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AN INVITATION TO COMMENT ON THIS CER 

Cockburn Cement Limited and the Environmental Protection Authority (EPA) 
invite people to make a submission on this Consultative Environmental Review 
(CER). 

Cockburn Cement Limited proposes to continue to dredge sheilsand from Success 
Bank for a two year period commencing on or before September 1994. In 
accordance with the Environmental Protection Act 1986, a CER has been prepared 
which describes this proposal and its likely effects on the environment. The CER is 
available for public review for 4 weeks from 19 January 1994. 

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 with 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 
10 people) please indicate all 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 CER or the specific 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 CER: 

clearly state your point of view; 
indicate the source of your information or argument if this is applicable; 
suggest recommendations, safeguard or alternatives. 
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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; 

refer each point to the appropriate section, chapter or recommendation in 
the CER; 

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; 
address; 
date; and 
whether you want your submission to be confidential. 

The closing date for submissions is: 

16 February 1994. 

Submissions should be addressed to: 

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

Attention: Mr Stephen Watson 
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EXECUTIVE SUMMARY 

THIS DOCUMENT 

This Consultative Environmental Review (CER) is submitted by Cockburn Cement 
Limited (Cockburn) to seek approval to continue dredging sheilsand from Success 
Bank, offshore Fremantle, for a two year period commencing on or before 
September 1994. The sheilsands are a deposit of high calcium carbonate content 
which is essential feedstock for the manufacture of lime, and is also used in 
cement making. 

THE PROPONENT 

Cockburn operates the largest lime manufacturing works in Australia at South 
Coogee and employs over 300 people. Cockburn has dredged sheilsands from 
Parmelia and Success Banks since 1972 in accordance with terms and conditions of 
an Agreement Act with the State. This Act gives Cockburn rights to extract 
sheilsand within a radius of five miles (8 km) offshore from a point on Coogee 
Beach until the year 2011, with rights of extension to 2021. To date, most dredging 
has taken place within the alignment of a second navigation channel through 
Success and Parmelia Banks paralleling that of the FPA Channel. 

THE AGREEMENT ACT 

The Act was amended in 1986 to incorporate environmental provisions which 
required Cockburn to submit a Dredging and Management Programme (DMP) 
every two years, outlining the Company's dredging and management plans for the 
ensuing 10 year period. Each DMP requires the approval of the Minister for 
Resources Development who takes advice from a 'DMP Committee' comprising 
representatives of the Fremantle Port Authority, Environmental Protection 
Authority, Department of Minerals and Energy, Department of Resources 
Development and Cockburn. 

HISTORY OF DREDGING AND MANAGEMENT PROGRAMMES 

DMP 1 and DMP 2 submitted in 1986 and 1988 respectively were approved by the 
Minister. DMP 1 included an environmental appraisal of Cockburn's operations to 
date and assessment of the 10 year plan for 1987 to 1996. The appraisal concluded 
that insufficient information was available to undertake reliable assessment and 
recommended a wide range of studies. These studies were completed over the next 
two years and fmdings reported in DMP 2. This concluded that the proposed 
10 year plan, forecasted to dredge some 150 ha of Success Bank, was unlikely to 
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cause significant adverse environmental impacts and would have the benefit of 
creating a second navigation channel through the Bank into Cockburn Sound. 

When submitting DMP 3, Cockburn was contemplating expansion of its lime 
production capacity by investing some $60 million in an additional lime kiln and 
was requested to include a 30 year conceptual dredging plan in the DMP to 
provide an indication of the potential location and size of the dredging area at the 
end of the Agreement period. DMP 3 also outlined the scope of further studies 
which would be undertaken to determine the environmental impact of the 
conceptual 30 year plan. 

This DMP was not fully approved by the Minister, largely because of EPA 
concerns over the potential loss of substantial seagrass meadows growing on 
Success Bank and concern for the long-term stability of the banks and coastline. 
Cockburn subsequently received approval to continue dredging till the next DMP 
but was directed to investigate alternatives to the 30 year concept plan. 

Cockburn subsequently suspended its expansion plans, continued the environmental 
research programme and initiated investigations into alternative sources of resource. 
These investigations were not complete by the time DMP 4 was submitted 
(December 1992) and the Minister again approved use of resource for only a 
further three years. 

Since then Cockburn has completed investigations into alternative resources and 
has basically concluded that there are no alternatives to the use of the Success 
Bank deposit. Cockburn also has completed preliminary stages of its environmental 
investigations which have resulted in the following encouraging findings: 

evidence supporting the notion that the slopes of dredged areas eventually 
stabiise and do not pose a long-term threat to the stability of the remaining 
bank; 

some success with seagrass transplanting trials conducted by Murdoch 
University for the Company; 

natural seagrass recolonisation on old slopes and floors of previously dredged 
areas. 

These findings are encouraging because they suggest that it may be possible to 
eventually rehabilitate dredged areas as is now successfully accomplished on land 
by most mining companies. 
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THE PROBLEM 

Cockburn operates a large business which provides a product which is essential to 
the State's mineral processing industry. The continued and reliable supply of this 
product is of strategic and economic importance to the State. Since 1990 when 
DMP 3 was submitted, Cockburn has had no long-term resource security, even 
though an Agreement Act exists to guarantee that security. The company therefore 
finds itself in an untenable situation where it cannot plan its future. 

Therefore, in December 1993, Cockburn requested the Government to resolve the 
problem of long-term resource security. 

THE SOLUTION 

The Government responded by requesting Cockburn to undergo public scrutiny of 
its proposed dredging strategies by preparing a CER for a short-term dredging 
strategy (this document), to be followed by an Environmental Review and 
Management Programme (ERMP) for a long-term (15 year) dredging strategy. 

THE PROPOSAL 

Cockburn require access to five million tonnes of resource for a period of two 
years commencing on or before September 1994. The location of the proposed 
short-term dredging area has been specifically selected, on the advice of 
Cockburn's environmental consultants, to minimise both seagrass loss and potential 
for bank destabilisation and modifications to wave climate. Dredging for this 
proposal will occur on the portion of Success Bank located between the FPA 
Channel and the second channel. The northern part of this bank contains some 
50 ha which is largely unvegetated and supports sparse seagrass cover (0 - 25%). 
This area will be dredged, together with a 150 m wide strip along the western edge 
of the second channel which supports seagrass cover of low to moderate density. 

IMPACT ASSESSMENT 

Available Information 

The impact assessment presented in this document is based largely on the findings 
of investigations conducted by Cockburn's consultants since 1985. In all, 22 studies 
have been undertaken in a range of disciplines - ecological, oceanographic, 
sedimentological, geotechnical, dredging and engineering. In addition, the 
characteristics of the seagrass assemblages in the proposed dredging area and 
adjacent seafloor have been described through analysis of high quality aerial 
photographs confirmed by underwater groundtruthing. 
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Other than commercially sensitive information, all reports produced on behalf of 
Cockburn to date for the DMP Committee will be available for public scrutiny at 
its offices in South Coogee. 

The Environment 

Regionally the most extensive shelisand of required grade occurs on Success Bank. 
Success Bank is a large submarine sand shoal which has built up in recent 
geological times (last 3,000 years) between Fremantle and Catherine Point on the 
mainland, and Carnac Island and Stragglers Rocks offshore. It separates the deep 
(>15 m) waters of Gage Roads from those of the Owen Anchorage Basin. Another 
submarine bank (Parmelia Bank) separates Owen Anchorage from Cockburn 
Sound. The banks support a range of seagrass assemblages which vary in structure, 
biomass, species composition and distribution. At least eight species of seagrass 
occur on the banks, all of which have been reported as occurring elsewhere in the 
metropolitan region. 

The bank is utilised principally by Cockburn for mineral recovery, and by a small 
commercial and recreational fishery for squid, octopus and whiting. A navigation 
channel was cut through the banks in 1919 and has undergone periodic widening 
and deepening. The FPA Channel is currently being dredged. 

The coastline of the Owen Anchorage area has been highly modified since 
European settlement by construction of groynes and sea walls and nearshore waters 
have received wastes from a variety of noxious industries located on the coast. 

During the 1970s, waste discharges into Cockburn Sound (which is south of, and 
separated from, the study area by Parmelia Bank) caused nutrient enrichment of the 
water body which resulted in the loss of extensive areas of seagrass habitat along 
the eastern shore of Cockburn Sound and the southern part of Parmelia Bank. 
Better waste management during the 1980s has improved water quality in 
Cockburn Sound and Owen Anchorage. The environment of the study area is 
heavily utilised and modified, but remaining seagrass assemblages appear to be in 
good condition. 

Impact of Proposal 

The proposal will result in the removal of some 67 ha of bank top habitat, some 
50 ha of which is largely unvegetaled or contains sparse seagrass. This loss 
represents some 4% of available seagrass habitat area on Success Bank and some 
0.7% of seagrass habitat area estimated to occur within the metropolitan region. 
Consequently, the effect of this loss on seagrass productivity is expected to be low. 

The bank top habitat will be replaced by relatively steep slopes which initially will 
be unstable and barren, but eventually will stabilise and be recolonised by seagrass 
species which currently occur on the bank top. It is likely that this replacement 
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meadow will be of a different structure to that which originally occurred on the 
bank top. 

The bottom of the dredged area will also be recolonised by an assemblage similar 
to those which occur in adjacent natural deep basins. The seafloor may also support 
patches of seagrass. 

It is considered highly unlikely that identified Beneficial Uses of the area will be 
adversely affected by the proposal. 

ENVIRONMENTAL MANAGEMENT 

During the next two years, Cockburn will prepare an ERMP for its long-term 
dredging strategy and: 

continue existing DMP study commitments; 
test and develop mitigation techniques for the long-term dredging strategy; 
minimise the effects of the short-term dredging strategy. 

Existing DMP Commitments include: 

shoreline monitoring between Woodman Point and Catherine Point; 
monitoring of stability and seagrass dynamics of dredged slopes; 
detailed seagrass mapping of Success Bank resources; 
characterisation and quantification of the biotic component of dredged 
habitats; 
photographic monitoring of the study area. 

Mitigation Techniques that will be tested and developed include: 

investigations by Murdoch University into means of restoring seagrass to 
dredged areas; 
improved dredging techniques to minimise seagrass loss; 
techniques for bulk transport of seagrasses; 
beneficiation of lower grade sands to enable dredging in alternative areas; 
enhancement of dredged areas for recreational use by establishing artificial 
reefs. 

Dredging Strategy will include: 

accurately marking the boundaries of the dredging area; 
dredging the boundaries to maximise the rate of slope stabilisation; 
monitoring of slope stability and compliance with dredging area boundary 
proposed. 
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CONCLUSIONS 

The proposed short-tenn dredging strategy is unlikely to result in significant 
adverse effect to other users of the waters and coastline of the study area. The 
location of the proposed dredging area has been selected to minimise seagrass loss 
and potential for modification of wave climate. 

Approval of the proposal will enable Cockburn to continue operating whilst 
conducting the investigations required to produce the ERMP. 
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1 INTRODUCTION 

	

1.1 	THIS DOCUMENT 

This document is a Consultative Environmental Review (CER) produced by 
Cockburn Cement Limited (Cockburn) in accordance with Section IV of the 
Environmental Protection Act 1986. The purpose of this CER is to: 

gain approval to continue dredging sheilsand for the next two years from parts 
of Success Bank offshore Fremantle (Fig. 1); 

enable the public to comment on the proposal. 

Accordingly, this report is intended to: 

describe the proposal; 

enable the Environmental Protection Authority (EPA) to assess the proposal in 
detail; 

provide a basis for government agencies, members of the public and other 
parties to evaluate the proposal and make submissions to the EPA; 

state the Company's commitments for managing the proposal. 

The CER has been structured in accordance with the guidelines prepared by the 
EPA (see Appendix A). The CER has been produced to read as a stand-alone 
document but refers to studies conducted since 1985 by Cockburn's consultants. 
These documents are available for perusal at the Company's offices in South 
Coogee. 

	

1.2 	THE PROPONENT 

The proponent, Cockburn Cement Limited, is an unlisted public company 
registered in Western Australia. It is a wholly owned subsidiary of The Rugby 
Group, a United Kingdom based public company that manufactures building 
materials in several countries. 

Cockburn has been engaged in the manufacture of cement and lime at its works at 
Russell Road, South Coogee since 1955 and produces approximately 1 million 
tonnes per annum of these products. Cockburn has dredged sheilsand from the 
Owen Anchorage area since 1972 in accordance with conditions defined in an 
Agreement Act with the State of Western Australia. In view of the recent attention 
that has been given to environmental issues relating to Cockburn Sound, it should 
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be noted that Cockburn's past, present and proposed future dredging operations are 
not in Cockburn Sound, but in the Owen Anchorage area north of Woodman Point. 

Most of the dredged material is used in lime manufacture, for which a raw material 
of high (not less than 92%) calcium carbonate content is needed; the remainder is 
used, together with limestone and other materials, in cement manufacture. 

Detail on Cockburn's dredging operations, contribution to the State's economy and 
management approach is provided below. 

