shellsand on Success with energy dampened and wave direction of wave action, conditions: 	generally changes 	in 	wave 
Bank, Parmelia Bank and West Success modified by olishore reef system. Minor changes in patterns of erosion and height 	of <0.2 in, 	and 	modifications 	of 
Bank. Shoreline presently stable and aecreting deposition along shoreline of Owen mean direction 01' 5-2() degrees. 	Slightly 

Detail technical information generated due to onshore feed of sand from the Anchorage and Cockhurn Sound. larger 	changes 	in 	wave 	height 	during 

from studies that lörm the EMP for the Banks. Existing foreshore environment is severe storms with north-westerly winds. 

Medtum and Short-Term dredging highly modified by man-made structures Eight specilic areas in Owen Anchorage 
proposals, such as the evaluation of the such as groynes, jetties. etc. and Cockhurn Sound modelled. 	Little or 
eflëcts of dredging on wave climate, no 	change 	in 	longshore 	sediment 
coastal processes and coastal stability, movement and beach angle. 

Detail impacts expected from the altered Refinement 	of hydrodynamic 	modelling 
wave regime on sediment movement and further monitoring needed to confirm 
within Owen Anchorage and Cockhurn lack of effects. 	Beach renourishnient to 
Sound, present coastal processes of be employed if required. 
accretion and local recession. 

Proposed measures to manage impacts. 

Alternative Resource Detail current legislative alTangements Cement Works (Cockhurn Cement Production of up to 200.000 tonnes per Reject silica is inert waste. 	To be used to 
regarding access to shell.sand. Limited) Agreement Act 1986 provides annum of reject silica, rehabilitate existing limestone quarries. 

Detail results and progress of access to resource. 

beneliciation trials. Two methods - electrostatic and wet - 
Identify alternative sources of raw separation have been trialed. Both 

material for lime and cement production. methods work. Electrostatic process 

Proposed measures to manage impacts. 
selected by Cockhurn. 

 
Extensive surveys have fiuiled to find 
alternate sources. 

WATER Objective: 

Maintain or improve marine water and sediment quality consistent with Environmental Quality Objectives and Environmental Quality criteria defined in the Southern Metropolitan 
Coastal Waters Study (1996) and the drall WA Guidelines for Fresh and Marine Waters (EPA, 1993). 
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ENVIRONMENTAL I EPA OBJECTIVES AND SCOPE OF 	EXISTING ENVIRONMENT 	 POTENTIAL IMPACTS 	 PREDICTED OUTCOME 
ISSUES AND 	 WORK 
FACTORS 

Marine Water Quality I Assessment of dredging on: 

- 	Water quality. 

- 	Water clarity (turbidity) 

- 	Water circulation. 

- 	Consequent eliëcts on ecologicai 
processes within Owen Anchorage 
and Cockhurn Sound. 

Proposed measures to manage impacts.  

Water quality in Owen Anchorage at 
present is good. Turbidity increases 
naturally during storms. I .ocahsed 
increases in turbidity near Cockhurn's 
dredge and onshore washing plant, but of 
little ecological impact, evident in 
increased seagrass area since 1972.   

Circulation between Cockhurn Sound and 
Owen Anchorage is presently constrained 
by the 2-3 in sill depth of Parmelia Bank. 

No signilicant changes in water clarity or 
quality expected due to changes in wave 
climate. No change in current level of 
activity of dredge and onshore washing 
plant expected. 

The Seaway will produce it 101-k decrease 
in the sill and bank areas that are currently 
restricting exchange between Cockhurn 
Sound and Owen Anchorage. Circulation, 
exchange and mixing of water will 
increase. 

No significant impact on water quality and 
clarity. 

Minor changes in the patterns of 
circulation, exchange and mixing of water 
due to the Seaway, with a net positive 
benelit (5-10% improvement in overall 
flushing) to Cockhurn Sound. 

Monitoring required to conlirm no 
adverse elk'cts. 

INDUSTRIAL 	 Objectives 
PROCESSES 	 (I) Ensure that emissions meet acceptable standards and requirements of Section 51 of the Environmental Protection Act 196 (all reasonable and practicable measures are taken 

to minimise discharges): 

Ensure that greenhouse gas emissions, both individually and cumulatively, meet appropriate criteria and do not cause an environmental or human health problem: and 

Ensure that wastes are contained and isolated from ground and surface water surrounds and treatment or collection does not result in Long-Term impacts on the natural 
environment. 	 11 

Greenhouse Gases Cockhurn currently uses fuels, and The hencliciation plant will be the subject 	(2ockburn 	will 	continually 	improve 
electrical power. (202 is also generated ofa separate refi.rralto the EPA. 	 process to reduce energy requirements. 
from calcination. 

Wastes 

Detail sources and amounts of gases 
released or absorbea as it result of the 
proposal (including beneficiation 
processes). 

Detail sources and amounts of greenhouse 
gases released or absorbed as a result of 
the proposal (including beneliciation 
processes). 

Detail annual production rate over 
lifecycle of the project. 

Proposed measures to manage impacts. 

Detail disposal measures for solid and 
liquid waste material from beneticiation. 

Detail disposal measures for any 
wastewater disposal. 

Proposed measures to manage impacts. 

Total of 1.4 million tonnes CO2  produced 
annualiy. 

No beneliciation practiced. The beneliciation plant will be the subject 
of a separate referral to the EPA. 

Water to be recycled. 

Use of reject material to rehabilitate 
existing limestone quarries. 

SOCIAL 
	

Objectives: 

Ensure that the proposal complies with the requirements of the Aboriginal Heritage Act 1972: 

Ensure that changes to the biological and physical environment resulting from the project do not adversely atThct cultural associations with the area; and 

Maintain the quality of the broader area in relation to boating, fishing, swimming and coastal use. 
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ENVIRONMENTAL 
ISSUES AND 

EPA OBJECTIVES AND SCOPE OF 
WORK 

FACTORS  

EXISTING ENVIRONMENT POTENTIAL IMPACTS PREDICTED OUTCOME 

Aboriginal 	Culture Identify any Aboriginal cultural and Only one registered site exists in the area No adverse impacts on Aboriginal culture No adverse impacts. 
and Heritage heritage sites of significance through of the proposed beneficiation plant. Site and heritage are anticipated. 

archaeological and ethnographical surveys survey to be undertaken prior to 
of the project area and through construction to identify any unregistered 
consultation with local Aboriginal groups sites to which the Aboriginal Heritage Act 
and the l)epartrnent of Aboriginal Affairs, applies. 

Identify potential impacts on any 
identified sites. 

Proposed measures to manage impacts. 

Recreation Identify potential impacts on recreational The main use of the Owen Anchorage I .ittle potential impact on recreational No significant change expected. 
users of the area, area is shore-based recreation (especially users or fishers, both professional and Cockhuni to maintain its public 

Identify potential impacts on recreational at Woodman Point), and lishing and recreational. inlormation and community consultation 

and commercial fishermen, including diving on the Garden Island reel' chain, programme. 

impact on fish stock resources. Cockhurn Sound far more important for 

Proposed measures to manage impacts. 
lishing. 	l.ittle use ol Success and 

 
I armeha Banks, or Owen Anchorage 
basin. 

Comprehensive studies of fish have 
shown that seagrass meadows in the Owen 
Anchorage area are not important habitats 
for either the juveniles or adults of 
commercially and recreationally important 
ftsh species. 
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1. 	INTRODUCTION 

Li 	THIS DOCUMENT 

This document is an Environmental Review and Management Programme (ERMP) 
produced by Cockburn Cement Limited (Cockbumn) which relates to Cockburn's 
proposal to dredge shelisand from specific locations on Success and Parmelia Banks, 
Owen Anchorage, Western Australia (Figure 1 1). 
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Figure 1.1 Success and Parmelia Banks, Owen Anchorage 
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In addition, the ERMP: 

Provides a source of information from which interested individuals and groups 
may gain an understanding of the proposal, the need for the proposal, the 
environment which it would affect, the impacts that may occur and the 
measures to be taken by Cockburn to minimise these impacts; 

Provides a forum for public consultation and informed comment on the 
proposal; and 

Provides information for government and relevant government agencies. 

The ERMP has been produced such that it can be read as a fully independent 
document. By necessity it summarises a substantial base of technical and scientific 
information prepared largely by consultants to Cockburn, and which has been 
reported on separately. A list of these supporting documents is presented as 
Appendix 1. Copies of these documents are available for viewing at the DEP library 
and the offices of D.A. Lord & Associates (99 Broadway, Nedlands). 

The Synopsis and Executive Summary of this ERMP are also available for viewing 
electronically at the address http://www.cockburncement.com.au. 

1.2 	THE PROPONENT: COCKBURN CEMENT LIMITED 

This proposal has been submitted by Cockburn Cement Limited, a wholly owned 
subsidiary of the Australian publicly listed company Adelaide Brighton Limited 
(ABL). 

Cockburn manufactures cement and lime at its works in Munster, south of 
PerthlFremantle, Western Australia, and is the largest lime producer in Australia. 
Lime is an essential raw material for Western Australia's mineral processing 
industry, especially alumina and gold. Cockburn was established in Western 
Australia in 1955 and operates entirely within Western Australia. Cockburn directly 
employs about 380 people, has an annual turnover of approximately $ 180 million, 
and spends over $100 million per year locally on goods and services. 

Cockburn currently produces approximately 1.3 million tonnes of cement and lime 
each year. Calcium carbonate is the sole raw material for lime production and the 
main raw material used for the production of cement. Cockburn obtains this raw 
material from dredging sheilsand from Success and Parmelia Banks in Owen 
Anchorage, south-west of Fremantle, under the Cement Works Agreement Act, 
1971. Cockburn uses approximately two million tonnes of shellsand each year. 

1.2.1 Cockburn c contribution to Western Australia 

The importance of Cockburn's lime to the Western Australian economy is well 
recognised. Lime is essential to the mineral processing industry, particularly 
alumina, gold refining and mineral sands. Cockburn is the sole supplier of lime to 
the alumina industry, and is the single largest producer of lime in Australia. In 1998, 
these industries produced 37% of the State's $17.9 billion mineral and petroleum 
production, most of which earns export income. Cockburn produces 90% of the 
State's lime. The contribution of a reliable and economic supply of lime is of 
strategic and economic importance to the State. 
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13 	COCKBUR4'S LONG-TERM SHELLSAND DREDGING PROPOSAL 

1.3.1 State Agreement Act: previous and current dredging 

Cockburn commenced dredging sheilsand from Parmelia Bank in 1972, operating 
under the Cement Works (Cockburn Cement Limited) Agreement Act 1971. The 
Act gives Cockburn the right to extract shelisand within a radius of 5 miles (8 km) 
from a point on Coogee Beach ('the Agreement Area') (Figure 1.2) until the year 
2011, with rights of extension to 2021. The Act places the following obligation on 
the State: 

'if and when it should become impracticable for the Company to obtain 
shellsand pursuant to this clause, the State will use every endeavour to 
find other she//sand within a reasonably economic distance from the 
jetty, and if other shel/sand is not available, then other equivalent 
material. 
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Figure 1.2 Success and Parmelia Banks, Owen Anchorage - boundaries of Cement Works 
Agreement Act, and areas dredged 

The areas dredged by Cockburn since 1972 are shown in Figure 1.2, and include a 
site on Parmelia Bank that was dredged between 1972 and 1981, and the partially 
dredged second shipping channel through Success Bank, that was dredged between 
1981 and 1994. 

Since 1994, Cockburn has dredged shelisand from the areas termed the 'Short--Term.' 
dredging area, and the 'Medium-Term' dredging area (Figure 1.2), Cockburn is 
currently dredging in the 'Medium-Term' dredging area. 
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1.3.2 Long- Term she//sand dredging proposal 

The resources in the currently assessed portion of the State Agreement Act area will 
be depleted by mid-2002. Cockburn has worked with the State to conclude there are 
no known alternative resources to Success and Parmelia Banks available to 
Cockburn. 

Cockburn's proposal for Long-Term resource acquisition involves continuing 
sheilsand extraction from Success and Parmelia Banks. The proposal has two stages 
(see Figure 1.3 and Figure 1.4): 

Stage One 
Dredge a 1.5 km wide Seaway through Success and Parmelia Banks. 

Stage One will provide resources until approximately the end of 2014, and will 
require some beneficiation of shelisand; and 

Stage Two 
Dredge on West Success Bank largely outside of the existing State Agreement 
Act area in areas free of seagrass and at least 750 m from major reefs and 
islands. 

Stage Two will provide an estimated 20 years of resource, most of which will 
require beneficiation; in addition, Cockburn will need to replace its dredging 
fleet to handle swell conditions encountered in the area. 

The beneficiation plant would be constructed at the site of the existing Munster 
works, but this is subject to a future referral. 

The key characteristics for the Long-Term dredging proposal are shown in Table 1.1. 

Table 1.1 Key characteristics for the Long- Term dredging proposal 

ELEMENT 	 I CHARACTERISTICS 
Stage One: dredging of a Seaway through Success and Parmelia Banks, Owen Anchorage 
Duration of dredging Mid-2002 to the end of 2014 (12.5 years) 
Volume to be dredged —30.500,000 tonnes 
Area of disturbance The area to be dredged is 433 hectares. comprising 168.5 hectares of seagrass and 

264.5 hectares o1 unvegetated seabed. 
Dredging will occur lirst on Success Bank (121 ha, 35.2 hectare of which is 
seagrass), and then Parmelia Bank (312 ha. 133.3 hectares of which is seagrass) 
(see Figure 1.3). 

The final Seaway will be 1.5 km in width and a total of 3.3 km in length through 
Success Bank and 2.5 km in length through Parmelia Bank, incorporating the 
existing IPA shipping channel along its western edge. 	Water depth in dredged 
areas of the Banks will be increased from 5-8 m to approximately 15 m. 

Shellsand dredging rate Ranging from 1.9 million tonneslyear in 2003 to 2.7 million tonnes/year in 2014 
(based on Cockburn's forecast requirements) 

Stage Two: dredging on West Success Bank 
Duration of dredging 2015 10 2034 (20 years) 
Volume to be dredged —60.000,000 tonnes 
Area of disturbance Approximately 350 hectares on West Success Bank. 	Water depth in the dredged 

area will increase from 5-8 m to approximately 15 m. (see Figure 1.4). 
The dredging will occur in areas of no seagra.ss. and with a significant buffer from 
reefs and islands. 

Sheilsand dredging rate 2.7-3.0 million tonnes/ycar (based on Cockburn's forecast requirements) 

This proposal does not address the construction and operation of the beneficiation 
plant on Cockburn's Munster site, which will be the subject of a separate referral to 
the EPA. For information, key project characteristics for beneficiation are provided 
in Table 1.2. 
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Table 1.2 Key characteristics for the proposed beneficiation plant 

ELEMENT CHARACTERISTICS 

Solid waste materials Inert waste material (mainly silica sand and some calcium carbonate) will be 
generated during beneficiation, comprising 15-20% of the volume of sheilsand 
beneficiated. 

Maximum rate of waste material generation estimated as 440,000 tonnes per year 

Water supply: 

Source Water for the washplant comes from bores on Cockburn's Woodman Point 
property, and is extracted from, Osborne, Leederville and Yarragadee aquifers. 
At the Munster works, 	groundwater for manufacturing of cement and 
quicklime is extracted from the superficial aquifers. 

Maximum hourly - 600 m3/hour before beneficiation (in 2005), 720 m3/hour (i.e. 20% more) 
requirement when beneficiation commences. 

Maximum annual -5 million ft/year before beneficiation (in 2005), -6 million kL/year (i.e. 20% 
requirement more) when beneficiation commences. 

Fuel storage capacity Fuel storage capacity at Woodman Point wash plant is 55,000 litres. 	Dredge and 
and quantity used barges will use approximately -800,000 litres per year before beneficiation, and 

960,000 litres/year (i.e. 20% more) once additional dredging (often at greater 
distances from the wash plant) is required for beneficiation. 

CO2  emissions Increase of approximately 10,000 tonnes per year in CO2  emissions from current 
1.4 million tonnes per year. 

Solid waste material Maximum rate of waste material generation from beneficiation process estimated 
as 500,000 tonnes per year 

1.4 	DREDGING MANAGEMENT: 1972-PRESENT 

1.4.1 Background to 1994 

Cockbum commenced dredging on Parmelia Bank in 1972 under the Cement Works 
Agreement Act. Cockburn's dredging operation moved to Success Bank in 1982 for 
reasons of shelisand quality. 

By 1993, the results of investigations that had been undertaken into the effects of 
dredging on wave climate and seagrasses showed that: 

Natural seagrass re-colonisation on the surfaces of banks, as well as on slopes 
and floors of previously dredged areas; 

Some success with seagrass transplanting trials; and 

Evidence that the slopes and banks adjacent to dredged areas stabilise within 
3 years with finite regression of the adjacent bank and seagrass meadow of up 
to a maximum of 50 in. 

1.4.2 The 1994 Consultative Environmental Review for Short-Term access to 
Success Bank 

In late 1993, Cockburn ascertained that it only had access to resources until August 
1994 at current dredging rates. This, together with the findings of other studies and 
the Company's need for Long-Term resource security, led Cockburn to prepare a 
Consultative Environmental Review (CER) addressing its proposed resource access 
requirements for the next two years (to approximately September 1996) termed the 
Short-Term area, to be followed by an ERMP for a Long-Term (15 year) dredging 
strategy. 

The EPA's report on the Short-Term proposal was issued in May 1994 (EPA 1994, 
Bulletin 739). The EPA Bulletin was subsequently held to be invalid by the Supreme 
Court of Western Australia. The Short-Term plan led to the preparation of an 
Environmental Management Programme (EMP) to incorporate details on the 
following: 
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Proposed studies to determine the feasibility of rehabilitating seagrass; 

Proposed studies to determine the ecological significance of seagrass in Owen 
Anchorage and its surrounds; 

Investigations into the technical and economic feasibility of beneficiation; 

Investigations to identify alternative lime resources to those of Success Bank; 

Studies to determine the implications of Short-Term and Medium-Term 
dredging on the wave climate of the area, and on shoreline stability; 

A dredging plan detailing Cockburn's proposed resource requirements and 
dredging strategy for the Medium-Term; and 

Fulfillment of the commitments made in the CER and in response to issues 
raised in submissions. 

The principal components that were addressed by the EMP are shown in Figure 1.5. 

Figure 1.5 j'Iain components of sheilsand dredging EMP 

As part of the process to gain Long-Term access to the shelisand resource, Cockburn 
was required to demonstrate that: 

"seagrass can be successfully rehabilitated, or that its removal through 
dredging would have acceptable ecological and wave climate 
consequences." 

(Ministerial Condition 6-2, Minister for Environment, August 1994). 

This requirement was subsequently re-interpreted in 1995, with the criterion for 
acceptable impacts from dredging operations being, "that due to Cockburn's 
shellsand dredging operations on Success Bank in Owen Anchorage, there be no net 
loss of present ecological and cultural function in the Cockburn SoundlOwen 
Anchorage area." (Supplement to EMP, and referenced in EPA Bulletin 901, August 
1998). 
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Cockburn also undertook to submit its Long-Term proposal not less than 15 months 
before depletion of its Medium-Term resource. The Medium-Term resource is 
expected to last until mid-2002 and 15 months prior to its depletion is approximately 
March 2001. 

The EMP was developed with wide consultation as well as international peer review, 
and submitted to government in February 1995. It was called the 'Shelisand 
Dredging Environmental Management Programme', and is known as 'the EMP'. 

A further report by the EPA on the Short-Term proposal was provided in November 
1996 (EPA 1996, Bulletin 833). By this time, Cockburn had produced a CER for 
access to the Medium-Term resource. The EPA's report on this proposal was 
provided in August 1998 (EPA 1998a, Bulletin 901). The Medium-Term proposal 
provided for: 

Implementation of all of the programmes of scientific and technical 
investigation as outlined in the Sheilsand Dredging EMP (Cockburn, 1995a) 
and its Supplement (Cockburn, 1995b); 

Implementation of a detailed audit programme developed for the project; 

Submission of Cockburn's Long-Term plan at least 15 months prior to the 
expected depletion of the Medium-Term resource; 

Implementation of a dredging programme that prioritises dredging areas, 
gaining access to areas of lower seagrass cover first; and 

Preparation and implementation of an Environmental Management System 
(EMS); and 

Use of seagrass in the area to be dredged for transplanting trials, consistent 
with the commitments and research programmes listed in the EMP. 

1.4.3 Present situation 

The remaining resources in the Short- and Medium-Term areas should meet 
Cockburn's requirements until mid-2002. On the basis of these estimates, Cockburn 
will complete the documentation and environmental review of its Long-Term plans 
by March 2001 at the latest. Long-Term is considered to be a period of 20 years or 
more. 

Cockburn considers that more than 15 months will be needed to review fully its 
Long-Term proposal, and then to finalise its detailed dredging plan. 

1.5 	INFORMATION USED IN DEVELOPMENT OF THIS ERMP 

The large bulk of the information presented in this ERMP was gathered as part of 
Cockburn's Shelisand Dredging EMP. 

The specific objectives of the EMP were: 

To provide sufficient technical information to the EPA to evaluate the 
environmental acceptability of Cockburn's proposed Long-Term dredging 
plan; and 

Where possible, to use the information gained from the studies in the EMP to 
minimise the adverse environmental effects arising Out of the Short- and 
Medium-Term dredging operations. 

8 	 WNG-TERM SIIE!.LSAND DREDG/NG: ERMP 



The details of the EMP were developed based on the understanding in 1994 of what 
were believed to be the important features of, and natural processes occurring in 
Owen Anchorage; to enable a reliable estimate to be made of those characteristics 
required to maintain the ecological function of the area. As the EMP progressed, this 
understanding changed, and the study design was modified accordingly. 

The knowledge gathered and reported on during the EMP now represents the most 
authoritative body of information on Perth's open coastal systems, especially those 
that support seagrasses. A full listing of major reports and publications resulting 
from the EMP is provided in Appendix I. 

The EMP was developed and managed using a steering committee, with information 
exchange occurring regularly during informal workshops as well as a series of open 
public symposia and meetings. All of the components of the EMP have been 
subjected to international peer review, while the entire EMP was reviewed by a 
selected International Peer Review Group (IPRG) on three occasions during its 
implementation. All reports from the IPRG have been provided to the EPA and the 
DEP, and are available for public review. Finally, an Environmental Management 
Advisory Board (EMAB) was established to advise Cockburn on the direction and 
progress of the EMP, whose members included three independent scientific advisers 
that played a pivotal role. Annual reports produced by Cockburn also required prior 
endorsement by the three independent members of EMAB, namely: 

Mr Noel Fitzpatrick. Former Director of the WA Department of Agriculture, 
and Chairman of the Murray Darling Basin Commission. Mr Fitzpatrick was 
nominated to EMAB by the Australian Academy of Technology Sciences and 
Engineering. 
Professor Arthur McComb. Emeritus Professor, Environmental Sciences, 
Murdoch University. Professor McComb has conducted extensive research on 
the biology of seagrasses. He has served as Chair of the National Parks and 
Nature Conservation Agency of Western Australia. He is also currently the 
Chairman of the Centre for Organic Waste Management, Division of Science 
& Engineering, Murdoch University. 

Professor Emeritus Des O'Connor. Professor O'Connor has consulted 
widely in environmental matters. He is a former Professor of Environmental 
Sciences, Murdoch University. He served on the Environmental Protection 
Authority from 1981 to 1984 and is a former Deputy Chairman of the EPA. 

Details on the structure and management of the EMP, as well as major participants in 
the EMP, are provided in Figure 1.6 and Appendix 2. 
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COCKBURN CEMENT LIMITED 

DREDGING PLAN 

Coctiburn Cement Limedd 
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Dr. Marion Cambridge, Holland 

Prof. Doug Foster, Australia 
Prof. Alistar Gilmour. Australia 
Prof. Robert Orth, USA 
Prof. Alex Meir.esz, France 
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MANAGEMENT 

ADVISORY BOARD 

'Mr Don McDcnald IChairmanl 
'Mr Marfin Brydor (Ccckburn) 
'Mr To-ry DoDbs )Ccclthurn) 

Dr. Des Lord )Pro)ect Manager) 
Independent Advisors 
.Mr Noel Fitzpatrick 
'Prof. Arthur McComb 

Prof. Des O'Connor 

STUDIES 
PROJECT MANAGER 

Dr. Des Lord 
D.A. Lord & Associates Ply Ltd 

TECHNICAL ADVISORY GROUP (TAG) 

Represe'rtat yes from at; of he separate studies, plus representatives from appropriate Slate Departments, 
including DEP. DME, DAD. FPA and WA Fsheries 

COASTAL PROCESSES 
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Coastal I Beach Stability 
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M.P. Rogers & Associates Ply Ltd 
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Ocean Industries 
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B. Halligan & Associates 
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Snowden 
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Figure 1.6 Management structure for implementation of the EMP 

The purpose of this ERMP is to enable Cockburn to gain access to dredge shelisand 
from Success and Parmelia Banks, until approximately the year 2014. Subsequently 
dredging will occur on West Success Bank. The EPA has provided detailed 
guidelines on issues to be addressed in the ERMP (see Appendix 3). In these 
guidelines the main Environmental Factors that are relevant to this proposal are 
identified, as are the associated issues, as well as the 'scope of work' or information 
required of this ERMP. The ERMP has not been structured to address each of these 
in turn; however, each component of these guidelines is addressed in the ERMP. 

Table 1.3 provides details on these Environmental Factors, Environmental Issues and 
Scope of Work required of the ERMP, and identifies the most relevant sections in the 
ERMP where these are addressed. 
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Table 1.3 EPA Objectives for the (ockburn ERiiP and the sections where these objectives are discussed 

ENVIRONMENTAL EPA OBJECTIVES AND SCOPE OF WORK SECTION DISCUSSED 
ISSUES AND FACTORS  

MARINE PROCESSES Maintain the processes that support and sustain the biological diversity of the local area and region. 
l)emonstrate_  that 	 not he_compromised_by_this_proposal.  _hiodiversity_will 

BIOLOGICAL (i) 	Maintain the ecological function, abundance. species diversity and geographic distribution of marine flora and fauna: and 
DIVERSITY (iv) Encourage innovation in the development and implementation of practical technical solutions for the rehabilitation of the 

environment. 

Marine Flora Map and describe seagrass on Success and I'armelia Banks. including West Success Bank. Sections 3.2.3 (seagrass mapping). 3.2.4 

Assessment of potential impacts (direct and indirect) on marine flora, including seagrass (for Success Bank, Parmelia Bank and (hiodiversity). 3.2.5 (aquatic plants) and 

West Success Bank) as a result of the proposal. 3.4(measurement of ecological 

Assessment of the Long-Term proposal in its local context and against the present condition and distribution of seagrasses in the 
Section 4.4 (predicted eBects). 

region. 
. Section .4.5 (miugation. including 

i 	 of Assessment of cumulative impact (including Cockhurn Sound) n terms 01 loss of seagrass and habitat andlor creation of new seagrass revegetation) 
habitat. Sections 5.3.3 and 5.3.6 (management) 
Assessment of the value of seagrass as a fonctional biological component of the local and regional ecosystem. 

Assessment of the signilicance of seagrass distribution on Success and Parnielia Banks, including West Success Bank. in terms of 
ecological function vis-à-vis seagrass occurrence and function in the surrounding areas of Cockhurn Sound, and the Garden Island 
and Rottncst Shelves. 

Assessment of the feasibility and success of seagrass transplantation. 

l)etail technical information generated from studies that loon the EMP for the medium and Short-Term dredging proposals, such 
as the development of techniques for transplanting seagrasses. 

Proposed measures to mitigate impacts. 

Marine Fauna Baseline studies to identify existing fauna in the pro ect area. Sections 3.2.4 (hiodiversity), 3.2.6 

Assessment of potential impacts (direct and indirect) on marine fauna (local and regional) as a result of the project. (invertehiiites) 3.2.7 (fish), 3.2.8 (food 
- web structure) and 3.4 (ecological 

i Proposed measures to manage impacts. significance). 	 - 
Section 4.4 (predicted eliècts) 
Sections 5.3.3 and 5.3.6 (management) 

SUBSTRATE Maintain the basis for ecological function, species abundance, diversity and geographic distribution of marine flora and fauna: 

Maintain the diversity and relative proportions of substrates which occur in the area: and 

(iv) Encourage innovation in the development of practical technical solutions for the rehabilitation of the environment. 

Banks A.ssessment of potential impacts (direct and indirect) on marine fauna and flora (local and regional) as a result of alteration of See Marine Flora above. 
substrate by the pro(ect. Sections 3.1.3. 3.1.4 and 3.1.6 (existing 

l)etail technical information generated from studies that form the EMP for the medium and Short-Term dredging proposals, such environment) 

as the evaluation of the effects of dredging on the stability of Success and Parmelia Banks. Section 4.2 (predicted effects 

Proposed measures to manage impacts. Section 5.3.4 (management) 

Foreshore l)etail wave modthcation elThcts resulting from dredging of shellsand on Success Bank, Parmelia Bank and West Success Bank. Section 3.1.6 (existing environment) 

l)etail technical information generated from studies that form the EMI' for the medium and Short-Term dredging proposals. such Section 4.2 (predicted ellicts) 

as the evaluation of the elThcts of dredging on wave climate, coastal processes and coastal stability. Section 5.3.4 (management) 
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ENVIRONMENTAL EPA OBJECTIVES AND SCOPE OF WORK SECTION DISCUSSED 
ISSUES AND FACTORS 

l)etail impacts expected from the altered wave regime on sediment movement within Owen Anchorage and Cockhurn Sound, 
present coastal processes of accretion and local recession. 

Proposed measures to manage impacts. 

Alternative Resource l)etail current legislative arrangements regarding access to sheilsand. Section 1.3.1 (legislation) 
I)etail results and progress of beneliciation trials. Section 2.9 (beneliciation) 
Identify alternative sources of raw material for lime and cement production. Section 2.6 (alternative resources) 
Proposed measures to manage impacts. Section 5.3.5 (management) 

WATER Maintain or improve marine water and sediment quality consistent with Environmental Quality Objectives and Environmental 
Quality criteria defined in the Southern Metropolitan Coastal Waters Study(l996) and the draft WA Guidelines for Fresh and 
Marine Waters (EPA. 1993).  

Marine Water Quality A.s.sessment of dredging on: Section 3. 1.4 (existing environment) - 	Water quality. Sections 4.3 and 4.6 (impacts) - 	Water clarity (turbidity). Section 5.3.4 (management) 
- 	Water circulation. 

- 	Consequent elThcts on ecological processes within Owen Anchorage and Cockhurn Sound. 
- 	Proposed measures to_  manage _impacts.  

INDUSTRIAL Ensure that emissions meet acceptable standards and requirements ot Section 51 of the Environmental Protection Act 1986 
PROCESSES (all reasonable and practicable measures are taken to minimise discharges); 

Ensure that greenhouse gas emissions, both individually and cumulatively, meet appropriate criteria and do not cause an 
environmental or human health problem; and 

(v) Ensure that wastes are contained and isolated from ground and surface water surrounds and treatment or collection does not 
result in Long-Term impacts on the natural environment. 

Greenhouse Gases l)etail sources and amounts of gases released or absorbed as a result of the proposal (including beneficiation processes). Section 2.9.3 (sources) 
l)etail sources and amounts of greenhouse gases released or absorbed as a result of the proposal (including beneliciation Section 4.5.3 (impacts) 
processes). Section 5.3.5 (management) 
l)etail annual production rate over lifecycle of the project. 
Proposed measures to manage impacts.  

Wastes l)etail disposal measures for solid and liquid waste material from beneficiation. Section 2.9.3 (sources) 
l)etail disposal measures for any wastewater disposal. Section 4.5.2 (impacts) 
Proposed measures to manage impacts. Section 5.3.5 (management) 

SOCIAL Ensure that the proposal complies with the requirements of the Aboriginal Heritage Act 1972; 
Ensure that changes to the biological and physical environment resulting from the project do not adversely affect cultural 
associations with the area; and 
Maintain the quality of the broader area in relation to boating, lishing, swimming and coastal use. 

Aboriginal Culture and Identify any Aboriginal cultural and heritage sites of signiticance through archaeological and ethnographical surveys of the project Sections 3.3.5 and 4.10 
Heritage area and through consultation with local Aboriginal groups and the l)epartment of Aboriginal Affairs. 

Identify potential impacts on any identified sites. 
Proposed measures to manage impacts.  

Recreation Identify potential impacts on recreational users of the area. Sections 3.3.2 and 4.4.2 (recreation) 
Identify potential impacts on recreational and commercial fishermen, including impact on fish stock resources. Section 3.3.3 and 4.7 (commercial! 
Proposed measures to manage impacts. recreational lishing) 

Section 5.3.8 (management) 
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2. 	COCKBURN9S RESOURCE REQUIREMENTS AND LONG. 
TERM DREDGING PROPOSAL  

2.1 	INTRODUCTION 

Cockburn commenced dredging shellsand from Parmelia Bank in 1972, operating 
under the Cement Works (Cockburn Cement Limited) Agreement Act 1971. In 1981 
dredging was moved to the proposed second shipping channel through Success Bank 
for reasons of resource quality. 

The Act gives Cockburn the right to extract shellsand within a radius of five miles (8 
km) from a point on Coogee beach ('the Agreement Area') (Figure 1.2) until the year 
2011, with rights of extension to 2021. The Act places the following obligation on 
the State: 

"If and when it should become impracticable fOr the Company to obtain 
shellsand pursuant to this clause, the State will use every endeavour to 
find other shellsand within a reasonably economic distance from the 
jetty, and if other shellsand is not available, then other equivalent 
material." 

21 	RAW MATERIAL 

Cockburn currently produces approximately 1.3 million tonnes of quicklime and 
cement annually. The basic raw material for both of these products is calcium 
carbonate which is found either loose as part of marine sand called shellsand, or in 
unconsolidated sand on land called limesand, or consolidated in limestone rock. 
Cockburn currently obtains the bulk of its resource from shellsand dredged from 
Success Bank, Owen Anchorage and, in 1999, used approximately two million 
tonnes of these raw materials to meet product demands. 

23 	SHELLSAND DREDGING 

2.3.1 Dredging operations 

Cockburn owns and maintains a fleet of three barges and a dredge for its shellsand 
operation. Both sea and shore based facilities have been developed specifically for 
the shellsand of Success and Parmelia Banks. 

Cockburn's dredge 'Success', a water-jet suction dredge (Figure 2.1) recovers 
shellsand at the rate of 800 tonnes per hour in water depths varying from 5 to 16 m 
(Figure 2.2). It can operate 12 hours a day, 365 days a year, subject only to sea 
conditions and major maintenance requirements. 

The dredged shellsand is transferred from the dredging site via three split hopper 
bottom opening barges (Figure 2.3) which travel to Cockburn's jetty at Woodman 
Point and discharge their load on the seabed alongside. 

Reclaiming, washing and pumping 

The shellsand is reclaimed from the stockpile around the jetty by a suction nozzle 
mounted on the jetty. It is then pumped ashore to the nearby wash plant where it is 
washed, using artesian water from the Company's bores. The washed shellsand is 
pumped 7 km through two pipelines to the main works at Munster. The shellsand is 
kept in stockpiles prior to direct feed into the kilns (Figure 24). 
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Figure 2.2 Loading barges 
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The only material returned to the sea from the washing plant is wash water with fine 
sediments in suspension, which is discharged into the sea near the end of the jetty. In 
addition, reclaimed water from below the shellsand stockpile at the main works is 
returned to the wash plant for reuse to ensure no increase in salt content of 
groundwater at the main works. 

2.4 	REQUIREMENTS FOR QUALITY OF RESOURCE 

The process of converting shellsand (or any other calcium carbonate source) to lime 
(which is calcium oxide) is called calcining. It involves heating calcium carbonate to 
a temperature of around 1,000°C to remove carbon dioxide and produce calcium 
oxide, as shown in the equation below: 

CaCO3  + heat - CaO + CO2  

For each 1,000 kg (or tonne) of calcium carbonate used as raw material, 560 kg of 
calcium oxide is formed, and 440 kg of CO2  is produced. In 1999, Cockburn used 
approximately 1.4 million tonnes of shellsand for lime production. 

The effective production of lime is based on three main quality characteristics being 
met. These are: 

Grade of resource; 

Particle size distribution of resource; and 

Physical integrity of resource. 

Grade 

Shellsand (or any other source of calcium carbonate) seldom occurs completely pure. 
The quality or purity of shellsand is referred to as grade. On Success Bank, much of 
the shellsand is of grade 92% or better as total carbonates (expressed as calcium 
carbonate), with grade in some areas falling as low as 80%. The major impurity in 
shellsand is silica sand, which at best is unaffected during the calcining process and, 
depending upon conditions, may react to form an unwanted by-product called 
calcium silicate during the calcining process. 

Lime (or calcium oxide) is mostly sold according to its active calcium oxide content, 
measured according to the Available Lime Index. The final Available Lime content 
that is obtained from shellsand is therefore a function of shellsand grade, nature of 
impurities, kiln type and kiln operation including heating characteristics and fuel 
type used. 

Experience from Cockburn's production process indicates that a shellsand of grade 
92% will result in almost 77% Available Lime, whereas a shellsand of grade 89% 
will yield only 70% Available Lime. Even 77% Available Lime is considered low 
grade by world standards. Universally, customers desire the highest cost effective 
Available Lime content because it is the chemical activity of quicklime that is 
purchased. Additionally, a relatively high reactivity, not achievable with lower 
shellsand grades, is required by a number of customers. All other components in 
quicklime can therefore be regarded as contaminants, incurring additional transport 
costs and, in some cases, a requirement for the removal of impurities from individual 
processes. 

To satisfy requirements in a market that is becoming increasingly demanding, the 
manufacture of quicklime requires a source of shellsand or limestone that is at least 
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92% total carbonate. Within the region prescribed by the Agreement Act, sheilsand 
of this quality occurs principally on Success Bank. Even then, quality is variable. 
Sheilsand with lower carbonate content, and therefore higher silica content, is more 
widely spread throughout the coastal area. Limestone with a wide range of grade is 
found on land but grades above 85% are rare within 85 km of Perth. 

Material averaging 78% carbonate is suitable for grey cement manufacture and 
Cockburn has limestone deposits in or near the metropolitan area sufficient for its 
needs for the next 20-40 years. For cement manufacture, Cockburn also uses a 
proportion of shelisand which, being of higher grade than the limestone, permits the 
use of lower grades of limestone and hence extends the effective tonnage and life of 
the limestone reServes. 

Particle size distribution 

The particle size distribution required of the resource is influenced by the kiln 
process. Cockburn's major lime kilns use a gas suspension preheat process which 
requires a particle size within the range of 0.15 mm to 3 mm. Particles finer than 
0.15 mm may be lost from the furnace during calcining, while particles larger than 
3 mm may not remain suspended in the gases. 

Physical integrity 

Physical integrity of the resource is the third main requirement for resource quality. 
This means that the lime produced should retain its granular properties, and not 
disintegrate into dust during handling before or after passage through the kiln. This 
process of disintegration of lime is termed 'decrepitation'. 

Shelisand and limesands generally are of suitable particle size and physical integrity 
for calcining in gas suspension kilns. Limestone neither occurs naturally at this size 
range nor is it easy to grind and size to this range. The grinding of limestone 
produces a substantial amount of fines (less than 0. 15 mm) during the grinding. In 
addition, grinding can introduce stress fractures in the particles, which promotes 
decrepitation after calcining. 

Cockburn's kilns have been specifically designed to use sheilsand. 

25 	FORECASTS OF RESOURCE REQUIREMENTS 

Cockburn operates six kilns for the manufacture of cement and/or lime at its plant in 
Munster. The sixth kiln was commissioned in 1996. It is used only for lime 
production and replaced lime production of three smaller kilns which were originally 
designed for the production of clinker used in cement production. These kilns were 
returned to clinker production, reducing the need for Cockburn to regularly import 
part of its clinker requirements from interstate or overseas as had been necessary 
since 1990. 

In late 1998, Cockburn completed construction of a kiln to produce lime in Dongara. 
This kiln uses limesand available from unconsolidated sand dunes, and has a 
maximum capacity of 100,000 tonnes per annum of lime. Lime produced in Dongara 
is used to supply the mineral sands industry in Geraldton, and the gold industry in the 
Murchison. The development of the Dongara facility has reduced the requirement 
for the transport of lime from Munster to this area, and has also proportionately 
reduced the demand for shellsand from the Success Bank region. 
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Cockburn has produced a forecast for shelisand requirements for its Munster plant 
for the period 2001-2021, which is the termination of the State Agreement Act. 
These details are shown in Table 2.1 below: 

Table 2.1 She//sand requirements: 2000-2021 

YEAR CEMENT GRADE SAND 
(thousand tonnes) 

LIME GRADE SAND 
(thousand tonnes) 

TOTAL 

(thousand tonnes) 

2000 454 1350 1804 

2001 474 1418 1892 

2002 474 1467 1941 

2003 474 1496 1970 

2004 474 1537 2011 
2005 474 1750 2224 

2006 474 1982 2456 
2007 474 2018 2492 

2008 474 2057 2531 

2009 462 2115 2577 

2010 442 2158 2600 

2011 420 2207 2627 

2012 395 2261 2656 

2013 370 2315 2685 

2014 349 2362 2711 

2015 328 2408 2736 

2016 305 2457 2762 

2017 213 2506 2789 

2018 260 2556 2816 
2019 237 2606 2843 
2020 213 2659 2872 
2021 188 2713 2901 

TOTAL 8498 46398 54896 

2.6 	EVALUATION OF OPTIONS FOR OBTAINING REQUIRED RESOURCE 

Over the last ten years and more intensively over the last five years, Cockburn has 
investigated both land-based and marine alternatives for its resource requirements for 
the Long-Term. 

2.6.1 Terrestrial resources 

Terrestrial resources—metropolitan region 

The matter of other 'terrestrial deposits of limestone or limesand suitable for 
replacing Owen Anchorage shellsand for the manufacture of quicklime' was 
investigated by the Department of State Development in January 1991 and a file note 
and report were prepared on this topic on 14 February 1991 (Department of State 
Development, 1991). The report concluded that there are no available terrestrial 
deposits of limestone or limesand in the metropolitan region that could be considered 
as an equivalent material to shelisand dredged from Success Bank. 

A subsequent review by Cockburn (Halligan, 1996) has confirmed the low potential 
for alternative resources near metropolitan Perth. 

Limestone or limesand from other locations 

There are deposits of limesand of suitable quality in the Dongara region of Western 
Australia, and more distant locations in the State and overseas. The only proven 
resources of suitable grade that could be considered as an alternative to Success Bank 
material is limesand from the Dongara region. This would involve transporting 

18 	 LONG-TERM S!IELLSAND DREDG!N(;: ERMP 



approximately 2-3 million tonnes of material annually by road from Dongara and 
through the Perth metropolitan area. This would be at an estimated additional cost in 
excess of $40 million per annum. Such an option would require either some 240 
truck movements (i.e. one passing every 10 minutes throughout the day and night), 
each of 40 tonne capacity, between Dongara and the plant site every day of the year, 
or some nine train movements, each of 1,000 tonne capacity, per day. This option 
has been rejected by Cockburn because of the cost, the environmental impact of the 
transport task and the short lifetime of Cockburn's Dongara reserves if these 
quantities of grade greater than 92% are selectively mined. 

More recently, a comprehensive review of limestone and limesand resources of 
Western Australia was undertaken by the Geological Survey of Western Australia 
and published in Western Australia (Abeysinghe, 1998). This detailed report drew a 
number of conclusions (confirming many previous views), which are: 

Other than in Cockburn Sound (including Owen Anchorage) there are no 
identified resources of high quality carbonates in or near Perth. There are 
deposits of sheilsand on Garden Island, with an estimated 8.8-12.2 million 
tonnes of high grade material (defined as less than 5% 5i02), and 15.7-21.8 
million tonnes lower grade. Grade within deposits is variable. Any future 
access to this resource will need to address both environmental as well as 
security issues, and it is unlikely that these resources will be exploited; 

Along the west coast, limesands at Dongara provide one identified source of 
suitable quality resource for lime production. Cockburn currently operates a 
lime kiln in the area using this resource. In 1997, Westlime (WA) Limited also 
commissioned a lime kiln using this resource; 
Some high quality limestone deposits have been found in the Dampier 
Archipelago. Conservation issues will strongly influence exploitation; 

The Cape Range has substantial deposits of high grade limestone. Exploitation 
will be heavily influenced by conservation issues and transport costs; and 

Lime is produced in the Goldfields area using limestone quarried 400 km east 
of Kalgoorlie at Loongana. Further development of this resource is limited to 
industrial expansion in the Goldfields area; transportation costs limiting use 
further afield. 

State lime strategy 

The development of a lime strategy for Western Australia was commenced through 
the auspices of the Department of Resources Development (DRD) in 1998. The 
stated objective of this endeavour is to develop a strategy that would allow for the 
extraction of lime and limestone in Western Australia for the next 50 years that 
would meet legislative, conservation and commercial requirements. 

The Western Australia State Lime Strategy is now in its final draft form (November 
2000) and is being reviewed. Indications are that this strategy will conclude that the 
sheilsands of Success and Parmelia Banks are the only resources of sufficient quality 
and quantity available to Cockburn that are feasible to be mined on a commercial 
basis. 
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2.6.2 Marine deposits 

Marine deposits, excluding Success and Parmelia Banks 

An examination of the potential for the presence of significant shellsand off the west 
coast of Western Australia was undertaken (DAL, 1999) based on the understanding 
of the formation of Success and Parmelia Banks as recent deposits in the lee of 
offshore reefs and islands. 

Shallow coastal waters (up to 20 m depth) were examined between Mandurah and 
Geraldton. Using a combination of satellite images, aerial photography, known 
bathymetric contours, and habitat maps (enabling sand, seagrass and reef to be 
identified), a total of 19 separate sands deposits were identified. These are shown in 
Figure 2.5, which also lists the estimated volumes of sand in each deposit, in 
comparison to the volumes of sand found in Success and Parmelia Banks. 

It was concluded that similar deposits to Success and Parmelia Banks in volume (and 
possibly grade) do not exist in shallow water along the Western Australia coast 
between Augusta and Geraldton. Further, any access to these small deposits would 
be complicated due to: 

Very close proximity to shore; 

Presence of seagrass, intense commercial fisheries, and recreation activities in 
these areas; and 

Likely shoreline erosion/modification. 

2.6.3 Conclusions 
The analysis of the availability of alternative resources to meet Cockburn's 
requirements for raw materials for the next 20 years or more has concluded that there 
are no known resources of calcium carbonate available to Cockburn that could be 
accessed commercially, outside of Success and Parmelia Banks. 

2.6.4 Relocation of Cockburn's South Coogee plant 

Possible relocation of Cockburn's South Coogee time plant was briefly considered. 
Capital costs for this have been estimated to be in excess of $500 million. In 
addition, the bulk of the lime produced would have to be transported back to Perth 
and areas south of Perth, to major customers. Consequently, this option has been 
rejected on commercial, environmental and practical grounds. 

2.7 	SHELLSAND RESOURCES OF SUCCESS AND PARMELIA BANKS 

2.7.1 Estimate of total resources 

Cockburn currently has a State Agreement Act for the removal of sheilsand from 
Success and Parmelia Banks (see Section 1.3). In addition, Cockburn currently 
retains a series of Exploration Licence Areas (ELs) outside of the State Agreement 
Act area. These are shown in Figure 2.6. 
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Figure 2.6 Cockburn s Exploration Licence boundaries and locations of exploration drilling 

To determine the resources available in these areas, Cockburn has supported a 
number of programmes of drilling and sampling of shelisand resources since 1972, 
with the most extensive drilling programmes taking place in the early 1970s   and 
again in 1998 and in 2000 (see Figure 2.6). Initial drilling used several methods, 
including diver operated underwater drilling rigs, and underwater drilling rigs using 
wash boring techniques resulting in loss of tines. These techniques allow for the 
collection of samples approximately each 1.5 indown the core. In 1998 and 2000, 
all samples were collected using the Vibracore drilling system, which provides a 
continuous and undisturbed sample. Vibracore sampling can be limited by the depth 
of penetration of the sampler which in 1998 was a maximum of about 6.5 in.
Drilling techniques used in 2000 were modified to give a Vibracore sample through 
the full depth of the resource (which could be 10 in) and into the basement clay 
material. The spacing of drill holes throughout the area varies from as close as 50 in
to up to 500 m. 

Other than for the original drilling in the 1970s drilling results are presented in the 
form of a detailed drill logs, as well as assays of chemical composition. All of the 
drilling details are contained within the Geographic Information System (GIS) 
established as part of the EMP. 

The year 2000 drilling programme was completed in June 2000 and concentrated on 
Success and Parmelia Banks just east of the FPA shipping channel, as well as in 
EL E70/1247 (refer Figure 2.6). 
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A wire frame model of the sheilsand resource has been prepared using all of the 
drilling data up to and including 1998 drilling with resources defined as material at 
grade greater than 85% calcium carbonate included in the model. The model will be 
revised in the latter part of 2000 to include the results of the year 2000 drilling. 

