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Environmental Protection Authority 

MARINA, RESORT AND RESIDENTIAL DEVELOPMENT (EXTENSION 
TO EXMOUTH BOAT HARBOUR), EXMOUTH 

(Assessment No. 1070) 

PUBLIC ENVIRONMENTAL REVIEW 
GUIDELINES 

Overview 

In Western Australia, all environmental reviews have the objective of protecting the 
environment, which for this proposal means that the environmental values associated with 
Exmouth are protected. 

The primary purpose of the Public Environmental Review (PER) is to provide information 
on the proposal to the EPA within a regional framework, and environmental impact 
assessment is deliberately a public process in order to obtain broad ranging advice. The 
review requires the proponent to describe the proposal, receiving environment, potential 
environmental impacts and the management of the issues arising from the environmental 
impacts, so that the environment is protected to an acceptable level. 

Throughout the assessment process it is the objective of the Environmental Protection 
Authority (EPA) to assist the proponent to improve the proposal such that the environment 
is protected in the best manner possible. The DEP will co-ordinate, on behalf of the EPA, 
relevant government agencies and the public in providing advice about environmental 
matters during the assessment of the Public Environmental Review (PER) for this 
proposal. 

These Guidelines have been prepared in response to a proposal forwarded to the 
Environmental Protection Authority (EPA) by Bowman Bishaw Gorham on behalf of 
LandCorp to construct a marina, resort and residential development as a land backed 
extension to the Exmouth Boat Harbour. Any proposal to extend an existing quarry, or 
new quarry should be subject to a separate environmental assessment. 

These Guidelines have been prepared to assist the proponent in identifying issues which 
should be addressed within the PER. They are not intended to be exhaustive, and the 
proponent may consider that other issues should also be considered within the document. 
The aim of the PER is to emphasise those relevant environmental factors which have the 
potential to impact on the physical, biological and social environment of Exmouth. 



Environmental Management 

The EPA considers that the proponent should approach environmental management of the 
proposal in terms of best practise. Best practice environmental management includes: 

an overall objective to reduce as far as practical all potential impacts on the 
environment; 

development of an environmental policy; 

agreed environmental objectives; 

management of environmental objectives; 

involving the public as appropriate; 

audit performance against agreed indicators; 

regular reporting to the EPA (or nominated agency); 

commitment to a quality assured management system and continuous improvement; 
and 

periodic (for example 5 yearly) review in conjunction with the EPA (or nominated 
agency). 

Contents of the PER 

The contents reflect the purpose of the PER, which is to: 

communicate clearly with the public (including government agencies), so that the 
EPA can obtain informed public comment to assist in providing advice to 
government; 

adequately describe those aspects of the proposal that have altered, so that the 
Minister for the Environment can consider approval of a well-defined project; and 

provide the basis of the proponent's environmental management programme, which 
shows that the environmental issues resulting from the proposal can be acceptably 
managed. 

The language used in the body of the PER should be kept simple and concise, considering 
the audience includes non-technical people, and any extensive, technical detail should either 
be referenced or appended to the PER. The PER will form the legal basis of the Minister 
for the Environment's approval of the proposal and, hence, should include a description of 
all the main and ancillary components of the proposal, including options if necessary. 

The fundamental contents of the PER should include: 

a brief introduction of the proponent, the project and location, including cadastral 
information. A clear overlay of a suitably scaled map/plan, which both clearly 
indicates the nature and extent of the Exmouth Boat Harbour which is currently 
being constructed and the works proposed associated with the extension of this boat 
harbour. A regional map should also be included which identifies the proposal 
within a social and regional setting; 
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a summary table which clearly presents the characteristics of the proposal, to 
include but not be limited to a description of the components of the proposal such as 
the inner harbour basin, resort, tourism commercial facilities, residential component 
and extension to the waterway; 

details of decision making authorities and involved agencies; 

reference to the description of the receiving environment which may be impacted; 

discussion of the relevant environmental factors, including an assessment of the 
significance as related to objectives or standards which may apply, for example 
water quality guidelines; 

discussion of the management of the factors raised including commitments to 
appropriate action; and 

a description of and summary of an environmental management programme, 
including the key commitments, monitoring work and the auditing of the 
programme which will provide the basis for the operation of the plant in an 
acceptable manner. 

For this proposal, the environmental review would focus on protecting the natural and 
biological values of the area such as subterranean fauna (both stygofauna and troglobitic 
fauna), water circulation and flushing. 

Factors 

Factors can be determined from a consideration, called scoping, of the potential impacts 
from the various components of the proposal on a receiving environment, including people. 
Relevant environmental factors are those which have the potential to have significant 
environmental impacts and accordingly may require the EPA to report on. The PER should 
focus on these relevant factors for the proposal, as have been identified in consultation with 
the EPA and relevant public and government agencies. 

A description of the project component and the receiving environment should be referenced 
to the discussion of the factor. The technical basis for measuring the impact and any 
objectives or standards for assessing and managing each factor should be provided. 

The EPA considers that the proponent should provide, within the body of the document, a 
table which describes, with regards to the relevant environmental factors (those upon which 
the EPA is likely to report on to the Minister for the Environment). The following elements 
should be addressed in the table: 

identification of the characteristics of the proposal; 

nominated environmental management objectives(s) for those aspects which require 
management; 

description of the current environment; 

potential impacts of the proposal on the environment; 

environmental management response or commitment to manage impacts to meet the 
above objective(s); and 

likely impact of application of this response. 
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The factors from which the key environmental factors are derived (and their corresponding 
objectives) at this stage should be set out under the following categories: 

biophysical; 

pollution; and 

social surroundings. 

A range of factors identified and the EPA's management objective for these factors have 
been listed in Attachment 1. The key factors in this assessment are: 

subterranean fauna; 

surface water (including flood management); 

sea level (including storm surge); 

marine water quality (including water circulation and flushing, drainage, turbidity, 
mosquitoes, and long term waterway management [to be consistent with Ministry for 
Planning Policy DC 1.8]); 

groundwater quality (including leachate contamination); 

noise and vibration in relation to blasting and construction works; and 

dust. 

Further key issues may be raised during the preparation of the PER, and on-going 
consultation with the EPA and relevant agencies is recommended. Minor issues which can 
be readily managed as part of normal operations for similar projects may be briefly 
described. Information used to reach conclusions should be properly referenced, including 
personal communications. Assessments of the significance of an impact should be soundly 
based rather than unsubstantiated opinions, and the assessment should lead to a discussion 
of the management of the issue. 

Public consultation 

A description should be provided of the public participation and consultation activities 
undertaken by the proponent in preparing the PER. It should describe the activities 
undertaken, the dates, the groups/individuals involved and the objectives of the activities. 
Cross reference should be made with the description of environmental management of the 
issues which should clearly indicate how community concerns have been addressed. 
Those concerns which are dealt with outside the EPA process can be noted and referenced. 

If additional information (eg project design, field surveys) is to be provided at a later date, 
the process by which the public review of this information will be facilitated, should be 
documented. 

Environmental management commitments 

The method of implementation of the proposal and all commitments made by the proponent 
in the PER will become legally enforceable under the environmental conditions of the 
Minister for the Environment's approval. Specific commitments to protect the 
environment, typically related to the key issues, should be separately listed, numbered and 
take the form of: 
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who would do the work; 

what the work is; 

when the work would be carried out; and 

what agencies would be involved. 

These key commitments show that the proponent is committed to actionable and auditable 
management of the environmental issues. 
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ATTACHMENT 1 

ENVIRONMENTAL EPA OBJECTIVES PROPOSED MANAGEMENT OF RELEVANT 
FACTORS ENVIRONMENTAL FACTORS 

BIOPHYSICAL 

Subterranean fauna To ensure that subterranean fauna are adequately Manageable through implementation of proponent's commitments, 
protected, consistent with the Wildlife Conservation under Part IV of the Environmental Protection Act 1986, and under 
Act 1950, and that the abundance, diversity, the Wildlife Conservation Act 1950. 
geographical distribution and productivity of 
subterranean fauna are protected.  

Terrestrial fauna To ensure that, where possible, impacts upon Manageable through implementation of proponent's commitments, 
regionally significant fauna and habitat are avoided, under Part IV of the Environmental Protection Act 1986 and under 

Declared Rare fauna the Wildlife Conservation Act 1950. 
To protect Declared Rare fauna species, and their 
habitats consistent with the provisions of the 
Wildlife Conservation Act 1950.  

Terrestrial vegetation To ensure that, where possible, impacts upon Manageable through implementation of proponent's commitments, 
regionally significant flora and vegetation under Part IV of the Environmental Protection Act 1986, and under 
communities are avoided and to ensure the the Wildlife Conservation Act 1950. 
abundance, diversity, geographical distribution, 
productivity of vegetation communities are 
protected. 

Declared rare and To protect Declared Rare and Priority flora, 
Priority flora consistent with the provisions of the Wildlife 

Conservation Act 1950, and to ensure the 
abundance, diversity, geographical distribution, 
productivity of vegetation communities are 
protected.  

Dunes To maintain the integrity, function and Manageable through implementation of proponent's commitments, 
environmental values of the dune system. under Part IV of the Environmental Protection Act 1986 

Sea level To ensure that changes to sea level (including storm Elevation of land levels surrounding the waterways so that peak 
surge) do not result in unacceptable environmental water levels are contained. Manageable under planning process. 
impacts.  

Surface Water To ensure that changes to the hydrological role of Manageable through implementation of proponent's commitments, 
the floodplain do not result in unacceptable under Part N of the Environmental Protection Act 1986. 
environmental impacts.  



POLLUTION 

Marine water quality To meet requirements of the EPA's Environmental Short and long term management of water quality criteria within the 
Water Quality Objectives (EQO) and draft Western canals is manageable through implementation of proponent's 
Australian Water Quality Guidelines for Fresh and commitments, under Part IV of the Environmental Protection Act 
Marine Waters (EPA Bulletin 711), and ANZECC & 1986. 
NHMRC guidelines for the assessment and 
management of contaminated sites.  

Groundwater quality To maintain groundwater quality to ensure that Manageable through implementation of proponent's commitments, 
existing and potential ground water uses are protected under Part IV of the Environmental Protection Act 1986 in 
and to meet the requirements of ANZECC & conjunction with the Water and Rivers Commission and Water 
NHMRC guidelines for the assessment and Corporation. 
management of contaminated sites. 

Noise and vibration To protect the amenity of nearby residents from noise Manageable under Part V of the Environmental Protection Act 1986 
and vibration impacts resulting from activities by ensuring proposal meets criteria in the Noise Abatement 
associated with the proposal by ensuring that noise (Neighbourhood Annoyance) Regulations 1979 and the proposed 
and vibration levels meet statutory requirements and Environmental Protection (Noise) Regulations (when promulgated) 
acceptable standards. and any policies covering noise or vibration which have been 

endorsed by the EPA. 
Dust To protect the surrounding land users such that dust Manageable under Part V of the Environmental Protection Act 1986 

emissions will not adversely impact upon their by ensuring proposal meets EPA guidelines for Assessment and 
welfare and amenity or cause health problems. Control of dust and windborne Material from Land Development 

Sites, updated 1995. 
Soil contamination To ensure the site is cleaned up to an acceptable Manageable through implementation of proponent's commitments, 

level for proposed land use in accordance with under Part IV of the Environmental Protection Act 1986 
ANZECC & NHMRC Guidelines for the 
assessment and management of contaminated sites. 

Solid waste! sewage To encourage waste minimisation, recycling and Manageable through implementation of proponent's commitments, 
sustainable use, and to ensure that solid waste and under Part IV of the Environmental Protection Act 1986 in 
sewage from the development is disposed of in an conjunction with the Water and Rivers Commission and the Shire 
environmentally acceptable manner. of Exmouth. 

SOCIAL 
SURROUNDINGS 

Heritage Comply with statutory requirements in relation to To comply with appropriate Acts. 
areas of cultural or historic significance.  

Public health To ensure that the potential for mosquito breeding is Manageable through implementation of proponent's commitments, 
minimised, and that mosquitoes do not pose an under Part IV of the Environmental Protection Act 1986 
unacceptable health threat to people in the area.  
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Exmouth Boat Harbour 
Proposed Resort and Residential Development 

Public participation summary report 

Introduction 

The Exmouth Boat Harbour Resort and Residential Development is at concept plan stage, with 
expressions of interest being sought from potential developers. The proposed development will 
be associated with the outer boat harbour now nearing completion. One concept plan out of a 
range of options was chosen by the Exmouth Development Steering Committee and presented 
to the community of Exmouth for public input. The following report outlines the public 
involvement process designed and conducted by the Steering Committee with the aid of the 
Department of Commerce and Trade. 

Methodology 

Objectives 
A public participation process was designed to address the following objectives: 

Formalise the existing informal public constiltation process 
Provide information to the community on the development project 
Identify additional issues and concerns not listed above; if any are identified, undertake 
to incorporate or address them in the planning process. 
Build on the general acceptance of the project within the community 
Deal fairly and equitably and in a timely manner with people individually affected by the 
development. 
Provide the opportunity for community infrastructure needs to be assessed. 

Techniques 
Key srakeholder meetings 
The proposed resumption of land was the most direct impact of the proposal. The community 
groups which occupy the existing sites were approached by the Shire of Exmouth to discuss 
relocation options and the development proposal. Meetings were held with the following groups: 
Race Club, Pony Club, and the Go-Kart Club. Relocation issues will be addressed through the 
town planning process. 

Individual group briefing 
The Ningaloo Preservation Society, regarded as one of the key groups which will be most 
concerned about the project, was invited to meet with the project seering committee to discuss 
the project and the environmental aspects. 

Static display 
A display comprising project information and a survey/feedback sheet was set up in the Shire 
Offices for one month- Copies of the information brochure were placed at key points around 
Exmouth, including retail and petrol outlets. 
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Public meeting 
A public meeting was held three days after the public announcement of the concept plan. A flyer 
was distributed to all residents of Exmouth two days before the public meeting. A panel of 
steering committee members made short presentations about the project and then answered 
questions, which were recorded. 

Survey/feedback sheet 
A one-page feedback sheet was included in the information brochure. 113 surveys and two 
written submissions were returned. 