1.2.1 Dredging Operations 

Since 1971, Cockburn has invested in both floating and shore based plant designed 
specifically to extract the sheilsand resource from within the Agreement Area (see 
Section 1.3.1 below and Fig. 2) in the sea conditions prevailing there. 

For resource areas outside the Agreement Area, issues such as sea conditions, 
water depths, resource characteristics and travel distances can render the present 
dredging and support fleet unsuitable for use. 

Dredge and barges 

Cockburn's dredge 'Success', a water-jet suction dredge (Plates 1 and 2), recovers 
sheilsand at the rate of 800 tonnes per hour in water depths varying from 5 to 
15 m. It operates 12 hours a day, 365 days a year, subject only to weather 
conditions and major maintenance requirements. 

The dredged sheilsand is transferred from the dredging site via three split hopper 
bottom opening barges which travel to the Cockburn Cement jetty at Woodman 
Point and discharge their load on the seabed alongside. 

Reclaiming, washing and pumping 

The sheilsand 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 sheilsand is 
pumped 7 km through a 200 mm steel pipeline to the main works at South Coogee. 

The only material returned to the sea from the washing plant is wash water with 
fme sediments in suspension, which is discharged into the sea near the end of the 
jetty. 
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1.2.2 Contribution to Western Australia 

Cockburn operates entirely within Western Australia and has an annual turnover of 
$114 million (1992). The Company employs over 300 people, mostly at its South 
Coogee plant and in addition spends $60 miffion per annum on local goods and 
services. 

Cockburn's products are essential to the State's resource processing and building 
industries. Its lime is the most extensively used alkali in mineral processing. 
Cockburn is the sole supplier of lime to the alumina industry, and is the single 
largest producer of lime in Australia. 

1.2.3 Management Approach 

As an operator of a mineral extraction industry with high processing energy 
requirements, Cockburn gives a high priority to environmental management. In 
addition to the management and monitoring programmes specifically related to 
dredging, Cockburn's environmental management practices include: 

a formal internal environmental audit process; 

reporting on current environmental issues to the Company's directors at each 
Board meeting; 

close liaison with the EPA's Kwinana Pollution Control Unit 

a Conmiunity Liaison Officer employed since 1990; 

the planting of several thousand trees annually at the South Coogee site. 

Cockburn's Environmental Policy is supported by its parent company, whose 
cement division is recognised by the Department of the Environment in the United 
Kingdom as being among the leading extractive industries in its environmental 
approach. 

Cockburn adopts a consultative approach in managing issues of all types. Its 
success in this regard is exemplified by its landmark enterprise award implemented 
in 1991, its winning of the Premier's Award for Excellence in 1992, and its 
enterprise agreement of 1993 under which all employees are now paid a fixed 
annual wage. Cockburn has also established itself as a leader in industrial safety 
and is well advanced in "total quality management". 
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1.3 	BACKGROUND TO PROPOSAL 

1.3.1 Agreement Act 

Cockburn commenced dredging sheilsand from Parmelia Bank in 1972, operating 
under the Cement Works (Cockburn Cement Limited) Agreement Act 1971. The 
areas dredged by Cockburn since 1972 are shown in Figure 2. 

The Act was amended in 1986 [Cement Works (Cockburn Cement Limited) 
Agreement Act 1986]. Both Acts give Cockburn rights to extract sheilsand within a 
radius of 5 miles (8 km) from a point on Coogee Beach approximately 950 in 
north of the Explosives Jetty ("the Agreement Area") (Fig. 2) until the year 2011, 
with rights of extension to 2021. The 1986 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 
sheilsand pursuant to this clause, the State will use eveiy endeavour to fmd 
other sheilsand within a reasonably economic distance from the jetty, and if 
other sheilsand is not available, then other equivalent material." 

1.3.2 Dredging and Management Programmes, 1986 to 1992 

The 1986 Act included specific environmental management requirements relating to 
dredging, thus formalising the close environmental surveillance that had been 
taking place previously. The Act requires Cockburn to submit a Dredging and 
Management Programme (DMP) every two years covering the Company's dredging 
plans for the ensuing 10 years, with details for the monitoring, protection and 
management of the environment (Appendix B). Each DMP requires the approval of 
the Minister for Resources Development. The Minister, in practice, takes advice 
from a 'DMP Committee' comprising representatives of EPA, Fremantle Port 
Authority, Department of Minerals and Energy and Cockburn Cement under the 
chairmanship of an officer of the Department of Resources Development. 

DMP 1 (submitted in 1986) included an environmental appraisal of Cockburn's 
operations to date and assessment of the 10 year plan for 1987 to 1996. The 
appraisal concluded that insufficient information was available to undertake reliable 
assessment and recommended a wide range of studies. The first two years of DMP 
1 (1986) were approved by the Minister to ensure sufficient available resources for 
Cockburn's operations. The remaining eight years (ending 1996) were approved 
subject to ongoing review based on the findings of additional studies. These 
studies were completed over the next two years and findings reported in DMP 2 
which concluded that the proposed 10 year plan, forecasted to dredge some 150 ha 
of Success Bank (refer areas SC and SA, Fig. 8 main text), was unlikely to cause 
significant adverse environmental impacts and would have the benefit of creating a 
second navigation channel through the Bank into Owen Anchorage. DMP 2 (1989 
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to 1998) was subsequently approved by the Minister who acknowledged that 
"the impact of dredging is localised and within acceptable environmental limits and 
that the presently planned extent of dredging can take place". 

When submitting DMP 3 in December 1990, Cockburn was contemplating 
expansion of its South Coogee plant and, in order to facilitate planning of this 
expansion, was requested to include a 30 year concept dredging plan in the DMP. 
This DMP was opposed by the EPA, primarily because of concern for the long-
term stability of the sandbanks and the effects of the loss of large areas of seagrass 
on the local ecosystem, and the Minister subsequently approved only the first two 
years of DMP 3. 

During 1991 and 1992, the State made efforts to secure alternative resources for 
the Company, which in turn expended $616,000 in investigating possible 
alternative resources including the Mewstone area (refer Fig. 2) at the request of 
the Department of State Development. At the time DMP 4 was submitted in 
December 1992, these investigations were not yet finalised. 

In DMP 4, Cockburn stated as its primary 10 year plan the intention to continue 
dredging on Success Bank until 2002, but to relocate to the Mewstone area during 
this time subject to legal, economic, technical and environmental feasibility. 
Because of the reservations of the EPA over significant loss of seagrass, the 
10 year plan was not approved. Approval for approximately three years further 
dredging on Success Bank in the Second Channel and in a 78 m strip along the 
east side of the FPA channel between Beacons C and F was granted. However, the 
resource available in the FPA channel has been less than anticipated, thereby 
reducing short-term resource security. Cockburn will obtain its resource up to the 
end of August 1994 from these areas. 

1.33 Developments in 1993 

Cockburn initiated the studies proposed in DMP 4, and completed its investigations 
into the feasibility of dredging the Mewstone area. It subsequently submitted 
reports supplementary to DMP 4 which concluded that dredging of the Mewstone 
area was not economically or operationally viable, and that there were no 
alternatives to the use of Success Bank resources (refer Section 2). 

The supplementary documents also reported the following encouraging 
environmental findings: 

natural seagrass recolonisation on slopes and floors of previously dredged 
areas; 

some success with seagrass transplanting trials conducted by Murdoch 
University for the Company; 
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evidence supporting the contention that the slopes and banks adjacent to 
dredged areas eventually stabilise with finite regression of the adjacent bank 
and seagrass meadow. 

1.3.4 The Need for Resource Security and Environmental Approval 

Cockbum is operating a business which requires long term planning in respect of 
commitments to customers, investment in plant and provision of raw materials 
reserves. In the context of an Agreement Act which gives the Company rights to 
sheilsand resources for a further 27 years (from February 1994) it is clearly 
unsatisfactory for the Company to operate under a series of short term approvals 
not forming part of an agreed long-term strategy such as those granted for the 
sheilsand resource since early 1991. Therefore, in 1993 the Company requested that 
the EPA's position on the environmental issues be reviewed, to enable continued 
dredging in accordance with the Agreement Act. 

It is essentially for this reason that this CER and the forthcoming ERMP for the 
proposed long-term dredging strategy were refened to the EPA by the Minister for 
Resources Development. It should be noted however that, while this is the first 
time the dredging operation has been assessed under Part IV of the Environmental 
Protection Act, it has been under the close scrutiny of the EPA for many years. 
The EPA has been the main participant in the DMP Committee in terms of 
specifying environmental requirements and reviewing the Company's submissions 
and environmental management performance. 

The new aspect that is provided by the CER is the opportunity for the general 
public to comment on Cockburn's proposals. To this end Cockburn proposes that 
the reports submitted to the DMP Committee since its formation should be made 
available on request at Cockburn's offices for perusal by interested members of the 
public. Some information will not be available for reasons of commercial 
confidentiality. 

A separate proposal covering dredging for a further 15 years will be submitted 
separately during 1994 as an Environmental Review and Management Programme 
(ERMP). This subsequent proposal involves a larger area for resource access and is 
therefore likely to remove a substantial amount of seagrass. It will therefore be in 
the ERMP, rather than the CER, that the proponent will address fully the issues 
relating to seagrass, these having been the major concerns on the part of the EPA 
regarding Cockburn's short- and long-term dredging plans up till now. 

1.4 	THE PROPOSAL 

Cockbum proposes to dredge 3.7 million tonnes of sheilsand from 67 ha of Success 
Bank (estimated to contain five million tonnes of sand) over a two year period 
commencing from or before September 1994. The location of the proposed 
dredging area is shown in Figure 2. It will be dredged using existing plant and 

LePROVOST DAMES & MOORE 	 M&MOM 13%03M10RMPr.T= 



COCKBURN CEMENT LIMITED 	 7 

equipment in the same manner as Cockburn has operated in recent years. The 
location of the dredging area has been selected (on the basis of aerial photo 
interpretation and in field ground truthing) to minimise the loss of dense seagrass 
beds and minimise the effect on wave climate of the study area (refer Section 4). It 
has also been selected to provide access to resource near the southern part of the 
bank for use during winter when storm swell makes it impossible to operate on 
northern parts of the bank. 

The resource requirement for the proposal is 3.7 million tonnes to maintain supply. 
The Company's forecast requirement for sheilsand in DMP 4 for the period 1994 - 
1996 indicated 2.91 million tonnes without contingency. Since these figures were 
prepared in 1991, market demand has increased, thereby necessitating the upward 
revision of this forecast to 3.7 million tonnes. This quantity covers forecast 
production requirements plus a 10% contingency factor. The balance of the 
5.0 million tonnes submitted for approval is the necessary safety factor to allow for 
any quality or operating problems encountered in any part of this area as happened 
in 1993 when dredging the east side of the FPA channel. Consequently, it is 
expected that the actual area to be dredged during the period covered in this CER 
will be some 25% smaller than shown on Figure 2. 

1.5 	NEED FOR THE PROPOSAL 

Cockburn produces cement and quicklime, vital commodities used extensively by 
Western Australian industries. The ready availability of the Company's products is 
essential to the future economic viability of many industries dependent upon these 
products. 

The Company presently supplies approximately 70% of the Western Australian 
market for cement and lime. Its lime manufacturing facility at South Coogee is the 
largest in Australia and one of the largest in the world. This facility has been 
developed particularly to service the needs of the Western Australian mineral 
processing industry, over 90 percent of which is supplied by Cockburn. There is no 
other Australian or overseas source with the current capacity of supplying this 
mineral processing industry should Cockburn be unable to supply. As such, the 
shelisand deposit is a resource of strategic importance to Western Australia. 

The two-year period covered by the CER is needed so that the Company can: 

continue to operate and supply product while securing access to longer term 
resources; 

further investigate techniques for mitigating seagrass loss; 

further investigate environmental effects of the longer term dredging strategy; 

prepare an ERMP for the longer term dredging strategy. 
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2 	ALTERNATiVES TO PROPOSAL 

Cockburn has, over the last three years, in conjunction with the State, investigated 
the following alternatives to dredging of shellsand from Success Bank to meet its 
resource requirements: 

completion of a second channel through Success Bank; 
use of spoil from maintenance dredging of the FPA channel; 
terrestrial sources of limestone within the metropolitan region; 
terrestrial limestone or limesand from more distant locations; 
dredging a Second Channel through Parmelia Bank; 
beneficiation of lower quality resources; 
dredging areas of shellsand with low seagrass cover around Mewstone, west 
of the existing FPA channel. 

The findings are summarised below. 

2.1 	COMPLETION OF THE SECOND CHANNEL 

Cockburn's dredging operation from the second channel on Success Bank will be 
completed on or before September 1994. The quality of the remaining material in 
the northernmost section is too low to be suitable for Cockburn's manufacturing 
process and will be left in situ. 

2.2 	MAINFENANCE DREDGiNG OF THE FPA CHANNEL 

The FPA is carrying Out maintenance dredging in both their Parmelia and Success 
Banks channels. The material is being stockpiled in the south-east corner of Owen 
Anchorage (Spoilground No. 3, Fig. 2) for possible future use by Cockburn for 
cement manufacture. 