Estimates of shelisand reserve have been prepared for a set of 30 separate areas to 
facilitate the planning of dredging programme (Figure 2.7). Resource estimates are 
confidential to Cockburn. 
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Figure 2.7 Reserve modelling boundaries, with overlay of proposed Stage One and Stage Two 
dredge areas, Owen Anchorage 
Note: Seaway includes areas 1, 2. 3. 4, 5. 6. part of 7, and 8 on Success Bank, and areas /0. 11, and /2 on Parmelia Bank. 
Notional West Success Bank dredge area includes mainly area 21, and parts of 20. 22. and possibly 24 and 25. 

2,72  Development of dredging strategy 

A review of resource estimates led Cockburn to assess its main preferences for 
further dredging of shelisand from Success and Parmelia Banks. It is emphasised 
that this initial review was based purely on resource volumes and grades, and 
resource accessibility. 

East Success Bank 

Cockburn's preferred option for acquisition of sheilsand resource is from East 
Success Bank (identified as Area 18 in Figure 2.7). 
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Substantial high grade sheilsand resources exist within the eastern side of Success 
Bank, between the eastern edge of the incomplete second shipping channel and the 
line of northward extension of the 10 in isobath in Owen Anchorage. There is 
sufficient shellsand of grade greater than 92% in this area for 15 years of supply that 
would not require beneficiation. In addition, Cockburn could dredge this area with 
no modifications to its existing equipment. 

Sea way 

Dredging of Success and Parmelia Banks to produce a single channel that is 1.5 km 
wide—hence the name Seaway—would provide approximately 13 years of sheilsand 
supply. Most of the material would require beneficiation. 

West Success Bank 

Considerable sheilsand of variable quality exists on the western side of Success 
Bank, largely outside of the existing State Agreement Act area, and located in 
Cockburn's Exploration Licence (EL) area E70/1247 (refer to Figure 2.6). 

Conclusion 

Cockburn's preferred option, namely the dredging of East Success Bank has 
significant environmental implications. These will be addressed in greater detail in 
Section 4 of this ERMP. Consequently Cockburn has elected not to develop this 
option further, but rather to concentrate its efforts on its Long-Term dredging 
proposal that involves completion of a Seaway through Success and Parmelia Banks, 
and then relocate to West Success Bank. 

2.8 	COCKBURN'S LONG-TERM DREDGING PROPOSAL 

Cockburn's Long-Term dredging proposal has been developed with the following 
issues in mind: 

There are no suitable carbonate resources available for Cockburn Cement other 
than those of Success and Parmelia Banks; 

Cockburn's Long-Term dredging proposal is based on a strategy that ensures 
security of resources for at least 20 years; and 

The strategy must take into account environmental, economic, and social 
considerations. Paramount among the environmental considerations is that 
dredging will not result in any significant loss of ecological function, no loss of 
rare and endangered species, or no loss of biodiversity. 

Cockburn's Long-Term dredging proposal will be implemented in two stages (refer 
to Figure 1.4). 

Stage One 

A Seaway which is 1.5 km wide, will be constructed through Success and Parmelia 
Banks. This involves the removal of resources from the areas shown in Figure 1.3 
and identified in Figure 2.7 as: 

Success Bank: Areas 5, 6, part of 7, 8 as well as resources remaining in 4; and 
Parmelia Bank: Areas 10, 11 and 12. 

Stage One takes place almost entirely within the existing State Agreement Act area. 
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To complete the full Seaway to navigation depth, in the north-east a portion of 
Cockburn's EL areas E70/1247 and E70/1 197 will need to be dredged, while in the 
south, a small portion of E70/1 198 will also need to be dredged (Figure 2.6). 

Cockburn will be able to dredge and transport all of this material with its existing 
facilities. Much of the resource within the Seaway is of grade lower than 92% and 
will require beneficiation for the manufacture of lime. Cockburn will construct a 
beneficiation facility at its Munster site when required, at an estimated cost of $30 
million. It is estimated that there will be a 20% loss of material during beneficiation. 
To meet estimates of shellsand required it is anticipated that the resource in the 
Seaway area will be sufficient until approximately 2014. 

Stage Two 

Once a Seaway has been completed, Cockburn will relocate its dredging operation to 
an area on West Success Bank. This proposed dredging area incorporates a small 
part of the west of the existing State Agreement Act area, with the remainder of the 
proposed Long-Term area lying within Cockburn's EL E70/1247 (Figure 2.6), 
largely in the area shown as resource area 21 (Figure 2.7). 

The total resource within West Success Bank is substantial. Although average grade 
of the material is less than 92%, there are pockets of 92% or better material. 
Unfortunately, these high grade sheilsands are overlain and interleaved by low grade 
sands. Once dredged, most of this material will require beneficiation. 

The actual areas of dredging on West Success Bank will be determined closer to 
commencement, taking account of resource quality and environmental restraints. 

A feasibility study of West Success Bank confirmed that Cockburn's present dredge 
is unsuitable for operating continuously in that area because of the significantly 
greater swell of the area. There are calm periods during the year when swell 
conditions would be suitable for the use of Cockburn's current dredging facilities. 
These conditions were defined by Evers (1992) as having a significant wave height 
(Hs) of less than 0.6 m, To warrant moving the dredge to this area would require at 
least three consecutive days of calm. The analysis of a typical year (1992) of wave 
data indicates that on West Success Bank, appropriate calm periods of three 
consecutive days occurred only four times during the year, indicating this option to 
be impractical. 

Part of the West Success Bank area contains limestone pinnacles andlor is overlain 
by limestone caprock. For the existing dredge to operate in these conditions, a cutter 
head would be needed on the dredge nozzle. Finally, due to the increased distance 
from shore, at least one extra barge would be required for transportation of the 
dredged material. 

Consequently, Cockburn would need to completely replace its dredging fleet to 
operate in this area. Estimated costs for this are $30 million. 

2.9 	BENEFICIATION 

This ERMP does not include beneficiation as part of the formal proposal. Details on 
beneficiation are provided here for information. Beneficiation will be subject of a 
separate referral to the EPA. 
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2.9.1 Background to beneficiation 

Beneficiation is the process of upgrading of lower grade shelisand resources to a 
quality that is satisfactory for the production of quicklime at Munster. The minimum 
requirement for the quicklime feedstock is a total of two million tonnes of shelisand 
each year with a grade 92% or higher. 

The principal constituents found in sheilsand and limesand are: Calcium Carbonate; 
Silicon Di-oxide; Magnesium Carbonate; Aluminium Trioxide; Sodium Oxide: Iron 
Oxide; and Potassium Oxide. It is the removal of the Silicon Dioxide fraction that 
forms the basic objective of the beneficiation process. 

For the past ten years, Cockburn has undertaken a research programme to identify 
and develop a beneficiation process that will achieve the necessary upgrading of 
lower quality raw materials, whilst minimising the loss of total carbonates in the 
reject fraction. 

Investigations have included both wet and dry processes, and have been undertaken 
in Australia as well as overseas. A wet separation process was investigated in 
collaboration with CSIRO, including laboratory trials and a pilot plant trial at 
Cockburn in late 1996/early 1997. Successful beneficiation was achieved at low 
process rates. No further work has been undertaken on this process as investigations 
of dry separation had progressed more quickly and were considered to have a greater 
potential for success. 

The development of dry beneficiation has been pursued with two separate 
companies, involving electrostatic separation techniques. Successful trials in the 
USA in 1997 led to the decision to build a quicklime production facility at Dongara 
using electrostatic beneficiation techniques. The electrostatic beneficiation units at 
Dongara have a nominated throughput capacity of 20 tonnes per hour each, and have 
been in operation for the past two years. The material being beneficiated is terrestrial 
limesand from dunes and is finer and of a more uniform particle size than marine 
sheilsand. Beneficiation of this material has proven successful with 15-20% of the 
material sent to reject. Some pilot plant trials have been undertaken with sheilsand 
taken from both Success and Parmelia Banks. 

Cockburn has now commenced production scale trials with electrostatic beneficiation 
units at Munster and Dongara. A series of issues need to be resolved before the 
design of a production scale beneficiation facility can be finalised, including a 
determination of the capability of the separators to handle variations in the quality of 
the sheilsand, the effect of particle size distribution, and the determination of 
maximum salt levels that could be tolerated by the process. 

2.9.2 Cockburn strategy for implementation of beneficiation 

Cockburn's strategy with the Long-Term dredging proposal is to dredge high grade 
sand for quicklime production from Success Bank with the existing dredge fleet, 
augmented with lower grade sand for use in cement production. Once this direct use 
material has been exhausted, lower grade sand on Success and Parmelia Banks will 
have to be upgraded ahead of calcination to maintain saleable product quality 
quicklime. Cement grade sand will be available without beneficiation. This would 
continue to be won using the existing direct dredge/wash plant preparation. 

The application of beneficiation technology to the coarser marine sediments from 
Owen Anchorage will be based on the experience gained at Cockburn's Dongara 
lime plant. 
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2.9.3 Impact of beneilciation on existing operations 

Beneficiation will require a larger volume of lower grade sand to be dredged, 
washed, and transported to the Munster plant. There is some further inherent 
inefficiency in the beneficiation process, which directs part of the carbonate mineral 
to the rejects stream. Current indications are that 15-20% of the sand delivered to 
Munster will be rejected. As the dredge fleet will be operating mainly from Parmelia 
Bank at the commencement of beneficiation, the steaming distance from the dredge 
to the Woodman Point plant is less than that presently needed from Success Bank. 
Consequently it is not envisaged that more than the existing three barges will be 
required to meet the additional resource requirements for a beneficiated product. 
Some modifications will be required on the dredge to maintain its dredging capacity 
in the more consolidated Parmelia sands. 

The beneficiation process will consume fuel, electrical power, and water, 

Fuel and water usage will be integrated into existing operations where the 
opportunity exists for conservation and recycling, but there will probably be some 
increased consumption of both, measured on the basis of tonne of lime product. The 
fuel requirement will not require increase in capacity on existing delivery systems, 
however it may be necessary to install additional extraction water bores, or to utilise 
recycled water from other sources. 

The beneficiation plant will require additional electrical substation capacity, 
connected to the present Western Power feeder. 

Reject sand from the beneficiation process will be directed to a disused quarry on 
site, and used as fill in the quarry rehabilitation process. 

2.9.4 Technical developments with .beneulciation 

Cockburn's experience during the past two years with its plant at Dongara has 
already resulted in improvements to the beneficiation process. These include the 
development measures to improve the effectiveness of heat exchangers and the use 
of more robust separation equipment. Trials are presently under way on the next 
generation of electrostatic separators. 

Trials at Dongara using Parmelia sand have identified that: 

Shellsand requires a longer drying process when compared to Dongara's 
terrestrial deposits; and 

A broader size range in the sand particles exists with Parmelia sand. 

Full sized plant equipment will be tested at Munster using Parmelia sand and the new 
separator units once these have concluded reliability trials at Dongara. 

A programme of test work and engineering to implement a beneficiation programme 
has commenced, to include the following activities, with anticipated completion 
dates. 

Cockburn is implementing a programme for the development of beneficiation 
according to the following timetable (Table 2.2). 
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Table 2.2 Beneficiation programme timetable 

COMPLETION DATE 
Pilot scale testing at Munster November 2000 
Preliminary engineering May 2001 
Prepare and submit Works Approval June 2001 
Construction and commissioning I)ecember 2003 
Start-up 2004 

2.10 	DREDGING SCHEDULE 

Cockburn's preferred dredging strategy has been prepared for the dredging of the 
proposed Long-Term resource area. It is presented in greater detail for the Seaway 
than for West Success Bank. The strategy is based upon considerations of resource 
requirements, resource quality, dredge fleet capabilities, and environmental 
considerations including: 

Cockburn is required to demonstrate to the FPA that the preferred sequence for 
dredging will not result in adverse impacts on shipping activities. To ensure 
that final agreement can be satisfactorily reached, Cockburn has and will 
continue to manage its dredging activities and undertake any necessary 
investigations to ensure FPA operational requirements are not compromised, 
and where possible, enhanced. 

Material of higher grade will be dredged first. Virtually all the higher grade 
material in the Seaway exists on Success Bank, with a small amount on 
Parmelia Bank. Cockburn's existing dredge will require minor modification to 
dredge material from Parmelia Bank. 

The dredge plan will need to incorporate the requirements of dredging in the 
more northerly areas of the Seaway in summer (lower wave energy) and more 
sheltered areas in winter. 

At present, the plan for the dredging of the Seaway will follow the general sequence 
outlined below: 

Initially, Cockburn will continue dredging until the Medium-Term resource has 
been fully depleted. It is estimated that this will occur by mid-2002; 

Dredging will then occur with existing equipment on Success Bank in areas of 
high quality shellsand (i.e. not requiring beneficiation). This includes resource 
areas designated as 5 and 6 (refer to Figure 2.7), Dredging will occur to the 
maximum capability of the existing equipment or to the full depth of the 
economic resource; 

Concurrently dredging of the buffer zone for the FPA shipping channel on 
Success Bank (Area 8) will occur. Dredging in area 8 will be contingent upon 
Cockburn demonstrating no adverse effects on shipping in the existing FPA 
channel; 

The above dredging programme will provide resources of suitable quality (i.e. 
without beneficiation) until the end of 2004. By the end of 2004 Cockburn will 
have obtained approval for, and constructed and commissioned all of the 
necessary infrastructure to undertake beneficiation, and the disposal of reject 
material; 

At this stage, the dredging programme will expand to include dredging on 
Parmelia Bank, as well as continuing dredging on Success Bank; 

Further dredging can then be undertaken as necessary on Success Bank in the 
areas 5, 6 and 7, as well as 4, to produce a uniform seafloor of —14.7 m (or 
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depth required by FPA) to allow passage of vessels through this area, thereby 
completing the Seaway through Success Bank. Any of this additional dredging 
that is not for shellsand extraction will be on behalf of the FPA; 

Dredging can be concurrently undertaken on Parmelia Bank, using Cockburn's 
existing dredging equipment. Dredging will initially commence in Area 11 for 
lime grade material and concurrently in Area 10 for cement grade material, 
providing continuous progress towards the completion of the second shipping 
channel through to Cockburn Sound. Dredging will occur to the maximum 
capability of the existing equipment or to the full depth of the economic 
resource. Any additional dredging required to prepare a seafloor of —14.7 m 
will be commissioned by the FPA; 

Material from Area 10 not used for cement grade will require beneficiation 
before being used for lime production; 

Dredging will continue in Parmelia Bank in Areas 10, 11 and 12 to complete 
the Seaway. Dredging will occur to the maximum capability of the existing 
equipment or to the full depth of the economic resource. Any additional 
dredging for navigation purposes will be commissioned by the FPA; and 

Assuming a loss during dredging of 20% of the resource, and a further loss of 
20% of the volume as rejects during beneficiation, the Seaway resource would 
be depleted during the year 2014. 

Once the Seaway has been completed, dredging will then be transferred to West 
Success Bank (refer to Figure 1.4). Dredging at this site will require a replacement 
of Cockburn's dredging fleet. All of the material dredged from West Success Bank 
is expected to require beneficiatiori. Resources in West Success Bank are estimated 
to have a lifetime of more than 20 years. No detailed dredging schedule is being 
presented for West Success Bank. This will be developed in due course and will take 
into consideration the dredging technique to be used, environmental factors such as 
influence on recreational fisheries (such as maintaining an appropriate buffer to 
recreational fishing areas), as well as seagrass distribution and changes in 
distribution (see Section 3.2.3 for further details). 

2.11 	BENEFITS OF THIS PROPOSAL 

2.11.1 Benefits of the proposal 

Cockburn operates a business that has a very high investment of capital. It would 
cost well in excess of $500 million in current dollar terms to replace the facilities 
Cockburn has developed. Long lead times are required to develop equipment and 
processes to operate in a new environment. Because of this, Cockburn requires 
Long-Term certainty of access to resource to ensure the business can continue to 
operate economically. Access provided through this ERMP will provide the tD 

necessary certainty to Cockburn. 

At the same time, approval of the ERMP will provide the following benefits to the 
State of Western Australia: 

It allows the State to meet its obligations under the State .Agreement Act; 

The Seaway will be dredged at little cost to the State; 

The nearshore areas of Success and Parmelia Banks will be protected from 
further dredging and seagrass on either side of the Seaway is conserved; and 

Western Australia is assured of an economic and reliable source of lime. 
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2.11.2 Value of the Seaway 

Access into Cockburn Sound by large vessels is presently through a single channel 
dredged through Success and Parmelia Banks and managed by the FPA. The 
channel is approximately 9 km long, it is 152 m wide, and maintained at a depth of 
—14.7 m relative to low water Fremantle (LWF). 

The channel is used principally by commercial vessels that serve a variety of 
industries along the shore of Cockburn Sound, and by the Royal Australian Navy 
(RAN) who operate the naval base at the south-east of Garden Island. 

The Western Australian State Government has supported development along 
Cockburn Sound, which will increase requirements for vessels using the FPA 
channel. Consequently the State Government has provided continued support for an 
enlarged or second shipping channel into Cockburn Sound. Further the FPA has also 
identified the requirement for additional capacity for moving vessels into Cockburn 
Sound. In addition the RAN has indicated the limitations of the single existing 
channel and has supported a larger channel citing the strategic and operational 
advantages that would be obtained. 

All parties associated with shipping requirements into Cockburn Sound are 
supportive of greater capacity for the shipping channel. Cockburn's proposal can 
therefore be regarded as consistent with State and National interests in expanding the 
capability for accommodating future shipping requirements into Cockburn Sound. 

Cockburn's dredging to allow for this increased capacity would provide a significant 
financial advantage to the State as this work would be done at little cost to the State. 
Further, Cockburn is currently paying royalties to the State for all shellsand removed. 
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3 	EXISTING ENVIRONMENT: OWEN ANCHORAGE- 
NATURAL FEATURES9  SEAGRASSES AND ECOLOGICAL 
SIGNIFICANCE 

Success and Parmelia Banks are located south-west of the port of Fremantle, in the 
south-west of Western Australia (see Figure 1 .1). The natural characteristics of this 
coastal region are influenced by three important features: 

The Leeuwin current, which flows from the equator southwards along Western 
Australia's coast. The waters of the Leeuwin current are warm, low in 
nutrients and low in plankton production. 
The pronounced Mediterranean climate of the south-west of Western Australia. 
Summers are long and hot, with little or no rain, and as a result river flow is 
strongly seasonal. Most river flow occurs in winter and early spring, with little 
or no river flow entering the sea in summer and early autumn. 

The major sea level rise (approximately 100 m) that has occurred during the 
past 20,000 years. This has drowned the previous shoreline producing a series 
of offshore reefs and island chains, and a shallow sloping continental shelf. 

Consequently, nearshore coastal waters of the south-west of Western Australia are—
by world standards—shallow, nutrient-poor, clear, and of low to moderate energy. 
The coastal region is characterised by limestone reefs and platforms, and extensive 
sandy areas some of which contain seagrasses. 

The coastal region of specific relevance to this ERMP lies offshore between 
Fremantle and Woodman Point, and is adjacent to Gage Roads to the north and 
Cockburn Sound to the south (Figure 1.1). It includes the Owen Anchorage basin, 
Success Bank in the north and Parmelia Bank in the south, and extends from the 
Owen Anchorage shoreline to just west of the Stragglers. This is also referred to as 
the Owen Anchorage study area. 

The information presented in this chapter is based principally on the large amount of 
information gathered as part of Cockburn's EMP studies, and is presented in 
sections. 

The first section (Section 3. 1) provides a broad description of the major physical 
features of the area such as wave climate and patterns of sediment transport, and 
describes the evolution of Success and Parmelia Banks. The second section 
(Section 3.2) is largely devoted to providing details on the seagrasses that occur in 
the area, particularly their present distribution and historical changes in distribution, 
as well as details on the biodiversity and ecological functions performed by them. 
The third section (Section 3.3) provides details on the social and economic values of 
the area. The fourth section (Section 3.4) addresses the very important issue of the 
ecological significance of seagrasses. It describes procedures that have been 
developed for determining the ecological significance of seagrasses, and also, 
procedures for determining changes in ecological significance that can occur through 
environmental modifications such as dredging. The final section (Section 3.5) 
describes work undertaken to develop techniques that can be used to accommodate 
for the loss of seagrass, including the transplantation of seagrasses and the 
construction of artificial reefs. 

It is also worth emphasising at the outset that EMP studies have involved some major 
scientific and technical achievements, some of which have resulted in the re-
appraisal of previously held views about the local coastal environment, particularly 
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the biology of seagrasses. Major scientific and technical achievements that have led 
to improved understanding of the local coastal environment are summarised in 
Table 3.1. 

Table 3.1 Major scientific and technical achievements from EMP studies 

PREVIOUS ViEW EMP FINDING 
Success Bank is about 2.500 years old and Success and Parmelia Banks are 6.000-7.400 years old. 
Parmelia Bank is about 4.000 years old. and their formation is linked to sea level changes that 

caused the submergence and subsequent erosion of the 
Garden Island Ridge (see Section 3.1.3). 

Calcareous organisms in seagrass meadows on Calcareous organisms in seagrass meadows on the Banks 
the Banks have contributed approximately 60— have contributed less than 15% of the calcareous sand to 
70% of the calcareous sand to Success and Success and Parmelia Banks (see Section 3.1.3). 
Parmelia Banks 

Meadows of large species of seagrass are stable New and technically rigorous methods have been 
features that change little in extent and take developed for seagrass mapping. These methods, 
decades to re-establish when removed combined with comprehensive field work, have shown 

that meadows of Amphibolis species and Posidonia 
coriacea are dynamic features, with continuous active 
colonisation. recession and changes in seagrass cover and 
species composition (see Section 3.2.3). 

l)ensc seagrass meadows play a major role in Owen Anchorage is a relatively high-energy environment 
stahili.sing and accumulating sediments. 	haftling for seagrasses. Meadows of Amphibolis species and 
wave energy and reducing water turbidity Posidonia coriacea have little effect on sediment 

accumulation and stahilisation, wave energy and water 
turbidity over regional and annual scales (see Section 
3.5). 

Seagrass meadows are important nursery areas Seagrass meadows in Owen Anchorage are mainly 
for juvenile fish. utilised by species of fish that spend their entire life cycle 

there, or immigrate there as mature adults (see Section 
3.2.7). 

Seagrass 	meadows 	are 	important 	habitats 	for Few commercially and recreationally important species 
commercially 	and 	recreationally 	important of fish are abundant in seagrass meadows in Owen 
species of fish Anchorage, either as juveniles or adults (see Section 

3.2.7). 
Value-based concepts of biodiversity and Methods have been development to define, map and 
ecological signibicance are abstract and difficult quantify hiodiversity and ecological signiticance (see 
to quantify Section 3.4). 
The majority of large-scale seagrass revegetation Seagrasses have been successfully transplanted in one of 
attempts around the world have failed. Seagrass the most hydro-dynamically active seagrass 
revegetation is an interesting experimental environments in Australia. using underwater mechanical 
exercise, but of little use as a management tool. devices to transplant large sods of seagrass (see Section 

3.5. 1). 	Direct transplantation is slow (less than 
1 ha/year) and costly. The next phase of revegetation 
research and development will concentrate on 
development of alternative planting units. 

3.1 	PHYSICAL ENVIRONMENT 

3.1.1 Regional setting 

The coastal environment of south-western Australia can be separated into five sectors 
(Searle & Semeniuk. 1985), each with its own processes of sedimentation, erosion 
and sediment transport. The area dealt with in this ERMP lies within the northern 
part of the sector that stretches from Cape Bouvard (approximately 20 km south of 
Mandurah) to Trigg Island (approximately 20 km north of Fremantle). This sector of 
coastline is dominated by marine-derived deposits of calcium carbonate that are 
consolidated (limestone) or unconsolidated (sands). 

The shoreline is comprised of sandy beaches and limestone rocky shores and 
headlands. Offshore and aligned roughly parallel to the shore is a chain of limestone 
reefs and islands (eg. Carnac, Garden and Penguin Islands) that bounds a series of 
basins or lagoons. The chain of reefs and islands (known as the Garden Island 
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Ridge) is the remnant of a coastal limestone dune system laid down during the 
Pleistocene epoch, 0.5-3 million years ago. Inshore of, and between the reefs and 
islands, the seabed is covered by carbonate sands generated from erosion of the 
Pleistocene sediments. Sands carried in the water are deposited by wave action 
along interference lines of the prevailing swell waves, which are diffracted around 
the reefs and islands. This action has produced sandy shoals at right angles to the 
coast that separate the coastal basins. The term 'basin' as used here denotes slightly 
deeper areas bounded by sand banks and/or reefs that act as small sills. 

There are five major sand banks and four coastal basins in the area between 
Fremantle and Becher Point (Figure 1.1). The sand banks are, from north to south, 
Fairway Bank, Success Bank, Parmelia Bank, Rockingham Bank and Becher Bank. 
These sand banks form the northern or southern sills of the four coastal basins of 
Gage Roads, Owen Anchorage, Cockburn Sound and Warnbro Sound. Cockburn 
Sound is also bounded at its southern end by a rockfihl causeway that was built in 
1971-1973 connecting Garden Island with the mainland. The causeway is 
interrupted by two trestle bridges (one 305 m long, and one 610 m long), through 
which limited ocean exchange occurs. 

3.1.2 Local setting 

Success and Parmelia Banks are the main focus of this ERMP, and form the northern 
and southern sills of the Owen Anchorage basin (Figure 1 . I). Success Bank is the 
northern-most of the two banks, and extends in an east to west direction from 
Catherine Point to West Success Bank and Straggler Rocks, Parmelia Bank extends 
in an east to west direction from Woodman Point to Carnac Island (Figure 1. 1). 

On its northern side, Success Bank rises from the southern side of the Gage Roads 
basin at a depth of approximately 15 m and approaches mean sea level where it abuts 
the mainland shore. The top of Success Bank is relatively flat and overlain by water 
4-5 m deep. To the west the bank merges with the shallow north-south trending 
banks located in the lee of the reefs and islands of the Garden Island Ridge. To the 
south the bank falls away steeply into Owen Anchorage (Figure 1. 1) where water 
depths are generally I 2- 16 rn. 

Parmelia Bank slopes steeply from the floor of Owen Anchorage, shoaling to water 
depths of 2-3 m in its centre, before again sloping steeply into the basin of Cockburn 
Sound, where water depths are typically 18-20 rn. 

3.1.3 Success and Parmelia Banks: structure and formation 

Details on the structure of Success and Parmelia Banks as well as their formation 
have been developed based on original investigations and interpretation (France, 
1977; Searle, 1984) but strongly modified by substantial EMP investigations (DAL, 
1998a), as well as from samples obtained from the significant drilling programmes 
undertaken in the area (CMG, 1998). 

Bank structure 

The structure and composition of Success and Parmelia Banks are very similar and 
can be described as follows: 

The surface of the Banks are submerged to a depth of about 5 m; 

The Banks consist predominantly of a 10-13 m thick 'core unit', which is 
largely composed of fine to medium sand-sized unconsolidated carbonate 
sands with a minor proportion of quartz; and 
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The unconsolidated sands overly a veneer (1-4 in thick) of relic estuarine 
sediments which is rich in coarse quartz grains and fine brown clays. 

The main features of Bank are shown in Figure 3.1. 

Garden 
Island 	 Spearwood 
Ridge 	 0 ZL' e n A ii c h o r a g e 	 Ridge 

Limestone 

Shelisands aumuIated to form 
Coarse quartz rich sands in fine mud 	Success and Parmelia Banks within 

the last 6000 years 

mainly > 90% Calcium Carbonate 
EOS succ_strat dgn 

Figure 3.1 Idealised structure and composition of Success Bank 

Seagrass meadows on the Banks maintain a variety of carbonate-producing 
organisms which have provided additional sediment to the Banks, but they are not 
significant contributors of Bank sediments. Molluscs (shellfish) associated with sand 
flat environments form most of the skeletal material found in the sediments. In 
addition, the grain size, sorting and roundness of the sediments demonstrate that 
most come from sources external to the Bank, and were transported in (Zhu, 1997). 
These external sources include erosion of the reef/island chain and erosion of 
recently produced calcium carbonate from adjacent limestone reefs and seagrass 
meadows. 

The importance of seagrass meadows in producing Bank sediments was examined by 
measuring the in sitit rates of calcium carbonate production (calcirates) of calcareous 
organisms (mainly shellfish and algae) in seagrass and bare sand habitats on Success 
Bank. Calcirates in Amphibolis grifJIthii seagrass habitat were the highest, followed 
by Posidonia coriacea, Heterozostera tasmanica, deep bare sand and shallow bare 
sand (see Table 3.2). These seagrass calcirates are similar to those reported for 
seagrasses elsewhere in the world. Based on current knowledge of seagrass cover, in 
situ calcirates have contributed less than 15% of the total volume of Success Bank 
(Hegge et al., in review). Based on existing seagrass cover, seagrasses contribute 
less than 2% of the annual sediment flux moving across the Banks (see 
Section 3.1.6). 
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Table 3.2 ('alcium carbonate production rates: Owen Anchorage 

RATES OF CALCIUM CARBONATE PRODUCTION 
(GM M 2  YR 1) 

HABITAT MACRO 
IN VERTEBRATES  

EPIPHYTES TOTAL 

Po.sidonia coriacea 80.9 83.9 164.8 

Heterozostera ras,nan,ca 1 	27 21.7 48.7 

Amphi boils grsftlthii 392.2 310.7 599.3 

Shallow bare sand (<10 m) 8.3 0 8.3 

I)eep bare sand (>10 in) 36.5 0 36.5 

Bank formation 

Early radiocarbon dating of the Banks (Searle, 1984) indicated that Success Bank 
was about 2,500 years old and Parmelia Bank about 4,000 years old. Radiocarbon 
(carbon-14) dating of Success Bank sediments subsequently undertaken in EMP 
studies (DAL 1998b) indicate that the growth of Success Bank was initiated earlier 
than this, some 6,000-7,410 years ago. No similar dating has been undertaken for 
Parmelia Bank, but its similarity in structure and composition to Success Bank 
indicates that its development is unlikely to be significantly different. 

Bank formation is currently understood to be linked to the inundation and subsequent 
erosion of the Garden Island Ridge dune system caused by a rapid rise in sea level 
about 10,000 years ago (Pirazzoli, 1991). 	At that time the sea-level was 
approximately 27 m below present sea-level and the shoreline was located up to 
5 km offshore from its present position. The sea-level rose rapidly from 10,000 to 
6,400 years ago to a point where the sea-level was 3 m above its present level. This 
high point is known as the middle-Holocene high stand. Since 6,400 years ago there 
has been a small decline in sea-level to its present level, which was reached 
approximately 1,500 years ago. Since then, the sea-level has been relatively stable. 

It appears that significant Bank growth commenced 6,000-7,410 years ago, after the 
submergence and subsequent erosion of the Garden Island Ridge. The eroded 
carbonate sands were transported shorewards and accumulated within the deeper 
waters as sand bars that are aligned at right angles to the shore. These sand bars 
formed in the lee of elevated areas of the Garden Island Ridge Straggler Rocks for 
Success Bank and Carnac Island for Parmelia Bank. A similar feature is seen further 
south in the shallow sand bar that extends from Penguin Island to the mainland. As 
the Banks continued to grow and shallow, sufficient light to support seagrasses 
would have begun to reach the Bank tops. At a water depth shallower than about 
9 m sufficient light would have reached the bottom to support the growth of dense 
meadows of Posidonia and Amphibolis seagrasses. The Banks have continued to 
grow and become shallower and have supported a highly variable coverage of 
seagrasses (see Section 3.2.3). The areas to be dredged in this proposal will be 
deepened to below 9 m, and although some seagrass colonisation will occur, dense 
meadows will not form. 

3.1.4 Physical forces acting in Owen Anchorage 

Winds, waves and currents are the main physical forces acting on the Banks and the 
adjacent shoreline of the Owen Anchorage region. Assessment of the dynamics of 
the Banks and Owen Anchorage shoreline requires a proper understanding of the role 
and inter-relationship of these physical forces. 
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Winds 

In winter, low pressure systems and westerly winds dominate local weather patterns. 
Cold fronts associated with the low pressure systems frequently pass over the region, 
and can bring storm-force winds from the north-west through west and south-west 
directions. 

In summer, high pressure cells dominate local weather patterns. As the high pressure 
cells approach, winds are from the south-east to east, changing to north-east to north 
as the pressure cells move eastwards. Superimposed on this pattern is the 'sea 
breeze' effect. This is a daily variation caused by differential heating of the land and 
sea, and usually results in the easterly winds being supplanted by a strong south-
westerly sea breeze between mid-afternoon and evening. 

Occasionally in late summer, dissipating tropical cyclones may pass through the 
region. These have a pronounced, short-term effect on the regional weather patterns, 
and are comparable in magnitude to a severe winter storm. 

The wind regime influences the coastal region through the generation of local waves 
and currents as well as feeding dune systems with wind blown beach sand. 

Wave climate 

The offshore wave climate of local coastal waters is dominated by a persistent low-
to moderate-energy wave regime, and is generally far more variable in winter than in 
summer. The three main events that determine the offshore wave climate are (M.P. 
Rogers & Associates Pty Ltd (MRA), 1997a): 

Swell waves created by distant storms in the southern Indian Ocean. The 
summer swell typically ranges from 1-2 m in height, 8-16 seconds in period, 
and arrives from the west to south-west. Winter swell is typically 1-3 m in 
height, has a period of 10-20 seconds, and arrives from almost due west; 
'Local' seas produced by the sea breeze, which are superimposed on the swell 
pattern. Typical wave heights are 0.5-1.5 m, periods are 3-6 seconds, and 
waves arrive from the south-west. On average, sea breeze conditions are 
experienced for about six hours per day on about 150 days per year: and 

Local seas generated by the passage of winter storms. The wave heights, 
periods and directions vary considerably from storm to storm. Often the wave 
heights exceed 4 m (7 m or more in severe storms) and the wave periods reach 
6-10 seconds. On average, storm conditions are experienced for about 25 days 
a year. 

The wave climate in the Owen Anchorage area is less energetic than offshore 
conditions. To reach Owen Anchorage, offshore waves must pass through the reefs 
and islands of the Garden Island Ridge, where they are considerably diminished by 
the effects of turbulence, reflection, refraction and diffraction. For example, offshore 
waves of 4-5 m in height are reduced to about 1.5-2 m by the time they reach the 
western portion of Owen Anchorage, which is clearly illustrated in Figure 3.2. The 
reduction in wave energy is even greater in adjacent Cockburn Sound, which is 
protected along its entire western side by Garden Island. 
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Figure 3.2 Significant wave heights in Owen Anchorage during a severe storm, showing the 
attenuation of offshore wave energy by the Garden Island Ridge 

Swell energy is focussed by the effects of refraction onto Success and Parmelia 
Banks (MRA, 1997a). Swell energy arrives from two distinct directions: the north 
to north-west and the west to south-west (MRA, 1997a). The resultant waves that 
are focussed on the Banks have a strong influence on the movement of sand along 
the Banks and towards the shore at Catherine and Woodman Points. 

Waves initiate sediment movement in shallow waters via a complex process that 
basically involves two mechanisms (van Rijn, 1989). First, changes in water 
pressure between the peaks and the troughs of waves cause fluctuations in the 
sediment porewater pressures, which enhances sediment resuspension. Second, the 
suspended sediments are moved by the rapidly oscillating currents associated with 
the passage of waves. Waves are therefore considered to be of major importance in 
the formation and maintenance of the Banks and beaches in the Owen Anchorage 
area. 
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Nearshore currents 

Regionally, nearshore currents generally run parallel to shore, but are modified by 
local bathymetry. The currents in the Owen Anchorage area are dominated by wind-
driven circulation and, to a lesser extent, astronomical tides, density gradient effects 
and continental shelf influences (Cockburn, 1994). The dominance of southerly 
winds in the area generally results in northerly flowing currents; however, periods of 
reversal may occur during winter storm events, which typically arrive from the north-
west (Cockburn, 1994). Estimated speed ranges of the currents in Owen Anchorage 
and in the vicinity of the shipping channels are shown in Table 3.3. 

Table 3.3 Estimated ranges of current speeds in Owen Anchorage 

TYPE OF CURRENT 
CURRENT SPEEDS (cmlsec) 

TYPICAL STRONG 
Wind driven 0-20 35 
Astronomical tide 0-2 3 
Density effects 0-5 10 

- Continental shelf - - 0-5 5 
Source: Cockurn (I'4). 

As can been seen Table 3.3, the wind driven currents are usually of speeds less than 
35 cm/sec. The magnitude of these nearshore currents is such that they have a minor 
effect on the movement of sand on the Banks and adjacent beaches, except when 
acting in concert with waves. 

3.1.5 Stability of dredged slopes 

Cockburn's dredging operations create an undulating basin floor at a depth of 11-
15 m that is linked to the adjacent shallow sand banks by relatively steep dredged 
slopes. Recently dredged slopes undergo slumping until a more stable profile 
(according to prevailing hydrodynamic conditions) is achieved, and this results in 
some loss of bank top habitat along the edges of the dredged areas. 

The size and rate of this 'edge effect' was monitored between 1990 and 1995 at 
fifteen sites with dredged slopes of differing ages and orientation to prevailing winds 
and water movement (LeProvost Dames & Moore (LDM), 1996a) (Figure 3.3). Two 
natural slopes were also monitored for comparison. Most slumping at the crest of 
dredge slopes occurred within the first year after dredging, a lesser amount occurred 
in the second year, and by the end of three years the slopes reached a stable angle of 
repose (according to the local sediment characteristics and wave climate), and little 
further change occurred. The older dredged slopes (10+ years) and the two natural 
slopes that were monitored showed little change. 

Most regression of seagrass meadow edge occurred on dredged slopes on the eastern 
side of the second shipping channel: regression was between 4 m and 11 m in the 
first year after dredging, and 0-5 m in the second year (Figure 3.3). It has been 
conservatively estimated that newly generated dredge slopes undergo a maximum 
regression of 50 m, and that the dredge slopes would be stable after three years. 
Once stable, the dredged slopes are colonised by seagrasses to a varying extent 
(LeProvost Environmental Consultants 1993; LDM, 1996a). 
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3.l6 Shoreline stability 

Detailed monitoring has been carried out on the stability of the Owen Anchorage 
shoreline since 1942 (MRA, 1995; 1998; 2000a) using the extensive set of 
monitoring information collected by Cockburn since 1972, which includes aerial 
photographs, beach surveys and shoreline movement plans. 

Results show that the shoreline is generally quite stable or accreting (i.e. 
accumulating sand). Years with significant winter storm activity (e.g. mid-1950s, 
early 1960s, mid-1970s, early and late 1980s, and especially 1996 and 1999) can 
result in short-term erosion in some areas, but there are no areas with significant 
long-term erosion. This can be seen in Figure 3.4, which shows changes in the 
position of the coastal vegetation line since 1942. At places such as Quarantine 
Beach and near the South Fremantle Power Station, the vegetation line is now more 
than 100 m seaward of the position in 1942. 

The accretion of the Owen Anchorage shoreline is largely due to onshore feed of 
sand from both Success and Parmelia Banks. Over the period from 1976 to 1999, the 
change in vegetation line required an estimated net sediment flux from Success and 
Parmelia Banks of 27,000 in/yr and 13,000 m3/yr, respectively. This sediment feed 
is believed to be concentrated in the vicinity of Catherine Point and Woodman Point. 
Once onshore, the sand is moved to the adjacent areas by wave-induced longshore 
currents (Figure 3.5). 

The mechanism for longshore sediment transport can be explained simplistically as 
follows. In the surf zone of sandy beaches, the breaking waves suspend sand into the 
water. If the waves are approaching at an angle to the beach, then a longshore 
current can form and transport the suspended sand along the beach. This transport of 
suspended sand is also accompanied by 'bed-load' transport, where the sand is rolled 
over the seabed by the shearing force of the water motion (CERC, 1984). 
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Figure 3.4 Changes in the position of the Owen Anchorage shoreline since 1942 (the beginning 
of aerial photographic records), showing areas of erosion and accretion 

Man-made structures, such as groynes and breakwaters, along the Owen Anchorage 
shoreline have significantly altered the natural longshore transport regime. These 
have also isolated Owen Anchorage from beaches north of Fremantle Harbour and 
from Cockburn Sound to the south. In the northern half of the Owen Anchorage 
shoreline, the more significant structures are Catherine Point Groyne and the Power 
Station Breakwater, both of which restrict sand feed from Success Bank to Coogee 
Beach. To the south, the WAPET Groyne has significantly changed the sediment 
transport dynamics at Woodman Point and restricted sand movement to Quarantine 
Beach. 

The northern part of Owen Anchorage consists of a series of short beaches bounded 
by various rock structures, and the beach alignment in these compartments changes 
by about 100 on a seasonal basis. The alignment of short beaches is quick to respond 
to changes in sediment transport patterns caused, in this case, by changes in average 
wave direction: in summer the south-westerly sea breeze seas are dominant, whereas 
in winter the background swell and north-westerly storm seas dominate. 

The southern beaches (Coogee and Quarantine) are long and sandy. without groynes 
or other impediments to longshore drift. These beaches are more protected from sea 
breeze waves by Woodman Point, and so their alignment is largely determined by the 
nearshore direction of background swell and does not change significantly from 
winter to summer. 

The Owen Anchorage shoreline is well protected from severe storm activity. A 
severe storm occurred in May 1994 (estimated return period 25 to 50 years) and 
caused only minor erosion of the Owen Anchorage beaches. Subsequent monitoring 
showed that the beaches recovered their sand rapidly in the months following the 
storm. 
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Figure 3.5 Estimated annual sediment fluxes(m3 ) in the Owen Anchorage area, 1976-1999 

These historical surveys show that the dredging on Success Bank by Cockburn since 
1987 has not affected the stability of the beaches of the Owen Anchorage area. The 
only effect of Cockburn's operations to date is realignment and localised erosion of 
the beaches just north-east of the Woodman Point seawall. Detailed investigation 
found that dredging of the approach channels to Cockburn's jetty has influenced the 
direction of nearshore swell by up to 22° in the anticlockwise direction, and this 
change in swell direction is considered most likely to have caused the erosion (MRA, 
1997b). It is important to note that the affected beach and dune area were only 
formed during this century, and erosion is highly localised, being negligible about 
200 in north-east of the seawall. Recent beach profiles also indicate the erosion has 
halted (MRA, 1998). 
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3.2 	NATURAL ENVIRONMENT OF OWEN ANCHORAGE: SEAGRASSES, 
DISTRIBUTION AND FUNCTION 

3.2.1 Regional setting 

Perth's metropolitan waters occur in a region of 'biogeographical overlap', between 
the warm temperate southern Australian marine biota found from Cape Leeuwin to 
South Australia and the tropical marine biota of the region north-east of North West 
Cape (and continuous with the Indo-West Pacific region). Both temperate species 
and tropical species are found in the region between Cape Leeuwin and North West 
Cape, but species diversity of the fauna and algae is far less than that of the two main 
biogeographic regions. Perth's metropolitan waters are at the southern end of the 
overlap region, and so temperate species predominate. Species endemic to Western 
Australia (i.e. species only found in Western Australia, such as the Western Rock 
Lobster) make up 10-25% of the flora and fauna in Perth's metropolitan waters, 
depending on the group of biota (e.g. crustaceans, molluscs, worms) being 
considered. 

The region contains four main types of benthic habitats: shallow sandy areas 
containing seagrass meadows; shallow (i.e. water depth less than 10 m) sandy areas 
containing no plants; limestone reef usually covered in algae (seaweed); and sand/silt 
unvegetated areas in deeper waters (greater than 10 m deep). 

Shallow unvegetated areas and seagrass meadows are common in the lee of the 
chains of reefs and islands (the Garden Island Ridge is one) that occur up to 4 km 
offshore between Yanchep and Mandurah; and in the shallow waters around Rottnest 
Island. The reefs carry extensive 'kelp gardens' (dominated by the large brown algae 
Eckionja mc! iota or Sargassuin species) as well as mixed stands of red, green and 
brown algae. The diversity and abundance of invertebrates and fish is highest in and 
around the reefs, followed by seagrass meadows. The deep unvegetated basins of 
Owen Anchorage, Cockburn Sound and Warnbro Sound also support a rich benthic 
(bottom-dwelling) fauna dominated by species that feed on detritus (dead and 
decaying organic material). 

The species richness of seagrasses in Perth's coastal waters is the highest in 
Australia. There are only about 50 species of seagrass worldwide, 13 of which are 
found in Perth's coastal waters: Anzphiboiis grzffithii, A. antarctica, Posidonia 
australis, P. sin uosa, P. angustifolia, P. coriacea, P. denhartogii, Thalassodendron 
pachyrhizum, Zostera ,nucronata, 1-leterozostera tasinanica, 1-lalophila ova Its, 
Halophila decipiens and Syringodiurn isoetifoiiuin. The latter four are small, 
opportunistic species that tend to occur within and at the edges of meadows or 
patches of the large Posidonia and Amphibolis species, and are often ephemeral (i.e. 
they die back or are uprooted by storms in winter). 

The most dense stands of seagrass occur in shallow sheltered embayrnents with a 
sandy seafloor and consist of monospecific (i.e. dominated by one species) meadows 
of P. sinuosa or P. australis. In contrast, Success and Parmelia Banks are subject to 
higher energy conditions, and seagrass meadows are comprised of a variety of multi-
species assemblages at varying densities of cover. A. grifjlthii and P. coriacea are 
the dominant species on Success and Parmelia Banks, and are typical of less 
sheltered areas as they tolerate greater wave and current action than P. sinuosa and 
P. australis. The patchy meadows of A. grifJIthii and P. coriacea typical of high 
energy areas were poorly documented until the advent of Cockburn's EMP, but have 
now been studied in considerable detail (Section 3.2.3 and Section 3.2.4). 
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The deep basins of Owen Anchorage, Cockburn Sound and Warnbro Sound contain 
fine organic-rich silts due to accumulation of detritus from surrounding areas, and 
have species of flora and fauna that, to date, have been found nowhere else on the 
central west coast of Western Australia (Wilson et at., 1978). In contrast, the 
seagrass and sand habitats and their associated biota are widely distributed, and 
therefore are neither biogeographically unique nor rare and endangered. For 
example, P. coriacea is found from Shark Bay to South Australia and A. grffl thu 
occurs from Geraldton to South Australia. P. sin uosa, P. coriacea, P. angustifolia, 
P. denhartogii, A. griffithii and Zostera tnucronata also extend into South Australia, 
and P. australis, Heterozostera tasmanica and Halophila ovalis extend into Victoria, 
Tasmania and New South Wales. Halophula decipiens and Syringodiuin isoetifolium 
are tropical species, and seldom found south of Garden Island. 

3.2.2 The importance of seagrasses 

Assessment of the environmental effects caused by loss of seagrass through dredging 
is one of the main issues of this ERMP. 

Within Western Australia, the ecological value of seagrasses is recognised in a draft 
policy for seagrass habitat protection (EPA, 1998b). The draft policy notes the main 
ecological functions of seagrasses, which can include: 

Provision of food for diverse marine fauna and fish; 

Provision of habitat and protection for diverse marine fauna and fish; 

Accumulation of calcium carbonate sediment; 

Stabilisation of sediments; and 

Baffling the effects of waves and currents. 

Seagrasses invariably play an important role in the ecosystems they occupy, but these 
functions are not limited to seagrass habitats. All types of benthic primary producer 
(i.e. benthic plant) habitats are important. This is recognised in an overarching draft 
policy on benthic primary producers prepared by the EPA (EPA, 1998c) to which the 
policies for individual benthic habitat types (seagrass, coral, mangroves and algae) 
are subordinate. 

The draft policy recognises three categories of protection within coastal waters (with 
respect to seagrasses): extremely high (Category A), high (Category B) or moderate 
(Category C) conservation significance. Within Category A or B areas, the objective 
is no direct seagrass loss. In Category C areas, the objective is to restrict cumulative 
losses of seagrass to 10% of the total seagrass area (within an ecosystem) for 
'reversible' loss, or 5% of the total seagrass area for 'irreversible' loss. Losses are 
defined as reversible or irreversibje depending on the potential for regrowth and 
restoration of the seagrass species in question. Irreversible losses have been defined 
as involving those species which take longer than two to three decades for natural re-
establishment. 

This draft policy (EPA, 1998c) has been subject to pubJic review, but has not yet 
been finalised. 

The draft policy contains a limitations clause that allows each proposal to be judged 
on its merits: if a proposal departs from the policy it must provide suitable 
justification to do so. It is worth noting that to date, the majority of studies on 
seagrass ecology in Australia and overseas have been on dense, monospecific 
meadows in sheltered locations, usually estuaries or embayments (eg. Cockbum 
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Sound). EMP studies have found that many of the ecological characteristics typical 
of the seagrass meadows in sheltered locations do not apply to the same extent to 
seagrass meadows in more exposed locations like Success and Parmelia Banks. 

It is also noted that local government and the general public have some sensitivity to 
seagrass loss in the Owen Anchorage/Cockburn Sound region, which can be partly 
attributed to the environmental history of Cockburn Sound. The Sound had an 
estimated 4,200 hectares of Posidonia meadows in the 1950s, but this had declined to 
about 900 ha by 1978 (Cambridge and McComb, 1984). The major part of the 
seagrass loss occurred on the broad shallow margins of eastern Cockburn Sound, and 
was attributed to shading from increased growth of epiphytic algae (i.e. algae that 
grow attached on seagrass) and increased growth of phytoplankton (microscopic 
algae) in the water column. This increase in algal growth was linked, in turn, to a 
massive increase in nitrogen loading to the Sound. Environmental management 
measures by industry and government in the 1980s and 1990s have achieved major 
reductions in nitrogen inputs to the Sound and improvements in water quality, but the 
seagrass meadows have not re-established. The environmental condition of 
Cockburn Sound has thus been the subject of considerable scientific, government and 
public attention for a long time, and was partly responsible for initiating the DEP's 
Southern Metropolitan Coastal Waters Study (SMCWS) (DEP, 1996). 

