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PUBLIC ENVIRONMENTAL REPORT 

GUIDELINES FOR MAKING A SUBMISSION 

The Environmental Protection Authority (E.P.A.) invites people to 

make a submission on this proposal. 

The Public Environmental Report (P.E.R.) for the proposed Inner 

Harbour Deepening and Small Craft Harbour Development Project has 

been prepared by the Fremantle Port Authority in accordance with the 

E.P.A.'s procedures. The Report will be available for comment for 8 

weeks, beginning on April 8, 1988 finishing on June 3, 1988. 

Following receipt of comments from Government agencies and the 

public, the E.P.A. will discuss the issues raised with the proponent, 

and may ask for further information. The E.P.A. will prepare its 

Assessment RepOrt with recommendations to Government, taking into 

account issues raised in public submissions. 

WHY WRITE A SUBMISSION? 

A submission is a way to provide information, express your opinion 

and perhaps suggest an alternative approach. It is useful to the 

E.P.A. if you indicate any suggestions you have to improve the 

proposal. 

All submissions received by the Environmental Protection Authority 

will be acknowledged. Submissions will be evaluated in the 

(i) 



development of the Report and recommendations made by the E.P.A. to 

Government. 	Please indicate if you are prepared to have your 

submission quoted in summary form. 

If your submission is from 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, or comment on, the general issues 

discussed in the P.E.R, or with specific proposals. It helps if you 

give reasons for your conclusions. 

You may make an important contribution by suggested ways to make the 

proposal environmentally more acceptable. 

When making comments on specific proposals in the P.E.R. - 

clearly state your point of view; 

indicate the source of your information or, argument if this is 

applicable; 

and 

suggest recommendations, safeguards or alternatives. 

POINTS TO KEEP IN MIND 

By keeping the following points in mind, you will make it easier for 

your submission to be analysed: 



Attempt to list points so that the issues raised are clear. 

A summary of your submission is helpful; 

Refer each point to the appropriate sections, chapter or 

recommendation in the P.E.R. 

If you discuss different sections of the P.E.R., keep them 

distinct and separate, so there is no confusion as to which 

section you are considering. 

Attach any factual information you wish to provide and give 

details of the source. Make sure your information is accurate. 

Please indicate whether your submission can be quoted, in part 

or in full, by the E.P.A. in its Assessment Report. 

REMEMBER TO INCLUDE 

YOUR NAME 

ADDRESS 

DATE 

THE CLOSING DATE FOR SUBMISSION IS: 	3 JUNE, 1988 

SUBMISSIONS SHOULD BE ADDRESSED TO: 

The Chairman 

Environmental Protection Authority 

1 Mount Street 

PERTH WA 6000 

ATTENTION: C. Murray 
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1.0 SUMMARY 

1.1 	Salient Features 

The Fremantle Port Authority (FPA) proposes to carry out 

dredging operations in the approaches to and within the Inner 

Harbour of the Port of Fremantle, sufficient to allow vessels 

of up to 12.5 metres draft to use berths 4 to 8 North Quay. 

This improvement is deemed to be a commercial necessity for 

the port to adequately provide Western Australian 

Importers/Exporters with the full range of services offered 

by vessels now engaged in or shortly to commence in Western 

Australia's overseas trade. 

Dredged material would be pumped to an area of the foreshore 

adjacent to and to the north of the North Mole and levelled 

to reclaim an area of between 25 and30 hectares. This area 

would be used to develop a port related commercial/industrial 

area and associated small craft harbour, and be made 

available for leasing to port and marine related users. - 

A sea wall would impound some 16 hectares of water of 4 to 6 

metres depth adjacent to the reclamation to form a small 

craft harbour. 	The entrance to this proposed harbour could 

be through the North Mole to the west of the existing 

incinerator. 

This document addresses the impact of the proposed 

development on the existing environment, and the costs and 

- 	 benefits associated with it. 
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1.2 	Alternatives Considered 

1.2.1 A New Container Terminal 

The Government initiated Review of the Proposed Port Facility 

at Mangles Bay (Town Planning Department:1984) identified a 

need for a new container terminal to be constructed before 

the turn of the century to cope with the anticipated increase 

in port container trade. The final choice on that occasion 

for the location of the terminal was narrowed to either 

Catherine Point or North of the North Mole. The two sites 

were considered to have equal merit, and both had an 

etimated cost in excess of $140 million in 1983 dollar 

terms. 

Neither of the.abovealternatives is currently viable in 

terms of either cost or lead time. 	Environmentally, the 

impact would be considerably greater than that of the 

proposed project. 

It is now apparent that a steady growth in trade up to the 

limit of the handling capacity of the existing terminal can 

no longer be guaranteed if the present draft restriction of 

10.5 metres applies. 
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This proposal aims to rapidly improve the Port's capacity, 

and to ensure the adequacy of the North Quay terminal for at 

least thirty years, at a significantly lower cost than that 

estimated for the alternative sites. 

1.2.2 "Do Nothing" 

The "Do Nothing" alternative will very quickly result in the 

curtailment of services where vessels are restricted by the 

10.5 metre draft limitation, with future services being 

offered via feeder through Melbourne or Singapore. 	The FPA 

has received notice from the Australia New Zealand Container 

Service that new vessels shortly to be introduced into 

service will require a greater depth of water than is 

currently available. Failure to cater adequately for these 

vessels will put at risk the Conference Lines' service 

to/from Fremantle - particularly the European and Round-the 

World Roll On/Roll Off services - with ramifications which 

would be felt throughout the State's economy. 

1.2.3 Alternative Dredged Material Disposal 

Having determined the need for the deepening project in the 

Inner Harbour, and investigated the nature of the material to 

be removed, alternative methods of disposal were considered. 

There are three possible methods: 

transporting by hopper dredger or barge and dumping at sea 

pumping to a fill site 
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3) pumping to a reclamation area on the sea shore 

The high proportion of limestone in the the bottom material 

precludes the use of a trailer suction hopper dredger. 

Cutter suction dredgers of the size required for this project. 

dispose of material through a pipeline. Since there is no 

area within the immediate vicinity of the port capable of 

accepting the volume of material involved, 	reclamation of 

the sea shore is the only viable alternative. 

	

1.3 	Description of Environment 

The mouth of the Swan River has been subjected to a series of 

dredging operation to form the Inner Harbour as it now 

exists. This has included a sustained programme of blasting 

in the years after World War I, which left much of the bottom 

in a fractured condition. 

The receiving environment for the dredged material consists 

of, a degraded beach in an area which has been subjected to 

modification over a long period. The offshore area has also 

been used as a spoil dumping ground and is not biologically 

productive. 

	

1.4 	Environmental Impact, Monitoring and Safeguards 

Successive dredging and dumping/reclamation 	projects - 

performed in both the Inner Harbour and the proposed 

reclamation area in the past have significantly reduced the 
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biological value of these areas. Subsequent mechanical 

agitation of the benthic sediment by shipping activity has 

militated' against the colonisation of the bottom of the Inner 

Harbour by benthic flora, whilst that of the reclamation area 

is sparse. The main biological importance of the harbour is 

as a recruitment pathway for fish from the ocean to the 

estuary and as an overwintering habitat; 	interference to 

these important functions would be minimal and transient. 

Benthic fauna and crustaceans would be affected by the 

dredging,"but as each section is completed, the newly exposed 

bottom environment will be recolonised. The main areas of 

biological activit,y are beneath the wharves. 	Other than 

between berths 4 to 8 on the North Quay, these areas would 

not be disturbed. 

A high volume of water passes through the Inner Harbour as a 

result of tidal movement, resulting in rapid flushing. 	This 

effect is augmented by fresh water run-off during the winter 

months, when the water is naturally turbid. 

Turbidity has been identified as the most environmentally 

undesirable effect generated during construction of the sea 

wall and by the dredging and reclamation operations. 

Management of the turbidity plume generated by the sea wall 

construction would be achieved by ensuring that rock 

armour ing of the wall kept pace with the progress of the dump 

face, to minimise the exposure of core material to wave 

action. 
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The staging of the sea wall construction is designed to 

ensure that the discharge into the reclamation area would be 

retained for a sufficient time to allow the fine particles in 

suspension to settle out. 

Construction of a physical model to pre-test the effects of 

the planned operation is a significant safeguard. 

Preliminary studies indicate that tidal flushing of the 

proposed small craft harbour will be adequate to ensure an 

acceptable water quality. The FPA will initiate any follow-

up study which the Environmental Protection Authority may 

consider necessary. 

The proposed dredging operation would involve some degree of - 

noise. There would also be noise associated with the 

quarrying of materials for the sea wall. The location of the 

quarries would not be known until after tendering has taken 

place. 

The distance of the project area from the nearest residential 

property should ensure that social disruption would be 

minimal, though there would be some temporary interruption to 

the recreational use of the North Mole. 
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1.5 	Conclusions 

The FPA believes that this proposal is not merely desirable, 

but essential, to retain that volume and frequency of. 

shipping services vital to the continuing prosperity of the 

State of Western Australia. 

Following on from the necessary dredging work, the provision 

of a new commercial/industrial sub-division would meet a 

perceived demand for additional waterfront land; provide an 

alternative venue for certain existing enterprises seeking to 

relocate; attract additional industry and employment to the 

area, and generate revenue to offset against the costs of the 

project. 

Additional recreational opportunities would result from the 

provision of access to a greatly enlarged fishing area as a 

result of construction of the new sea wall, with improved car 

parking facilities, in more convenient locations for both 

fishermen and sightseers. Economic and social benefits would 

flow from the further consolidation of port activities on the 

North Quay and from the new commercial/industrial sub-

division. 	Distant areas would also benefit as existing 

businesses in their area relocate, facilitating alternative 

development. 
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These significant benefits would be obtained with only a 

transient disturbance to the environment of the Inner 

Harbour, 	temporary inconvenience to the public using the 

North Mole and the loss of a small area of beach. 



2.0 INTRODUCTION 

2.1 	Project and Proponent 

The Fremantle Port Authority (FPA) proposes - subject to 

Government approval - to deepen the Inner Harbour of the 

Port of Fremantle by a nominal 2.0 metres to cater for the 

increased draft of vessels now trading, or planning to enter 

the overseas and interstate trades. 

Concurrently with the necessary dredging, it is proposed to 

utilise the dredged material to reclaim an area of between 25 

and 30 hectares of land adjacent to and to the north of the 

North Mole for commercial and industrial use, and to create 

a small craft harbour of approximately 16 hectares. - 

2.2 	Background and Objectives 

The Inner Harbour was originally constructed (1892 - 98) with 

a depth of 9.2 metres and was subsequently deepened (1917 - 

27) to 11 metres. Since that time there has been a vast 

increase in the dimensions of vessels calling at the port, to 

the extent that a number of vessels are unable to load to 

their full capacity, and other vessels are bypassing the port 

altogether. 	Container vessels which have traded between 

Europe and Australia since the commissioning of the first 

container terminal in 1968 - and for which the available 
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depth of water was, even then, barely adequate - are now 

reaching the end of their useful lives, and their planned 

replacements are larger. Most significantly, they require a 

greater depth of water. 

Vessels subsequently introduced in other trades are 

constrained in their ability to load for or at Fremantle. 

The major objective of the proposal is to cater for these 

larger vessels and ensure the continuing viability of the 

Port for the benefit of the people of Western Australia. 

2.3 	The Project in Brief 

2.3.1 Description 

The project involves four separate stages of construction: 

a sea wall to enclose the reclamation area and small 

craft harbour; 

dredging of the Inner Harbour and the pumping of dredged 

material to the reclamation area; 

modification of the North Mole by providing a cut to allow 

access to the proposed small craft harbour; and 

development of roads and services, sub-division of the 

land area created, and the construction of jetties and ramps. 
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The construction of the se wall will involve the use of tip 

trucks to dump quarried, limestone core matérial, and heavy 

equipment to place armour. Some armour rock will be recycled 

from the west facing sea wall protecting the area previously. 

reclaimed. Other rock on the north side of the North Mole 

which will have dredge spoil placed against it will also be 

recycled to armour the new wall. A rock bund wall will be 

built to form the sea/land interface within the small craft 

harbour. 

Dredging of the Inner Harbour will be carried out by a cutter 

suction dredger - a method which minimises the creation of 

turbidity in the vicinity of the operation, and thus reduces 

disturbance to the up-river environment. 

Cutting of the North Mole will not take place until an 

alternative access to the seaward segment is available by way 

of the new sea wall. 