Ongoing project infonnation 
A regular press release was disthbuted to the local newspaper at key points in the project 
timeline. 

Report of public involvement outcomes 
A final report of the public involvement process will be produced in mid-January and be publicly 
available. 

Potential Impacts 

The Exmouth Inner Harbour Residential and Resort Development may: 
increase the presence of tourists in Exmouth 
increase opportunities for jobs in service industries and marine areas 
increase the existing population by a little less than half, with more residential 
accommodation (up to 1,000) 
increase spending in local businesses 
increase flights to the area 
provide a short term increase in construction jobs 
increase in community facilities 
change the look and feel of Exmouth as it exists now 
improve property values 
increase rate revenue to Shire, with follow-on effects for Commonwealth funding 
cause some transfer of demand from "old" service providers to "new" in the development 
affect the amenity of one or two properties close to the development 
affect the old cemetery and require a new location 
require the relocation of the racecourse, the pony club, the Go-kart club 
cause environmental impacts, including protection of subterranean fauna, water supply 
and quality, waste disposal, construction impacts 
require realignment of the main road 
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Summary of issues brought up by the public 

The concept plan for the proposed resort and residential development at Exmouth Boat Harbour 
received strong support from people who sent in feedback sheets distributed with the information 
brochure. 

Of the total submissions (113) 68 responses were "veiy supportive" (60%) and 12 "totally 
opposed" (11%). The remainder of the responses were: 

Supportive - 11(10%); 
Neither supportive nor opposed - 15 (13%); and 
Opposed - 7 (6%) 

Respondents were asked to name two positive aspects of the proposed concept plan. A total of 160 positive 
comments were recorded. The following were cited: 
improved employment and economic opportunities for Exrnouth (36%) 
additional tourism facilities and accommodation (18%) 
improved maritime facilities (14%) 
site selection - specifically to keep development off the West Coast (11%) 
general improvement to Exmouth (12%) 
increased availability of residential land (9%) 

The negative aspects (a total of 146 comments were recorded) of the concept plan cited were: 
environmental impacts (21% of the comments) 
lack of infrastmcture such as water supply, roads and waste disposal (2 1%) 
the scale and type of the development (19%) 
change in the character of Exmouth (17%) 
social impacts (9%) 
marine facilities (6%) 
public amenities (3%) 
other (4%) 

The full list of comments on the negative aspects of the proposed concept plan appears in the 
Appendix. 

People also identified the three most important community facilities/amenities that should be 
included in the project. These were: 

access to waterways (61%) 
public open space (58%) 
public toilets and cycleway/walkway (equal) (51%) 

The Exmouth Development Steering Committee, chaired by the Gascoyne Development 
Commission, will report to Cabinet in March on the outcomes of the public consultation. 
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APPENDIX - NEGATIVE ASPECTS 

Environmental 

Impact on natural environment 
Potential for major problems through change of natural biogeography/topography 
Excessive residential lots and consequent overpopulation/taking of natural resources 
The increased housing and hotel accommodation for tourism may impact heavily on 
water resources, fishing and environmental pressure on the reef and cape 
Impact on the prehistoric fauna in limestone caves explored and the ones not yet explored 
- danger of the water table dropping 

5- 	Impact of too many people trampling over this fragile area 
Increased pollution of the coastal zone 
Destruction of environment 
Destniction of existing environment/land use 
Excessive pressure on the fragile local environment 
Exploitation of beaches, possible pollution problems 
Spoiling the natural environment with toø many people 
It might bring problems with environmental pollution 
Impact on environment 
Will probably lead to fish exploitation (bag limits will have to be policed) 
Will put pressure on the environment generally 
The increase in the number of people will put strain on environment 
It will be a permanent base for increased fishing in the area 
Possible pollution of waters 
Long term environmental effects not yet known 
Will inevitably increase pollution and threaten the environment 
Environmental impact of increased population 
Environmental pollution including strain on natural hydrological systems eg. Water 
pollution/cave fauna/salt infusion to town water supply 
Loss of coastline and dunes from longshore scouring and natural weathering 
Probably pollution and adverse water quality in harbour from lack of natural flushing, etc. 

Pests 
Midge population 
Sandflies 
Sandflies 
Water-borne insects, and their method of control 
Lack of research into stygofauna on coastal plain and pollution 
Tidal canals? Insect proliferation in tropical conditions 
Sandflies 

Infrastructure: water supply, power, waste disposal 

Prefer underground power 
Availability of water supply and water table 
Waste disposal. Liquid waste - refuse - contamination 

5/9  
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There may be problems with water supply 
Sewerage waste must not enter the Gulf 
Impact on water resource 
How the project accesses power, eg, what is the source? 
Jeopardising water quality/quantity 
Is water a problem - do we have enough fresh water reserves? 
Treatment of effluent 
It will bring problems with the removal of rubbish 
I am concerned about water usage 
That the region may have difficulty handling water supply, sewage and waste disposal 
Drain on Exmouth resources - roads badly in need of upgrade, areas still without 
footpaths, current water supply not adequate to cope with the huge increase required 
Provision of utilities - power/water/waste 
Impact on the infrastructure and the services and the area in general 
Sewage waste 
The town's infrastructure at present could not cope if the project grew with any speed 
Catering for extra people during tourist season - are the shops able to cope without any 
undue effect to the locals. 
Can water supply keep up with demand 
Water - the bores supporting the town will have a problem supplying these additional 
sites 
Water supply availability (fresh water) 
Possible stagnant water, midge problem 
Potable (domestic water) and sewage 
Doubt if the utilities can service the new development, unless money is spent to update 
the same, who will pay for it, you can't increase your rates - they are too high now. 
Do we have enough groundwater for something this large? 
Care must be taken in the development and provision of power, water and sewerage 
utilities 
Pressure on fresh water supply 
Additional sewerage and garbage production 
Pollution/resource use/wastage 

Scale/type of development 

May encourage less aesthetic development and population pressures - we don't want a 
casino 
Too big - wrong type of development 
No camping/caravan area 
Canal residential estate and proposed extensions 
Over commercialism, stereotism, urbana 
One such development inevitably leads to more, with eventual irresistible pressure to 
develop the western side 
Residential and canal development 
Residential area - too many lots should be a quarter less (no more than 150) and lots 
should be at least 900m2 
Marine commercial in wrong spot and too close to resort 
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Residential housing 
Excessive number of housing blocks 
Too large a complex 
Concerned that canal ways will be of good design to prevent unhealthy stagnation of 
waterways. 
You cannot have major industry and tourism situated together in the marine 
From the marine based industrial and commercial areas prevailing winds could carry 
pollution across the resort and residential areas 
Overblown optimism for demand of residential blocks 
The pricing stnicture could make it too exclusive 
Many more residential blocks need canal access 
No casino type ventures 
Unsightly processing or industrial type complex being overlooked by a resort - could be 
addressed by careful planning 
Control of development 
The ability to get backing and finance for the project 
Whether the amount of tourism needed to sustain it can be secured 
Area - such a large development will take years to sell 
Canal system 
Too large a residential development 
Due to size and complexity and difficulties of building here, will probably be very 
expensive 

Change to Exmouth 

Creating a satellite area void from rest of town 
Elitist zone for moderately wealthy 
Wrong place - will divide community 
Greedy materialistic takeover 
Destruction of Exmouth's character and lifestyle 
Decentralisation of town centre 
Decentralisation of town centre 
Possible split of Exmouth as a town 
May become elitist (exclude family people) 
May be accessible only to the wealthy 
I find the concept a bit grand and feel it will case Exmouth to lose its small town flavour 
The cost of any residential Jots will be beyond most people, you'll have to be well heeled 
to buy in. 
A mini copy of Sunshine Coast, future high rise developments 
Devaluation of Exmouth (central) blocks (decentraiisation) 
Mainly catering for the rich 
Too grandiose 
Don't want a second Gold Coast 
Loss of "ownership" for locals of the town 
Splitting the community 
A them and us situation if it goes to overseas developers there is the possibility it could 
become exclusive to certain people 
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Will turn the town into a Queensland type town 
That the older part of Exmouth may get neglected 
Alienation aspect of new subdivision 
Separate zones of town - new and old 
Segregation (yuppy type) 

Social impacts 

Less trust in the town with people 
More violence 
Must be no threat to the continuing use and beautification of the cemetery 
Rise in cost of living in town (high prices in fcodJrea1 estatelservices) 
Higher population - less services in hospital I public will find it hard unless the hospital 

scrvice increases 
Price hikes 
Impact on established businesses 
Opposing commercial shops and facilities 
Has any thought been given to the sociological issues, eg age of expected population to 
take up the 431 residential lots (different amenities for different demographics) 
Population increase 
Pressure on existing services 
Alternative retired residential community 
Higher rates 

Marine facilities and infrastructure 

Single boat ramp insufficient for demand 
Sea walls are not cyclone standard - Future upgrading will be required and will be 
delayed because of cOst of upgrading sub-cyclone base walls 
May need another boat ramp 

130- Insufficient provision for general public launching ramps 
That a safe commercial harbour has been .... (future aquaculture) 
Possible tidal surge from cyclones 
Retaining walls along canals should be concrete 
Tidal surges 
Risk of canal flooding in cyclone surge 

Public amenities 

Lack of parks 
Beachlswimming impacts 
Limited access to general public along canal to walk, etc. 
Insufficient private car parking 
Senior Citizens rest areas, children's playground 
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Other 

It's a pity it can't be built on the other side of the Gulf where the water is pristin& 
The cemetery should be moved but this may upset a few people 
Too many government depaitments involved 
What is the expected timefrarne? 
The amount of stupid greenies who will try and protest 
Money greed - that local councillors and politicians will try and receive 
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APPENDIX - POSITIVE ASPECTS 

Economic development and employment 

It is a positive step in the future development of Exmouth as regards to employment. 
Create work opportunities. 
Local employment. 
Job creation for locals. 
More work to Exmouth. 
More capital into Exmouth. 
Great for tourism and also employment for locals. 
Work, jobs, progress. 
Employment opportunities. 
Increased revenue from tourism. 
Tourism. 
Local employment opportunity. 
To attract more overseas tourists, therefore, creating more employment - a must. 
Growth stability 
Bringing people/jobs to town 
Tourism dollars 
Employment. 
Employment 
Jobs and possible marine industry as well as tourism. 
A sustainable industry for Exmouth. 
Extending the service and employment base for the Exmouth area. 
Tourism - promoting more employment availability. 
Increase in population - more business opportunities. 
Bring industry jobs so that Exmouth flourishes. 
Additional population - support for the town. 
Encouragement for other developments. 
Promoting other developments for the town. 
Encouraging people to come and 
I believe, Exmouth has unlimited growth potential. This fosters that potential. 
Work/business for locals. 
Employment to locals 
Increased job opportunities for young. 
Job opportunities. 
It will bring new jobs to Exmouth. 
Progress of the future - go ahead. 
More jobs - more happy people. 
Jobs. 
Increase in demand for local resources. 
Increase in permanent population promoting economy of scale for local utilities. 
The employment prospects. 
Increased work prospects for business sector - youth employment. 
Boost to local economy and town, community and will help Exmouth's great natural assets 
be known and cared for internationally. 
More employment prospects. 
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Jobs for local people. 
Increased tourism and more money being spent in town. 
Create employment. 
Create economic growth that will upgrade school/hospital etc. with increased population. 
Work opportunities. 
More tourists therefore more jobs and money for the town. 
Employment. 
Employment. 
Work and jobs. 
Economy. 
Possible increased employment prospects for the area. 
Provide growth for Exmouth. 
More visitors. 
Expanding town. 

Additional tourism facilities and accommodation 

The site is an ideal position for quality resort development. 
Additional tourism facilities. 
Accommodation for tourists. 
Realistic tourist development. 
Finally Exmouth will become a major international destination for tourists. 
Will link into Learmonth Terminal Project. 
To create new market in Exmouth., e.g. overseas. 
Will centralise tourism accommodation at Exmouth. 
The provision of badly needed resort/hotel accommodation. 
Resort hotel and convention centre. 
Commercial and tourism development. 
Provide the type of facility that will bring international and domestic jets to Exmouth., 
Resort. 
Provision of top class tourist accommodation/facilities. 
Expansion of tourist facilities with benefits for growth of Exmouth. 
Upmarket tourist hotel resort and tourist facilities. 
Growth of tourism in Exmouth. 
Expansion of tourism. 
Will meet the need for luxury accommodation for tourists. 
Provision for resort accommodation to complement the airport. 
To enhance the tourist potential for the area. 
Much needed resort in climate zone not too far from Perth - Broome is too far. 
Increase tourism. 
Hotel and convention centre. 
Tourism infrastructure. 
Provides infrastructure for long term support of ecotourism. 
Hotel and convention centre 
Resort complex. 
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Improved maritime facifities 

The safety of the harbour is great and a resort would complement the harbour. 
Marina. 
Facilities for boat owners. 
Provision of all weather boating protection. 
Make Exmouth more interesting and North West mecca for boaties. 
Marina - safe harbour. 
Facilities- commercial fishing. 
Protective water basin. 
Much needed fishing boat harbour. 
The protective water ways for small craft. 
A better boat harbour. 
Provides safe haven for boats, also desperately needed. 
Cyclone shelter for commercial marine craft. 
Protective mooring facilities, storm shelter regional boats. 
Safe boat harbour. 
Ease of work on boats (whether fishing or charter). 
Boat harbour will be too small in the future - but OK now. 
Boat harbour - safe anchorage. 
Safe anchorage for larger vessels and commercial development. 
Marine commercial/industrial area. 
Marina. 
Provide relatively secure harbour for boating. 