The operation of a trailer suction dredge is such that there can be no selectivity of 
the quality of material being dredged. As the material over the length of the banks 
is highly variable, the average quality dredged is too low for Cockburn's lime 
manufacturing process. 

Geotechnical work carried out by Cockburn during 1992 on spoil dumps previously 
dredged from the FPA channel has confirmed the low quality and high variability 
of this material. In the long term it may be possible to use some of this material 
for cement manufacture. 
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2.3 	TERRESTRIAL RESOURCES - METROPOLITAN REGION 

The question of other "Terrestrial deposits of limestone or limesand suitable for 
replacing Owen Anchorage sheilsand 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 (DSD, 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 sheilsand dredged from Success Bank. 

	

2.4 	LIMESTONE OR LIME SAND FROM OTHER LOCATIONS 

There are deposits of limestone or limesand of suitable quality in the Dongara 
region of Western Australia, and more distant locations in the State and overseas. 
The most economical and practical resource, as an alternative to Success Bank 
material, would be lime sand from the Dongara region. This would involve 
transporting up to approximately 1.7 million tonnes of material annually by road 
from Dongara and through the Perth metropolitan area, at an estimated additional 
cost of approximately $40 million per annum. Such an option would require either 
some 240 truck movements, 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 Cockbum because 
of both the cost and the environmental impact of the transport task. 

	

2.5 	DREDGING PARMELIA BANK 

In 1987 Cockburn's dredging operations were moved from Parmelia Bank to 
Success Bank due to the low and variable quality of the resource encountered. 
Further recent geotechnical investigations on Parmelia Bank have confirmed the 
hardness and low and variable quality of the sheilsand. 

Operation on Parmelia Bank would therefore require modification of the dredge to 
overcome the hardness problem, and beneficiation to achieve the required purity, a 
process which is not practicable at present (see 2.6 below). Consequently, this 
option has been rejected. 

2.6 BENEFICIATION 

Beneficiation is the process of removing some or all of the unwanted materials 
from a mineral resource in order to improve its purity or 'grade'. In theory, 
low-grade sheilsand or limestone could be 'beneficiated' to a grade suitable for 
lime manufacture, thus allowing a wider choice of raw materials reserves. 
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Beneficiation of WA sheilsand or limestone has never been done on a commercial 
scale and no equipment supplier has proven equipment of the capacity required. 
Cockburn has carried out laboratory trials and has the only pilot scale plant in 
Australia operating on these materials. 

Studies are continuing, and significant time and capital expenditure will be needed 
to determine the technical and economic viability of beneficiation. However, for 
the two year period covered by this CER, beneficiation is not a viable option. 

2.7 	DREDGING THE MEWSTONE AREA 

An alternative resource, suggested for investigation by the EPA, was identified in 
the vicinity of Mewstone outside and to the west of the Agreement Area (see 
Fig. 2). This resource has been geotechnically investigated by Cockburn. A 
dredging feasibility study of the area confirmed that Cockburn's present dredge is 
unsuitable for operating in that area because of the wave climate and hardness of 
the material. Furthermore, the average quality of the Mewstone resource is less 
than the 92% purity required for Cockburn's lime manufacturing process (post-
DMP 4 reports No. 1 and 6, 1993). Therefore this option has been rejected. 

2.8 CONCLUSION 

No alternatives to dredging on Success Bank exist which are economically or 
operationally viable within the two year period covered by this proposal. 
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3 	EXISTING ENVIRONMENT 

3.1 	AVAILABLE INFORMATION 

There is a substantial amount of infonnation available for the study area, largely as 
a result of work programmes undertaken by Cockburn as part of its DMP 
commitments and Cockburn's support of independent research. The description of 
the environment presented in this report is based largely on studies undertaken by 
LeProvost Environmental Consultants (LEC) and Steedman Science & Engineering 
(SS&E) since 1986 on behalf of Cockburn. These studies include: 

review of existing information on the study area prepared as part of an internal 
Environmental Impact Assessment undertaken in 1986; 
ecological and geomorphological investigations; 
analysis of seagrass distributions from aerial photography; 
mapping of habitats; 
oceanographic studies (SS&E); 
monitoring of coastal stability (SS&E); 
monitoring of dredge slope stability; 
seagrass transplantation experiments (Murdoch University). 

3.2 	PHYSICAL ENVIRONMENT 

3.2.1 Regional Setting (Trigg Island to Becher Point) 

The coastal environment of south-western Australia has been separated into five 
sectors (Searle & Semeniuk, 1985), each with its own processes of sedimentation, 
erosion and sediment transport. 

The study area lies within the northern part of the Cape Bouvard to Trigg Island 
Sector (Fig. 3). In this sector the shoreline is comprised mostly of large-scale 
coastal deposits of geologically-recent sediment (e.g. Woodman Point) with 
intervening sandy beached basins, limestone rocky shores and headlands. 

Five major banks occur in the area between Trigg Island and Becher Point. These 
are Fairway Bank off Fremantle, Success and Parmelia Banks located between 
Fremantle and Woodman Point forming the northern and southern walls 
respectively of Owen Anchorage, and Rockingham Bank and Becher Bank, located 
to the north and south respectively of Warnbro Sound. 
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3.2.2 Local Setting (Success and Parmelia Banks) 

The study area, which comprises Success and Parmelia Banks and Owen 
Anchorage, lies offshore between Fremantle and Woodman Point, and is adjacent 
to Gage Roads to the north and Cockburn Sound to the south. 

3.2.2.1 Bathymetry 

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 sealevel where it 
abuts the mainland shore. In the vicinity of the shipping channel the bank rises to 
within 4 to 5 m of the surface. To the west the bank merges with the shallow north 
south irending 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 
(Fig. 4). 

Parmelia Bank slopes steeply from the floor of Owen Anchorage, shoaling to 
depths of 2 to 3 m in the vicinity of the FPA Channel before again sloping steeply 
into Cockburn Sound. 

3.2.2.2 Evolution of the banks 

Searle (1985) concluded that the processes most influential in the evolution of the 
banks have been changing sea level, breaching of the offshore barrier ridge, and 
sediment accretion. 

The formation of a bank commences with the building of a submarine sediment 
lobe on the eastern flank of the Garden Island Ridge and culminates in the 
development of an emergent bather crossing the intervening depression to the 
mainland. The stages in development are as follows: 

Stage 1 - 	eastward elongation of the submarine bank to the point where 
it joins to the mainland 

Stage 2 - 	north-south broadening of the submarine bank 
Stage 3 - 	westward progradation of the emergent promontory or point 

The formation of Parmelia Bank was initiated following the opening of the 
Challenger Passage between Garden Island and Caniac Island about 4,000 years BP 
(Before Present), and an elongate lobe of the bank reached the Spearwood Ridge 
on the mainland shore about 3,500 years BP. The bank has broadened with the 
opening of the seaward passages and a small promontory of beach and beach-ridge 
deposits (Woodman Point) has grown westward about 2 km. 

The growth of Success Bank commenced about 2,500 years BP. The elongation 
stage (i.e. the shoreward growth of the bank to join with the mainland) was 
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completed about 1,000 years BP and the bank has since broadened with the 
widening of the seaward passages. 

Owen Anchorage, Cockburn Sound and the Gage Roads basins are segments of the 
original linear depression which separated the mainland from the Garden Island 
Ridge. 

3.2.2.3 Geology of the banks 

The sediments which comprise the banks are derived principally from two sources: 

the Garden Island Ridge; and 
the seagrass communities of the banks. 

The erosion of the Garden Island Ridge into mobile sand and silt sized particles, 
which have subsequently been deposited in the adjacent basin to form the banks is 
estimated to comprise about 42% of the sediment stored in the adjacent banks and 
basins (Searle, 1985). 

In situ production of sand is responsible for the remainder of the sediment in the 
banks. This material is generated by carbonate secreting organisms resident within 
the seagrass communities, and broken down into particles by physical and 
biological processes. This material is generated at rates of up to 2.2 kg/m21yr and is 
generally retained on the banks or in adjacent basins through the combined action 
of physical processes, and trapping and binding by the seagrasses (Searle, 1985). 

3.2.2.4 Forces acting on the banks 

A detailed analysis of the physical forces acting on the bank is presented in 
Appendix C (OceanRoutes, 1994). A summary is presented below. 

Forces acting on the banks come from different types of winds, waves and 
cunents. 

(i) winds 

During the winter months (June to September), low pressure systems and 
associated cold fronts can bring strong storm-force winds from the north-west 
through west and south-west directions. 

In summer months (December to March), high pressure cells bring winds from 
south-east to east and then north-east to north as systems move through to the 
Great Australian Bight. Also in summer, the sea breeze is a significant local feature 
which generates moderate winds from the south-west. 
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Offshore waves 

Offshore swell waves from the south-west are generated by distant storms in the 
southern Indian Ocean throughout the year. Winter cold fronts also produce swell 
waves from the same winter wind directions, north-west through west and south-
west. 

Seas are also generated by local sea breezes, and approach from the south-west. 

Nearshore waves 

Success Bank is significantly protected by Five Fathom Bank as well as the string 
of islands and reefs between Garden and Rottnest Islands. These features 
significantly reduce the wave energy and change the wave direction. 

Currents 

Currents in Owen Anchorage are predominantly wind-driven and therefore mostly 
run northward except during storms when the direction can be reversed. Wind-
driven current speeds are typically between 0 - 20 cm s'. 

3.2.2.5 Processes maintaining the banks 

The main processes maintaining the banks are: 

oceanographic and sedimentological processes which: 

provide circulation and flushing with oceanic waters; and 
generate sediment transport along the bank axes, although to some extent 
this is now restricted by the trapping effect of the FPA Channel; 

growth of seagrasses which: 

stabilise the sediments of the bank by root meshing and binding of 
sediment, 
baffle wave energy, 
trap finer sediment particles, and 
provide a source of carbonate sediment 
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3.3 	BIOLOGICAL ENVIRONMENT 

3.3.1 Habitats and Assemblages of the Study Area 

The principal natural habitats and associated biotic assemblages of the study area 
have been identified by LSC (1987). Figure 5 shows the distribution of the habitats 
which are as follows: 

sand/silt floored basins; 
limestone pavement and sand veneered limestone pavement; 
submarine sand banks (sand sheets, seagrass meadows); and 
sandy beaches. 

In addition there are two habitats created by human activity. These are: 

dredged channels, pits and slopes; and 
limestone armoured moles, groynes and seawalls. 

3.3.1.1 Sand/silt floored basins 

The sand/silt floored basin habitat occurs in the deeper, western portion of Owen 
Anchorage, between depths of approximately 10 and 17 m. The central part of the 
basin is largely protected from wave energy by the surrounding banks and 
shoreline and consequently forms a site for the accumulation of the finer carbonate 
sediments and organic matter produced on the banks. The fine sediments are 
unconsolidated and are frequently re-mobilised by wave action and shipping 
movements, causing reduced light penetration. 

The deep floor of the basin, although not investigated in detail, has been observed 
to be colonised by a sparse surface fauna comprised largely of star fish and sea 
urchins, and a burrowing fauna of worms and bivalves. There is generally no 
attached seagrass or algal growth. 

3.3.1.2 Limestone pavement and sand-veneered limestone pavement 

The limestone pavement habitat occurs in the eastern portion of Owen Anchorage, 
generally at depths of less than 10 m. The pavement is generally continuous but is 
largely covered by a veneer of sand. Conspicuous fauna on the exposed parts of the 
pavement include algae and attached invertebrate fauna such as sea squirts and 
bivalves, and occasionally corals. Sand-covered parts of the pavement may be 
colonised by patches of seagrass, commonly the larger perennial seagrass 
Posidonia. 
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3.3.1.3 Submarine sand banks 

The two submarine banks in the study area are Success and Parmelia Banks. The 
bank surfaces are composed of unconsolidated sands and are exposed to moderate 
to low wave energy. At the large scale the surface is generally level, but smaller 
scale features may include sand waves, scours and mounds. Water clarity over the 
banks is generally high and large parts of the bank surface are colonised by 
seagrasses. To date, eight species of seagrass have been identified as conspicuous 
on Success and Parmelia Banks (LEC, 1991). These are: 

Posidonia australis 
Posidonia sinuosa 
Posidonia coriacea 
Aniphibolis antarctica 
Amphibolis griffithll 
Heterozostera tasmanica 
Halophila ova/is 
Syringodium isoetifolium 

The grasses may occur as monospecific meadows or as mixed assemblages 
containing between two and five species. The distribution of seagrass on the banks 
is highly variable and ranges from occasional clumps found in otherwise bare 
sandy areas to dense meadows through which the underlying sands cannot be seen. 
Assemblage compositions frequently vary over distances of less than 1 m and only 
in the larger monospecific meadows is there significant continuity. Posidonia 
sinuosa, P. coriacea, A. grzffithii, H. tasmanica, H. ova/is and S. isoetifolium occur 
most commonly on the central part of Success Bank, the area which is the subject 
of this proposal. The fauna associated with the seagrass meadows include fish, sea 
urchins, starfish, brittle stars, sea squirts, anemones, snails, bivalves, worms and 
crustaceans. 