2.3.2 Timing 

It is proposed that the construction of the sea wall will 

commence in September 1988. 

Commencement of dredging is dependent on the progress of the 

sea wall, since it is required to control the turbidity 

produced by the deposition of dredged material. 	It is 
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currently anticipated that this will be in January 1989 and 

that the project will be completed by November 1989. 

This programme can tolerate delays of up to two months;-

however, any greater delay would enforce re-programming to 

accommodate the effect of seasonal changes. 

Land development and servicing of the sub-division within the 

reclamation area will be completed by December 1989, and land 

will be available for lease in early 1990. 

	

2.4 	Relevant Statutory Requirements 

The proposal is subject to recommendations by the 

Environmental Protection Authority (EPA) which has called for 

this Public Environmental Report (PER) under its Act, and to 

approval of the State Planning Commission. 	Initial 

discussions held with members of the Fremantle City Council 

indicate that the proposal will have their full support. 

Approval from the State Energy Commission, the Water 

Authority, the Main Roads Department and Telecom for the 

connection of services is being sought. 

	

2.5 	Purpose and Structure of the PER 

This PER has been requested by the Environmental Protection 

Authority following receipt of a Noticeof Intent submitted 

by the Fremantle Port Authority on November 30, 1987. 
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Following discussions with the EPA, guidelines for the PER 

were issued (Appendix 1) upon which the present report is 

based. 

The necessary information for the preparation of this PER has 

been obtained from the FPA's own resources, with additional 

inputs from the Department of Marine and Harbours, the 

Department of Fisheries and the Institute for Environmental 

Science at Murdoch University. 

Section 1 of the report is a summary. 

Sections 2, 3, 4 and 5 deal with the proposal. 

Section 6 describes the existing environment. 

Section 7 forecasts the likely impact on that environment. 

Section 8 details the management strategy proposed to 

minimise adverse effects. 

Section 9 summarises commitments made by the proponent. 

Section 10 is a Conclusion. 

The EPA has agreed to the release of this PER which is now 

available for public comment for a period of 8 weeks, after 

which the FPA will respond to issues raised in submissions. 

The EPA will then prepare an Assessment Report advising the 

Government as to the environmental acceptability of the 

proposal. 
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3.0 NEED FOR DEVELOPMENT 

3.1 	The Dredging 

The prime objective of the deepening of the Inner Harbour is 

to enable the Port of Fremantle to continue in its role as 

the State's principal port and as the focus of Western 

Australia's high value imports and exports and of both 

international and domestic liner shipping. 

The Ports of Melbourne and Botany Bay already offer depths of 

13.1 metres and 15.3 metres respectively. Sydney, with a 

depth of 11.5 metres, found it necessary to re-locate its 

container terminal to Botany Bay. Unless Fremaritle can offer 

comparable facilities, many overseas ships will bypass the 

port, with the option of either transhipping through an 

intermediate port by feeder vessels, or railing cargo from 

the Eastern States. Both of these options involve additional 

costs which would have an adverse economic effect on all 

Western Australians. The FPA believes it is unacceptable that 

the State's importers and exporters should be denied access 

to direct shipping services. 	Provision of a greater depth 

of water will also significantly influence the scheduling of 

future services through the port. 

- 	 The decision to limit the area of the dredging to berths 4 to 

8 North Quay is based on the results of a study commissioned 

by the FPA into future port needs for container handling 
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facilities, and carried out by the Centre for Transport 

Policy Analysis at the University of Wollongong. 

Consolidation of container operations will improve the 

efficiency of container handling, greatly improve utilisation. 

of resources and allow container throughput to be doubled 

without additional major investment. Whilst it is not 

intended that berths 11 and 12 will cease to operate as a 

container terminal, it is in the area from 4 through 8 berths 

that the greatest opportunity to improve container handling 

efficiency lies. 

A cost/benefit analysis carried out by the Department of 

Transport indicates that additional container traffic in the 

order of 7000 TEUs (twenty foot equivalent units - the 

International measure of container capacity) in 1989, rising 

to 9300 TEUs in 2007, will be generated by the provision of 

a deeper harbour. The resulting increase in port revenue 

will assist the FPA to finance the project without having to 

resort to increases in port charges. 

3.2 	The Reclamation Area 

in planning the disposal of the dredged material, 	the FPA 

noted the scarcity of waterfront land available for port 

related . use; the Fishing Boat and .Jervoise Bay Harbours are 

both fully utilised, and opportunities for alternative 

developments are limited. 	It therefore appeared opportune 
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to view the material as a resource which could be 

beneficially utilised to satisfy a perceived need. 

Development of a small craft harbour with adjacent land 

devoted to port and marine related industies will -lead to 

increased employment in the region by encouraging new 

industries to establish. In addition, existing industries 

may be attracted to re-locate in the area, thereby releasing 

other Fremantle waterfront areas currently committed to 

industry to be re-developed for commercial and recreational 

usage. The scale of the project in developed waterfront land 

area (about 8 ha) is greater than that of the Fishing Boat 

Harbour and North Fremantle (up-river) combined. 

The income generated by the leasing of-developed industrial 

and commercial sites, together with increased trade, will 

significantly offset the cost of the project. 	Here again, 

direct benefits of the project will accrue to offset against 

the cost of development without recourse to increasing 

charges. 

3.3 	Future Development 

The current proposal is aimed at securing the position of the 

Port of Fremantle as a viable container port in the medium 

term, that is to say, into the 21st Century. 	Beyond that 

time, the Government's Mangles Bay Study of 1984 identified 
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two areas of attraction for the establishment of an entirely 

new facility, one to the north of the North Mole, and the 

other at Catherine Point 

The north of North Mole site would require a two kilometre 

island breakwater in up to 11 metres of water and a 

significant amount of soft rock dredging with a (1984) cost 

in excess of $140 million. The Catherine Point site would 

require similar quantities of dredging. 

Adoption of the current proposal would fit in with the first 

option, though not necessarily preclude the second, since 

most of the port infrastructure currently available in the 

Inner Harbour would require duplication at either of these 

long term port development sites. 

This deepening project is but a part - albeit the major part 

- of a larger plan to redevelop the North Quay, and thus to 

fully exploit a resource comprising some of the' most 

expensive real estate in Western Australia. By mounting this 

project now, the FPA will defer the need to proceed with a 

substantially greater development for perhaps thirty years, 

by which time circumstances may have unforeseeably changed. 
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4.0 EVALUATION OF ALTERNATIVES 

4.1 	Background 

In 1971 the FPA proposed a plan for the development of a 

container- port in Mangles Bay, Rockingham. 	With the support 

of the Rockingham Shire Council, the Metropolitan Region 

Scheme was amended to accommodate the plan. 

Resulting from changed public attitudes, Cabinet agreed - in 

March 1982 - to review the port proposal, and established a 

Cabinet Sub-Committee and Departmental Technical Committee. 

This committee concluded that the earlier predictions of a 

need for a 17 berth port had not eventuated, and that - a 3 

berth Outer Harbour Facility could accommodate expected 

growth in the container trade well into the 21st Century. 

After considering five options 

Mangles Bay (Onshore); 

Mangles Bay -(Offshore); 

Naval Base; 

Catherine Point ; and 

North of North Mole 

the report recommended that the first three options be 

rejected. Of the remaining two, the report stated that: 

"Both the Sites have certain features which recommend them 
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and the study has concluded that either could be developed 

for a container port." 

Subsequent to that study, the FPA commissioned an 

investigation by the Centre for Transport Policy Analysis at 

the University of Wollongong, which concluded that deepening 

of the Inner Harbour to a depth of 13 metres, combined with 

the consolidation of container operations to berths 4-8 and 

the re-location of one portainer crane from berth 11 to berth 

8 would be theoretically capable of handling the existing 

levels of traffic. 

Retention of berth 11/12 as a terminal for selected vessels 

will facilitate a 25% increase in port throughput. With the 

provision of a third crane at the Main Terminal, an increase 

of 50% is achievable. Expansion beyond this level could be 

addressed through: 

+ further extension of operating hours 

- 	 + increased intensity of operations 

+ extension of the terminal to incorporate berths 9 or 3. 

4.2 	The Alternatives 

4.2.1.Catherine Point• 

in terms of operational suitability, the site is considered 

to be physically suitable, and in terms of location, 

acceptable. 
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Development would entail the construction of a two kilometre 

breakwater in Owen Anchorage together with extensive dredging 

and reclamation. 	The cost would be in the order of $140 

million. 

Although the study suggested that the social and 

environmental effect would be low, in that the development 

would be compatible with the existing industrial environs, 

the perceived effect of a major construction project would be 

considerable, especially in view of the interference with the 

ecology of a previously undisturbed area of Cockburn Sound. 

In addition there is growing competition for the surrounding 

land from more intensive uses. 

4.2.2 North of North Mole 

This alternative would involve the constructionof a detached 

breakwater some two kilometres in length and one kilometre 

offshore, together with extensive dredging and reclamation. 

A Government study (Town Planning Department:1984) noted 

that: 

"There are some reservations about the North Mole site which 

would need careful evaluation before a port facility at that 

site was developed. These relate to possible conflict with 

shipping movement to the Inner Harbour and a road system with 

limited capacity to accommodate increased traffic flows." 
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4.2.3 Other Dredged Material Disposal Options 

The method of disposal of dredged material is determined by 

the type of dredger employed, which in turn is determined by 

the nature of the material to be dredged. Sand and silt can 

most effectively be removed by a trailer suction hopper 

dredger, which then transports the material to a dumping 

area. 	Little more than a quarter of the total volume to be 

removed in this project could be so handled. 

To remove rock, a cutter suction dredger is required, which 

pumps material to the shore via a pipeline. Though it is 

possible to .utilise hopper barges with small, specially 

fitted cutter suction dredgers, plant of the size deemed 

necessary for a project of the magnitiude of this proposal 

must use a pipeline discharge. There.being no suitable f ill-

area in the vicinity of the port, reclamation at the sea 

shore is indicated. 

4.2.3 "Do nothing" 

The Australia New Zealand Europe Container Service(ANZECS) 

pointed out to the FPA as early as 1975 that third generation 

container vessels being then built for the service would not 

be able to satisfactorily operate through this port. 

Cargo moving in both directions between Fremantle and 

UK/North Continental ports is currently carried by the 

44 



smaller 1500/1700 TEU ships employed in the Mediterranean 

service to Barcelona. It is then transferred to/from 2 small 

specially chartered cellular ships which provide a relay 

service to actual discharge ports in Northern Europe. 

The draft restrictions at Fremantle have been a major 

impediment inhibiting ANZECS from considering a direct 

service to/from Fremantle with the larger 2000 TEU plus 

capacity ships operating from other Australian ports to/from 

UK/North Continent. 	The current joint service therefore 

suffers a lack of flexibility because of these draft 

restrictions. This problem will be exacerbated as vessels 

currently in service are replaced by vessels of larger 

tonnage. The first of the larger ships is expected to enter 

service later this year, and ANZECS now urge that the FPA 

does everything in its power to ensure that the dredging 

programme be implemented without delay in order not to put 

the ANZECS service to/from Fremantle at risk. 	The 

alternative appears to be the extended use of feeder services 

and/or rail transhipment from the Eastern States, with a 

concomitant increase in freight and handling charges. 

Vessels of the Barber Blue Sea Line currently operating 

through the port are penalised to the extent of some 8900 

tons, the amount by which their full load capacity exceeds 

their capacity at 10.5m draft - the Fremantle Inner Harbour 

limit. 
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It therefore follows that the Do Nothing' option not only 

fails to provide future benefits for the community, but would 

make inevitable a penalty which would be increasingly levied 

on the people and State of Western Australia. 
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5.0 	DESCRIPTION OF PROPOSAL. 

5.1 	General Concept (Figures 1 & 3) 

I 
The proposal is a major development which integrates a number 

of 	benefits. 	Initially, the deepening of the Inner 	Harbour 

is 	an improvement which has been sought by Container 	Vessel 

I operators 	over the past two decades. 	Consequentially, 	the- 

I dredge spoil can be utilised to 	provide an area of 	valuable 

land 	- which is currently in short supply -for use 	by 	port 

I related industries, 	and 	finally, 	the 	retaining 	wall 	to 

.impound the reclamation area can be so designed as to provide 

I a small craft harbour. 

I 

5.2 	Extent of Dredging and Target Depth (Figure 1) 

I 
The 	up 	river 	limit of dredging is proposed to 	be 	a 	line 

I extending approximately from berth 8 on North Quay to berth E 

on Victoria Quay. 