More recently, a view has emerged that dredging for scallops in Cockburn Sound in 
the late 1960s and 1970s caused considerable disturbance to the seafloor of 
Cockburn Sound, including the eastern margin. In addition, a considerable amount 
of dredging and dredge spoil dumping occurred on the eastern margin when 
industrial development commenced. Both types of dredging activity would have 
resulted in loss of habitat and smothering of adjacent habitats, as well as generating 
substantial levels of turbidity in the water column. No records of these effects are 
available; however, such activities would have had a detrimental effect on any 
seagrasses present. 

3.2.3 Past and present distribution of seagrasses 

Early mapping studies 

Mapping of seagrasses in the coastal waters off Perth has been undertaken at regular 
intervals during the last 25 years, particularly in Cockburn Sound. 

The loss of seagrass in Cockburn Sound between the 1950s and 1978 was 
documented by Cambridge (1979). Subsequent loss of seagrasses also occurred in 
localised areas on the southern and eastern shores of Cockburn Sound (DEP, 1996) 
and from Parmelia Bank (Silberstein, 1980, 1985; Hillman, 1986; DEP, 1996). In 
the inshore region of Success Bank (within 1.5 km of the shore), Kinhill Engineers 
(1987) documented seagrass loss between 1954 and 1984, as did Lavery (1994) 
between 1983 to 1991. These losses have all been attributed to anthropogenic 
causes, usually nutrient enrichment. Natural losses have also been documented, for 
example, on the western side of the FPA channel on Success Bank, a tongue of sand 
has propagated eastwards towards the FPA channel and resulted in seagrass loss in 
this region (LDM, 1996b). 

Increases in seagrass cover on Success and Parmelia Banks were also documented in 
several early studies. In particular, LeProvost Semeniuk & Chalmers (LSC) (1986) 
observed large (10-30%) increases in seagrass coverage between 1972, 1982 and 
1986 on north-west and central East Success Bank and north-west Parmelia Bank. 
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In some quarters, seagrass meadows have been viewed as stable features that change 
little in extent, and that take decades to centuries to re-establish (with the same 
species) when they are removed. This may be the case under very specific 
environmental conditions, such as in isolated and fairly sheltered embayinents. 
However, a growing body of information now confirms that especially in higher 
energy environments with shifting sands—such as on Success and Parmelia Banks, 
around Rottnest Island and in Warnbro Sound and also, in areas such as Two Peoples 
Bay, near Albany—seagrass meadows are more dynamic with continuous active 
colonisation, recession and changes in seagrass cover (Kendrick etal.. 1997; DALe! 
al., 2000). 

The Owen Anchorage area 

'The first comprehensive mapping of the Owen Anchorage area was carried out in 
1995 as part of Cockburn's EMP. Based on examination of aerial photography and 
comprehensive ground-truthing (398 spot dives), it showed that dramatic changes 
(both increases and decreases) in seagrass cover and density had taken place on 
Success and Parmelia Banks between 1972 and 1995 (LDM, 1996b). Seagrass cover 
was found to have increased on the north-west, south-west and eastern regions of 
Success Bank; and decreased on East Parmelia Bank, the central western region of 
Success Bank and along the inshore region south of Fremantle. 

A second EMP study was carried out to establish, in an unequivocal manner, the 
dynamics of seagrasses in Owen Anchorage. Aerial photography from 1965, 1972, 
1982 and 1995 was used to determine the change in seagrass distribution over time. 
Interpretation was based on a carefully developed protocol for the collection and 
processing of aerial photography, and a set of control rules to distinguish between 
shallow bare sand and seagrass (NGES et al., 1998). The 1995 data were also 
ground-truthed to determine the assemblages of seagrass species present. 

A third EMP mapping study was undertaken in March/April 1999, and included a 
detailed study of seagrass assemblages in Owen Anchorage and Cockburn Sound 
(DAL ci' al., 2000) and a re-analysis of historical changes of seagrass in Cockburn 
Sound using the mapping techniques more recently developed and refined. This 
study included the development of a semi-automated method for estimating seagrass 
cover, which is more accurate than the manual methods used in previous studies. 

'To a large extent, the degree of mapping detail depends on the scale at which the 
aerial photographs are taken. The aerial photographic techniques used enable 
mapping of seagrasses with high leaf densities (Amphibolis antarctica, A. grijfithii, 
P. australis. P. sinuosa and P. coriacea) when present in clumps or patches greater 
than 2 in in diameter. Thus, many of the shallow areas designated as 'unvegetated' 
areas can and do contain sparsely distributed clumps of seagrass, especially 
P. coriacea. 

The 1999 distribution of seagrass assemblages in Owen Anchorage is shown in 
Figure 3.6, and clearly shows the patchy mosaic of seagrass and sand that 
characterises Success and Parmelia Banks. Meadows of A. grzfjIthii and P. coriacea 
predominate on Success Bank; mixed Ainphibolis/Posidonia meadows on West 
Parmelia Bank; and P. sinuosa and P. australis predominate on East Parmelia Bank 
and in the shallows along the eastern fringe of Owen Anchorage between the two 
banks and south of Fremantle. 
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Figure 3.6 Assemblages of seagrass in Owen Anchorage in 1999 
Note: Aa = AnpIziholis antarctica, Ag = Ainpllibolis griffithii,  I'c = Posidonia coriacea. l's = I'osidonia sinuosa. 
Pa = I'osidonia australis. 

As the quality and coverage of aerial photographs of the Owen Anchorage area 
differs between years, calculated changes in seagrass cover from 1965 to 1999 were 

ZD 

confined to five carefully defined regions for which good aerial photography was 
consistently available (Figure 3.7). These regions are: 

East Success Bank; 
Central Success Bank; 
West Success Bank; 
East Parmelia Bank; and 
West Parmelia Bank. 

These five regions do not capture the full extent of seagrass shown in Figure 3.6 (e.g. 
they exclude the shallow eastern margin between the Banks as well as the far west of 
Success Bank area), but include only those areas for which accurate comparisons 
between 1965 and 1999 could be made. 

Seagrass cover on Success and Parmelia Banks has been very dynamic since 1965, 
with both gains and losses occurring. The changes in seagrass cover between 1972 
(when Cockburn started dredging) and 1999 are shown in Figure 3.8, and the gains in 
assemblages over this period are shown in Figure 3.9. The eastern and western 
regions of Success Bank and the western regions of Parmelia Bank have had large 
increases in seagrass cover. Seagrass cover in the central Success Bank has 
decreased due to Cockburn's dredging. Losses have also occurred on the south-
eastern region of Parmelia Bank, attributed, in this case, to the impact of nutrient 
enrichment. 
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Figure 3.9 Gains in seagrass assemblages in Owen Anchorage between 1972 and 1999 
NUts?: Aa = flsnpiiibolis antarctica. Ag = Ainp/sibolis griffithii. Pc = /'osidonia coriacea. l's = Posidonia sinuosa. 
Pa = Posidonia ausrralis. 

The majority of seagrass growth between 1972 (when Cockburn commenced 
dredging) and 1999 has predominantly been in assemblages of Amphibolis grifJIthii, 
Posidonia coriacea and mixed assemblages of A. grtffithii and P. coriacea 
(Figure 3.9). 	The growth characteristics (seedling colonisation and rhizome 
extension) of these seagrass species have also been measured, and are sufficient to 
account for the measured gains in seagrass cover. 

The calculated changes for seagrass cover in the five defined mapping areas are 
shown in Figure 3.10, and tabulated in Table 3.4. As noted previously, the 
information is presented for carefully defined regions for which rigorous historical 
comparisons could be made, and so underestimates both the total area of seagrass in 
the region and the full extent of the changes that have actually occurred. The total 
area of seagrass in the Owen Anchorage area in 1995 was at least 2,133 (compared 
to the 1,735 ha in Table 3.4). Since 1995 further gains have occurred on East 
Success Bank and losses on Central Success Bank (due to Cockburn's dredging), but 
little changes has occurred elsewhere. 
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Table 3.4 Changes in seagrass coverage on Success and Parmelia Banks 

REGION 
TOTAL 
AREA 
(ha) 

 SEAGRASS COVER  
1965 1972 1982 1995 1999 

ha % ha % ha % ha % ha % 
SUCCESS BANK  
East 1115.3 229.4 20.6 340.9 30.6 456.5 40.9 482.7 43.3 540.2 47.9 
Central 382.3 53.4 14.0 121.9 31.9 138.8 36.3 94.6 24.7 71.8 18.0 
West 893.6 224.5 25.1 297.7 33.3 382.8 42.8 458.6 51.3 457.0 50.5 
Subtotal 2391.2 507.3 21.2 760.5 31.8 978.1 40.9 1035.9 43.3 1069.0 44.7 
l'ARMEI.IA BANK  
East 708.3 487.0 68.8 491.5 69.4 289.2 40.8 324.1 45.8 308.3 41.8 
West 1 875.2 248.1 28.3 285.2 32.6 343.6 39.3 375.1 42.9 375.9 42.9 

Subtotal 1583.4 735.0 46.4 776.7 49.1 632.9 40.0 699.2 44.2 684.2 ]4232 
TOTAL 3974.6 1242.3 31.3 1537.2 38.7 1611.0 40.5 1735.1 43.7 1753.2 

On East and West Success Bank and West Parmelia Bank there were steady 
increases in seagrass cover between 1965 and 1995. The rate of increase was 
greatest between 1965 and 1982, and has since slowed. In central Success Bank 
increases also occurred between 1965 and 1982, with subsequent losses due to 
Cockburn's dredging. On East Parmelia Bank major losses occurred between 1972 
and 1982, with some recovery apparent between 1982 and 1995. Little change has 
occurred between 1995 and 1999. 

From 1972 (when Cockburn commenced dredging) to 1999, estimated seagrass cover 
on Success Bank increased from 760.5 ha to 1069.0 ha, and on Parmelia Bank 
decreased from 776.7 ha to 684.2 ha. 

Estimated seagrass losses caused by dredging (FPA channel and Cockburn's 
activities) up to and including Cockburn's Medium-Term resource area are shown in 
Table 3.5, 
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Table 3.5 Areas dredged in Owen Anchorage up to and including ockburn Medium- Term 
resource area 

LOCATION 
RELEVANT 

PERIOD 

AREAS DREDGED 
TOTAL AREA 

(ha) 
ESTIMATED 

AREA OF 
 SEAGRASS 

Success Bank 

Navigation dredging. EPA Channel Early 1950s   71 35 
SheIl.sand dredging, Second channel 1984-1994 142 50 
Shelisand dredging, Short-Term area 1994-1996 67 4 
Shelisand dredging, Medium-Term area 1996-2002 131 54 

SUBTOTAL*  280 143 
Par,nelia Bank 

Navigation dredging. FPA Channel Early 1950s 54 50 
Sheilsand dredging, Second channel 1972-1984 39 39 

SUBTOTAL*  93 89 
TOTAL* 373 178 

Ivwe: .)ragrass ,neuaows were aefinea as ,Iavin > )Ye cover. 

Cockburn will have removed about 108 ha of seagrass on Success Bank and 39 ha on 
Parmelia Bank by the time the Medium-Term resource is dredged in 2002. Dredging 
of the FPA channel removed an estimated 35 ha of seagrass on Success Bank and 
50 ha on Parmelia Bank. The total loss of seagrass due to dredging from the early 
1950s to 2002 is therefore estimated to be 178 ha. There will still be an overall gain 
of 510.9 ha between 1965 and 2002 (assuming no further natural losses or gains of 
seagrass between 1999 and 2002), largely due to the natural increases in seagrass 
cover (561.7 ha, see Table 3.4) that have occurred on Success Bank between 1965 
and 1999 (note that this period excludes losses due to dredging of the FPA channel). 

Seagrass losses are confined to a few specific sites, and are due to a number of 
different causes, these being: 

Dredging of the FPA shipping channel; 

Cockburn's shellsand dredging; 

Nutrient enrichment (East Parmelia Bank); and 

Natural sand sheet movement (West Success Bank). 

Seagrass gains follow a different, more diffuse pattern, and are seen in patches of 
tens to hundreds of square metres, reflecting the processes of seedling colonisation 
and rhizome extension. The scale of these gains is greater than previously recorded 
in the scientific literature for temperate seagrass meadows (NGIS et at., 1998; 
Kendrick et at., 1999). 

Seagrass cover on Success Bank to the west of the FPA channel has increased 
substantially in area to 457 ha in 1999 from 297 ha in 1972 in a total area of 894 ha 
(see Figure 3.8 and Table 3.4). The bulk of this increase has been in the mixed 
assemblage of Amphibolis griffithii and Posidonia coriacae (see Figure 3.9). Only 
very minor changes in total coverage occurred between 1995 and 1999. 
Concurrently significant losses have also occurred in this area, this attributed to the 
movement of sand. 

This historical comparison can not be extended to include all of the area proposed for 
dredging of shellsand on West Success Bank as part of the Stage 2 proposal, as 
suitable aerial photography does not exist. 
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Full mapping of the West Success Bank area to the north and east of the Mewstones 
was first undertaken in 1999, with part of this area covered in 1995. From Figure 3.6 
it can be seen that the area north and east of the Mewstones is largely sand, with 
some scattered seagrass. 

3,2.4 Biodiversity of the Owen Anchorage area 

Biodiversity is one of the main environmental matters being addressed worldwide 
today. 

Biodiversity has two key characteristics, these being: 

Its ecological functions of the biota at the ecosystem level (e.g. plant and 
animal production, carbon flow through food webs); and 
Its intrinsic value at the individual species, species assemblages and genetic 
levels. 

The functional value of biodiversity is derived from the parts played by the species 
assemblages in supporting ecosystem processes, and is expressed through the kinds 
of plant and animal assemblages occurring in various parts of the marine landscape. 
The intrinsic values relate to the actual species and species associations that are 
present. 

It is recognised that the same ecosystem functions can be carried out by different 
species or species assemblages. Thus, the loss of a species or species assemblage 
does not necessarily mean the loss of key ecological functions. However, it is also 
widely accepted that biodiversity is potentially important in maintaining ecosystem 
function and resilience (i.e. ability to recover after a major disturbance, such as storm 
damage). 

The National Strategy for the Conservation of Australia's Biological Diversity 
recognises that 'conservation of biological diversity provides significant cultural, 
economic, educational, environmental, scientific and social benefits for all 
Australians', and also that biodiversity has an 'intrinsic' value and warrants our 
respect, 'regardless of whether the organisms present are of benefit to us' 

A comprehensive estimate of biodiversity requires consideration of all forms of life 
and their interactions. 	This is rarely possible, and in general biodiversity 
assessments tend to consider only some of the organisms present, typically a single 
group such as fish or algae. EMP studies on the biodiversity of the Owen Anchorage 
area were designed to be significantly more comprehensive in that they included 
seagrasses, macroalgae, macro-invertebrates and fish, as well as their trophic 
relationships. 

Seagrass habitats are significant contributors to the biodiversity of the Owen 
Anchorage area. They support different, and in most cases richer, biological 
communities than unvegetated sand habitat, particularly sand in shallow waters. 
Differences in the biodiversity of the different seagrass habitats as well as 
unvegetated sand habitats in the Owen Anchorage area can be partly seen in the 
number of species of epiphytic algae and major invertebrate groups present 
(Table 3.6, Table 3.7). Biodiversity encompasses more than simple counts of the 
number of species, with community structure (the relative abundance of organisms 
not just their presence or absence) generally considered more informative. The 
community structure of habitats in the Owen Anchorage area has been carefully 
measured and interpreted using a variety of multi-variate statistical methods (Multi- 

WNG•TERM SHEJJSANI) DREDGING. ERMP 	 51 



Dimensional Scaling and Bray-Curtis Dissimilarity Indices), but these are complex 
concepts to explain. For simplicity only data on numbers of species are presented, 
and are reasonably representative of differences between habitats in overall 
biodiversity. Similarly in the assessment of biodiversity undertaken as part of the 
ecological significance of seagrasses (see Section 3.4.1), assessment was based on 
both the number of species present and community structure, although only data for 
the former are presented. 

Table 3.6 Number of species of epiphytic algae present in seagrass habitats in the Owen 
Anchorage area 

EPIPHYTE SPECIES 
HABITAT 

Amphibolis grzffithii Posidonia coriacea Helerozostera tasmanica 
Total number of species 92 71 34 

Species specific to habitat 25 4 

Table.?-7 Number of species of major in vertebrate groups present in habitats in the Owen 
Anchorage area in summer and winter 

HABITAT  
INVERT 
GROUP 

Amphibolis 
gnffithii 

Posidonia 
coriacea 

Heterozostera 
tasmanica 

Bare sand in 
shallow water 

Bare sand in 
deep water 

Summer 1997  
Molluscs 37 26 28 16 16 
Crustaceans 62 47 60 26 27 
Worms 4 3 3 2 2 
Echinoderms 14 5 8 3 9 
Ascidians 2 1 0 1 
Anemones 3 2 I 0 
TOTAL 122 84 100 48 56 
Winter 1997  
Molluscs 32 23 13 7 28 
Crustacean.s 66 43 27 13 41 
Worms 4 4 2 4 4 
Echinoderms 7 2 1 I 5 
Ascidians 1 0 0 0 0 
Anemones 0 0 0 0 0 
TOTAL 110 72 43 25 78 

in terms of epiphytes and invertebrates, Amphibolis griffithii has the greatest 
biodiversity, followed by P. coriacea and Heterozosrera tasmanica, deep sand and 
shallow sand. 

Differences between seagrass meadows and unvegetated areas are less pronounced 
for the number of fish species present but, as shown in Table 3.8, there are 
differences in the ways in which fish use the habitats, as follows: 

'Resident' species, that occupy the habitat throughout their life cycles; and 

'Adults', that move into the habitat as mature-sized fish to either spawn or 
feed, and so are only found as adults; 

'Nursery' species, that use the habitat as a nursery ground and so are only 
found as juveniles; 

'Transient' species that are found irregularly and in only small numbers, and 
are simply 'passing through' rather than being strongly affiliated with the 
habitat. 
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Table 3.8 Number of species of various life history categories of fish caught from large and 
small beam trawis in habitats in the Owen Anchorage area 

LIFE HISTORY 
CATEGORY 

  HABITAT  
Amphibolis P. coriacea P. sinuosa Shallow sand Deep sand 

Large_beam_trawl*  
Resident species 7 11 16 2 Ii) 
Adult species 6 2 6 2 3 
Nursery species 3 3 7 I 3 
Transient species 52 58 45 63 57 
Total species 68 74 74 68 73 

Small beam trawl**  
Resident species 6 11 14 3 -- 8 
Adult species 4 1 4 - 1 
Nursery species 2 3 

- 
6 - 

Transient species 33 41 26 42 37 
- 	Total species 45 56 50 45 47 

* 	net opening 2.5 wide and 1.5 n lOg!?. (raw/ed over a distance of 500 in 
** 	net opening I ,n wide and 0.5 in high (raw/ed over a distance of 50 in 

There is little overlap in the species found in seagrass meadows and unvegetated 
areas. For example, deep unvegetated areas have about the same number of species 
of invertebrates as Posidonia coriacea meadows, but the types of species present are 
totally different. There are also differences between seagrass meadows, For 
example, meadows of A. griffithii are characterised by large fish, such as rainbow 
cale, sea trumpeter and brown-spotted wrasse, whereas smaller species, such as 
soldierfish, bridled leatheijacket, gobbleguts and spotted pipefish, are abundant in 
P. sinuosa meadows (Figure 3.11, Figure 3.12, Figure 3.13 and Figure 3.14). These 
differences are believed to be related to meadow structure, with larger fish finding it 
easier to move between the well-spaced stems of Amphibolis plants underneath the 
dense leaf clusters that form the canopy, whereas only small fish would find it easy 
to move within the dense strap-like canopy of P. sinuosa meadows. Thus, each 
habitat contributes different elements to the overall biodiversity of the Owen 
Anchorage area. 

There are also significant seasonal changes in the species present in the study area 
between summer and winter: about 207 species of epiphytes, invertebrates and fish 
are present in summer, and by winter, about 70 new species occur but this gain is 
largely offset by a loss of about 60 species. Finally, there are spatial differences in 
the biodiversity of individual habitats: meadows of the same species of seagrass in 
the western and eastern parts of Owen Anchorage have different assemblages of 
organisms. 

The biodiversity of the Owen Anchorage area is thus due to both the presence of 
different seagrass and sand habitats, and to the spatial differences in those habitats. 
In a broader regional context, all of the species of epiphytes, invertebrates and fish 
identified from the Owen Anchorage region are common in other areas along the 
coast. 

325 	Aquatic plants of the Owen Anchorage area 
Aquatic plants--like all plants--use energy from the sun to convert carbon dioxide 
to chemical energy (food). This 'primary production' (i.e. plant production) is the 
basis for aquatic food webs. Seagrasses are the most prominent aquatic plants in the 
Owen Anchorage area, but other plants that contribute to food webs include seagrass 
epiphytes (algae growing on seagrass), phytoplankton and the microphytobenthos 
(MPBs; microscopic plants that live on the seabed). 

LONG-TERM SHEJ.!SAND DREDGING: ERMP 	 53 



:: 	 __ 	__ 

' 	
.r

Iv 

• 



jo 

I 	a 	 4 	 I.4':II1 	
I 

I 	
'.1 

r 	 j 	 14 

	

a 	

. 

______ 

— p---- 

fil- 

a 

A 
,s  Il 

Figure 3.13 Rainbow ca/c 'Odax Acroptilus)—lish sampling in Owen Anchorage 

Figure 114 Rough Leatherjacket (Scobinichthys granulatus)—fish sampling in Owen Anchorage 
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Large aquatic plants such as seagrasses also provide complex three-dimensional 
habitats for biota to occupy. Unvegetated sand areas are essentially habitats in one 
plane (i.e. two-dimensional). Invertebrates present in these habitats live on or just 
below the sediment surface. The presence of seagrasses up to 1 in high changes the 
seabed into a three-dimensional habitat, substantially increasing the available volume 
of habitat as well as its complexity. Epiphytic algae living attached to the seagrasses 
further increase the variety of habitats available for other plants, invertebrates and 
small fish. Many species of fauna appear to have clear habitat preferences that may 
be linked to habitat complexity. 

The primary production and habitat complexity of the main habitats in the Owen 
Anchorage area are described below. 

Primary production 

The growth rates of aquatic plants provide an indication of their potential 
contribution to food webs. The growth rates of the main groups of aquatic plants in 
habitats in the western part of the Owen Anchorage area are shown in Table 3.9. 

Table 3.9 Primary production of aquatic plants in the western part of the Owen Anchorage 
area 

PRIMARYPRODUCTION (g carbon/rn2/dav) 
HABITAT SEAGRASS EPIPHYTES PHYTOPLANK. 

TON_&_MPUS 
TOTAL 

Atnphiholis griffithii  2.77 2.41 0.42** 5.60 
Posidonia sinuosa 0.65 0.22* 0.42** 1.29 
Posidonia australis 1.15 0.22* 0.42** 1.8() 
Posidonia coriacea 0.67 0.22 0.42** 1.32 
Heterozostera tasmaflica 0.36 0 0.42** 0.78 
Bare sand in shallow water 
(0-10  m) 

0 0 0.42** 0.42 

Bare 	sand 	in 	deep 	water 
(10-20 m) 

0 0 0.47** 0.47 I  
vwuejor r. conacea epipnwes usea 

** 	literature eslilnales 
Microplzvtobenthos 

The combined primary production of seagrass habitats—particularly Amphibolis 
griffithii habitat—is far greater than that of unvegetated areas due mainly to the 
growth rates of seagrasses themselves, although epiphytes also play a significant 
role. Epiphyte productivity is greatest in Amphibolis griffithii  habitat (the majority of 
this occurring on the stems of Amphibolis), followed by Posidonia coriacea and 
Heterozostera tas,nanica habitat. These general patterns also occur in the eastern 
part of the study area, although the production rates of seagrass tend to be higher 
(especially in summer) and epiphytes lower. 

The food value of primary producers also depends on their nitrogen content (and 
therefore protein level). The nitrogen requirements of the main primary producers is 
shown in Table 3.10. 

Amphibolis griffithii habitat also has the greatest nitrogen requirement, far greater 
than Posidonia coriacea and Heterozostera tasmanica, with the bare sand habitats 
only slightly lower again. The high nitrogen requirement of Amphibolis griffithii 
habitat is largely due to the high nitrogen requirement of the seagrass itself, due in 
turn to the large amounts of nitrogen in Amphibolis (e.g. up to four times greater per 
unit area than Posidonia coriacea) coupled with its faster growth rate compared to 
other seagrass (see Table 3.9). 	The proportionately higher importance of 
phytoplankton and MPBs in nitrogen cycling (compared to primary production) that 

56 	 WNG-TERM SHEIJSAND DREDGING. ERMP 



is evident in Table 3. 10 is because their nitrogen content is far higher than that of 
seagrass. 

Table 3.10 Nitrogen requirement of primary producers in the western part of the Owen 
Anchorage area 

HABITAT 
NITROGEN (g m2/day) - 

SEAGRASS EPIPHYTES 
PHYTO. 

PLANKTON MPB - TOTAL 
Amphibo/i.v grefflthii 0.709 0015 0.01 7** - 0.054** 0.796 
Posidonia sinuosa 0.030 (1)008* 0.0 1 7** 0054** 0.109 
Posidonia austra/js 0.040 0.008* 0.017** 0.054** 0.119 
Posidonia coriacea 0.041 0.008* 0.017** 0.054** 0.120 - 
Heteroostera 0.015 
tas/nanica  

- 0.017** 0.054** 0.086 

Shallowbaresand - - 0.017 0.054 0.071 
1)eepharesand - - 0.069** 0.01 l** 1 	0.080 

value for 11. coriacea epiphvtes and invertebrates used 
* 	literature estunates 

Habitat complexity and seagrass dynamics 

Seagrass species differ in their morphology and in the way they partition their growth 
amongst leaves, roots and rhizomes, leading to differences in meadow structure. 
Meadow structure also differs between the plants of similar structure, for example, 
Posidonia sinuosa occurs as dense continuous meadows and Posidonia coriacea as 
small clumps interspersed with patches of bare sand. Habitat complexity is therefore 
greater in mixed species meadows than in monotypic meadows. 

Leaf area index (LAI; a measure of the total area of seagrass leaves per unit area of 
seabed) provides a measure of habitat complexity of seagrass canopies. LAT and 
growth partitioning characteristics of the main seagrasses on Success Bank are 
shown in Table 3.11. 

Table.;.]] Morphological characteristics of seagrasses on Success Bank 

SEAGRASS LA! 
GROWTH PARTITIONING 

ABOVEGROUND 
PARTS 

- 
BELOWGROUND 

PARTS 
Amphi ho/isgrtjfithii 11.5-28.9 >80% <20% 

Posidonia coriacea 0.6-2.8 40-60c 40-60% 

Heterozostera tasmanica 0. 1-0.45 <40 >60% 

There is a tenfold difference in LA! between the main seagrass species found in the 
study area: A. griffithii offers the greatest habitat complexity with an LA! generally 
greater than 10; Posidonia spp vary from about 1-3; and Heterozostera tasmanica 
never exceeds i. For A. grifJIthii about 80% of biomass is in above-ground parts 
(stems, leaves) and 20% in below-ground parts (roots, rhizomes), for P. coriacea 
biomass is relatively evenly split between the two, while Heterozostera tasmanica 
has more than 60% of biomass in below-ground parts. The greater investment of 
P. coriacea and H. tasmanica in below-ground parts reflects their role as species 
colonising bare sand. H. tasmanica is a fast growing small, colonising species. 
P. coriacea has a clumped shoot distribution within meadows with an open canopy, 
and is slower growing and more persistent than H. tasmanica. A. grifjIthii 
subsequently establishes onto the rhizome mats and fibres of other seagrasses, and 
forms close canopies with a large investment in above-ground biomass. 

As noted previously, seagrasses on Success and Parmelia Banks have colonised 
extensive areas of shallow bare sand habitat over periods of decades between 1965 
and 1999. Seedlings of Posidonia coriacea have been observed to colonise onto 
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unvegetated sand, and to do so rapidly. Seedlings have also been observed to 
establish and persist for at least six years (after six years, it becomes difficult to find 
seeds still attached to rhizomes, and to differentiate between seedlings and older 
plants). The seedlings spread rapidly after the first two years of life, with the 
numbers of branches doubling every year. Amphibolis grzffithii colonises onto 
Posjdonia coriacea, with the rhizomes (horizontal branches) growing 25 cm/year 
(maximum 40 cm/year) and rhizome branching occurring more than four times a 
year. Thus, the potential for active lateral spread and infihling within decades is very 
high for A. grijfithii. Due to these dynamic changes in the seagrass/sand mosaic on 
the Banks, habitat complexity has to be examined at mapping scales (tens to 
hundreds of hectares) as well as smaller scales (i.e. plant structure and meadow 
structure). 

3.2.6 Invertebrate fauna of the Owen Anchorage area 

Invertebrate fauna are an important link between primary producers and fish. Many 
invertebrates feed directly on living and/or decomposing plant material in the water 
column or on and in sediments. Invertebrates are, in turn, the preferred food of many 
species of fish. 

The highest biomass (and production) of invertebrates in the Owen Anchorage region 
is found in A. griffIthii habitat (typically 50-150 g ash-free dry weightlm2). Other 
seagrass habitats have far less biomass: P. coriacea 5-40 g AFDW/m2, and 
H. tasmanica 2-5 g AFDW/m2. Areas of deep sand may have similar or greater 
biomass (2-40 g ash-free dw/m2) than nearby areas of P. coriacea and H. tasmanica, 
and are always greater than shallow sand (less than 4 g AFDW/m2). 

In A. griffithii and P. coriacea the invertebrate biomass is dominated by large 
ascidians, whereas crustaceans, worms and echinoderms are the most important 
groups in H. tasmanica. Molluscs and worms are equally important in shallow sand, 
while worms dominate biomass in deep sand. 

In terms of food web structure, suspension feeders (species that filter organic 
material suspended in the water), mainly ascidians, are the most important feeding 
group in A. grzjfi thu and P. coriacea, although grazers and deposit feeders (species 
that feed on organic material deposited on and in the sediments) are also important. 
Grazers and deposit feeders are the most important groups in H. tasmanica. The 
biomass of all types of feeding groups is very low in shallow sand, while deposit 
feeders and suspension feeders are the most important groups in deep sand. 

The fauna of the areas dredged by Cockburn at different times in the past (1985, 
1994, 1995, 1996, 1997) have also been studied. It has been shown that invertebrate 
communities similar to those in natural deep areas establish within about four years. 

Minor habitats in the Owen Anchorage area include dredged slopes, limestone 
pavement, sandy beaches, and limestone armoured moles, groynes and seawalls. The 
fauna of these areas have not been studied in as much detail as the major seagrass 
assemblages. 

On the dredged slopes, patches of P. sinuosa, P. coriacea, A. grijfithii, Heterozostera 
tasmanica and Halophila ovalis occur. The invertebrate fauna of these areas is 
known to include species typically associated with seagrass. 

Limestone pavement occurs mainly in the south-eastern portion of Owen Anchorage, 
at depths of less than 10 in. The pavement is generally continuous but is largely 
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covered by a veneer of sand, and so appears either as bare sand habitat or patches of 
seagrass, mainly P. sinuosa, Conspicuous biota on the exposed parts of the 
pavement attached invertebrates such as sea squirts and bivalves, and occasionally 
corals. 

The eastern shoreline from Fremantle to Woodman Point consists primarily of sandy 
beaches. These are colonised by a sparse burrowing fauna of crabs, worms and 
bivalves. The sandy beaches are modified in some areas by various groynes and 
seawalls. The underwater rock surfaces of these structures are colonised by a range 
of organisms typical of natural rocky shores, including molluscs, barnacles and other 
crustaceans, and sea squirts. 

3.2.7 Fish and fisheries 

As for invertebrates, there are generally far more fish in seagrass habitats than in 
unvegetated habitats. The total biomass of fish (as determined by beam trawling) is 
typically 40-50 kg wet weight/hectare in A. griffithii and P. sinuosa meadows, 
10-12 kg wet wt/hectare in P. coriacea meadows and in deep sand, and less than 
2 kg wet wtlhectare in shallow sand. 

Fish density (numbers of fish) in P. sinuosa meadows is about twice that present in 
other habitats. Although the density of fish in A. griffithii meadows is far less than in 
P. sinuosa meadows, the fish present in the former habitat are larger species and 
hence these two seagrass habitats have similar biomass. Posidonia sinuosa 
meadows, which provide dense seagrass coverage, contain far greater numbers of 
fish than Posidonia coriacea, which provides a patchier seagrass coverage and 
includes areas of bare sand (and therefore a less sheltered environment). Thus even 
though the plant structure of these two Posidonia species is similar their meadow 
structure differs markedly, leading to differences in fish abundance. 

There is a general view that seagrasses provide important nursery habitats for the 
juveniles of many species of fish (including commercially important ones) before 
they emigrate with increasing size. This does not apply to the fish communities in 
seagrasses on Success and Parmelia Banks. The majority of fish in seagrass habitats 
are species that either spend their entire life cycle in these habitats or immigrate there 
as mature adults (see Table 3.8). In relative terms P. sinuosa meadows appear to be 
used far more extensively as a nursery habitat than A. griffithii and P. coriacea 
meadows, but resident species still predominate. Some species also occupy 
P. sinuosa meadows as juveniles before migrating to meadows of other seagrasses. 

Seasonally, particularly following winter storms, seagrass and to a lesser extent algal 
detritus accumulates along the Owen Anchorage shoreline, where it decomposes. 
The decomposing seagrass and algal wrack is potentially an important habitat and 
food resource, particularly for juvenile fish (Lenanton et al., 1982; Robertson, 1983), 
but this has not been studied in detail in the Owen Anchorage region. 

As different species of fish occupy different habitats in the Owen Anchorage area, 
the creation through dredging of new deep bare sand areas will not provide an 
alternative habitat for those species that typically occupy the seagrass meadows on 
Success and Parmelia Banks, The loss of meadows of A. griffithii and P. coriacea is 
likely to influence the numbers in the Owen Anchorage region of the fish species that 
prefer those habitats. The loss of P. sinuosa meadows in the Owen Anchorage 
region may produce a greater effect than simple proportional loss of those species 
that prefer this habitat, as some species occupy these meadows as juveniles before 
migrating to meadows of other seagrasses. 
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Few commercially and recreationally important species of fish are abundant in 
seagrass habitats in the Owen Anchorage area, either as juveniles or adults 
(Table 3.12). Important invertebrates such as crabs and prawns are relatively 
abundant in deep bare sand habitat. Only estuarine catfish are relatively abundant 
within (i.e. caught by beam trawl) A. griffithii meadows; Australian herring and blue 
sprat are relatively abundant—as adults—above (i.e. caught by purse seine) 
A. griffithii meadows; and cuttlefish are relatively abundant within P. sinuosa 
meadows. 

Table 3.12 Total numbers of commercial and recreational species caught in A. griffithii, 
P. coriacea, P. sinuosa, shallow bare sand and deep bare sand in the Owen Anchorage region 
using the large beam trawl (24 trawls) or purse seine (12 seines) 

HABITAT  
SPECIES A. griffithii P. coriacea P. sinuosa Shallow sand Deep sand TOTAL 
Istuarinc cattish* 66 17 38 12 23 156 
Australian herring** 165 1 18 4 Not seined 188 
Blue sprat** 269 14 0 0 Not seined 283 
Sguid* 2 4 4 7 17 34 
OctopuS* 2 3 6 1 I 13 
Cuuleflsh* 1 9 155 22 104 291 
King prawn 2 2 1 19 38 63 
Blue manna crab* 12 50 15 95 101 273 
imut m,,,UcI a tCIU,U wan inc targe uea,n truwi auring aav ana nigm over me jour consecutive seasons between summer ants 

spring of 1997. 

** total numbers caught with the purse seine during su,n,ner and winter 199 during day and night over the four consecutive 
seasons between summer and spring of 1997. 

These data suggest that commercial and recreational fish species in the Owen 
Anchorage area have little dependence on the seagrass habitat present. 

The fish fauna of the Owen Anchorage region also differ from that described for the 
more sheltered and nutrient-enriched waters of Cockburn Sound (Dybdahl, 1979). 
Species that are abundant in Owen Anchorage are far less abundant in Cockburn 
Sound and vice versa: in particular, far greater numbers of prawns, crabs and 
whiting species occur in Cockburn Sound. 

3.2.8 Food web structure 

Primary producers in the Owen Anchorage area include seagrass, algae (both 
seagrass epiphytes and algae detached from the nearby reefs), phytoplankton and 
MPBs. However, stable isotope studies have clearly shown that algae are the most 
important source of carbon supporting the food web, and that algal consumption is 
mainly carried out by invertebrates. 

Although habitats in the Owen Anchorage area have different assemblages of flora 
and fauna, their function in terms of energy flow is essentially the same: 
Algae—invertebrates--fish. Most species of fish consume mainly invertebrates, and 
furthermore, fish tend to consume those species of invertebrates that are common in 
the habitats they occupy. Some carnivorous fish species (six-lined trumpeter, sea 
trumpeter, long-headed flathead and rock flathead) form a fourth level of the food 
web. These overall patterns have been confirmed by fish gut content analysis, and 
concur with the results of interstate and overseas studies on food web structure in 
seagrass meadows. 

The algae—invertebrates.--+fish energy flow in deep unvegetated habitat relies 
mainly on inputs of material from adjacent reefs and/or seagrass meadows. Stable 
isotope studies cannot determine whether seagrass epiphytes or reef algae are the 
more important food source, although field observations indicate the latter. The 
unvegetated areas also lack top predators such as trumpeters and flatheads. 
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3.3 	SOCIAL CULTURAL AND ECONOMIC VALUES OF THE OWEN 
ANCHORAGE AREA 

3.3.1 Relevant en vironmental guidelines 

In February 2000 the EPA released a working document describing Environmental 
Values (EVs) and Environmental Quality Objectives (EQOs) for Perth's coastal 
waters (EPA, 2000). 

The EVs recognise contemporary views on the importance of the marine 
environment, and are supported by the Environmental Quality Objectives (EQOs) 
needed to protect the EVs. The EVs are: 

Ecosystem health; 

Fishing and aquaculture; 

Recreation and aesthetics; and 

Industrial water supply. 

EQOs are specific management goals for the environment: they relate to both 
ecological values (e.g. biodiversity) and social values (e.g. fishing, swimming), and 
will be applied to agreed geographic zones. The proposed EQOs comprise one 
ecological EQO (EQO 1) and five social EQOs (EQOs 2-6), and are as follows: 

EQO 1, Maintenance of ecosystem integrity. The level of protection of 
ecosystem integrity shall be high (E2) throughout Perth's coastal waters, 
except in areas designated E3 (moderate protection) and E4 (low protection); 

EQO 2. Maintenance of aquatic life for human consumption. Seafood will 
be safe for human consumption when collected or grown in all of Perth's 
coastal waters except areas designated S2; 

EQO 3. Maintenance of primary contact recreation values. Primary 
contact recreation (eg. swimming) is safe in all of Perth coastal waters except 
areas designated S3; 

EQO 4. Maintenance of secondary contact recreation values Secondary 
contact recreation (eg. boating) is safe in all of Perth coastal waters except 
areas designated S4; 

EQO S. Maintenance of aesthetic values The aesthetic values of Perth's 
coastal waters will be protected except in those areas designated S5; and 

EQO 6. Maintenance of industrial water supply values. Perth's coastal 
waters will be of suitable quality for industrial water supply purposes except in 
areas designated S6. 

The management approach taken by the EPA generally follows that recommended by 
the National Water Quality Management Strategy (NWQMS), as outlined in the draft 
Australian and New Zealand Guidelines for Fresh and Marine Water Quality released 
for public comment in July 1999 (ANZECC/ARMCANZ, 1999). Western Australia 
is a signatory to the NWQMS, and it is assumed that the ANZECC/ARMCANZ 
water quality guidelines (due for imminent release) will be used to help define 
Environmental Quality Criteria (EQC) for EQOs in Perth's coastal waters. The 
ultimate goal is to embed EQOs and EQC in an Environmental Protection Policy for 
Perth's coastal waters that, once approved by the Minister for the Environment, will 
have the full force of the law as though it is part of the Environmental Protection Act. 
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The EQOs are directed at maintaining appropriate water and sediment quality and, as 
such, are largely concerned with managing anthropogenic contamination in Perth's 
coastal waters. Cockburn's operations have little effect on water quality other than 
to increase turbidity during its dredging and wash plant activities, and so do not 
affect EQOs 2-6. For EQO 1, the majority of the Owen Anchorage region is likely 
to be designated a High Protection Zone (E2). Management zones in the immediate 
vicinity of Cockbum's dredging operations and wash plant may need be classified as 
temporary Low Protection Zones (E4) for EQO I due to effects on turbidity and 
water clarity. 

3.3.2 Uses of the Owen Anchorage area 

As part of the DEP's Southern Metropolitan Coastal Waters Study, Beckwith & 
Associates (1995) investigated the cultural uses of Perth's southern metropolitan 
waters. They defined an 'Owen Anchorage' sub-area which encompasses the study 
area for this document, and recognised four main uses within this sub-area: 

Ports and shipping; 

Shellsand dredging; 

Primary and secondary direct contact recreation based around the Woodman 
Point reserve; and 

Industry at Coogee. 

Beckwith and Associates (1995) also suggested that the Owen Anchorage area had 
significant potential for marina development and aquaculture. It was also noted that 
divergent interests had, to date, managed to coexist within the area without 
noticeable conflict, but that this might change within increases in population and the 
demand for recreational access. 

The data of Beckwith & Associates (1995) are valuable, but were collected from 
Government agencies and selected groups, not directly from people using the area. 
Therefore, an EMP study was undertaken that used surveys and questionnaires to 
investigate the socio-economic uses of the Owen Anchorage area, with particular 
emphasis on the importance of seagrass meadows (Annandale, 1999). Recreational 
use, economic use (commercial fishing, tourism, shellsand mining, and navigation 
and shipping) and educational use were investigated, and the results are described 
below. 

Recreational use 

Recreational users were surveyed in March 1998 at Woodman Point, Coogee Jetty, 
South Beach, Fremantle Sailing Club/Success Boat Harbour, Fishing Boat Harbour 
and South Mole. Recreational use was found to be centred mainly around the 
Woodman Point reserve, and to a lesser extent Coogee Beach and South Beach. The 
most conmion uses of the area were swimming, fishing, diving/snorkelling, 
pleas u re/relaxi ng, walking/jogging, boating (including sailing and windsurfing) and 
crabbing (Figure 3.15). Half the people surveyed said they visited the area in all 
seasons, while the other half only visited in summer. Fifty one percent of people said 
that they visited the area 'frequently' (more than 12 times/year), 30% visited 
'sometimes' (3-12 times/year), and 19% visited infrequently (1-2 times/year). 
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Figure 3.15 Recreational uses of the study area as determined in March 1998 

Nose: Other includes: cwnping, sandboarding, whale watching, studying and teaching .rwi,n,ning 

The issue of potential conflict between users was investigated. Of the recreational 
users surveyed, 33% felt that other users were affecting their use of the study area. 
Potential user conflicts are shown in Figure 3.16, and was most common in the 
summer months when there were more people using the study area. Recreational 
swimmers were affected by the greatest range of other users. 
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Figure 3.16 User conflicts in the study area 

People using boats and/or jet skis were cited 21 times by other users of the study area 
as affecting, or interfering with their recreational use of the area. Fishers were the 
next most likely to affect other users of the area, followed by Cockburn dredging 
boats. Users in conflict with other users were often engaged in the same activity, eg. 
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pleasure boats versus other pleasure boats, and fishers versus other fishers. Some 
recreational fishers also felt that commercial fishers were taking 'more than their fair 
share'. 

The peak usage of six different areas within the region from the Fremantle marinas 
south to Woodman Point was also determined during a snapshot survey on Sunday, 
29 March 1998, a typical hot summer weekend day (Figure 3.17). 
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Figure 3.17 Peak recreational use of the study area during snap-shot survey 

The heaviest usage of the study area was in mid-afternoon between 2:00 pm and 
4:00 pm. Based on survey results, it was estimated that approximately 3,000 people 
would use the region on a peak, busy summer Sunday. Woodman Point had the 
heaviest recreational usage by fishers, bathers, picnickers and divers, and South 
Beach (Success Harbour to Point Catherine) had the most intensive boat use. Spot 
counts taken of the number of boats in the study area gave an estimated maximum of 
68 boats in the water at any one time. 

Boat users were also asked where they travelled (Figure 3.18). Most boat users 
launched their craft from either the Fremantle Sailing Club/Fishing Boat Harbour 
area, or from Woodman Point, and were involved in a combination of fishing and 
diving or boating. Relatively few boaters used Cockburn Cement's defined dredging 
area, and those that did were primarily crossing the area in pleasure boats, or were 
journeying to a fishing, diving, or snorkelling site. 

Dive clubs, boating clubs and volunteer emergency services—which use the area 
throughout the year—were also surveyed. Two of the four dive clubs surveyed 
believed that shelisand dredging had decreased the visibility of the water. Their 
perception was that this was caused by loss of seagrasses, which stabilised the 
seabed, and from sediment disturbed by the dredging operations and barge 
movements. Representatives of the two fishing clubs surveyed believed seagrasses 
to be a nursery for the fish, crab and squid and, therefore, an important resource 
relied upon by members. The two voluntary emergency services surveyed (City of 
Cockburn State Emergency Service, and Cockburn Volunteer Sea Search and 
Rescue) did not use seagrass areas in any way. 
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Figure J. 18 Recreational boat travel in the Owen Anchorage area 

Commercial fishing 

Commercial fishers in the area extending from Fremantle to Cockburn Sound include 
purse seine licence holders, crabbers and crayfishers and table-fish fishers, although 
most fresh table-fish and crayfish are caught along the Garden island ridge or further 
offshore. 

The survey of commercial fishers indicated considerable concern about the effects of 
further loss of seagrasses on commercial fish stocks. Fishermen who have been 
working the area for 10-20 years perceived that decreased fish numbers and types 
were directly attributable to loss of seagrasses within the area. Fishers, as a group, 
believed there was a direct correlation between the fish numbers (including crabs and 
squid) and diversity and the distribution of seagrasses. They were generally in 
agreement that further loss of seagrasses would not be desirable. Fishers did, 
however, note that seagrass losses within the study area, including Cockburn Sound, 
were due mainly to high nutrient loads and other industrial pollutants, with 
Cockburn's dredging activities only having limited localised impacts. 

In terms of user conflict, commercial fishers were concerned about the impact of 
amateurs on the overall catch. This situation is not uncommon, for example, it was 
also noted by Ayvasian et Lii. (1997) in her study of fish and creel catches between 
Cape Arid in the South to Northern Metropolitan Perth. 

Commercial and recreational fishing are described in more detail in Section 3.3.3. 

Commercial tourism 

Commercial tourism occurs mainly in the summer months (September/October to 
March/April), except 'Swim With Dolphin Tours', which occur mainly in winter. 
Tourism operators carry a total of almost 18,000 people into, or through, the study 
area each year, grossing approximately $14 million. The main activities of tourists 
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are diving, snorkelling, swimming, fishing, squidding, and seal and dolphin 
watching. 

Twelve of the 17 tour operators surveyed had concerns that further loss of seagrasses 
might affect their businesses. There was the perception that seagrasses are linked to 
the healthy functioning of the ecosystem, and that further losses may lead to 
decreased fish stocks and/or loss of underwater visibility. Boat charter operators also 
believed that they were affected by other users of the study area, such as other 
fishermen, recreational users, jet skis and Cockburn's dredges. 

She//sand dredging 

Shelisand dredged by Cockburn Cement is used to produce lime needed by Western 
Australia's mineral processing industries, particularly alumina, gold refining and 
mineral sands, which combined are worth $6 billion dollars of mineral production a 
year. Since Cockburn produces about 90% of the State's supply of lime, the 
shelisand resource has considerable economic importance to Western Australia. 
Cockburn also employs approximately 380 people, at its plants at Munster and 
Dongara, and spends over $100 million a year on local goods and services. 

Navigation and shipping 

Cockburn Sound is the outer harbour of the Port of Fremantle, and the navigation 
channel dredged through Success and Parmelia Banks is the only means of access to 
Cockburn Sound for larger cargo and naval vessels. An indication of traffic intensity 
is shown in Table 3.13, which gives the monthly and annual ship movements 
recorded by the EPA between July 1997 and June 1998. 