3.3.1.4 Sandy beaches 

The shoreline which forms the eastern boundary of the study area consists 
primarily of sandy beaches. These are colonised by a sparse burrowing fauna of 
crabs, worms and bivalves. Seasonally, particularly following winter storms, 
seagrass detritus accumulates along the shoreline where it decomposes. The 
decomposing seagrass and algal wrack is considered an important food resource, 
particularly for juvenile fish (Lenanton et al., 1982; Robertson, 1983). 

3.3.1.5 Dredged channels, pits and slopes 

The existing dredged channels, pits and slopes have been constructed for navigation 
or previous sheilsand extraction. The channels and pits are sand floored at depths 
ranging from 13 to 17 in. Wrack from the adjacent banks frequently accumulates 
on the floor of the channels. The channel floors mostly comprise bare sands but 
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colonisation by seagrasses does occur (Plate 3). The extent of colonisation by 
seagrasses is variable. Both Halophila and Heterozostera occur as meadows with a 
patchy distribution. Isolated stands of Amphibolis and Posidonia also occur (LEC, 
1993a). The extent of colonisation may however be limited by the frequent re-
mobilisation of sands resulting from shipping movements, rather than by natural 
factors. Periodic maintenance dredging prevents long term regrowth in the 
navigation channels. 

The slopes link the natural bank surfaces and the channel floors. Following 
dredging they undergo a period of instability during which the slope adopts a stable 
profile. The stable bare sand slope may then be colonised by seagrasses (Plate 4). 
This has occurred to varying extent along the channel walls (LEC, 1993a). Species 
which have been found to occur on the slopes include Posidonia sinuosa, 
Posidonia coriacea, Amphibolis grzffithii, Heterozosrera tasmanica and Halophila 
ovalis, which occur as monospecific meadows and clumps and occasionally small 
mixed meadows. The fauna of these colonisation areas has not been studied in 
detail but is known to include typical seagrass associated species including starfish, 
sea urchins, brittle stars, anemones, gastropods and worms. 

3.3.1.6 Limestone armoured moles, groynes and seawalls 

This is a modification of the sandy beach habitat created by the construction of 
various erosion protection measures. The rock surfaces of these structures are 
colonised by a range of organisms typical of natural limestone rocky shores, 
including algae, mussels, barnacles, gastropod molluscs, crustaceans and sea 
squirts. Reef dwelling fish, particularly wrasse and rock cod are commonly 
associated with this habitat. 

3.4 	SOCIAL ENVIRONMENT 

3.4.1 Beneficial Uses (BU) of the Study Area 

The water, sediments and shorelines of Owen Anchorage and the adjacent Success 
and Parmelia Banks are used for a range of activities which may be considered in 
terms of the 'Beneficial Uses' of marine and estuarine waters, as defined by the 
Department of Conservation and Environment (now Environmental Protection 
Authority) in Bulletin 103 (1981) of that Authority. 

The beneficial uses applicable to the study area, as defined in Bulletin 103, are: 
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direct contact recreation 
fishing 
passage of fish 
preservation of aquatic ecosystems 
preservation of foreshores and banks 
scientific and educational uses 
flushing water and replenishment 
recovery of minerals 
industrial water supply 
navigation and shipping 

BU1 
BU 2, 3, 4 
BU5 
BU7 
BU8 
BU9 
BU 10 
BU13 
BU14 
BU16 

Figure 6 shows the distribution of the various Beneficial Uses. 

Beneficial Uses 2, 3, 4, 5, 7, 8, 9 and 10 are generally applicable within the study 
area. BU 1, 14 and 16 tend to be confmed to specific parts of the study area. 
Beneficial Use 13, recovery of minerals, is carried out by Cockburn, the proponent 
for this CER. 

In addition to the direct contact (BU 1) recreational activities of swimming and 
scuba diving, a number of other water-based recreational activities also take place 
within the study area. These include sailing, pleasure boating and fishing. Several 
associated recreational activities, including sunbathing, beach, groyne and jetty 
fishing, and picnicking also take place around the shoreline. Coogee Beach and 
Woodman Point currently provide the main focus for such activities but the 
proposed re-development of the area between Catherine Point and Coogee Beach is 
likely to see an expansion of recreational activity in this area. 

Recreational and commercial fishing (BU 2, 3, and 4) is conducted widely within 
Owen Anchorage and the adjacent banks. Commercially the area provides fresh 
fish (herring, whiting, squid etc.) for the Perth market and bait fish for the rock 
lobster fishery and for line fishermen. Migratory fish (BU 5), including herring, 
salmon and trevally, also utilise the waters of Owen Anchorage and the adjacent 
banks during their seasonal migrations. 

At the regional scale, the maintenance and preservation of the coastal marine 
ecosystem is considered important (BU 7). Within this ecosystem, seagrass beds 
are one of the major sources of primary production, and are believed to be nursery 
areas for a range of fish and other marine organisms. 

The seagrass-vegetated shallow submarine banks also contribute to the maintenance 
and preservation of the foreshores and banks (BU 8) through the attenuation of 
wave energy and the generation of sand. 

The study area has attracted some scientific and educational interest (BU 9), 
although this has largely been as a result of concern over human impacts e.g 
Cockburn Sound Study (DCE, 1979), Cape Peron wastewater outfall study 
(WAWA, 1982), and Southern Metropolitan Waters Study (EPA, 1993). 
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The shallow sill formed by Parmelia Bank and the series of offshore inter-island 
banks, between Woodman Point and the northern end of Garden Island, is the 
major area of exchange between the confmed waters of Cockburn Sound and the 
open sea, making Owen Anchorage important for the flushing of Cockburn Sound 
(BU 10). 

The waters of Owen Anchorage are used by Cockburn in the operation of their 
Woodman Point wash plant (BU 14), and also by the rock lobster industry for the 
maintenance of rock lobster held in tanks on-shore prior to live export. Other use 
of the water by industry has declined since the closure of the South Fremanile 
Power Station and the re-location of other industries on the Coogee coastline. 
Industrial discharges, primarily associated with animal processing industries, have 
also diminished with the closure and/or relocation of nearshore industries. An 
emergency waste water outfall is maintained offshore from Woodman Point by the 
Water Authority of Western Australia. 

The channel which has been dredged through Success and Parmelia Banks provides 
the only means of access to Cockburn Sound for larger cargo and naval vessels 
(BU 16). The shipping channel, which requires periodic maintenance dredging, is 
under the jurisdiction of the Fremantle Port Authority. 

3.4.2 Recognised Conservation Values 

3.4.2.1 Existing or proposed reserves 

The waters of Owen Anchorage are 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. The nearest 
marine reserves and parks occur at Rottnest Island, Shoalwater Islands Marine 
Park, and Marmion Marine Park. 

3.4.2.2 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. As a consequence, and in recognition 
of the historical significance of Owen Anchorage, 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 fmding of any object subject to the provisions 
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of the Act be notified 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 to be dredged 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. 

3.4.3 Condition of the 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 have been: 

the discharge of nutrient-rich and turbid 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 in the 1940s, 50s, and 60s. The channel is again being dredged at 
present, 

the discharge of effluent, including nutrients, from industries located along the 
Owen Anchorage shoreline. Much of this discharge has ceased or been 
brought under more effective management in recent years; 

the effect of eutrophic waters from Cockburn Sound being exchanged with 
those of Owen Anchorage. This effect has been implicated in the loss of 
seagrass from Parmelia Bank. However, water quality in Cockburn Sound has 
improved in recent years (EPA, 1993), and this impact is likely to be much 
reduced at present, 

sheilsand dredging by Cockburn. The dredging process has reduced the height 
of dredged areas of the banks to a level similar to that of the adjacent basins 
and 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. 

The region is heavily utilised and modified, and as such is not in pristine condition. 
However, the water quality of Owen Anchorage is generally recognised to be good 
relative to adjacent Cockburn Sound waters historically known to be eutrophic. 
Findings of recent surveys by the EPA (1993) support this contention. Observations 
by LEC indicate that the seagrasses on the banks appear outwardly healthy. 

LePROYOST DAMES & MOORE 



COCKBURN CEMENT LIMITED 	 23 

4 	ENVIRONMENTAL EFFECTS 

4.1 INTRODUCTION 

This section outlines the potential physical, biological and social effects of the 
proposed short-term dredging strategy on the environment of the study area. It is 
based on results of studies and investigations undertaken by Cockburn since 1986 
when a preliminary environmental appraisal of the Company's dredging operations 
was conducted to provide background information for DMP Report No. 1 (LSC, 
1986). 

4.2 	PHYSICAL EFFECTS 

The major irreversible physical effect of the proposal will be the change in bank 
bathymetry resulting from the dredging operations. Indirect effects of potential 
concern relate to the effect of modified bathymetry on the wave climate of the 
area, and the resultant effect on both bank and coastal stability and on shipping and 
navigation uses of affected waters. 

A secondary physical effect of the proposal will be to cause intermittent localised 
water turbidity in the vicinity of the dredge when barges are loading, and in the 
vicinity of the wash plant reclaimer jetty when barges dump their load. Localised 
water turbidity will also occur in the vicinity of the reclaimer jetty as a result of 
wash plant discharges containing silt particles. 

The above physical effects and potential concerns are assessed in greater detail 
below. 

4.2.1 Bathymetry and Slope Stability 

The proposed dredging operation will produce lateral extensions to the Second 
Channel as shown in Figures 2 and 7. 

The pits will be dredged to the same depth as the Second Channel (12 to 13 m 
depth) and will comprise a relatively steep slope habitat and undulating basin floor. 
The slopes will quickly equilibrate to the prevailing wave climate by adopting a 
more stable proffle. This process will probably cause the loss of further bank top 
habitat along the edge of the dredged pit. The size and rate of this 'edge effect' is 
currently being monitored. 

Monitoring of permanent transects established across a number of slopes of varying 
age and orientation to prevailing wave climate within the study area commenced in 
1990 as part of the research commitments of DMP 3 (LEC, 1993b). The objective 
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of the monitonng programme was to quantify the scale and rate of this slope 
stabilisation process to determine whether it continued indefinitely, or whether it 
eventually stabilised. Research to date (LEC, 1993c), after three years of data 
collection, suggests that slopes eventually stabilise alter modifying to angles of 
repose which are compatible with local sediment characteristics and wave climate. 
Only the recently dredged slopes have shown major readjustment in slope angle. 
All older (+ 10 years) slopes have recorded stable profiles over the monitoring 
period. 

4.2.2 Modification to Wave Characteristics 

It is possible that the proposed dredging on Success Bank will cause changes to the 
wave characteristics to such an extent that the following may be affected: 

navigation in the FPA Channel; 
navigation and breakwater stability at the small boat harbours at Fremantle, and 
stability of the beaches between Fremantle and Woodman Point. 

The potential effect on the above activities is discussed below. 

The FPA Channel 

The FPA Channel is located about 700 m to the west of the proposed dredging 
area (Fig. 2), except at the northern end where the dredged area comes as close as 
100 m to the FPA Channel. As outlined in Section 3.2.2.4 and Appendix C, the 
waves approach Success Bank from directions between south-west through west to 
north-west. Because the waves reach the FPA Channel before the proposed dredge 
area, and because a 100 m buffer will be left between the dredge area and the 
shipping channel, the dredging is not expected to effect the wave climate or 
navigation in the FPA Channel. 

Small boat harbours south of Fremantle 

Lawson & Treloar (1987) present the results of numerical modelling of the changes 
to the wave climate at these small boat harbours that would result from large-scale 
dredging of areas known as SA, SB, SD and SE (Fig. 8). These are located to the 
south-west, south-east, north-west and north-east of the Second Channel. The 
combined dredged area would have been about 10 times that presently proposed in 
this CER. 

The Lawson & Treloar report indicates that, even for this large-scale dredging of 
areas SA, SB, SD and SE, there would be negligible impact on navigation or 
breakwater stability at the small boat harbours. 
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(iii) Beaches between Fremantle and Woodman Point 

In the 1987 study by Lawson & Treloar, the effect on these beaches of large-scale 
dredging of Success Bank (areas SA, SB, SD and SE) were examined using 
numerical modelling techniques. The results of that work suggested that such large-
scale dredging on Success Bank could cause slight changes in the alignment of the 
various beaches. Rotations of up to 2° were indicated. That report concluded that 
the indicated shoreline changes were likely to cause little if any problem. 

4.23 Water Turbidity 

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 
sheilsand are localised in extent and temporary in duration, and 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 summer 1990 (LSC, 1990). The fmdings 
showed that, under the summer conditions surveyed, the plume was narrow (100 - 
200 m wide) and up to 1 km in length (refer Plate 2) and consisted of a number 

of discrete 'patches' of turbid water, each representing 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 intemiittent dumping of barge loads. 

The characteristics of the washing plant wastewater discharge plume at the jetty 
was investigated in 1987 (Steedman Limited, 1987). Measurement showed the 
discharge plume from the discharge to be a buoyant, fresh water surface layer up to 
1 m thick, in which fme silts and clay size particles originating from the seabed are 
suspended. This 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 and west of the washing plant depending on 
the prevailing wind conditions. The characteristics of this discharge plume are not 
expected to change as a result of the proposed short-term dredging strategy. 