I The target depth has been set at 13 metres from the up 	river 

limit to the White Landing. 	Seaward of that line to the 	end 

of 	the North Mole the target depth increases to 13.2 	metres 

to 	allow 	for squat 	the tendency of a vessel 	to 	increase 

I its 	draft 	and/or 	trim relative to its 	speed 	through 	the 

water) as vessels negotiate the entrance and decelerate.. 	To 
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seaward of the North Mole - a distance of 600 metres - a 

minimum depth of 13.4 metres is planned to allow for both 

squat and wave action. 

Target depths have been derived using an under keel clearance 

of 0.914 metres, but with a tidal allowance of 0.4 metres it 

is expected that vessels with drafts in the range 12.1 to 

12.5 metres will be able to use the Port, having a very low 

probability of being delayed to await a suitable tide. 

Vessels drawing 12.1 metres will be able to use the Port 

without any possibility of tidal delays. 

The maximum total volume of material which would be removed 

is estimated at 1.8 million cubic metres including over-

dredge. "Over Dredge" is, that material cut by the dredger 

and pumped to reclamation that is below the required minimum 

design level. Over dredging would be necessary in order to 

meet the required level without' the need to go' back over 

already dredged areas in a clean-up mode. 

The volume proposed to be' dredged cannot be defined precisely 

until final design is achieved and a pre-dredge survey has 

been carried out, and the final volume would not, be 

accurately known until the post dredge survey had been 

carried out during final certification. 
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5.3 	Disposal of Dredged Material. (Figure 5) 

The dredging would be carried out by a cutter suction dredger 

which would pump the dredged material via a 1 metre diameter 

pipeline to the reclamation area. A floating pipeline from 

the dredger would then connect at one of a series of points 

along the North Mole and North Quay, with a shore pipeline 

leading to the reclamation site. This shore line would be 

buried at strategic points to allow uninterrupted vehicular 

access to both mole and wharf areas. 

The material proposed to be dredged can be broadly divided as 

follows: 

100,000 m3  silt 

450,000 m3  sand 

1,250,000 m3  limestone 

A cutter suction dredger, unlike a trailer hopper dredger, 

removes a finite layer over a finite area. It is anticipated 

that the dredger would work progressively over the whole area 

completing it in sequential sections each being dredged in 

two layers to depth. 	In Dredge Zones 1 & 3 thea  first cut 

would involve a layer of sand/silt, and the second cut a 

layer of mainly coarse sand. In Dredge Zone 2, the initial 

cut would be of sand/silt and surface rock, and the second 

- 	cut a layer of rock. The dredger would probably move from 

the outer end of the channel west of North Mole progressing 

slowly towards the Inner Harbour. Thus all the material would 

be removed to depth progressively as the dredge moves 

inshore. 
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PLAN 

SECTION A A 

Figure 6 Dredging Area - Longitudinal Section 

On arrival at the reclamation area the material would settle 

out. 	The heavy material (eg.boulder and cobble size rocks) 

would collect in front of the dredge discharge pipe as 

would coarse sand. 	The finer sand would settle out further 

away with the silts settling out within the bunded 

reclamation area. Material would be distributed by pumping 

and mechanical means. The compaction of this mainly granular 

material would be by hydraulic compaction, ie. naturally 

deposited within the water. The upper layer, approximately 1 

metre in depth, would be compacted by dozer activities. 	The 

final matrix would then be essentially a free draining 

granular material. The only area which is unlikely to have 

similar properties would be at the end of the reclamation 
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area where fine material would be trapped and accumulate near 

the discharge weir. The reclamation area would have discrete 

areas of sand and sand/rock which would be dependent on the 

area in which the dredge is working. The rock mass would be 

broken down by the cutting action of the cutter head and by 

mechanical attrition during transportation along the pipeline 

and provide a blend of rock fragments and sand size particles 

with a small proportion of 'rock flour' or silt. 

5.4 	Extent of Reclamation (Figure 4) 

The 	dredging would yield approximately 1.7 million cubic 

metres of a free draining type of material well suited to 

land reclamation. 	This would be used to create the land 

base for the proposed new harbour and industrial area. 

The reclaimed land is proposed to be approximately 25-30 

hectares in area - 82% of which could be put to effective 

use after allowing for roads, services and set back 

distances from the sea wall where-sea spray may be a problem 

for future buildings. 	The sea walls would be built on 

alignments to enclose a sufficient area to allow proper 

containment of fine sediment to the end of dredging. In 

effect this would mean when dredging is complete some 

material would have been stockpiled higher than the finished 

level so that it could be pushed into the now draining final 

detention pond area. Even so, an area of some 3 hectares 
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would remain up to 2 metres below the finished level, to be 

progressively land- filled later. 

5.5 	Sea Wall Construction and Protection. (Figure 4) 

A free standing breakwater wall of about 1700 metres in 

length, in 5-6 metres of water, built in advance of the 

dredging and reclamation, would be constructed with an end 

dumped limestone core protected with 2-3 metre thick layers 

of limestone or granite armour rock. The wall would be more 

exposed than those of Success and Challenger Harbours, and 

may well require heavier rock armouring. 	Detailed design 

work is currently under way. 

The shape of the wall is designed to promote flushing of the 

impounded water area, and to minimise reflected waves which 

might adversely affect small vessels rounding the North Mole. 

The final configuration will be determined when the physical 

model - now under construction at the Coastal and Hydraulic 

Engineering Laboratory in the University of Western 

Australia's Centre for Water Research - is completed. 

The provision of an 8 metre wide road would assure public 

access to the outer end of the North Mole, since this would 

be adequate for two vehicles to pass. 
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An important aspect of the Environmental Management of the 

project will be the staging of the construction of the sea 

wall in advance of the dredging (See Figure 5) to ensure that 

any turbidity emanating from the deposition of dredged 

material will be minimised. 

5.6 	Proposed land uses 

It is perceived that as aresult of the following pressures 

there is an ongoing market requirement for both waterfront 

and non waterfront land in an associated industrial estate. 

+ The Fremantle Fishing Boat and Jervoise Bay Harbours are 

fully utilised, and there is 'a need to provide a new facility 

for ongoing demand. 

+ The Fishing Boat Harbour is under pressure to become more 

recreation oriented, and for the more obviously industrial 

and commercial leases to move away. 

+ The City of Fremantle is seeking to regain its relationship 

with ocean and river waterfront and sees a need for new 

ventures and facilities to to be located away from the 

immediate City/Waterfront environs. 
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+ The FPA wishes to relocate its own harbour service vessels, 

to offer a permanent berthing facility for tugs and small 

ships in sheltered water, and to provide a haven for future 

harbour service vessels. 

The market is identified as the following known and potential 

tenants of the proposed development: 

* FPA small craft; 

* Fremantle Tug Operators; 

* port related manufacturing and processing industries; 

* ship maintenance, repair and fabrication industries; 

* general industrial use for light industry identified with 

Fremantle; 

* marine industry offices and factoryettes for sub letting 

to smaller enterprises; 

* cold stores, chandlers and warehousing; 

* centralised shiplifter and vessel distribution and 

storage; 

* a common user tenant access jetty; and 

* jetty along seawall for temporary lay-up or stand-by 

berthing, and minor repairs not requiring an associated 

land component. 

Consistent with FPA policy, any proposed industrial park 

development would proceed on the basis of tenants gaining 

leasehold rather than freehold title to property. 
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5.7 	Associated works 

Other work to be carried out in association with the dredging 

and reclamation would consist of: 

+ seabed rubbish clean-up; 

+ underberth silt removal; 

+ servicing of the new sub-division; and 

+ construction of sheet pile walls and piers in the new 

harbour. 

5.8 	Small Craft Harbour 

Planning of the proposed new harbour has been viewed as an 

extension of the existing Port Industrial area catering for 

light industrial/commercial activities. No allowance has 

been made for, nor consideration given to, the requirements 

of recreational boating either in the provision of marina 

berthing or trailer boat launching. Recreational boating is 

seen as incompatible with the planned industrial and 

commercial usage, and would present problems of traffic 

control. 

The harbour entrance has been selected as opening through the 

North Mole into the channel. Only about 150 vessels are 

envisaged as being located in the proposed harbour and 

traffic movement is deemed to be within acceptable limits for 

control by the FPA control tower. 
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The proposed harbour entrance would have a nominal width of 

50 metres, with its final location being determined by 

experimentation on the physical model. The cost of an entry 

through the North Mole is significantly less than an entry to 

the west, and maintains a link with the main port waters. 

The height of the eastern arm would be reduced below that of 

the existing mole, to improve visibility for the movement of 

small craft. 

The proposed shape of the harbour and entrance acknowledges 

the need to maximise the flushing characteristics, 

consistent with providing the most cost effective layout for 

the given fill volume, and the need to maximise the length of 

the waterfront land to satisfy the perceived market 

requirements. 

Provision has been made for waterfront lots of varying size 

from minimum 50 metres depth to approximately 100 metres, 

according to lessees' requirements. The width of the water 

area would be sufficient to allow for the construction of 

pier development of length up to 50 metres perpendicular to 

the lots, without interfering with the manoeuveriflg of larger 

craft. 

Non waterfront lots are planned to be of either 50 metres or 

100 metres in depth, the latter having dual road frontage. 
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5.9 	Turbidity 

Turbidity will be generated at three separate points within 

the project area: at the dredge site; at the sea wall dump 

face; and at the reclamation site. 

5.9.1 Dredge Site 

The cutter suction dredge draws material directly in and away 

from the cut site with minimal disturbance of the sea bed 

around the area at -which the cutting action takes place. The 

degree of disturbance is of an order less than the turbidity 

caused by deep draft vessels manoeuvering within the Inner 

Harbour. 

5.9.2 Sea Wall 

In predicting the extent of the plume created by the dumping 

of core material at the sea wall dump face, it is possible to 

make certain assumptions on the basis of calculations made by 

Coffey and Hollingsworth (1971) on the relationship between 

settling velocity, current velocity and water depth. 	The 

material used will be quarried limestone consisting of stones 

up to a maximum mass of 3 tonnes. The proportion of quarry 

fines up to 150mm screen size will not exceed 20% by volume 

of each truck load. At least 50% of the Limestone Core Stone 

will have a mass greater than 0.4 tonnes. 
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It can be seen that, in this context, quarry fines can 

include rocks of up to 4 kg. Genuinely fine material of 

grain size down to 0.061mm can be expected - in a worst case 

scenario of current velocity 0.2 m/s - to generate a plume of 

240m in a water depth of 4m. The shortest distance from the 

dump face, at any stage of the construction of the new sea 

wall, to the eastern end of the existing sea wall which marks 

the southern boundary of Port Beach is 740m - more than three 

times the distance that the plume would ever be expected to 

extend. 

5.9.3 Reclamation Site 

The major source of turbidity is at the reclamation site. In 

the months of January to March, when the sea wall and bund 

walls are not yet fully enclosing the reclamation, the 

normally prevailing easterly land breezes and afternoon sea 

breezes could act in tandem to carry the reclamation run-off 

to the western extremity of the partially built northern wall 

and thereafter back towards Port Beach. 

To determine the potential rate of seaward movement of the 

reclamation plume an experiment was undertaken using 

rhodemine dye. On the afternoon of March 2, 1988, in an east 

south easterly wind of fifteen knots and an ebbing tide, a 

quantity of dye was released in position X on Figure 2. 	The 

dye moved slowly towards the beach, into the wind, suggesting 

that the prevailing current would tend to contain the plume 
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within the proposed reclamation area. The FPA is confident 

therefore, even prior to testing on the physical model, that 

constructing the northern wall in the sequence described 

below (see also Figure 5) will preclude the possibility of 

any noticable effect on nearby beaches. All of the dredged 

materials would be pumped to an area behind the bund walls in 

the process of construction. 	Reclamation would commence at 

the south east corner and the bund wall would by that stage 

extend more than 400 metres ahead of the reclamation area. 

As land emerges from the sea, the bund wall is planned to 

advance faster than the reclamation. Dredging would commence 

in the deep sands to the west of the North Mole in material 

known to be cleaner and coarser grained. 

Approximately 3 months after dredging starts and by the time 

the dredge is removing material from the Inner Harbour - 

where fine silts are more likely to be encountered - the bund 

wall is planned to have been completed to fully enclose the 

reclamation area. 