Site selection - specifically to keep development off the West Coast 

Keeping development away from Ningaloo Marine Park. 
Keeping development from West side. 
Keep development on the Cape in the town and not the West Coast. 
Stopping development on the West side. 
Keeping development away from Marine Park side. 
Help keep development concentrated and out of parks, etc. 
Future assists.flQ development in the West Coast. 
The development is around Exmouth and not the West Coast. 
Recognition of Ningaloo Reef by all Western Australians and its value to the country. 
To preventldiscourage West Coast development. 
This project will keep the development away from the West Coast. 
Growth for Exmouth - keeps development away from the West side. 
Jobs for Exmouth - keeps development away from the West side. 
Relieves pressure of development on the West Coast. 
Locality - (Not on the West Coast) close to existing town and amenities. 
Places tourist resort/accommodation (needed by town) where should be. 
Growth of town and industry on East side. 
Concentrates development near the town rather than the West Coast. 
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Increased availabifity of residential land/housing 

Gives locals the option of coastal living in a well planned environment. 
Housing lots. 
Exmouth lacks upper bracket accommodation,, also people like to live close to water. This is 
not available currently. Canal development will attract a different type of resident. 
Residential development. 
Accommodation. 
Canal access residential blocks. 
Will provide urgently needed accommodation. 
To provide a good range of residential land. 
Water front blocks. 
Possible apartment block. 
Exmouth urgently requires accommodation development. 
Provision of water side and lots close to the ocean. 
Residential area around the water. 
Uprnarket development of residential blocks. 

General improvement to Exmouth 

They provide a clear and positive direction of Exmouth's tourism industry and others. 
The exciting prospect of a step forward for the town. 
Future progress of the town. 
Exmouth needs it. 
Exmouth needs a new outlook and a boost. 
To bring more long time residents to Exmouth. 
This concept will give Exmouth a strong social centre and focus. 
Much needed quality accommodation, dining out, etc. 
Help develop the town. 
Beautify the town. 
Exmouth needs this development - hotels, homes, gardens. 
Development of Exmouth. 
Greater choice across the board for residents/tourists. 
Development of Exmouth. 
More people means more services. 
Modernisation - The old Exmouth is too repetitive and Americanised. 
Focal point. 
This will upgrade community facilities e.g. hospital/schooling. 
Availability to senior citizens. 

Other 
We can only reiterate the positive comments made in the brochure and at the meeting held 
17/10/96. 
Getting the project started. 
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INTRODUCTION 

Rockwater was engaged by Landcorp to review the hydrogeology and to carry out numerical 
groundwater modelling of a planned canallharbour project site, located immediately south. of 
Exmouth townsite, between Wame Street in the north, Market Street in the south, Murat Road 
to the west, and Exmouth Gulf to the east (Figure 1). 

The aim of the hydrogeological review and numerical groundwater modelling was to predict the 
effects of dewatering for canal and harbour construction on groundwater levels' and the position 
of the saltwater/freshwater interface after canallharbour construction. Of particular concern is 
the potential effects on groundwater at Camerons Cave C-452, the closest recorded habitat of 
troglobitic fauna. The cave is reported to be at 21° 57.93'N, 114° 07.23'E, a position which is 
1.9 km south-west of the Murat Road/Horwood Road intersection. 

This report presents the results of the assessment and modelling. 

SITE HYDROGEOLOGY 

2.1 	PREVIOUS WORK 

The geology of the Exmouth area has been mapped at 1:250,000 scale by the Geological Survey 
of WA (Van de Graafi et. al. 1977). 

The hydrogeology of the area has been described in Several published reports on the Exmouth 
town water supply, notably Forth (1972) and Martin (1990). In addition, Allen (1993) has 
presented an interpretation of the geology and hydrogeology of the Cape Range as a whole. 

K H Morgan & Associates (1989) drilled 22 air-core holes to investigate the physical 
characteristics of rocks to be excavated for a proposed small boat harbour at the site of the 
present project. All except one hole was drilled east of Murat Road. In addition to presenting 
detailed geological logs, they recorded static groundwater levels, airlift water yields and 
groundwater salinity. 
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K H Morgan & Associates (1990) reported on the dewatering of a trial excavation that locally 
extended down to -5.3 m AHD, north of Horwood Road. Water level measurements made 
during and following the dewatering provide useful information on hydraulic properties of the 
rocks, in particular hydraulic conductivity and storativity. 

Soil & Rock Engineering (1996) drilled an additional 22 air-core holes in the area, and 
excavated test-pits at two sites. Twelve of the holes were drilled west of Murat Road; many of 
the others were close to sites drilled by K H Morgan & Associates. In addition to geological 
logs and geotechnical information, Soil & Rock Engineering recorded static groundwater levels 
and carried out sieve analyses of four soil samples. The map grid shown in Figures 3 to 12 is 
that used by Soil & Rock Engineering. 

2.2 	SITE GEOLOGY 

The mapping by Van de Graaffet al (1977) indicates that the project area lies on a coastal plain 
formed by colluvium and alluvium; clay, silt, sand and gravel, with unconsolidated and poorly 
consolidated quartzose calcarenite in dunes along the coast. The Mowbowra Conglomerate 
Member of the Bundera Calcarenite crops out about 400 m west of Murat Road, and consists of 
a limestone pebble conglomerate and minor coralgal reef deposits. 

The site geology is depicted in an east-west cross-section in Figure 2. Close to the coast 
(drillholes EX7, 8 and 14) unconsolidated beach deposits crop-out, and comprise 
unconsolidated to weakly cemented fme to coarse grained calcarenite with granule to pebble 
sized shells, coral and limestone. There is also a well sorted fme to medium grained quartz 
calcarenite forming the sand dunes. 

Further from the coast and underlying the coarse-grained beach deposits (drillholes B114, 7, and 
21, and Ex 6, 7, 8, 14, 18, and 22 in Figure 2) is a generally unconsolidated to wealdy 
consolidated, brown, clay or silty clay containing abundant shell, coral and limestone fragments. 
It is probably a tidal-flat deposit. 

Limestone and calcarenite interpreted to be of the Bundera Calcarenite of Pleistocene age 
underlie the clayey sediments. The top of the formation is probably an erosional surface; it 
generally slopes down towards the Gulf from about 0 m AHD, 200 - 300 m west of Murat 
Road, to about -2.5 to -4.0 m AHD at the coast (Fig. 2). The formation consists of calcarenite to 
calcirudite with interbedded coralgal reef deposits. Common to abundant limestone pebbles 
were intersected in some drillholes, e.g. Ex 6, Ex 8 and Ex 14 near the top of the formation; 
these probably belong to the Mowbowra Conglomerate Member. 

The Bundera Calcarenite ranges from weak, broken and friable rock to very strong and well-
cemented rock (K H Morgan & Associates, 1989). Locally, vuggy zones occur, and the rock is 
commonly porous. 

Cavernous zones occur within the Tulki Limestone: the closest outcrop of this formation is 
shown by Van de Graafet al (1977) to be 2.1 km west of Murat Road. 

Weakly to well cemented calcareous sand and gravel was intersected from near ground surface 
in some of the western-most drillholes, e.g. Bill, 4 and 21 (Fig. 2). This could be the 
Mowbowra Conglomerate Member. 
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2.3 	SITE HYDROGEOLOGY 

2.3.1 General Aquifer Description 

In much of the project area, clay and silty clay containing limestone, coral and shell fragments 
extends from above the water table to about -2 m to -5 m AHD. This unit is of low permeability 
and contains saline groundwater; a test-excavation of dimensions 80 m by 30 m, extending 
down to -3.65 m AHD generally and -5.3 m AHD locally, yielded only 360 m3/d. Much of this 
flow was probably from the underlying Bundera Calcarenite below about -3 m AHD. 

The Bundera Calcarenite, including the Mowbowra Conglomerate Member forms the main 
aquifer. It has moderate to high permeability in unconsolidated or wealdy consolidated zones 
with primary porosity, and where there are vugs and cavities in well-cemented rock. No large 
cavities were intersected in any of the drillholes, and there are only minor vuggy zones (Fig. 3). 

The top of the main aquifer ranges from about -1.1 to -5 m AHD in the area of the planned 
canal/harbour (Fig. 4), and so the aquifer would generally be intersected during excavation. 

Shallow sandy gravels and conglomerate (Mowbowra Conglomerate Member) were intersected 
north and west of the planned canals, and would probably be intersected by the northern end of 
the canals (Fig. 4). A test-pit was excavated in the gravel to 5.8 m depth (1.8 m below static. 
water level) at site 131113, by Soil & Rock Engineering. It was pumped at 690 m3/d for 15 
minutes, indicating that the gravel is highly permeable. This shallow aquifer is probably the 
source of brackish water that has been developed by the private bores north of Warne Street. 

Details of private bores near the project site that are available from the Water and Rivers 
Commission (WRC) are given in Table 1. The recorded bore positions are shown in Figure 1. 

TABLE 1 
DETAILS OF PRIVATE BORES RECORDED BY WRC 

No. rnN FieWRC ld Depth SWL Lithology  
(1754-3-XX-) Salinity Depth Description 

(m) (rnbgl)* (mg'L TSS) 
190 204274 7570311 11 6.4 1,150 0-2 Sand 

2-6 Sandstone 
6-11. Sandstone with stones, 

coral and gravel 
191 203547 7570058 7.32 4.88 5,200 0-1.52 Soft.....? 

1.52-5.18 Hard Limestone 
5.18-7.32 Water 

194 203530 7569395 7.01 5.49 5,400 0-1.83 Sand, sandstone 
1.834.57 Hard capstone 
4.57-7.0 1 Limestone and gravel 

215 203678 7568625 7.62 5.48 19100 0-3.05 Clay 
3.05-7.62 Sandstone (calcified) 

242 204185 7570310 7.7 6 - 0-5.3 Sand and shells 
5.3-6.2 Clay 
6.2-7.7 Coral and limestone 

* = metres below ground level 

3 
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2.3.2 Groundwater Levels 

Static groundwater levels measured by Soil & Rock Engineering in May 1996 are contoured in 
Figure 5 and are shown as depths below ground level in Figure 5A. They indicate a hydraulic 
gradient of about 0.0006, sloping downwards to the east from about 0.6 m Al-ID, 300 m west of 
Murat Road, to 0.0 mAHD at the coast. 

Groundwater levels are 0.1 to 0.3 m AHD in the area of the planned canallharbour, and 
generally one to four metres below ground level. 

Groundwater levels are monitored regularly in the Water Corporation's production bores. Non-
pumping water levels measured in the two bores closest to the project site in 1978 to 1983; 
Bore 27 (201620 mE, 7569080N) and Bore 28 (201460E, 7568670N), varied seasonally by 0.1 
to 0.2 in, and similar seasonal variations are expected at the project site. In addition, 
groundwater levels will vary in response to ocean tides: both the diurnal tides, and the larger 
spring tides which occur over about a two-week period. 

Likely groundwater level variations resulting from ocean tides can be calculated using a formula 
cited in Hazel (1975): 

h. = hoeT 5h't0T  

Where: 	hx 	= amplitude of groundwater fluctuations at distance x from the shore. 
= amplitude of tidal fluctuations at the shore 

S 	= storage coefficient 
t0 	= tidal period, and 
T 	= aquifer transmissivity 

Based on a typical diurnal tidal range of 0.6 m and spring tide range of 1.8 m and an average 
aquifer transmissivity in the project area of 200 m2/d, the calculated ranges of tidal groundwater 
fluctuations are given in Table 2 for tow distances from the shore: 700 m (= Murat Road), and 
1,700 m (= Camerons Cave). They are also calculated for two limiting storage coefficients: a 
semi-confined value of 0.001 and a confmed value of 0.0001. 

TABLE 2 
CALCULATED GROUNDWATER FLUCTUATIONS 

RESULTING FROM OCEAN TIDES 

[_S = 0.001 S = 0.000 1 

Distance 	= 700 m 
Average (Diurnal) Tide 0.01 in 0.09 m 
Spring Tide 0.02 in 0.26 in 

Distance 	= 1,700 m 
Average Tide <0.01 in 0.01 in 
Spring Tide <0.01 m 0.04 in 
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2.3.3 Aquifer Parameters 

Water level drawdown and recoveiy measurements made during excavation of the test-
excavation north of Horwood Road (K H Morgan & Associates, 1990) indicate values of 
aquifer transmissivity of 25 to 78 m2Id, with an average value of 63 m2/d obtained from a 
distance-drawdown plot. The storativity was indicated to be 0.048. 

Most of the measured transmissivity is attributed to the top of the Bundera Calcarenite, which 
would have been intersected below -2.7 m to -3.6 m A}IID. The overlying clays are interpreted 
to be of low permeability. With the deepest part of the pit extending down to -5.3 m Al-ID, the 
average hydraulic conductivity of the Bundera Calcarenite is probably about 20- 30 mId. 

Airlift water yields measured during the air-core drilling by K H Morgan & Associates were 
also used to estimate aquifer transmissivity and hydraulic conductivity, using the rough method 
of Hazel (1975). The derived hydraulic conductivity values (Fig. 6) range from 9 to 290 m/d 
(the highest value is for the test-pit at site BH13) and are generally in the range 10 - 30 mId; 
similar to the range derived from the test-excavation data. 

2.3.4 Groundwater Salinity 

There are a number of shallow bores within one kilometre of the coastline that are, or have 
been, utilised for watering stock (mainly horses). They are all either west of Murat Road, north 
of Wame Street, or south of Horwood Road, and presumably yield fresh or brackish water. 

The Water and Rivers Commission has salinity data for four private bores located within one 
kilometre of the site. These are reported to yield brackish water of salinity ranging from 1,100 
to 5,400 mg/L TDS, from screened intervals that extend to between 1.5 m and 4.6 m below the 
water table. The salinity of one of these bores, which was reported to be 1,100 mg/L TDS, was 
measured to be 4,600 mg/L TSS (by conductivity) on 19 November 1996. It is likely that the 
salinity increases with pumping, and when water levels are lower during summer months. 

Salinity measurements made at three sites by Soil & Rock Engineering (May. 1996), and in a 
number of driliholes by K H Morgan & Associates (May 1989). These are shown with depths 
of the samples below the water table, in Figure .7. 

All these samples, except one taken from a test-pit at BH13 site (4,250 mg/L TDS) were saline, 
with salinities of between 15,500 and 63,000 mg/L TDS. In general, the salinities are around 
30,000 mg/L TDS; similar to seawater. 