Table 3.13 Ship movements to inner and outer harbour in 1997/98 

MONTH OUTER HARBOUR INNER HARBOUR 
July1997 57 116 
August 1997 60 87 
September 1997 59 97 
October 1997 59 139 
November 1997 68 94 
l)ccember 1997 61 109 
January 1998 70 105 
February 1998 58 97 
March 1998 59 98 
April 1998 58 82 
May 1998 53 82 
June 1998 56 86 
TOTAL FOR 1997/98 718* 1192 
GRAND TOTAL 1910 
Ifl( lefur.1 I\(/%I fiUl U4UUfl JVUVV ve,%seI.% 

In addition to the ship movements recorded by the EPA, Jervoise Bay in Cockburn 
Sound has six major shipbuilding enterprises which use the study area to sea trial 
their vessels. Sea trialing to ensure that the boats are seaworthy is undertaken 
predominantly in Cockburn Sound, but sometimes further north along the FPA 
channel and into Owen Anchorage. Three of the shipbuilding companies surveyed 
mentioned that their ability to undertake sea trials was sometimes affected by 
professional and/or amateur fishermen, and two mentioned occasional interference 
from normal shipping traffic. 

66 	 LONG-TERM SHEUSAND DREDGING: ERMI' 



Educational uses 

Outside of the EMP research projects sponsored by Cockburn Cement, there is little 
educational use of the Owen Anchorage area. South Fremantle Senior High School 
uses the area for monitoring seagrasses (Posidonia coriacea) on Success Bank four 
times a year, and for underwater fishing seven times a year. The seagrass-monitoring 
site is located in an area 50-100 meters north-east of Fish Rock off South Beach and 
the underwater fishing courses are operated close to the shore: neither activity is 
affected by Cockburn's dredging operations. The Swan Maritime Institution and 
Fremantle Maritime TAFE also both use the study area for skipper navigation 
courses and general boat handling training courses. 

A esthetics 

During the surveys people were asked to rate the aesthetics of the Owen Anchorage 
area on a scale from 0 to 10. In general, the study area was rated of high aesthetic 
value, with an average score of 8.3. Aesthetic rating was not influenced by how 
often people used the area or the activity they were engaged in. 

The aesthetic appeal of Owen Anchorage lies in its sandy beaches, scenic reefs 
(extensively utilised by snorkellers and SCUBA divers) and islands, and clear waters. 
Industrial development in Cockburn Sound was considered to be the main detraction 
to the aesthetics of the Owen Anchorage/Cockburn Sound region. 

Summary 

There is considerable human use of the Cockburn Sound/Owen Anchorage area, but 
human uses that involve seagrasses in the Owen Anchorage area are proportionately 
small and restricted almost entirely to boaters who pass over the top of Cockburn's 
lease area. 

Some users of the broader region from Fremantle to Cockburn Sound (primarily 
commercial fishers and tour operators), while not necessarily reliant directly on 
seagrasses within Cockburn's lease area, perceive a threat to their livelihoods if 
further seagrass loss occurs via indirect effects on commercial and recreational fish 
populations. Addressing the concerns of commercial fishers and tour operators using 
EMP data on the importance of seagrass to fish, will be an important aspect of 
Cockburn's ongoing community consultation programme (see Section 7). 

The population living between Fremantle and Rockingham has increased by more 
than 60% since the 1970s, (DEP, 1996), leading Beckwith and Associates (1995) to 
warn of the potential for conflict between divergent user interests. User conflict 
occurs at present, but is not overt. It also appears that the potential for conflict is 
highest within user groups (eg. boaters affected by other boaters, fishers affected by 
other fishers). The competition (and potential for conflict) between commercial and 
recreational fishers is a common feature of most intensely fished waters, but appears 
to be well managed within the Cockburn Sound/Owen Anchorage area (see 
Section 3.3.3). 

3.3.3 Commercial and recreational fisheries 

Since the commencement of Cockburn Cement's EMP in 1995, a consistent pattern 
which has emerged is that Owen Anchorage (excluding the Garden Island reef chain) 
is only of minor interest to commercial and recreational fishers. In contrast. 
Cockburn Sound has long been a major target area for both commercial and 
recreational fishers. The Sound remains a key fishery region on the west coast 
despite the past history of pollution and nutrient enrichment that has affected its 
waters. 
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Commercial fisheries 

Four commercial fisheries operate within Cockburn Sound Fisheries Block 9600, 
which includes all waters within a line which extends from South Mole at Fremantle 
west to Stragglers Rocks, then through West Success Bank to Carnac Island to 
Garden Island, along the eastern shore of Garden Island and to John Point on the 
mainland (Penn, 1999). Although this region includes Owen Anchorage and 
Cockburn Sound, most commercial fishing occurs within Cockburn Sound. There 
are also two commercial fisheries which operate partly within Cockburn Sound. 
Details of these six fisheries are summarised in Table 3.14, and are largely based on 
data from the 1998/99 State of the Fisheries Report (Penn, 1999). 

Table 3.14 Details of commercial fisheries operating in the Cockburn Sound/Owen Anchorage 
area 

FISHERY AND BOUNDARIES TARGET SPECIES NO. OF 1998 1998 
LICENCES CATCH VALUE* 

Cockburn Sound (Crab) Managed blue manna (blue 16 340 tonnes —$ 1.000.000 
Fishery: swimmer) crab 
Cockburn Sound Fisheries Block 
9600  

Cockburn Sound (Fish Net) garfish and Australian 6 
Managed Fishery: herring (lesser amounts 
Cockburn Sound Fisheries Block of shark, whiting and 
9600 mullet)  60.1 tonnes $120,000 
Cockburn Sound (1.ine and Pot) whiting. pink snapper. 34 
Managed Fishery: Australian herring (not all 
Cockburn Sound Fisheries Block shark, gartish, squid. currently 
9600 octopus. utilised)  
Cockburn Sound (Mussel) Managed Mussels. Wild fishery 14 state- 659 tonnes $1,750.00() 
Fishery: now very small, and wide. 3 in (state-wide) (statc.wide) 
Cockburn Sound Fisheries Block licences transferred to Cockburn 
9600 aguaculture licences Sound 

The West Coast Beach Bait (Fish Whitebait. 13 107 tonnes $200.00 
Net) Managed Fishery: 
Moore River to Ti,ns Thicket (south 
of Mandurah)  

West Coast (I'urse Seine) Managed Pilchards, some scaly 1832 tonnes $1,000,000 
Fisheries: mackerel. 
Liincelin to Cape Boa yard, 
excluding Mar,nion Marine Park 

wJlsner.s 

The blue manna crab fishery is the most valuable in dollar terms, and Cockburn 
Sound has long been a productive area for this species. Due to increasing levels of 
competition between commercial and recreational fishers, a voluntary resource 
sharing agreement was recently agreed to by the fishing industry, Recfishwest, and 
Fisheries WA (Fisheries WA, 2000). The agreement will reduce the number of pots 
used by professional fishers from 1,600 to 800 over three years, or will achieve a 
share of the catch of five-eighths commercial and three-eighths recreational. 

Finfish catches obtained by the Cockburn Sound (Fish Net) Managed Fishery have 
been increasing since the 1970s,   causing some concern. Conversely, the Cockburn 
Sound (Line and Pot) Managed Fishery's catches of King George whiting, squid and 
octopus have all declined in recent years. Reasons for the declines are not fully 
understood, but are thought to include environmental factors, fishing pressure and/or 
market considerations. Finfish catches from these two fisheries have a relatively 
small dollar value, but proximity makes the catch an important contribution to the 
Perth metropolitan market for fresh table fish. 

Harvesting of wild mussels (Mytilus edulis) began in Cockburn Sound in the early 
1980s, but catches have since declined and have been very low or nonexistent in 
recent years. In 1997 the Minister for Fisheries modified the licence conditions to 
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allow them to be transferred to holders of licences for mussel aquaculture. This 
essentially integrates the catch of wild mussels with the aquaculture product. 

Mussel aquaculture in Western Australia began in 1988 (in Cockburn Sound ) to 
overcome the declining catches of the wild capture fishery and to provide a more 
consistent source of product. Mussel aquaculture is centred on Cockburn and 
Warnbro Sounds and also Oyster Harbour and King George Sound near Albany. The 
Cockburn Sound portion of the industry recently (1999) re-located from its site near 
the Kwinana Grain Terminal to sites near Southern Flats. 

Recreational fishery 

Data on recreational fishing effort in the Cockburn Sound/Owen Anchorage region 
were recorded as part of a 12 month survey of coastal waters from Augusta to 
Kalbarri during 1996/97, and have been provided courtesy of the Fisheries WA 
Research Division. The data for relevant areas are summarised in Table 3.15: the 
recreational fishing 'blocks' referred to are 5 x 5 nautical mile blocks that the 
Augusta to Kalbarri area was divided into (Sumner and Williamson, 1999) (see 
Figure 3.19). Block 59BQ is the most relevant to this ERMP but includes part of 
Cockburn Sound, while Block 59BP is largely west of the Owen Anchorage study 
area. 

Table.;. 15 Recreational fishing effort in the Cockburn Sound/Owen Anchorage region, 1996/97 

FISHERY BLOCK AND LOCATION NO. BOATS NO. OF BOATS TOTAL NO. OF 
ANGLING CRABBING* BOATS 

Block 58BQ: centred on Cockburn Sound 9.372 2.711 12.083 

Block 59BQ: 	Parmelia Bank. Success Bank 

-- 
3.305 826 

- 
4,131 

and Owen Anchorage out to the Garden Island 
reef 	chain: 	plus 	the 	northern 	fringe 	of 
Cockburn Sound  

Block 59BP: the block adjacent to 5913Q. %vcst 2,938 142 3.080 
of the Garden Island reef chain 

* ,mwilv crabbing. but IUflU? angling 0(1 ivitV 

As can be seen. Cockburn Sound continues to be a popular sheltered area for 
recreational fishers, about three to four times more so (making some allowance for 
boundaries) than the Owen Anchorage region. The reefs of the Garden Island reef 
chain are the most popular fishing spots in the Owen Anchorage region, particularly 
areas near Mewstone, Rowboat Rock and Seal Rock, where fishers move as close to 
the rocks as possible. Fishing for pink snapper also occurs near the channel markers 
south of Parmelia Bank, including Woodman Channel, Three Fathom Bank and the 
main FPA entrance channel. 

The main recreational species caught in Perth's southern waters are whiting species 
(especially King George whiting), blue swimmer crab, Australian herring, squid, 
garfish, trevally, dhufish, tailor and pink snapper (Sumner and Williamson, 1999). 
By comparison, the 1998 commercial catch in Block 9600 consisted of 23 species, 
with Australian herring comprising 35% of the total commercial finfish catch in 
Block 9600, and tailor, Australian herring, trevally, King George whiting, garfish, 
yellowtail scad, and pink snapper together comprising 44%. As noted above, 
Cockburn Sound and Owen Anchorage are also particularly popular with recreational 
fishers for crabs, who caught 18.8 tonnes in 1998 (about 5.5% of the commercial 
catch. Thus, there is considerable overlap between species targeted by commercial 
and recreational fishers. Even if catches per boat are modest (1-2 kg per boat), the 
level of angling effort (Table 3.15) suggests recreational finfish catches are of similar 
magnitude to commercial catches. Nor do these data include shoreline recreational 
fishing. 
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Figure 3 19 Recreational fishing catch and effort blocks 

3.3.4 Recognised conservation values 

The protection of marine areas within Western Australia (for example, by the 
creation of marine parks) has been largely based on ecological features and character 
(eg. Ningaloo Marine Park, Shark Bay Marine Park and Hamelin Pool Marine Nature 
Reserve) or, as in the case of Marmion Marine Park and Shoalwater Islands Marine 
Park, the need to maintain a range of representative habitats and biota for the 
purposes of conservation, recreation and research (EPA, 1991; CALM, 1994). 
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Assessnient on a strictly biological basis is often based on the criteria of diversity, 
representativeness (the assumption is usually made that a reserve system that is 
representative of a region's ecosystems will maximise species diversity, even if tioral 
and faunal composition is not fully known), naturalness (preference is given to areas 
little affected by human activity), and the effectiveness or manageability of the area 
(CALM, 1994). 

At the national level, the need for a range of representative habitats in order to 
protect biodiversity is also recognised. A National Representative System of Marine 
Protected Areas (NRSMPA) is being implemented through the Commonwealth's 
Marine Program, which is administered by the Portfolio Marine Group in 
collaboration with Environment Australia's Biodiversity Group and the Great Barrier 
Reef Marine Park Authority. A key element to the program is working cooperatively 
with State and Territory marine conservation agencies around Australia. 

Of the reasons for conservation listed above, none apply to the Owen Anchorage 
area. Although Australia has the largest area and highest diversity of temperate 
seagrass meadows in the world (for which reason they are considered unique; 
SOMER, 1995), the seagrasses on Success and Parmelia Banks (and fauna therein) 
are well represented elsewhere along the temperate Western Australian coastline. 

The Environmental Protection and Biodiversity Conservation (EPBC) Act 1999 
provides added protection for those species of national significance, including those 
listed as endangered (e.g. South Right Whale, Loggerhead Turtle) or vulnerable (e.g. 
Great White Shark, Green Turtle, Hawksbill Turtle, Humpback Whale). 

Under The EPBC Act, a proposal requires approval from the Commonwealth 
Environment Minister if it involves matters of national significance, defined as: 

World Heritage properties; 

RAMS AR wetlands of international importance; 

Listed threatened species and communities; 

Migratory species protected under international agreements; 

Nuclear actions: and 

The Commonwealth marine environment. 

None of the above areas are relevant to this proposal. 

Owen Anchorage is too far south to support sea-snakes, crocodiles, dugongs or 
turtles. Nor does it form part of a migratory route for whales. Therefore, the 
Commonwealth EPBC Act is unlikely to be triggered. 

Nonetheless, Cockburn intends to refer the Long-Term dredging proposal to 
Environment Australia as a precautionary measure. 

Existing or proposed reserves 

The Owen Anchorage area is not covered by any existing or proposed conservation 
reservation. The nearest areas covered by System Six Recommendations (EPA, 
1983) are Woodman Point and Carnac Island, and the nearest marine reserves and 
parks occur at Rottnest Island, Shoalwater Islands Marine Park and Marmion Marine 
Park. The Marine Parks and Reserves Selection Working Group has recommended 
that the representativeness of the existing Shoalwater Islands Marine Park would be 
enhanced by extending its boundaries to include the area west of Garden and Camac 
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Islands out to Five Fathom Bank (CALM, 1994): this encompasses only the south-
western extreme of the Owen Anchorage area, and is outside Cockburn's proposed 
Long-Term dredging area. 

Archaeological significance 

Owen Anchorage was the site of a number of the early ship landings during the 
settlement of Perth in the early part of the nineteenth century. During that period a 
number of vessels were wrecked or foundered and, in addition a large number and 
variety of objects were jettisoned from foundering vessels, dispersed from wrecks by 
storm and wave action, or lost overboard during unloading. 

Although the locations of the major wrecks are known, it is not possible to pinpoint 
the locations of individual objects. All wrecks or objects dating prior to 1900 are 
deemed to be 'historic shipwrecks or relics' within the meaning, and subject to the 
provisions, of the Maritime Archaeology Act of 1973. The requirements of the Act 
are that the finding of any object subject to the provisions of the Act be notified to 
the Western Australian Maritime Museum and that in the case of any discovery being 
made of a number of objects, or a wreck site, all activity be halted until an 
investigation to assess the importance of the site has been carried out. 

The area proposed for dredging contains no known wrecks, and dredging in adjacent 
areas has revealed no historic relics. Cockburn is aware of this provision of the Act, 
and will advise the Museum in the event of any historic item being located in the 
course of its operations. 

3.3.5 Native title, and Aboriginal culture and heritage 

Native title 

According to the National Native Title Tribunal, the area relevant to this ERMP is 
located within a region covered by only one registered Native Title claim. This 
claim is WC99/6 - Combined Metropolitan Working Group. The area is, however, 
subject to another claim, WC95/86 - Ballaruk, which has failed the registration test 
and has been referred to the Federal Court. 

The Combined Metropolitan Working Group Native Title Claim passed the 
registration test on 12 May 1999 and represents a combination of six individual 
Native Title claims which were lodged between December 1995 and September 
1998. There are six principal applicants to this claim: Richard Wilkes; Albert 
Corunna: Robert Bropho; William Warrell; Gregory Lawrence Garlett and Kelvin 
Patrick Garlett. These principal applicants are applying on behalf the Garlett group, 
the Darbalyung Nyoongars of the Derbal Yerrigan and the Swan River Plains, the 
Wane!l family group and the Swan Valley Nyungah Community. The proposed 
dredging area at Owen Anchorage is within the waters subject to the claim, and the 
proposed location of the beneficiation plant is also just within the southern boundary 
of this claim. 

The Ballaruk Native Title Claim was lodged on 28 December 1995 and was accepted 
by the Tribunal on 24 December 1996. The Ballaruk Native Title Claim failed the 
registration test on 1 June 1999 and has now been referred to the Federal Court. The 
sole claimant for this claim is Mr Christopher Robert (Come) Bodney, who is 
claiming on behalf of the Ballaruk group. The area subject to the Ballaruk Native 
Title Claim includes the land and waters generally within a 60 mile (97 km) radius of 
Perth, being the Whadjuk Territorial boundary. 
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It should be rioted that Native Title has been extinguished within the area where 
Cockburn's proposed beneficiation plant will be built, as this land is currently 
freehold to Cockburn. There may, however, be Native Title issues with regard to the 
sea and the seabed, though it is also possible that Native Title may have been 
extinguished by the FPA Act and other legislation relating to the use of the sea and 
seabed. 

As the combined metropolitan working group native title claim has passed the 
registration test, they retain the right to negotiate over certain developments that 
impinge on their claimed native title rights and interests. As native title has been 
extinguished within the area of Cockburn's proposed beneficiation plant, there will 
be no right to negotiate in respect of that development. In relation to the proposed 
dredging operations in Owen Anchorage, Cockburn's legal advice is that the right to 
negotiate will not apply due to the location of those works in coastal waters. There 
may, however, be other procedural requirements (such as the right to be notified and 
to make submissions) which will apply to these works. 

Aboriginal culture and heritage 

The State Register of Aboriginal Sites records has no registered archaeological sites 
on Cockburn's land, except for the possibility of the Indian Ocean site (S02169), 
which may be impacted upon by the proposed dredging operations. 

It may be necessary to carry out site surveys over the land and waters concerned to 
ascertain whether any unregistered sites exist. To the extent that there are any sites 
to which the Aboriginal Heritage Act applies which might be affected by the 
proposals, the provisions of the Aboriginal Heritage Act will be complied with prior 
to the works being undertaken including, if necessary, the obtaining of Ministerial 
consent under Section 18 of that Act. 

Under the Western Australian Aboriginal Heritage Act 1972, all Aboriginal people 
who wish to be consulted about a proposed development should be included in the 
surveys and have their concerns reported. In essence, any Aboriginal individual or 
group who expresses an interest in the proposed development area should be given 
the opportunity to participate in the Aboriginal heritage survey. For Cockburn's 
Long-Term dredging proposal. this includes representatives from both the Combined 
Metropolitan Working Group and the Ballaruk group. 

3.36 Condition of the Owen Anchorage ecosystem 

As a consequence of its location adjacent to a port, river mouth and industrial area, 
Owen Anchorage and the adjacent banks have been progressively modified by 
human activity since the early days of European settlement. 

The larger and more significant of these changes are as follows: 

The discharge of nutrient-rich and dark coloured waters from the Swan River 
during late winter; 

The construction of the FPA Channel through Success and Parmelia Banks, 
initially in 1919 to a depth of 8 m, with subsequent periodic deepening and 
widening, to provide its present width of 152 m (at the bottom of the channel) 
and a minimum depth of 14.7 m below low water mark; 
The discharge of effluent, including nutrients, from industries located along the 
Owen Anchorage shoreline. Most of this discharge has ceased or been brought 
under more effective management in recent years; 
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The effect of nutrient-enriched waters from Cockburn Sound being exchanged 
with those of Owen Anchorage, although water quality in Cockburn Sound is 
much improved since the 1970s; 

Sheilsand dredging by Cockburn. The dredging process has reduced the height 
of dredged areas of the banks (in the second channel) to a level similar to that 
of the adjacent basins and FPA navigation channel; and 

The alteration of shoreline sediment dynamics by the construction of numerous 
rock groynes and sea walls which have basically turned a long sandy coastline 
into a series of small pocket beaches. 

In summary, the region is heavily modified and utilised. Water quality on the 
extreme eastern side of Owen Anchorage was poor in the vicinity of industrial 
discharges during the 1970s, but has since improved dramatically due to better 
environmental practices by industries in the area. 

3.4 	THE ECOLOGICAL SIGNIFICANCE OF SEAGRASSES 

One of the major objectives of the EMP is to 'determine the ecological significance 
of seagrasses'. This was necessary for two purposes: 

To predict changes in the ecological significance of the Owen Anchorage area 
caused by shelisand dredging; and 

To assess the effectiveness of mitigation measures in replacing seagrass losses 
caused by dredging. 

After considerable discussion within the scientific community and in consultation 
with DEP and EPA personnel, the 'ecological significance of seagrasses' was 
broadly defined to include both ecological and cultural features (the latter includes 
recreational, educational and economic uses). Specifically, it was defined as the sum 
of the following attributes: 

Physical attributes: 

- 	sediment accumulation and stabilisation; 

- 	wave baffling and other hydrodynanîic processes; 

- 	effects on light climate in the water column; and 

- 	degree of habitat complexity in terms of three-dimensional structure. 
Chemical attributes: 

- 	biogeochemical cycling. 

Biological attributes: 

- 	floral and faunal abundance and diversity (biodiversity); 
- 	primary production; and 

- 	secondary production (including fisheries). 
Cultural attributes: 

- 	recreational and commercial uses; 

- 	educational uses; and 

- 	aesthetics. 

This definition was derived in 1995 when the EMP commenced, and was based 
almost entirely on knowledge about dense seagrass meadows in sheltered 
embayinents. The relative importance of the above attributes in determining the 
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ecological significance of the patchy, multi-species meadows in the Owen 
Anchorage region, and how to measure them, was determined in EMP studies. 

Early in EMP hydrodynamic studies it became obvious that, at the regional scale, 
seagrass meadows in the Owen Anchorage area have little effect on the physical 
attributes of sediment accumulation and stabilisation, wave baffling, and effects on 
light climate. Seagrasses in some ecosystems (mainly estuaries) can influence these 
three attributes to varying degrees. This is not the case in the Owen Anchorage area 
due to the high energy conditions that prevail (compared to sheltered water bodies), 
and the structure andlor patchy cover of the main species of seagrass involved. For 
example, Amphibolis griffithii forms dense canopies, but its structure (clusters of 
leaves borne on the end of woody stems) is such that at the seabed surface the 
individual plants are widely spaced, while meadows of Posidonia coriacea exist as 
clumps of seagrass separated by bare sand. Consequently, for the assessment of 
ecological significance, attention was initially focussed on the fourth physical 
attribute of habitat complexity, and the chemical, biological and cultural attributes. 

The EMP developed the view that the ecological significance of seagrass can be 
assessed by consideration of collective evaluation of three factors, which are: 

Biodiversity value (representing the attribute of biodiversity); 

Socio-economic value (representing cultural attributes); and 

Ecological value (incorporating the attributes of habitat complexity, 
biogeochemical cycling, primary production and secondary production). 

These three factors are determined separately, and are not directly additive. The 
attributes contributing to ecological value such as primary production can be 
measured directly. In contrast, biodiversity cannot be measured in an absolute sense, 
but only indirectly. Finally, many cultural attributes can only be represented by 
qualitative rather than quantitative measures. 

Each of the characteristics is discussed below. 

3.4.1 Biodiversity value 

As noted in Section 3.2.4, biodiversity can be considered to have two key 
characteristics: 

The ecological functions of the biota at the ecosystem level; and 

Its intrinsic value at the individual species, species assemblages, and genetic 
levels. 

The spatial patterns in biodiversity created by the mosaic of various seagrass and 
sand habitats in the Owen Anchorage area, were represented using a geographic 
information system (GIS). Attention was focussed on Success Bank, where the 
impacts of the proposed dredging were known to be the most extensive, and detailed 
species composition studies carried out. 

Success Bank was partitioned into 500 m x 500 m grid cells, the same size as for 
ecological value calculations (see Section 3.4.3). Grid cells for which site-specific 
data were available were assigned the 'relative abundance' of each of the species of 
macroalgae, macroinvertebrates and fish characteristic of the habitats present in that 
grid cell (see Section 3.2.4). The habitats present were obtained from EMP mapping 
studies (see Section 3.2.3). 
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For habitats in grid cells between sites where site-specific data were available, the 
species present were assigned using an interpolation technique. Interpolation was 
carried out at the scale of 1 km, which was considered ecologically relevant as the 
large majority of marine biota have planktonic propagules that are readily transported 
tens to hundreds of kilometres. Relative abundance for each species was calculated 
by dividing its abundance (i.e. the numbers of individuals of that species in the 
habitat) by the maximum abundance of that species found in any habitat. Relative 
abundance for each species was thus a value between zero to one. These relative 
abundance figures allowed GIS representation of both the variety of species present 
(i.e. the 'species richness'), and community composition (i.e. the numbers of 
individuals of each species, as well as the variety of species). 

The GIS representation of biodiversity in summer (i.e. when habitat mapping was 
carried out) in the habitats present in 1995 was chosen as the 'baseline' or reference 
condition, against which changes due to Cockburn's Long-Term dredging proposal 
could be made. Changes due to dredging could be examined by removing 
information (relative abundance of all the relevant species) on the habitats originally 
present in the grid cells to be dredged, and replacing it with the relevant information 
for deep bare sand. The use of deep bare sand information was considered valid as 
dredged areas develop biodiversity similar to natural deep areas within about four 
years (see Section 3.2.6). 	Differences in community composition could be 
represented by the multivariate statistical measure, Bray-Curtis dissimilarities. The 
development of this technique was closely followed and reviewed by local and 
international peer review groups specifically set up to guide EMP studies (see 
Sections 1.5 and 7.5). 

Species richness for the 1995 baseline is shown in Figure 3.20, and clearly shows the 
spatial differences in biodiversity due to the mosaic of habitats in the Owen 
Anchorage area. The highest values of relative biodiversity are associated with 
dense meadows of Atnphibolis grijfithii; moderate-to-high biodiversity is in areas of 
mixed Aniphibolis griffithii/P. coriacea meadows andlor P. sin uosa meadows; low-
to-moderate in areas that are largely deep bare sand; and the lowest in shallow sand. 
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Figure 3.20 Simulated species richness in the diversity study area in summer 1995 
iVote: Blue grid cells have a low variety of species. gradiag through to red grid cells which have the greatest variety of species. 
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34.2 Socio.economic values 

Overall, cultural attributes play a minor role in determining the ecological 
significance of seagrasses in the Owen Anchorage region, although it is 
acknowledged that there is still a perception amongst commercial fishers and tour 
operators that seagrasses are important habitats for commercial and recreational 
species of fish. 

As noted previously, human uses that involve seagrasses in the Owen Anchorage are 
few, and are restricted almost entirely to boaters who pass over the top of Cockburn's 
lease area. 

The aesthetic value of the Owen Anchorage area resides primarily in the scenic 
appeal of its sandy beaches, reefs, islands and clear waters. The first three of these 
features are unaffected by the presence or absence of seagrass. Water clarity at the 
regional-scale depends largely on sediment characteristics, water depth and wave 
climate (which together determine the amount of sediment particles suspended in the 
water); exchange with the slightly more turbid waters of Cockburn Sound; and 
outflow of turbid waters from the Swan River in winter and early spring. 

Some commercial fishers and tour operators who operate in the Cockburn 
Sound/Owen Anchorage region—while not necessarily reliant directly on seagrasses 
within Cockburn's lease area—perceive a threat to their livelihoods via indirect 
effects from seagrass loss as a result of Cockburn's activities. However, EMP 
studies clearly indicate that seagrass meadows in the Owen Anchorage region are not 
important habitats for commercially and recreationally valuable species of fish. 

34.3 Ecological value 

The ecological value of a seagrass system (or any other natural system) is considered 
as a sum of the representative attributes of the system. A numerical system has been 
devised to represent ecological value and to allow for comparisons of ecological 
value. The EMP study team considered that this method of evaluating and 
presenting ecological value is both quantitative and provides a consistent base for 
comparison. As with the assessment of biodiversity, the development of this method 
was closely followed and reviewed by local and international peer review groups set 
up for the EMP. 

Approach 
The assessment of the ecological value of seagrasses was undertaken by summing 
the contributions of the attributes of habitat complexity, biogeochemical cycling, 
primary production and secondary production. The specific biological data chosen to 
represent these attributes and which were measured as part of the EMP are shown in 
Table 3.16. 

The characteristics measured (shown in Table 3.16) were used to calculate a relative 
ecological value for each of the habitats in the Owen Anchorage area. To do this, 
data for each habitat were first expressed in relative tenns (i.e. relative to the 
maximum value that occurred in any habitat). For each attribute, the relevant data 
were then added together, and the sum was scaled to produce an 'attribute value' 
between zero and one (e.g. for primary production the three relevant values were 
added together and the sum divided by three). The four attribute values for each 
habitat were then added together, and the sum divided by four to give an 'ecological 
value' for that habitat. 
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Table 3.16 Biological data chosen to represent the attributes used in assessment of ecological 
value 

ATFRIBUTE DATA (UNITS) 
Habitat Complexity I cal area index 

Below ground seagrass biomass (g dry weightlm2) 
Primary Production Above ground seagrass production (g carbonl m2/day) 

Epiphyte production (g carbon) m2/day) 
Phytoplankton/MI'B production (g carbon! m2/day) 

Biogeochemical Cycling Nitrogen turnover (g! m2/year) 
CaCO3 turnover (g / m2/year) 

Secondary Production Invertebrate density (no.! m2) 

Invertebrate biomass (g  AFDWI m2) 

Nursery' fish density (no/ha) 
Nursery' fish biomass (kg wet wtlha) 
Resident' tish density (no/ha) 
Resident' fish biomass (kg wet wi/ha) 
Aduli 	fish density (no/ha) 
Adult' fish biomass (kg wet wi/ha) 

As for biodiversity, a modelling/GIS approach was used to portray the spatial 
patterns in ecological value created by the mosaic of habitats in the Owen Anchorage 
area, with the study area divided into a 500 x 500 m grid. 

The choice of this cell size was based on the continually expanding knowledge of the 
characteristics and functions of the seagrass assemblages gained during the EMP. 
The large beam trawls carried out for fish sampling covered a distance of 500 m: 
this was necessary to obtain representative data when faced with the characteristic 
patchiness of fish (unlike seagrass and invertebrates which can be meaningfully 
measured over smaller scales). 

A cell of this size was viewed as sufficiently large to include all of the processes 
occurring within a given seagrass assemblage, with the overall control of seagrass 
distribution being a function of mainly physical processes (waves, and sediment 
transport). As noted previously (Section 3.4.1), the Owen Anchorage area is 
continually being supplied by the planktonic propagules obtained from far further 
afield, indicating that even cells adjacent to a dredge site would function normally (in 
terms of the biota that settle and grow there). In addition, information on dredge 
slope stability indicates that the physical effects of channel dredging extends no more 
than 50 m at most. Consequently, the influence of any dredging would be confined 
well within the 500 in width of a cell. 

These considerations led to a uniform cell size of 500 m x 500 m being used for 
ecological value determinations. Ecological considerations may allow a smaller cell 
size to be selected for some attributes (e.g. primary production), but would add little 
significant additional information for the assessment of Owen Anchorage. If fish are 
to be included in the assessment of ecological value, a grid cell smaller than 500 m x 
500 m is of questionable ecological relevance. 

An ecological value for each grid cell was calculated by multiplying the percentage 
area of each habitat present by its relevant ecological value, and summing the results 
for all habitats in the cell (giving a maximum possible value of 100). The results for 
each grid cell were then input to a GIS database to display spatial changes in 
ecological value within the Owen Anchorage area. 

All calculations were done using the computer software package '@RISK', which 
considered the biological data as probability distributions and used a mathematical 
procedure known as 'Monte Carlo' simulations to select the exact values for use in 
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calculations. @RISK ensured the smallscale variability of the biological data was 
represented (e.g. within a 5 m by 5 m patch of seagrass the average leaf area index 
might be 8, but will vary from 2 to 15 for individual seagrass shoots), while the GES 
portrayed large-scale variations in ecological value due to the presence of different 
habitat types and degree of seagrass cover. 

As for biodiversity, the condition of the study area in 1995 (prior to dredging of the 
Medium-Term resource) was chosen as the 'baseline' or reference condition to assess 
changes due to Cockburn's Long-Term dredging proposal. 1995 was chosen rather 
than 1972 (when Cockburn started dredging) because the distributions of the various 
seagrass species and other habitats were mapped unequivocally, whereas only 
seagrass presence/absence data were available for 1972-   

Results 

Attribute values and overall ecological values obtained for habitats in the western 
and eastern zones of Owen Anchorage (as divided by the FPA channel) are shown in 
Table 3.17 and Table 3.18, respectively. 

Table 3.17 Attribute values and overall ecological value for the western region of the Owen 
Anchorage area 

HABITAT HABITAT 
COMPLEXITY 

PRIMARY 
PRODUCTION 

BIOGEOCHEM. 
CYCLING 

SECONDARY 
PRODUCTION 

OVERALL ECOL. 
VALUE 

lmphiboli.s 
riffithi 

0.548 0.901 

- 
1.000 0.695 0.786 

Posidoniasinuosa 0.563 0.421 0.173 ((.489 0.411 

Posidonia 0.573 
australis  

0.509 0.174 0.490 0.436 

Posidonia 0.067 0.417 

coriacea  
0.175 0.289 0.237 

Hetemzostera 0.011 0.327 
tusmanica  

0.086 0.152 0.144 

Shallow sand 1 	0.000 0.268 1 	0.047 1 	0.045 0.090 

Deep sand 1 	0.000 0.332 - 	0.082 = 0.284 0.175 

Table 3.18 Attribute values and overall ecological value for the eastern region of the Owen 
Anchorage area 

HABITAT HABITAT 
COMPLEXITY 

PRIMARY 
PRODUCTION 

BIOGEOCHEM. 
CYCLING 

SECONDARY 
PRODUCTION 

OVERALL ECOL. 
VALUE 

lmphibolis 0.570 0.724 
r,'rifflthii  

1.000 0.677 0.743 

Po.cidoniu SifllW5U 0.505 0.552 0.237 0.482 0.444 
Posidonia 0.511 0.634 

australis  
0.238 0.481 0.466 

Posidonia 0.128 0.606 

coriacea  
0.239 0.282 0.314 

Heterozostera 0.009 0.311 

tasinanica  
0.152 0.211 0.171 

Shallow sand 1 	0.000 1 	((.268 1 	0.072 1 	0.034 1 	0.093 
Deep sand 1 	0.000 1 	0.332 1 	0.134 1 	0.302 1 	0.192 

€4nzphibolis griffithii had the greatest ecological value of all habitats in the study area, 
due to its higher values for all attributes. Posidonia australis and P. sinuosa had 
similar ecological value and were intermediate between the bare sand and A. griffithii 
habitats, and this also applied to their four attribute values, P. coriacea had a 
significantly lower ecological value than other Posidonia habitats, due to its low 
habitat complexity (due in turn to its patchy nature) and, to a lesser extent, its lower 
secondary production (due to overall lower densities of macro-invertebrates and 
fish). 
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Of all the seagrass habitats, Heterozostera tasmanica habitat had the lowest 
ecological value, and was the only vegetated habitat with values generally lower than 
the deep sand habitat. This reflected the very sparse seagrass cover in this habitat 
and very low habitat complexity. 

Deep sand habitat had higher ecological values than both Heterozostera tasmanica 
and shallow sand habitat due to higher macro-invertebrate and fish biomass, which is 
reflected in higher secondary production values. In addition, the increased depth of 
deep sand habitats provides greater volume for phytoplankton production, and so it 
has an elevated primary production value relative to the shallow sand habitat. 

An important point to note from the results in Table 3.17 and Table 3.18 is that, if an 
area to be dredged is predominantly shallow sand habitat or Heterozostera 
tasmanica, its ecological value will actually increase due to the increased primary 
production and/or secondary production of deep sand habitat. Conversely, if the area 
to be dredged is predominantly meadows of the larger species of seagrass, its 
calculated ecological value will decrease. 

The spatial pattern of attribute values and overall ecological value for 1995 are 
shown in Figure 3.21 and Figure 3.22, respectively. The spatial patterns for each of 
the four attributes, and for overall ecological value, are very similar. The ecological 
value for 1995 was greatest on West Success and Parmelia Banks, in regions that 
were predominantly seagrass habitats with high habitat complexity, and high primary 
and secondary production (i.e. A. griffithii or P. sinuosa/P. australis). Intermediate 
values occurred on the shallow regions of Parmelia and Success Banks east of the 
FPA shipping channels and inshore near Fremantle Fishing Boat Harbour. The 
intermediate value of these areas was also derived from contributions of either 
A. griffithii or P. sinuosalP. australis, but in comparison to areas west of the FPA 
channel the seagrass cover is generally lower and hence ecological values are lower. 
The lowest values occurred in shallow sand areas, while deep sand areas had low to 
intermediate values. 

The use of this modelling/GIS approach to represent changes in ecological value 
with changes in habitat can be illustrated by comparing conditions in Owen 
Anchorage between 1972 and 1995. As only the presence or absence of seagrass was 
known for 1972, the distribution of seagrass species in 1972 was based on the 1999 
mapping exercise: if seagrass was present in 1972, it was assumed that the 
proportions of the various seagrass habitats were the same as for 1999 seagrass in the 
same area. This assumption was considered valid based on the known growth 
characteristics of the seagrass species and the time scale involved1 . 

The estimated changes in ecological value that have occurred between 1972 and 
1995 are shown in Figure 3.23. Large increases in ecological value have occurred on 
eastern and West Success Bank and West Parmelia Bank, reflecting the large 
increases in cover of Amphibolis griffithii and Posidonia coriacea that have occurred 
over this time (see Section 2.2). Declines in ecological value are also clearly seen, 
associated with: Cockburn's dredging of the second channel and the northern part of 
Success Bank between the FPA and second channels; and the losses of seagrass on 
East Parmelia Bank that are attributed to nutrient enrichment. In overall terms, it is 
estimated that the ecological value of the Owen Anchorage area has increased by 
about 10% from 1972 to 1995 because gains in seagrass cover have far outweighed 
the losses (Figure 3.24). These estimates exclude the considerable ecological 
importance of reefs in the Owen Anchorage area. 

A similar comparison between 1972 and 1995 was not carried out for hiodiversity as the species of epiphytes, 
invertebrates and tish present in an area can undergo very large natural fluctuations from year to year. 
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Figure 3.21 The distribution of ecological attributes in the study area in 1995, based on the 1995 
habitat distributions 

Note: Colours denote the relative value of the habitats present in each grid cell. Blue grid cells have the lowest habitat 
corn plexitv/prirnary productivity/secondary productivity, and red grid cells the highest. 
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Figure 3.22 The distribution of mean ecological value (the mean of the ecological attribute 
values) in the study area in 1995 
Note: Colours denote the relative value of the habitats, present in each grid cell. Blue grid cells have the lowest ecological 
value, and red grid cells the highest. 
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Figure 3.23 Percentage change in ecological value between 1972 and 1995 (top) Absolute 
values in ecological value in 1972 and 1995 (bottom) 

Note: Main diagran shows % changes in the relative ecological value of grid cells due to habitat changes Shades of blue 
show a decline in relative ecological value, and shades of red an increase. 
Absolute values of ecological value in 1972 and 1995 in the two smaller diagrams have the sane scale as for Figure 3.22 
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s 	The selection of appropriate species and suitable sites; 

The development of transplant methodology suitable to site conditions; and 

Sufficient support and a properly planned and implemented programme. 

The most important factors affecting seagrass transplant survival appear to be: 
insufficient anchorage of the transplanted seagrass material; water motion; sediment 
smothering; and poor water quality (in particular, the presence of excessive nutrient 
levels). Early in the EMP it was apparent that in the relatively high energy 
environment on Success and Parmelia Banks, small transplanting units of seagrass 
could not be adequately anchored to enable survival for any extended period. This 
fact, along with the revegetation targets set by regulatory authorities, led to emphasis 
on the development of mechanical methods that could handle large transplanting 
units, The revegetation targets originally set in 1995 for seagrass revegetation were: 

15 months prior to the depletion of the Medium-Term resource: 

10,000-30,000 m2 of seabed to be rehabilitated with an array of seagrasses 
with evidence of ~!l2 months of survival; and 

2 	1,000 in2 of seabed to be rehabilitated with evidence of ~! three years survival. 

These were based on very limited existing knowledge and information as well as no 
previous experience with large scale seagrass rehabilitation techniques. 

It is worthy of note that it has subsequently been recognised by the EPA that routine 
and reliable seagrass rehabilitation techniques are possible, but still require 
considerable further investigations and sufficient time for their complete 
development. The requirements associated with two development projects involving 
seagrass loss assessed subsequently by the EPA included conditions reflecting these 
views. 

The first of these involves the loss of 2.1 ha of mainly the seagrass Posidonia 
sinuosa with the construction of the Southern Harbour in Jervoise Bay. Ministerial 
approval for the project was provided in late 1998, and included the condition: 

"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), to the requirements of the EPA on advice of the DEP." 

The second of these occurred in 1999 when approval was provided for the 
construction of additional crystalliser ponds at Useless Loop, Shark Bay, with the 
loss of 60 ha of seagrass predominantly Posidonia australis. The proponents 
conditions include: 

"The proponent shall prepare a Sea grass Research Strategy which outlines 
reasonable and practical research into the rehabilitation of seagrass to be facilitated 
by the proponent. Based on this research, the proponent shall develop a practical 
and reasonable plan jr rehabilitation trials in areas previously affected by the salt 
works." 
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Returning to this ERMP, to meet the extremely demanding performance criteria that 
were set in 1995, the seagrass transplantation programme emphasised: 

The selection of sites for transplanting seagrasses; and 

The development of mechanical transplantation techniques. 

Early work therefore focussed on: 

Site selection; 

The development of mechanical transplantation techniques; 

Experimental studies designed to assist the site selection process; and 

The refinement of the mechanical transplantation process. 

Four categories of field sites were chosen: donor sites and recipient sites for 
mechanical trials, and two categories (depth experiments and energy experiments) 
for the experimental trials. The sites chosen are shown in Figure 3.25. 
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Figure 3.25 Rehabilitation sites 
Note: Mechanical transplantation sites: AGCTL = AnhiboIis griffithii control site: PCTL = Posidonia cortacea control 
site; RECI!' = Recipient site. Experimental studies sites: DEEP = depth site; EN = energy site. 

The experimental studies were largely based on manual transplantation procedures, 
and investigated the range of environmental conditions in which transplanted 
seagrasses could survive, specifically the range of depths (which determines the 
amount of light that seagrasses receive) and wave energy at the seabed (which 
determines the level of sediment movement). For the mechanical transplantation 
trials, the factors to be considered included water depth, water quality, substrate 
(areas with shelly or rocky substrate could not be used), wave energy, sufficient 
space for large-scale transplantation, and distance from seagrass donor sites. 
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Mechanical transplantation techniques were developed based on the use of an 
underwater mechanical harvester, ECOSUB I (Figure 3.26). The ECOSUB I system 
extracts large sods of seagrass intact, that is, with most of their root and canopy 
structure being retained during extraction, transport and replanting. ECOSUB I 
extracts sods of approximately 50 x 50 cm in size, to a depth of 40 cm, transports 
them to a donor site, and plants them into excavated holes of the same dimensions as 
those from which they were removed (Figure 3.27). 

.- .--L.. 

4 
I 	- 
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Figure 326 ECOSUB fat launch 

Figure 3.27 Transplanted seagrass sod 
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branched stems, which often become trapped and buried during planting. By 
contrast, Posidonia plants have strap-like leaves and a rhizome that is both more 
bulky and easier to cut: as a result the leaves are less likely to be buried, and more 
easily freed if they are buried. The time of planting also appears important, with 
sods transplanted in spring or summer more likely to survive than those planted in 
autumn or winter (Table 3.19). 

Table 3.19 Percent survival and species composition of transplanted sods 

TIME OF SPECIES IN % SURVIVAL TO COMPOSITION OF 
PLANTING TRANSPLANTED SODS 2000 _1UARY  SURVIVING SODS 

Summer/Autumn 80% P. sinuosa. 20% mixed 79% 88% P. sinuosa. 
1997  12% P. coriacea 

Winter 1997 96% P. sinuosa. 4% mixed 81% 45% P. sinuosa, 
33% P._coriacea 

Spring 1997 54% A. grifflthii. 71% 1% A. griffithü, 
15% P. sinuosa, 47-( P. 83% P. coriacea, 41h 
coriacea, 27% mixed -  P. sinuosa. 12% mixed __ 

Summer 1997/98 56% A. griJjithii. 38% 18% A. grzffithii, 
3% P. coriacea, 41% mixed 32%P. coriacea, 50% mixed 

Autumn 1998 54%. A. griffithü. 49% 30% A. griffithii, 
5% P. coriacea, 4 1 % mixed  21% P. coriacea, 49% mixed 

Winter 1998 62% A. gtiffitIijj 5217( 35% A. grzffithii, 
1% P. coriacea, 37% mixed  42% P. coriacea, 23% mixed 

Spring 1998 66% A. griffithii. 74% 
2% P._  coriacea, _32%_mixed  

Summer 1998/99 75% A. grij'J7thu, 71% 33% A. gr:ffithii, 
3% P. coriacea, 22% mixed  5% P. coriacea, 6217(. mixed 

Autumn 1999 59% A. grifjithii, 84% 30% A. grzffithii, 
2% P. coriacea, 39% mixed  10%. P. coriacea, 57% mixed 

Winter 1999 l'redominantly A. ,çriffithii 1 	 80% 1 	 A. grifJlthii 
Spring 1999 Predominantly A. griffithii 89% A. gr7thii 

The overall survival of all of the sods that have been mechanically transplanted is 
about 70%. Many sods have now survived for as much as three years and are 
expanding. The results from Owen Anchorage can't be directly compared with 
seagrass revegetation ventures undertaken elsewhere in the world. Similar levels of 
success are now being reported for seagrass rehabilitation efforts in North America 
(Fonseca et cii., 1998). However, seagrass types as well as the conditions of planting 
sites are totally different, Also, few Australian exercises have reported significant 
transplant survival beyond a few months, and survival beyond two years is virtually 
non-existent (Lord et al., 1999). 

In addition to survival, the 'health' of sods has been assessed by measuring shoot 
density of the plants. Shoot density data indicate that the seagrasses follow a normal 
seasonal pattern, with minimum density in winter and maximum in spring. That is, 
the transplanting process does not disturb the natural seasonal growth patterns of the 
seagrass. 

Spreading of sods (predominantly P. sinuosa) has been also observed and recorded. 
Of 80 sods monitored at the first recipient site, 28 (35%) showed signs of spreading 
with a mean rhizome extension length of 10 cm over 17 months (0.6 cm/month). Of 
79 sods monitored at the second recipient site, 18 showed signs of spreading with a 
mean rhizome extension length of 35 cm over nine months (3.9 cm/month). 

Large numbers of seedlings, particularly Heterozostera tasmanica and P. sinuosa, 
have also been observed among and between transplanted sods. It appears that the 
transplanted sods modify the hydrodynamic conditions sufficiently to allow seedlings 
to settle. The seagrass donor site is a mixture of single and mixed species meadows, 
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and so the species composition of the sods is also variable. Infihling by other 
seagrasses has resulted in the initial recipient site becoming indistinguishable from 
adjacent natural meadows. 

The success of ECOSUB I under the demanding field conditions of the Owen 
Anchorage area led to the next phase of mechanical transplantation, ECOSUB H 
(Figure 3.29). 

Figure 3.29 ECOSUB II underwater 

ECOSUB I is capable of cutting, storing and planting nine sods within one hour, but 
transport of the machine and its deployment at the recipient site takes up to three 
hours. As a result, only nine sods are usually cut and planted in one day. To 
improve efficiency, a new set of machines referred to collectively as ECOSUB H 
were designed and constructed. These consist of two identical units, both capable of 
harvesting and planting seagrass sods, semi-permanently located at the donor and 
recipient sites with a series of shuttles to transport sods from one to the other. To 
further improve the transplant rates, the cutting unit can harvest a seagrass sod more 
than twice the area (0.55 m 2  ) of ECOSUB I. 

Survival is likely to be even better than for sods planted by ECOSUB I, as sods 
planted by ECOSUB II are twice the size of those planted by ECOSUB I. 

In reference to the seagrass transplantation performance criteria established in 1995, 
it can now be stated that: 

An area of 0.1 ha had been planted by May 1998 (Figure 3.28) with an average 
survival rate of 70% (Table 3.19). All would have survived and grown for 36 
months (and some for 48 months) by May 2001, which is 15 months prior to 
the current estimated time for depletion of the Short- and Medium-Term 
resource; and 

Current rates of transplantation as ECOSUB II is being refined are now 
between 0.1 to 0.2 ha per year. At this rate, a full 1.0 ha would take another 3-
5 years to transplant. The ECOSUB II system has the potential to transplant at 
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a rate of 0A-0.5 ha per year. To achieve this would require significant 
increase in operational time as well as additional support craft (additional sod 
shuttles and surface craft). 