5.10 	Access 

Access to the development in the immediate future would be 

via Port Beach Road, and an enlarged Rudderham Drive; 

however, the FPA is examining the whole of its land holdings 

north of the river with a view to extending and improving its 

container handling operations. This review is likely to 

result in a major alteration to the road system, which will 

be the subject of a future report. 
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Vehicular and pedestrian access to the seaward section of the 

North Mole would be via a sealed road atop the newly 

constructed seawall. Existing parking areas would be 

relocated closer to the waterfront/beach. 

Roads within the development would incorporate public access 

to the inner section of the North Mole and other fishing 

locations and vantage points. The existing public toilets 

would be retained. 

5.11 Other Works Including Infrastucture Sources 

At this stage, only the general arrangement of the road 

system within the new sub-division has been considered; 	all 

new roads and the upgraded Rudderharn Drive would be sealed 

and kerbed. Further development would be dependent on the 

nature of lessees' businesses. 

Telecom has already quoted for the installation of 

underground cable and plant to extend the existing network 

into, and within, the development. 	The necessary work would 

be carried out in sufficient time to allow customer 

connection when required. 

The State Energy Commission has indicated that projected 

power demand would fall within the presently installed 

capacity of the North Fremantle Sub-Station, and that the 

gas distribution system is adequate. 
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Provision has been made in the budget for power, water, gas 

reticulation and - if required - sewerage. 

5.12 	Drainage of Reclaimed Area 

A principal objective of the planned drainage system is to 

divert stormwater away from the boat harbour, where it could 

promote algal growth. It is intended that run-off would be 

led through drains along the line of Rudderham Drive to 

discharge into the sea to the north of the northern limit of 

the project. 	Existing drains from the area to the rear of 

the project would be connected to the new system. Any run-

off which cannot be so accommodated would be led through a 

silt/oil trap prior to discharge into the harbour. 

5.13 The Construction Period 

The following staging and timing of the project is proposed: 

5.13.1 Operations 

5.13.1.1 The Sea Wall. 

* Aug 88 mobilisation of equipment 

* Sep 88 commence construction 

* Apr 89 complete wall 

* May 89 breach North Mole 
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5.13.1.2 The Dredging 

* Jan 89- commence dredging of entrance channel 

* Mar 89 move into Inner Harbour 

* Jun 89 dredge new small craft harbour entrance 

* Jul 89 complete dredging programme 

5.13.2. Employment 

Approximately 200 jobs would be created by the project, of 

which about 30 would be involved in the quarrying and 

transport of sea wall materials over a period of eight 

months, and the remainder in dredging and reclamation 

operations for about seven months. 

Servicing of the newly created industrial area and 

- 

	

	 construction to lessees' requirements would provide further - 

though as yet unquantifiable - employment, as would any newly 

establishing - as opposed to transferring - industries. 
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6.0 THE EXISTING ENVIRONMENT 

6.1 	Fremantle Inner Harbour 

6.1.1. The Physical Environment 

6.1.1.1. Soils 

Figure 2 has been derived from old plans obtained from the 

Battye Library; it illustrates sUccessive shore lines and 

beaches which have been created since work on the Inner 

Harbour began in 1875. 

The entire river estuary and coastline has been significantly 

modified, having been subjected to three separate stages of 

development: 

- the original construction and dredging to 9.2 metres; 

- the deepening to 11 metres; and 

-. the upriver extension to create berths 11 and 12 North Quay 

The silt overlay on the harbour bottom, which is deposited 

at an estimated 5,000m3  per annum, is frequently disturbed by 

the mechanical agitation of ships' and tugs' propellers, 

making it an unsuitable area for the growth of aquatic 

organisms. 

Of the 1.7 million cubic metres of materials proposed to be 

removed by the dredger, some 60% would be a limestone rock of 

variable strength ranging from very soft and easily broken to 
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medium hard. A programme of bore-holing was completed in 

January 1988 which has shown there to be a number of harder 

layers of rock but these were typically deeper than the 

planned dredge depths. The locations of the bore-holes were 

selected on the basis of a seismic survey undertaken in 

December 1987. No drilling and blasting is expected to be 

required, a view supported by the geologist's 	and geo- 

physicist's reports. 

Tests carried out by the Department of Civil Engineering at 

the University of Western Australia on a sample of 13 

borehole cores showed a range of compression strengths from 

1.6 MPa to 10.4 MPa. 	These values fall well within the 

cutting capability of dredgers eligible to contend for the 

contract. It should be noted that only a small percentage of 

the cores did not fragment during drilling, and remained 

capable of being tested, and that in the main, the rock 

strength as sampled during the drilling is less than 1.4 MPà. 

Some 400 metres West of the North Mole lighthouse at the 13 m 

contour a deep sand horizon comprising mainly medium grained 

clean sands of Marine origin covers the underlying rock to a 

depth of several metres. Approximately 200,000 cubic metres 

of these nds would be removed. 

The sea bed of the eastern half of the Inner Harbour 

comprises deep sands laid down in an ancient river bed 
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formation originally cut through the limestone of the then 

elevated coast. 	During the subsequent rise in sea levels 

this limestone cutting, which has been clearly delineated by 

seismic and water jetting surveys, has accumulated very deep. 

sand deposits, some 300,000m3  of which would be removed 

during the planned deepening in 1989. 

6.1.1.2 Geology 

The bottom material consists largely of Tamala Limestone, 

caprock and coarse cemented coraline materials, with 

limestone sand and alluvium in an ancient river bed extending 

diagonally across the harbour from eastward of berth 7 North 

Quay to berths D and E Victoria Quay (Figure 2). 	The 

limestone sand is medium to coarse grained quartz-calcareous 

sand; the alluvium is medium grained quartz and feldspar 

sand. Deep limestone sands recur some 400 metres to seaward 

of the North Mole. Overlying the rock is a thin layer of 

silt. 	A grading envelope of grain sizes is illustrated in 

Figure 7. 

6.1.1.3 Hydrology 

The hydrology of the estuary has been summarised by 

Riggert(1978) and Thurlow et al(1986). 	Hunter(1986) 

developed a mathematical model which ignored the effect of 

barometric pressure on the water level. 	FPA records suggest 

that the barometric pressure is indeed significant in its 

11 
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effect on the water level within the Inner Harbour and that 

flushing would be appreciably greater than use of that model 

would indicate. 

The •tide is normally diurnal, but for several days when the 

moon is near the equator, smaller semi-diurnal tides occur. 

The largest tides coincide with the moon's maximum 

declination and the range seldom exceeds 1 metre. 

Mean sea level is lowered during summer months when easterly 

winds prevail and the barometric pressure is generally high, 

and raised during the winter months when frequent northerly 

and westerly winds accompany low pressure regimes. Prior to 

and during winter gales, the water may rise to 1.5 metres, 

and on rare occasions to 1.8 metres above datum. Hunter(1986) 

notes that during peak flow periods, river flow may suppress 

the normal flood tide, giving an ebb stream - at least at the 

surface - throughout. 

6.1.1.4. Sediment movement 

Le Provost et al(1987) have noted a lack of sediment 

accumulation in areas close up-river of the proposed dredging 

site, implying only minor net transport. 	Regular 

disturbance of sediments occurs within the Inner Harbour 

through the mechanical agitation by ships' propellers when 
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vessels are manoeuvering - especially the astern movements of 

larger vessels. 	This induced turbidity quickly settles, 

without appreciable lateral transportation. 

6.1.1.5. Existing land use 

The entire project is aimed at deepening that section of the 

North Quay from berth 4 to 8 inclusive, and the necessary 

approach areas. 	It is not anticipated that there will be 

any significant change in land use, other than by increased 

intensity of usage. 

6.1.2. Biological Environment. 

There have been no specific surveys of the fish fauna of the 

Fremantle Harbour or the proposed reclamation areas; however, 

in 1979 the first annotated checklist of the fish fauna' of 

the Swan-Avon River System was published (Chubb et al, 1979). 

At that time 110 species of fish had been recorded. This has 

since been updated (Loneragan et al, 1987). 	Briefly, the 

major component of the Swan-Avon River fish fauna are of 

marine origin entering the system from the sea either as 

fertilised eggs or larvae, or actively as small juveniles or 

adults. 	Important representatives of this category include 

all of the major commercial species i.e. Perth herring, 

cobbler, sea and yellow-eye mullet, together with the major 

recreational species such as tailor, mulloway, flathead and 

flounder as well as the blue manna crab and the western king 
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prawn. The lower reaches of the river including the harbour 

are relatively deep, and thus the bottom waters of this 

region remain at sea water salinity all year round. 	As 

such, 	this region forms an important overwintering habitat 

for many of the more marine species (together with the crabs 

and prawn) which would normally be forced out of the 

estuarine system during the months of fresh water flushing. 

There is no fringing vegetation, nor are sea grasses present. 

6.1.3. Human Environment 

6.1.3.1. Land Tenure and Zoning 

Land adjacent to the Inner Harbour is Crown Land, vested in 

the FPA by the Fremantle Port Authority Act, 1902 - 1986, and 

by which it is empowered inter alia to construct and 

maintain: 

- navigational channels and navigation marks; 

- berths, jetties, sheds and cargo handling areas; and 

- support facilities incidental to the above. 

The land is zoned under the Metropolitan Region Scheme as 

Reserved for Port Installations. 
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6.1.3.2. Existing Boat Use Patterns 

The Inner Harbour is transitted by seasonally heavy volumes 

of ferry, commercial and private craft, but is not available 

for the berthing of such craft, other than for the picking up 

and setting down of passengers at approved landing places, 

and for the loading of bunker fuels by barge at the extreme 

eastern end. 

6.1.3.3. Other Human Uses 

The Department of Conservation and Environment Bulletin No 

103 (DCE:1981) introduces the Beneficial Use Concept and 

defines 16 such uses. Of those, five apply to the area of 

the Inner Harbour, namely: 

* No 2: Harvesting of aquatic life (excluding molluscs) for 
food; 

* No 3: harvesting of molluscs; 

* No 5: passage of fish and other aquatic life; 	 - 

* No 10: flushing water and water replenishment; and 

* No 16: navigation and shipping. 

Fishing is permitted along the full length of Victoria Quay 

and from both moles; North Quay is not available to the 

general public, due to the hazards associated with the 

movement of containers in the area. 

Recreational SCUBA diving is carried out from the seaward 

side of both North and South Moles, but is not permitted 

within the confines of the Inner Harbour. 	Swimming is 

similarly prohibited. 
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The water quality meets all applicable criteria for the 

'Beneficial Uses' associated with the area. 

6.1.3.4. Road Systems and Traffic 

All roads and traffic within the area of the Inner Harbour 

are under the control of the FPA. 	Of the area affected by 

the dredging, only the North Mole road is available to the 

general public. 

6.2 	Proposed Reclamation Area 

6.2.1. Physical Environment 

The proposed reclamation area is located on a submarine bank 

fringing the coastline and the sandy materials that form it 

belong to the geological formation known as the Cottesloe 

Fringing Bank Unit. 

6.2.1.1. Soils 

Approximately one third of the shore line affected by the 

proposed reclamation is a small, artificial degraded beach 

of some 300 metres by 30 metres, backed by two low dune 

ridges which are sparsely vegetated. The beach and dunes are 
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composed of white sand, which is made up of quartz (20% - 

30%) with minor feldspar grains and with varying amounts of 

lime sand from comminuted shell fragments. The quartz sand 

content decreases in an offshore direction. Minor amounts of 

gravel sized material are encountered close to the former 

coastal limestone coastline. 

The remaining two thirds consists of an area of dredge spoil 

- emanating from an earlier harbour dredging project - 

enclosed by a retaining wall, the seaward side of this 

retaining wall has been used for the dumping of waste ready-

mixed concrete and builders' rubble. 

The sea floor of the site is sandy and not biologically 

productive. 

6.2.1.2. Impact on Littoral Drift 

The whole of the proposed project area falls within the 

shadow zone of the North Mole. Dye tests referred to in 

Section 5.9.3 indicated, as could be expected, that the sea 

currents in the area to be reclaimed are not strongly defined 

in speed or direction. It is not anticipated that the 

stability which has been maintained over the more than twenty 

years which have passed since the last reclamation will be 

disturbed. Model tests at the Floreat Park Research Station 
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will be used to confirm these soundly based preliminary 

conclusions. 