4.3 	BIOLOGICAL EFFECTS 

The physical impacts described above will affect the biological environment of the 
dredging area as a result of: 

removal of shallow (-5 m) bank top habitat (including seagrass) by dredging 
and its replacement with steep sandy slopes and an undulating sandy seafloor 
at -13 m depth; 
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further loss of bank top habitat adjacent to the dredged area as the slope 
readjusts to a stable angle of repose (the edge effect referred to in 
Section 4.2.1); 

attenuation of light to the seafloor caused by water turbidity at the dredge. 

The scale and significance of the above effects are discussed below. 

4.3.1 Habitat Loss 

The habitat characteristics of the proposed dredging area and immediate environs 
have been investigated in the field and are reported in Appendix D. The proposed 
short-term dredging area has been selected on the basis of interpretation of high 
quality aerial photographs and ground truthing field surveys, specifically to 
minimise the amount of seagrass meadow removed and yet provide the Company 
with adequate reserves to supply projected demand over the next two years. 

The density (percentage cover) of seagrasses which occur on Success Bank 
between the FPA channel and the Second Channel is presented in Figure 7. The 
proposed dredging area shown in Figure 7 incorporates allowance for an estimated 
edge effect of 50 m. Plates 5 to 12 provide representative examples of each of the 
habitats encountered and relate to locations shown on Figure 7. Of the total area to 
be removed, most is comprised of wave-rippled medium-coarse grained sand 
supporting sparse clumps (0.01 to 0.5 m diameter) of Posidonia coriacea and small 
patches (generally <1 m2  in area) of small seagrass species (Heterozostera and 
Halophila) and occasional epifauna (starfish). The remainder of the dredge area, 
comprising a 150 in wide strip along the west of the Second Channel, contains, in 
addition to the above, patches of moderate density mixed Anphibo!is and 
Posidonia with a variable understorey of Heterozostera, Halophila and 
Syringodiwn, separated by patches of Heterozostera and Halophila and bare sands. 

Bank top habitat losses will occur as a result of both dredging and an associated 
edge effect. The edge effect refers to a loss of seagrass adjacent to the dredged 
area caused by a combination of slope re-equilibration following dredging (see 
Section 4.2.1) and further regression of seagrass beds following slope stabilisation. 

The width of this edge effect depends on factors such as exposure to wave action, 
orientation of slope and depth. Field measurements and analysis of aerial 
photography indicates that the width of the edge effect varies between 0 m and 
100 m. The widest edge effect is found adjacent to the FPA Channel. Narrow edge 
effects occur adjacent to recently-dredged slopes and older slopes in protected areas 
(e.g. Parmelia Bank). 

Monitoring of this edge effect since 1990 (LEC, 1993c) suggests that the edge 
effect is a phenomenon of finite dimension (i.e. it eventually stabilises). On the 
basis of available evidence, it is estimated that the proposed dredging will create an 
edge effect of some 50 m. 
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The amount of bank top habitat which will be removed by dredging and by the 
50 m edge effect is some 67 ha. The following table presents the proportional areas 
of varying categories of seagrass density and type. 

CATEGORY COVER AREA PREDOMINANT ASSEMBLAGE 

ha % 

4 0 - 25% 49.7 74.2 Sparse Posidonia coriacea 

3 25 - 50% 7.5 11.2 Posidonia coriacea, Ainphibolis griffithil 

2 50-75% 9.0 13.5 Posidonia sinuosa, Amphibolis griffithu 

1 75 - 100% 0.8 1.1 1  Posidonia coriacea, Amphibolis griffithii 

Cockburn will probably only dredge some 80% of the above area during the period 
covered by the proposal. 

4.3.2 Replacement Habitat 

The bank top habitat will be replaced by steep sandy slopes and an undulating 
sandy seafloor at -13 m depth. The biotic component of these habitats has been 
investigated in a preliminary survey of previously dredged habitats conducted by 
the Company in 1993 as part of its DMP commitment (LEC, 1993a). That survey 
found that, whilst recently dredged habitats tended to be unstable and remain 
barren during early years, older more stable slopes and sea floors were colonised 
by a wide range of biota including: 

seagrass clumps and meadows; 
burrowing and grazing animals (starfish, sand dollars, worms, crabs, etc.). 

Plates 3 and 4 present examples of the type of biotic assemblages occurring in 
previously dredged areas. 

4.3.3 Light Attenuation 

In 1989, the EPA expressed a concern that the turbidity created at the dredge may 
be causing loss of seagrass adjacent to the channel. Therefore a collaborative study 
between the EPA and the Company's consultants was undertaken during the 
summer of 1990 to investigate the characteristics of plume dispersal and quantify 
light attenuation characteristics on a temporal and spatial basis downstream of the 
dredge. Details of this study are reported in LSC (1990). 

The results indicated that increased light attenuation due to the dredging plume was 
temporary and intermittent. It was concluded that although light levels were at 
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times reduced below the requirements of the seagrass, the reduction was of 
insufficient duration to create significant stress on seagrass. 

The effects of the turbidity near the reclaimer jetty have not been investigated. 
However, there is no indication that seagrass meadows in the vicinity are receding. 

4.4 	SOCIAL EFFECTS 

The physical and biological effects of the proposal have the potential to affect the 
following Beneficial Uses: 

BU 2, 3 recreational fishing, commercial fishing for squid and octopus. 
BU 7 	ecosystem maintenance. 

The proposal will remove bank top (including some seagrass) which supports 
organisms fished for on a recreational and commercial basis. The seagrass habitat 
is also recognised as contributing to regional ecosystem productivity. However, the 
area to be removed represents a smaller loss of seagrass habitat than that originally 
forecast in DMP 2 (150 ha). Since DMP 2, some 80 ha of the bank has been 
dredged and the proposal will remove a further 67 ha. This 67 ha represents some 
0.7% of the estimated total seagrass habitat area between Becher Point and Ocean 
Reef (Table 1; LEC, 1991), and some 4% of the seagrass habitat area on Success 
Bank. Of that 4%, some 74% (50 ha) consists of bare sand or sparse seagrass (0 - 
25% cover). The above figures, placed in the context of the regional ecosystem, 

suggest that removal of the area proposed here for 1994-96 should not adversely 
affect the Beneficial Uses identified above. Consequently, the effect of removal on 
seagrass productivity will be low. 
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5 ENVIRONMENTAL MANAGEMENT 

5.1 INTRODUCTION 

5.1.1 Background 

Since the commencement of dredging in 1972, 22 studies relating to environmental 
issues have been undertaken. These studies are summarised in DMP 4 Technical 
Report (HGM, 1992), and most have been referred to in previous sections of this 
document. 

The majority of the studies have arisen out of the findings of a preliminary 
environmental impact assessment conducted for DMP 1 (LSC, 1986) which 
identified the major concerns associated with the Company's dredging operations 
and areas where research was required to enable resolution of these concerns. 

The main concerns were identified as being: 

the further loss of seagrass from a region which has already suffered 
substantial losses in Cockburn Sound; 

the potential for bank destabilisation arising out of continuing erosion of the 
bank adjacent to dredged slopes (the edge effect); 

the potential for wave climate changes and consequent effects on coastal 
stability and shipping; 

the effect of seagrass loss on amateur and professional fisheries; 

the effect of the washing plant discharge on coastal aesthetics. 

A wide range of ecological, sedimentological, oceanographic and engineering 
investigations has been completed since then toward trying to resolve the above 
concerns. These include: 

Ecological 

Production of a broad-scale habitat map for the study area (LSC, 1987); 

literature review on function and dynamics of seagrass communities (LSC, 
1987); 
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literature review of information on: 

local seagrass ecosystems, 
methods used for mapping distribution of seagrasses and quantifying their 
characteristics, 
assessing the conservation value of seagrasses (LEC, 1991); 

preliminary surveys to test and select appropriate methods for mapping and 
quantifying seagrass characteristics (LEC, 1991); 

production of a preliminary map of seagrass densities on Success Bank (LEC, 
1991); 

preliminary surveys of the assemblages colonising previously dredged areas 
(LEC, 1993a); 

light attenuation effects of dredging and barge loading (LSC, 1990); 

seagrass transplanting and rehabilitation experiments (Murdoch University). 

Sedimentological 

Stratigraphic and petrology studies of Parmelia Bank (LSC, 1987); 

an analysis of the coastal aerial photographic record (LSC, 1987); 

establishment of 13 permanent transects on various slopes in the study area to 
monitor slope and bank stability and seagrass regression/colonisation of slopes 
(LEC, 1990). 

Oceanographic 

Monitoring of shoreline changes between Woodman Point and Catherine Point 
groyne (DMP 4); 

wave measurements to calibrate wave refraction model of study area 
(R.K. Steedman & Associates, 1987); 

numerical modelling of effects of large-scale dredging on nearshore wave 
climate and beach stability (Lawson & Treloar, 1987); 

aerial photographic monitoring of beaches and waters of study area every two 
years. 
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Engineering 

Investigations of water turbidity at wash plant and reclaimer jetty, and 
modifications to outfall to reduce turbidity (Steedman Science & Engineering, 
1988); 

resource delineation studies involving geotechnical studies and chemical 
analyses of sediment samples (Steedman Science & Engineering, 1993; Dames 
& Moore, 1993); 

dredging feasibility studies to confirm the type of dredging plant required to 
dredge in the area west of the FPA Channel (Mewstone) (Evers Consulting, 
1993). 

5.1.2 Cockburn Environmental Policy 

In recognition of its responsibilities and in compliance with the Agreement 
Amendment Act and current DMP approvals, Cockburn developed its 
Environmental Policy, which was revised in February 1992. The policy is as 
follows: 

"Cockburn's Environmental Policy, while recognising that the Company's 
operations by their nature will have an impact on the environment, is to establish 
and achieve practicable environmental performance standards that are acceptable 
to the community as a whole. The Company intends that this Policy will be 
implemented in a number of ways including: 

Keeping abreast of current developments in environmental management. 

Regularly reviewing and auditing the Company's environmental standards and 
perfor,nance, with the aim of continual improvement. 

Ensuring that adverse impacts are controlled and minimised and that, where 
possible, beneficial  impacts are planned and maximised. 

Co-operating closely with the relevant State and Local authorities concerned 
with environmental matters. 

Complying with all Government regulations relating to the environment. 

Maintaining a programme of two-way communication with neighbours who 
may be affected by the Company's operations. 

Considering environmental management factors when planning any changes or 
developments in the Company's physical operations. 

Making efficient, effective use of non-renewable resources. 
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Maintaining a continuing programme of tree planting, landscaping and quarry 
reinstatement. 

Where practicable, using or recycling waste materials, or making them 
available to others for use or recycling. 

Assisting or sponsoring selected environmental research projects relevant to 
the Company's operations and products." 

5.2 	INVESTIGATIONS PROGRAMME FOR 1994/95 

Cockbum is committed to producing an ERMP for its proposed long-term dredging 
strategy by the end of the period for which this CER is seeking approval. Hence 
the Company will undertake investigations which will provide input to the ERMP, 
as well as manage the effects of the short-term dredging strategy. 

The investigations programme proposed for the next two years has been aimed at 
satisfying the following objectives: 

to continue existing DMP study commitments; 

to test and develop mitigation techniques for the long-term dredging strategy; 

to minimise the adverse effects of the short-term dredging strategy. 

Further detail on the studies proposed over the next two years is provided below. 

5.2.1 DMP Commitments 

DMP 4 committed the Company to conduct the following studies: 

shoreline monitoring - simultaneous beach profiles and aerial photographs will 
be taken each summer and winter to cover the shoreline between Woodman 
Point and Catherine Point. The data accumulated to 1994 will then be analysed 
to provide input to the ERMP; 

slope monitoring - continued annual monitoring of permanent seagrass transects 
established in 1990 within the vicinity of Cockburn's dredging operations to 
develop an accurate understanding of the long-term implications of dredging on 
dynamics and stability of seagrass banks; 

seagrass mapping - detailed mapping and characterisation of the seagrass beds 
on Success Bank in order to gain a better understanding of the relative 
abundance and distribution of various seagrass assemblages for selection of 
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areas which might be suitable for mining, and to detennine the conservation 
value of the various assemblages encountered; 

assemblage characterisation - quantification of the assemblages of biota which 
have colonised areas already modified by dredging to characterise the post-
dredging communities as alternative marine habitats; 

photographic monitoring - aerial photographic monitoring of the study site to 
provide an update of dredging and operational activities. 

5.2.2 Mitigation 

The Company proposes to undertake the testing and developing of techniques 
which will help to mitigate the effects of dredging on the seagrass habitat in the 
proposed area. The proposed activities include: 

investigating dredging techniques to minimise seagrass loss which occurs 
during dredging; 

investigating techniques which will promote the establishment of seagrass in 
dredged areas and thus restoration of seagrass habitat; 

investigating the techniques for beneficiating lower grade sands to allow 
resource to be removed from less contentious parts of the study area which are 
presently not suitable as a source of shelisand, 

investigating ways in which the proposed area to be dredged, once dredged, 
can be enhanced for recreational purposes. 