The development of an operational mechanical transplantation technique is one of 
the major achievements of this EMP. These excellent results have been achieved in 
one of the most hydro-dynarnically active seagrass environments in Australia, and 
provides encouragement for even greater success in calmer environments, provided 
water quality is sufficiently good. Transplantation on its own is both expensive and 
slow, while it incurs damage to the donor seagrass buds. Fully ecologically 
sustainable techniques for seagrass revegetation will need to develop techniques for 
generating planting units of seagrasses, such as from seeds, sprigs, or tissue culture, 
in conjunction with mechanical planting methods. Whatever, the work completed 
clearly demonstrates that seagrass revegetationitransplantation is feasible and, if 
carefully planned and implemented, can be successful. 

3.5,2 Artificial reefs 

The EMP proposed the installation of artificial reefs in Owen Anchorage as a 
potential means of mitigating the loss of seagrass habitat through dredging. Three 
phases were planned for the artificial reef project: 

An engineering investigation of the design, location and construction costs of 
the reefs; 
An analysis of the international and Australian literature on the use of artificial 
reefs; and 
Installation of the reefs, with monitoring of the effects of their installation. 

The first phase (MRA, 1994) and second phase (Nielsen and Wells, 1997) were 
completed, but phase three did not proceed for reasons described below. 

The removal of seagrasses through dredging removes specific ecological attributes, 
particularly the growth of plants. The aim of the artificial reefs was to mitigate these 
losses, particularly the potential loss of commercially or recreationally valued species 
of fish, crabs and squid. Nielsen and Wells (1997) concluded from a detailed 
literature search that there is no conclusive evidence that although fish density does 
increase in the vicinity of artificial reefs, it was not clear whether this was a result of 
increased fish production, or simply that the existing fish congregate near the reef. If 
increased numbers is a result of congregation in a smaller area, the fish would be 
easier to catch. If fish production is not enhanced, the reef could actually decrease 
fish populations through more effective fishing in a smaller area. Further, navigation 
requirements limited the areas for potential artificial reefs to waters in the Owen 
Anchorage area at a depth of approximately 13-15 m, too deep for effective plant 
production at the bottom or on the sides of the reef. The only primary production 
would be on the upper portions of the reefs. Nor would artificial reefs duplicate the 
species present in seagrass meadows, or their specific ecological value. 

Preliminary discussions with fishing organisations also indicated they did not support 
the concept. In particular, in their submission on the medium term dredging proposal 
(Cockburn, 1996), the WA Recreational and Sportsfishing Council and the Coastal 
Waters Alliance stated that the 'fishing community has categorically rejected the 
transformation of the area into a place of reefs, artificial or otherwise'. In view of 
this opposition, and the lack of a clear scientific benefit of the reefs, the proposal for 
trialing artificial reefs in Owen Anchorage did not proceed. 
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4. 	ENVIRONMENTAL EFFECTS 

4.1 INTRODUCTION 

This chapter outlines the potential environ mental effects that dredging of Cockburn's 
proposed Long-Term resource may have. Assessment of environmental effects is 
based largely on information from the technical investigations and scientific studies 
of the EMP. Both the direct and indirect effects of dredging the Long-Term resource 
are identified. Each effect is then evaluated to determine its likely magnitude and 
significance both individually and cumulatively, and ways to manage these effects 
are identified. The procedures and methods proposed by Cockburn for the 
management of these matters are then discussed in detail in Section 5. 

4.1 1 The proposal and its direct effects 

Cockburn's Long-Term dredging proposal has two stages (Figure 1.3 and 
Figure 1 .4), as follows: 

Stage One 
Dredging a 1.5 km wide Seaway through Success and Parmelia Banks to a 
depth of approximately 15 m. Dredging will commence in 2002 and will 
provide sufficient resource until at least the end of 2014. 

a 	Stage Two 
Dredging of West Success Bank, largely outside of the existing State 
Agreement Act area. This will commence in 2015 (at the earliest) and will 
provide an additional 20 years of resource. 

The direct physical effects of this dredging proposal on the change in the shape of the 
seafloor are depicted in three oblique dimensional views of Owen Anchorage: the 
existing bathymetry (Figure 4. 1); after completion of Stage One (Figure 4.2); and 
after completion of Stage Two (Figure 4.3). 

From these, it is clear that the specific changes associated with the dredging of the 
Long-Term resource are: 

Modifications to the bathymetry of the Owen Anchorage seabed; and 

Loss of seagrass and bare sand habitat in shallow water on both Success and 
Parmelia Banks and commensurate gain in deep bare sand habitat. 

The construction of the Seaway and the deepening of sections of both Success and 
Parmelia Banks will have two physical effects. First, the wave climate of the region 
will be modified allowing wave energy from the Owen Anchorage area to penetrate 
deeper into Cockburn Sound. Second, the Seaway will also allow greater exchange 
of water between Cockburn Sound, Owen Anchorage and Gage Roads. 
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Figure 4.1 Oblique three-dimensional view of Owen Anchorage 1999 
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Figure 4.2 Oblique three-dimensional view of Owen Anchorage after completion of Stage One 
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Figure 4.3 Oblique three-dimensional view of Owen Anchorage after completion of Stage Two 

Note: Vertical scale exaggerated compared to horizontal scale. Deep areas are /520 in in dept/i. and shallow areas 5-8 in in depth. 
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The Seaway will convert large areas of shallow sand habitat to deep sand habitat. 
Stage One involves dredging a total area of 433 ha, 168.5 ha of which is seagrass. 
Stage Two involves dredging approximately 350 ha of West Success Bank, which 
has been deliberately defined to avoid areas of seagrass, major reefs and islands. It 
should be noted that the final configuration and dredging depth for the Stage 2 area 
has yet to be finalised, and will depend on refinement of information on the depth 
and grade of sheilsand resource, the capabilities of the new dredges Cockburn will 
need to purchase for this area, and the need to avoid reefs and areas of seagrass. It is 
known that seagrass distribution on West Success Bank has changed with time. 
Overall, the total area covered by seagrasses has increased, although little change has 
occurred between 1995 and 1999. Seagrass cover in the area proposed for dredging 
will continue to be monitored closely. 

A summary of the total areas proposed for dredging, and seagrasses presently in 
those areas, is provided in Table 4.1. The loss of 168.5 ha with Stage One represents 
7.9% of existing seagrass (2,133 ha), and is far less than the gain of 510.9 ha 
between 1965 and 1999 (see Section 32.3). 

Table 4.1 Areas to be dredged during Stage 1 and 2 of Cockburn's Long- Term dredging 
proposal 

DREDGING AREAS TOTAL - SEAGRASS SEAGRASS ASSEMBLAGE 
AREA (ha) AREA (ha)  

Stage One: Seaway  
Success Bank 121.0 35.2 Mainly 	mixed 	Amphibolis 

griffithi/Posidonia coriacea with 
some Posidonia sin uosa 

Parmelia Bank 312.0 133.3 Mainly 	Posidonia 	sinuosa 	and 
sparse Amphibolis grzfflthii with 
some Posidonia australis 

SUBTOTAL 433.0 168.5  
Stage Two: West Success Bank 1 	350 nil - 

Finally, much of the resource dredged during Stages I and 2 will require 
beneficiation to achieve a total carbonate content suitable for Cockburn's customers. 
The beneficiation process will increase Cockburn's water, power and fuel 
consumption, and will also produce a significant quantity of inert reject material 
(sand) that will require disposal. 

4.1.2 Environmental issues associated with Long- Term proposal 

A series of environmental issues are associated with Cockburn's Long-Term 
dredging proposal. The three most significant of these are: 

o 	Modification of wave climate in both Owen Anchorage and Cockburn Sound, 
with attendant effects on shipping, navigation, coastal structures and the 
stability of the Banks and shoreline; 

Increased exchange of seawater between the much clearer waters of Owen 
Anchorage, and Cockburn Sound, and improvement in water quality of 
Cockburn Sound as indicated by water clarity; and 

Changes to the ecological significance of the Owen Anchorage area due to 
decreased area of seagrasses and shallow bare sand habitat, and increased area 
of deep sand habitat. 

A number of additional environmental issues have also been addressed in this 
assessment, including: 
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Increased use of energy and water with beneficiation, and disposal of the reject 
material generated by this process; 

Greenhouse gas emission; 

Changes in water quality and clarity due to dredging; 

Impacts on commercial and recreational fisheries; 

Compliance with the National Strategy for Ecologically Sustainable 
Development; 

Compliance with the National Strategy for the Conservation of Australia's 
Biological Diversity; and 

Impacts on Aboriginal culture and heritage. 

Each of these environmental issues is addressed in detail below. A summary of 
environmental effects is also given in Section 4.11. 

4.2 	EFFECTS OF THE LONG-TERM DREDGING PROPOSAL ON THE WAVE 
CONDITIONS, SHIPPING, COASTAL STRUCTURES, BANK STABILITY 
AND SHORELINE STABILITY 

EMP studies include a comprehensive wave measurement and modelling programme 
that was developed to estimate the physical effects of dredging. A sophisticated 
numerical model called '2GWave' was developed to estimate the influence of 
changes in bathymetry on the wave climate of the region, and to evaluate the effects 
of the changes in wave climate on shipping, coastal structures and the stability of the 
banks and the shoreline (MRA, 1997a). 

The model 2GWave is a general purpose spectral wave prediction model developed 
by Professor Ian Young at the Australian Defence Force Academy. The model 
incorporates the existing bathymetmy of the study area, appropriate wind and wave 
data, and different friction factors to take into account the nature, or roughness of the 
seabed (i.e. the presence of reef, seagrass meadow or bare sand). 

The 2GWave model has been checked and adjusted using measurements of wave 
characteristics in deep water offshore and south-west of Rottnest Island, and on the 
eastern side of Success Bank (for details see MRA, 1995b). The model accurately 
simulates present-day wave conditions in the Owen Anchorage study area during the 
four main meteorological/oceanographic conditions, which are: 

A moderate swell; 

A typical sea breeze pattern: 

A moderate storm; and 

A severe storm. 

The model already has been used to predict the effects of: 

Dredging of Cockburn's Short-Term and Medium-Term resource areas; and 

The removal of the 100 rn-wide buffer between the existing FPA shipping 
channel and Cockburn's current dredging area on Success Bank, 

Dredging of the Short-Term and Medium-Term areas was found to cause minor and 
localised changes to the wave conditions in Owen Anchorage, that were of little 
significance to coastal stability, shipping, navigation, or coastal structures. 
Conversely, removal of the buffer zone through Success Bank was predicted to cause 
unacceptable changes in steering requirements for ships passing through the present 
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FPA channel. Vessels passing through the FPA shipping channel on Success Bank 
would have had open water on the east, and the Bank on the west. This would have 
resulted in uneven flows of water past the two sides of a vessel, causing the ship to 
slew, requiring unacceptably strong rudder corrections. Numerical simulations on 
ship handling characteristics indicated that Cockhurn could not remove the buffer 
zone unless a 200 in wide segment west of the FPA shipping channel was also 
removed, in order to ensure steering conditions were no more demanding than 
currently required. 

The following section assesses the effects of dredging on wave climate after 
completion of the Seaway through Success and Parmelia Banks and after completion 
of dredging at West Success Bank. 

4.21 Introduction 

Under the proposed Long-Term dredging proposal a large area of the seabed of 
Success and Parmelia Banks will be deepened (see Figure 1.2, Figure 4. 1, Figure 4.2, 
and Figure 4.3). This will alter the wave climate over an area larger than that 
dredged. In addition, the proposed dredging of the Seaway through Success and 
Parmelia Banks will allow more wave energy to penetrate into Cockhurn Sound. 

The effects of these changes need to be assessed with regard to: 

Ship motion, such as maintenance of underkeel clearance; 

Stability of coastal structures; and 
Sediment transport, both on the Banks, and at the shoreline. 

The wave climate within Owen Anchorage and Cockburn Sound can be represented 
by four conditions (WNI Science and Engineering, 1995; MRA, 1995b and VS 
Navy, 1976). 

Moderate swell 

Swell waves from distant storms in the Indian Ocean continually reach the offshore 
area throughout the year. The swell wave often exceed 2 rn in height, and typical 
periods are between 8 and 16 seconds. The swell waves commonly approach from 
the south-west, and tend to be slightly smaller and more southerly in summer 
compared to winter. 

Sea breeze 

Seas produced by the sea breeze are most prevalent during summer. The generation 
of these waves is limited by the duration and offshore extent of the seabreeze system. 
Typically wave heights are 0.5 m to 1.5 m and periods are 3 to 6 seconds. The 
direction of these waves is generally from the south-west to the south. 

Moderate storm 

This condition is defined as seas generated locally by the passage of cold fronts 
during winter. The wave heights and periods vary markedly from storm to storm. 
Often the wave height exceeds 4 m and the wave periods reach 6 to 10 seconds. In 
the more severe storms, the deepwater significant wave height can exceed 7 m. The 
direction from which these storm waves approach can range from the north-west to 
the south-west during the passage of the storm. 
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Severe storm 

This condition is defined as severe waves caused by dissipating cyclones. These 
storms are infrequent in the Owen Anchorage and Cockburn Sound, however, when 
they do occur they cause severe conditions for short periods of time. 

These four conditions were used to examine the likely effects of the proposed Long-
Term Dredging on the nearshore wave conditions (MRA, 2000b). 

4.2.2 Predicted changes to nearshore wave conditions due to the Seaway and West 
Success Bank dredging 

The 2GWave model was used to simulate wave conditions prior to, and subsequent 
to the dredging of the Seaway, and the Seaway plus West Success Bank. All results 
are compared relative to the bathymetry that existed prior to Cockburn commencing 
its Short- and Medium-Term dredging. 

Model results are expressed as differences, and are presented to show changes in: 

Significant wave height (defined as the average height of the highest one third 
of waves over a given time); and 

Energy-weighted mean wave direction, 

and are presented in Figure 4.4 to Figure 4.7 for the swell and extreme storm 
conditions. These conditions were chosen for presentation as they cover the range of 
influences that could occur with changes in wave climate with the construction of the 
Seaway. 

The Seaway dredging is scheduled to last until at least the end of year 2014. It 
should be recognised that as the dredging of the Seaway proceeds, changes in the 
wave climate in the Owen Anchorage area will occur progressively. Conversely, 
progressive changes to the wave climate in Cockburn Sound will be very minimal as 
the Seaway proceeds, and will only occur once the final southern section of Parmelia 
Bank has been dredged. 

The chain of islands and reef to the north of Garden Island will continue its 
importance in attenuating wave energy towards the coast. Generally the wave 
conditions in Owen Anchorage are less than 1 in, but in severe storms could reach 
2 m. In Cockburn Sound, the wave heights are typically 0.5 in to I m, and during 
severe storms wave heights could reach around 1.5 in. During severe storms, waves 
near Gage Roads and Fremantle Harbour are about 2.5 in to 3 in in height. 

Changes in the wave climate due to West Success Bank after the Seaway is 
completed will be addressed in terms of additional changes in significant wave 
height and direction. The differences in the wave climate can be described in this 
manner because changes due to the proposed dredging of West Success Bank are 
localised to the dredging region, unlike those incurred by the dredging of the 
Seaway. 

Moderate swell (Figure 4.4 and Figure 4.5) 
Under the conditions of moderate swell there is little or no change in the predicted 
significant wave height due to the Seaway dredging. Changes in the wave height are 
restricted within and along the eastern bank of the proposed dredge area, and are 
between —0.2 in and 0.2 in. 
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Figure 4.4 Predicted change in the significant øa ye height and direction in Owen Anchorage 
and C'ockburn Sound under moderate swell conditions after the Sea way is completed 

Run Nos: 2/18 Timastep: 1201 
Offshore Waves: 113 = 3.4 m, Tz = 9.9 a, Ave Dir = 252.1 dogs 

Wind Speed = 1.6 in/a, Wind Direction = 168.0 dogs 

Grid Resolution: Plot = 250 m. Refraction =50 m 
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Figure 4.5 Predicted change in the significant wave height and direction in Owen Anchorage 
and Cockburn Sound under moderate swell conditions after the dredging of West Success Bank 
and the Sea way 
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Predicted changes in wave direction extend further afield. They occur within the 
dredge area, along the eastern bank of the dredge area extending from the beginning 
of the Seaway in the north to the 10 m isobath south of James Point, and in an area 
about 2 km of the Seaway on Success Bank. The majority of the changes in the 
wave direction lie between 20 degrees clockwise and anti clockwise. 

Additional wave height increases of around 0.1 m to 0.2 m are predicted along the 
boundary of the West Success Bank dredging area. There are highly localised areas 
along the boundary of the West Success Bank dredged area where the wave height is 
predicted to increase to 0.5 m. Changes in significant wave direction occur around 
the border of the West Success Bank dredged area and range between 5 and 50 
degrees. 

Sea breeze 

Negligible change in the wave height is predicted after the Seaway dredging. 
Changes in the wave direction of between 10 and 50 degrees are expected in the 
deeper area of the Seaway. In the area to the east of the Seaway, along the southern 
portion of the Owen Anchorage and Cockburn Sound coastline the direction is 
predicted to change between 5 and 20 degrees. 

A localised 0.1 m to 0.2 in additional increase in the significant wave height is 
predicted at several points along the boundary of the proposed dredge area on West 
Success Bank. Changes in wave direction are predicted to be in a localised area 
between 5 and 50 degrees to the north of the West Success Bank and between 5 and 
20 degrees to the south of the bank. 

Moderate storm 

The predicted change in wave conditions due to a moderate storm event were 
analysed at the beginning of the storm event when the wind and locally generated 
waves are from the north-west and later in the storm when the winds had swung to 
the west. 

Under north-westerly wind conditions the significant wave height is predicted to 
increase between 0.1 m and 0.2 in within the Seaway and in Cockburn Sound below 
the Seaway to James Point. Changes in wave direction are predicted to be around 5 
to 20 degrees in the same area. 

Under westerly conditions the significant wave height is also predicted to increase 
between 0.1 m and 0.2 m but is limited to the localised area on the edge of the 
dredged area. The wave direction is predicted to extend further and to change 
between 5 and 20 degrees. 

An additional increase of 0.1 in to 0.2 m in wave height and change of 5 to 20 
degrees is predicted for the boundary region of the West Success Bank proposed 
dredging area under north-westerly winds. Under westerly winds similar changes in 
wave height and direction are predicted. 

Severe storm (Figure 4.6 and Figure 4.7) 

The severe storm event modelled represents a storm with a return period of around 2 
to 5 years. At the extreme conditions of the storm the offshore significant wave 
height reached 7.4 m. The predictions of the effects on the Seaway are summarised 
in terms of the two most severe conditions, north-westerly winds and westerly winds. 
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Figure 4.6 Predicted change in the significant wave height and direction in Owen Anchorage 
and Cockburn Sound under severe storm conditions after the Sea way is completed 
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Figure 4.7 Predicted change in the significant wave height and direction in Owen Anchorage 
and Cockburn Sound under severe storm conditions after the dredging of West Success Bank 
and the Sea way 
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Changes in wave height are generally between 0.1 in and 0.5 m during the north-
westerly winds. The changes are predicted to occur from the Seaway to the southerly 
extent of Cockburn Sound. Changes in wave direction also penetrate from the 	- - 
Seaway to the southerly extent of Cockburn Sound and are typically between 5 and 
20 degrees. A highly localised change of more than 20 degrees is predicted within 
the Seaway. 

Changes in wave heights due to the westerly wind are similar in extent to the changes 
predicted due to the north-westerly wind. The changes in significant wave height are 
lower, ranging between 0.1 m and 0.2 m and these changes extend over the length of 
Cockburn Sound. Importantly, changes in significant wave height occur over a 
reduced area of southern Cockburn Sound. Changes in wave direction also occur 
over the length of Cockburn Sound and range between 5 and 50 degrees. 

Additional changes in significant wave height due to the dredging of West Success 
Bank are predicted to be between 0.1 m and 0.2 m along the boundaries of the 
proposed West Success Bank dredged area for both westerly and north-westerly 
conditions. The changes in wave direction are also limited to the boundary of the 
proposed West Success Bank dredged area and found to range between 5 and 20 
degrees. 

4.2.3 Impacts of dredging on shipping and coastal structures 

The proposed Seaway and West Success Bank dredging will have a minimal effect 
on the swell wave heights (less than 0.1 m) near Fremantle harbour, along the FPA 
channel and in Cockburn Sound. Small changes in wave direction are predicted (up 
to 23 degrees) but are unlikely to effect shipping. Dredging of the Seaway will 
improve access to Cockburn Sound for large ships under a greater variety of weather 
conditions. 

The proposed Seaway dredging may result in the following structures experiencing a 
small increase in wave height during severe storms, when waves and wind are from 
the west: 

WAPET Groyne; 

Jervoise Bay Northern Harbour and Northern Breakwater; and 
CBH Jetty. 

Model predictions were undertaken using a severe storm with an average recurrence 
interval (ARI) of 2-5 years, meaning that on average a storm of this magnitude will 
occur once between 2 and 5 years. Design of these structures is usually based on 30 
to 100 year ARI wave conditions and still water level. A commitment of the ERMP 
is to continue to validate and improve wave modelling and wave forecasting 
techniques to facilitate adequate prior warning of any significant influences on wave 
climate change. This in turn will allow for more mitigative measures to be 
introduced, which could include the modification of the dredge shape, or for 
example, strengthening of structures. The influence of the dredging of the Seaway 
and West Success Bank on the CBH jetty was assessed by transforming the 100 year 
ARE maximum wave height (taken from Lemm, 1999) into Cockburn Sound and 
found not to affect the jetty. 
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4.24 Bank and shoreline stability 

Bank stability 

Success and Parmelia Banks are the result of the interaction of coastal and 
oceanographic processes on sands in the region. Waves are particularly important in 
the reworking and transport of sand over Success and Parmelia Banks. The effects of 
dredging on these processes was examined by determining changes to sediment 
transport that would occur due to dredging, at a number of sites shown in Figure 4.8. 
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Figure 4.8 Locations of the selected sites at which sediment transport rates were calculated 

Calculations of the sediment transport on Success and Parmelia Banks were 
undertaken using the van Rijn (1989) method. This method calculates sediment 
transport due to the combined effect of wave and current action. The predicted wave 
heights from the calibrated 2GWave model and current data from field measurements 
were used for the calculations. No current data was available for the severe storm 
event and current estimates were derived from the relationship between wind 
strength and direction for the moderate and severe storm events. 

The calculations show that the predicted changes in sediment transport on the Banks 
(Sites 1--15) under specific wave conditions due to the dredging of the Seaway and 
Western Success Bank are minor except at Sites 10 and 15. Details of these changes 
predicted in sediment transport are shown in Table 4.2. The changes in the sediment 
transport rates at Site 10 are due to increases of wave height between 0.01 m and 
0.5 m after the dredging of the Seaway and West Success Bank. At Site 15 the 
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changes in transport rates are smaller than at Site 10, except for the severe storm 
event, and are due to changes in wave height of up to 0.45 m. 

The changes in sediment transport are substantial at sites 10 and 15 and indicate that 
at the completion of the dredging programme, particularly under severe storm 
conditions these sites will be affected. The effect at Site 10 is localised with changes 
of less than 10% at nearby Sites 11 and 12. At Site 15 the effects of changes in wave 
climate appear to extend further, with longshore transport rates affected at Site 18 but 
not at Site 19 (see shoreline stability below). 

Table 4.2 Sediment transport rates at locations on Success and Parmelia Banks 

CONDITION SITE BASE CASE (1994 
BATHYMETRY) 

(m3/dav per metre) 

SEAWAY 
COMPLETE 

(m3/dav per metre) 

WEST SUCCESS BANK 
AND SEAWAY COMPLETE 

(m3/dav per metre) 
Moderate swell ID <5 5 to 15 5 to 20 
Sea breeze 10 50 to 180 50 to 250 50 to 350 
Moderate storm 10 50 to 230 100 to 420 150 to 520 
Severe storm tO 80 to 4.000 320 to 7,300 400 to 8.400 
Moderate swell 15 <0.01 0.1 to 0.6 0.3 to 1.2 
Sea breeze 15 100 to 600 100 to 600 100 to 600 
Moderate storm 15 50 to 350 100 to 400 100 to 420 
Severe storm 15 20 to 4.900 50 to 9.900 50 to 11.400 

Shoreline stability 

The shoreline stability of Cockburn Sound and Owen Anchorage was assessed by a 
comparison of the longshore transport rate before and after the proposed dredging 
scenarios. The longshore transport estimates were based on the CERC (1984) 
method that relates incoming wave conditions to the transport rate along the beach. 

The longshore transport rates for each wave climate were calculated then added 
according to the number of occurrences of each of the representative wave events 
within a representative year to obtain the net longshore sediment rates for each event 
at Sites 16 to 23 (Figure 4.8). The representative year was generated from an 
analysis of data from 1994 to 1998. 

The results in Table 4.3 show that with the exception of the Explosives Jetty (Site 
18) there is less than a 10% change in the net longshore movement at the eight sites 
examined after either of the proposed dredging schemes. Although this level of 
change may appear small, the additional wave energy will increase the northerly 
wave component in Cockburn Sound and subsequently increase the southward 
component of longshore sediment transport. The response of the beaches to the 
change in sediment transport will be a gradual change in beach orientation and 
degree of erosion or deposition. 

Table 4.3 iVet annual longshore transport estimates 

LOCATION 
TYPICAL ANNUAL NET LONGSHORE MOVEMENT (m3lyear)* 

BASE CASE 
1994 BATHYMETRY 

SEAWAY 
COMPLETE 

WEST SUCCESS BANK 
AND SEAWAY COMPLETE 

Site 16 1200 1600 1700 
Site 17 -1600 -1500 -1310 
Site 18 -1400 -600 -200 
Site 19 -1700 -1800 -1700 
Site 20 -800 -1000 -900 
Site 21 -11000 -11500 - 1200() 
Site 22 -570() -5700 -5900 
Site 23 1000 1000 1000 
negative values denote SouU wards transport, and positive values northwards transport. 
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The largest change in the Iongshore sediment transport rate will occur at the 
Explosives Jetty (Site 18; equivalent to decrease in southwards transport 
800 m3/annum), and will result in some realignment and erosion. Realignment and 
rotation will occur as a result of the reduction in the southerly transport rate at the 
completion of both programmes. 

To manage the impact of the dredging programme wave climate measurement, 
shoreline monitoring and, additional improved wave model validation and 
forecasting will be undertaken throughout the programme. This will allow mitigative 
measures to be introduced when needed such as changing of the dredge shape while 
regularly improving wave model and forecasting techniques 

425 Conclusions 

For swell and sea breeze the proposed dredging programmes are predicted to 
have a small effect on the wave conditions within Owen Anchorage and 
Cockburn Sound. Most changes are localised to the dredge areas and along the 
banks of the surrounding dredge areas. The exception is the swell direction 
which is predicted to change by 5 to 20° in Owen Anchorage and through to 
the southern extent of Cockburn Sound; 

For moderate winter storm and severe storm events it is predicted that a small 
change in the wave conditions from the proposed Seaway will be experienced 
to the southern extent of Cockburn Sound after the completion of the dredging 
schemes; 
The change in wave conditions indicate that the WAPET Groyne and the 
Jervoise Bay Northern Harbour Northern Breakwater will experience increased 
wave heights during a design storm of a 30 to 100 year AR! as a result of 
dredging; 

The bank stability of Success and Parmelia Banks will be unaffected by 
dredging except in localised areas during severe storm events; 
The shorelines of Owen Anchorage and Cockburn Sound will undergo gradual 
reorientation and changes in degree of erosion or accretion. Localised erosion 
will occur at the Explosives Jetty in Owen Anchorage; 
The present programme of shoreline monitoring in Owen Anchorage needs to 
be expanded to include selected locations in Cockburn Sound; 
A programme of wave climate measurement and continuing modelling is also 
needed to ratify or modify conclusions about changes in wave conditions, and 
allow mitigative measures to be implemented if required; and 

A series of management options will be further developed, to allow for 
mitigation should these forecasts change, or should effects be observed. These 
options include: modifying the dredge plan to reduce effects; shoreline 
protection and/or nourishment; and the strengthening of structures. The first of 
these options is strongly preferred. 

43 	EFFECTS OF THE SEAWAY ON CIRCULATION AND EXCHANGE OF 
WATER WITH COCKBURN SOUND 

43.1 Introduction 

The construction of the Seaway will alter the patterns of circulation and exchange of 
water in the vicinity of the Seaway. Of particular significance is the effect the 
Seaway will have on the exchange of waters from Cockburn Sound, a semi-enclosed 
basin with limited flushing and well documented localised water quality problems. 
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At present surface waters (to a depth of 5-8 m) exchange freely between Cockburn 
Sound and the open waters to the north and east. The Seaway will have very little 
influence on this process. Some exchange of water at depths between 5-8 in and 
15 m with Cockburn Sound occur through the existing FPA channel. This is only 
150 m wide; the Seaway will be 1,500 m wide. Hence, the Seaway will have greatest 
influence on exchange of waters from northern Cockburn Sound at depths from 8-
15 m. 

The deep central basin of Cockburn Sound is approximately 19 in deep at the 
boundary with Parmelia Bank. Consequently, a near-bottom 4-5 m sill will still 
remain, inhibiting the exchange of the bottom waters, as is presently the case. 

The influence of the Seaway on circulation and exchange of waters with Cockburn 
Sound was examined using a knowledge of local oceanographic processes, 
supplemented by a numerical modelling study to simulate the conditions with the 
Seaway. The influence on water quality changes due to the Seaway was interpreted 
based on improvements in flushing times and water clarity that would occur. 

In this analysis it is recognised that dredging will initially be on Success Bank, and it 
is likely that the Seaway through Success Bank will be the first section completed. 
Consequently, the first impact will be the enhanced connection between the waters to 
the west of Owen Anchorage and Gage Roads. This would be followed some years 
later by the dredging of Parmelia Bank, completing the Seaway. It is not until this 
time that any significant impact to the oceanography of the region, specifically the 
flushing of Cockburn Sound, will be realised. 

4.3.2 Analysis of influence of Sea way on exchange of waters with Cockburn Sound 

Geometrically, the construction of the Seaway will increase the cross-sectional area 
available for exchange at the northern end of Cockburn Sound. The Seaway will join 
Cockburn Sound with Owen Anchorage at 5 m above the bottom of Cockburn 
Sound. The completed Seaway will decrease the sill area between Garden Island-
Carnac lsland-Woodman Point inhibiting exchange between Cockburn Sound and 
the surrounding waters by 7%. This corresponds to an increase of 27% in area 
available for exchange as shown in Figure 4.9. 

The depth at which the Seaway joins Cockburn Sound will limit the primary 
circulation, exchange and mixing effects to the region above the bottom 5 in of 
northern Cockburn Sound. The lower 5 in of the water column in Cockburn Sound 
will be influenced through vertical mixing of water transported from Owen 
Anchorage. 

Enhancement of exchange of waters due to the Seaway will depend on ambient 
conditions (whether the water column is stratified, and the presence of any external 
influence such as the Swan River plume). 

Summer 

During summer circulation in Cockburn Sound is primarily wind-driven and waters 
are generally well-mixed throughout the water column. Opening of the Banks will 
allow the predominantly southerly winds to drive water from depths of 5-15 m 
through the channel towards Gage Roads. At present only the surface 3-5 in of 
water can be exchanged freely, although the water column is likely to be well mixed 
at this time. The deeper portions of the enhanced flow will still be constrained by the 
shallow shelves on both sides of the shipping channel, and the small mean westerly 
component of the wind will drive part of the surface flow eastwards into Owen 
Anchorage. 
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Figure 4.9 Change in the available cross-sectional area ('above) along the transect (below) 
a va//able for exchange between C'ockburn Sound and adjacent waters 

Autumn 

The most important impact of construction of the Seaway may occur in autumn, 
during the transition from summer to winter conditions. During summer there will 
be a density-driven flow produced by a gradient in salinity between Cockburn Sound 
and waters to the north. Once the consistent turbulent stirring conditions of summer 
are relaxed, an adjusting counter-flow will occur through the existing channel. 
Parmelia Bank currently restricts this flow, mainly due to enhanced mixing in 
shallow water. 

The gravitationally-driven exchange over Parmelia Bank is likely to be diffused, 
enhanced by wind, but punctuated by buoyancy dominated pulses during periods of 
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light or negligible winds during autumn. Creating the Seaway will assist efficient 
exchange by reducing dampening of the gravity-driven flow by turbulence over the 
width of the opening. Such flows may approach 0.15 ms', which is comparable to 
the current wind-driven flows in northern Cockburn Sound. Consequently, a water 
parcel originating in Cockburn Sound may travel along the bottom of the Seaway and 
enter Gage Roads in around 1 day. The overall impacts of such a change are 
dependent on many factors, including importantly the persistence of these events. 

Winter-spring 

During winter the Swan River plume can travel south and enter Cockburn Sound. As 
the plume is primarily a surface feature, concentrated in the top 5-10 in of the water 
column, the Seaway should not greatly influence its behaviour. A potential for 
impact may exist during extreme events, where favourable winds drive a strong pulse 
of fresher water towards Parmelia Bank. Where the Bank acts as a sill at present, 
enhanced penetration may occur due to the underfiow of Cockburn Sound water into 
the Seaway. 

Long-term changes 

The overall impacts of the Seaway may evolve over a long-term time period as 
waters in Cockburn Sound respond to the new bathymetric configuration. For 
example, any improvement in the exchange of Cockburn Sound during the summer 
months will be likely to lead to a reduction in the density difference between the 
Sound and surrounding water bodies. This may then modify the magnitude or timing 
of the autumn response, and so on. However, the impact of construction of the 
Seaway is not expected to be significant enough to alter the basic processes and 
seasonal cycles in Cockburn Sound, or increase the nutrient absorptive capacity of 
Cockburn Sound in any practical way. 

4.3.3 Numerical modelling of effects of the Seaway on exchange of water with the 
Sea way 

A three-dimensional hydrodynamic model was developed to simulate the effects of 
the Seaway on exchange and flushing of Cockburn Sound. Full details of the 
application of the model and the results of the simulations are found in PHC (2000), 
and DAL (2000). 

Simulations were undertaken for the conditions representative of the range of 
hydrodynamic conditions that would occur during a typical year; details are provided 
in Table 4.4 below. 

Table 4.4 Effects of the Seaway on exchange with Cockburn Sound—simulation conditions 

SIMULATION COMMENTS 
Autumn Calm 	conditions 	to 	assess 	the 	effects 	of 	baroclinic 
Calm Conditions: circulation due to a density difference between the waters 

baroclinic circulation dominant of Cockburn Sound and Owen Anchorage. 

Winter Simulation of a typical winter cycle of 5 to 	10 days 
Winter Storm and Calm Conditions: duration, and including baroclinic pressure gradients of 

baroclinic and barotropic circulation density stratification. 

Winter Simulation of winter wind together with discharge from 
Winter Storm, Calm Conditions and Swan River the 	Swan 	River. 	This 	case 	will 	provide 	optimal 
Dcharge: baroclinic and barotropic circulation conditions for the plume penetrating Cockburn Sound. 

Summer Simulation of a typical summer wind pattern with a well 
Summer Sea Breeze: mixed water column. 

harotropic wind driven how 

uu,uclinhcJzuW IS uriven DV wjterences in wawr aensuv, varutropic jww is ariven t)v at)ferences in water/wig/it. 
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The simulations were used to assess the influence of the Seaway on the circulation 
and thereby the exchange of water with Cockburn Sound and the surrounding waters. 
The circulation was found to be a response to the forcing of wind, tides and 
horizontal density differences; guided by the bathymetry of Cockburn Sound and the 
surrounding waters. 

The causeway to the south, Parmelia Bank to the north and Garden Island to the west 
shelter and inhibit circulation and thereby the exchange of water within Cockburn 
Sound with the neighbouring water bodies of Owen Anchorage and the Sepia 
Depression. 

Simulations confirm that under all conditions the Seaway, which increases the direct 
link between Cockburn Sound and Owen Anchorage, will allow a greater exchange 
of water between these two basins. The greatest increase in exchange occurs when 
baroclinic (or density driven) flows predominate. 

Flushing times for the entire volume of water within Cockburn Sound are reduced as 
shown in Table 4.5 below. 

Table 4.5 Changes in flushing due to the Seaway 

AUTUMN WINTER WINTER.STORM SUMMER 
Existing 37 days 22 days 28 days 44 days 
Seaway 33 days 17 days 24 days 41 days 

Note: Flushing time is equal to the time taken for the tracer concentration to he reduced to 17% of the oriç'inal value (also 
called c-folding  time. 

It is of interest that the highest rate of exchange of water from Cockburn Sound 
occurs in winter due to the generation of strong baroclinic flow. In contrast, 
exchange rates are lowest in summer when the water column is fully mixed and 
barotropic flows dominate. Winter storms, which will cause mixing of the water 
column thereby reducing the baroclinic gradient, therefore also reduce the rate of 
exchange of Cockburn Sound waters. 

Clearly there is a measurable improvement in the overall flushing of Cockburn 
Sound due to the Seaway. The influence would be felt most strongly in the 
immediate vicinity of the Seaway, at the northern end of Cockburn Sound, and 
during the winter. 

4.34 Effects of the Seaway on water quality in Cockburn Sound: water clarity 

The increased exchange of water with Cockburn Sound would be expected to 
provide some improvement in water quality conditions of the Sound. The degree of 
improvement that could be realised was assessed by consideration of the 
improvement in water clarity that could be achieved. Not only is clarity of water an 
indirect measure of water quality, it controls the depth to which seagrasses can grow. 

Clarity of water is measured by light attenuation; the larger the light attenuation, the 
less clear the water. Light attenuation is regularly measured at various sites in Owen 
Anchorage and Cockburn Sound, identifying the south and east sides of Cockburn 
Sound as having lower clarity than the northern part of Cockburn Sound, and Owen 
Anchorage.. Water clarity is most critical in summer, especially for the growth of 
seagrasses. Consequently, numerical simulations were undertaken of the changes in 
the clarity of water (as represented by light attenuation) that could be expected in 
summer as a result of the Seaway. The simulations were undertaken by considering 
the particles in the water column that scatter the light as 'conservative'. Comparing 
conditions prior to and subsequent to the Seaway, changes in light attenuation could 
be presented (see Figure 4.10), 
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Easting (m) 

Figure 4.10 Changes in light attenuation from the summer simulation due to the Sea way 
Note: Shades of blue denote an improvement in water c/aria, and orange and red a decrease. 

Clearly it can be seen that as a result of the dredging of the Seaway there is an 
improvement in water clarity (i.e. decreased light attenuation) throughout northern 
Cockburn Sound, the Seaway and parts of Owen Anchorage, estimated to be up to 
5%. There is a very small increase in light attenuation in southern nearshore region 
of Owen Anchorage and to the east of Carnac Island of between 0.6% and 1.9%. 
Over this area light attenuation would normally be controlled to a greater extent by 
the resuspension of particles due to wave action and would mask any increase in 
light attenuation as a result of the Seaway. The degree of change and areas where 
they occur are both small, such that a significant improvement of conditions for 
seagrass growth in Cockburn Sound as a result of the Seaway is unlikely. 

4.3.5 conclusions 

The principal findings of this investigation can be summarised as follows: 

The Seaway will increase the area through which exchange occurs at the 
northern end of Cockburn Sound by approximately 27% which corresponds to 
a 7% decrease in the sill and bank cross-sectional areas inhibiting exchange. 
The Seaway will span approximately 15% of this section. The bottom 5 m of 
water will remain restricted by the remnant bank; 

The Seaway will allow an enhanced baroclinic exchange, particularly under 
autumn and winter conditions where the most favourable density gradients are 
formed. Significant flushing events may be promoted by prolonged periods of 
light winds without limiting density driven exchanges by vertical mixing; 

The average flushing efficiency for Cockburn Sound is expected to improve, 
with the magnitude of the improvement seasonally dependent. In summer and 
autumn, the improvements are expected to be around 5%, however during the 
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winter months, the flushing rate is expected to improve by around 15%. 
Annually, the overall improvement is likely to be between 5-10%; 

No influence of additional penetration of the Swan River plume was observed 
in the winter simulations; 

In the regions of Northern Cockburn Sound and Owen Anchorage a small but 
overall improvement in water clarity throughout the region is expected; and 

Although there are likely to be only minor changes in the patterns of 
circulation, exchange and mixing of water exchange due to the Seaway, the 
change to Cockburn Sound will be environmentally positive rather than 
negative, in terms of water clarity and phytoplankton production. 

4.4 	CHANGES IN ECOLOGICAL SIGNIFICANCE OF COASTAL WATERS 

The principal ecological effect of the proposed Long-Term. dredging proposal is the 
modification of the existing distribution of marine habitats, and in particular, the loss 
of seagrass that will occur with the dredging of the Seaway. There will be no 
seagrass loss associated with the dredging of West Success Bank, but large areas of 
bare sand will be dredged. 

There are several key ecological features of the study area that have a direct bearing 
on the ecological effects of the proposed dredgingprogramme. These features are: 

The Owen Anchorage area is composed of a variety of seagrass and sand 
habitats, each of which has its individual characteristics; 

The composition of habitats and the area which they occupy change naturally 
over periods of decades and 

Between 1965 and 1999, seagrass coverage in the Owen Anchorage area has 
increased from 1,242 ha to 1,753 ha which is 511 ha or just in excess of 5 km2  
(see Section 3.2.2). 

An understanding of the meaning of the term 'ecological significance' was presented 
in Section 3 of this ERMP (see Section 3.3), especially as it can be applied to 
shallow marine areas containing seagrasses. In addition, a method for determining 
ecological significance was developed, with ecological significance being a sum of 
three separate characteristics, as follows: 

Biodiversity value; 

Socio-economic value; and 

Ecological value. 

The analysis of changes in ecological significance due to the proposed Long-Term 
dredging programme has been undertaken using these methods. Changes in each of 
the three characteristics are discussed below. 

Note: The description provided above for the term'ecological significance' includes 
more than ecological features of the environment. In a strictly technical sense, it 
would be more appropriate for the sum of the three characteristics to be called 
'environmental significance', which would also reduce any confusion with the 
characteristic of 'ecological value'. The above definition of ecological significance 
has been accepted by the EPA and is included in the EMP. Hence, no change is 
proposed for this document. 
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4.4.1 Effects of Long- Term dredging proposal on biodiversity 

Biodiversity can be considered as having two key aspects, these being: 

The ecological functions of the biota at the ecosystem level (e.g. primary 
production, secondary production, trophic relationships); and 

Its intrinsic value at the individual species, species assemblages, and genetic 
levels. 

The biodiversity of an area can be examined by determining the number of species 
present in the area (species richness) as well as the number of individuals of each 
species. Ecological functions depend on the types of plants and animals present and 
their relationships (see Section 3.2). Key aspects of ecological function (also called 
ecological attributes) are also measured directly in the characteristic of 'ecological 
value' discussed in Section 4.4.3. 

From information on species richness and number of individuals of each species, 
changes in relative biodiversity can also be assessed where changes to habitats, such 
as due to dredging, will occur. These procedures, described in greater detail in 
Section 3.4 of this ERMP, were used to examine the effects of Stage One and Stage 
Two of the Long-Term dredging proposal. 

Habitat distribution in summer 1995 and the associated relative abundance of every 
species of epiphyte, invertebrate and fish found in the habitats was used the 
'baseline', or reference condition. Information on species richness across the area is 
1995 is shown for 500 m x 500 m cells in Figure 3.20. Changes in biodiversity due 
to Cockburn's Long-Term dredging strategy were examined by replacing existing 
habitat with deep bare sand habitat in those grid cells affected by dredging. The 
significance of any changes in species richness was examined by determining 
whether there would be any loss, or gain, of any species from the study area (as 
defined by the area of the biodiversity grid on Success Bank). The scale of changes 
was also compared to the magnitude of seasonal changes that currently occur. It was 
known that there is a significant replacement of species in the study area between 
summer and winter: about 207 species are present in summer, and by winter, about 
70 new species occur but this gain is largely offset by a loss of about 60 species (see 
Section 3.2.4). 

The modelled changes in species richness due to dredging of Stage One and Stage 
Two are shown in Figure 4.11 and Figure 4.12, respectively. These representations 
indicate significant, but localised, changes in the species richness due to dredging, 
and also in the abundance and composition of biota. There were slight gains in 
species richness in some of the dredged areas, due to the replacement of shallow sand 
habitat (which has very low species richness) with the deep sand which has a far 
greater species richness. Localised reductions in species richness were largely 
evident in Stage One (Figure 4.11) where dredging of the Seaway affects grid cells 
where areas of seagrass cover are present. The additional impact of Stage Two was 
minimal, as areas of predominantly shallow sand habitat were replaced with deep 
sand, creating localised gains in species richness in these areas. 

There were significant gains and losses in the abundance and composition of biota in 
localised areas, and at some locations these were approximately equal to seasonal 
changes. However, Cockburn's Long-Term dredging proposal did not result in a 
gain or loss of any species from Success Bank. That is, there were significant gains 
and losses in the abundance and composition of biota at localised sites due to 
dredging, but this was confined to the specific sites impacted and the broader study 
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area retained its full compliment of species. These modelling results imply that the 
proposed dredging configurations will cause changes in species distribution at the 
small-scale (i.e. at the grid cell level), but no changes in species on Success Bank. 
As the same habitat types were present on Parmelia Bank, and a lesser area will be 
affected by Stage One dredging (Stage Two does not affect Parmelia Bank), the 
assumptions were made that changes in biodiversity would also be confined to the 
specific sites impacted and that no loss of species would occur. Thus, there will be 
no loss of species within the Owen Anchorage area. 
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Figure 4.11 Species richness in 1995 (top) and after dredging of the Seaway (bottom) 
Note: Blue grid cells have a low varien of species. grading through to red grid cells which have the greatest variety of species. 
The black outline shows the proposed dredging area. 
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Figure 4.12 Species richness in 1995 (top) and after dredging of the Sea wa' and West Success 
Bank (bottom) 

Note: Blue grid cells have a low variety of species, grading through to red grid cells which have the greatest vanets' of species. 
The block outline shows the proposed dredging area. 

It was noted earlier in Section 3.2.4, that the same ecosystem functions can be carried 
out by different species or species assemblages. As the biodiversity modelling 
results indicated that no species will be lost from the Owen Anchorage area due to 
Stage One and Stage Two dredging, it can be concluded with some confidence that 
existing functional relationships will be maintained. In summary, dredging of Stage 
One, as well as of Stage One and Stage Two, of the proposed Long-Term dredging 
programme would result in: 

No losses/gains of any species, rare, endangered or otherwise, in the Owen 
Anchorage area (i.e. no loss of intrinsic value); 
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Maintenance of existing functional relationships in the Owen Anchorage area; 
and therefore 
No loss of biodiversity in the Owen Anchorage area. 

Although all existing functional relationships will be maintained, there will be small 
changes in the overall magnitude of some ecological functions within the Owen 
Anchorage area. These changes are addressed in the quantification of ecological 
value in Section 4.4.3. 

4.42 Socio-economic value 

As noted in Sections 3.3 and 3.4.2, human uses that involve seagrasses in the Owen 
Anchorage are few, and are restricted almost entirely to boaters who pass over the 
top of Cockburn's lease area. Recreational use of the area is predominantly 
swimming, fishing and diving at Woodman Point, Coogee Beach, South Beach and, 
to a lesser extent (in terms of numbers of people involved), the Garden Island reef 
chain. Cockburn's activities do not affect recreational use at these shoreline areas, 
nor does Cockburn's Long-Term dredging proposal target the reef areas: conversely, 
reef areas are actively avoided by Cockburn as they are an unsuitable resource. 

The aesthetic value of the Owen Anchorage area resides in the scenic appeal of its 
sandy beaches, reefs, islands and clear waters and the recreational use of the waters. 
The first three of these features are unaffected by the presence or absence of 
seagrass. Water clarity at the regional-scale depends largely on: 

Sediment characteristics, water depth and wave climate (which together 
determine the amount of sedinient particles suspended in the water); 

Exchange with the slightly more turbid waters of Cockburn Sound; and 
Outflow of turbid waters from the Swan River in winter and early spring. 

Little effect on regional water clarity is expected due to the alterations in water depth 
and wave climate associated with Cockburn's Long-Term dredging proposal, while 
no change is expected in the localised turbidity plumes currently created by dredging 
and wash plant activities. Both these matters are discussed in more detail in 
Section 4.6.2. As noted in Section 3.3.2, addressing the concerns of commercial 
fishers and tour operators using EMP data will be an important aspect of Cockburn's 
ongoing community consultation programme (see Section 7). 

Some users of the Cockburn Sound/Owen Anchorage region (primarily commercial 
fishers and tour operators)—while not necessarily reliant directly on seagrasses 
within Cockburn's lease area—perceive a threat to their livelihoods via indirect 
effects from seagrass loss such as reduced water clarity and loss of commercially and 
recreationally important fish. However, EMP studies also indicate that seagrass 
meadows in the Owen Anchorage region are not important habitats for commercially 
and recreationally valuable species of fish. Nor will the area of seagrass present 
upon completion of Cockburn's Long-Term proposal differ significantly from that 
present in 1972, before Cockburn commenced operations in the Owen Anchorage 
area. Conversely, areas of deep habitat—where invertebrates such as crabs and 
prawns are relatively abundant—will increase with Cockburn's Long-Term proposal. 
Potential impacts on commercial and recreational fisheries are discussed further in 
Section 4.6.2. 