6.2.1.3. 	Existing Wastewater Management and Drainage 

Wastewater from public and private toilets within the 

adjacent developed areas is discharged to individual septic 

systems. 	There are five surface drainage outfalls in the 

area: 

Location 

North Mole 
carpark 

25m East of 
west end of 
sea wall 

Diameter 

Up to 600mm 

610mm 

Area Served 

Car park and 
road 

Fremantle 
Dumpers 

Comment 

Discharges into 
Inner Harbour 

Affected by 
proposal 

150m east 	610mm 	 Fremantle 	Affected by 
Dumpers 	 proposal 

425m east 	380mm 	 FPA Yard 	Blocked 
3 7years 

580m east 	610mm 	 Independent 	May be affected 
Dumpers 	 if beach builds 

up in zone. 

Of the above, only (2) and (3) will be directly affected. 

(4) will probably be abandoned, and (5) will only be 

affected if littoral drift should cause a beach to develop on 

the northern side of the proposed sea wall. The drains only 

extend to the sea face of the existing sea wall. 
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6.2.2. Biological 

6.2.2.1. Flora 

The reclamation area is not unique and is typical of the 

sandy beach habitats found along much of the metropolitan 

coast. 	Having been utilised as a spoil dumping ground, the 

original biota has been smothered. Recolonisation by benthic 

flora has been sparse, and is mainly sea grass of the 

Halophila species; the area is not biologically significant 

in a regional sense. 	Aerial photography indicates that less 

than 20% of the affected sea floor is covered. 

6.2.2.1. Fauna 

In the absence of more specific information, the general note 

on the Inner Harbour fauna in 6.1.2 (above) applies. 

6.2.3. Human Environment 

6.2.3.1. Adjacent Land Use. 

Land adjacent to the base of the North Mole is currently 

dedicated to a public parking facility. 	Further to the 

north a leased area has been developed as a tank farm for the 

storage of liquid cargoes - mainly bulk tallow. 	The next 
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lease is occupied by Fremantle Wool Dumpers, with the 

remainder of the site being used by the FPA as a temporary 

storage area for bulk cargoes such as silica sand and talc. 

The nearest urban area is located two kilometres from the 

site and is bounded by Tydeman Road, Stirling Highway and the 

railway line. It is interspersed with industrial uses and 

the noise level is high. 

6.2.3.2. Existing Social and Recreational Value 

The North Mole attracts large numbers of visitors. 	In 

addition to fishermen and casual sightseers, it provides an 

excellent viewing platform from which to observe shipping 

movements and special events. 

Recognising its association with major events in the history 

of the State, and its particular social significance, a 600 

bay Car Park and public toilets were funded as part of the 

America's Cup construction programme. 

The beach adjacent to the Mole attracts only limited usage by 

bathers due to its isolation and degraded appearance, 

industrial surroundings and lack of facilities. 	Its 

protected waters make it popular with beginning SCUBA divers. 

Access to the Limestone facing of the reclaimed area is 

restricted, due to its current use as a dumping ground. 

Further north, recreational fishermen use the narrow strip of 

beach available at low tide, parking on the unsealed 

Rudderham Drive. 
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A wreck - thought to be that of the barge Gareenup dating 

from 1923 - lies about 150 metres north of the incinerator on 

the North Mole, at a point which may - depending on the final 

configuration - be covered by the -proposed sea wall.. 

Although accepted by the WA Maritime Museum as being 

historically insignificant, it is highly regarded by the 

amateur diving community as an ideal introductory daylight 

dive for beginners or an advanced night dive. 

6.2.3.3.Regional Landscape 

The Regional landscape is industrial and port related, with 

most of the structures being of a strictly utilitarian 

design. The exceptions - Fremantle Terminals Ltd. and 

Stateshipst offices - demonstrate the advances made in recent 

years in commercial and industrial building design. 

6.2.3.4. Road Systems and Traffic 

The nearest existing major road is Stirling Highway, to which 

the site is connected by Tydeman and Port Beach Roads. 	An 

unsealed road, Rudderham Drive, follows the line of the 

seawall containing the area reclaimed when berths 11/12 were 

constructed. 

Uloth(1985) noted that in 1984 Tydeman Road west of Queen 

Victoria Street carried 22,800 vehicles per day. 
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7.0 ENVIRONMENTAL IMPACTS 

Introduction 

A major construction must, of necessity, produce an impact 

upon the environment. Having identified the various aspects 

of this impact, a management plan has been devised to ensure 

that the undesirable effects are minimised. Because of the 

nature of the project area, disturbance to both the natural 

and the social environment will be minor. 

The following impacts are predicted if the proposal proceeds: 

+ interference with commercial shipping movements into and 

out of the Inner Harbour; 

+ local and temporary decline in water quality as fine 

materials are suspended during seawali construction, 

reclamation and dredging; 

+ 	increased noise and traffic flow through transport of 

quarried material to the seawall construction; and 

+ 	loss of recreational amenity through the disappearance of 

the small beach adjacent to the North Mole, and the 

possible removal/burial of an offshore wreck. 

This section reviews all anticipated impacts, both short and 

long term, and the impacts of alternatives. 
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7.1 	Fish resources 

7.1.1. Amateur fishing 

Both the Inner Harbour and the reclamation regions are 

important recreation angling locations. Thus while the 

dredging is in progress there will be some loss of amenity to 

the fishing community. However, once the dredging is 

complete this amenity will be restored, and - in the case of 

the reclaimed areas - improved, because of the availability 

of new hab-itats and more fishing platforms. 

7.1.2. Professional fishing 

No professional fishing takes place within the project area. 

7.2 	Shipping Facilities/Dredging Impact 

The degree of interference with the movement of commercial 

traffic will be determined by the location of the dredger, 

and the size of the vessel involved. 	Only client vessels of 

the FPA will be affected; commercial vessels in transit 

through the harbour are not of a size to suffer any 

inconvenience. 

Utilisation of berths leased to Fremantle Terminals Limited 

for cargo work will also be affected, as will common user 

berths 6-8. 
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7.3 	Flora and Fauna 

The mullet species are recruited into the estuary over, the 

period April to September, while Perth herring move into the-

estuary during September, and there is further exchange 

between these estuary and ocean stocks over the summer 

months. 

All other important species, including the crabs and the 

prawns are recruited or move between the estuary and the 

ocean during the summer/autumn period. 

Thus in terms of the recruitment of important species, 

dredging timed to commence in February and conclude in June 

would potentially only affect the mullet and perhaps the 

Perth herring during the year that the dredging was 

undertaken. Dredging would severely disturb the lower 

estuary bottom habitat and thus affect fish that are 

dependent on that habitat. Once the dredging is complete the 

newly exposed bottom environment would be recolonised and 

should once again support a diverse fish fauna. 

	

7.4 	Dredged Material Disposal 

7.4.1. General 

Dredged materials would be pumped through a 1 metre diameter 

pipeline to the reclamation' area, with primary control of the 

deposition exercised by movement of the discharge outlet. 

Earth moving equipment would be used for final levelling. 
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A temporary effect would be the turbidity generated by the 

deposition of the dredged material in the reclamation area. 

The fine particles in suspension would consist of silt/clay 

and a small portion of 'rock flour" - rock which has been. 

pulverised by the cutting action of the dredger and by 

friction during tranport. 

The permanent effect would be the loss of the small beach 

adjacent to the North Mole, and the extension of the 

previously reclaimed area. 

7.4.2 Disposal Sites 

Because the dredging would be a twenty four hour operation, 

the water enclosed within the bund walls would be 

continuously agitated, and the finest particles would remain 

in suspension. 

In the initial stage, during the summer months, the extent of 

turbidity would be negligible as the only material passing 

beyond the proposed reclamation area would be clay particles 

which are too fine to settle out. 

As reclamation proceeds and the containment area fills up, 

the material passing through the weir system would increase, 

but would always be limited to only those particles capable 

of being transported in a fluid medium over the weir, which 

would always be kept a minimum of four metres above sea 
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level. 	These particles would be clay and the finer silt 

faction having a grain size less than 75 microns. 

It is estimated that the overall silt/clay content is of the, 

order of 5% of the total volume to be reclaimed. 	Only a 

small proportion of this would be discharged into the sea, 

and this would occur at the end of the reclamation period, 

during the winter months. 

The extent of the plume ( and initial tests indicate an 

east/west travel vector) would depend on the sea/wind 

conditions on the day. It is not expected that the increased 

turbidity over a short period during winter months would 

have any long term deleterious impact, particularly if steps 

are takento contain the extent of the overflow. This can be 

achieved by maintaining a high level on the overflow weir. 

7.4.3 Site Selection and Impacts 

The criteria by which the site for the disposal of dredged 

materials was selected may be grouped under three headings: 

environmental, operational and economic. 

Environmentally, the site is a previously disturbed area - 

the onshore sector being reclaimed and the offshore sector 

having been designated as a spoil dumping ground. 	Its 

biological productivity is minimal. 
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Operationally, 	the important factors are the pumping 

distance involved for the disposal of dredged material, and 

the accessibility of the site for the trucking in of 

materials for the concomitant sea wall construction. 

Economically, the area reclaimed can be integrated into the 

FPA's existing land holdings, allowing an optimal utilisation. 

of high value real estate. 

7.5 	Hydrology of the Swan River 

The dredging within the Inner Harbour has the potential to 

affect water quality in the river. 	The timing of the 

operation is such that work would commence at the seaward 

extremity of the project, to take advantage of the summer 

weather conditions. The material encountered would be coarse 

grained sand; the turbidity plume should therefore be small, 

as the particles in suspension would rapidly settle out. 

Though the intensity of the plume would increase as the 

dredger moved into the Inner Harbour and reached areas of 

silt deposition, 	this is not expected to exceed the 

disturbance normally associated with shipping movements. 

The action of a cutter/suction dredger is of a hemispherical 

head of some 3 metres diameter rotating at about 30 r.p.m., 

powered by a drive of perhaps 2400 h.p. 	Concurrently, 

disturbed material is drawn into the head by powerful pumps 

for discharge elsewhere. 	In contrast, a large Roll On/Roll 

Off vessel, such as the Barber Tampa, has a controllable 
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pitch propeller of more than 6 metres diameter, rotating at 

130 r.p.m., developing about 36,600 b.h.p. and disturbing and 

displacing material in the adjacent area. 	 - 

Since most of the work would be carried out during the autumn 

and winter, there is also a probability of naturally 

occurring turbidity. 

7.6 	Foreshore Areas 

7.6.1. Boating/Carparks. 

No facilities are currently provided for private boating. 

There is a 600 bay car park at the base of the North Mole, 

and roadside parking is available on the Mole and in 

Rudderham Drive. It is intended that the large car park will 

be replaced by three smaller parking areas more conveniently 

placed adjacent to the waterfront. 	Temporary restrictions 

would apply to parking during the construction period, and 

are dealt with in 7.8 Access, below. 

7.6.2. Fishing 

Beach fishing in front of and from the existing sea wall 

appears to be mainly concentrated on the northern end, 

adjacent to Port Beach, and would be unaffected by the 

project. 	Trucking of limestone for the construction of the 
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sea wall would, however, preclude the use by fishermen of 

Rudderham Drive for parking. Once the sea wall was 

completed, a large additional fishing area would have been 

established. 

7.6.3. 	Recreation Areas 

Recreation - other than fishing - within the project area is 

limited to beach use on the small beach adjacent to the North 

Mole, and to sightseeing. The beach would disappear, and be 

a permanent change to the environment. Sightseeing would be 

interrupted during a part of the construction period, but 

would be reinstated with the completion of the sea wall, and 

would be enhanced by the provision of additional parking 

space. 

Recreational use of beaches to the north of the site would 

not be permanently affected, but could suffer minor effects 

from turbidity during the project construction. 

WA Maritime Museum and FPA divers have examined the wreck of 

the Gareenup to assess the prospects of successfully moving 

it clear of the project area. The submerged weight is in 

excess of 150 tons, which includes an estimated 30 tons of 

sand. Given that the capacity of the FPA's floating crane is 

only 80 tons, any plan to move the wreck must involve the 

use of floatation bags. Given, further, that the structure 

of the wreck is in a badly degraded condition, it appears 
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unlikely that such an operation could be effected without 

causing a degree of damage which would destroy the integrity 

of the wreck. It is therefore probable that this amenity 

will be lost. 

7.6.4 Economic 

7.6.4.1. Employment During Construction 

It is anticipated that about two hundred jobs would be 

created for personnel directly involved in the construction 

phase, plus additional professional employment for firms 

involved in consultancy and design. 

7.6.4.2 Recreational Potential 

The project is intended solely as a commercial and industrial 

development. No provision is being made for recreational use, 

although some indirect benefits may accrue. 