(i) 	Improved dredging techniques 

Present dredging techniques basically remove the seagrass cover from the dredged 
area. Sometimes, clumps or sods of grass and rootmass have moved down the 
dredged slope and survived. It may therefore be possible to develop innovative 
dredging techniques which either can cut large sods for relocation elsewhere or can 
remove the sands from beneath the seagrass without disturbing the root mass and 
basically lowering the beds relatively intact to the floor of the pit. 

Recent technological advances such as low light video cameras and solid state 
video side scan sonar sounders markedly increase the level of dredge manipulation 
that was previously possible. The Company therefore propose to: 

conduct dredging trials with its existing dredge aimed at minimising seagrass 
removal from the bank and maximising its retention in large sized clumps on 
the pit floor, 

LePROVOST DAMES & MOORE 



34 
	

COCKBURN CEMENT LIMITED 

investigate equipment used elsewhere in the world that may be adapted for use 
in Western Australia for seagrass removal from the bank and transplanting 
elsewhere; 

continue the existing dredging strategy of leaving an undulating seafloor to 
promote seagrass recolonisation. 

(ii) 	Seagrass restoration 

Cockbum recognises that seagrass restoration is yet to be proven in Western 
Australia but, over the last two years, has supported investigations by Murdoch 
University as part of a Co-operative Education and Enterprise Development 
(CEED) project. Results of these studies, together with findings of natural seagrass 
recolonisation of modified meadows and dredged areas (LEC, 1993a) provide scope 
for optimism that seagrass restoration may be possible. 

Therefore the Company is continuing its support of the Murdoch University 
studies. These studies will incorporate investigations of: 

factors affecting seagrass rhizome and seedling generation and survival under 
controlled laboratory conditions; 

seagrass rhizome growth rates; 

survival of Posidonia and Amphibolis seedling plantings within deep sandy 
sediments stabilised by colonising species of seagrass; 

techniques for bulk seagrass transplantation and protection of transplants from 
wave energy and mobile sediments; 

survival of Posidonia and Amphibolis transplants within deep sandy sediments 
stabilised by colonising species of seagrass; 

survival and growth of both seedlings and transplants of Posidonia and 
Amphibolis into shallow stable banks of Cockburn Sound. 

(iii) Beneficiation 

As outlined in Section 2, beneficiation is currently not feasible for marine sources 
of sheilsand. However, the potential benefits to the Company and to the 
environment of being able to beneficiate lower grade sands make it worthwhile to 
investigate the technique. Therefore, the Company proposes to continue its inhouse 
investigations into the technical and economic feasibility of this technique. 
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(iv) Habitat enhancement 

The removal of seagrass beds from Success Bank will remove habitat which 
supports squid, a target species of both recreational and professional fishermen. To 
mitigate the loss of this habitat to fishermen, Cockburn proposes to investigate the 
feasibility of establishing a number of artificial reefs within the dredged area. Such 
reefs have been successfully established in Geographe Bay, Warnbro Sound, and 
off Port Hedland and Dampier. They basically provide fish aggregation devices 
which have become popular fishing spots. The reefs will increase the complexity 
and diversity of habitat available in the region and will produce localised increase 
in bioproductivity of the dredged pit. 

5.2.3 Manage Short-term Dredging Operations 

The objective of this task will be to both minimise seagrass loss as a result of 
dredging over the next two years, and confirm the predictions made in this CER 
about the extent of the edge effect and slope stability. To this effect, the following 
scope of work is proposed: 

the boundaries of the dredging area will be accurately marked with visual 
beacons and plotted into position fixing equipment on board the dredge; 

the boundaries of the dredge area will be dredged in a stepped profile to 
minimise potential for 'edge effect' regression; 

slope stability and seagrass regression transects will be established along 
dredge boundaries and monitored; 

the aerial photograph will be inspected to confirm compliance with the agreed 
boundary of the dredge area. 
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6 	PUBLIC CONSULTATIONS 

Dredging and Management Programme Committee Membership 

The DMP Committee, as outlined in Section 1.3.2, has since 1986 provided regular 
consultation between the proponent, the EPA and other relevant authorities. 

Local Community Open Days 

Cockburn's Community Liaison Officer maintains regular contact with residents 
surrounding the plant and frequently conducts visits by the public and students 
from schools and universities. A Community Open Day of Cockburn's operations 
held in September last year was attended by more than 700 members of the public. 
From time to time the Company stages public exhibits, with emphasis on its 
environmental management practices, within the City of Cockburn; further such 
exhibits are planned for the first quarter of 1994. 

Conservation Groups 

The Company has met with representatives of the Conservation Council of Western 
Australia to discuss and seek input for the CER. 

Cockburn is also represented on the Chamber of Commerce and Industry of WA 
Environmental Committee, and represents the Chamber on the Cockburn Sound 
Conservation Committee. 
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7 COMMITMENTS 

Cockbum Cement Limited confirms that it has no option but to dredge on Success 
Bank, and that it will dredge only within the agreed boundaries of the short-term 
dredging strategy over the two year period of the CER. 

Furthermore, the Company reaffirms its commitment to its Environmental Policy, 
to the preparation of an ERMP for its long-term dredging strategy, and the 
associated Environmental Investigation Programme outlined below: 

continue existing DMP study commitments; 
test and develop mitigation techniques for the long-term dredging strategy; 
minimise the effects of the short-term dredging strategy. 

DMP Commitments include: 

shoreline monitoring between Woodman Point and Catherine Point; 
monitoring of stability and seagrass dynamics of dredged slopes; 
detailed seagrass mapping of Success Bank resources; 
characterisation and quantification of the biotic component of dredged habitats; 
photographic monitoring of the study area. 

Mitigation Techniques include: 

investigations by Murdoch University into means of restoring seagrass to 
dredged areas; 
investigations into improved dredging techniques to minimise seagrass loss; 
investigations into techniques for bulk transport of seagrasses; 
investigations of beneficiation of lower grade sands to enable dredging in 
alternative areas; 
investigations into enhancement of dredged areas for recreational use by 
establishing artificial reefs. 

Dredging Management will include: 

accurately marking the boundaries of the dredging area; 
dredging the boundaries to maximise the rate of slope stabilisation; 
monitoring of slope stability and compliance with dredging area boundary 
proposed. 
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8 CONCLUSIONS 

The short-term dredging strategy proposed by Cockburn for the two year period 
following September 1994 is most unlikely to cause significant adverse 
environmental effects. The dredging areas have been selected to minimise amounts 
of seagrass loss and modification to the region's wave climate. Loss of the seafloor 
habitat within the dredged area is unlikely to adversely affect other users of the 
waters in the study area. 

The area of seagrass habitat that will be lost to the regional ecosystem represents a 
small proportion of total seagrass resources available on Success Bank, and an 
extremely small proportion of seagrass resources available within the metropolitan 
area. Hence, regional seagrass conservation resources are not threatened by the 
proposal. 

Success Bank is not a recognised conservation area or marine park, but is a 
recognised large deposit of high grade shelisand close to the metropolitan area. 
This is a scarce resource of strategic economic importance to Western Australia, 
given its use as an alkali by the alumina and gold refining industries, as well as 
other mineral processing industries. 

There are no viable alternatives to this proposal available to Cockburn within the 
short term. Approval of the proposal will enable Cockburn to continue operations 
and meet contractual agreements, as well as continue its environmental 
investigations programme into means of mitigating the effects of its long-term 
dredging strategy, proposed for assessment at the ERMP level within the next two 
years. 

LePROVOST DAMES & MOORE 





COCKBURN CEMENT LIMITED 	 43 

9 ACKNOWLEDGEMENTS 

This document has been produced by LeProvost Dames & Moore on behalf of and 
with assistance from Cockburn Cement Limited. 

Don McDonald and Pieter Tencate of Cockbum provided the basic input for 
Sections 1 and 2, and Ian LeProvost, Peter Collins and David Gordon of LeProvost 
Dames & Moore produced the CER. The field survey was designed by David 
Gordon and carried out by Ian Baxter and Peter Yewers of LDM. 

Appendix C and the assessment of the effects of the proposal on navigation and 
beaches was provided by Mick Rogers of Oceanroutes (Australia) Pty Ltd. 

The report was typed by Jill Regazzo of LDM and figures were prepared by Peter 
Chalmer of Environmental Drafting Services. 

The assistance of EPA officers Geoff Fulford, Stephen Watson, Cohn Murray and 
Ray Massini in providing prompt guidelines and comment on draft reports is 
greatly appreciated. 

LePROVOST DAMES & MOORE 



I
 

I
 

I
 



COCKBURN CEMENT LIMITED 
	

45 

10 GLOSSARY 

The following list provides a brief and general interpretation of terms which appear 
in the Consultative Environmental Review (CER): 

accretion: buiding up; accumulation; growth by enlargement 
algae: non flowering aquatic plants (e.g. larger plants of this group are called 

seaweeds where these occur in maiine environments) 
assemblage: recognisable grouping or collection of individuals or organisms 
bathymetry: measurement of the changing depth of the seafloor 
biota/biotic: animals and plants/related to living organisms 
bivalves: shellfish with two connected 'valves' (e.g. mussel, scallop) 
breaching: making a gap in; breaking through 
detritus: small particles in the water arising from breakdown of organic matter 

which provide a food source to aquatic organisms, including many 
marine animals 

emergent: that which appears; comes into view 
ERMP: Environmental Review and Management Programme (a detailed and 

comprehensive document prepared for the purposes of environmental 
assessment of projects and which usually includes, in WA, a public 
consultation period of ten weeks 

eutrophic: nutrient enriched (usually associated with deterioration of natural water 
bodies where nutrient enrichment occurs through man's activities) 

fauna: animals 
geomorphology: study 	of the 	physical 	features 	of the 	earth's 	surface 	and 	their 

relation to geological structures 
lobe: roundish projection 
mitigate: reduce the effect of 
light attenuation: light reduction (usually refers to a decrease in available light which 

occurs with increasing depth of water) 
monospecific: consisting of a single species 
dredge plume: the visible trail of suspended particles visible in the water away 

from a source of dredging 
perennial: lasting for more than one year or one growing season (cf annual) 
productivity: in this sense, the turnover of photosynthate (food material) obtained by 

the seagrass through the process of conversion of energy from sunlight 
by green leaves into usable food sources (photosynthesis) 

progradation: gradual extension upwards 
promontory: headland 
reflection: rebounding (e.g. of waves) 
refraction: bending or deflecting around (e.g. of waves) 
seagrass: flowering aquatic plants found in the ocean and estuaries 
stratigraphy: order and relative position of strata (e.g. the order or sequence of layers 

in a physical structure) 
unconsolidated: not solidified or fomied into a solid mass 
wrack: detached seagrass and algae (usually detached leaves and other debris 

removed during stonn activity) 
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Plate 1: 	The water jet suction dredge 'Success'. 

Plate 2: 	Dredge in operation. Downstream turbidity is intermittent and 
limited in area. 
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Plate 3: 
	

Heterozostera meadow growing on the floor of the FPA Channel at 
a depth of 14 m. 

.' 

vl 
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Plate 4: 	Halophila and Heterozostera meadow growing on the walls of the 
FPA Channel at a depth of 8 m. 
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Plate 5: 	Low density (0 - 25% cover) Amphibolis tufts in wave-rippled sand, 
Site 5.1. 

: 

Plate 6: 	Posidonia clumps in wave-rippled sand, Site 3.3. Seagrass density 
0 - 25%. 
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Plate 7: 	Clumped Posidonia (foreground) and Amphibolis (background) in 
low-moderate density (25 - 50% cover) zone, Site 4.3. 

Plate 8: 	Patchy, low-moderate density Amphibolis, Site 5.2. 
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Plate 9: 	Moderate to high density (75 - 100% cover) Posidonia meadow 
showing bare sands separating areas of meadow at Site 7.1. 

Plate 10: 	Moderate-high density Posidonia meadow, showing open structure 
within the meadow, Site 7.2. 
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Plate 11: 	Discontinuous high density (75 - 100% cover) Amphibolis meadow 
at Site 6.1. 
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Plate 12: 	High density continuous Posidiiiia and Amphibolis meadow at 
Site 2.1. 
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PROPOSAL TO CONTINUE DREDGING OF SHELLSAND ON SUCCESS 
BANK, OWEN ANCHORAGE (September 1994 to September 1996) 

CONSULTATIVE ENVIRONMENTAL REVIEW 

Overview 

In Western Australia all environmental reviews are about protecting the environment. The 
fundamental requirement is for the proponent to describe what they propose to do, to discuss 
the potential environmental impacts of the proposal, and then to describe how those 
environmental impacts are going to be managed so that the environment is protected. 

If the proponent can demonstrate that the environment will be protected then the proposal will 
be found environmentally acceptable; conversely if the proponent cannot show that the 
environment is protected then the Environmental Protection Authority (EPA) will recommend 
against the proposal. 

Throughout the process it is the aim of the EPA to advise and assist the proponent to improve 
or modify the proposal in such a way that the environment is protected. Nonetheless, the 
environmental review process in Western Australia is proponent driven, and it is up to the 
proponent to identify the potential environmental impacts and design and implement proposals 
which ensure the environment is adequately protected. 