In conclusion, socio-economic uses of the Owen Anchorage area are not expected to 
change in any measurable way due to Cockburn's Long-Term dredging proposal. 
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4.4.3 Ecological value 

Ecological value can be considered as a sum of ecological attributes (see 
Section 3.4.3 for the development of the concept). For local coastal waters 
containing seagrasses, ecological value can be determined from the sum of the four 
attributes: 

Habitat complexity: which varies from the two-dimensional habitats of 
unvegetated areas to the complex three-dimensional habitat available in 
seagrass meadows, with the latter offering more ecological 'niches' for 
colonisation by macroalgae and animals. zn 

Primary production: a measure of the growth rates and therefore potential 
contribution to food webs of the main groups of aquatic plants: seagrasses, 
epiphytic algae attached to seagrasses, and microscopic algae in the water 
column (phytoplankton) and on the sediments (microphytobenthos). 

Secondary production: a measure of the amount of invertebrates and fish 
present. 

Biogeochemical cycling: an estimate of the rate at which biologically 
significant materials (in this case, calcium carbonate and nitrogen) are 
produced by biota (calcium carbonate ) or incorporated into biota (nitrogen). 

The relative ecological value of the various habitats in eastern and western Owen 
Anchorage—as calculated from these four attributes—are shown in Table 4.6: 
attribute values and ecological values are also given in full in Figure 3.22 and 
Figure 3.23. 

Table 4.6 The relative ecological value of various habitats in the Owen Anchorage area 

HABITAT  ECOLOGICAL VALUE  
EASTERN OWEN 

ANCHORAGE 
WESTERN OWEN 

ANCHORAGE 
AVERAGE FOR OWEN 

ANCHORAGE* 
4mphibolis çriffirhii 0.743 0.786 0.76 
Posidonju .cinuosa 0.444 0.411 0.44 

0.436  Posidonia ausrralis 0.466 
Posidonia coriacea 0.314 0.237 0.27 
Heterozostera tastnanica 0.171 0.144 
Shallow sand 0.093 0.090 0M9 
DecO sand 0.192 0.175 0.18 

values usea jor calculations for linen J1ncflora'e/(:ockburn .',ound area and for waters from Yancliep to Ilecher Point. 

The ecological values for the Owen Anchorage were calculated based on habitat 
distribution measured in 1995, and have been mapped over a series of 500 m x 500 in 
grid cells (see Figure 3.22). 

These techniques for expressing ecological value were applied to the Long-Term 
dredging proposal to determine changes in ecological value brought about by 
dredging. Changes due to dredging were examined by replacing the ecological value 
of existing habitats with that of deep bare sand, in those grid cells to be dredged. 
Changes in ecological value were assessed over a series of scales, ranging from: 

Changes at the site-specific (i.e. grid cell) scale; 

Overall changes within the Owen Anchorage area study area; 

Changes in the Owen Anchorage/Cockburn Sound area; and 

Changes within local coastal waters from Yanchep in the north, to Becher 
Point in the south. 
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Small scale changes in ecological value at site of dredging 

The ecological importance of seagrasses in shallow water habitats in the study area is 
not questioned; however, many other organisms that are not dependent on or 
associated with seagrasses are present in Owen Anchorage. Consequently, the 
ecological effects of dredging (i.e. conversion of original habitat to deep sand 
habitat) are not always negative if seagrass is lost. 

Dredging removes the primary production of seagrasses and attached epiphytes. 
Such production is greatest in Aniphibolis and Posidonia, and is relatively low in 
Heterozostera. Dredging also increases the depth of the overlying water column for 
primary production by phytoplankton. Secondary production is high in deep sand 
habitats, well above the low levels of secondary production which occur in shallow 
sand and Heterozostera meadows. The effects of dredging in any given area 
therefore depend on the types of habitats originally present. As explained in 
Section 3.4.3, if a grid cell with predominantly Amphibolis and/or Posidonia is 
dredged, its overall ecological value will decline. 	If a grid cell containing 
predominantly Heterozostera meadows or shallow sand is dredged, its overall 
ecological value will increase because deep sand has a higher value than these two 
habitats (due to greater numbers of invertebrates and fish present and, to a lesser 
extent, the higher phytoplankton production). 

Changes in ecological value within the Owen Anchorage area due to Long- Term 
dredging 

In its specific guidelines for the ERMP, the EPA requested information on both the 
specific effects of the Long-Term dredging proposal, as well as the cumulative 
effects of all dredging since dredging commenced in 1972. To provide this 
information the entire Cockburn dredging programme, from its commencement in 
1972 to the end of the Long-Term dredging of West Success Bank by the end of 
2034, has been divided into a series of five geographic configurations (Figure 4.13): 

Configuration 1: 1972 or 'pre-dredging' (by Cockbum) configuration; 

Configuration 2: 1995 or 'reference' configuration, prior to dredging of 
Cockburn's Medium-Term resource area; 

Configuration 3: completion of dredging of Short- and Medium-Term resource 
areas, by mid-2002; 

Configuration 4: completion of Stage 1 of the Long-Term dredging proposal 
(the Seaway) by about 2014; and 

Configuration 5: completion of Stage 2 of the Long-Term dredging proposal 
(dredging of West Success Bank) by about 2034. 

The ecological value of the area in 1972 and in 1995, and the changes that occurred 
between these years were presented in Section 3.4.3 (see also Figure 3.22 and 
Figure 3.23), noting the large increase in the ecological value (and all the component 
attributes) of the Owen Anchorage area between 1972 and 1995. 

The important conclusions reached from this analysis were: 

The overall ecological value of the area increased between 1972 and 1995 due 
to the natural increases in seagrass cover on Success Bank and West Parmelia 
Bank; and 

The changes in ecological value due to dredging between 1972 and 1995 are 
relatively small. 
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Figure 4.13 The dredging configurations that were examined to assess changes in ecological 
value in the study area 

Note. Configuration 3 = Short- and Medium-Term resource areas. Configuration 4 = Seawi. Configuration 5 = West Success 
Bank. 

Calculated changes in ecological value that would arise from the dredging of 
Configurations 3, 4 and 5 are shown in Figure 4.14, Figure 4.15 and Figure 4.16 
respectively. The results involve the assumption that the habitat changes incurred in 
dredged areas would not result in decreases in the ecological value of biota in 
adjacent areas. 
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Figure 4.14 Percentage change in ecological value between 19.95 and after completion of 
configuration 3 (Short- and Medium- Term areas) 

Nose: Format as for Figure 3.23. Main diagram shows changes in relative ecological value of grid cells due to habitat 
changes. Shades of blue show a decline in relative ecological value, and shades of red an increase. 

Absolute values in ecological value before and after dredging also shown below in two smaller diagrans. The scale here is 
from low ecological value (blue) to high ecological value (red). 
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Figure 4.15 Percentage change in ecological value between 1995 and after completion of 
configuration 4 (the Sea way) 

Note: Format as for Figure 3.23. Main diagram shows changes in relative ecological value of grid cells due to habitat 
changes. Shades of blue show a decline in relative ecological value, and shades of red an increase. 

Absolute values in ecological value before and after dredging also shown below in two smaller diagrams. The scale here is 
from low ecological value (blue) to high ecological value (red). 
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Figure 4.16 Percentage change in ecological value between 1995 and after completion of 
configurations (West Success Bank) 
iVote: Format as for Figure 3.23. Main diagran shows changes in relative ecological value of grid cells due to habitat 
changes. Shades of blue show a decline in relative ecological value, and shades of red an increase. 

Absolute values in ecological value before and after dredging also shown below in two smaller diagrams The scale here is 
from low ecological value (blue) to high ecological value (red) 

Dredging of the Short- and Medium-Term areas from 1995 to 2002 (Configuration 3) 
extends the area of dredging to west of the second shipping channel on Success Bank 
(Figure 4.14). There is a net loss of habitat complexity and primary production in the 
dredged areas due to the loss of Amphibolis and P. coriacea habitat. Primary 
production losses of seagrasses and epiphytes will be slightly offset by enhanced 
phytoplankton production in areas of shallow bare sand habitat converted to deep 
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bare sand habitat. Despite the loss of areas of Amphibolis, overall secondary 
production will increase, as the dredging converts mostly shallow bare sand habitat 
to deep bare sand habitat. The change in the total ecological value of the study area 
from 1995 to mid-2002 is minor; a calculated loss of about 0.8%. 

Dredging of the Seaway (Configuration 4 or Stage One of the Long-Term proposal) 
will involve a further loss of 218 hectares of shallow bare sand, 50 hectares of sparse 
Aniphibolis (mainly on Parmelia Bank). 19 hectares of variable density P. coriacea 
(mainly on Success Bank) and 98 hectares of P. sinuosa habitat (mainly on Parmelia 
Bank). Relatively large losses in habitat complexity will occur in dredged areas on 
both Success and Parmelia Banks, driven by the losses in area of P. sinuosa and 
Amphibolis habitat. Moderate losses of primary production will occur where 
seagrass is removed. In contrast, there will be mixed gains and losses in secondary 
production depending on whether the original habitat was seagrass or shallow bare 
sand. The loss of ecological value due to losses of A. grifjithii and P. sinuosa on 
Parmelia Bank outweighs the gain from conversion of shallow sand to deep sand, 
and so the estimated ecological value of the study area would be reduced by 2.6% 
compared to that of 1995. 

Configuration 5 or Stage Two of the Long-Term proposal will extend dredging into 
West Success Bank, and the additional impact will be mainly on shallow bare sand 
(342 ha), with small areas of A. grifJlthii (25 ha) and P. coriacea (19 ha) in the 
present Stage Two configuration (which has yet to be finalised based on resource 
depth and grade, and the need to avoid seagrass loss). Loss of habitat complexity 
will occur in the area occupied by Amphibolis species, but there will be little overall 
change in the other attributes. The loss in primary production created by the removal 
of seagrasses will be slightly offset by increases in phytoplankton production in the 
conversion of large areas of shallow sand to deep sand. There will also be an overall 
gain in secondary production due to the conversion of large areas of shallow sand to 
deep sand. The overall effect will be an ecological value about 2.0% lower than 
1995, that is, a minor increase in ecological value compared to Configuration 4 
(Stage One, the Seaway). 

Cockburn's economically preferred dredging strategy would actually be to dredge 
East Success Bank, as no beneficiation would be required and existing dredging 
equipment could be used. This has not been pursued due to Cockburn's recognition 
of potential ecological and wave climate effects. Dredging of East Success Bank 
over sufficient area (554 ha) to provide resource until 2034 would result in the 
ecological value of the Owen Anchorage area decreasing by 4.2%, more than double 
the impact of the current Long-Term proposal. 

The actual changes in the total areas of each habitat type with the various 
configurations are summarised in Figure 4.17, and changes in attribute values and 
overall ecological value in Figure 4.18. 

The modelling-GIS based assessment indicates that even though the completion of 
Cockburn's Long-Term dredging proposal will result in significant losses and gains 
in ecological value in localised areas, the spatial extent of these impacts is small in 
terms of the overall Owen Anchorage area. 

It should also be noted that these estimates do not include the considerable ecological 
value of the Garden Island reef chain (which are not impacted by Cockburn's Long-
Term proposal). If the ecological value of the reefs was included in this assessment, 
the impacts described above would be proportionally less. 
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The changes in habitat area and calculated ecological value for the Owen Anchorage 
area are summarised in Table 4.7. The ecological values are based on habitat values 
that are averages of the east and west zones of Owen Anchorage (see Table 4.6), and 
so are very slightly different from the calculated values that incorporate spatial 
differences (Figure 4.18). Averaged values were used to calculate the results for the 
Cockburn Sound/Owen Anchorage and Becher Point to Yanchep areas (see 
Table 4.10 and Table 4.11), and so for consistency are also used in Table 4.7. 

Table 4.7 Calculated ecological value of Owen Anchorage at all stages of the Cockburn 
dredging programme 

HABITAT  AREA (ha) ECOLOGICAL VALUE*____ 
Configuration 1 2 3 4 5 1 2 3 4 5 
Year 1972 1995 2002 2014 2034 1972 1995 2002 2014 2034 
Deep sand 2003 2194 2325 2709 3095 1442 1580 1674 1951 2229 
Shallow sand 4325 3872 3795 3577 3235 1557 1394 1366 1288 1165 
Posidonja sinuosal 

P. australis 

1009 925 925 827 827 1777 1627 1627 1456 1456 

Posidonia coriaceal 

Heterozostera tastnanica  

249 354 337 318 299 269 382 364 343 323 

Atnphibolis spp 613 855 1 	818 768 743 1864 2598 2488 2334 2257 
TOTAL 	- 8,200 8,200 8,200 8,200 8,200 6910 7582 7519 7371 7429 

* Values were calculated using an ecological value for each habitat that was the average for the east and west zones of Owen 
Anchorage 

With completion of Cockburn's Short-, Medium- and Long-Term dredging there will 
be a cumulative loss of 112 ha of A. griffithii (13.1% of the 1995 area), 98 ha of 
P. sinuosa/P. australis (10.6% of the 1995 area), and 55 ha of mixed P. coriacea and 
H. tasinanica habitats (15.5% of the 1995 area). These changes are of a lesser degree 
than those of the unvegetated habitats: a loss of 637 ha of shallow sand and a gain of 
901 ha in the total area of deep sand (41.1% of the 1995 area). Approximately 9 km2  
of deep unvegetated sand habitat will be created with the completion of Cockburn's 
Long-Term dredging proposal, which represents a loss of potential seagrass habitat. 

The cumulative loss of seagrass due to completion of the Short-, Medium- and Long-
Term dredging represents 12.4% of the 1995 area, which exceeds the draft EPA 
guidelines of 10% loss of species that can colonise areas within periods of decades 
(as the species on the Banks have been demonstrated to do). Cumulative percentage 
losses since the 1950s due to anthropogenic causes (dredging by Cockburn and the 
FPA, and nutrient enrichment) are difficult to calculate, partly because the exact 
areas of seagrass lost in previous decades cannot be determined, but mostly because 
of the active processes of seagrass colonisation and losses occurring in the Owen 
Anchorage area. In effect, the percentage cumulative loss is a constantly changing 
figure, depending on the year it is assessed relative to. Rather than loss of area of 
seagrass, it is suggested that a better method of determining whether the habitat 
changes associated with a proposal are ecologically acceptable or not, is that 
described for assessing ecological significance in this document. 

Assuming natural gains and natural losses of seagrasses across the Banks are equal 
during the period of Long-Term dredging, there will be no net change in the 
proportion of the Banks occupied by seagrass between the commencement of 
dredging in 1972 and completion of dredging (Table 4.8). A minor decrease in the 
percentage contribution of seagrass communities to ecological value is a reflection of 
changes in the relative composition of seagrasses. The major changes with the Long-
Term dredging proposal will be a reduction in area of shallow sand habitat and an 
increase in deep sand habitat. Table 4.8 indicates that the relative importance of 
seagrasses in determining the ecological value of the Owen Anchorage area after 
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completion of Cockburn's Long-Term proposal will be little different to that in 1965 
or 1972. What will change is the relative importance of shallow sand habitat (a 
decline of 30% compared to 1972) and deep sand habitat (an increase of 43.5% 
compared to 1972). 

Table 4.8 The area and relative ecological value of the main habitats in the Owen Anchorage 
area in 1965, 1972, 1995 and after completion of Cockburn's Long-Term proposal 
(Configuration 5) 

HABITAT % AREA OCCUPIED % CONTRiBUTION TO 
ECOLOGICALVALUE 

1965* 1972 1995 Config. 
5 

1965*  1972 1995 Config. 
 5 

Seaiass 19.2 22.8 26.0 22.8 51.5 56.6 60.8 54.3 

Shallow sand 1 	56.4 52.7 47.2 39.4 1 	26.0 22.5 18.4 15.7 

Deep sand 1 	24.4 24.4 26.8 37.8 1 	22.5 20.9 20.8 1 	30.0 

" isii,na'd assu,nin the 295 ha less of seagrass in /965 rf /972 were half Arnphibohs and half P. coriacca. 

In effect, Cockburn's Long-Term dredging proposal produces little change in the 
overall ecological value of the Owen Anchorage area, and little difference in the 
proportional importance of seagrass within the area. The overall ecological value of 
the area after dredging Stages One and Two remains well within the natural range 
experienced between 1972 and 1995; even more so if 1965 is considered (estimated 
ecological value approximately 6400, which is 7.3% less than in 1972 and 15.5% 
less than in 1995, see Table 4.7). The Owen Anchorage area will maintain an 
acceptable ecological value with the seagrass loss associated with dredging Stages 
One and Two, as the ecological value in 1965 and 1972 (before Cockburn 
commenced dredging in Owen Anchorage) must clearly also be deemed 'acceptable'. 

4.4.4 Changes within the Cockburn Sound/Owen Anchorage area 

In its Specific Guidelines for the ERMP, the EPA requested information on the 
historic losses in seagrass coverage in Cockburn Sound and the cumulative effects 
with dredging. 

In order to meet this request, the modeiling/GIS approach described in Section 3.4.3 
was extrapolated from the Owen Anchorage area to the wider Cockburn 
Sound/Owen Anchorage area (Walker et al., 2000). For habitats not studied in the 
EMP, published literature values from the Cockburn Sound/Owen Anchorage area 
were incorporated. However, it must be pointed out that Cockburn Sound has a 
completely different hydrodynamic regime, and different assemblages of fish, 
epiphytes and invertebrates, especially in the deep basin, and is better considered as a 
separate region. Thus, although the differences in the relative ecological value of 
seagrass habitats and unvegetated habitats are unlikely to differ greatly, the 
assessment of Cockburn Sound should be regarded as being indicative, not definitive, 

Completion of Cockburn's Long-Term dredging proposal will result in a total loss of 
3,507 ha of seagrass in Owen Anchorage and Cockburn Sound between the early 
1950s   and 2034, due to direct and indirect anthropogenic influences, as shown in 
Table 4.9. However, the total area of seagrass in 2034 will be 2,659 ha less than in 
1965 due to the natural gains in seagrass cover that have occurred on Success Batik 
between 1965 and 1999 (note that this period excludes losses due to dredging of the 
FPA channel, see also Section 3.2,3). 
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Table 4.9 Direct and indirect losses of seagrass in Owen Anchorage and Cockburn Sound due 
to anthropogenic causes 

LOCATION TIME ESTIMATED AREA 
(ha) 

Success Bank 

Navigation dredging of EPA Channel Early 1950s 35 
Shellsand dredging. Second Channel 1984-1994 50 
Shell.sand dredging, Short-Term area 1994-1996 4 
Shelisand dredging, Medium-Term area 1996-2002 54 

Shelisand dredging, Long-Term area, Stage One 2002-20 14 35 
SUCCESS BANK SUBTOTAL.  178 
Par,nelia Bank 

Navigation dredging of FPA Channel Early 1950s 50 
Shellsand dredging. Seeond Channel 1972-1984 39 
Nutrient enrichment 1970s and 1980s 105 
Shellsand dredging. Long-Term area. Stage One 2002-20 14 133 

PARMELIA BANK SUBTOTAL  327 
OWEN ANCHORAGE TOTAL  505 
Cockburn Sound 

Nutrient enrichment. Causeway construction and 
dredging activities  

1960s and 1970s —3.000 

Boat moorings 1960s onwards —2 
COCKBURN SOUND TOTAL  3,002 
OWEN ANCHORAGE PLUS COCKBURN SOUND  3,507 

Note: Seagrass meadows were defined as having > 25% cover. 

The areas and ecological value of each habitat and total calculated ecological value 
for the Cockburn Sound/Owen Anchorage area before (pre-1970s) and after 
historical losses in Cockburn Sound (1995) are shown in Table 4.10. These 
calculations indicate there was a 19.7% loss in overall ecological value in Cockburn 
Sound/Owen Anchorage area due to historical losses of seagrasses in Cockburn 
Sound. These losses in Cockburn Sound have been partly offset by gains in seagrass 
cover on Success and Parmelia Banks (Lord et at., 1998; DAL et at., 2000). The 
completion of Cockburn's Short-, Medium- and Long Term dredging plus the 
historical losses in Cockburn Sound will result in an ecological value 20.5% less than 
that estimated for the pre-1970s (assuming no further natural changes in seagrass 
cover). 

Table 4.10 C'akulated ecological value of the Cockburn Sound/Owen Anchorage areas before 
and after historical loss of seagrass in Cockburn Sound 

HABITAT 
AREA (hectares) ECOLOGICAL VALUE 

Pre-1970s 1995 Pre-1970s 1995 
Deep sand 8.945 9.137,5 6.440 6.578 
Shallow sand 4,900 7.597.5 1.764 2.735 
Posidonia sinuosalPo.sidonia australis 4,910 1.675 8.640 2.947 
Posjdonja coriacea 250 355 269 382 
Amphibolisspp 612.5 855 1,864 2.598 
TOTAL 19,617.5 19,620* 18,977 15,241 

* the slight discrepancy in totals Oeiween pre.1970s and 1995 is due to rounding up errors. 

To put the effects of Cockburn's proposed dredging activities in perspective, with the 
completion of Cockburn's Short-, Medium- and Long-Term dredging, the resulting 
change would be equivalent to a I % loss in the 1995 ecological value of Cockburn 
Sound/Owen Anchorage area. The contribution of seagrasses to the overall 
ecological value of the area would decline from 3 8.9% to 35.5%. 

126 	 LONG-TERM SHEIJSAND DREDGING: ERMP 



changes within Perth's metropolitan coastal waters 

Regulatory authorities also requested that the losses of ecological value due to 
Cockburn's dredging configurations be considered within the context of Perth's 
metropolitan coastal waters. The area used for this assessment was Perth's 
metropolitan coastal waters from Becher Point to Two Rocks, approximately 60 km 
north of Fremantle. These were the areas for which reasonable approximations of 
habitat areas were available, and the same assessment approach as that for Cockburn 
Sound was used. Available data suggested that relative differences between seagrass 
habitats and unvegetated areas for seagrass, epiphyte and invertebrate production are 
similar throughout this coastal area (Walker et al.. 1995), but less was known about 
fish populations. Thus, as for the Cockburn Sound/Owen Anchorage calculations, 
the results for local coastal waters (Table 4.11) should be considered indicative, not 
definitive. 

Table 4.11 Estimated ecological value of Perth's metropolitan coastal waters Becher Point to 
Two Rocks, including Rottnest Island) 

HABITAT AREA* (HECTARES) ECOL. VALUE 
Deep sand 47.500 34.200 

Shallow sand 10,484 3.774 

Posidonia sinuosa/Posidonia australis 7.360 12.953 

Posidonia coriacea 354 382 

Amphibolis spp 6.539 19.878 

TOTAL 1 	72,237 71,187 

* Habitat areas for S/ioalwater Islands marine park based on DL? (1996) data. habitat areas from Fremantle to Two Rocks 
from I'aling (1991). Excludes reef. 
** The assunption has been made that Isa/f of seagrass in Shoalwater Islands marine park and north of Fremantle is 
Anhiholis and half Posidonia sinuosa/Psjsidonia austratis 

Based on this estimate, completion of Cockburn's Short-, Medium- and Long-Term 
dredging proposal results in a 0.2% loss of the 1995 ecological value of nearshore 
coastal waters from Becher Point to Two Rocks. As noted previously, this 
calculation excludes any estimate of the considerable ecological value of Perth's 
extensive areas of reefs. 

The results in Table 4.11 serve to illustrate that Cockburn's dredging impacts 
become insignificant when considered over larger areas. From the viewpoint of a 
strict, technically defensible basis, Cockburn's dredging impacts are best assessed 
within the defined Owen Anchorage study region. 

4.4.5 Summary 

It is concluded that Cockburn's Long-Term dredging proposal will cause only minor 
changes in the ecological significance of the Owen Anchorage area. 

In terms of the three proposed measures of the ecological significance of the Owen 
Anchorage area, EMP studies indicate that there will be the following effects: 

No loss of biodiversity or rare and endangered species in the Owen Anchorage 
area, and maintenance of current ecological functions; 

No measurable impact on the socio-economic uses of the Owen Anchorage 
area; and 

A minor (2%) decrease in the ecological value of the Owen Anchorage area as 
estimated for 1995, but with ecological value remaining well within the natural 
range experienced before Cockburn commenced dredging in 1972. 
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4.5 	BENEFICIATION: WATER USE, POWER REQUIREMENTS, SHELLSAND 
REQUIREMENTS, AND DISPOSAL OF REJECT MATERIAL 

The details provided on beneficiation are for information only, as beneficiation is not 
part of this ERMP proposal. Beneficiation will be the subject of a separate referral to 
the EPA. 

4.5.1 Electrostatic beneilciation 

As indicated in Section 4.4, most of the shellsand dredged from both the Seaway 
through Success and Parmelia Banks and in West Success Bank will require 
beneficiation to provide the necessary resource grade for use in making quicklime. 
Cockburn has trialed two very different techniques for beneficiating the shellsand 
(Section 2.3.1), and has selected the process of electrostatic separation for 
beneficiation. 

In electrostatic separation, the shellsand is initially washed with freshwater to 
remove the salt. It is then dried, which requires the use of heat, and is separated by 
an electrostatic technique. 

It is proposed to conduct the additional washing of shellsand at the existing 
Woodman Point wash plant. The electrostatic beneficiation units would be located at 
the Munster works. 

Present estimates of shellsand grade and resources indicate that a beneficiation 
capability will be required by the end of the year 2004. 

4.5.2 Disposal of reject material 

Electrostatic beneficiation involves the removal of silica from the shellsand. In the 
process of removal of silica, some calcium carbonate is also lost. For example, one 
tonne of 90% or lower grade of shellsand can be beneficiated to a grade of 92% or 
higher, but with a total reject of between 15-20%. 

It is presently proposed to undertake the beneficiation at the existing works in 
Munster. Reject material, consisting of silica and calcium carbonate would be 
transported to existing Cockburn limestone quarries to aid in their rehabilitation. 

4.5.3 Power and water requirements 

Both additional power and water consumption will occur with beneficiation. 

Power and CO2  emissions 

The beneficiation process will generate additional CO,, being released from: 

Additional diesel fuel for dredge and barge; 

Additional gas for pre-heating shellsand; and 

Electrical power for pumps, electrostatic separators and other equipment. 

It is estimated an additional 10,480 tonnes of CO2  will be generated each year by 
these activities. This is less than 1% of the existing CO2  production of 1.4 million 
tonnes of CO2  from the existing production facilities. 

Water 

Additional low dissolved solids water will be required for washing of the increased 
shellsand production that results from beneficiation, and also for the beneficiation 
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process itself. Presently, Cockburn uses water derived from bores on its Woodman 
Point property for the operation of the washing and pumping station at Woodman 
Point. These bores extract water from the Osborne, Leederville and Yarragadee 
aquifers. Cockburn are currently negotiating with the WRC to install a second bore 
into the Yarragadee aquifer. This is to be a support bore to protect present 
consumption requirements, and also to provide the additional water volumes 
necessary resulting from beneficiation. 

At the Munster works, groundwater is abstracted from the superficial aquifers using 
four shallow bores. This water is consumed in the general cement and quicklime 
manufacturing processes. Present estimates indicate that an additional amount of 
120 m3/hour (or one million KL'annum) of water will be required specifically for the 
beneficiation plant. 

Considerable opportunity exists for the development of recycling water within 
Cockburn's operations, and for the use of recycled water from other sources. These 
options will be examined and progressively refined as Cockburn finalises its 
beneficiation operation. 

4.5.4 Implementation plan 

Cockburn is implementing a programme for the development of beneficiation 
according to the anticipated timetable in Table 4.12. 

Table 4.12 Anticipated timetable for Cockburn's implementation plan for development of 
beneliciation 

COMPLETION DATE 
Not scale testing at Munster November 2000 
Preliminary engineering -  May 2001 
Prepare and submit Works Approval June 2001  
Constructionandcommissioning  December2003  
Start-up 2004 

4.6 	CHANGES IN WATER QUALITY AND CLARITY DUE TO DREDGING 

Sediment resuspension due to waves is one of the major influences on water clarity 
in the Owen Anchorage region, and so changes in wave climate due to Cockburn's 
proposed Long-Term dredging programme have the potential to alter water clarity. 
Cockburn's dredging activities and wash plant activities also cause localised 
increases in turbidity due to sediment resuspension. The environmental significance 
of each of these effects is discussed below. 

4.6.1 Changes in wave climate 

The clarity, or light penetration in the waters of Owen Anchorage is influenced 
primarily by: 

Water colour: 
$ 	Phytoplankton concentrations; and 

Turbidity due to suspended particles. 

Increasing wave energy can cause significant increases in the resuspension of seabed 
particulates and therefore turbidity. 

During the Perth Coastal Waters Study it was found that significant wave height had 
to exceed a certain 'threshold' value before pronounced sediment suspension (and 
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therefore increased turbidity) occurred (van Senden et al., 1994). This threshold 
value is exceeded regularly during the heavy swells associated with storms in winter 
and early spring, but seldom during the remainder of the year. Similar findings have 
been made in the DEP's Southern Metropolitan Coastal Waters Study (unpublished 
data). 

Wave climate modelling has indicated that dredging the Long-Term resource will 
result in little or no change in significant wave height under conditions of moderate 
swell or sea breeze conditions. Pronounced sediment suspension is largely 
associated with winter storms, and the predicted increases in wave height are 
unlikely to significantly increase the number or length of periods when the threshold 
value is exceeded in the Owen Anchorage area. Since the majority of the study area 
will experience little or no change in wave climate for the greater part of the year, it 
is unlikely that the overall turbidity of the study area will increase significantly. Any 
increases that do occur should be extremely localised, of short duration, and in winter 
when seagrass growth is least likely to be affected. 

4.6.2 Dredging operations 

The intermittent increases in water turbidity which occur at the dredge when the 
barges are loaded and at the jetty head when the barges dump their load of shellsand 
are localised and short-lived. They disperse in various directions depending on the 
prevailing wind and current conditions. 

An investigation of light attenuation caused by the plume generated during barge 
loading by the dredge was conducted in the summer of 1990 (LSC, 1990). The 
findings showed that, under the summer conditions surveyed, the plume was narrow 
(100-200 in wide) and up to 1 km in length. It consisted of a number of discrete 
'patches' of turbid water, each caused by a separate loading event. Light attenuation 
characteristics were generally back to background levels approximately 1 km 
downstream of the dredge and sometimes closer. 

A similar dispersal pattern has been observed to occur at the jetty head as a result of 
intermittent dumping of barge loads. 

The characteristics of the washing plant wastewater discharge plume at the jetty were 
investigated in 1987 (Steedman Limited, 1987). Measurement showed the discharge 
plume to be a buoyant, fresh water surface layer up to 1 in thick, in which fine silts 
and clay particles originating from the seabed are suspended. Thus buoyant surface 
layer is readily moved about by the prevailing wind and may cover an area of up to 
2 km2. On occasions the surface plume moves against the shoreline to the east or 
west of the washing plant depending on the prevailing wind conditions. 

The maintenance—and increase—in areas of healthy seagrass in Owen Anchorage 
since 1972 indicates that neither the dredge plume nor washing plant plume are 
adversely affecting seagrass health. The characteristics of these plumes are not 
expected to change as a result of the Long-Term dredging programme. 

4.7 	COMMERCIAL AND RECREATIONAL FISHERIES 

Cockburn Sound is of far 
ZD greater importance for commercial and recreational fishing 

than the Owen Anchorage area (see Section 3.3.3 for further detail). Success and 
Parmelia Banks and the Owen Anchorage basin receive relatively little attention 
from the fishing community. However, along the Garden Island reef chain, Rowboat 
Rock, Seal Rock and Mewstone are favoured sites for recreational fishers 
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(N. Sumner and R. Lenanton, Fisheries WA; F. Prokop, Recfishwest, pers. comm.), 
and fishers generally move as close to the rocks as possible. The prime fish of 
interest is tailor, though King George whiting, sand whiting, and other species are 
also caught. 

In Section 3.2.7 it was noted that: 

Few commercially and recreationally important species of fish are abundant in 
seagrass habitats in the Owen Anchorage area, either as juveniles or adults: 

Important invertebrates such as crabs and prawns are relatively abundant in 
deep bare sand habitat in the Owen Anchorage area: 

Fish abundance and diversity is extremely low in shallow bare sand habitat in 
the Owen Anchorage area; and 

The fish fauna of the Owen Anchorage area differ from that described for the 
more sheltered and nutrient-enriched waters of Cockburn Sound, in particular, 
far greater numbers of prawns, crabs and whiting species occur in Cockburn 
Sound,. 

Due to the above features and the proportional scale of habitat changes caused by 
Cockburn's Long-Term dredging proposal, no adverse effects on populations of 
commercially and recreationally important fish and invertebrate species in Owen 
Anchorage and Cockburn Sound are expected. 

There will be no direct modification of any Cockburn Sound habitat, but construction 
of the Seaway will offer a larger passage for fish recruitment to and from Cockburn 
Sound for those species that tend to travel in the deep waters of the FPA channel, 
such as pink snapper. Fishing for pink snapper currently occurs near the channel 
markers south of Parmelia Bank, including Woodman Channel, Three Fathom Bank 
and the main FPA entrance channel. The availability of a larger thoroughfare should 
not cause any decrease in the numbers of these species, but the location of the best 
fishing spots may change. 

The Garden Island reef chain is important to recreational fishers, but will not be 
dredged by Cockburn. The large majority of the proposed dredging area is well clear 
of the reef line, and indeed will be actively avoided by Cockbum as it is unsuitable 
resource. The physical distance between areas favoured by recreational fishers and 
Cockburn's dredging areas suggests there will be little overlap. 

4.8 	NATIONAL STRATEGY FOR ECOLOGICALLY SUSTAINABLE 
DEVELOPMENT 

The Goal of the National Strategy for Ecologically Sustainable Development is 
development that improves the total quality of life, both now and in the future, in a 
way that maintains the ecological processes on which life depends. 

The core objectives are: 

To enhance individual and community well-being and welfare by following a 
path of economic development that safeguards the welfare of future 
generations; 

To provide for equity within and between generations; and 

To protect biological diversity and maintain essential ecological processes and 
life-support systems. 
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The Cockburn proposal is consistent with the need for ecologically sustainable 
development. For example, Cockburn's economically preferred strategy would be to 
dredge East Success Bank, but EMP studies have shown that this would have an 
ecological inipact more than twice that of the current proposal (see Section 4.4.3). 
Cockburn also recognise that a non-renewable resource is being utilised, and so are 
developing beneficiation processes to obtain the maximum benefit from this 
resource. By dredging the Seaway to Cockburn Sound at little cost to the State, 
Cockburn are also providing an improved means of moving shipping into and out of 
Cockburn Sound, which will benefit future generations of Western Australians. 
Cockburn's Long-Term dredging proposal will not impair essential ecological 
processes in the Owen Anchorage region, and the ecological value of the area will 
remain well within the natural range experienced in the last 35 years. Finally, as 
discussed in Section 4.4.1, there will be no effect on regional biodiversity. 

4.9 	NATIONAL STRATEGY FOR THE CONSERVATION OF AUSTRALIA'S 
BIOLOGICAL DIVERSITY 

The National Strategy for the Conservation of Australia's Biological Diversity 
recognises that: 

The conservation of biological diversity provides significant cultural, 
economic, educational, environmental, scientific and social benefits for all 
Australians; 

There is a need for more knowledge and better understanding of Australia's 
biological diversity; 

There is a pressing need to strengthen current activities and improve policies, 
practices and attitudes to achieve conservation and sustainable use of biological 
diversity; 

We share the earth with many other life forms that have intrinsic value and 
warrant our respect, whether or not they are of benefit to us; 

It acknowledges the core objectives of the National Strategy for Ecologically 
Sustainable Development; and 

It accepts the guiding principles of the National Strategy for Ecologically 
Sustainable Development. 

The Goal of the National Strategy for the Conservation of Australia's Biological 
Diversity is to protect biological diversity and maintain ecological processes and 
systems. 

The proposal by Cockburn to complete dredging of the Seaway to Cockburn Sound 
is consistent with the National Strategy for the Conservation of Australia's 
Biodiversity. The EMP undertaken by Cockburn Cement since 1995 has contributed 
substantially to our scientific understanding of marine biodiversity in seagrass 
meadows, shallow bare sand habits and in deeper sedimentary habitats of waters off 
the Perth metropolitan area. As detailed in Section 3.2.1, the area to be dredged has 
an essentially temperate biota consisting of species which occur over wide areas of 
southwestern Australia. No rare or endangered marine species are known to occur in 
the study area. Furthermore, the large amount of data collected during EMP studies 
has enabled detailed modelling of changes in biodiversity due to Cockburn's Long-
Term dredging proposal. The results of this work indicate changes (both losses and 
gains) in the abundance and composition of biota at localised sites due to dredging, 
but no loss of species in the Owen Anchorage study area (see Section 4.4.1). These 
results indicate that the overall biodiversity of study area will not change due to 
Cockburn's Long-Term dredging proposal. 
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4.10 	NATIVE TITLES  AND ABORIGINAL CULTURE AND HERITAGE 

With respect to Federal legislation, the area relevant to this ERMP is located within a 
region covered by only one registered Native Title claim (the Combined 
Metropolitan Working Group). It is also subject to another claim which has failed 
the registration test and has been referred to the Federal Court (the Ballaruk group). 
Native Title has been extinguished within the area where Cockburn's proposed 
beneficiation plant will be built, as this land is currently freehold to Cockburn. In 
relation to the proposed dredging operations in Owen Anchorage, Cockburn's legal 
advice is that the right to negotiate will not apply due to the location of those works 
in coastal waters. There may, however, be other procedural requirements (such as 
the right to be notified and to make submissions) which will apply to these works. 

The State Register of Aboriginal Sites records has no registered archaeological sites 
on Cockburn's land, except for the possibility of the Indian Ocean site (S02169), 
which may be impacted upon by the proposed dredging operations (see further 
details in Section 3.5). It may be necessary to carry out site surveys over the land 
and waters concerned to ascertain whether any unregistered sites exist. To the extent 
that there are any sites to which the Aboriginal Heritage Act applies which might be 
affected by the proposals, the provisions of the Aboriginal Heritage Act will be 
complied with prior to the works being undertaken including, if necessary, the 
obtaining of Ministerial consent under Section 18 of that Act. 

With respect to state legislation, the Western Australian Aboriginal Heritage Act 
1972, implies that all Aboriginal people who wish to be consulted about a proposed 
development should be included in the surveys and have their concerns reported. For 
Cockburn's Long-Term dredging proposal, this includes representatives from both 
the Combined Metropolitan Working Group and the Ballaruk group. Cockburn will 
initiate the appropriate consultation with these groups as needed. 
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4.11 	CONCLUSIONS 

Refer to Table 4.13 below. 

Table 4.13 EPA Specific Guidelines for the c'ockburn ERMP and the sections where these guidelines are discussed 

ENVIRONMENTAL EPA OBJECTIVES AND SCOPE 	EXISTING ENVIRONMENT 	POTENTIAL IMPACTS 	 PREDICTED OUTCOME 	SECTION 
ISSUES AND 	 OF WORK 	 DISCUSSED 

FACTORS 
MARINE 	 Maintain the processes that support and sustain the biological diversity of the local area and region. 
PROCESSES 	Demonstrate that biodiversity will not be compromised by this proposal. 

BIOLOGICAL 	Objectives: 
DIVERSITY 	 (i) Maintain the ecological function, abundance, species diversity and geographic distribution of marine flora and fauna; and 

(ii) Encourage innovation in the development and implementation of practical technical solutions for the rehabilitation of the environment. 

Marine Flora Map and describe seagrass on 
Success and Parmelia Banks. 
including West Success Bank. 

Assessment of potential impacts 
(direct and indirect) on marine liora, 
including seagrass (for Success Bank, 
Parmelia Bank and West Success 
Bank) as a result of the proposal. 

Assessment of the Long-Term 
proposal in its local context and 
against the present condition and 
distribution of seagrasses in the 
region. 

Assessment of the value of seagrass 
as a functional biological component 
of the local and regional ecosystem. 

Assessment of cumulative impact 
(including Cockburn Sound) in terms 
of loss of seagrass and habitat and/or 
creation of new habitat. 

Assessment of the significance of 
seagrass distribution on Success and 
Parmelia Banks. including West 
Success Bank, in terms of ecological 
function vis-à-vis seagrass occurrence 
and function in the surroundmg areas 
of Cockhurn Sound, and the Garden 
Island and Rottnest Shelves. 

l)etailed mapping undertaken in 1995 
and 1999. Aerial photographs used to 
map historical seagrass distributions 
in 1965 and 1972. 

Success and Parmelia Banks support 
a patchy mosaic of shallow sand and 
seagrass habitats of varying species 
composition and cover. Meadows of 
Amphi ho/is griffithii and Posidonia 
coriacea predominate on Success 
Bank, and Amphiholis griffithii and 
POSi(iOflia sinuosaiP. australis on 
l'arnielia Bank. 

There were large natural increases in 
seagrass area on Success Bank and 
western Parmelia Bank between 1965 
and 1995. 

The ecology of seagrasses and their 
hiota have been studied in detail. 
Modelling/GIS-hased methods have 
been developed for assessing 
biodiversity (species of seagrass, 
epiphytes, invertebrates and fish) and 
ecological value, that permit changes 
due to dredging to be quantified. 

The proposed Long-Term dredging 
will remove 35 ha of dense seagrass 
from Success Bank in it total area of 
121 ha and 133 ha of mostly sparse 
seagrass from Parmelia Bank in it 

total area of 312 ha. Little seagrass 
occurs in the area of West Success 
Bank that has been proposed for 
dredging. 

Biodiversity and ecological value will 
decline in areas where Am1,hihoiis 
,griffithii and Posidonia habitat is 
dredged, but will increase where 
Heterozostera tasmanica, and shallow 
sand are dredged. 

Further improvements in mechanical 
transplantation rates are feasible. 

The proposed Long-Term dredging 
will remove 7.9% of the estimated 
2,133 ha of seagrass presently in the 
Owen Anchorage area. 

Cumulative losses of seagrass from 
Cockhurn's Short-, Medium- and 
Long-Term dredging (1995 to 21)34) 
equal 12.7% of the 1995 area. 
comprising 13.117(. of the 1995 area of 
Amphiholl.s griffithii, 10.6110 loss of 
Posidonia sinuosaiP. aust rails and 
15.5% loss of mixed P. coriacea/H. 
tasmanica. 

There will be no loss of species from 
the Owen Anchorage area due to the 
proposed dredging, but locali.sed 
changes (gains and losses) in species 
composition and abundance will 
occur. 

l)redging between 1995 and 2034 
will cause a 21Y,,  loss of the overall 
ecological value of the Owen 
Anchorage area in 1995, which will 
still slightly exceed the estimated 
value of ecological value in 1972 
(before Cockhurn commenced 
operations in Owen Anchorage). 

Sections 3.2.3 
(seagrass 
mapping), 
3.2.4 
(biodiversity), 
3.2.5 (aquatic 
plants) and 
3.4 
(measurement 
of ecological 
significance). 

Section 4.4 
(predicted 
elfcts). 

Section 3.5 
(mitigation, 
including 
seagrass 
revegetation). 

Sections 5.3.3 
and 5.3.6 
(Inanagenlent). 
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ENVIRONMENTAL 
ISSUES AND 

EPA OBJECTIVES AND SCOPE 
OF WORK 

FACTORS  

EXISTING ENVIRONMENT POTENTIAL IMPACTS PREDICTED OUTCOME SECTION 
DISCUSSED 

ASSeSSment of the lëasihility and Ecological value assessed using The proportional importance of 
success of seagrass transplantation, attributes (ecological functions) of (54.31Yj) seagrass will remain within 

Detail technical information habitat complexity, prinlary and the range of the last 35 years. 

cenerated from studies that torm the seondary production. and There was an estimated 19.7% loss in 
EMI' for the medium and Short-Term hiogeochemical cycling. In relative the ecological value of the Cockhurn 
dredging proposals, such as the terms. Amp/iiholis grsffithii has the SoundlOwen Anchorage area from 
development of techniques for I greatest ecological value, lollowed in the pre-t970s to 1995, due to 
transplanting seagrasses. order by Posidonia sifluosti/P. historical loss of seagrass in the 

I roposed measures to mitigate 
ausiralis, P. coriacea. deep sand, Sound. Cockhurn's proposal will 
Ffete,'ozo.s'te,'a tasmaflica, and shallow increase this to a 20.5% loss 

impacts. sand. 
The proposed dredging will result in a 

The overall ecological value of the 0.2% loss in the ecological value of 
Owen Anchorage area has increased nearshore coastal waters from 
by 	10% between 	1972 and 	1995. Yanchep to Becher Point (including 
due to natural increases in seagrass Rottnest Island). 
area. 

Mechanical seagrass transplantation 
Seagrasses have contributed between has proven to be highly successful. 
SI .5—ol).8% of the overall ecological 
value of the Owen Anchorage area in Management measures include a 

the hst 35 years Seagiass Management Plan, for the 
development of seagrass revegetation 

Mechanical transplantation techniques that can achieve 
techniques for seagrass have been revegetation rates 01 a minimum of 
developed with ICOSUR I. and large I ha/annum, and further 
scale operations are now possible investications of hiota on Western 
with ICOSU13 11. Overall survival of Success Bank. 
transplanted sods is —70%. some of 
which are over three years old. Over 

2.71 i m' of seagrass meadow at 25% 
cover has been planted. 

Marine Fauna Baseline studies to identify exLsting The invertebrates and fish of habitats Each habitat has a distinct Changes incorporated into estimates Sections 3.2.4 
fauna in the project area. on the Banks and in the Owen complement of species. 	I .ittle of hiodiversity and ecological value (biodiversity), 

Assessment of potential impacts Anchorage basin have been studied in between-habitat dependence has been described above in Marine Flora. 3.2.6 

(direct and indirect) on marine fauna detail. Fauna of Western Success observed. Therelbre, impacts will be Management measures include a (mn''eu1et'ates) 

(local and regional) as a result of the Bank (near the reefs) less studied. through changes in habitat. Seagras.s Management Plan 	 1 3.2.7 (fish), 

project. Widely diflring species occur in (including ongoing seagrass 3.2.8 (loUd 

Proposed measures to manace various habitats. 	Invertebrates in revegetation trials), and further web structure) 

impacts. 	 ' deep sand not as diverse or abundant investigations of hiota on Western and 3.4 

as in seagrass habitats, but more Success Bank. (ecological 

diverse and abundant than in hare signiticance). 

shallow sand. Approximately equal Section 4.4 
in seagrass Heterozostera tasmanica (predicted 
and deep sand. eft'ects) 
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ENVIRONMENTAL EPA OBJECTIVES AND SCOPE EXISTING ENVIRONMENT POTENTIAL IMPACTS PREDICTED OUTCOME SECTION 
ISStJES AND OF WORK E)ISCUSSED 

FACTORS  
l)ifti.rences less pronounced for lish. Sections 5.3.3 
but fish particularly abundant and and 5.3.6 
diverse in seagrasses Posidonia (management) 
sinuosa and Amj,hi boils. I :ish  very 
sparse in shallow sand. 

SUBSTRATE Ohjectives: 

Maintain the basis for ecological function, species abundance, diversity and geographic distribution of marine flora and fauna: 

Maintain the diversity and relative proportions of substrates which occur in the area: and 

I incourage innovation in the development of practical technical solutions for the rehabilitation of the environment. 

Banks Assessment of potential impacts See Marine Flora and Marine Fauna See Marine Flora above for impacts See Marine Flora above for impacts See Marine 
(direct and indirect) on marine fauna above, on flora and fauna, on flora and fauna. Flora above. 
and flora (local and regional) as a The Banks are approximately 7.000 The minor changes in magnitude and Negligible changes in sediment Sections 1.1.3, 
result of alteration of substrate by the years old and still growing. They are direction 	of 	wave 	action 	expected transport except in small. localised 3.1.4 and 
project. gradually shallowing nearshore and in with proposed dredging may cause areas. Overall stability of Banks not 3. 1.6 (existing 
l)etail technical information some places offshore, due to sediment changes in sediment ti'ansport along expected to decline, environment) 
generated from studies that form the accumulation. Most sediment comes the Banks. l)redge slopes have potential use for Section 4.2 
liMP for the Medium and Short-Term from offshore, with little contribution Dredge slopes stability not expected seagrass transplantation. (predicted 
dredging proposals, such as the from calcareous hiota in seagrasses. change. Refinement 	of 	hydrodynaniic elThcts) 

ilu ition of the ctkcts of dredging 
on the stability of Sucu.ss and 

Momtoung of cxisung drLdL slopes modLIlini, 	and 	1w thLl 	monitoring ',LCtiOIl S 1 4 

I armeha Banks. 
shows they become stable in about needed to confirm lack of effects, and (management) 
three years, with a maximum management 	measures 	(e.g 	altered 

Proposed measures to manage regression of about 50 in occurring dredging 	configurations) 	to 	be 
impacts. largely in the first year undertaken its necessary 

Foreshore I)etail wave modification efiëcts Relatively low wave energy Minor changes in magnitude and Small changes in wave climate under Section 3. 1.6 
resulting from dredging of sheilsand environment with energy dampened direction of wave action. most conditions: 	generally changes (existing 
on Success Bank, Parnielia Bank and and wave direction modified by Minor changes in patterns of erosion in 	wave 	height 	of 	<0.2 in, 	and environment) 
West Sticcess Bank. olfshore reef system. and deposition along shoreline of modifications of mean direction of 5- Section 4.2 
l)etail technical infOrmation Shoreline presently stable and Owen Anchorage and Cockhurn 20 degrees. 	Slightly larger changes in (predicted 
generated from studies that form the accreting due to onshore 6ed of sand Sound. wave 	height 	during 	severe 	storms eliects) 
LMP for the Medium and Short-'I'erm from the Banks. 	lixisting l'oreshore with north-westerly winds. 