The high salinities in the area could be attributed to the sample depths: in many drillholes, 
samples were taken from at least 6 m below the water table. However, at six of the sites the 
saline water occurred from 1.1 to 3.5 m below the water table, indicating that there is probably 
no low-salinity (brackish) groundwater where there are clayey sediments immediately below the 
water table. Also, on 19 November 1996 a groundwater seepage in an old sand pit north of 
Horwood Road had a salinity measured of 19,000 mg/L TSS (at the water table), and a pit being 
used to pump water for the harbour construction (the 1980 test-excavation?) contained water 
measured at 73,000 mg/L TSS (by conductivity). 

5 
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The salinity contours in Figure 7 indicate that in much of the area planned for canal/harbour 
construction there is no layer of fresh or brackish groundwater present, except in the northern 
area near Wame Street. This is unusual on the coastal plain near Exmouth, and is attributed to 
the presence of clayey sediments at and immediately below the water table, and the 
concentration of salts by evapotranspiration. 

	

3. 	NUMERICAL MODELLING OF CANAL/HARBOUR CONSTRUCTION 

A numerical groundwater model was established to assess the effects of dewatering for 
canal/harbour construction on groundwater levels during and after construction, and for 
assessing changes in the position of the freshwater/saltwater interface in the aquifer. 

	

3.1 	DESCRIPTION OF MODEL 

The model consists of a single layered variable rectangular grid of 24 columns and 32 rows 
covering an area of 3,300 m east-west by 7,000 m north-south, extending westwards from the 
coast and centred on the project area. It utilises MODFLOW, a two- or three-dimensional 
groundwater flow model designed by the US Geological Survey (McDonald and Harbaugh, 
1988), and MODPATH a particle-tracking post-processor (Pollock, 1989). 

Model parameters were based on groundwater levels and aquifer tops obtained from the 
drillhole logs, and the aquifer parameters described in Section 2.3.3 of this report. 

The aquifer base was taken to be at -6 to -8 m A}{D to include the section of aquifer that is 
likely to be affected by dewatering. The aquifer extends to lower elevations but low-
permeability zones within the aquifer are considered likely to restrict vertical flow to the 
canal/harbour excavation. 

Model boundaries were set at constant heads on the western (1.5 m A}{[)) and eastern sides 
(OmAHD). 

	

3.2 	MODELLING METHOD 

The model was first calibrated to simulate measured groundwater levels by adjusting the 
constant heads on the western model boundary. It was then calibrated to drawdowns measured 
during the test-excavation dewatering, by making minor adjustments to aquifer storativity and 
hydraulic conductivity. 

MODFLOW's drain package was then used to simulate dewatering of the canals/harbour to -3.5 
to -6.5 m ARD over an assumed period of 180 days, to calculate water level changes in the 
aquifer around the excavation. Refilling of the canals/harbour with seawater to average sea-
level (0 m AHD) was then simulated using MODFLOW's general head boundary package. 

MODPATH was used to determine the zone from which groundwater would drain during 180 
days of excavation, and to estimate the area where saltwater would move into the aquifer after 
filling the canals/harbour. 

6 
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3.3 	MODELLING RESULTS 

Model-calculated water levels after 180 days of dewatering are shown in Figure 8, and water 
level drawdowns are shown in Figure 9. The latter figure indicates that changes in water level 
of 0.5 m or more could extend up to one kilometre north, west and south of the excavation. The 
lower water levels within this area could result in some reduction in the thickness of brackish 
groundwater. 

The drawdown at Camerons Cave, 1.9 km south-west of the Murat Road/Horwood Road 
intersection, is indicated to be less than 0.1 m during dewatering, and might be indistinguishable 
from seasonal and tidal groundwater level fluctuations. 

Figure 10 shows flow paths towards the excavation, with each arrow-head representing the 
distance of groundwater flow each 180 days. It indicates that if the excavation takes 180 days to 
complete, groundwater could be drawn into the excavation from distances of up to 400 m. 

Once the canallharbour have been filled, seawater in them would flow to the west, north and 
south back into the aquifer as shown by three representative flow-lines in Figure 11. It would 
flow inland to distances of up to 120 m over four months before the easterly hydraulic gradient 
was re-established and groundwater flowed back towards the canals. 

Average groundwater levels are indicated to be lowered by 0.1 m or more after the canals have 
been filled, over distances of up to about 2 km from the canals (Fig. 12), and a water-level 

0 	lowering of this magnitude could occur at Camerons Cave. This could cause a small reduction 
in the thickness of the brackish groundwater layer that occurs immediately below the water 
table in some areas. For example, if the average groundwater level at Camerons Cave is about 
0.8 m AHD, a 0.1 m fall in groundwater level could reduce the thickness of brackish water by 
about 0.4 m, according to the Ghyben-Herzberg relationship. In practice the change is expected 
to be much less because of recharge and reduced evapotranspiration losses between the canals 
and the cave, and the heterogeneity of the aquifer. 

4. CONCLUSIONS 

Groundwater in the low-lying area of the planned canal/harbour site is generally of a similar 
salinity to seawater, even at the water table, because of the presence of low-permeability clay at 
shallow depths. At the northern end of the planned canals, and to the north-west of them, there 
are shallow gravels/conglomerate that contain a thin layer of brackish groundwater that would 
be affected by canal construction. The permanent lowering of groundwater levels will reduce 
the thickness of brackish groundwater. 

Numerical modelling results suggest that groundwater within 400 m of the canals could be 
partially drained during dewatering, with some saltwater inflow up to 120 m from the canals 
subsequent to canal construction. Also, lower average water levels of 0.1 or more might be 
measurable at distances of up to 1.5 to 2 km from the canals after construction, with a 
consequent reduction in the thickness of any brackish groundwater layer. In theory, the 
groundwater level at Camerons Cave, after construction, could be lowered by 0.1 m and result 
in a 0.4 m reduction in the thickness of brackish groundwater. In practice the changes in 
groundwater level and thickness are expected to be much less. 

7 
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There is no evidence from drillholes that large cavities occur in the project area. A few 
driliholes intersected vuggy zones in the Bundera Calcarenite, and one drillhole recorded small 
cavities in the overlying sand and gravel close to the water table. Although not recorded on the 
geological drillhole logs, these vugs and cavities are likely to range from a few millimetres to a 
few centimetres in diameter or width. 

DATED: 10 DECEMBER 1996 	 ROCKWATER PTY LTD 

P H WHARTON 
PRINCIPAL HYDROGEOLOGIST 
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I. Introduction 

LandCorp (the Western Australian Land Authority) has prepared a concept 
plan for the development of a resort and residential project adjacent to the 
Exmouth Boat Harbour that is presently being constructed by the 
Department ofTransport (DOT). The site is about 3 km to the south of 
the existing town of Exmouth and the proposed development is described 
in the evaluation report, LandCorp (1996), and shown in Figure 1.1. 

The proposed development includes the following: 

a resort hotel and convention centre, 

a tourism based commercial precinct, 

a canal residential estate, 

conventional residential estates, and 

an inner boat harbour and associated marine commercial areas. 

1:1 	 The proposed artificial waterway would start at the rear of the Exmouth 
Boat Harbour and continue for about 1.5 km, generally parallel to the 
coast. In most places the waterway would be between 55 and 100 metres 
wide and about 4 metres deep at mean sea level. 

LandCorp engaged Bowman Bishaw Gorham (BBG) to prepare the 
necessary environmental report and obtain the environmental approval for 
the proposed development. To assist in this process, LandCorp engaged 
M P Rogers & Associates Pty Ltd (MRA) to complete investigations on 
the coastal and marine engineering aspects of the development. This work 
included assessment of the following items: 

cyclone storm surge and building levels, 

navigation requirements and waterway design, 

water quality in the waterway, 

siltation of the waterway, and 

foreshore stability and set-back to development. 

The investigations, results and recommendations of this work are 
presented in this report. 
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2. Meteorological & Oceanographical Conditions 

2.1 General Meteorology & Winds 

The general circulation of the lower atmosphere over Australia is largely 
controlled by the position of the Subtropical High Pressure Belt and the 
migratory low pressure systems that exist on the poleward side of the high 
pressure belt. The high pressure belt is a series of discrete anticyclones 
(high pressure cells) which encircle the southern hemisphere at subtropical 
latitudes. 

The high pressure cells are continuously moving, throughout the year, 
from west to east across the southern portion of Australia. A notional line 
joining the centres of these cells is known as the High Pressure Ridge, or 
the Subtropical Ridge, and is oriented predominantly in an east-west 
direction. 

In the southern hemisphere, the winds circulate in an anti-clockwise 
direction about the centres of the high pressure cells. Consequently, on 
the northern side of the High Pressure Ridge the winds tend to be easterly, 
while on the southern side of the ridge the winds are predominantly 
westerly. 

In winter, the ridge lies across the Australian continent at between 25 °S to 
30°S. In summer, the ridge is typically 35°S to 40 05• This seasonal 
change in the location of the High Pressure Ridge is responsible for the 
seasonal change in the wind patterns in the Exmouth region. 

In winter, the ridge is located immediately south of Exmouth (210  55'S) 
and the synoptic winds are generally easterly and southeasterly. 
Successive high pressure cells do little to disturb the direction of the wind, 
but can have a marked effect on the speed of the winds. The wind speed 
increases in response to an increasing pressure gradient, and decreases as 
the pressure gradient relaxes. 

In the summer months, the High Pressure Ridge is well south of Exmouth 
and the Australian continent. Over the north of Australia, a zone of low 
pressure develops due to the considerable heating of the Earth's surface. 
This effect causes the direction of the winds to be more often west to 
southwesterly. 

In addition to these synoptic scale effects, the mesoscale phenomenon of 
the diurnal sea / land breezes has an important influence on the local wind 
patterns in the region. The land / sea breeze system results from a marked 
atmospheric temperature difference that develops during the day between 
the land and the nearby sea. During the afternoon when the land becomes 
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hotter than the ocean, the hot air over the land rises. This lowers the 
pressure and induces a replacement by the cooler air over the sea. This 
process (the sea-breeze) continues into the night when the temperature 
difference decreases. The land-breeze results from early morning 
conditions when the sea temperature may be higher than the land 
temperature, in which case a reverse flow occurs. 

Exmouth is situated on the Cape Range with the Indian Ocean to the west 
and the Exmouth Gulf to the east and southeast. This causes the land / sea 
breeze system to be a more complex interaction than simple coastal 
situations. Nevertheless, the Exmouth does experience the diurnal land / 
sea breeze cycle. 

The local wind climate at Exmouth primarily results from the 
superposition of the diurnal land / sea breezes over the prevailing synoptic 
winds and are modified by the orographic effects of the Cape Range. The 
Bureau of Meteorology recorded the wind speed and direction at Exmouth 
for the nine years between 1967 and 1975 inclusive. A record was taken 
each morning at 9:00 am and at 3:00 pm each afternoon. Wind roses for 
summer and winter mornings and afternoons have been prepared from 
these records. The wind roses are shown in Figure 2.1. These roses 
clearly show the prevalence of southerly and southeasterly winds in the 
mornings. Theses winds are usually between 5 and 30 km/hr and'are 
slightly more southeasterly in the winter months. 

The afternoon winds are far more variable. In summer afternoons, 
westerly and southwesterly winds are common. However, in winter 
afternoons, easterly directions are common. 

Continuous anemometer records are not available for Exmouth. The 
closest station with anemometer records is the Learmonth Airport. The 
wind patterns are slightly different at this location compared to Exmouth. 
Nevertheless, these anemometer records can be used to gauge the 
frequency and duration of periods of time that do not include southerly 
winds. Examination of the records for Learmonth indicate that there can 
be substantial periods without southerly winds. There are periods of 10 to 
20 days when the southerly winds are absent, or infrequent and patchy. 

2.2 Tropical Cyclones 

The storm winds of high intensity in the area are associated with the 
passage of tropical cyclones, thunderstorms and pressure gradient 
intensifications. The most severe conditions are caused by tropical 
cyclones which occur between November and April. Steedman Limited 
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(1986) reports that 34 cyclones passed within 370 km of Exmouth in the 
period from 1961 to 1982. This is almost two cyclones per cyclone 
season. 

The effects of any one cyclone depends upon the intensity of the central 
pressure deficit, the radius to maximum wind, and the actual track of the 
cyclone. Differences in these features result in significant variations 
between the physical effects of each event (wind and wave conditions, 
storm surge, etc). 

There have been a number of studies into the effects of cyclone generated 
winds, waves and storm surges in the general region. The results of the 
various studies on storm surge are of particular interest for the present 
investigations. These will be reviewed in detail in a subsequent section 
dealing with the minimum building levels for the development. 

The Standards Association of Australia Loading Code, Part 2 - Wind 
Loads (AS 1170.2-1989) shows the site to be in an area subject to severe 
tropical cyclones. This engineering design code recommends that 
structures should be designed using a basic regional wind gust speed for 
serviceability, Vs, equal to 50 m/s. 

2.3 Astronomical Tides 

The Department of Transport, Western Australia (DOT) has measured the 
tidal variations at Exmouth for a number of years. The astronomical tides 
are predominantly semidiurnal (two cycles per day) and DOT has 
established the following tidal levels. 

Highest Astronomical Tide (HAT) = 2.8 in Chart Datum (CD) 

Mean High Water Springs (MHWS) = 2.3 in CD 

Mean High Water Neaps (MHWN) = 1.7 m CD 

Australian Height Datum (AHD) = 1.4 in CD 
(Mean Sea Level = AHD) 

Mean Low Water Neaps (MLWN) = 1.1 m CD 

Mean Low Water Springs (MLWS) = 0.5 m CD 

Lowest Astronomical Tide (LAT) = 0.0 in CD 
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From this it can be seen that during spring tides the daily range is typically 
about 1.8 metres, and that during neap tides the daily range is about 0.6 
metres. Figure 2.2 has been prepared by DOT, and shows the percentage 
of time that various levels are exceeded (submerged). 