Purpose of the Consultative Environmental Review (CER) 

The primary function of the CER is to provide information. The information will be used, 
together with other information and expertise available to the EPA, in the preparation of the 
EPA's advice to Government. 

An additional function is to communicate the proposal and its implications clearly to the public. 
The public is then able to make an informed judgement on the proposal and determine the need 
or otherwise to make a submission. The environmental impact assessment process in Western 
Australia is quite deliberately a public process. It affords other Government agencies and the 
public opportunities to be involved in the environmental decision making process and, 
opportunities to improve the project. 

Content of the review 

The Consultative Environmental Review should: 

describe Cockburn Cement's resource requirements and alternative sources of resource; 

briefly describe Cockburn Cement's lime operations including the processes of dredging, 
transport and processing of sheilsand from Owen Anchorage; 

identify any environmental impacts associated with the dredging and transport activity 
experienced by operations to date (including a discussion on the cumulative effects of 
Cockburn Cement's operations up to and including this operation); 

clearly identify the proposal (area, resource and timing of programme) being reviewed, 
and how it may relate to the long term (15 year) programme currently the subject of an 
Environmental Review and Management Programme. 

0 identify potential environme'ntal impacts associated with the dredging and transport 



activity for this proposal; and 

for each impact identified, describe any environmental management steps the proponent 
believes would avoid, mitigate or ameliorate that impact. 

Key issue 

The critical environmental issues for this proposal are the protection of seagrass meadows and 
stability of the submarine banks of Owen Anchorage. 

Seagrasses provide food, habitat and a nursery for marine life. They protect and stabilise 
sediments from erosion, baffle wave energy, help maintain water clarity and prevent erosion of 
shorelines. 

The objective for this proposal should be to demonstrate that sheilsand could be dredged from 
Owen Anchorage without jeopardising the the ecological value of seagrasses or causing 
significant adverse changes to wave energy. 

Direct loss of healthy seagrass meadows should be avoided. 

Public participation and consultation 

A description should be provided of any public or Government agency participation or 
consultation activities undertaken by the proponent in preparing the CER. It should describe the 
activities undertaken, the dates, the groups and individuals involved and the objectives of the 
activities. Cross reference should be made with the description of environmental management 
for the proposal which should clearly indicate how concerns have been addressed. Where these 
concerns are dealt with via other departments or procedures, outside the EPA process, these can 
be noted and referenced here. 

Detailed list of environmental commitments 

The commitments being made by the proponent to protect the environment should be clearly 
defined and separately listed. Where an environmental problem has the potential to occur, there 
should be a commitment to rectify it. They should be numbered and take the form of: 

who will do the work; 

what the work is; 

when the work will be carried out; and 

to whose satisfaction the work will be cained out. 

AU actionable and auditable commitments made in the body of the document should be 
numbered and summarised in this list. 

2 
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Cement Works (Cockburn Cement Limited) Agreement Act 1986 

6A.(l) Not later than the 31st day of December, 1986 and thereafter not later 
than the expiration of each successive two years during the currency of 
this Agreement the Company shall submit to the Minister to the fullest 
extent reasonably practicable a dredging and management programme 
(hereinafter called a "DMP") containing its proposals for dredging 
operations upon the sand banks for its shell sand requirements and for the 
monitoring, protection and management of the environment in connection 
therewith for the 10 year period commencing the 1st day of January 
immediately following the due date for submission of the DMP. The 
proposals for the first two years covered by each DMP shall be in the 
most detail and the proposals for the subsequent years covered by the 
DMP may be presented in progressively less detail. 

(2) Each DMP shall include - 

(a) a plan to suitable scale showing, inter alia, the location of: 

(1) 	proposed dredging areas; 

proposed spoil dumping areas; and 

any installations or works associated with the proposed 
dredging operations 

in relation to significant physiographic and other features of the area; 

(b) a description in reasonable detail of the proposed method of 
dredging and associated operations, the quantity and quality of the 
shell sand to be dredged each year and a schedule showing the 
sequence in which dredging operations are proposed to take place 
over the period covered by the DMP; 

(c) a discussion of the feasible alternative dredging and spoil dumping 
areas and the principal factors influencing the choice of the proposed 
areas; 

(d) as to the first DMP an assessment to the extent reasonably 
practicable of the impact of the dredging operations carried out by 
the Company prior to the 31st day of December, 1986 and as to 
subsequent DMPs a detailed assessment of all dredging operations 
carried out by the Company since that date together with in respect 
to all DMPs a detailed assessment of the likely impact of the 
proposed dredging operations and details of the measures proposed 
to prevent or ameliorate any adverse impact 

(e) such additional relevant information as the Company may consider 
appropriate or as the Minister may reasonably require. 
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1 INTRODUCTION 

This appendix describes the main physical forces acting on the Success and 
Parmelia Banks. The action of winds generate both waves and currents that 
influence the banks. Both physical processes are described in this appendix. 

2 WINDS 

The seasonal weather patterns in the Fremantle region are controlled by the 
position of the so-called 'Subtropical High Pressure Belt'. This is a series of 
discrete anticyclones which encircle the earth. Throughout the year, these high 
pressure cells are continuously moving from west to east across the southern 
regions of Australia. A notional line joining the centres of these cells is known as 
the High Pressure Ridge. 

In winter (June to September), the High Pressure Ridge lies across the Australian 
continent between the latitudes of 250S to 30°S. This is shown on Figure C.1. 
Consequently, the migrating low pressure systems which exist to the south of the 
High Pressure Belt are sufficiently northward to bring a westerly wind regime to 
southern Western Australia and adjacent waters. Cold fronts associated with these 
low pressure systems (extratropical cyclones) pass over the Fremantle region. These 
can bring strong storm force winds with directions from north-west through west to 
south-west. 

As shown in Figure C.l, during the summer months (December to March), the 
High Pressure Ridge is further south and generally lies between latitudes 35°S to 
40°S. Under these circumstances, the Fremantle region comes under the influence 
of the high pressure cells of the High Pressure Ridge. These cells cause 
anticyclonic winds (rotating anticlockwise in the Southern Hemisphere). At 
Fremantle, these winds arrive from the south-east to east as the high pressure cell 
approaches from the west. The winds then rotate through north-east to north as the 
high pressure cell passes to the Great Australian Bight. 

During the summer months, mesoscale phenomena such as the land-sea breeze 
system in the coastal region, and the cyclic formation and dissipation of the 
Western Australian heat trough, exert a dominating influence on the climate of the 
region. The land-sea breeze effect is graphically illustrated by Figure C.2 which 
shows wind measurements taken at the Fremantle Port Authority Tower at 9.00 ani 
and 3.00 pm for the month of January in the years 1984 to 1993. In the morning, 
the winds are predominantly from the eastern sector which is the land breeze, 
whereas in the afternoons there is generally a sea breeze from the south-west. 

Occasionally in late summer, dissipating tropical cyclones may pass through the 
region. These have a pronounced, short-term effect on the regional weather pattern. 
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3 	WAVE CLIMATE 

3.1 	OFFSHORE WAVE CLIMATE 

In the deep water offshore from Fremantle the wave climate comprises the 
following principal components: 

swell waves generated by distant stonns in the southern Indian Ocean. These 
storms are the extratropical cyclones that are located below the High Pressure 
Ridge. The swell waves are narrow spectrum wave trains with wave heights of 
generally 1 to 3 m and periods typically 8 to 16 seconds. The swell generally 
approaches from the south-western sector. The swell is persistent throughout 
the year, but the heights are generally less in the summer months; 

swell and seas generated by the passage of the cold fronts associated with the 
extratropical cyclones in the southern Indian Ocean during winter. The wave 
heights and periods vary markedly from storm to storm, and the direction of 
wave approach often varies from north-west to west through to south-west 
during the passage of the storm front. Wave heights often exceed 4 m and 
periods reach 6 to 10 seconds; and 

seas generated by the summer sea breezes. These waves are usually limited by 
fetch and duration, but often reach heights of 0.5 to 1.5 m with periods of 
4 to 6 seconds. Because these are waves locally generated by the sea breeze, 
they usually approach from the south-west. 

The offshore wave climate is a high energy regime with significant variations from 
season to season, and year to year. 

3.2 	NEARSHORE WAVE CLIMATE 

The nearshore bathymetry is shown on Figure C.3. Success Bank receives 
significant shelter by Five Fathom Bank and the string of islands and reefs between 
Garden Island and Rottnest Island. Indeed, the string of reefs and islands has been 
a factor in the formation of both Success and Pamielia Banks. These banks, reefs 
and islands cause significant changes to the waves as they travel from offshore to 
Success Bank. The principal mechanisms include: 

reflection, 
refraction, 
shoaling, 
diffraction, 
breaking due to depth limitations, 
white capping, 
dissipation due to bottom friction, and 
regeneration due to following winds. 

LCPROVOST DAMES & MOORE 	 LMR0074 I3545IOAP 



COCKBURN CEMENT LIMITED 	 C.3 

The result can be changes in wave height, period and direction as they travel to 
Success Bank. The biggest changes are usually in wave height and direction. 

As part of its various investigations, Cockbum has undertaken simultaneous wave 
measurements south-west of Rottnest and near the Mewstone Rocks between 
14 August 1991 and 30 September 1991. From 1 September to 10 September, 
simultaneous wave measurements were taken south-west of Rottnest and on 
Success Bank. The three locations are shown on Figure C.3 and are: 

south-west Rottnest: 	latitude: 32007.0'S 
longitude: 1 16°18.O'E 
water depth: 120 in, 

Mewstone: 	latitude: 32004.6'S 
longitude: 1 15°39.5'E 
water depth: 8 in, and 

Success Bank: 	latitude: 	32004.8'S 
longitude: 	1 15°41.7'E 
water depth: 	6 m. 

Using these measurements, various cross plots were prepared. Figure C.4 shows the 
correlation of the significant wave height derived from the south-west Rottnest and 
Mewstone data for the period 14 to 30 August 1991. This plot shows that the wave 
heights have been significantly reduced by the time the waves reach the 
Mewstones. An offshore wave train with a 3 in significant wave height would be 
reduced to about 1.2 in by the time it reaches the Mewstones. 

The amount of attenuation in wave height also varies with the frequency of the 
waves. A simple average energy transfer function ø(f) was calculated as follows: 

EM)  
= 

ESWW  

where E?(m is the mean energy at the Mewstone for the ith  frequency band, 
and 
Esww  is the mean energy at south-west Rottnest for the ith 

frequency band. 

This has been plotted on Figure C.5. This figure shows that long period waves are 
significantly attenuated to about 15% of their offshore energy, whereas shorter 
period waves would typically be reduced to about 60% of their offshore energy. 
This is illustrating that the banks, reefs and islands are influencing swell waves 
significantly more than the short period waves generated by the summer sea 
breezes. 
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The pattern is similar for the Success Bank site but the waves are even more 
attenuated. Figure C.6 shows the correlation of the significant wave height derived 
from the south-west Rottnest and Success Bank data for the period 
1 to 10 September 1991. This figure indicates an offshore wave train with a 3 m 
significant wave height would be reduced to about 1 m by the time it reaches the 
top of Success Bank. 

From these measurements, it is apparent that the waves (and especially swell 
waves) are greatly affected and attenuated by the banks, reefs and islands seaward 
of the proposed dredging sites. Once the waves reach the eastern portion of 
Success Bank, the dominant processes are likely to be refraction, depth limited 
breaking and dissipation due to sea bed friction (refer Lawson & Treloar, 1987). 

The PWD-WA (now the Department of Marine & Harbours) produced some 
forward ray refraction diagrams for the Fremantle region. This is a simple 
numerical modelling technique and certainly does not account for all of the 
complexities of real wave spectra travelling over the banks and reefs. However, for 
narrow banded swell as commonly approaches from the south-west, the forward ray 
refraction diagrams can provide useful data on wave directions over the banks. 

Figure C.7 is an interpretation of the PWD-WA Plan 52609-1-3. It shows the 
bending of swell wave crests as they approach Success Bank. The refraction 
calculations are for 12 second monochromatic (single frequency) waves. The swell 
crests are parallel to the 20 and 30 m depth contours as they approach the Five 
Fathom Bank. The crests are also parallel to the alignment of the line of reefs and 
islands between Garden Island and the Mewstone. 

East of the Mewstone and Carnac Island, the swell crests are shown to be 
significantly altered. The proposed dredging area experiences swell wave crests 
from the north-west, some from the west and a minor amount from the south-west 
From these results it can be seen that the swell fronts are refracted onto the 
proposed dredging area on Success Bank by the shape of the sea bed to the north, 
west and south of the area. 

4 CURRENTS 

The currents in Owen Anchorage are dominated by wind-driven circulation, 
astronomical tidal density gradient effects, and continental shelf influence, the last 
generally being less significant (refer Steedman & Associates, 1979; Steedman & 
Craig, 1979, 1983). The following table presents the speed ranges of the currents in 
Owen Anchorage and about the shipping channels. 
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TYPE OF CURRENT 
CURRENT SPEEDS (cm s') 

AVERAGE MAXIMUM 

Winddriven 0-20 35 

Astronomical tide 0-2 3 

Density effects 0 - 5 10 

Continental Shelf waves 0 - 5 5 

The dominance of southerly winds in the region will generally set up northerly 
longshore currents, but periods of reversal occur during winter storms. 