7.7 	Impacts on Existing Adjacent Community 

Given that the nearest community is some two kilometres from 

the project site and already subjected to considerable 

industrial activity with high noise levels, any loss of 

amenity should be minimal. 	Increases in traffic levels both 

during and after construction would be limited to Tydeman 

Road and its approaches, and would not affect the internal 

traffic pattern within the North Fremantle residential area. 
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The anticipated volume of trucks carrying rock for the sea 

wall is 400 vehicles per day, an increase of 1.75% on the 

1984 total daily usage figure. 

7.8 	Access 

Construction of earthworks would commence in September, from 

which time public access would need to be managed to ensure 

that appropriate public safety standards were adhered to. 

7.8.1 Inner Harbour 

When the dredger is working close to Victoria Quay the 

discharge pipeline would be laid in a dredged trench, to 

minimise interference with through-harbour traffic. 	At no 

stage would a floating pipeline prevent the movement of 

ferries or pleasure craft through the harbour. 

7.8.2 	North Mole 

Although the construction programme would not be finalised 

until the contracts had been awarded, the following is the 

anticipated sequence of events. 

Once heavy vehicles are moving rock along the North Mole it 

would not be possible to allow public access since truck 

arrivals would be in the order of one every three minutes 

throughout daylight hours. When the sea wall has been 
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progressed sufficiently far from the mole to afford 

protection to the bund wall, rock dumping would be 

transferred to the northern part of the seawall and to the 

bund wall. Access to the North Mole would continue to be a. 

problem whilst dumping at the bund wall continues. 	During 

November and December the dredging contractor would be moving 

pipeline on to the North Mole and assembling it. Heavy plant 

would be needed for this operation. 

Construction of the bund wall would take to mid March to 

complete, by which stage the dredging contractor would have 

completed a significant part of the approach channel and 

have removed the pipe from the North Mole. 

By the end of March, most of the heavy construction on the 

North Mole would be complete. In the interests of public 

safety the North Mole would be closed to the public from 

September 1988 until March 1989. The position would be 

reviewed periodically, and access granted if the 

circumstances permitted. 

From March to the end of the project, 	materials would 

continue to be pumped and access to the reclamation area 

would be controlled for safety reasons. Once the northern 

arm and the western arm of the seawall met in April, and 

sufficient work had been done to ensure all armour rocks had 

been placed securely, a road would be opened along the top of 

the seawall to the seaward end of the North Mole. 	Public 
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access would be granted as soon as the heavy equipment had 

left the site. Breaching of the North Mole would not take 

place until access was provided to the seaward end., 

7.8.3 North Quay 

At some stage during November and/or December access to the 

Stateships' gate via Port Beach Road would be disrupted 

whilst the dredging contractor installed two underground 

pipes for pumping from the Inner Harbour to the reclamation 

area. Excavation and reinstatement of Port Beach Road would 

be managed to ensure minimum disruption. 

After dredging is completed it is intended that access would 

be afforded to all sections of the new seawall. The 

reclaimed land would not be accessible until development of 
-i 

roads and services was completed. 

The interests of leaseholders adjacent to Port Beach Road and 

Rudderham Drive would be protected during the construction 

period, though it is inevitable that some inconvenience would 

occur. 

7.9 	Landscape Aesthetics 

Development of leaseholders' land would be required to comply 

with the Uniform Building By-Laws, and be subject to the 

normal Local Authority, State Planning Commission and - where 
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appropriate - EPA assessment and approval procedures. 	Lease 

conditions would be set by the FPA to ensure that the 

physical environment is appropriate to the entry to the 

State's principal port. 	In the medium term it is envisaged. 

that the, landscape planting of trees would be carried out 

along Rudderham Drive. 

	

7.10 	Future Maintenance Dredging 

Past experience is that deposition of silt within the Inner 

Harbour is minimal, and that maintenance dredging can be 

limited to marginal dredging carried out by grabs fitted to 

wharf cranes. Any such recovered material may then be 

trucked to a suitable dry fill dumping area. 

	

7.11 	Wastewater Disposal 

A preliminary study of the generation of wastewater in the 

development has concluded that disposal of the effluent by,  

the medium of approved septic tank systems would not affect 

the water quality in the proposed harbour to the extent of 

endangering the appropriate beneficial usages. The study is 

based on an assumption of a theoretical harbour flushing 

period of fifteen days by astronomical tidal action only. 

Studies currently being conducted by Schwartz and Imberger 

(1988) on the flushing of the Hillarys Boat Harbour indicate 

that wave induced flushing considerably accelerates this 
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activity; it appears reasonable to assume that the proposed 

harbour would be no less affected by wave flushing action. 

Further studies will be conducted on the physical model. 

At this stage, budget estimates include the provision of deep 

sewerage, but in view of the considerable distance of the 

project from any existing sewage main, the cost would be 

considerable, and may not - in the absence of environmental 

necessity - prove economically justifiable. 
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8.0 ENVIRONMENTAL MANAGEMENT 

8.1 	Introduction 

The proposed project would have an impact on the environment 

as described in Section 7. 	Preliminary design concepts have 

already identified areas in which the final designs can 

incorporate measures to improve environmental management 

through the shape and programmed construction of the sea 

wall. 	Completion of construction of the physical model now 

being undertaken at the Coastal and Hydraulic Engineering 

Laboratory in the University of Western Australia's Centre 

for Water Research, will allow these designs to be tested 

and refined. This section addresses the residual effects and 

describes the management programme which will be adopted to 

minimise the impact during construction and into the future. 

It is not anticipated that control of the development will 

pass from the hands of the FPA, which is and will remain the 

authority responsible for the administration, costs and 

funding of the project. 

During construction the major management issues are: 

* increased traffic density in delivering quarry materials 

to the sea wall; 

* turbidity caused by dredging, reclamation and sea wall 

construction; 

* restrictions on access by land and water; and 
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* probable loss of the wreck. 

Once the project is completed, the following would have to be 

managed: 

* water quality in the small boat harbour; 

* development and control of the reclaimed area; 

* the northern land-fill area; 

* maintenance of Inner Harbour depth; and 

* maintenance of the sea wall. 

8.2 	Objectives 

The objectives of the management programme during 

construction would be to: 

* minimise social disruption due to noise, dust and traffic; 

* minimise the amount of turbidity created in dredging, 

reclamation and rock dumping. 

The objectives of the ongoing management programme would be 

to: 

a) 	Maintain water quality as defined in DCE Bulletin 103 

Schedule 16 as being suitable for navigation and shipping, 

through the control of 

stormwater input; 

sewage input; 

fuel spills; 

collection of litter; and 

maintenance of natural flushing. 
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Manage the development of the reclaimed area as to ensure 

that all environmental safeguards and building regulations 

are complied with, and that an acceptable aesthetic standard 

of construction is set. 

Expedite the completion of the land-fill area and ensure 

that adequate protection is afforded. 

Monitor the degree of siltation occurring in the Inner 

Harbour and provide for maintenance dredging. 

Monitor and maintain the sea wall in a safe and stable 

condition. 

8.3 	Management Commitments 

8.3.1 Construction Phase 

During construction the following management programme would 

be adopted to achieve the objectives set out in Section 8.2 

above. 

8.3.1.1 Noise and Traffic 

The contract to build the sea wall would specify the hours of 

operation, routes to be followed and frequency of trucks 
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supplying armour and core material. Currently, the intention 

is that operations would be limited to a twelve hour period 

from 0600hrs to 1800hrs daily, excepting Sundays. The 

approach route would be via the Stirling Bridge, Tydeman 

Road, Port Beach Road and - for the northern arm and part of 

the bund wall - Rudderham Drive. 

8.3.1.2 Turbidity 

There are three sources of turbidity: the dredger's cutting 

head, the sea wall rock dump face and the dredge spoil 

deposition. The turbidity resulting from the dredger's 

cutter head would be temporary, and insignificant in terms of 

that generated during normal port activities. Management of 

the plume which would emanate from the rock dumping would be 

achieved by ensuring that the progress of the rock armouring 

keeps pace with the core dumping to minimise the period 

during which the core material is subject to wave action. 

The basis of the dredge spoil turbidity management programme 

is the staging of the construction of the sea wall and the 

bund wall enclosing the reclamation area to so delay the 

emergence of turbid water into the outside environment as to 

ensure that material in suspension will have largely settled 

out. This staged programme is illustrated in figure 6. 
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It is envisaged that construction of the sea wall would 

commence from the North Mole, west of the incinerator, 	and 

proceed for two months until the end of October 1988. 	It 

would then have advanced some 350m and provide protection to. 

the inner end of the -Mole where bunding and reclamation are 

planned to originate. 

In early November, sea wall constructional activity would be 

transferred to the northern arm which would extend 

perpendicular to the existing sea wall along Rudderham Drive. 

The southern section of this wall would then be progressively 

dismantled to provide armour for the new construction. 

Concurrently, the bund wall would be commenced from the area 

to the rear of the incinerator, and be some 400m in length 

when dredging commences in the coarse sands to the west of 

the Inner Harbour entrance; initial deposition would be in 

the most southerly part of the reclamation area. Armour rock 

from the northern face of the North Mole, from the inner 

extremity to the junction with the sea wall, would be removed 

for re-use when construction of the western arm resumes in 

January. Work would return to the northern arm in February 

and March - by which time the bund wall would be completed. 

As the dredger moves into the Inner Harbour, 	where fine 

silts would be encountered, deposition of spoil would be 

into a fully bunded area. As dredging proceeds throughout 

the remaining Inner Harbour area picking up what would be the 

71 



predominant area of fine material, the now fully enclosed 

reclamation area would effectively contain these fines. Run-

off from the bunded area would still be largely impounded by 

the sea wall, with outlet to the sea via the small remaining 

gap between the western and northern arms. Being a protected 

body of water, settlement of the remaining fine particles 

would proceed free of wave agitation. When the northern and 

western sea walls finally meet, the North Mole would be 

breached to form the new harbour entrance, whence the run-off 

would discharge. 	Being now late autumn/early winter, the 

flow through the Inner Harbour is naturally turbid and the 

ebb stream is dominant, carrying the run-off seawards. 

Reclamation is planned to continue until the end of the 

dredging, at which stage a settlement pond of approximately 3 

hectares would remain. Some of the land would be reclaimed 

to a level higher than the finished level and would 

subsequently be pushed to partially cover the settlement pond 

once it had dried out. Clean land fill would then be brought 

in to complete the reclamation. 

This reclamation management plan has been dráf ted in the 

knowledge of known rates of construction of various types of 

sea walls and the programmes as spelled out in 5.5 and 5.13. 

It may vary, based on actual contract programmes, but the 

principle of maximum enclosure of the dredge discharge and 

maximum retention time would be a fixed commitment. 
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Key dates for awards of contracts must be met to achieve this 

programme. 	Testing of the physical model under various sea 

state conditions and stages of construction will confirm its 

acceptability. 	The results of tests will be known before. 

contracts are awarded so that the draft construction schedule 

can be fine tuned. 

8.3.1.3 Access 

The FPA is mindful of the popularity of the North Mole as a 

fishing area; 	however, it is also mindful of its duty to 

ensure the safety of the general public within its 

boundaries. 	It would therefore be necessary to prohibit 

public access to the North Mole from September 1988 until at 

least April 1989. 	The physical situation would be closely 

monitored, with a view to possibly relaxing this prohibition; 

however, although the sea wall contractor would work only a 

twelve hour day six days per week, the dredger would operate 

on a 24 hours per day basis, with only the Saturday night 

shift excluded. It is therefore not feasible for the FPA to 

make any commitment at this stage to restore access prior to 

the opening of the road atop the new sea wall. 

8.3.1.4 Wreck of Gareenup 

Discussions are continuing with officers of the WA Maritime 

Museum regarding the feasibility of moving the wreck of the 

Gareenup and associated debris prior to dumping rock in the 
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area. 	In view of the deteriorated condition of the wrec] 

the probabilitiy of conducting a successful moving operati 

without destroying its integrity appears to be low. It rn 

be possible at some stage to acquire a suitable replacement. 

vessel to be scuttled in the area to seaward of the proposed 

project area, but still within the lee of the North Mole. 

8.3.2 Post Construction Stage 

8.3.2.1 water Quality 

8.3.2.1.1 Storm water: 	The main storm water surface 

drainage is planned to be along the line of Rudderham Drive 

to discharge into the sea clear of the reclamation area, via 

a silt/oil trap system. Existing storm water drains which 

discharge into the sea within the area to be reclaimed would 

be diverted and incorporated into this system. Up to one 

hectare of the waterfront may need to be drained into the 

harbour; if so, water would be led through a silt/oil trap. 