In addition to the astronomical tide, tropical cyclone storm conditions can 
cause significant increases in the ocean water level through the combined 
effects of low atmospheric pressure, strong onshore winds and large waves 
breaking nearshore. This increase in the water level is known as storm 
surge and will be discussed later in this report. 
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3. Climate Change 

Although the so called "Greenhouse Effect" receives much publicity, there 
is still no definitive evidence available that proves that the Greenhouse 
changes are occurring or will occur. There is certainly clear evidence that 
the amount of carbon dioxide and other "Greenhouse Gases" has increased 
dramatically over the last century, and is continuing to rise. However, the 
link to global warming and associated sea level rise is still largely based on 
predictive numerical models of the global atmospheric and oceanic 
processes. These general circulation models are currently run on coarse 
grids and have rather rudimentary treatment of ice melting, cloud cover 
and albedo feed back links and impacts. Pielke (1991) presents a good 
review of the scientific uncertainty with the present predictions of the 
"Greenhouse Effect". 

Some of the possible impacts on the west coast of WA of Global Warming 
could be: 

increase in cyclone frequency, 

increase in sea level, and 

change in position of synoptic features causing a changed wave climate. 

The current knowledge about such possible changes is extremely limited. 
This, coupled with the uncertainty about Global Warming, has lead many 
organisations and authorities to take a low key approach to the issue until 
more definitive proof is available. 

The Institution of Engineers Australia (1991), put forward suggestions for 
assessing the impacts of possible climate change on coastal engineering 
projects. The report is aimed at ensuring that a responsible review of the 
possible impacts is made. Designs should be robust and minimise future 
risk. This document does not say that climate change will definitely 
happen, but that it now seems likely that it may occur, and therefore 
engineering design should take this risk into consideration. 

The issue of possible climate change and resultant effects on coastal 
processes is quite complex. Unfortunately, the present level of knowledge 
concerning possible effects on the west coast of WA is somewhat limited. 
Given this, only a relatively simple assessment of the possible changes can 
be made. Only the impacts of the possible increase in sea level are 
considered in this study. 
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The Institution of Engineers, Australia (1991), presents three scenarios for 
possible changes in the Global Mean Sea Level for the years 2030, 2050 
and 2100. These are reproduced in Table 3.1. 

Table 3.1 Possible Global Sea Level Rise 

2030 2050 2100 

Low Scenario 0.10 m 0.16 m 0.32 m 

Medium Scenario 0.20 m 0.32 m 0.68 m 

High Scenario 0.32 m 0.51 m 1.13 m 

Source: Institution of Engineers Australia (1991) 

Considering the uncertainty of these scenarios and the design of life of 
buildings close to the ocean, it is appropriate at this stage to allow for a 
0.2 to 0.3 metre rise in sea level. This is believed to be a reasonable 
compromise between present day cost and inconvenience, and future risk. 
Such an increase to the mean sea level could affect the ocean flood levels 
as well as coastal stability. Both aspects have been included in the coastal 
engineering assessment for the proposed development. 

The impacts on coastal processes of a small rise in sea level would be 
quite site specific. To date there have been no detailed studies done for 
the coast of WA. The most relevant works are Bruun (1962), which 
presents the results of some generalised material, and Gordon (1988) 
which presents some of the results of research on the NSW coast. In very 
coarse and general terms, both papers suggest that a rise in sea level would 
generally lead to recession of the coastline at a ratio of roughly 100 to 1. 
That is, a 0.2 to 0.3 metre rise in sea level may eventually cause a 20 to 
30 metre recession of the coastline. 

This tendency for shoreline recession could be offset by other local 
effects. For example, a long term net inflow of sand may cause 
progradation of the coast. In such cases, a gradual rise in sea level may 
not cause a net recession of the shoreline, but merely decrease its rate of 
advance. 
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4. Storm Surge & Building Levels 

4.1 Storm Surge 

There have been a number of detailed studies into frequency and severity 
of storm surges experienced along the coast from Carnarvon to Onslow. 
These investigations have included analysis of the long term tidal records 
at Carnarvon by the Department of Marine & Harbours (DMH), as well a 
computer modelling of various cyclones at a number of locations by 
Steedman Limited and Steedman Science & Engineering. The table below 
summarises the estimated 100 year return period storm surge for various 
locations in the region. 

Table 4.1 Storm Surge Estimates 

F; Location & Reference 100 year RP Method & 
Storm Surge Comments 

Carnarvon, 1 .7 m Based on 20 years of tidal 
-: 

DMH (1988) records from Carnarvon 

Denham, 2.3 m Correlation with Carnarvon 
DMH (1988) tidal records & local flood 

level marks on buildings. 

Coral Bay, 2.0 m Computer modelling, 
Steedman (1 989) correlation with Carnarvon & 

excludes wave set-up. 

Exmouth, 0.4 m Computer modelling & 
Steedman (1986) (50 Year RP) excludes wave set-up. 

Onslow, 2.4 m Computer modelling & 
Steedman (1990) excludes wave set-up. 

All of these studies, except that for Exmouth, indicate that severe cyclones 
can cause large storm surges. The results for Exmouth are quite 
surprising, as even a mild storm can usually cause a surge in the water 
level in the order of half a metre. This result seems quite out of place 
when considering the results for the other locations in the region. In the 
report on Exmouth, (Steedman Limited, 1986) there are reports that the 
total water level at the Exmouth Homestead exceeded 6 metres above 

• mean sea level on two occasions since 1945. Admittedly, the homestead 
is further in the Gulf and the storm surge would be amplified, but the 
anecdotal evidence suggests that the computer modelling work has under 
estimated the effects of storm surge at Exmouth. 
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Given the proximity of Onslow to Exmouth, and that there is no obvious 
reason for Exmouth to be substantially different, the storm surge estimate 
for Onslow will be used in assessing the minimum building levels for the 
proposed development. 

4.2 Minimum Building Levels 

When assessing the appropriate minimum building levels, a number of 
factors should be considered. These include the astronomical tide, the 
severity of the storm surge, wave set-up, possible change in mean sea 
level and a factor of safety. The joint probability of a large storm surge 
with a high astronomical tide should also be considered. Consequently, 
the 100 year return period storm surge will be coupled with the mean tide 
level for the first assessment of the appropriate building levels. 

Table 4.2 Assessment of Building Levels 

Item 	 I Allowance 

Astronomical Tide 0.0 m AHD 

100 Year RP Storm Surge 2.4 m 

Wave Set-up 0.5 m 

Climate Change Allowance 0.3 m 

Factor of Safety & Freeboard 0.5 m 

Recommended Building Level 	 I 	3.7 m AHD 

As a check on the above assessment, the 25 year return period storm surge 
will be coupled with the high water level of the spring tides. This is 
shown in Table 4.3 below and again suggests that the appropriate building 
level be set at 3.7 metres above the Australian Height Datum (AHD). It is 
recommended that this be the lowest finished floor level for the resort and 
residential buildings in the proposed development. The development of 
the industrial areas associated with marine industries, may be able to 
tolerate lower levels and a higher frequency of inundation. 
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Table 4.3 Alternative Assessment of Building Levels 

Item Allowance 

Astronomical Tide 0.9 m AHD 

- 	 25 Year RP Storm Surge 1.5m 

Wave Set-up 0.5 m 

Climate Change Allowance 0.3 m 

Factor of Safety & Freeboard 0.5 m 

Recommended Building Level 3.7 m AHD 
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5. Design Vessel & Waterway Design 

5.1 Design Vessel & Navigation Requirements 

The proposed development includes three quite distinct sectors adjacent to 
the waterway. As shown on Figure 1.1, these are the Inner Boat Harbour, 
the Tourist Precinct and the Residential Precinct. The concept design for 
the Inner Boat Harbour caters for up to 28 commercial boat moorings and 
a small marina of 40 pens for recreational yachts and power boats. The 
Tourist Precinct is designed to allow boats to be moored adjacent to the 
sites and the moorings would cater for a number of users. The Residential 
Precinct includes 91 canal lots with a mooring area for each lot. 

At this stage, it is very difficult to accurately predict the demand for the 
marine facilities. LandCorp (1996) suggested that a flexible approach be 
adopted and allow to up to 15 metre long yachts in the Inner Boat 
Harbour, and 15 metre power boats in the Tourist Precinct and the 
Residential Precinct. The assessments of the minimum depth ofthe 
waterways are as follows. These have been based on the recommendations 
in the Department of Transport's Strategic Plan for Maritime Facilities 
(DOT, 1996) and suggest slightly less water depths than indicated in the 
concept plan document (LandCorp, 1996). A siltation allowance of about 
0.3 metres has been used to allow for future siltation of the waterways. 
This aspect is described later in this report. 

5.1 	Navigation Depth - Inner Boat Harbour 

Item 	 Allowance 

Low Tide Level 	 -1 .4 m AHD 

Design Draft for 15 m Yacht 	 -2.0 m 

Boat Motion due to Waves 	 -0.2 m 

Siltation Allowance 	 -0.3 m 

Under Keel Clearance 	 -0.3 m 

Recommended Navigation Depth 	 -4.2 m AHD 
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5.2 Navigation Depth Tourist & Residential Precincts 

Item 	 I Allowance 

Low Tide Level 

Design Draft for 15 m Power Boat 

Boat Motion due to Waves 

Siltation Allowance 

Under Keel Clearance 

-1.4 m AHD 

-1.5 m 

-0.2 m 

-0.3 m 

-0.3 m 

Recommended Navigation Depth 	 -3.7 m AHD 

According to the DOT (1996), the minimum width of the navigable 
waterway should be 2 times the length of the design vessel. As the design 
vessel for the proposed development is 15 metres long, the minimum clear 
navigation way should be 30 metres wide. In the Residential Precinct, 
there will be private moorings on each side of the waterway. For 15 
metre boats these will be up to 6 metres wide. Consequently, the 
waterway will be at least 42 metres wide at the full navigation depth of 
-3.7 in AHD. Use of sloping revetments for the edge walling will 
increase the width of the waterway to at least 54 metres at mean sea level. 
This is shown on Figure 5.1. 

5.2 Design of Edge Walling 

The two geotechnical investigations that have been completed on the site 
(Soil & Rock, 1996 and Morgan & Associates, 1989), both show that the 
general waterway area intersects three basic formations. The first is the 
sandy beach deposit that forms the coastal dunes, the second is a layer of 
clay and silty clay that lies beneath and inland of the coastal dunes, and 
the third is the Bundera Calcarenite below the clay and silty clays. At this 
stage only preliminary mapping of the extent of these strata has been 
completed. Consequently, the exact location of each of the materials is 
not known and the concept design must be flexible enough to 
accommodate possible variations in the extent of each material. 

There are a number of edge wall treatments that could be used for the 
proposed waterways. Either vertical walls or sloping walls using a variety 
of materials including concrete, steel and rock would be suitable. 
However, the simplest type of edge walling is a conventional revetment 
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with riprap for armour. This sort of walling is widely used because it is 
inexpensive to construct and maintain. From an aesthetics point of view, 
the less riprap exposed, the better. This is usually achieved by using steep 
slopes for the revetment. Generally, this is in the order of 35° to the 
horizon (1.5 horizontal to 1 vertical). This may be difficult to achieve in 
the clay and silty clay layer that has been described in the geotechnical 
reports. Under such circumstances, some sort of improvement works 
could be needed. There are a variety of options including compaction, 
inclusion of a geogrid fabric, localised replacement and flattening the 
slope. 

The most appropriate option for the edge walling and slope strengthening 
would be selected during the detailed design and construction phase. 
However, for the present purposes, the edge walling will be taken as a 
simple revetment with riprap armour and a 1.5 horizontal to 1 vertical 
slope. A typical cross section of the proposed edge walling is shown in 
Figure 5.2. 

Any quarrying and transport operations associated with the construction of 
the edge walling will be subject to all of the safety and environmental 
requirements of the relevant authorities. 

The level of the top of the walling is shown in Figure 5.2 as 1.5 metres 
above AHD. This is about 0.6 metres above the mean high water spring 
tide level, and provides an allowance for very high spring tides and boat 
wash. Nevertheless, the top of the wall will be inundated in major storm 
events that coincide with high tides. The detailed design will be 
completed to ensure that this infrequent inundation does not cause 
excessive damage to the top of the edge treatment. 
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6. Water Quality 

6.1 General 

The intended uses of the proposed waterways are: 

direct contact recreation (eg occasional swimming), 

mooring and navigation of boats, 

adjacent residential and commercial development, and 

passive recreation (eg enjoying the scenery). 

The Environmental Protection Authority (1991) put forward various 
categories of beneficial use for marine and estuarmne waters in Western 
Australia. The above falls in the category titled "Beneficial Use No. 1 - 
Direct Contact Recreation". A copy of the Marine and Estuarine Water 
Quality Criteria for Direct Contact Recreation is included in Appendix A. 
The marina and associated waterways will be designed and managed to 
meet these requirements for Direct Contact Recreation. 

The resultant water quality in the marina and associated waterways will be 
dependent upon the following: 

the quality of the source water, 

the management of nutrient and pollutant inflow; and 

the mixing and exchange processes. 

6.2 Source Water 

The source water for the proposed waterway development will be the 
waters of the northern portion of the Exmouth Gulf. In the time available 
for this study, little quantitative information on the quality of this water 
body was found. Nevertheless, this area of Exmouth Gulf has been used 
for recreational pursuits including Direct Contact Recreation for a number 
of decades. It is understood that from time to time the Gulf waters 
become quite turbid under the action of strong tidal currents, waves and 
winds (pers comm Doug Myers, CALM). Apparently, this is merely an 
issue of aesthetics and is not known to cause any harm to humans. 

In addition, the Gulf water was acceptable as source water for the previous 
and somewhat similar proposal outlined in Bowman Bishaw Gorham 
(1989), Based on this subjective information, it is taken that the source 

M P ROGERS & ASSOCIATES 	 LandCorp, Exmouth Coastal & Marine Study 
Report R034 Rev 0, Page 14 

Li 



water is suitable for the intended development use of Direct Contact 
Recreation. 

6.3 Management of Nutrient & Pollutant Inflow 

The influx of nutrients and pollutants into the waterways will be 
minimised by careful design and management of the water bodies. 

The design elements include the following: 

the development will be serviced with a reticulated sewerage system, 

a sewage pumpout facility will be available in the DOT Boat Harbour 
or the Inner Boat Harbour, and 

all storm water runoff from the roads will be collected and piped to 
soakage areas, and only runoff from major events will overflow into the 
waterway. 