The local bathymetry will have an influence but, regionally, the nearshore currents 
are generally north/south. 

The magnitude of the currents is such that they will have minor effect on sand 
transport in the shipping channels or on Success Bank. 

5 SUMMARY 

From this work it can be seen that the principal force acting on the banks is that 
caused by waves. Swell waves are particularly important. Fortunately the prevalent 
swell is greatly attenuated by the offshore reefs and islands. This knowledge will 
be used in the CER in the assessment of the environmental effects of the proposed 
small scale dredging. 
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INTRODUCTION 

In December 1993 the Environmental Protection Authority (EPA) requested 
Cockburn Cement Limited (Cockburn) to prepare a Consultative Environmental 
Review describing the company's proposed dredging programme for the two year 
period September 1994 to September 1996. The principal requirement was that the 
programme be designed to minimise adverse impacts on seagrasses and other 
beneficial uses as a result of dredging activities over the two year period. 

To define an area which would meet this aim while providing sufficient resource to 
meet the identified requirement for sheilsand, Cockburn commissioned LeProvost 
Dames & Moore (LDM) to map and verify the distribution of seagrasses on the 
central portion of Success Bank, and to liaise with the company in defining the 
most suitable dredging area. 

OBJECTIVE 

The objective of the field survey was to relate seagrass cover on Success Bank to 
phototonal variations on the most recent (1993) high resolution colour aerial 
photography, in order to define those areas containing the least seagrass and 
thereby assist Cockburn in defining the most suitable area for dredging over the 
next two years. 

METHODS 

A preliminary map of seagrass distribution within the study area was prepared from 
the 1993 photomosaic. Seagrass density zone boundaries were determined on the 
basis of phototonal variation in four categories: 0-25%, 25-50%, 50-75% and 75-
100% seagrass cover. Replicate dive sites were selected within each zone to 
provide information on the degree of variability in seagrass density within that 
zone. 

Dive sites within the study area were located using a portable global satellite 
position fixing system (OP-SO OPS Navigator, Furuno Electric Co Ltd. Japan) to 
guide the dive boat Ceriops to the selected locations. 

Field investigations at each dive site provided data on the diversity of species 
present, the dominant species in the assemblage, the structure of the meadow and 
the percentage cover category (as above) encountered along a 4 x 20 in transect of 
6 m width. Still photographs were taken using an underwater SLR camera 
(Nikonos-V, Nikon Corporation, Japan) and a video record was made using a 
Video Hi-8 Handycam (Model CCD-V700E, Sony Corporation, Japan) within an 
underwater video housing (Amphibicam ViOl, Amphibico Inc., Canada). The video 
records permitted percentage cover estimates made in the field to be reviewed and 
enabled accurate calculations of cover to be made where necessary. 
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The preliminary map was subsequently revised in accordance with the fmdings of 
the field survey. 

RESULTS 

Locations of the twenty dive sites inspected during the survey are shown in 
Figure 1, which also shows the seagrass density zones delineated using the above 
technique. The area selected for dredging, based on the principle of minimising 
adverse impact on identified Beneficial Uses, is also shown in Figure 1. A 
description of the seagrass community and associated fauna at each site follows. 

Site CER 1.1: 	 320  04.172'S 	1150  41.508'E 
Water depth - 12 m. 
Seagrass cover >75%, with Posidonia sinuosa dominant and some Amphiboiis 
grjfflthii and Syringodiuin isoetifolium also present within the Posidonia meadow. 
Halophila ovalis and Heterozostera tasmanica had colonised much of the sand 
areas and some Caulerpa sp. was present. 

Site CER 1.2: 	 320  04.403'S 	1150  41.655'E 
Water depth - 11 m. 
Seagrass cover 50 - 75%. Beds of Posidonia sinuosa and Amphibolis antarctica 
with some Syringodiuin isoetzfoiium  and Heterozostera tasmanica. Algae 
(predominantly Dasya sp.) were incorporated within the beds and there was little 
epifauna on the seagrass leaves. Halophila ovalis had colonised 25 - 50% of the 
sand areas. Octopi were the only infauna apparent within the sand areas. A few 
goatfish (Mullidae) and one flutemouth (Fistularia commersonii) were observed. 

Site CER 1.3: 	 320  04.487'S 	1150  41.807'E 
Water depth - 10 m. 
Seagrass coverage 50 - 75%, primarily Posidonia sinuosa beds with an understorey 
of Heterozostera tasmanica. Areas between some Posidonia beds supported dense 
Heterozostera tasmanica, with Halophila ovalis and Heterozostera colonising 
around 50% of the sand areas. Posidonia coriacea, Amphiboils antarctica, 
A mp hiboils grzffithii and algae (including Dasya sp.) also occurred within the 
Posidonia beds. Caulerpa sp. was present on some sand areas. Ascidians were 
present within the Posidonia beds and fan worms (Sabeffidae) were observed in 
some sand areas. 

Site CER 2.1: 	 320  04.714'S 	1150  41.814'E 
Water depth - 8 m. 
Seagrass cover 95%. Mixed meadow of Posidonia coriacea and Amphiboils 
grff1thii with algae (including Dasya sp.), hydroids (primarily Plumulariidae) and 
many ascidians (including Pyuridae and Botryllidae). Heterozostera tasmanica and 
Halophila ovalis had colonised around 50% of the sand areas, which had no 
apparent infauna. A school of around 50 sea trumpeter (Pelsartia humeralis) was 
observed. 
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Site CER 3.1: 	 320  04.882'S 	115° 41.743'E 
Water depth - 6 m. 
Rippled sand with <25% cover of Posidonia coriacea clumps and occasional 
Amphibolis griffithii, Heterozostera tasmanica and Caulerpa sp.. Light epiphytic 
growth present on most Posidonia leaves, with no visible infauna on the sand 
areas. 

Site CER 3.2: 	 320  04.900'S 	1150  41.867'E 
Water depth - 6 m. 
Rippled sand with <25% cover of Posidonia coriacea clumps and occasional 
Amphibolis griffithii, Halophila ovalis and Caulerpa sp.. No visible infauna on the 
sand areas. 

Site CER 3.3: 	 320  04.998'S 	1150  41.905'E 
Water depth - 6 m. 
Rippled sand with <5% seagrass cover - occasional clumps of Posidonia coriacea 
and Amphibolis griffithii. No visible infauna. 

Site CER 4.1: 	 320  04.747'S 	1150  41.537'E 
Water depth - 8 m. 
Sand with <25% seagrass cover - primarily Posidonia coriacea clumps with 
occasional Amphibolis griffithii and patches of Halophila ovalis, Hererozostera 
tasmanica and Caulerpa sp.. Light epiphytic growth was present on many 
Posidonia leaves, and ascidians were associated with the Posidonia clumps. 
Anemones (Actiniaria), fan worms (Sabeffidae) and a large cockle (Veneridae, 
around 8 cm in length) were found in the sand areas. 

Site CER 4.2: 	 32° 04.981'S 	1150  41.623'E 
Water depth - 6 m. 
Seagrass cover 25 - 50%, primarily Posidonia coriacea patches and clumps with 
occasional Amphibolis griffithii clumps. Hydroids and ascidians present on the 
Amphibolis, little epiphytic growth on the Posidonia. No visible infauna on the 
sand areas. 

Site CER 4.3: 	 320  05.050'S 	1150  41.804'E 
Water depth - 5 m. 
Sand with <25% seagrass cover - primarily Posidonia coriacea patches and clumps 
with occasional Amphibolis griffithii. Little epiphytic growth on the seagrass and no 
visible infauna on the sand areas. 

Site CER 5.1: 	 320  05.086'S 	1150  41.931'E 
Water depth - 5 m. 
Sand with <25% seagrass cover - primarily Posidonia coriacea patches and clumps 
with occasional Amphibolis griffithii. Little epiphytic growth on the seagrass and no 
visible infauna on the sand areas. 
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Site CER 5.2: 	 320  05.148'S 	1150  41.963'E 
Water depth - 4 m. 
Seagrass cover 25 - 50%, primarily Amphibolis grffithii patches and clumps with 
occasional Posidonia coriacea. Many clumps of defoliated Amphibolis stems, 
particularly to the north of the main Amphibolis patches. Ascidians (including 
BotryUidae) and many hydroids (primarily Plumulariidae) present on the 
Amphibolis. No visible infauna on the sand areas. One cowlish (Arcana aurita) 
observed. 

Site CER 53: 	 320  05.222'S 	1150  41.952'E 
Water depth - 6 m. 
Seagrass cover 25 - 50%, primarily Amphibolis griffithii and Posidonia coriacea 
patches. Minor colonisation of sand areas by Heterozostera tasmanica (from seed) 
and Posidonia coriacea. Ascidians and hydroids present on most Amphibolis stems, 
no visible infauna on the sand areas. One blue manna crab (Portunus pelagicus) 
was observed. 

Site CER 6.1: 	 320  05.269'S 	1150  41.789'E 
Water depth - 7 m. 
Seagrass cover 25 - 50%, primarily Amphibolis grfflthii beds and Posidonia 
coriacea patches. Many hydroids (primarily Plumulariidae) and ascidians (including 
Pyuridae and Botryffidae) in the Amphibolis beds. Minor colonisation of sand areas 
by Heterozostera tasmanica and Halophila ova/is, some Caulerpa sp. and tube 
worms (Sabellidae) present. One olive shell (Olividae) observed. 

Site CER 7.1: 	 320  05.459'S 	115° 41.963'E 
Water depth - 6 m. 
Beds of mixed Posidonia coriacea and Amphibolis grffithii (>75% cover), with 
some Posidonia sinuosa and a heavy epiphytic cover on the Amphibolis stems 
comprising algae, hydroids and ascidians. Turban shells (Furbinidae) were present 
on some Posidonia coriacea. The beds were more patchy to the south, with 
Heterozostera tasmanica and Halophila ova/is colonising the sand areas. Visible 
infauna comprised a few fan worms (Sabeffidae), with one volute (Aulicina sp.), 
goatfish (Mullidae) and various wrasse (Labridae) observed. 

Site CER 7.2: 	 320  05.629'S 	1150  41.947'E 
Water depth - 7 m. 
Mixed meadow of Posidonia coriacea and Amphibolis griffithii (>75% cover), with 
some Syringodium isoetifolium and dense beds of Heterozostera tasmanica within 
the meadow. Algae (including Dasya sp.), hydroids and ascidians were present 
Within the meadow. Heterozostera tasmanica and Halophila ovalis colonised 
around 10% of the sand areas, which showed little evidence of infauna besides 
octopus (Octopodidae) holes. 
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Site CER 7.3: 	 320  05.692'S 	1150  41.774'E 
Water depth - 6 m. 
Beds of Posidonia coriacea and A,nphibolis grzffithii (50 - 75% cover), with some 
Posidonia sinuosa and patches of dense Heterozostera tasmanica. Hydroids, 
ascidians and feather stars (Crinoidea) within Posidonia beds. Heterozostera 
tasmanica and Halophila ovalis colonising around 25% of sand areas and around 
10% of blowout areas. Anemone (Actiniaria) and sea star (Asteroidea) observed but 
little other infauna apparent. 

Site CER 8.1: 	 320  05.824'S 	1150  41.944'E 
Water depth - 8 m. 
Seagrass cover 25 - 50%, primarily Posidonia coriacea patches with colonisation 
of sand areas by Heterozostera tasmanica and some Halophila ovalis (10 - 25% 
coverage). Feather stars (Crinoidea) and ascidians within Posidonia coriacea 
patches, few fan worms (Sabellidae) and one sea star (Luidia australiae) on sand 
areas. 

Site CER 9.1: 	 320  05.964'S 	1150  41.933'E 
Water depth - 9 m. 
Seagrass cover 25 - 50%, primarily Posidonia coriacea patches with some 
Amphibo/is antarctica. Colonisation of sand areas by Heterozostera tasmanica and 
some Ha/ophi/a ovalis (around 25% coverage). Little epifauna in the seagrass 
patches or infauna in the sand areas. 

Site CER 10.1: 	 320  06.084'S 	1150  42.011'E 
Water depth - 9 m. 
Posidonia sinuosa meadow (>75% coverage) with some Amphibolis antarctica. 
Epiphytes including ascidians and feather stars (Crinoidea) on the Posidonia. 
Heterozostera tasmanica colonising sand areas (around 25% coverage) with little 
apparent infauna. 

DISCUSSION 

A high correlation was apparent, at the level of differentiation applied, between the 
degree of seagrass cover as measured in the field and the phototonal differences 
determined from the aerial photography. 

Attempts to define areas of bank with zero seagrass cover proved impossible as 
seagrass was observed even within apparently barren areas, albeit with a substrate 
cover of less than one percent. 

As the seagrasses on Success Bank generally form mixed and variable assemblages 
comprising up to six species, it is not possible to directly relate the identified 
variation in seagrass cover to the productivity of the meadows, although a general 
relationship may be inferred. 
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