8.3.2.1.2 	Sewage: 	In the opinion of the consultant (see 

Appendix 2), sewage disposal does not appear to be a problem, 

and could be handled by the installation of septic tank 

systems as the blocks are developed. A contingency sum has 

been included in the budget for the provision of a gravity 

sewer, pumping station and rising main, 	should further 

investigation indicate that deep sewerage is required. 

n 
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8.3.2.1.3 Oil spill: The FPA has both the equipment and the 

trained manpower to provide a speedy and efficient response 

for the containment and clean-up of any fuel spill. 

8.3.2.1.4 	Floating debris: The Nautical Section of the FPA 

operates a launch fleet with a round-the-clock availability. 

Since it is intended that this fleet wOuld be located within 

the development, removal of floating debris can be 

accomplished at any time. 

8.3.2.1.5 Flushing: The FPA will, in consultation with the 

EPA, carry out any once-off study which may be considered 

necessary to confirm the predictions of the physical model as 

to the flushing characteristics of the harbour. 

8.3.2.2 Development 

Under the terms of the Fremantle Port Authority Act 1902-

1979, the FPA is empowered to grant leases of any of the 

lands vested in it by or under the Act, 	as yards or sites 

for shipbuilding, boat building, storage of timber, coal, 

merchandise or other property, or for the erection of-

workshops or foundries or for any other purpose approved by 

the Minister. Leases are normally granted for a period of up 

to twenty-one years, though the Minister is empowered to 

extend this period - in special circumstances - to fifty 

years. 
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A market survey of potential leasholders is currently being 

conducted on behalf of the FPA. Any lease granted will 

contain conditions as to the design and approval procedures 

necessary, prior to the establishment of any improvements on-

the leased land. 

8.3.2.3 Land-fill Area 

Provision has been made in the area of reclamation to allow 

for the total volume of dredge spoil, being greater than 

anticipated, since it is not possible to make precise 

predictions in advance. On completion of the dredging and 

the subsequent levelling of the area, permanent filling and 

surfacing of any area not completed to design level after 

dredging would be expedited to enable rapid development and 

occupation. 	To minimise dust nuisance, limestone will be 

placed on the surface of the drying area. 

8.3.2.4 Maintenance of Inner Harbour Depth 

A permanent Hydrographic Section with a dedicated surveying 

vessel is maintained within the Engineering Department of the 

FPA. 	Available depths of water within the port are 

continuously monitored. Experience within the Inner Harbour 

is that silt deposition is of the order of 5,000m3  per annum, 

which, spread over the area, is of minimal impact. 
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8.3.2.5 Maintenance of Sea Wall 

Human and material resources within the FPA's Engineering 

Department are adequate to continuously monitor any 

settlement of the sea wall in the post-construction phase, 

and to determine the necessary corrective action. 
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9.0 SUMMARY OF COMMITMENTS 

Responsibility for the design, management and operation of 

the project lies with the Fremantle Port Authority. In the 

discharge of this responsibilty, the FPA commits itself to:-, 

* 	monitor the noise and dust generation, 	investigate any 

complaints and ensure that any further problems are 

minimised; 

* reduce turbidity to a minimum during dredging and 

construction through staged construction of the sea and bund 

walls and the timing of the dredging; 

* 	maintain public access to recreational areas to the greatest 

extent compatible with safety requirements; 

* explore the possibility of preserving or replacing the 

Gareenup wreck as a recreational diving amenity; 

* 	maintain water quality in the proposed small craft harbour at 

an acceptable level, as defined by the competent authority; 

* promptly contain and remove any fuel spill, or, other 

material, within the harbour; 

* 	maintain the integrity of all new construction; 

* 	ensure that all improvements to leased land meet stringent 

building and aesthetic standards; and 

* 	provide deep sewerage if deemed necessary. 

Above all, to discharge the FPA's prime responsibility of 

providing and operating an efficient, commercially viable 

port for the benefit of the State and People of Western 

Australia. 
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10.0 CONCLUSIONS 

The Fremantle Port Authority proposes to deepen the Inner 

Harbour of the Port of Fremantle by the dredging of a nominal 

2 metres. 	The resulting dredge spoils would be utilised to 

reclaim an area of between 25 and 30 hectares of land to the 

north of the North Mole and to build a sea wall to enclose an 

area of approximately 16 hectares to form a small craft 

harbour adjacent to the reclamation site. 

10.1 	Benefits of the Project 

The major benefits are: 

* a necessary improvement to the facilities offered to 

shipping; 

* 	a quicker and cheaper alternative to developments previously 

considered; 

* 	the provision of land for port related purposes supplementing 

the current short supply; 

* 	a new commercial/industrial sub-division with prospects for 

employment and income generation; 

* 	an opportunity to relocate existing industries; and 

* 	a new and accessible recreational fishing area in 6 metres of 

water. 
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10.2 	Environmental Impacts 

The location of the development in an already highly modified 

environment, and appropriate planning and management of the 

project, ensures that disturbance to the natural environment 

is minimal. 

The following impacts are anticipated: 

* 	a temporary loss of water quality in both the dredging and 

reclamation areas due to turbidity; 

* 	the loss of . a small degraded beach, and the probable loss of 

a diving attraction; 	 - 

* 	temporary restriction of access to the North Mole; 

* an increase in heavy traffic during the. sea wall 

construction; and 

* 	loss of a section of the marine environment. 

	

10.3 	Management of Impacts 

* 	turbidity at the reclamation site will be controlled by the 

phased construction of the sea and bund walls to impound the 

discharge of dredge spoils; 

* 	development of the industrial sub-division will be controlled 

through the conditions of leasing; and 

* 	water quality to be monitored and maintained. 
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10.4 	Conclusion 

The operational and cost efficiency of the State's principal 

port is of economic consequence to all Western Australians. 

The increase in the dimensions of vessels engaged in seaborne 

trade requires a corresponding increase in port capacity. 

It is the FPA's belief that the project herein described 

represents the most immediate and effective response to the 

demands being made upon it. 
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12.0 CONSULTATIONS 

12.1 	The Project 

The FPA is represented on the Fremantle Port Precincts Co-

ordinating Committee and its Technical Committee, which meet 

under the auspices of the State Planning Commission. 

Also included are representatives of the Fremantle City 

Council (FCC), the Department of Marine and Harbours, the 

Main Roads Department (MRD), the Swan River Management 

Authority and the Waterways Commission. 	These committees 

have been kept fully briefed as the concept of the project 

has evolved. 

Representatives of the EPA have visited the FPA for detailed 

briefings on the progress of the planning process, and to 

advise on environmental requirements. The Mayor of Fremantle 

and members of the Council's Planning Committee have also 

visited. 

12.2 	Traffic 

Meetings with officers of the MRD and the FCC have been held 

to determine optimal routes for the delivery of sea wall 

materials. Necessary road maintenance tasks in Tydeman Road 

and at the intersection of Tydeman and Port Beach Roads have 

been identified and programmed for implementation prior to 

project commencement. 	Discussions are continuing as to the 

ultimate division of responsibility for road maintenance. 

83 



12.3 	Wrecks 

Discussions and site investigations have taken place with 

staff of the Western Australian Maritime Museum regarding the 

wreck of the Gareenup. 
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A 
FREMANTLE INNER HARBOUR DREDGING PROPOSAL 

GUIDELINES FOR THE PUBLIC ENVIRONMENTAL REPORT 

SUMMARY 

	

The PER should contain a brief summary of: 	 - 

- salient features of the proposal; 

- alternatives considered; 

- description of receiving environment and analysis of potential impacts 
and their significance; 

- environmental monitoring, management and safeguards, and commitments 
thereto; and 

- conclusions. 

INTRODUCTION 

The PER should include: 

- identification of proponent and responsible authorities; 

- background and objectives of the proposal including development 
concepts; 

- brief details, and timing of the proposal; 

- relevant statutory requirements and approvals; and 

- purpose and structure of the PER. 

NEED FOR THE DEVELOPMENT 

The PER should provide a discussion of the justification for the project and 
project costs (in the broad sense) and benefits at local and regional 
levels. For example the following items should be covered: 

- the proposed development should be considered within the context of local 
and regional commercial requirements; 

- benefits to the community of the project; 

- does the project utilise or make available resources that would otherwise 
not be available to the community; and 

- how this proposal fits into any overview or regional plan for future 
development. 	 - 	- 

EVALUATION OF ALTERNATIVES 

The evaluation of alternatives is an important part of •a PER. A discussion 
of-alternative options should be given. A comparison of these in the context 
of the stated objectives should be included as well as costs and benefits at 



both construction and long term stages. In this way, the rationale for not 
choosing certain alternatives should be clear as well as the basis for 
choosing the preferred option. 

The following provide examples of alternatives and their potential impacts 
for consideration: 

- various development options or scales of development; and 

- various special arrangements of uses based on environmental 
consequences. 

	

5. 	DESCRIPTION OF PROPOSAL 

This should include: 

- general concepts; 

- extent of dredging; 

- disposal of dredged material; 

- extent of reclaimation; 

- sea wall construction and protection; 

- proposed land uses on reclaimed area; 

- associated works; 

- small boat harbour; 

- turbidity created by dredging both during dredging and during discharge 
of material; 

- access; 

- other works including infrastructure sources; 

- drainage of reclaimed area; 

- the construction period: 

operations; and 

employment. 

	

6. 	EXISTING ENVIRONMENT 

The PER should provide an overall description of the environment and an 
appraisal of physical and ecological systems likely to be affected by it. 

It should then concentrate on the significant aspects of the environment 
likely to be impacted by the development (ie in particular the processes 
sustaining the system). Only the processes, habitats, resources and 
potential resources which could be influenced should be defined. Detailed 
inventories should be placed in appendices to the PER. 
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Wherever possible in the discussion of physical and biological processes 
that are essential determinants in the maintenance of habitats and 
resOurces, models or diagrams should illustrate and synthesise the 
interactions between the processes. 

This discussion should include: 

Fremantle Inner Harbour: 

- physical: 

soils; 

geology; 

hydrology; 

sediment movement - should include discussion on possible disturbance 
of contaminated soft mud sediments through dredging activity. This may 
lead to pollution of beaches elsewhere through dispersal by ocean 
currents; and 

existing land use. 

- biological: 

possible impact on seasonal movement of fish between the River and sea 
should be addressed here. 

- human environment: 

land tenure and zoning; 

existing boat use patterns; 

other human uses; 

road systems and traffic; and 

adjacent land uses. 

Proposed reclaimatiori area: 

- physical: 

soils; 

impact on littoral drift; and 

existing wastewater management and drainage at adjacent industrial 
area. 	 - 

- biological: 

flora; and 

fauna. 
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- human environment: 

adjacent land use; 

existing social and recreation value; 

regional landscape; and 

road 'systems and traffic. 

7. 	' ENVIRONMENTAL IMPACTS 

This is the most important part of the PER and the result should show the 
overall effect on the total ecosystem and social surroundings of the 
location during and after construction. 

The objective of this section is to synthesise all information and predict 
potential impacts upon the environment in the short and long term, including 
beneficial impacts and the impacts of alternatives. This should include an 
assessment of the resilience of the systems identified in Part 6 to natural 
and man-induced pressures. 

Impacts should be quantified where possible. Criteria for making assessments 
of their significance should be outlined. In some 'areas there will be 
advantage in discussing construction and operation impacts separately. 

It will be necessary to determine impacts on individual components of the 
environment before a final overall synthesis of potential impacts is made. 

This section should include but not be limited by consideration of the 
following: 

Fish Resources: 

amateur fishing; and 

professional fishing. 

Shipping Facilities/Dredging Impacts: 

- dredging and spoil disposal. 

Flora and Fauna (including habitats) lost, disturbed, displaced or created 
as a consequence of this project. 

Spoil Disposal: 

- general; 

- disposal sites; and 

- site selection and impacts. 

Hydrology of the Swan River. 
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Foreshore Areas: 

- boating/car parks; 

- fishing; 

- recreation areas; and 

- economic: 

employment during construction; and 

recreation potential in reclaimed area. 

Construction and long term impacts on existing adjacent community ie noise, 
increased traffic. 

Access. 

Landscape Aesthetics. 

Future Maintenance Dredging. 

Wastewater disposal. 

The final synthesis should include an assessment of the significance and 
timing of the various potential impacts identified. 

8. 	ENVIRONMENTAL MANAGEMENT 

An environmental management programme should be described on the basis o 
(and cross-referenced to) -the synthesis of potential environmental impacts 
described in 7. 