Section 5.3.4 
dredging proposals, such as the environment is highly modified by Night 	specific 	areas 	in 	Owen (inanacement) 
evaluation of the elThcts of dredging man-made structures such as groynes, Anchorage 	and 	Cockhtirn 	Sound 
on wave climate, coastal processes jetties, etc. modelled. 	Little 	or 	no 	change 	in 
and coastal stability. longshore 	sediment 	movement 	and 

Detail impacts expected from the beach angle. 

altered wave regime on sediment Refinement 	of 	hydrodynamic 
movement within Owen Anchorage modelling 	and 	f'urther 	monitoring 
and Cockhurn Sound, present coastal needed 	to 	confirm 	lack 	of efficts. 
processes of accretion and local Beach renourishnient to he employed 
recession. Proposed measures to if required. 
manage impacts. 
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ENVIRONMENTAL EPA OBJECTIVES AND SCOPE EXISTING ENVIRONMENT POTENTIAL IMPACTS PREDICTEI) OUTCOME SECTION 
ISSUES AND OF WORK DISCUSSED 

FACTORS  
Alternative Resource Detail current legislative Cement Works (Cockburn Cement Production of up to 200.00() tonnes Reject silica is inert waste. 	To he Section 1 .3. 1 

arrangements regarding access to Limited) Agreement Act 1986 per annum of reject silica, used to rehabilitate existing limestone (legislation) 
shelisand. provides access to resource. quarries. Section 2.9 
Detail results and progress of Two methods - electrostatic and wet - (beneliciation) 
beneticiatiori trials. separation have been trialed. 	l3oth Section 2.6 
Identify alternative sources ol raw methods worK. Electrostatic process (alternative 
material for lime and cement selected by Cockburn. resources) 
production. Extensive surveys have fitiled to find Section 5.3.5 
Proposed measures to manage alternate sources. (management) 
impacts. 

WATER Objective: 

Maintain or improve marine water and sediment quality consistent with Environmental Quality Objectives and Environmental Quality criteria delined in the Southern Metropolitan 
Coastal Waters Study (1996) and the dralt WA Guidelines for Fresh and Marine Waters (EPA, 1993). 

Marine Water Quality Assessment of dredging on: Water quality in Owen Anchorage at No significant changes in water No significant impact on water Section 3.1.4 

- 	Water quality present is good. Turbidity increases clarity or quality expected due to quality and clarity. (existing 
naturally during storms. 	I .ocalised changes in wave climate. No change Minor 	changes 	in 	the 	patterns 	of environment) 

- 	Water clarity (turbidity). increases in turbidity near Cockhurn's in current level of activity of dredge circulation, exchange and mixing of Sections 4.3 
- 	Water circulation. dredge and oiisiioi'e washing plant, and onshore washing plant expected. water due to the Seaway, with a net and 4.6 
- 	Consequent effects on ecological but of little ecological impact, evident The Seaway will produce a 10% positive benefit (5-10% improvement (impacts) 

processes within Owen in increased seagrass area since 1972. decrease in the sill and hank areas in 	overall 	hushing) 	to 	Cockburn Section 5.3 4 
Anchorage and Cockburn Sound. Circulation between Cockburn Sound that are currently restricting exchange Sound. (management) 

Proposed measures to manage and Owen Anchorage is presently ,  between Cockburn Sound and Owen Monitoring required to confirm no 
impacts. constrained by the 2-3 m sill depth 01 Anchorage. Circulation, exchange adverse effects. 

parnielia Bank. and mixing of water will increase. 

INDUSTRIAL Objectives 
PROCESSES Ensure that emissions meet acceptable standards and requirements of Section 51 of the Environmental Protection Act 1986 (all reasonable and practicable measures are taken 

to minimise discharges): 

Ensure that greenhouse gas emissions, both individually and cumulatively, meet appropriate criteria and do not cause an environmental or human health problem: and 

Ensure that wastes are contained and isolated from ground and surläce water surrounds and treatment or collection does not result in Long-Term impacts on the natural 
environment. 

Greenhotise Gases Detail sources and amounts of gases Cockburn currently 	uses 	fuels, 	and The beneliciation plant will be the Cockburn 	will 	continually 	improve Section 2.9.3 
released or absorbed as a result of the electrical 	power. 	CO2 	is 	also subject of a separate rel'erral to the process 	to 	reduce 	energy (sources) 
proposal (including beneticiation generated from calcination. EPA. requirements. Section 4.5.3 
processes). Total 	of 	1.4 	million 	tonne,s 	CO2  (impacts) 
Detail sources and amounts of produced annually. Section 5 3 5 
greenhouse ga.ses released or 	, (management) 
absorbed as a result of the proposal 
(including beneliciatioii processes). 
Detail annual production rate over 
lifecycle of the project. Proposed 
measures to manage impacts.  
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ENVIRONMENTAL EPA OBJECTIVES AND SCOPE EXISTING ENVIRONMENT POTENTIAL IMPACTS PREDICTEI) OUTCOME SECTION 
ISSUES AND OF WORK DISCUSSEI) 
FACTORS  

Wastes Detail disposal measures for solid and No beneliciation practiced. The beneliciation plant will be the Water to be recycled. Section 2.9.3 
liquid w isk. matLrlal horn suhitct oh t scparatL referral to the U. of ict rnatcrial to iehahilitatc (sourtcs) 
hLneficiation. I . 	. existing limestone quarries. Section 4.5.2 
Detail disposal measures for any (impacts) 
wastewater disposal. Section 5.3.5 
Proposed measures to manage (management) 
impacts. 

SOCIAL Objectives: 

Ensure that the proposal complies with the requirements of the Aboriginal Heritage Act 1972; 

Ensure that changes to the biological and physical environment resulting from the project do not adversely affect cultural associations with the area; and 

Maintain the quality of the broader area in relation to boating, fishing, swimming and coastal use. 

Aboriginal 	Culture Identify any Aboriginal cultural and Only one registered site exists in the No adverse impacts on Aboriginal No adverse impacts. Sections 3.3.5 
and Heritage heritage sites of signiticance through area of the proposed beneliciation culture and heritage are anticipated. and 4. 10 

archaeological and ethnographical plant. Site survey to be undertaken 
surveys of the project area and prior to construction to identify any 
through consultation with local unregistered sites to which the 
Aboriginal groups and the Aboriginal heritage Act applies. 
l)epartment of Aboriginal Affairs. 

Identify potential impacts on any 
identified sites. 

Proposed measures to manage 
impacts. 

Recreation Identify potential impacts on The main use of the Owen Anchorage I .ittle potential impact on recreational No signilicant change expected. Sections 3.3.2 
recreational users of the area. area is shore-based recreation users or fishers, both proli.ssional and Cockhurn to maintain its public and 4.4.2 

Identify potential impacts oil (especially at Woodman l'oint), and recreational. inlbrmation and community (recreation) 

recreational and commercial fishing and diving on the ( jarden consultation programme. Section 3.3.3 
fishermen, including impact on fish Island reef chain. Cockhurn Sound and 4.7 
stock resources. far more important fbi fishing. 	I .itile (commerciall 

Proposed measures to manage 
use oh Success and Parmei a Banks, recreational  

impacts. 
or Owen Anchorage basin. 
- . liii fishing) 

Comprehensive studies of fish have 
shown that seagrass meadows in the 
Owen Anchorage area are not Section 5.3.8 

important habitats for either the (management) 

juveniles or adults of commercially 
and recreationally important fish 
species. 
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5. 	ENVIRONMENTAL MANAGEMENT AND MITIGATION OF 
IMPACTS 

Sd OBJECTIVE 

Environmental management includes the implementation of measures that minimise 
environmental effects, provide mitigation where needed, and where possible, 
enhance the natural environment. These procedures are consistent with the 
principles of Ecologically Sustainable Development (ESD). For this proposed Long-
Term dredging programme, the overall goal of the environmental management plan 
is to manage the dredging programme with the objectives to ensure: 

No significant net loss of ecological function of Owen Anchorage and its 
surrounds; 
No loss of biodiversity; and 

No loss of rare and endangered species. 

	

5.2 	SAFETY5  HEALTH AND ENVIRONMENT POLICY 

Cockburn operates within the Safety, Health and Environment Policy of its parent 
company Adelaide Brighton Limited, which states: 

"The Adelaide Brighton Limited group of companies is committed to achieving a 
safe, productive and healthy work environment. It is our fundamental policy to 
conduct our business responsibly and in a manner designed to protect our 
employees, adjacent communities and the natural environment. 11 

A series of procedures have been established to enable this Policy to be 
implemented. 

5.2.1 En vironmental planning and reporting 

Cockburn has a totally integrated annual planning approach with plans deployed 
through three levels of management. Performance is reported against delivery to 
Annual Plan, with monthly General Management reviews and quarterly Executive 
Management reviews. Environmental controls are integrated into the annual 
planning process. 

5.2.2 Cockburn's environmental standards 

Environmental Standards are set and approved by Executive Management, Internal 
audits and independent external audits are conducted to ensure conformance to these 
standards 

5.23 Environment improvement plan 

To effectively reduce the effects on the environment, Long-Term five-year and 
Short-Term one-year environment improvement plans, based on historical data, are 
structured to maintain Cockburn's position as a pro-active leader of environmental 
management in the community. 

Environment Improvement Planning for the Long-Term dredging operation 
conforms to Cockburn's Environmental Standards and meets the Ministerial 
Conditions that will be applied to dredging in the Long-Term dredging area and 
complemented with integrated management processes for: 
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Annual planning—describes Cockburn's strategic initiatives and objectives, 
quantifiable targets and assigns clear accountabilities to deliver environmental 
performance results measured against Annual Plan. 

Environment improvement planning, five-year plans and one-year plans—identifies 
the environmental effects based on historical data. These plans form part of a 
management framework and describe the objectives and targets to be achieved. 
Clear accountabilities and agreed time frames enable effective implementation and 
improvement of environment initiatives. 

Environment Auditing and Improvement Action—details the regular monitoring 
requirements performed by line management, monthly performance reviews by 
general management and quarterly executive management reviews. 	These 
management processes are described in Group and Site Procedures and audited 
regularly to ensure environmental Conformance to Standard. 

5.3 	IMPLEMENTATION OF AN ENVIRONMENTAL MANAGEMENT PLAN 
FOR MANAGING THE LONG-TERM DREDGING PROGRAMME 

The implementation of a detailed programme of environmental management for the 
Long-Term dredging programme is recognised as being an integral component of 
Cockburn's operation. Such a management programme is termed an Environmental 
Management Plan, and is developed in recognition of the principle of adaptive 
environmental management which is aimed at minimising environmental risks and 
impacts and using information as it is generated to adapt plans accordingly. The 
Environmental Management Plan has several components, each directed to those 
areas in which the Long-Term dredging plan has the potential to have any 
environmental influences. 

The Environmental Management Plan for the Long-Term dredging proposal will 
contain the following components: 

Environmental Management System (EMS) Manual; 

Environmental Improvement Plans, for both one and five years; 

Dredging schedules, reporting systems, and dredge records reconciliation; 

Seagrass Management Plan (SMP); 

Wave climate, sediment transport and shoreline monitoring; 

Management Plan: Beneficiation Plant; 

Marine Investigations: West Success Bank; 

Mine Closure Plan for Dredging of Seaway; and 

Public Information and Community Consultation Programme. 

Cockburn will develop each of these components of the Long-Term dredging 
Environmental Management Plan as needed. 

5.3.1 EMS Manual 

The EMS and its documentation is aimed at the managers and operators of the Long-
Term dredging operation as a means of providing guidance and ensuring that all staff 
are working effectively in accordance with the environmental policy in a coordinated 
and planned way. It will be the responsibility of management and all personnel 
within Cockburn to ensure that this EMS is integrated into all aspects of Cockburn's 
Long-Term dredging operation. 
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This EMS for the Long-Term dredging operation will include the ABL 
environmental policy and its procedures for implementing the policy, and will be 
designed to meet any requirements that will be imposed on dredging in the Long-
Term dredging area and consists of processes for: 

Planning - describes how the environmental policy to meet environmental 
requirements is put in place through objectives, targets and environmental 
performance indicators; 
Implementation - identifies potential operational impacts and procedures 
(environmental work practices) to address them; 
Checking and Corrective Action -- details the monitoring requirements; and 

Review and Continuous Improvement using Environmental Improvement 
Plans and the auditing of performance relative to them. 

The EMS for the Long-Term dredging operation will be prepared and be completed 
three months prior to the commencement of the Long-Term dredging programme. 

5.3.2 Dredging schedules, reporting systems, and dredge records reconciliation 

As part of its Environmental Management Plan, Cockburn will continue to provide 
annual reporting of all activities associated with the environmental aspects of the 
dredging programme. 

Cockburn maintains full records of areas dredged and volumes recovered. Samples 
are routinely analysed for grade. Cockbtirn will provide summarised information of 
dredging progress in its annual report. 

5.3.3 Seagrass revegetation plan 

Cockburn has been the sole supporter in Western Australia of a major programme to 
develop techniques for the revegetation of seagrasses. Cockburn has successfully 
pioneered a technique for transplantation of seagrasses using large sods; a world first. 
It can now be stated with confidence that seagrass revegetation is feasible but 
requiring very substantial further development before it can be considered a practical 
rehabilitation technique. Based on the experience obtained from the transplantation 
developments, it is also well accepted that techniques other than transplantation will 
ultimately be required to establish seagrass revegetation techniques that are cost 
effective and sufficiently rapid. 

Cockburn also recognises that it will not be possible to restore the same seagrasses 
that are lost during dredging, back into dredged areas due to the increased water 
depth after dredging and the resulting reduction in the amount of light reaching the 
seafloor. Revegetation efforts will therefore be largely directed towards those areas 
where seagrasses can grow successfully, and will be based on considerations of local 
and regional scale ecological function. 

As a key part of its Long-Term Environmental Management Plan commitments, 
Cockburn will continue to provide substantial support for the development and 
implementation of these techniques. The mechanism that is proposed and being 
developed to allow this to be achieved is the formulation of a SMP (which is in effect 
a seagrass revegetation plan) to be undertaken as a joint venture. Initial collaborators 
in this substantial joint venture include the Department of Commerce and Trade 
(DCT). 
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A preliminary SMP has already been prepared on behalf of the DCT to meet its 
Ministerial commitments, and has been accepted by the DEP. An implementation 
plan is now being prepared. 

The SMP recognises the current status of knowledge of seagrass rehabilitation, and is 
based on a staged approach that allows for the following critical revegetation matters 
to be addressed: 

Selection of appropriate species of seagrass and suitable sites(s) for 
rehabilitation; 

Review and testing of seagrass rehabilitation techniques, and the evaluation of 
additional novel and innovative techniques for increasing rehabilitation 
capacity and reducing rehabilitation costs; and 

Demonstration that ecological function has returned to rehabilitated areas. 

The SMP will be concentrated on the development of revegetation techniques for 
seagrasses in Cockburn Sound and Owen Anchorage, and will also be active in the 
Shark Bay area. The joint venture will actively pursue further partners. 

The SMP will develop and implement a programme of technology development and 
research that will consider the development of appropriate planting techniques that 
include: 

Use of seeds, and actively growing sprigs and rhizomes of species, collected 
from healthy beds of appropriate seagrass species; 

Use of small cores and plugs collected from healthy seagrass beds of 
appropriate seagrass species; and 

Use of more innovative techniques such as tissue culture to ultimately generate 
planting units of appropriate seagrass species that are of sufficient size to allow 
for direct transplantation. 

One of the main aims of developing seagrass revegetation techniques alternative to 
transplantation is to reduce/eliminate donor bed damage. The SMP will carefully 
consider choice of donor beds, and removal of material will be managed so that the 
donor beds are not visibly damaged and no ecological function is lost. Appropriate 
monitoring of donor beds will also be carried out to ensure that their ecological 
function is not impaired. The rehabilitation programme will also develop the 
optimum planting strategies to maintain maximum ecological benefit from the 
rehabilitated areas. The SMP will aim to address whether, over a period of time, the 
patches of revegetated seagrass function in a similar manner as the 'natural' 
meadows they are replacing, and so determine the amount of ecological value 
returned to areas such as Cockburn Sound. 

Cockburn's commitment to the SMP is subject to the acceptability of the SMP in 
meeting any requirements that will be placed over the Long-Term dredging 
programme. 

As part of its contribution to the SMP, Cockburn will continue to monitor the 
distribution and abundance of seagrasses in the Owen Anchorage area. 
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5.34 Wave climate, sediment transport, and shoreline 

The potential effects of the dredging programme on wave climate, patterns of 
sediment transport and shoreline stability as a result of the Seaway have been 
forecast, and are expected to be minor. However, it is recognised that even minor 
changes to rates of sediment transport and shoreline orientation can have significant 
ramifications for coastal management. 

The analysis of the effects of dredging on wave climate has identified that as 
dredging proceeds first through Success Bank, any effects will be seen first and 
progressively within the Owen Anchorage area. There will be little or no effects on 
Cockburn Sound, with measurable influences only upon completion of the full 
Seaway in 2014. 

It is recognised that all of the estimates of changes in wave climate due to dredging 
and the attendant changes to sediment transport and shoreline stability have been 
developed using a sophisticated numerical model. Model simulations were first 
undertaken using the bathymetry of the area in 1995, and were used to forecast the 
effects of the Short- and Medium-Term dredging programme. To date there has been 
no opportunity to test the forecasts of the model; this opportunity will occur soon as 
the dredging of the Short- and Medium-Term areas is nearing completion. 

The wave model has been extended to forecast the effects of the Long-Term 
dredging proposal, without additional validation. Consequently, it is appropriate to 
recognise that further calibration and validation of this model is warranted, and that a 
programme of routine measurements of wave conditions plus model refinement is 
needed to progressively follow and confirm any influences of dredging. 

A programme of this nature would consist of directional wave measurements and 
modelling to provide further calibration of the 2GWave model, and to provide 
validation and/or modification of forecasts of influence of Short- and Medium-Term 
dredging. 

This programme would most appropriately commence in late 2001/2002, at which 
time the Short- and Medium-Term dredging will be largely complete. 

Measurements will be needed on the eastern sides of both Success and Parmelia 
Banks as well as within Cockburn Sound. Cockburn would seek partners with 
interests in a programme of measurement and modelling this kind. 

In addition, monitoring of sediment transport and shoreline processes should 
continue, to include: 

Shoreline surveys along Owen Anchorage, from Fremantle to Woodman Point; 

Shoreline monitoring of selected locations along Cockburn Sound; and 

Review of opportunities for making realistic measurements of rates of sediment 
transport along the tops of the Banks. 

A combination of this information would allow Cockburn to regularly assess the 
effects of its dredging operations on the wave climate of the area, and attendant 
changes to features such as sediment transport, navigation, and the integrity of In 

coastal structures. A detailed review of all information that has been collected 
should occur each three years, and will allow an appropriate proactive modification 
of the dredging programme. 
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5.3.5 Management plan: beneficiation plant 

At this stage, Cockburn anticipates constructing and commissioning a beneficiation 
plant for sheilsand by the beginning of the year 2004. It is recognised that a Works 
Approval licence will be required for the construction and operation of this plant. 

As part of the Works Approval application, an Environmental Management Plan will 
be prepared for the operation of the beneficiation plant. This plan will address: 

Washing of sheilsand to remove traces of salt, and identify source and volumes 
of water required, as well as the means for its disposal; 

Energy requirements for the drying of the shellsand; 

Noise and dust generated during drying; and 

Storage and disposal of reject material. 

This Management Plan will form part of the Works Approval application for the 
beneficiation plant. The Works Approval application will be submitted 24 months 
(allowing 6 months for approval and 18 months for construction and commissioning) 
prior to beneficiation being needed. At this time, it is estimated that beneficiation 
will not be needed until at least the end of 2004. 

5.3.6 West Success Bank: marine investigations 

The EMP studies to date have concentrated on Success Bank, where Cockburn is 
currently dredging and in those seagrass habitats on Parmelia Bank which are not as 
widespread on Success Bank. In addition, there is a substantial base of information 
available from earlier studies on Parmelia Bank. 

In comparison to Success and Parmelia Banks, there is less detailed information on 
the benthic environment of West Success Bank. The seafloor is largely sand, but 
there are areas of Amphibolis seagrass in the general area, although it should be 
emphasised that the area proposed for dredging is largely devoid of seagrasses. The 
West Success Bank is deeper and more exposed to open ocean conditions than the 
shallower, inshore banks, implying benthic community structure and ecological 
processes may differ. As part of the EMP, Cockburn will develop a programme of 
study of the marine environment of West Success Bank to: 

Map in detail the benthic habitats in the area especially reefs and seagrasses; 

Categorise benthic invertebrate communities; 

Evaluate role of reefs in maintaining ecological function of the area; 

Determine fish species that are present, their characteristics and requirements; 
and determine the value of the area for both commercial and recreational 
fisheries; and 

Evaluate sediment transport processes. 

This programme will commence early 2002, to be completed over a 36 month period. 

5.3.7 Develop closure plans for dredging operations 

At present it is accepted that the seagrasses Posidonia and Amphibolis that currently 
exist on the tops of the Banks will not be able to flourish on the sea bed once 
dredging is complete due to light limitation. Some smaller seagrasses (Halophila, 
Heterozostera) will grow in these areas during summer. 
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Cockburn will develop a series of closure plans for the dredging of the Seaway and 
West Success Bank to address: 

Completion of Seaway through Success Bank; 

Completion of Seaway through Parmelia Bank; and 

Completion of West Success Bank dredging, either in sections or completely. 

The closure plans will address the following issues: 

Complete removal of resources of commercial value; 

Dredging to achieve depths suitable for navigation in association with the FPA 
and any other users; 

Monitoring of slopes and edges of slopes to record stability of slopes and 
revegetation by seagrasses; 

Monitoring of changes in water quality prior to and after the completion of the 
Seaway; and 

Cockburn's commitment to continue to develop seagrass revegetation 
techniques that are appropriate to the local and regional environments. 

5.38 Public information and community consultation 

Cockburn will maintain an information and communication programme that 
regularly provides information on the progress of its Long-Term dredging 
programme, but also, particularly of its environmental monitoring programme and 
the progress being made with the SMP. 

This programme will include: 

Regular consultation with and provision of information to Cockburn Cement 
Community Group; and 

Regular presentation of progress and summary information: 

At Cockburn open days; 

In local newspapers, as part of 'Cockburn Calling'; and 

Local, national, and international media. 
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6. 	PROPONENT'S COMMITMENTS 

Based on their immediate requirements for resource volumes of suitable grade, the 
need to use existing dredging equipment until alternatives are required, and the need 
to minimise environmental effects, Cockburn reaffirms that its only practical option 
in the Long-Term is to complete the Seaway through Success and Parmelia Banks 
then move its dredging operation to West Success Bank. Cockburn recognises the 
likely environmental effects that this option involves, and therefore makes a series of 
commitments to form part of its Long-Term dredging programme. These 
commitments in broad terms are: 

I. 	Prepare EMS manual for the Long-Term dredging programme. 

Provide strong support for a programme for the development of techniques for 
the revegetation of seagrasses. 

Implement a series of monitoring programmes including: 

Seagrass distribution and abundance on Success and Parmelia Banks; and 

Wave climate, sediment transport and shoreline monitoring. 

Undertake marine investigations on West Success Bank. 

Obtain approval for construction and operation of shellsand beneficiatiori plant. 

Develop closure plans for Long-Term dredging operation. 

Continue Public Information and Community Consultation Programme. 

Submission of Annual Reports that address: 

Annual and five year environmental improvement programmes. 

Summary of dredging completed, reconciliation of dredge volumes, and 
future dredge plans. 

Progress of seagrass revegetation research. 

Monitoring activities including sediment transport and shoreline 
monitoring and seagrass mapping. 

Marine investigations on West Success Bank. 

Public Information and Community Consultation. 

For the purpose of auditing and review, these commitments have been presented in a 
detailed form in Table 6.1 (commitments audited) and Table 6.2 (commitments not 
audited). 
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Table 6.1 Commitments for Long- Term sheilsand dredging: commitnients to be audited 

NO TOPIC ACTION OBJECTIVE TIMING ADVICE 
Environmental Management Prepare and implement an Meet EPA objectives for Long-Term dredging Prepare three months prior to dredging 
System EMS for the Long-Term 

Meet Adelaide Brighton limited's Safoty, Health Report progress annually 
dredging programme and I nvironment Policy  

2 Environmental management Prepare detailed dredging and Meet EPA objectives to maintain ecological Within 36 months of commencement 
Plan: West Success Bank environmental management function ol West Success hank area, as well is of long-Term l)redging 

plan the l'erth iopolitan region  
3 Coastal processes: Wave Measure wave climate in Validate wave climate model for predictions of Commence six months prior to IPA 

climate - Owen Anchorage Owen Anchorage, on Success changes in wave climate in Owen Anchorage due completion of Short-and Medium- l)OT 
and Parmelia Banks to Short- and Medium-Term dredging Term dredging City of Fremantle 

Repeat five years later  City of Cockhurn 
4. Coastal processes: Wave Measure wave climate in Validate wave climate model for predictions of Commence six months prior to F1'A 

climate - Cockhurn Sound Cockhurn Sound changes in wave climate in Cockhurn Sound due completion of dredging of Seaway l)OT 
to Short- and Medium-Term dredging, and initial through Success Bank City of Cockhurn 
Seaway dredging Repeat live years later City of Rockingham 
Conlirm capability of predicting etThcts of 
Seaway 	wave 	Cockhurn_Sound  _on_ 	_climate _of 

5 Coastal processes: Regional Develop sediment budget for Maintain source of sediment for shoreline Commence 2002/2003 
sediment transport the Owen Anchorage region l)etermine role of completed Seaway on patterns 

of_sediment_ transport 	Owen _in_ 	_Anchorage  
6 Coastal processes: Sediment Monitor shoreline of Owen Observe changes in shoreline position Annual summer and winter surveys l)OT 

Transport - Owen Anchorage Anchorage 
l)eterrnine rates of sediment transport along Review EMP for shoreline City of Cockhurn 

shoreline 
Owen Anchorage shoreline management each three years. City of Fremantle 

Prepare EMP for shoreline management should 
model forecasts be modified or erosion be 
observed, including alteration of shape of dredge 
area and foreshore restoration/anielioration 

7 Coastal processes: Sediment Monitor shoreline of Observe changes in shoreline position Annual summer and winter surveys l)OT 
Transport - Cockhurn Sound Cockburn Sound 

l)etermine rates of sediment transport along City olCockhurn 
shoreline 

Cockhurn Sound shoreline City 01 Kwinana 

Prepare I NP for shoreline management should City of Rockingham 

model forecasts be modihed or erosion be RAN 

observed, including alteration of shape of dredge 
area_  and _loreshore_restoration/amelioration  

8 l)redging schedule for Seaway Prepare and implement Meet shipping and ship handling requirements of Report annually FPA 
annual schedules for the l:pA l)OT 
dredging ot shellsand from Confirm or adjust annual dredging plans using City of Cockhurn 
the proposed Seaway to meet 

jflt()Imatiofl generated from wave climate City of Fremantle 
Cockhurn production measurement and modelling, and shoreline City of Kwinana 
requirements monitoring City of Rockingham 

RAN 
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NO TOPIC ACTION OBJECTIVE 	 TIMING ADViCE 
9 Marine habitats: Seagrasses - Undertake aerial photography l)ocument scagrass cover and distribution, and 	• 	Collect photography annually in 

Owen Anchorage of Owen Anchorage for use in changes in seagrass cover and distribution 	 summer 
seagi ass mapping Document shoreline positions, and changes in 	• 	l)etailed groundtruth of entire area 

shoreline positions 	 each live years 

(iroundtruth_selected_  areas _as_required  
10 Marine habitats: Seagrasses - Maintain and support a l)evelop techniques for the revegetation of Commence twelve months prior to l)El' 

Seagrass revegetation programme of research and seagrasses that are ecologically sound and dredging WA Pisheiies 
development into seagrass economically Ibasible. CALM 
revegetation Maintain the abundance, species diversity and 

I 	geographic_  distribution _of seagrasses  

II Coastal processes: Wave Measure/ forecast wave Validate model used to forecast effects of Commence 5 years prior to completion DLI! 
Climate - West Success Bank climate on West Success dredging of West Success Bank on wave climate of Seaway DOT 

Bank prior to and alter of region 
dredging of West Success 
Bank 

12 Marine habitats: Seagrasses, Map the nature and l)etermine the distribution of seagrasses. reel Commence summer 2002/2003. WA lisheries 
Reel and Sand - West Owen distribution of marine and bare sand in west Owen Anchorage Complete within three years CALM 
Anchorage habitats, especially l)eterininc the abundance, species diversity and 

seagrasses, reel, and sand. on I geographic distribution of seagrasses, reef and 
the western side of Owen sand, and of marine flora and fauna associated 
Anchorage. including West I with these habitats in west Owen Anchorage 
Success Bank  

13 Marine fisheries: West Success Undertake survey of l)etermine commercial and recreational ftshing Commence summer 2002/2003. WA Fisheries 
Bank commercial and recreational catch and effort on West Success hank Complete within three years CALM 

fisheries activity in West Determine significance of West Success hank for 
Success Bank and adiacent commercial and recreational fisheries 
areas  

l)ME 14 Mine Closure Plans: Long- l)evelop concept plan for e 	Allow progressive closure of areas dredged, to 	• 	12 months prior to commencement of 
Term dredging, Stage One and mine closure once dredging satisl: 	 i 	Long-Term dredging l)LP 
Stage Two of Seaway and West Success a) practical requirements such as shipping, IPA 

Bank is complete shoreline stability, and maintenance of structures DOT 
h) environmentai requirements to meet Ll'A 
Objectives  

15 Mine Closure Plan: Seaway - l)evelop closure plan for Allow closure of Seaway dredged through 	• 	12 months prior to completion of I)ME 
Success Bank Seaway through Success Success Bank. to satisfy: 	 Seaway through Success Bank l)EP 

Bank practical requirements such as shipping, PPA 
shoreline stability, and maintenance of structures DOT 

environmental requirements to meet EPA 
Objectives  

16 Mine Closure Plan: Seaway - l)evelop closure plan for Allow closure of Seaway dredged through Parmelia j 	• 	12 months prior to completion of l)ME 
Parmelia Bank Seaway through Parmelia Bank, to saiisfy: 1 	Seaway through Parmelia Bank l)EP 

Bank practical requirements such as shipping, shoreline IPA 
stability, and maintenance of structures, and DOT 

environmental requirements to meet EPA 
Objectives  
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NO TOPIC ACTION OBJECTIVE TIMING ADVICE 
17 Mine Closure Plan: West l)evelop closure plan For Allow closure of West Success Bank dredging, to 12 months prior to completion 01 1)ME 

Success Bank dredging of West Success satisfy practical requirements such as shipping, dredging of West Success Bank l)ll' 
Bank shoreline stability, and maintenance of structures, IPA 

and environmental requirements to meet FPA DOT 
Objectives  

IS Marine Water Quality Monitor water quality in Improve water quality of Cockhurn Sound Commence five years bclhre Seaway I)l1' 
Seaway and northern Determine eflëctiveness of 'Seaway in increasing complete. Undertake annually 
Cockhurn Sound 

exchange of waters from Cockhurn Sound 

Table 6.2 Commitments for Long- Term she//sand dredging: commitments not audited 

NO TOPIC ACTION OBJECTIVE TIMING ADVICE 
Public lnbbrmation and Implement programme of Provide information to public on progress of Continuously 
Community Consultation public information and dredging programme and associated marine 

community consultation studies through: 
- information brochures 
- press releases 
- workshops and meetings 
- open_day  

2 Marine Conservation: Refer Long-Term dredging Maintain hiodiversity of Owen Anchorage l)uring public review period of ERMI' Environment Australia 
Biodiversity proposal to Environment Confirm no impact on any threatened or in WA 

Australia tinder Environment 
endangered species 

Protection and Biodiversity 
Conservation Act 1999  

3 Shellsand Resources: Refer proposal for Initiate process lör gaining environmental RetBrral document to EPA within 3 EPA 
Beneliciation beneliciation plant to EPA for approval for the construction of a beneltciation years of beneticiation being required at l)El' 

assessment under section IV plant at the Munster works Munster 
ofEP Act 1986  

4 Shetlsand Resources: Prepare documentation to Obtain environmental approval for the Within 2.5 years of beneficiation being EPA 
Beneficiation address environmental issues construction of a beneticiation plant at the required at Munster l)EP 

associated with beneliciation Munster works 
process  

S Shellsand Resources: Conduct ethnographic and Ascertain the absence eof presence of any Concurrent with preparation of AAI) 
l3eneliciation Plant archeological surveys of the unregistered site to which the Aboriginal documentation to gain environmental 
Aboriginal culture and heritage proposed site of construction Heritage Act applies approval for Beneficiation Plant 

of the Beneliciation Plant 
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7. 	PUBLIC INFORMATION AND COMMUNITY CONSULTATION 
PROGRAMME 

7.1 INTRODUCTION 

Cockburn's Environmental Management Programme has been in place since 1995. 

The need to inform and consult with key stakeholder groups on a regular basis was 
recognised from the outset, and a comprehensive information/consultation process 
leading up to the development of the Long-Term proposal has been carried Out over 
the past five years. 

7.2 	KEY STAKEHOLDERS 

Broadly, the key stakeholder groups that have been addressed in this programme 
include: 

The local community; 

Special interest groups, including environmental, conservation, 
academic/scientific, fishing and educational groups; 

Government (political and public service); 

Key clients; and 

Media. 

7.3 	BASELINE FOR INFORMATION/CONSULTATION PROGRAMME 

At the start of the EMP, research by Patterson Market Research was carried out to 
determine public perceptions of, and attitudes towards, Cockburn's dredging 
operations and issues relating to seagrasses. With this as a benchmark, tracking 
research was put in place to monitor trends in public thinking, to measure the 
effectiveness of various aspects of the information/consultation programme, and to 
provide an early indication of positive/negative trends that might emerge. 

In 1998 the tracking research was supplemented by a series of focus group studies 
which enabled the researchers to explore public opinion on specific aspects of 
dredging in greater depth. The essence of the research findings is that, unprompted, 
public awareness and concern about the issues of dredging and seagrass loss is very 
low. 

7.4 	THE LOCAL COMMUNITY 

Z43 	Cockburn Cement Community Group 

The Cockburn Cement Community Group was formed to provide a platform for 
discussion on key issues affecting local people. 

The first meetings were devoted to identifying and prioritising issues, and this was 
followed by a series of presentations by Cockburn staff and consultants, and also 
experts in various fields nominated by the Group to provide an external, and not 
always supportive, viewpoint. Meetings provided the opportunity both for the 
presentation of facts, and for free and frank discussion on issues that emerged. 
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The main issues concerning the community in the initial stages were the marine 
environment - in particular seagrass losses associated with dredging - and the impact 
of stack emissions on air quality. 

In the context of the marine environment, the Group was initially briefed on the 
broad approach being taken in the EMP, and has since had a number of update 
presentations, particularly on the seagrass transplantation programme. Members of 
the Group have also been taken by boat to see the dredging operations at first hand. 

To provide balance, the Group has been addressed by representatives of the Coastal 
Waters Alliance and the Cockburn Powerboat Club, and external organisations 
including the DEP, DCT and Kwinana Industries Council. 

While some members of the Group continue to voice philosophical opposition to the 
overall concept of dredging, there is now a clearer understanding of the need to use 
marine-based resources for the production of quicklime, an acceptance that the EMP 
has produced 'world first' technology for seagrass transplantation, and an 
understanding that strong natural regrowth of seagrass on Success Bank means that 
the problems encountered in Cockburn Sound in the 1960s and 1970s are not being 
replicated in Owen Anchorage. 

This acceptance has been reflected in the agendas of recent meetings, which now 
tend to focus almost exclusively on issues directly affecting the community. These 
include discussion on ways to reduce noise and dust pollution, and more positive 
discussion on ways to improve the local environment. This includes a Group-driven 
tree-planting programme financed by Cockburn. 

Cockburn will place a high priority on addressing the concerns of commercial fishers 
and tourist operators who regard the loss of any seagrass as being detrimental to their 
activities. 

7.4.2 'Cockburn Cement Calling' 

The company places a regular full page advertorial in local newspapers from 
Fremantle to Rockingham to keep the community advised on issues. At least one 
story in each issue is devoted to an aspect of the EMP, and questions and comments 
are invited. 

7.4.3 Media relations 

All significant landmarks in the EMP have been reported to the media. Throughout 
the EMP period there has been regular coverage in The West Australian, radio, TV 
and local media. 

7.4.4 Public displays 

In the public comment stages of the EMP, early in 1995, a public display outlining 
the programme and its objectives was mounted in Cockburn City Library 
(Spearwood), providing the community with the opportunity to raise questions and 
make comment. 

Another display, specifically related to the ERMP submission, will be set up in the 
library during the ERMP public comment period. 

Displays explaining the EMP were presented at two company 'Open Days' at the 
Munster plant. These incorporated display panels, a video describing the seagrass 
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transplantation programme, and the distribution of explanatory literature, and staff 
were on hand to answer questions from the public. 

A display and video explaining the seagrass transplantation programme was shown at 
the FPA Open Day in April, 2000, and the prototype ECOSUB I was exhibited on 
the wharf. The Open Day attracted an estimated 15,000 visitors. 

7.4.5 Schools 

Teachers from schools in the Fremantle/CockburnlKwinanafRockingham areas have 
taken part in boat trips to see the transplantation process in action. Videos of the 
process and detailed explanatory material have been sent to a number of the schools 
in response to requests. Direct requests from students have also been handled on an 
ongoing basis. 

7.5 	INTERNATIONAL PEER REVIEW GROUP SYMPOSIA 

The scientific/technical work of the EMP is subject to ongoing review by a peer 
group of experts in appropriate fields., and at regular intervals the members, known as 
the International Peer Review Group ([PRO), have visited Perth to study the work of 
the team in detail. Each of these visits has culminated in an open symposium at 
which representatives of a wide range of stakeholder groups have had the 
opportunity to hear presentations by EMP team members, and to question them on 
their work in the presence of the IPRG, whose members chair each session. 

These one-day meetings have typically attracted audiences of approximately 100, 
representing government departments and agencies, environmental and conservation 
groups, academics, the RAN, the professional and recreational fishing communities 
and the local community. Media representatives are also invited, to help enhance 
public awareness of the studies. 

IPRG meetings have been held in March/April 1995, January 1996, September 1997 
and June 1999. 

Members of the [PRO are: 

Dr Bill Dennison (Convenor) 

Dr Marion Cambridge: 

Professor Doug Foster: 

Professor Alistair Gilmour: 

Professor Robert Orth: 

Professor A. Meinesz 

University of Queensland 

Originally University of Utrecht, Holland, now 
University of Western Australia 

D.N. Foster & Associates, Tasmania 

Macquarie University 

Virginia Institute of Marine Science, USA 

(reviewed initial EMP only) 

7.6 	SPECIAL INTEREST GROUPS 

Special interest groups (S LOs), representing the scientific community, 
environmentallconservation groups, the recreational fishing community and the 
education sector have been consulted regularly throughout the EMP process. 
Vehicles for discussionlconsultation have included: 

IPRO symposia, each of which has presented a detailed review of the activities 
of the preceding year; 
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'Focus Group' presentations (The Focus Group includes key stakeholders who 
have been invited to briefings by the scientific team). A series of Focus Group 
meetings have been convened in the course of the EMP; 

Discussion meetings and presentations have been arranged for individual SIGs 
to discuss issues relevant to their particular agendas; 

A series of boat trips have been organised to give key stakeholders, including 
SIGs, the opportunity to see the seagrass transplantation operations on site by 
live video beamed from the sea-bed; and 

Videos and explanatory material have been widely distributed, particularly in 
the education sector. 

	

7.7 	KEY CLIENTS 

Cockburn's major customers have been kept informed, via regular presentations, of 
the progress of the EMP. 

	

7.8 	GOVERNMENT DEPARTMENTS/AGENCIES 

The work of the EMP, and Cockburn's need to secure Long-Term resources, is of 
relevance to a number of Government departments and agencies. A close liaison has 
been maintained with these throughout the EMP process. Liaison has included 
formal presentations and detailed discussions of points of issue. 

The key agencies with whom Cockburn has been working in this context are: 

Environmental Protection Authority (EPA); 

Department of Environmental Protection (DEP); 

Department of Resources Development (DRD); 

Department of Minerals and Energy (DOME); 

Department of Commerce and Trade (DCT); 

WA Fisheries; 

Fremantle Port Authority (FPA); and 

Royal Australian Navy (RAN). 

Through the course of the EMP, a number of meetings have been held with the above 
agencies, to keep them fully informed and to identify and discuss any concerns they 
may express. 
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10. 	GLOSSARY 

The following list provides a brief and general interpretation of terms which appear 
in the ERMP. 

Accretion Building up: accumulation: growth by enlargement. 

Algae Non flowering aquatic plants. 	The larger plants of this group that occur in 
marine environments, are called seaweeds and the microscopic plants that float 
in the water are called phytoplankton. 

Anticyclone Atmospheric high-pressure system. 

Assemblage Recognisable grouping or collection of individuals or organisms. 

Baffling Reduce energy. 

Baroclinic Hydrodynamic processes involving the horizontal movement of water due to 
differences 	in 	water 	density 	(caused 	by 	differences 	in 	salinity 	and/or 
temperature). 

Barotropic Hydrodynamic processes involving the horizontal movement of water due to 
factors other than water density (usually water height). 

Bathymetry Measurement of the changing depth of the seafloor. 

Beneficiation Improving the quality or grade of a raw material by the removal of impurities. 

Benthic Bottom dwelling. 

Biotalbiotic Animals/plants: related to living organisms. 

Calcining Process of converting sheilsand to quicklime. 

Clinker Calcined nodular material comprised of sheil.sand. limestone and bauxite, that 
is the intermediary product ground up to make cement. 

Colonisation Movement of an organism into an area in which it was not previously present. 

Compliance The degree to which stated project goals or requirements are attained. 

Decrepitation  Disintegration of sediment into line dust sized particles. 

Detritus Small particles in the water or on the seabed or shoreline arising from 
breakdown of organic 	matter 	which 	provide a 	food 	source 	to 	aquatic 
organisms. 

Donor bed A seagrass bed from which seagrass planting material is obtained for the 
purpose of seagrass restoration, enhancement, mitigation or experiment. 

Ecological Function Combined characteristics and processes occurring within an area. 

Ecosystem A community of organisms, interacting with each other plus the environment 
in which they live and with which they also interact. 

Environmental values The ways a society uses or values an area (synonymous with beneficial uses). 

Epiphyte Plant which grows attached to another plant. 

Fauna Animals. 

Flora  Plants. 

Grade  Quality or purity of sheiLsand. - 
Habitat The place or environment occupied by individuals of a particular species, 

population or community: has physical, chemical and biological attributes 
conducive to the maintenance and propagation of those hiota. 

Invertebrate Collective term for all animals which do not have a backbone or spinal 
column. 

Light attenuation Light reduction (usually refers to a decrease in available light which occurs 
with increa.sing depth of water). 

Local Refers to the general project area (i.e. Success Bank, Parmelia Bank, Owen 
Anchorage, Cockhurn Sound) rather than to other parts of the metropolitan 
coastal waters.  

Macroalgae Large algae: seaweed. 

Mitigate Reduce the effect of. 

Mitigation Alleviation, abatement or diminution of anything afflictive; for seagrasses this 
refers 	to 	the 	restoration, 	enhancement 	or creation of seagrass areas 	to 
compensate for permitted seagrass losses: to the installation of artificial reefs. 
or_to_  the 	project 	 seagrass_in_  the _change_in_ 	_design_to_reduce_loss_of 	 _first_place. 

Monospecific Consisting of a single species. 

Phytoplankton Microscopic algae that float in the water column. 

Planting unit A general term to denote different types of seagrass planting material or 
propagules eg. plug, sprig, seedling, seed. 

Plug Excavated seagrass unit consisting of rhizome, leaves and roots with sediment 
intact. 

Productivity 

- 
In this sense, the turnover, of photosynthate (food material) obtained by a plant 
through the process of conversion of energy from sunlight into uscable food 
sources (photosynthesis). 
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Propagules Part of plant/algae capable of growing into new organism. 
Quicklime Calcium oxide. 
Re-colonisation Movement of a seagrass species back into an area in which it used to grow: 

usually refers to the lateral movement or spread of seagrass into an area rather 
than to the re-activation of previously existing or damaged seagrass beds. 

Reflection Rebounding (eg. of waves). 
Refraction Bending or deflecting around (eg. of waves). 
Regression Moving backwards. 
Rehabilitation A general term with the sense of improving, augmenting or enhancing a 

degraded or affected area. 	This term may or may not refer specifically to 
seagrass (eg. it may be used to describe the use of artificial reefs where these 
are used to replace lost seagrass beds). With respect to seagrasses this implies 
improvement by return of seagrass and seagrass ecosystem function, partly or 
in whole. 	I)epending on what is possible, this may be return of all that was 
there before (eg. restoration of previously existing seagrass area), creation of 
new seagrass beds with different species to the original or the return of 
seagrass or seagrass function through mitigative action. 

Restoration Returned to pre-existing condition: implies return of all aspects of the previous 
seagrass system, lost or damaged. 

Rhizome Underground stem bearing buds. 
Seagra.s.s A marine tiowering plant, or angiosperm. (contrast with alga. a non flowering 

aquatic plant): the word 'seagrass' is a general term applied to all seagrasses: 
refurence should be made, however, to a particular species of scagrass where 
this detail is appropriate. 

Seedlings Here refers to seagra.sses: the seedling is the young plant that develops 
following germination of the seed: the seedling usually consists of young 
leaves and roots: the residual food storage tissue of the seed (endosperm and 
pericarp) may still be present. 

Significant wave height The average height of the highest one third of waves over a given time. 
Species composition Number and abundance of different types of species in a habitat. 
Species richness Number of different types of species in a habitat. 
Spreading The lateral growth of planted out seagrass propagules, which eventually 

coalesce (join up) to provide recognisable seagrass vegetation cover. 
Sprig Vegetative portion of a seagrass which is free of sediment: sprigs include a 

section of rhizome with shoots, leaves and with roots attached (cf. plug or 
sod). 

Substratum Underlying layer or substance: foundation. 
System Seagrass ecosystem, the entity comprising of the seagrass community and its 

ecological interactions. 
Tillering Spreading of a plant by means of side shoots that arise at ground level from 

horizontal rhizomes or 'runners'. 
Transplantation Taking seagrass from one area and moving it to another. 
Trophic Energy level in a food chain. 
Turbidity Measure of the clarity of a water body. 
Uncon.solidated Not solidified or formed into a solid mass. 
Wrack l)etached 	seagrass 	and 	algae 	(usually detached 	leaves and 	other debris 

removed during storm activity). 
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11. 	LIST OF ACRONYMS 

The following list provides a brief list of acronyms which appear in the ERMP. 

ABL Adelaide Brighton Limited 
ANZECC Australian and New Zealand Environment & Conservation Council 
ARI Average Recurrence Interval 
CALM Department of Conservation and Land Management 
CER Consultative Environmental Review 
Cockhurn Cockburn Cement I imited 
CO2  Carbon dioxide 
l)At. D.A. Lord & Associates Pty Ltd 
l)EP Department of Environmental Protection 
l)MP - Dredging Management Programme 
DOME Department of Minerals and Energy 
DRD Department of Resources Development 
EL Exploration licence area 
EMAB Environmental Management Advisory Board 
EMS Environmental Management System 
EMP Environmental Management Programme 
ERMP Environmental Review and Management Programme 
EPA Environmental Protection Authority 
EPA Fremantle Port Authority 
EQO Environmental Quality Objective 
EQC Environmental Quality Criteria 
GIS Geographic tnformation System 
IPRG International Peer Review Group 
LAL Leaf Area tndex 
LWFNRSM1A National Representative System of Marine Protected Areas 
PER Public Environmental Review 
RAN Royal Australian Navy 
SMCWS Southern Metropolitan Coastal Water Study 
SMP  Seagrass Management Plan 
SOMER State of the Marine Environment Report 
SRI Seagrass Revegetation Plan 
WA Western Australia 
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APPENDIX 1 
REPORTS, PUBLICATIONS AND CONFERENCE PAPERS 

ARISING FROM EMP STUDIES 
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TITLE AUTHORS AFFILIATiON 
Project SI: Ecological Significance of Seagrass. 1997 Annual Report, May 1997 Assoc. Prof. 1)1. 	VaIker, Dr G. Kendrick, 

Dr A. Brearley, M. Campey UWA 
Dr P. l.avery, M. Vanderklifi, K. \Vhecler ECU 
Dr F. Wells li)M 
Dr U. I-Iyndcs, I). Annandale Murdoch 
Dr K. Ilillman I)A1. 