The ongoing management of nutrient and pollutant inputs will include the 
following: 

rubbish disposal and effluent discharge into the waterways will be 
banned and policed by the waterways manager, 

the use of plant species that require minimal watering and fertilising 
will be encouraged and required by the waterway manager, and 

the use of tributyl tin oxide antifouling on boats is prohibited under 
State Law. 

6.4 Mixing & Exchange 

The water in the various waterways will be mixed by tides, winds, waves, 
and boat traffic. All of these mechanisms will ensure that the water bodies 
are regularly and well mixed. 

There are several physical processes that cause water exchange between 
harbours and the adjacent source waters. These include: 

density currents, 

inflow of ground water, 

astronomical tidal fluctuations, and 

wind induced currents. 
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Density Currents 

The density of the waterway water is expected to be almost identical to 
that of the source water in Exmouth Gulf. Consequently, there will be 
little or no density gradients between the two water bodies that could set 
up density driven currents. Although density driven currents are important 
elsewhere, they will not be a significant mechanism in the water exchange 
at the Exmouth Resort and Residential Development. 

Ground Water Inflow 

Rockwater Pty Ltd predicts the ground water flow into the waterway to be 
very small and only in the order of 100 m3/day (pers comm Phillip 
Wharton). In view of the small magnitude of the ground water inflow, 
this is not expected to be a means of significant water exchange with the 
source water. 

The most important water exchange mechanisms will be the astronomical 
tidal fluctuations and the wind induced currents. These are discussed 
below. 

Astronomical Tidal Fluctuations 

As outline in Section 2, the astronomical tides Exmouth are semidiurnal 
(two cycles per day) with the typical spring and neap ranges being 1.8 and 
0.6 metres respectively. 

The tidal prism ratio (TPR) is defined as the ratio of the volume of tidal 
flow entering the waterway from low to high tide to the total volume of 
water in the waterways. This gives a measure of the potential for tidal 
flushing For the proposed development the TPR has been calculated to be 
about 45 % for a 1.8 metre tidal range (spring tides) and about 15 % for a 
0.6 metre tidal range (neap tides). This means that the tidal action will 
cause a large percentage of the waterway volume to be moved into and out 
of the development. Unfortunately, this does not guarantee effective 
flushing for all parts of the proposed waterway. 

Falconer (1980) indicates that under some conditions not all of the 
incoming source water will mix with the water in the waterways. The 
geometry can have a significant effect on the efficiency of mixing and 
effective exchange, with the least effective shape being a long and 
relatively narrow canal. In such a case, the incoming tidal water can bank 
up the canal water at the far end of the canal with little effective mixing. 
Much the same water that flowed in during the flood tide flows out during 
the following ebb tide. The individual water particles are basically moved 
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back and forth by the tidal action, and.  there is little effective exchange of 
water with the source water. 

Falconer (1980) defines an exchange coefficient as the product of the TPR 
and an efficiency coefficient to account for these effects. 

Exchange Coefficient = Tidal Prism Ratio x Efficiency Coefficient. 

Based on Falconer's work, "efficiency coefficients" were estimated for the 
various parts of the proposed waterways at Exmouth. These factors have 
then been multiplied by the above tidal prism ratios to obtain an estimate 
of the effective water exchange and flushing caused by the spring and 
neap tides. It should be noted that the values are for a single tidal cycle 
and there are two tidal cycles each day. 

Table 6.1 Estimated Tidal Exchange 

Waterway Location 
Estimated 
Efficiency 
Coefficient 

Estimated Tidal Exchange 

Springs 	Neaps 

DOT Harbour 1 45% 15% 

Inner Harbour 0.5 22% 7% 

Tourist Precinct small small very small 

Residential Precinct very small very small very small 

These estimates indicate that the DOT Boat Harbour will be well flushed 
by the astronomical tides. This waterbody will have a residence time in 
the order of 1 to 5 days and the resultant water quality will be close to that 
of the source water from Exmouth Gulf. 

The Inner Boat Harbour would experience less flushing by the 
astronomical tides and residence times in the order of 5 to 10 days could 
be expected. 

Astronomical tides will not play a large role in the flushing of the Tourist 
Precinct and the Residential Precinct. The action of tidal flushing in 
isolation would result in quite significant residence times. The action of 
the wind over these areas of waterway will be far more significant in the 
mixing and exchange of water with the source water. 
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Wind Induced Currents 

Winds blowing over closed-end waterways are known to create water 
motions that are important for water mixing and exchange. McKeehan 
(1975).  specifically studied the effects of wind on water motion in man-
made waterways. This work included a theoretical approach as well as 
presenting extensive measurements taken in existing residential canal 
estates. This study shows that wind blowing over a closed-end waterway 
causes: 

a slope on the water surface, raising the level at the down-wind end of 
the waterway, and 

surface water movement in the down-wind direction, and an opposite 
motion in the bottom layer. 

These features are shown on Figure 6.1. The expression for the water 
velocity as a function of depth and surface velocity was given as: 

U(z) = Us (1 - 4(z/h) + 3(z/h)2) 

where 	U(z) = water velocity at depth z, 

Us 	= water velocity at the surface, 

z 	= distance below the surface, and 

h 	= the total depth of water. 

The water flow at the surface is usually taken to be in the range of 2 to 
5% of the wind speed, refer to Wu (1973), Bishop (1979), and McKeehan 
(1975). The above suggests that the water speed decreases rapidly with 
depth and reaches zero at about one-third of the total depth. Underneath 
this level, there is a reverse flow to ensure a conservation of mass. 

As outlined in Section 2, southerly winds are common throughout the year 
with speeds typically about 10 to 15 km/hr. The waterways for the 
Tourist and Residential Precincts have been aligned to take full benefit of 
these common southerly winds. Local topography and the layout of the 
buildings along the waterway will funnel the southerly winds along these 
waterways and cause strong wind induced currents and associated water 
exchange with the Inner Boat Harbour. 

Using the methods outlined in McKeehan (1975) it was calculated that a 
southerly wind of 15 km/hr will cause the top one-third of the water 
column to move at an average rate of about 0.05 m/s. The waterways of 
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the Tourist and Residential Precincts are generally between 55 and 100 
metres wide and about 4 metres deep at mean sea level. Consequently, it 
is approximately estimated that 15 km/hr winds from the southern quarter 
will cause an inflow of about 10,000 to 15,000 m3/hr from the Inner 
Harbour into the adjacent waterways. This would be accompanied by a 
return flow at the same volume flux in the bottom two-thirds of the water 
column. As the waterways for the Tourist and Residential Precincts have 
a total water volume of about 360,000 m3  at mean sea level, it would take 
about 30 hours for these wind induced currents to fully exchange the 
waterway with the Inner Boat Harbour water. 

Examination of the anemometer records for Learmonth suggest that in 
most 5 to 10 day periods there will be sufficient southerly winds to cause 
the entire volume of water in the Tourist and Residential Precincts to be 
exchanged with the Inner Harbour water body. 

There are however, significant periods of time without southerly winds. 
From the review of the Learmonth anemometer records, it would be 
reasonable to expect that at some times it may take about 15 days for the 
southerly winds to cause the entire volume of water in the Tourist and 
Residential Precincts to be exchanged with the Inner Harbour. This would 
mean a residence time in these waterways of about 15 days when the 
southerly winds are weak and infrequent. 

These estimate of flushing times have all been based on empirical 
techniques and the results are approximate only. If the flushing of the 
inner waterway is of concern, it would be possible to better model the 
hydrodynamics using sophisticated computer techniques. Theses would be 
able to accurately account for the detailed effects of the tidal and wind 
action. 

6.5 Resultant Water Quality 

As outline in the previous sections, the waterways have been designed and 
will be managed to achieve minimal inflow of nutrients and pollutants. Of 
the possible sources of nutrients and pollutants, the most significant will 
be from the application of fertiliser and irrigation water to the garden areas 
adjacent to the waterways, the antifouling treatment on boats moored in 
the development, and accident situations which may release oil and fuel. 

Given that the empirical calculations indicate that the inner sections of the 
waterways could at some times take about 15 days to effectively flush, it is 
very important to carefully manage the inflow of nutrients into the 
waterway. This will need further study of the soil chemistry and methods 
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of limiting the use of fertilisers and irrigation water. These measures 
should include design and management aspects. 

It has been estimated that the typical boat moored in the waterways would 
release about 3 to 6 g/day of copper from its antifouling treatment. It is 
planned to have 160 boat pens and moorings in the Inner Boat Harbour, 
the Tourist Precinct and the Residential Precinct when fully developed. 
Assuming an occupancy rate of about 80%, these boats would release 
about 400 to 800 g/day of copper into the water body. With the minimum 
flushing rates estimated above, it has been calculated that the resultant 
concentration of copper in the waterway would be in the order of 10 to 
30 gIL. This is well within acceptable limits for the proposed Beneficial 
Use of Direct Contact Recreation. The Department of Conservation & 
Environment (1991) requires the 95th  percentile to be less than 500 .tgIL. 

However, it should be noted that the copper concentrations may at some 
times exceed the 5 j.tg/L limit often used when considering the harvesting 
of molluscs for human consumption. Consequently, the waterway 
manager should carefully monitor the situation and ban harvesting 
molluscs for human consumption if required. 

The waterway manager will establish a comprehensive fuel and oil spill 
response plan to minimise any impacts from any accidental spllls in the 
waterway. A key element of this, will be the rapid deployment of floating 
barriers across the waterway entrance channel. This will prevent the spill 
moving out into Exmouth Gulf. 

Skimmers and oil dispersants would then be deployed to remove and treat 
the spilt fuel or oil. 
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7. Siltation of the Waterway 

There are two possible sources of siltation for the waterways of the Inner 
Harbour, the Tourist Precinct and the Residential Precinct. These are 
sediment carried in the runoff from the adjacent land drainage system, and 
the suspended sediment in the incoming water from the DOT Boat 
Harbour and Exmouth Gulf. Both of these potential sources will be 
addressed in this section. The issue of the siltation of the entrance to the 
DOT Boat Harbour is not included as this is already the responsibility of 
the DOT, and the situation will not change with the proposed 
development. 

7.1 Sediment in the Surface Runoff 

Ewing Consulting Engineers has advised that it is planned to divert the 
surface runoff into soakage areas (pers comm Greg Locke). Apparently, 
in very heavy rainfall events, associated with thunderstorms and cyclones, 
the soakage areas would not have enough capacity to contain all of the 
runoff water. Under these circumstances, the runoff water would be 
allowed to overflow into the proposed waterways. The soakage areas or 
detention basins would greatly reduce the velocity of the drainage flow. 
This would act as a sediment trap and all but the very fine sediment would 

r 	 drop out into the detention basin. Consequently, the overflow water 
would contain little sediment to accumulate in the waterways. 

In Section 5 an allowance of 0.3 metres was included the calculation of the 
minimum waterway depths. This should accommodate the siltation arising 
from the overflow from the detention basins. 

7.2 Suspended Sediment in the Source Water 

Experience elsewhere has shown that, where the source water is turbid, a 
very small amount of sediment may settle out of the water column during 
each tidal cycle. Over a number of years or even decades, this may 
accumulate and silt up the waterway. In Port Hedland, the tug boat 
harbour has been silting up at about 0.05 rn/year (Rogers & Associates, 
1996). This is likely to be a much higher rate than what will happen at 
Exmouth because the Port Hedland source water is more turbid and 
contains a considerable silt load. Nevertheless, this mechanism of 
sedimentation should be investigated. 

The closest available measurements of the suspended sediment settlement 
rate was completed by Bowman, Bishaw & Gorham in 1993 at the 
entrance to Exmouth Gulf near South Muiron Island. The site was in 
about 20 metres of water and about 25 km to the northeast of the DOT 
Harbour. The work comprised the measurement of the sediment 
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settlement rates around the Loggerhead No 1 oil exploration well between 
the end of October 1992 and the beginning of December 1992. The 
background reference site showed a sediment settlement rate of about 
10 g/m2/day near the seabed. 

Earlier, and more comprehensive work in the Dampier Archipelago was 
completed by Forde (1985). This indicated that the sediment settlement 
rates were quite variable throughout Mermaid Sound, between the seasons, 
and were greatest under the effects of cyclone waves and currents. At the 
entrance to Mermaid Sound, Forde reported sediment settlement rates of 
between 30 and 120 g/m2/day near the seabed, and 20 to 60 g/m2/day at 6 
metres above the seabed. Further in the Sound the rates were more than 
twice these values. In addition, during even mild cyclones, the settlement 
rates increased by an order of magnitude. 

In view of these results, it is expected that the proposed waterway would 
experience sediment settlement rates in the order of 10 to 30 g/m2/day. 
Given the very sheltered nature of the proposed waterways, the action of 
re-suspension is anticipated to be quite minor. Consequently, the 
waterways are likely to accumulate at a rate in the order of 10 to 
30 g/m2/day. This roughly equates to about 0.003 to 0.009 rn/year. At 
these rates, the 0.3 metre siltation allowance would last between 30 and 
100 years. This is believed to be more than adequate for the development. 
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8. Coastal Stability & Set Back to Development 

8.1 General 

The coast adjacent to the proposed development is generally a very flat 
sandy beach backed by a single coastal dune which is about 10 to 12 
metres high. DOT hydrographic surveys of the beach show nearshore 
beach slopes of about 1 in 200. 

In the various engineering and environmental studies for the DOT Boat 
Harbour project and other proposed harbours at Exmouth, the issue of the 
historical coastal stability and longshore drift were studied. In the Notice 
of Intent for the Coral Coast Marina Resort, Bowman Bishaw Gorham 
(1989) provided a review of the main findings on coastal stability and the 
longshore drift at the site. The relevant findings are summarised below: 

Analysis of aerial photographs indicated little movement of the position 
of the shoreline in the preceding two decades. 

The movement of sand along the coast under ambient conditions is 
believed to be quite small. The net drift was approximately estimated 
to be in the order of 1,000 to 2,000 m3/year. 

The movement of sand along the coast during cyclones could be much 
greater, with several thousand cubic metres of sand moved along the 
beach in a matter of hours. 

The Town Beach boat ramp was constructed in the mid 1970s and has 
caused about 20 metres of accretion to the north with little effect to the 
beaches to its south. 