The purpose of the management programme is to demonstrate the -manner in 
which potential environmental impacts can be ameliorated. 

Authorities responsible for management should be clearly identified as 
should management administration, costs and funding including long term 
financial contingency. Reference should be made to environmental standards 
expected. - - 

Elements of monitoring and the environmental management programme should 
include the impacts identified in 7. Emphasis should be placed on the manner 
in which monitoring results will lead, where appropriate, to amendments to 
the management programme. 	 - 

Environmental safeguards should be described. 

Procedures for reporting the results of monitoring and management to 
appropriate authorities should be-given. - 	 - 	- 

- Sediment movement and water quality, including both inner harbour and 
reclaimed area; 	 - 	 - 	 - 

- management of reclaimed foreshore area; 
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- management and control of land uses and harbour on reclaimed area; and 

- maintenance of sea wall. 

SUMMARY OF COMMITMENTS BY PROPONENT 

Commitments should be made to implement the environmental management 
programme. 

CONCLUSION 

An assessment of the environmental acceptability of the project in terms of 
its overall environmental impact and in the context of the proposed 
management programme should be given. 

11 • 	REFERENCES 

PER GUIDELINES 

A copy of these guidelines should appear within the PER. 

CONSULTATIONS (details of consultations with government bodies and 
public interest groups 

APPENDICES 
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Assessment of the impact of septic tank effluent and heavy metals in the dredge 
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by 
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Introduction 

The Fremantle Port Authority proposes to deepen the Inner Harbour and to create 
by filling from dredged spoil a small craft harbour and associated industrial park 
(Ref. 1). A Public Environmental Review has been requested by the Environmental 
Protection Authority for this project. 

The objective of the present report was to assess the probable impact of effluent from 
septic tanks, if employed at the industrial park on water quality, and the possible 
leaching of heavy metals from the silt/mud portion of the dredged spoil. Because 
the beneficial use of the small craft harbour is primarily for navigation and shipping 
it is envisaged that the problem to be anticipated is the growth of algae to nuisance 
proportion in the relatively enclosed water body pf the small craft harbour. Heavy 
metals are considered from the point of view of their re-release to the water 
environment from the dredged silt/mud. 

Leaching of septic tank effluent 

Volume of wastewater 

When fully,  developed there will be the equivalent of about 50 single lease areas at 
the industrial park. Each will have up to 3 or 4 employees. Thus under full 
development there will be a maximum of 200 employees that will make use of 
bathroom and toilet facilities (Phil Storey, FPA, private communication). 

The water usage of per employee per day for a commercial/industrial establishment 
ranges from 12 to 30 US gallons, with an average of 25 US gallons (95 litres), (Ref. 2). 
This estimate is conservative since it is based on the North American experience. 
The maximum total volume of wastewater generated will therefore be 200 x 95 LId 
= 19,000 L/d. 

Pollution load 

The strength of the wastewater should not be more than that of domestic 
wastewater. After treatment in, a properly designed septic tank (Australian Standards 
1546 and 1547) about 50% of the BOD (biochemical oxygen demand, a measure of the 
concentration of organic matter in the wastewater) and of the SS (suspended solids) 
will be removed but with very little removal of nitrogen (N) and phosphorus (P) 
nutrients (Ref. 3). 

Further removal of pollutants takes place in the soil as the effluent percolates 
down.The degree of removal depends on the nature of the soil with loamy type soils 
being better than coarse sandy soils. It also depends on the mineral components of 
the soil with calcareous soils being better in removing heavy metals than acid soils. 



The dredge spoil would consist of 100,000 cu.m. silt, 450,000 cu.m. sand and 1,250,000 
cu.m. rock. Evenly mixed the resulting material would be very coarse and 
permeable. Complete mixing of the three components would be very unlikely. 
Nonetheless it could be expected that the resulting mixtures would still be very 
permeable. The dredged material is expected to be similar to sand and limestone of 
the Spearwood dune system. 

The groundlevel at the proposed site is estimated to be between 3.2 and 4 m above 
AHD. There would therefore be at least 2.7 m of material acting as a 'trickling filter' 
for the percolating effluent from septic tanks. It could be expected that the effluent 
quality would be better than 10 mg/i BOD and SS before reaching the groundwater. 
It is better than the 20 mg/L BOD and 30 mg/L SS standards for the disposal of 
treated sewage. Some P removal will take place by the calcareous material, but it is 
expected that very little N removal will take place (Ref. 4). The P concentration 
could be expected to be about 15 mg/L, and the N concentration 100 mg/L, 
equivalent to 285 g/d of P and 1,900 g/d of N. Not all of these would flow into the 
small craft harbour because of the distribution of the lease areas; some would flow to 
the Swan River and some toward the sea. Therefore these estimates are 
conservative. 

Flushinz in the small craft harbour 

A separate study is being conducted to assess the degree of flushing of water in the 
proposed small craft harbour. The results of the study are not yet available. It is 
essential however in this report to estimate the likely concentration of nutrients in 
the small craft harbour to determine whether they will reach undesirable levels. To 
do this an estimate of the degree of flushing is required, and is made below based on 
a number of assumptions. 

Flushing is assumed to be due to tidal motion. Flushing time due to astronomical 
tides = (average depth of basin x tidal period/tidal range). Average depth of basin = 
(6+4)/2 = 5 in LWM = 5.8 MSL. Tidal range = 0.4 m. Tidal period = I day. Hence 
flushing time = 15 days. It is assumed that complete mixing takes place between 
water brought in into the small craft harbour by tidal motion with water in the 
harbour. And that water brought out of the small craft harbour would be mixed 
with water outside the small craft harbour and would not affect the quality of water 
brought into the small craft harbour in the subsequent tide. The latter assumption is 
likely to be reasonable due to the much higher volume of tidal water moving into 
and out of the Swan Estuary. The mixing in the small craft harbour is facilitated by 
wind induced circulation and slope induced circulatôn in the small craft harbour, 
but complete mixing may not take place. 

Assuming a flushing time of 15 days as calculated above (A conservative estimate 
since this is usually reduced due to additional flushing by barometric tides), and that 
the total N and P from septic tanks enters the small craft harbour, the average 
equivalent concentration of nutrients in the small craft harbour would be 
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Volume of water in inner harbour = 700 x 200 x 5 = 700,000 cu.m. 
Accumulation of N over 15 days = 15 x 1,900 g = 28,5000 g 
Equivalent average concentration of N in water = 28,5000/700,000 = 0.041 mg/L 

Accumulation of P over 15 days = 15 x 285g = 4,275 g 
Equivalent average concentration of P in water = 0.0061 mg/L 	- 

The equivalent average concentration figures are notional figures since part of the 
nutrients will be taken up by sea weed or algae. These figures have been computed 
to enable a comparison with known systems such as Cockburn Sound and Peel 
Harvey Estuary. 

Probable impact of nutrients on water Quality in small craft harbour 

When compared to the conditions at Cockburn Sound, which experienced algal 
problems due to N, and Peel Harvey Estuary, which experienced algal problems due 
to P. the concentrations of both nutrients in the proposed small craft harbour are 
below the onset concentrations for the problems in Cockburn Sound and Peel 
Harvey Estuary. 

Cockburn Sound (Ref. 5) 

Area = 10 sq.km. Average depth 12m. Volume = 1.2x10E9 cu.m. Exchange with the 
ocean is estimated at 325 cu.m./s. Flushing rate is therefore 43 days. Algal problem is 
noted when total discharge of N is above 2,000 kg/d. This is equivalent to an 
equivalent average concentration in the Sound of 2,000x43/1.2x10E9 kg/cu.m. = 
0.072 mg/L. 

Peel Harvey Estuary (Ref. 6) 

Flushing rate of the Peel Harvey Estuary has been estimated at 30 to 50 days. Total P 
input has been estimated at 155 t/y, while outgoingto sea at 60 t/y. It could be 
anticipated that the algal problem would be reduced or eliminated if total P input 
decreased to 60 t/y, and the equivalent average concentration would be as follows: 
P input = 60x1,000 kg/y = 165 kg/d. 
Area of Estuary = 1300 sq.km. Average depth = 0.5 m. Volume = 0.66x10E9 cu.m. 
Average concentration in the Estuary = 165x40/0.66x10E9= 0.01 mg/L. 

Discussion 

Using conservative estimates of all nutrients from septic tanks going into the small 
craft harbour the above calculations show that there would unlikely be any algal 
growth to nuisance proportion in the small craft harbour. The calculations need to 
be verified once the results of the flushing study are available. 
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One point which needs attention is, however, the layout of the small craft harbour 
which may result in the accumulation of sea week and algae in the northern part of 
the small craft harbour due to the prevailing south westerly wind in the locality. 
Even though the average concentration in the water body may be very low, 
accumulation at the northern end may result in floating materials near the walls 
not being recirculated into the main water body. This aspect points to the need of 
monitoring once the harbour is in operation. 

Leaching of heavy metals 

The concentrations of heavy metals in the silt/mud portion of the dredged material 
are likely to be similar to concentrations found in sediments near the proposed 
Anchorage project (Ref. 7). The heavy metals are likely to be bound in organics and 
clay minerals. When lifted and mixed with calcareous materials the sediment will 
be more oxygenated and the oxidation and reduction potential and pH would 
increase (limestone has a buffering pH of about 8), the heavy metals are likely to be 
more strongly bound/precipitated. Leaching of the metals from the dredged material 
is therefore expected to be minimal. 

Conclusions and recommendations. 

The above analyses indicate that nutrient leaching from septic tanks from the 
industrial park is unlikely to cause algal problems in the small craft harbour. 
Accumulation of seaweed may occur at the northern end of the small craft harbour 
due to prevailing south westerly wind direction, and monitoring of nutrient 
concentrations and weed accumulation is recommended. Once the flushing study of 
the proposed small craft harbour is completed it is essential, however, to verify the• 
calculations of nutrient concentrations. 

Heavy metal leaching from the dredged material is likely to be minimal. 
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RE: PROPOSED DEEPENING OF FREMANTLE HARBOUR 

There have been no specific surveys of the fish fauna of the 
Fremantle Harbour or the proposed reclamation areas. However, 
in 1979, the first annotated checklist of the fish fauna of the 
Swan-Avon River System was published (Chubb et al, 1979). At 
that time 110 species of fish had been recorded. This has 
since been updated (Loneragan et al, 1987). Briefly the major 
component of the •Swan-Avon fish fauna are of marine or.igon 
entering the system from the sea either as fertilised eggs or 
larvae, or actively as small juveniles or adults. Important 
representatives of this category include all of the major 
commercial species i.e. Perth herring, cobbler, sea and 
yellow-eye mullet, together with the major recreational species 
such as tailor, mulloway flathead and flounder as well as the 
blue manna crab and the western king prawn. The lower reaches 
of the river including the harbour are relatively deep, and thus 
the bottom waters of this region remain at sea water salinity 
all year round. As such this region forms an important 
overwintering habitat for many of the more marine species 
(together with the crabs and prawn) which would normally be 
forced out of the estuarine system during the months of 
freshwater flushing. 

Thus the areas to be dredged constitute 

The recruitment pathway from the ocean to the estuary. 

An important overwintering habitat. 

The reclamation areas are not unique and are typical of the 
sandy beach habitats found along much of the metropolitan 
coast. 

Both the Harbour and reclamation regions are important 
recreation angling locations. Thus while the dredging is in 
progress there will be some loss of amenity to the fishing 



community. However, once the dredging is Complete this 
amenity should be restored, and in the case of the reclaimed 
areas, improved because of the availability new additional 
habitats and more fishing platforms. 

The mullet -species are recruited into the estuary over the 
period April to September, while Perth herring move into the 
estuary during September, and there is further exchange between 
these estuary and ocean stocks over the summer months. 

All other important species, including the crabs and the prawns 
are recruited or move between the estuary and the ocean during 
the summer/autumn period. 

Thus in terms of the recruitment of important species, 
dredging timed to commence in February and conclude in June 
(5 mo) or September (8 mo) would potentially only affect the 
mullet and perhaps Perth herring during the year that the 
dredging was undertaken. However, dredging would severely 
disturb the lower estuary bottom habitat and thus affect fish 
that were dependent on that habitat. Once the dredging is 
complete the newly exposed bottom environment will be 
recolonised and should once again support a divise fish 
fauna. 

z2 

R. Lenanton 
SENIOR RESEARCH OFFICER 
FINFISH AND ESTUARINE STUDIES 

11 March 1988 
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