Project SI: Ecological Significance of Seagrass, 199 	Annual Report, Juite 1998 Assoc. Prof. D.I. Walker, Dr U. Kendrick, 
Dr A. Riearley, M. Campey UWA 
Dr P. l.avery. M. Vanderklift, M. Westera ECU 
Dr K. Hillinan DAL  
Dr U. Hyndes, Proll 1. Potter, A. Kendrick, 
I,. MacArthur, F. Stewart, D. Annandale, 
R. I.antzke Murdoch 
Dr F. Wells Fnzer Marine 

Shellsand l)redging Environmental Management Programme Project SI: Ecological Significance of Seagrasses Calcium Carbonate and Nhrogen Dr I'. I.avery, M. Weslera ECU 
lurnover on Success Bank, Western Australia Phase 3 Report, May 1999 Dr G. Kendrick, Dr A. Hrearley, 

M. Campey UWA 
B.J. Hegge. Dr K. Hillinan — Dr DAL 

Shellsand l)redgmng Environmental Management Programme Protect SI: Ecological Significance of Seagrasses Fish and Fishery Phase 3 Report, Dr U. llyndes. A. Kendrick, I.. MacArthur, 
May 1999 F. Stewart Murdoch 
Shellsand I)redging Environmental Management Programme Project SI: Ecological Signihicance ofSeagrasses Flora and Fauna l)iversity Phase Dr P. I .avery, M. Vanderklift ECU 
3 Report, May 1999 Dr U. Ilymides Murdoch 

Dr A. Brearley UWA 
Shellsand Dredging Environmental Management Programme Project SI: Ecological Significance of Seagrasses I labitat Complexity Phase 3 Dr G. Kendrick UWA 
Report. May 1999 
Shellsand Dredging Environmental Management Programme Project SI: Ecological Significance of Seagrasses Invertebrates Phase 3 Report. I )r A. Hrearley UWA 
May 1999 Dr F. Wells WA Museum 
Shellsand 1)redgtng Environmental Management Programme Project SI: Ecological Significance of Seagrasses 1rophiic Structure and I .inkages Dr A.J. Smit, Dr A. Rrearley UWA 
Phase 3 Report, May 1999 Dr G. Hyndes Murdoch 

Dr P. I.avery ECU 
Shellsand I)redging Environmental Management Programme Project SI: Ecological Significance of Seagrasses Primary I'roduction Phase 3 Dr G. Kendrick, M. Campey UWA 
Report, May 1999 ECU 

Dr P. Lavery, M. Westera, K. 
Wheeler 

Shellsand Dredging Environmental Management Programme Project SI: Ecological Significance of Seagrasses Socio-Economnic Uses and Values I). Annandale Murdoch 
Phase 3 Report, May 1999 
Shellsand I)redging Environmental Management Programme Project SI: Ecological Signiimcatice of Seagrasses Phase 4: Final Synthesis Report. Assoc. Prof. 1)1. Walker, Dr(i. Kendrick, 
DRAI7I'. September 1999 Dr A. lhrearley UWA 

Dr I'. I.avery, I)rS. Connell ECU 
R. Lantzke Murdoch 
Dr K. Hilhmnan DAL 

PROJECT S2: SEAGRASS REHABILITATION 
The Effect of Size and Sediment Stabilisalion on the Survival of Seagrass Iransplants in Owen Anchorage, Western Australia, November 1994 C.J. Walker Murdoch 
Intenm Report. Ilte I)evelopment of Equipment and Techniques for the I .arge Scale Transplantation of Seagrasses Prior to Sand I )redging. 1995  Aquamarine 
Pilot Experiments on I'otential for Restoration of Seagrass Meadows, November 1995 Dr H. Kirkman CSIR() 

Assessment of Water Quality on Success Hank: An Overview of Available I )ata. Deceitiher 1995 Dr F.I. Paling Murdoch 

/71' 	 NG- 	SHE 	ID 1). 	1NG 



Appendix I Reports, publications and conference papers arising from EMP studies 

A substantial literature has been produced during the implementation of the EMP studies. Copies of these reports are available from Cockburn or through 
the offices of DAL. Perth. 

REPORTS 
TITLE AUTHORS AFFILIATION 

ANNUAL REPORTS  
Shellsand Dredging Environmental Management Programme, Annual Report. June 1995 DAL For Cockburn 
Shellsand Dredging I :nvironmental Management Programme, Annual Report June 1996-July 1997, July 1997 I)A1. For Cockburn 
Shellsand I)redging Environmental Management Programme, Annual Report July 1997-June 1998, September 1998 DAL For Cockburn 
Shellsand Dredging Environmental Manageitment Programme, Annual Report June 1998-July 1999,   October 1999 DAL For Cockburn 
INTERNATIONAL PEER REVIEW GROUP  
Shellsand Dredging Environmental Management Programme, Peer Reviews Undemiaken h.r I )epartment 01 I :nvmronmental Protection, 1995 R. Johannes, S. Smith, P. Waterman For Cockburn 
Sheilsand Dredging Eiivmroninental Management Progiamume, International Peer Review and lechnmcal l'resentaimons, January 1996 IPR( For Cockburn 
Shellsand Dredging Environmental Management Programme. International Peer Review, June 1996 Dr W .C. Dennison. Convenor 1)1115 other For Cockburn 

I PR(j members 
Shellsand Dredging Environmental Management Programme. l'echnical Review ol Project SI: Phase 1: The Ecological Significance of Seagrass. Dr W.C. l)eiimson. Convenor: For Cockburn 
14-I5 October 1996 Dr M. Cambridge  
International Peer Review Group Report, Shellsand Dredging Environmental Management l'rogramme, l)ecember 1997 Dr W.C. l)ennison. Dr M. Cambridge, For Cockburn 

Dr D.N. Foster. Prof A. Gilmour, 
l)i R. Orth  

Shellsand Dredging Environmental Management Programme International Peer Review Group Report 1-4 June 1999, September 1999 Dr W.C. l)ennison. Convenor: For Cockburn 
Dr M. Cambridge: Prof A. Gilmnour; 
Prof. R. Orth  

EMPS AND CERS etc.  
Consultative Environmental Review. Proposal to Continue Dredging of Shellsand on Success Bank (1994 to 1996), January 1994 I .l)M I For Cockburn 
Shellsand Dredging Environmental Management Programme, February 1995 I.l)M/l)Al . For Cockburn 
Supplement to Shellsand Dredging Environmental Management Programme, September 1995 l)Al. For Cockburn 
Consultative Environmental Review, Medium-lerm Shellsand Dredging, Owen Anchorage, August 1996 l)Al. For Cockburn 
Shellsand Dredging Responses to Questions and Issues Raised l)uring the l'uhlic Review of the Consultative Environmental Review Medium- l)Al. For Cockburn 
'lerm Shellsand Dredging Owen Anchorage, i)ecemher 1996 
Environmental Management System (EMS) Manual Shomi-lerm Dredging Area, July 1998 I'PK/l)Al . For Cockburn 
Proposal for I.ong-Ierm Access to Shellsand Resources Owen Anchorage and Mewstomte Area Western Australia, August 1999 I)AL For Cockburn 
Environmental Management System (EMS) Manual Medium-lerm Dredging Operation. March 2000 PPKII)Al, For Cockburn 
PROJECTS!: ECOLOGICAL SJGNIFJANCE OF SEA GRASSES  
Shellsand Dredging Environmental Management Programme, Project SI. Phase I: I cological Signilicance of Seagrasses. I )ecemher 1995 Dr D.I. Walker UWA 

Dr K. 1-lillman, Dr P. F. Morrison Kinhill 
Dr F. Wells, J. Nielsen WA Museum 
I). Annandale Murdoch 
Dr P. l.avemy ECU 

l'roject SI: I';cological Significance of Seagrasses. Phase 2 Repomi, February 1997 Assoc. Prof D.I. Walker, 
Dr G.A. Kendrick, M. Campey UWA 
Dr K. liillmnan, Dr l'.F. Morrison Kinhill 
Dr P. l.avery, M. Vanderklift, K. Wheeler ECU 
Dr F. Wells, J. Nielsen WA Museum 
I). Annandale Murdoch 
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TITLE AUTHORS AFFILIATION 
Radiocarbon Dating of SUCCCSS Bank, Owen Anchorage (Western Australia). October 1998 1)r B.J. Hegge, 1)r D.A. Lord l)AL 
Fstiinate of In Situ Calcium Carbonate I'roduction on Success Bank, Owen Anchorage (Western Australia), October 1998 Dr B.J. Ilegge, Dr l).i\..ord hAl. 
Association between Seagrass Meadows and Sediments on Success Bank, Owen Anchorage (Western Australia), October 1998 Dr B.J. Hegge. [)r BA. I .ord I)AL 
Sedimentology of Success and Parmelia Banks, Owen Anchorage (Western Australia): Switmary Report 1997, October 1998 Dr B.J. I legge, Dr D.A. - .ord BA!. 
Composition and Straugraphy of Success Bank, Owen Anchorage (Western Australia), October 1998 Dr Hi. Hegge, Dr D.A. lArd I)Al. 
PROJECT C4: SEAWAY GIRCULATION MOI)ELLING 
Oceanographic Review Project C4: Ft hcts on Circulation and Exchange front the Construction of a Seaway through Success and Pannelia 
Banks, l)RAFI', August 2000 

M. Hurling PHC 

Circulation Between Owen Anchorage and Cockburn Sound Implications for Water Quality and Light Attentiation (iersbach h)AL 
PROJECT RI: BENEFIcIATION 
A series of conlidential reports have been prepared for Cockburn 

PROJECT R2: ALTERNATIVE RESOURCES AND LIMESTONE AND LIMESAND  
l)redging Feasibility Study, Mewsione and Seal Rock area, July 1992 Evers Consult 
Report on I .iniestone and l.imcsaiid Potential in the Perth Area, Western Australia, July 1996 B. Halligan lilA 
I .imestone and Liinesand Resources Along the Coastal Plain Iroin (ieraldton to Augusta. Western Australia, July 1997 P.B. Aheysinghe, A. Snsurthwaite, J. Kirk, 

A. Fox 
Geological Survey of 

Western Australia 
Mewstone Project Calcareous Shellsand Review of Resources (Vol I and Vol 2 Maps), July 1997 T.W.H. Parker Snowden 
(ieotcchnical Evaluation of Shellsand Resource Success Bank, Owen Anchorage, Western Australia, I )ata Report. April 1998 J. Hudson CMG 
(ieotechntcal Evaluation of Shellsand Resource Success Bank, Owen Anchorage, Western Australia (jeotechnical Report. May 1998 J. I Itidson CMG 
(ieotechnical Evaluation of Alternative Marine Shellsand Resources in the Mewstone-('arnac Island Area Offshore of Freinantle. Western 
Australia. Geotcchnical Report, October 1998 

J. Hudson ('MG 

Owen Anchorage Shellsand Resource Estimation (Vol 1, Vol 2 Appendix 4, Vol 3 Appendix 5, Vol 4 Appendices 6.7 & 8), October 1998 1'.W.l I. l'arker, I. ('hen CMG 
Combined Mineral Exploration Report (Annual Report) tör the Period 1.8.1997-31.7.1998 for Exploration I .icences El .70/I 136, 1141, 1142, 
1197. 1198, 1247, 1298. 1300, November 1998 

R. Halligan ItHA 

Shellsand l)rcdging Environmental Management Prograniine Estimated Shellsand Resources Owen Anchorage, Western Australia, November 
1998 

i)AI. For Cockburn 

Proposal for I .imited l)redging on Parmehia Bank to Provide Material for Cockburn Cement I muted's Shellsand Beneficiation Irials, Augtist 
1999 

I )A1 . For Cockburn 

Preliminaiy Examination of Alternative Offshore Shellsand Resources Be(ween Perth and Geraldton. October 1999 l)Al, For Cockburn 
Owen Anchorage Shellsand Mining Protect Geological Data Acquisition Study. l:ebruaiy  2000 R. Brown h-latch 
Reconnaissance Saiiipltng In Cockburn Ceiiient I .imited's I :xploration licence Areas, March 2000 B.J. Hegge I )A I 
(leotechnical Evaluation of the Shellsand Resources in the Owen Anchorage and Mewstone Regions. Western Australia, l)RAFI. Septetither 
2000 

M. Gunson IJWA 

PROJECT R3: DREDGING RESOURCE PLAN 
Owen Anchorage Area, Success Bank, Shellsand Resources and Reserves, 1995 Ill-IP 

PROJECT R4: INNOVATIVE DREDGiNG TECHNIQUES  
Report MB 5, Innovative 1)redging Techni(lues, January 1995 h-I. vati Muijen MEl Holland 
Supplement to Report MB 5, Innovative I)redging 'lechisiques, June 1995 van Muijen MIl Holland 

Notes: (oCKour,t = Cockburn C etnent Lunoed; li'R(I = International Peer Review Group; (IWA = 'I/ic (Jnisersiiy of Westerit Australia; Kj,i/i ill = Kin/till I'rt' IN; Murdocit = Murdocit (/nivprsi(v; ECU = Edit/i Cowan university; 
lJ)M = Lel'rovo.st. Da,ites & Moore; DA!. = D.A. lord & Associates Ply lid; MS = Li'iro,inte,ital Advisory Services; NGIS = Nagit,,ia! (;eoçrap/ue lnJirsnation Svstenis (Australia) Liv Lid: MRA = M./ Rogers & Associates /'v Lid; 
WNI = WNI Science & Engiiteering; ('urtin = ('urlin IJ'tiversir,'; li/IA = II. ilalligan & Associates Pty lid; and (7MG = Coastal & Marine Gcoscie,ices. 
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TITLE AUTHORS AFFILIATION 
Shellsand I)redging Lnvironniental Management Programme, Project S2, Phase I: Seagrasses Rehabilitation Synthesis Report. December 1995 Dr F. Wells 

1)r El. Paling 
I .DM 
Murdoch 

Seagrass Meadow Regrowth, 'I'ransplantation and Recoveiy Aler I)isturhance in Western Australia: A Review, December 1995 Dr ILl. Paling Murdoch 
Shellsand l)redging Lnvironmental Management Programme, Project S2, Reference 2. I, Review of Kibble trials, January 1996 R. l)yhrherg Divei l/l)iver II 
Shelisand l)redging Environmental Management l'rograniine, Seagrass Rehabilitation: Request for Approval of Sites kr trials of Prototype 
Harvester and for Seagrass Iranspiantation, March 1996 

l)Al For (ockburn 

Status of Seagrass Restoration: Review of International literature, May 1996 Dr D.M. Gordon lJ)M 
Project S2 Phase 2: Seagrass Rehabilitation in Owen Anchorage, Western Australia Annual Report: January 1996-August 1997 Dr E.I. Paling, Ci. Walker, M. van Keulen Murdoch 
Submission for Golden Gecko Awards for Environmental Excelietice 
transplanting Seagrass at I )epth. A World I irst for Western Australia, March 1998 

J. Ward 
Dr F.I. Paling 
J. Phillips 
R. I)yhrherg 
Dr D.A. lord 

Ward Dolt 
Murdoch 
Ocean I ndust lies 
l)iver lfl)iver II 
l)Al. 

Project 52. Phase 2: Seagrass Rehabilitation in Owen Anchorage, Western Australia Annual Report: August 1997-June 1998. August 1998 
- 

Dr F. 	Paling, M. van Keulen, 
K.l). Wheeler  

Murdoch 

Seagrass Rehabilitation on Success Bank, Western Australia (Project S2. I 995-2000) Dr F.I. Paling. M. van Keulen. 
K.D. Wheeler  

Murdoch 

PROJECT S3: SEAGRASS MAPPING  
Project S3: Seagrass Mapping, June 1996  LDM 
Habitat Changes in Cockhurn Sound, Owen Anchorage and its Environs: A Review of Historical lttförniation Over The Period 1850-1960. July 
1997  

Dr G.W. Begg LAS 

Two Peoples Bay Seagrass Study, December 1997 Dr G.A. Kendrick 
M. Waycoit. Dr H. Kirkman 
A. Wyllie 

UWA 
('SIRO 
NOIS 

Changes In Seagrass Coverage On Success And Parmelia Ranks Between 1965 And 1995, April 1998 A. Wyllie. A. Davidson 
Dr G.A. Kendrick 
Dr D.A. lord, l)r R.J. Hegge 

NOIS 
UWA 
l)Al. 

Seagrass Mapping Owen Anchorage and Cockhurn Sound 1999, DRAFt', August 2000 DAIJUWA/AWAINGIS/Kevron Cockhurn and others 
PROJECT S4: ARTIFICIAL REEFS  
literature Review of Artificial Reel 	(Project S4), March 1997 J. Nielsen, Dr F. Welts WA Museunt 
Assessment of Artificial Reefs fOr Owen Anchorage, June 1994 M.P. Rogers MRA 
PROJECT CI: WAVE CLIMATE ST(JDIES  
l)irectionat Wave Measurements at Sou(hwest Rottnest and Success Bank 1994-I 995. September 1995 WNI 
Owen Anchorage, Wave Study, Model Set-up. Calibration and Venlication, November 1995 M.P. Rogers MRA 
Owen Anchorage, Near-Bed Wave Induced Orbital Currents Study, April 1995 M.P. Rogers MRA 
Owen Anchorage, Wave Study, EtThcts of the Proposed Medium-lerm l)redging. July 1997 M.P. Rogers MRA 
Quarantine Beach, Investigations into the Observed Reach Realignment, October 1997 M.P. Rogers MRA 
Owen Anchorage, Wave Study, EfThcts of Widening the FPA Channel in Success Bank, July 1998 I). Pang, M.P. Rogers MRA 
Efficts of the t'roposed Seaway & Mewstone Dredging. Vol I and Vol 2, DRAFI, July 2000 I). Pang, M.P. Rogers MRA 
PROJECT C2: SHORELINE MONITORING  
Owen Anchorage, Shoreline Monitoring Report, August 1995 M.P. Rogers MRA 
Owen Anchorage, Shoreline Monitoring 1995 to 1998, July 1998 I). Pang, M.P. Rogers MRA 
Owen Anchorage, Shoreline Monitoring (1994-1999), l)RAFF, July 200() I). Pang, M.P. Rogers MRA 
PROJECT C3: SEL)IMENTOLOG Y 
Sedinientology of Success and Paniielia Banks, Owen Anchorage. Western Australia, November 1995 Dr B.J. Hegge DAt. 

Report on Shell Samples front Success and Parineia Banks. Submi(ted by D.A. lord & Associates for l)eterminatton and Evaluation, April 1997 Dr GA. Kendrick UWA 
Petrographic and l'oint-Counting Analysis of Carbonate Sedittients from Success Bank, Western Australia, October 1997 i)r ZR. Zhu Curtin 
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TITLE AUTHORS/AFFILIATION CONFERENCEJPAPER 
PROJECT S2: SEAGRASS REHABILITATION  
Autumn Biomass, Below-Ground Productivity, Rhizome Growth at Paling, A. McComh, Murdoch Aquatic Botany 67(2000) 207-2 9. 
Bed Edge and Nitrogen Content in Seagrasses from Western 
Australia 
Effects of l)cpth on Manual Iranspiantation of the Seagrass Paling, M. vanKeulen, K. Wheeler, C. Walker, l'acitic Conservation Biology Vol 5: 314-20. Survey Beauy & Sons. Sydney 
Amphi ho/is grifflthii (J.M. Black) den Hartog on Success Bank, Murdoch 2000. 
Western Australia 
PROJECT S3: SEA GRASS MAPPING  
Mapping Historical Changes in Seagrass Beds Bordering Owen A. Wyllie, NGIS Fourth International Confi.rence on Remote Sensing for Marine and Coastal 
Anchorage, Western Australia Dr D.A. l.ord, l)A1, Environments. 17-19 June, 1997, Orlando, Florida. 

P. Collins, l.l)M Proceedings of the Fourth International Conference. Remote Sensing for 
Dr G.A. Kendrick. UWA Marine and Coastal Environments. Technology and Applications. Volume I, 
1)r H. Kirkman, CSIRO pp. 541-551. Environmental Research Institute of Michigan. U.S.A. 

Mapping Historical Changes in Seagrass Beds Bordering Owen A. Wyllie, A. Davidson, NGIS Mapping Sciences Institute, Australia in Fremantle. 24— I8 May 1998. 
Anchorage, Western Australia 1)r G.A. Kendrick, UWA 

Dr B.J. Hegge, Dr D.A. l.ord. DAI.  
Changes in Seagrass Coverage on Success and Parmeia Banks, Dr D.A. Lord, Dr B.J. Hegge, DAI, I. 	Fifth International ConiCrence Remote Sensing for Marine and Coastal 
Western Australia (1965 to 1995) Dr GA. Kendrick, UWA Environment..5-7 October 1998. San l)iego, USA. 

A. Wyllie, A. Davidson, C. Hoar, NGIS 2. 	Estuarinc, Coastal and Shelf Science (2000) 50, 34 1-353. 

Landscape-Scale Changes in Seagrass Distribution Over Time: A Dr G.A. Kendrick, I. 	International Seagrass Biology Workshop held in Quezon City. Philippines, 
Case Study From Success Bank, Western Australia Assoc. Prof. D.I. Walker, UWA 20-26 April 1998. 

J. Eckcrsley 2. 	Aquatic Botany 65 (1999) 293-309. 
PROJECT Cl: WAVE CLIMATE 
Influence of Proposed 1)redging on the Wave Climate and Coastal M.P. Rogers, MRA Italy-Australia-Indonesia-Malaysia Scientific Weeks, 1996. The Coast: 
Stability of Owen Anchorage, Western Australia (icologicaV(ieomorphological Processes and Resource Management, 4-5 June, 

Perth. Western Australia. 
PROJECT 3: BANKS SEDIMENTOLOG V 
Origin and Formation of Success and l'armelia Banks, Owen 1)rB.J. Hegge. l)AI. Italy-Australia-I ndonesia- Malaysia Scientific Weeks, 1996, The Coast: 
Anchorage, Western Australia (leological/(icomorphological Processes and Resource Management, 4-5 June. 

l'erth. Western Australia. 
GEOGRAPHIC INFORMATION SYSTEM  
The 1)evelopment and Application of a GIS for Environmental A. Davidson, A. Wyllie, NGIS Walis Forum, Perth. 8th and 9th April 1998. 
Management in Cockhurn Sound l)r B.J. Hegge, 1)r D.A. lord. DAI.  
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PUBLICATIONS AND CONFERENCE PAPERS 
TITLE AUTHORS/AFFILIATION CONFERENCE/PAPER 
GENERAL  
Shelisand l)redging: Environmental Management Programme Dr D.A. Lord, l)AI. ltaly- Australia- lndonesia-Malaysia Scientific Weeks, 1996. The Coast: 

Coastal Processes. Owen Anchorage, Western Australia (on behalf of Cockhurn Cement t .imited) (ieologicaVGeomorphological Processes and Resource Management, 4-5 June. 
Perth, Western Australia. 

Environmental Management of Shelisand l)redging: Owen Dr D.A. Lord. l)AI.: M. Brydon, Cockhurn I. 	Coasts & Ports '99: Challenges and Directions for the New Century 

Anchorage Western Australia (on behalf of Cockhurn Cement I .iniited) incorporating the 14th Australasian Coastal and ()cean Engineering 
Conlërence and the 7th Australasian Port and Harbour Conference, l'erth. 
Western Australia. 
1999 Minerals Council of Australia Environmental Workshop Mining into the 
next century: Environmental Opportunities and Challenges. Townsville, 
Queensland. 

1 .ittoral 2000 European Coastal Association for Science and Technology. 
Filth International Conference. 13- 17 September 200() Cavtat -- l)uhrovnik 
Croatia. 

PROJECT SI: ECOLOGICAL SIGNIFICANCE OF 
SEA GRASS  
A Comparison of the Density. Bioma.s.s and l'roductivity of 'Iwo M.L. Campey. Dr G.A. Kendrick, 13th Australasian Society for Phycology and Aquatic Botany ConiCrence, 22-24 

Seagrass Species, Posidonia coriacea and Hetemzostera tasmanica Assoc. Prof. D.I. Walker, UWA January 1997, Hobart. Tasmania. 

A Comparison of Epiphyte Ecological Functions in Seagrass Dr P.S. I .avery. K. Wheeler, ECU 13th Australasian Society for Phycology and Aquatic Botany Conference. 22-24 

Habitats of 1)i'ferent Morphology  January 1997. lIohart. Tasmania. 

Landscape-Scale Changes in Seagrass l)istrihution on Success Dr G.A. Kendrick, UWA 13th Australasian Society for Phycology and Aquatic Botany Conference, 22-24 

Rank, Western Australia Between 1972 and 1993  January 1997, Hobart, Tasmania. 

Shifts in Epiphytic Assemblages at Small Spatial Scales: M.A. Vanderklihl, ll)r P.S. I avery. ECU 13th Australasian Society for Phycology and Aquatic Botany Conference, 22-24 

Implications for Sampling l)esign  January 1997, Hobart, Tasmania. 

A Comparison of Epiphyte Ecological t'unctions in Seagrass Dr P.S. 1.avery, K. Wheeler. ECU Joint Meeting of the New Zealand Marine Science Society and the Australia]) 

Habitats of l)ilterent Morphology  Marine Sciences Association, 8-I I July 1997, Auckland, New Zealand. 

Ecological Functions of Epiphytic Algae in Seagrass Habitats: Dr P.S. I avery. M.A. VanderklitI, Joint Meeting of the New Zealand Marine Science Society and the Australian 

isiodiversity and Function K. Wheeler, ECU Marine Sciences Association, 8-1 I July 1997, Auckland, New Zealand. 

Identification of Priority Areas for Marine Biodiversity M.A. Vanderklift. ECU VIII l'acilic Science Inter-congress. The University of the South Pacilic. Suva, 

Conservation: Some Issues and Case Studies  13-19 July, 1997. 

Ecological Signilicance of Seagrass—What Is It and Can We Assoc. Prof. Dl. Walker, International Seagrass Biology Workshop held in Quezon City, Philippines, 20-26 

Measure it'? l)r(i.A. Kendrick. UWA April 1998. 

Dr K. Hiliman. l)Ai. 
Dr P. l.avery. ECU  

Re-Evaluating Species l3oundaries Among Members of the M.L. Campey. (l.A. Kendrick, (UWA) Aquatic Botany 66 (2000) 41-56. Received 28 July 1998; accepted 9 i:ehruary 

Posidonia osienfeldii Species Complex (Posidoniaceae) - M. Waycott, (James Cook University) 1999. 

Morphological and Genetic Variation  

Patchiness in A.ssemhlages of Epiphytic Macroalgae on Posidonia M.A. Vanderklift, P.S. Lavery, ECU Marine Ecology Progress Series Mar Ecol Prog Ser Vol. 192: 127-135. Published 

coriacea at a Hierarchy of Spatial Scales  31 January 2000. 

Ecological Significance of Seagrasses: Assessment for D.I. Walker, G.A. Kendrick, UWA Ecological Engineering Of) (2000) 000-000 Accepted 12 July 2000, 

Management of Environmental Impact in Western Australia K.A. Hillman, l)Al. 
P. l.avery, ECU  

Invertebrate Fauna in Seagrasses on Success Bank, Western A. I3reai'ley, UWA 411) International Seagrass Biology Workshop. Corsica, 26 September - 2 October 

Australia. F. Wells, WA Museum 2000. l3iologia Marine Mediterranea 7: 199-202. 
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APPENDIX 2 
EMP MANAGEMENT AND REVIEW, PROJECTS AND ASSOCIATED 

PARTICIPANTS 
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Appendix 2 EMP management and review, projects and associated participants 

A tiered system was constructed to manage and implement the Shelisand Dredging 
Environmental Management Plan (EMP) as shown in the figure below. 

COCKBURN CEMENT LIMITED 

DREDGING PLAN 

Cockburn Cement Limited 

PEER REVIEW PANEL 

Prof. Bill Dennison, Australia (Convenor) 
'Dr. Marion Cambridge, Holland 
S Prof. Doug Foster, Australia 
'Prof. Alistair Gilnjour, Australia 

Prof. Robert Orth, USA 
Prof. Alex Meinesz, France 

ENVIRONMENTAL 
MANAGEMENT 

ADVISORY BOARD 

Mr Don McDonald (Chairman) 
Mr Martin Brydon (Cockburn) 

'Mr Tony Dobbs (Cockburn) 
'Dr. Des Lord (Project Manager) 
Independent Advisors 
,Mr Noel Fitzpatrick 

Prof. Arthur McCornb 
Prof. Des O'Connor 

STUDIES 
PROJECT MANAGER 

Dr. Des Lord 
D.A. Lord & Associates Pty Ltd 

TECHNICAL ADVISORY GROUP (TAG) 

Representatives from all of the separate studies, plus representatives from appropriate State Departments. 
including DEP, DME, DRD, FPA and WA Fisheries 

COASTAL PROCESSES 

Wave measurements 
Coastal / Beach stability 
Sedimentology 

M.P. Rogers & Associates Pty Ltd 
Oceanroutes 
Australian Defence Force 
Academy (Oceanography) 
D.A. Lord & Associates Pty Ltd 

SOS mansicr 'i 

SEAGRASS ECOLOGY 

Seagrass rehabilitation 
Ecological significance 
of seagrasses 
Mapping and monitoring 

'Artificial reefs 

'UWA (Botany) 
sEdith Cowan University 

WA Museum 
Kinhill Pty Ltd 
Murdoch University 
Ocean Industries 

.Diver I / Diver II 
LeProvost Dames & Moore 
CSIRO Fisheries 

.NGIS 
A. Wyllie & Associates 

RESOURCES 

Beneficiation 
Alternative resources 
Dredge plans 
Innovative I Modified dredging 

Cockburn Cement Limited 
Carpco 

,Coastal & Marine Geoscience 
B. Halligan & Associates 
BHP 
Snowden 
D.A. Lord & Associates Pty Ltd 
FPA 

Management Structure for the Implementation of the EMP 

The Study Team implemented the programme of scientific research and technical 
investigations that was developed. The Technical Advisory Group (TAG) was used to 
coordinate the integration of study methodologies and to interpret results. This TAG was 
most active in the early stages of the EMP.,as well as at the final stages of individual projects. 
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The overall EMP as well as all of the individual projects were subject to regular peer review 
at a national and international level. This was undertaken by the International Peer Review 
Group (IPRG) as well as by invited technical experts. 

The IRPG reviewed the initial EMP in 1995, and met in Perth in late January 1996 to evaluate 
initial progress of the technical investigations and scientific studies of the EMP. This period 
coincided with the organisation of an international workshop on seagrasses which was held at 
Rottnest Island. The IRPG report and the response to their recommendations were completed 
and provided to the EPA and the DEP in July 1996. 

A further workshop was held in Perth in October 1996 to review the progress of Project SI: 
Ecological Significance of Seagrasses, and to finalise the programme to complete this study. 
The IPRG were represented by Dr W Dennison and Dr M Cambridge. Their review report 
was presented in November 1996. 

The next meeting of the IPRG to review progress of the EMP was held during the first week 
of September 1997. A one-day technical symposium to present the results of the programme 
was held on Tuesday 2 September 1997, which was attended by 70 people. During the week 
the IRPG met with the EMAB, as well as with the EPA and the DEP to discuss their overall 
response to the EMP. The IPRG report was submitted to the EPA and the DEP in October 
1997. 

The most recent review of the EMP by the IPRG was in June 1999. A one-day symposium 
open to the public allowed for all of the EMP findings to be presented and discussed. The 
IPRG's report on this review was finalised in August 1999. 

Cockburn appointed an independent Environmental Management Advisory Board (EMAB) to 
'provide advice to Cockburn on matters relating to policy, finances, and strategic decisions 
that will be required for the implementation of the EMP'. 

The EMAB committee met regularly throughout the implementation of the EMP and will 
continue to advise Cockburn as it finalises its Long-Term dredging programme. 
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APPENDIX 3 
EPA'S GUIDANCE NOTES FOR THE 

LONG-TERM DREDGING PROPOSAL 
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Appendix 3 EPA c guidance notes for the Long Term dredging proposal 

Environmental Protection Authority 

LONG TERM ACCESS TO SHELLSAND RESOURCES, 
OWEN ANCHORAGE 

GUIDELINES FOR AN 
ENVIRONMENTAL REVIEW AND MANAGEMENT PROGRAMME 

(EPA Assessment Number 300) 

January 2000 
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Contents 

Part A Specific 	Guidelines 	for 	the 	Preparation 	of 	the 
Environmental Review and Management Programme 

Part B Generic 	Guidelines 	for 	the 	Preparation 	of 	an 
Environmental Review document 

Attachment 1 Owen Anchorage - Areas Dredged and Approved for 
Dredging of Sheilsand 

Attachment 2 Owen Anchorage - Areas Proposed for Long-Term Access 
to Shelisand 

Attachment 3 Example of the invitation to make a submission 

Attachment 4 Advertising the environmental review 

These guidelines are provided for the preparation of the proponent's environmental review 
document. The specific environmental factors to be addressed are identified in Part A. The 
generic guidelines for the format of an environmental review document are provided in Part 
B, 

The environmental review document must address all elements of Part 'A' 
and Part 'B' of these guidelines prior to approval being given to commence 
the public review. 
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PART A: SPECIFIC GUIDELINES FOR THE PREPARATION OF THE 
ENVIRONMENTAL REVIEW AND MANAGEMENT PROGRAMME (ERMP) 

1. INTRODUCTION 

Context 

Cockburn Cement Limited (Cockburn) has been dredging shellsand in the Owen Anchorage 
area since 1971 under the terms of the Cement Works (Cockburn Cement Limited) Agreement 
Act 1971, as amended 1986. 

The scheme of the Agreement Act, effective to 2011 with provision to extend to 2021, entities 
Cockburn to access shellsand sediment within a live mile (8 km) radius of a point on Coogee 
Beach, north of Woodman Point. It also obliges the State to provide alternative resources 
should the shellsand within this area not be available. 

Cockburn undertook dredging initially on Parmelia Bank between 1971-1981 and then moved 
to Success Bank in 1981 for reasons of resource quality. The dredging that took place between 
1971 and early 1994 formed part of the proposed second shipping channel through Owen 
Anchorage. Since 1994, Cockburn has been dredging shellsand from an area on Success Bank 
between the Fremantle Port Authority (FPA) shipping channel and the proposed second 
shipping channel, known as the short and medium-term dredging areas (D.A. Lord & 
Associates, 1999). 

The Environmental Protection Authority (EPA) has undertaken assessments on Cockburn's 
short-term (Bulletin 739) and medium-term dredging (Bulletin 901) proposals. Attachment I 
shows the short-term and medium-term dredging areas. In August 1994, the Minister for the 
Environment approved the short-term continuation of shellsand dredging on Success Bank 
(1994 - 1996), with further dredging in the medium-term being conditional on Cockburn 
developing an acceptable Environmental Management Programme (EMP). However, the 
Supreme Court in 1996 overturned Bulletin 739. and by association, the August 1994 
Ministerial approval. A further report by the EPA on the short-term proposal of November 
1996 (Bulletin 833) led to a Ministerial Statement dated 23 February 1998 (EPA, 1998). 

In accordance with the requirements of the August 1994 approval, Cockburn prepared a 
Sheilsand Dredging EMP in 1995 and that plan, complemented by a later Supplement, was 
endorsed by the Minister for the Environment in December 1995. 

The EMP was formulated to incorporate detailed research aimed at providing information 
necessary to assist the proponent to minimise the adverse impacts of Cockburn's continuing 
dredging operations on Success Bank in Owen Anchorage and to resolve the issue of long-
term access to shellsand. 

In August 1998, the EPA assessed the medium-term proposal (Bulletin 901) and approval was 
issued on 10 February 1999. Approval for the medium-term dredging was based on the 
demonstration that the short and medium-term dredging would not cause any adverse effects 
to the wave climate of the area, and that all of the components of the EMP were being 
implemented (D.A. Lord & Associates Pty Ltd, 1999). 

1,0N(;-TFRP4s11rI.1SAN1) DREDGING: ERMP 	 183 



It is estimated that Cockburn has sufficient shelisand resources from the short and medium-
term areas to support production of lime and cement at its Munster plant until the end of 2002. 

Cockburn is required to submit plans for long-term dredging at least 18 months prior to the 
depletion of the short and medium-term areas. Cockburn submitted the proposal for long-term 
dredging in September 1999. 

The long-term dredging proposal 

Proposal involves 2 stages (see Attachment 2): 

Stage 1 involves: 

completion of channel through Success Bank between the existing FPA channel 
and the second shipping channel which has been partially dredged by Cockburn; 

construction of a seaway through Parmelia Bank by the removal of material to the 
east of the existing FPA channel; 

the provision of resources to last until 2016 or 2017. This material can be dredged 
with Cockburn's existing facilities, however, most of this resource requires 
beneficiation; and 

construction of beneficiation facilities. 

Stage 2 involves: 

dredging shellsand from western Success Bank, known as the Mewstone area; 

the provision of material for >20 years. This material will require beneficiation; 
and 

Cockburn Cement replacing its dredging plant, given higher wave energies in the 
area. 

2. ASSESSMENT APPROACH 

The area of focus for the ERMP should range from: 

• 	the areas proposed for dredging (site specific scale); 

the areas in the immediate vicinity of dredging, including Gage Roads, Owen 
Anchorage and Cockburn Sound (local scale); and 

the coastal areas from Becher Point in the south to Whitfords in the north and out to 20 
metres isobath, including the coastal waters of Rottnest Island (regional scale). 

At the time of assessing the medium-term dredging proposal, the EPA did not have before it a 
specific proposal for the long-term. However, it did form a view that "a longer-term proposal 
which would see the further removal of seagrass from the confines of Owen Anchorage 
should be recognised as environmentally unreasonable"(EPA Bulletin 901). 

Accordingly, in the ERMP, the proponent is required to demonstrate the acceptability of long-
term dredging in Owen Anchorage to the EPA, particularly given the EPA's comments in 
Bulletin 901. 

The EMP that has been developed for the short and medium-term dredging proposals has the 
objectives to: 
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Provide sufficient technical information to the EPA to evaluate the environmental 
acceptability of Cockburn's proposed long-term dredging operation on Success Bank 
between 2000 and 2021 (end of Agreement). 
Use the information gained from the studies in the EMP to minimise the adverse 
environmental effects arising out of the short and medium-term dredging operations. 

The EMP consists of 12 main study components and addresses: 

evaluation of ecological function of seagrass; 

development of methods of seagrass rehabilitation; 

determination of effects of dredging on wave climate, sediment transport and shoreline 
stability; 

development of methods for beneficiation of lower quality dredge sheilsand; and 

evaluation of alternative resources for time and cement production. 

Based on the above, the ERMP should detail information gained from the EMP studies to 
demonstrate that the long-term proposal is environmentally acceptable, especially taking into 
account the advice provided by the EPA in Bulletin 901. 

The main environmental issues relate to marine processes, particularly water and substrate, 
and marine biota. The key aspects are; 

seagrass - distribution, abundance, diversity; 

transplanting of seagrass - feasibility and success; 

cumulative impact - loss of seagrass, loss of potential seagrass habitat and loss of 
habitat; 

wave climate, sediment movement and shoreline stability; 

water circulation and quality (including effects of increased flushing of Cockbum 
Sound); 

alternative resources; and 

waste - management of emissions and waste material from beneficiation. 

A proposal of this scale also needs to be placed within a local and regional context. 
Consideration needs to be given to the adequacy of identification and protection of 
environmental values within and adjoining the project area from the consequences of 
development. 

The environmental impact assessment process requires the proponent of a proposed 
development to describe the "receiving" environment, identify the environmental issues, 
describe the environmental impacts of the development and to outline how the environmental 
issues will be addressed so as to convince the EPA that the proposal is environmentally 
acceptable. 

Consideration also needs to be given to the proposed development area in a regional context. 
The determination of whether a particular proposed response is adequate is the role of the 
EPA which will take into account advice from government departments and the public in 
coming to its decision in the advice it will provide to the Minister for the Environment. In 
order for those responses or solutions to be considered, there must be transparency by the 
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proponent to show how those actions were chosen and the likely success of the selected 
response. The criteria used to define and select a particular response to an identified issue 
needs to be specified in the environmental documentation. 

In preparing an ERMP, the proponent should bear in mind the following aims of the ERMP 
and public review process: 

to provide a source of information from which interested individuals and groups may 
gain an understanding of the proposal, the need for the proposal, the alternatives, the 
environment which it would affect, the impacts that may occur and the measures to be 
taken to minimise these impacts; 

to provide a forum for public consultation and informed comment on the proposal; and 

to provide a framework in which decision-makers within government may consider the 
EPA's environmental report on the proposal in parallel with its consideration of other 
matters relevant to the proposal. 

The proponent should ensure that the ERMP demonstrates compliance with the goals, 
objectives and guiding principles of Ecologically Sustainable Development as set Out in the 
National Strategy for Ecologically Sustainable Development and the principles set out in the 
National Strategy for the Conservation of Australia's Biological Diversity. The ERMP should 
describe the area in terms of its cultural, ecological, economic and social values. 

A key aspect of the assessment of the proposal relates to the identification, assessment and 
management of environmental impacts. In relation to the latter point, consideration should be 
given to incorporating a draft EMP within the ERMP documentation. 

3. ENVIRONMENTAL FACTORS RELEVANT TO THIS PROPOSAL 

At this stage, the EPA believes that much of the work can be grouped under the major 
headings of marine processes, industrial processes and social issues. 

The EPA views the environmental factors within a hierarchy, with marine processes as an 
integrating process between the broad issues of substrate and water. Biological diversity (eg 
seagrass) links both of these issues and has been identified separately. It is the consideration 
of all three of these related issues which should be addressed under marine processes. 

Some aspects of the proposal do not clearly fit into these three issues and have therefore been 
placed under the headings of industrial processes and social issues. 

The relevant environmental factors, objectives and work required is as detailed in the table 
below. 

These factors should be addressed within the environmental review document for the public 
to consider and make comment to the EPA. The EPA expects to address these factors in its 
report to the Minister for the Environment. 

The EPA expects the proponent to take due care in ensuring any other relevant environmental 
factors which may be of interest to the public are addressed. 
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INTEGRATING PROCESS 

MARINE PROCESSES Maintain the processes that support and sustain the biological diversity of the local area 
and region. 

Demonstrate that biodiversity will not be compromised by this proposal. 	 - 

Environmental Issue Objective(s) 

BIOLOGICAL. Maintain the ecological function, abundance, species diversity and geographic 
DIVERSITY distribution of marine flora and fauna. 

Encourage the development and implementation of practical technical solutions for 
the rehabilitation of the environment. 

Environmental factor Scope of work 

Marine Flora Map and describe seagrass on Success and Parmelia Banks, including the Mewstone 
area. 

Assessment of potential impacts (direct and indirect) on marine flora, including 
seagrass (for Success Bank, Parmelia Bank and the Mewstone area) as a result of the 
proposal. 

Assessment of the long-term proposal in its local context and against the present 
condition and distribution of the seagrasses in the region. 

Assessment of cumulative impact (including Cockburn Sound) in terms of historical 
loss of seagrass and habitat and/or creation of new habitat. 

Assessment of the value of seagrass as a functional biological component of the 
ecosystem. 

Assessment of the significance of seagrass distribution on Success and Parmelia Banks, 
including the Mewstone Area, in terms of ecological function vis-a-vis seagrass 
occurrence and function in the surrounding areas of Cockburn Sound, and the Garden 
Island and Rottnest Shelves. 

Assessment of the significance of the seagrass assemblages on Success and Parmelia 
Banks, including the Mewstone Area, in terms of conservation value and express this 
conservation significance in local, regional and global contexts. 

Assessment of the feasibility and success of seagrass transplantation. 

Detail technical information generated from studies that form the EMP for the medium 
and 	short-term dredging 	proposals, 	such 	as the development of techniques 	for 
transplanting seagrasses. 

Proposed measures to mitigate impacts.  

Marine Fauna Baseline studies to identify existing fauna in the project area. 

Assessment of potential impacts (direct and indirect) on marine fauna as a result of the 
project. 

Proposed measures to manage impacts. 
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Environmental issue Objective(s) 

SUBSTRATE Maintain 	the 	basis 	for ecological 	function, 	species abundance, 	diversity and 
geographic distribution of marine flora and fauna. 

Maintain the diversity and relative proportions of substrates which occur in the area. 

Encourage innovation in the development of practical technical solutions for the 
rehabilitation of the environment. 

Maintain the stability of Success and Parmelia Banks. 

Maintain the integrity, function and environmental values of the foreshore area. 

Environmental factor Scope of work 

Banks Assessment of potential impacts (direct and indirect) on marine fauna and flora as a 
result of alteration of substrate by the project, and taking into account the effects of 
predicted sea-level rise. 

Detail technical information generated from studies that form the EMP for the medium 
and short-term dredging proposals, such as the evaluation of the effects of dredging on 
the stability of Success and Parmelia Banks, and taking into account the effects of 
predicted sea-level rise. 

Proposed measures to manage impacts. 

Foreshore Detail wave modification effects resulting from dredging for shellsand on Success 
Bank. Parmelia Bank and the Mewstone area. and taking into account the effects of 
predicted sea-level rise. 

Detail technical information generated from studies that form the EMP for the medium 
and short-term dredging proposals, such as the evaluation of the effects of dredging on 
wave climate, coastal processes and coastal stability, and taking into account the effects 
of predicted sea-level rise. 

Detail impacts expected from the altered wave regime on sediment movement within 
Owen Anchorage and Cockburn Sound, present coastal processes of accretion and local 
recession, and taking into account the effects of predicted sea-level rise. 

Proposed measures to manage impacts. 

Alternative Resource Detail results and progress of beneficiation trials. 

Identify alternative sources of raw material for lime and cement production. 
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Environmental issue 	] Objective 

WATER Maintain 	or 	improve 	marine 	water 	and 	sediment 	quality 	consistent 	with 
Environmental Quality Objectives and Environmental Quality criteria defined in the 
Southern Metropolitan Coastal Waters Study (1996). 

Maintain or improve the quality of marine water consistent with the draft WA 
Guidelines for Fresh and Marine Waters (EPA, 1993). 

Environmental factor Scope of work 

Marine Water Quality Assessment of dredging on: 

water quality; 

water clarity (turbidity): 

water circulation; and 

consequent effects on ecological processes within Owen Anchorage and Cockburn 
Sound. 

Proposed measures to manage impacts. 

Environmental issue Objective(s) 

INDUSTRIAL Ensure that emissions meet acceptable standards and requirements of Section 51 of 
PROCESSES the Environmental Protection Act 1986 (all reasonable and practicable measures are 

taken to minimise discharges). 

Ensure that greenhouse gas emissions, both individually and cumulatively, meet 
appropriate criteria and do not cause an environmental or human health problem. 

Ensure that wastes are contained and isolated from ground and surface water 
surrounds and treatment or collection does not result in long term impacts on the natural 
environment. 

Environmental factor Scope of work 

Greenhouse Gases Detail sources and amounts of gases (including greenhouse gases) released or absorbed 
as a result of the proposal (including beneticiation processes). 

Detail annual production rate over lifecycle of the project. 

Proposed measures to manage impacts. 

Waste Detail disposal measures for solid and liquid waste material from beneficiation, 

Detail disposal measures for any waste water disposal. 

Proposed measures to manage impacts. 

Decommissioning Outline the process to develop and implement plans for decommissioning, prior to 
cessation of activities. 
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Environmental issue Objective(s) 

SOCIAL (I) Ensure that the proposal complies with the requirements of the Aboriginal Heritage 
Act 1972. 

Ensure that changes to the biological and physical environment resulting from the 
project do not adversely affect cultural associations with the area. 

Maintain the quality of the broader area in relation to boating, fishing, swimming 
and coastal use. 

Ensure that changes to the physical environment resulting from the project do not 
impact adversely on commercial shipping and port operations. 

Environmental factor Scope of work 

Aboriginal Culture and Identify 	any 	Aboriginal 	cultural 	and 	heritage 	sites 	of 	significance 	through 
Heritage archaeological and ethnographical surveys of the project area and through consultation 

with local Aboriginal groups and the Department of Aboriginal Affairs. 

Identify potential impacts on any identified sites. 

Proposed measures to manage impacts. 

Recreation Identify potential impacts on recreational users of the area. 

Identify potential impacts on recreational and commercial fishermen, including impact 
on fish stock resources. 

Proposed measures to manage impacts. 

Economic Detail potential impacts on shipping movements within existing shipping channels and 
the future seaway, and on existing and proposed port operations. 

Proposed measures to manage impacts. 

4. AVAILABILITY OF THE ENVIRONMENTAL REVIEW 

4.1 Copies for distribution free of charge 

Supplied to DEP: 
Library/Information Centre 	 9 
EPA members 	 6 
Officers of the DEP (Perth) 	 9 

Distributed by the proponent to: 

Government Departments: 
Department of Conservation and Land Management 	 2 
Department of Minerals and Energy 	 2 
Department of Resources Development 	 2 
Department of Transport 	 2 
Fisheries Western Australia 	 2 

Local government authorities: 
City of Cockburn 	 2 
City of Fremantle 
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Libraries: 
J S Battye Library 
	

3 
The Environment Centre (WA) 

	
2 

City of Cockburn Library 

City of Fremantle Library 
	

2 

Other: 
Fremantle Port Authority 

Conservation Council of WA 
Coastal Waters Alliance 

Recfishwest 
Royal Australian Navy 

Marine and Coastal Cornmumty Network 

42 Available for public viewing 

J S Battye Library (WA) 

City of Cockburn Library 
Department of Environmental Protection Library 

Department of Environmental Protection (Kwinana Office) 
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