It is expected that there will be minor and localised realignment of the 
coast following the construction of the DOT Boat Harbour. This is 
anticipated to only occur within about 1 km of the harbour. 

If sand bypassing is considered necessary following the construction of 
the DOT Boat Harbour, then as part of its environmental commitments, 
the DOT will complete the necessary works. 

8.2 Storm Erosion 

The above assessment indicates that there would be some modest 
movement of sand along the coast during a severe cyclone. In addition to 
longshore transport, cyclones can cause significant cross shore transport 
where the sand is eroded from the beach and dunes. 
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During significant cyclone events, the strong winds generate high steep 
waves and an increase in water level known as storm surge. These factors 
acting in concert, allow the waves to attack the higher portion of the beach 
that is not normally vulnerable. The initial width of the surf zone may be 
insufficient to dissipate the increased wave energy of the storm waves and 
the residual energy is often spent in eroding the beach, the beach berm and 
sometimes the dunes. The eroded sand is carried offshore with return 
water flow to deeper water, where it may be deposited and form an 
offshore bar. Such bars can eventually grow large enough to break the 
incoming waves further offshore, causing the wave energy to be spent in a 
wider surf zone. Figure 8.1 was taken from the Shore Protection Manual 
(1977) and diagrammatically illustrates storm attack on beaches and dunes. 

Studies of numerous sandy beaches in Australia and overseas which are 
exposed to a wide range of wave energies, tidal regimes and storm surges, 
indicate the following broad ranges of erosion during storm attack. 

Table 8.1 Typical Erosion Volumes in Storms 

Storm Severity 	
Volume of Erosion 

(above MSL) 

Modest storm 	 5 to 25 m3/m 

Moderate storm 	 20 to 50 m3/m 

Extreme storms 	 50 to 100 m3/m 

Very Rare storms 	 100 to 200 m3/m 

For the present study of Exmouth, theoretical calculations of the erosion 
during a rare storm (about 100 year return period) were completed using 
the method put forward by Swart (1976). The following parameters were 
used in the calculations. 

Nearshore wave conditions: 

Cyclone storm surge: 

Local wave set-up: 

Duration of storm peak: 

Sand particle size: 

Hs = 3.5 metres, Tp = 8 s, 

SWL = +2.4 metres AHD, 

n = +0.5 metres, 

12 hours, and 

d50  = 0.3 mm 

M P ROGERS & ASSOCIATES 	 LandCorp, Exmouth Coastal & Marine Study 
Report R034 Rev 0, Page 24 

I 



The calculations suggest that during such storm conditions, there would be 
erosion of about 30 metres of the coastal dunes at Exmouth. This would 
be about 60 m3/m of erosion above AHD. This is in the lower end of the 
values above. This is primarily because of the very flat slopes in the surf 
zone. The shallow water limits the wave height and erosion effect on the 
rear of the beach. 

8.3 Recommended Set-Back to Coastal Development 

In addition to the calculated erosion in a rare storm, it is appropriate to 
allow an additional buffer to account for variations in cross shore 
movement along the beach, short term longshore movements, the likely 
accuracy of the empirical calculation techniques, possible coastal recession 
due to Climate Change and a factor of safety. For the situation at 
Exmouth, it was reckoned that from a coastal engineering point of view, 
the total set back to residential buildings should be at least 90 metres from 

L 	 the existing vegetation line. The items that make up the recommended 
buffer are outlined in the table below. 

Table 8.2 Recommended Set-Back to Residential Buildings 

Coastal Engineering Factor 	 Distance 

Accretion / erosion trend 100 yrs x 0 rn/yr 	 0 m 

Severe storm (1 in 100 yr) cross-shore erosion 	 30 m 

Climate change allowance 	 30 m 

Factor of safety 	 30 rn 

Recommended Set-Back to Residential Buildings 	90 m 

The proposed development plan provides for more than the recommended 
set-back distance to the residential buildings on the coast. 
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9. Recommendations 

The coastal and marine engineering aspects of the proposed development 
have been investigated for the purpose of concept planning and assessment 
of the environmental impacts. These investigations have been completed 
for the LandCorp concept plan shown in Figure 1.1 and have resulted in 
the following recommendations. 

Building Levels 

It is recommended that the minimum finished floor level in the proposed 
development be set at 3.7 metres above AHD. 

Navigation 

In order to cater for the boats that would use the waterways, the Inner 
Harbour should be dredge to 4.2 metres below AHD and the Residential 
and Tourist Precincts should be dredged to 3.7 metres below AHD. The 
clear navigable width of the waterway should be at least 30 metres to 
accommodate boats up to 15 metres long. 

Water Quality 

The assessment of the flushing of the waterways suggests that some areas 
would have residence times of about 15 days under some conditions. 
Given this, it is important to limit the inflow of nutrients and pollutants 
into the waterways through careful design and management measures. 
This will need further work concerning soil chemistry and limiting the use 
of fertilisers and irrigation water. 	Depending on the outcome of this 
work, it may be appropriate to refine the estimates of water exchange 
using a computer model. It is recommended that this further work be 
completed at the start of the detailed design phase of the project. 

The waterway manager should establish a water quality monitoring 
program to confirm that the desired standards are achieved in the 
completed waterway. 

It is also recommended that the waterway manager establish a 
comprehensive oil spill response plan and ensure that appropriate 
equipment and trained personnel are available for emergency response. 

Siltation 

The siltation of the waterway is expected to be less than 0.01 rn/yr 
provided that all drainage water is passed through a stilling basin to 
remove suspended sediment before entering the waterway. The siltation 
allowance of 0.3 metre, that has been included in the assessment of the 
dredge depth for the waterways, should be sufficient for more than 30 
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years of the expected siltation. It is recommended that the waterway 
manager monitor the depth in the waterways to confirm the predicted rate 
of siltation. 

Set Back to Development 

Based on the assessment of the coastal stability and erosion during a severe 
storm, it is recommended that the coastal buildings be kept at least 90 
metres behind the permanent line of coastal vegetation. 
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Figure 2.1 Exmouth Wind Roses 
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Figure 2.2 Exmouth Tidal Submergence Curve 
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NOTES: 
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Figure 6.1 Wind Induced Circulation 
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Figure 8.1 Storm Wave Attack 
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BENEFICIAL USE NO.! 

DIRECT CONTACT RECREATION 

For the purpose of this schedule, recreation is considered to include all activities reLating to sport, pleasure and 
relaxation which for the purpose of these guidelines depend on water resources. Water orientated leisure pursuits 
dominate recreation in Western Australia. Most of the State's population is concentrated near the coast and 
especially within 200km north and south of Perth. The importance of water for recreation in Western Australia 
reinforces the need to establish effective water quality criteria as guidelines for the proper management of this 
resowt 

In considering this schedule, the Editors drew heavily upon the NH&MRC Australian guidelines for recreational 
use of waters (NH&MRC, 1990). This was done as an attempt to standardise schedules which have little relation 
to the physiography andecology of any particular part of Australia. Other criteria have also been included from 
other sources, however. 

During revision of the criteria a common question which was raised was "how far from the high tide mark 
seawards does the criteria apply for direct contact recreation"?. The answer can only be given on a she specific 
basis and hence should be addresses by the management agency when designating water bodies for various 
benificial uses. However, it is pointed out that where water depth increases rapidly from the high .iide nIark, 
Schedule 1(1) would be applicable to. a ribbon shaped segment of water parallel to and along side the beach. On 
the other hand, in the case of platform reefs, Schedule 1(1) would cover a much wider area depending on water 
depth. 

Primary contact recreation for humans. 
Criteria in Schedule 1(1) are intended to protect marine and estuarine waters for direct contact recreation 
involving bodily immersion or submersion, including bathing, diving, water-skiing, surfing and other similar 
activities. 

Health criteria 

People engaged in primary contact recreation may swallow significant amounts of water, absorb toxic chemicals 
through the skin or acquire a range of infections. The amount of water that may be accidcntly swallowed varies 
considerably but in practice probably does not exceed 100 mL for any individual per day. 

Depending on the levels of control exercised over the open water resource, effort should be made to either warn 
the public or control access and use when water is found to be heavily polluted. 

Faecally contaminated water may expose swimmers to a range of infectious gastrointestinal diseases. Norwalk 
virus has been commonly cited as the most likely disease causing organism. The protozoans Giardia and 
Cryptosporidium may also be a cause for concern, particularly if farm, animal and sewage wastes are dumped 
into streams or takes which drain to upper estuaries. 

Safety and aesthetic criteria 

Water should be free of floating or submerged objects which may cause physical injury. In terms of water quality 
control, floating debris, oil, grease, scum, foam, and other floating materials originating from waste discharges 
or of natural origin are of concern. Ideally, water should have a low turbidity and have low colour. For many 
activities, for example, swimming and diving, it is important that the bottom be clearly visible. 

Formulation of criteria to ensure that water is universally appealling is difficulL Aesthetic preferences are 
subjective and dependent upon cultural conditioning. 

Waters should conform to the general health, safety and aesthetic criteria for marine and estuarine waters. They 
should also be protected against loads of nutrients and other biostimulants capable of causing excessive or 
nuisance growths of algae or other aquatic plants. 

Water quality criteria recommended for primary contact recreation relating to human health, safety and aesthetics 
are provided in Schedule 1(1). 



SCHEDULE 1(1) 

MARINE AND ESTUARINE WATER QUALITY CRITERIA FOR PRIMARY 
CONTACT RECREATION 

Primary Contact: Criteria relating to human health, safety and aesthetics 

Parameter Criterion Source 

Aesthetic As on page immediately xecceding Schedule 1 USAEPA 
Considerations (Comp.) 

(1978) 

Flcntable and floating debris, grease, oil, aum and foam should not be NH&MRC 
serdeable matter visible. The bottom should be safe to walk on. (1990) 

Physical Hazards Water should not contain floating or submerged NH&MRC 
(Dangerous objects) objects which might injure, tangle or obstruct users. (1990) 

Odours, taints The waxer should be free of objectionable odours and W02(1900) 
colour taints, and colour should not exceed 30 Pt-Co units VIcEPA 

(1983) 

Light Penetration Sccchi disc (a cixcuiar plate painted black and white) visible NH&MRC 
(Water Clarity) at a depth of 1.2m except in learn to swimTM area where (1990) 

a Secchi disc should be visible on the bottom; 

pH 6.5-8.5, except.for estuarine waters with a Low buffer NH&MRC 
capacity where a pH range of 5.0 and 9.0 may be tolerated. (1990) 

Turbulent and high flow rates should be less than 1.5 rn/sec at waist or greater NH&MRC 
velocity flows depth. (1990) 

Pla.'u,uw-ie,us 

Marine Nutrients should not promote excessive aquatic macrophyte WG2(1990)/. 
and algae growth or growth of toxic cyanobacteria. Ncr NH&MRC 
should they can 	a deleterious reductions in dissolved oxygen (1990) 
concentrations in waxer. 

Ammonia (expressed 	6 month median not to exceed 60) ug/L. 	 K&S(1977) 
as Nitrogen) 	 No single reading to exceed 2000 ugL. 

Estuarine 	 Nutrients should not promote excessive aquatic macrophyte 	W02(1990)/ 
and algae growth or growth of toxic cyanobacteria. Nor should 	NH&MRC 
they cause a deleterious redtxnions in dissolved oxygen concentrations (1990) 
in water. 

Phosphorus (Total) Not to exceed 0.02 mg/L WG2 (1990) 

Nitrogen (Total) Not to exceed 0.2 mg/L WG2 (1990) 

Bacteria 

Total Coliforms The geometric mean of total coliforrns in not less than 5 samples V1cEPA 
taken over a period of not more than 42 days should not exceed (1983) 
1,000 organisms per 100 ml. 

Faecal Coliforms The median value not exceeding 150 faecal coliforms NH&MRC 
and indicators organisms/lOOmL for a minimum of 5 samples taken at (1990) 

regular intervals not exceeding 1 month with 4 out of 5 
samples containing less than 600 faecal coliforms per 
lOOmL. However, where possible, a site specific criterion 
should be developed. High temperature and high salinity 
adversely'affects faecal colifcrm survival and may indicate the 



need to adopt a more stringent faecalcoliform criteion. Since 
some human viruses may survive chlorination, the criterion 
must be applied with caution for assessing health risk 
where effluent of human origin is chemically disinfected. 

c)EnteroCCi Geometric mean not to exceed 33 organisms per lOOmL NH&MRC 
(1990) 

Faecai Material The water in bathing and swimming areas should be WG1(1981) 
protected against direct contamination with fresh faccal 

r material of human or domesticated animal origin. 

Salmonella  95 percentile should have zero organismslL. This may be WG2(1990)/ 
established on the basis of a minimum of five samples taken WRC(1989) 
over not more than a 30-day period under conditions representative 
of the water quality to which users are commonly exposed. 

Enterovinises 95 percentile should have zero organism10L. This maybe WG2(1990)/ 
established on the basis of a minimum of five samples taken WRC(1989) 
over not mere than a 30-day period under conditions representative 
of the water quality to which users are commonly exposed. 

Blue Green Algae No quantitative figures have been produced. Waters with NSWSPCC 
obvious algal blooms cam be considered unsuitable for (draftX1989) 
primary contact recreation. 

Harmful organisms Dangerous aquatic. parasites are almost unknowa in Australia. W02(1990)I 
Waters should have only low levels ofcercarial stages of avian NH&MRC 
schistosomcs. Directconzact with arange of bottom dwelling (1990) 
animals on reefs should be avoided; water should be reasonably free 
of poisonous coclenterazes such as box jelly fish and blue bottles. 
In estuarine areas, freshwater leeches should be avoided where possible 
as they can enter body crilices and cause considerable damage. 

Procozoans Pathogenic free-living protozoans should be absent fron warm W02(1990)/ 

L (greater than 24°C) upper estuarine water bodies used bodies NH&MRC 
bodies used for primary contact recreation. 	 . (1990) 

Staining 

Iron 95 percentile not to exceed 500 ug/L W02 (1990) 

Manganese 95 percentile not to exceed 100 ugfU WG2 (1990) 

Temperature 15-350C 	 . NH&MRC 
(1990) 

Radioactive The waters should not contain radioactive substances in WG1 (1981) 
Substances such concentrations as to be deleterious to humans if small 

quantities are ingested. 

TOXICANTS: FOR HUMAN PROTECTION 

In General 	 Waters containing chemicals which are either toxic or 	 NH&MRC 
irritating to the skin or mucous membranes are unsuitable 	 (1990) 
for recreation. 

(Elements) 

Arsenic 95 percentile not to exceed 500 ug/L WRC (1989) 

Cadmium: 
Estuaries Annual average not to exceed 5 ug/L . 	 WRC (1989) 
Other Coastal Waters Annual average not to exceed 2.5 ug/L WRC (1989) 

Chromium 95 percentile not to exceed 500 ug/L WRC (1989) 

Copper 95 percentile not to exceed 500 ug/L WRC (1989) 



Ll 95 percentile not to exceed 500ug/L WRC (1989) 

Mercury: 
Estuaries Annual average not to exceed 0.5 ug/L WRC (1989) 
Other Coastal Waters Annual average not to exceed 0.3 ug/L WRC (1989) 

Nickel 95 percentile not to exceed 500 ug/L WRC (1989) 

Zinc 95 percentile not to exceed 50 mgit WRC (1989) 

(Organics) 
Phenols Not to exceed 50 ug/L WRC (1989) 

Hydrocarbonz 

Visual and odour No visible film or odour WG2 (1990) 

Dissolved or 90 percentile not to exceed 300 ug/L WRC (1989) 
emulsified 

Chloroform 90 percentile not to exceed 300 ug/L WRC (1989) 
extraccible substances 

(Other Toxicants) 

Hydrogensuiphide 	95percentile not to exceed- 4Oug/L 	 WRC (1989) 
(undissociated H2S) 
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1.0 IT4TRODUCTION 

The Exmouth Resort and Residential Development is proposed to be constructed 
adjoining the Exmouth Boat Harbour now under construction. The integrated freehold 
resort covers a total project area of about 135ha and is to be situated to the south of 
the existing Exmouth Township on Murat Road. 

The residential/tourist resort is proposed to comprise: 

residential precinct covering 67 ha including 431 single residential lots. 
medium density site 5,800m2. 

primary resort site 4.3 ha. 
secondary resort site 7.8ha. 

A water body of around 12.5ha is proposed to link the boat harbour now under 
construction through an inner boat harbour to the tourist and residential precincts. The 
inner boat harbour is proposed to be dredged to about minus 4.4m AHD with the 
water body adjacent the resort and residential areas being dredged to about minus 
3.9m A}TD to cater for sailing vessels up to 15m in the inner boat harbour, and motor 
cruisers up to 1 Sm in the resort and residential canals. 

The mix of land uses is proposed to vary from single residential through tourist and 
commercial including resort hotel, convention site and marine based commercial in the 
inner harbour and industrial precinct. Whilst the resort will be developed in stages, 
construction of the water body and provision of major roads and services will need to 
be undertaken within the first stage of development works. The take up of land and 	2 

development sites within the resort is expected to be staged progressing to full 
servicing for the ultimate development of around 1,000 equivalent lots. Service 
construction will be required as market demand dictates. 

This report has been commissioned by LandCorp to provide input and comment on 
civil engineering related issues for a Public Environmental Review of the proposed 
development. 

GHL:jrnh 2216 	 4 
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2.0 	DESCRIPTION OF THE PROPOSAL 

	

2.1 	Commercial, Tourist, and Residential Precincts 

The conceptual master plan as prepared by James Christou & Partners Architects for 
LandCorp provides for development of 3 distinct precincts over a total area of about 
135 gross hectares: 

inner harbour and industrial precinct of 42.5Ha to lie immediately inland of the boat 
harbour now under construction. This will include marine-based commercial 
development on the south side adjacent the existing race course. This will join 
marine commercial on the inner boat harbour linked to the outer boat harbour now 
under construction with possible commercial and mooring pens in the inner boat 
harbour. Development on the north side could include serviced apartments and/or 
yacht and fishing club site. Road access to these facilities would be by roads 
constructed from the proposed relocated Murat Road with a major northern access 
being constructed as a dual carriageway link running along the back of the existing 
sand dunes past the Norcape Lodge site and the existing Yacht Club and public boat 
ramp. 

An adjoining tourist precinct of 25.3Ha to comprise of a Resort Hotel and 
Convention Centre site of about 4.3Ha, with a tourism commercial and residential 
development of about 7.8Ha adjoining a further extension of the boat harbour. 

A 67.2Ha residential precinct to comprise: 

	

- 	91 "wet" lots forming the canal residential estate 

	

- 	21 "dunal" lots adjoining the yacht club and public boat ramp off Warne Street 

	

- 	318 "dry" lots focused around the canal lots and configured to take advantage 
of the topography and fill material available from excavation of the canals with 
a central western Public Open Space raised as a lookout feature to give lots 
sweeping views to the ocean and or inland to Cape Range. This precinct 
includes the existing cemetery, a 5,800m2  medium density site, and a separately 
owned possible unit development site on the drive-in-theatre site immediately 
adjacent the existing town. 

GHL:jrnh 2216 	 5 
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2.2 	Development Elements 

Essential elements of the development would include 

deviation and reconstruction of Murat Road, the main road entry from the south 
to Exmouth Townsite. 
filling, contouring and stabilising development sites and lots for dwelling and other 
construction without the need for further substantial site works. 
construction of public roads connected to existing constructed roads in the town 
site to provide i access to proposed development, existing facilities and the outer 
boat harbour facilities now under construction. 
grading of roadworks, shaping of and filling of lots to ensure that the properties 
are protected from stormwater runoff and sea water storm surges. 
construction of reticulated potable water supplies to provide service to each lot in 
accordance with Water Corporation standards, and to link with the existing Water 
Corporation system. 
construction of a reticulated sewerage scheme by either gravity or vacuum 
sewerage, to remove wastewater from the development for delivery to the town 
wastewater treatment system. 
provision of reticulated underground power supplies 
provision of telecommunications services to link with existing and proposed 
Telstra main network facilities 
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3.0 	EARTHWORKS and DEWATERING FOR CANAL DEVELOPMENT 
and LOT FILL 

3.1 	Boat Harbour, Canal and Bulk Earthworks 

The concept allows for excavation inland from the boat harbour of a waterway of 
about 12.51-1a. The waterway would be excavated to about -4.4m AHD in the inner 
boat harbour through to -3.9m AHD in the residential canals. Soil types vary from 
clayey sandy gravels, conglomerates of varying hardness, some hard rock, through to 
gravels in the northern end of the residential canals (ref 2). 

Existing ground cover of native grasses, salt bush and mulga scrub and topsoils would 
be stripped prior to commencement of earthworks and stockpiled for respreading at 
completion of works. 

Excavation techniques will vary dependant on detail design requirements and 
construction equipment available. Nevertheless it is expected that excavation would be 
by scrapers, dozers and excavators as necessary and would be carried out in the "dry. 
It is not expected for this proposal that any drilling or blasting will be required to 
excavate to finished levels. Any variation to the proposal which alters excavation 
locations may vary requirements in regard to drilling and blasting. 

Groundwater levels in the region of the proposed canals are between RL Om and 0.5m 
AHD. Dewatering would be required for excavation below this level. 

3.2 	Dewatering for Construction 

Groundwater within the proposed canal areas show a high salinity (near seawater 
levels) and is probably influenced by tides. The nature of the groundwater and the 
effects on the groundwater regime during construction are the subject of a separate 
report by Rockwater Pty Ltd which accompanies this report. 

The methods of extraction of water during dewatering operations and assessment of 
likely extraction volumes will be confirmed in investigations to be carried out at the 
project design stage. This will include review and assessment of the absorptivity of 
soils within and adjacent to the project area, and will be subject of a dewatering and 
groundwater management proposal. 

Nevertheless it is envisaged that dewatering will be accomplished by excavation of a 
sump or sumps in the lower section of the proposed canal developments to depths 
which would allow for adequate lowering of groundwater levels to allow for 
construction. 

GHL:jnth 2216 	 7 
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Recommendations made on excavation (Ref 2) suggest the following construction 
sequence 

excavation of dewatering sumps 
removal of vegetation and topsoil 
excavation of canal basin from downstream sumps with placement of excavated 
materials to fill. 

Water from dewatering operations is expected to be highly saline and to contain silt 
and, sediment from the excavation operations.' Dewatering water will be filtered to 
ensure that clear water returns to the ocean. The high salinity of groundwater will 
require that the water be kept away from any important existing vegetation. 
Settlement and salinity control techniques to be investigated at the detail design stage 
would include discharge of waters behind a geofabric silt curtain within part of the 
boat harbour, and settlement within land-based settlement basins prior to overland 
discharge to the sea. 

The disposal methods will be carefully monitored to ensure that the water discharging 
back to Exmouth Gulf is at or near the turbidity levels of the Gulf waters. 

The entrance to the inner boat harbour will be excavated during neap tides where 
possible to maximise turbidity control. 

3.3 	Fill Placement 

The results of geotechnical investigations (Ref 2) indicate significant variability of 
materials expected to be encountered during canal construction. Particle size 
distributions will vary and to a degree be a function of the excavation techniques used. 
Nevertheless with careful control and testing of materials excavated it is anticipated 
that those materials can all be used to produce a well-mixed homogenous material 
suitable as fill to create the lot shapes required. Canal excavation spoils of 
approximately 1,1 00,0000 will be placed on the site. 

It is not anticipated that significant amounts of material unsuitable for structural fill will 
be encountered. Nevertheless any such materials will be disposed of in Public Open 
Space and other areas not requiring structural fill. 

GHL:jmh 2216 	 8 
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3.4 	Supply of Construction Materials and Construction Management 

3.4.1 Materials 

Construction proposals for canal and harbour walls are discussed in the accompanying 
marine engineering report by MP Rogers and Associates. About 4km of walling will be 
required to be constructed. This will necessitate quarrying and importation to site of 
around 45,000m3  of nominal 0.5m size rip-rap and bedding layer materials of the order 
of 13,500m3. 

In addition roadworks will require the quarrying and importation of about 25,000m3  of 
road base materials and associated aggregate for road sealing. 

The existing commercial Trealla limestone quarries near Exmouth are capable of 
providing suitable supplies of such construction materials from pits currently approved 
and developed, or in the process of development. 

Transport of materials would be generally along Murat Road by conventional road 
transport. 

Concrete for construction can be sourced from supplies at Exmouth. Other materials 
such as bitumen, pipework and the like can be sourced from the region where possible, 
with the balance of materials being trucked to the area from Perth or other sources as 
necessary. 

3.4.2 Materials Storage 

Materials will be stored on site within nominated works areas designated to minimise 
impact on adjacent areas. 

3.4.3 Traffic and Accommodation 

Access to the work site will be generally from Murat Road and the existing town. 
Murat Road relocation would take place at an early time to ensure continuous safe 
public access around the works site. The first stage of works would include complete 
canal construction and land fill to allow for construction of future roadworks and 
service extensions to meet market demand. 

Accommodation for workers would be met either from existing facilities within the 
town site, or by on site accommodation as necessary and as determined by the 
Contractors chosen for the work. 

GHL:jmh 2216 	 9 
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3.4.4 Noise, Dust and Restabilisation 

The works are proposed adjacent the existing town site and immediately adjacent the 
main access road, Murat Road, into Exmouth. Construction works will be limited to 
within times agreed with the Local Government, the Shire of Exmouth, to ensure that 
the rights and amenity of those in the adjacent community are protected. 

Materials excavated for fill purposes will be near or below groundwater table and 
particle sizes are expected to be such that, except for top surface, dust nuisance will be 
minimal. Nevertheless water will be applied for compaction and dust suppression 
purposes where necessary utilising water from dewatering activities and other 
appropriate on site sources. A site classification will be carried out in accordance with 
the Department of Environmental Protection Guidelines for Land Development Sites 
and as agreed with the Local Government. Dust suppression and control measures 
such as watering and wind fencing will be implemented in accordance with those 
Guidelines. 
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4.0 	ROAD ACCESS 

4.1 	Existing Roads 

The proposed residential resort is immediately adjacent the southern part of the 
existing town site and construction will affect existing 

Murat Road 
Horwood Street 
Warne Street 
Reid Street and associated links. 

Approximately 1.25km of the main access road into Exmouth from the South, Murat 
Road, will be required to be closed and replaced with a deviation about 1.4km long to 
be constructed west of the existing alignment. 

Warne Street will be required to be closed and its access ftinction, particularly to the 
foreshore area and the Yacht Club, replaced with the proposed dual carriageway 
boulevard which will form the primary access to the eastern part of the Estate and the 
Boat Harbour. 

Traffic to be generated from the proposed 430 single residential lots, 12.7Ha of Resort 
and Boat Harbour and industrial areas can thus be efficiently and effectively distributed 
to the existing road infrastructure for connection North to the existing townsite, and 
South to Learmonth Airport and destinations South. 

4.2 	Roads and Construction Techniques 

All roadworks will be constructed in accordance with the Shire of Exmouth and 
relevant industry standards. Road pavements will be constructed using readily 
available base course rock from Trealla limestone quarries existing in the area. Roads 
will be sealed with pavement types selected as detailed design proceeds. Materials for 
final pavement wear course are available from existing quarries and other commercially 
available sources. 

The preliminary road gradings and lot fill and lot grading designs have confirmed that 
adequate minimum longitudinal grade requirements can be met, commensurate with the 
desired lot shapes and stormwater drainage requirements. 

GHL:jmh2216 	 11 
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5.0 	STORMWATER DRAINAGE AND STORM SURGE MANAGEMENT 

5.1 	Rainfall, Storm Events and Building Levels 

Rainfall in the area is generally around 300mm per annum. Although this rainfall is low 
the area is characterised by cyclonic storm events yielding high volume storm flows. 

Storm surge protection needs to be provided to the proposed land uses within the 
development both from overland stormwater discharge, and from sea storm surges. 

The accompanying report by MP Rogers and Associates indicates that adequate 
protection for buildings can be provided by filling areas proposed for buildings to a 
minimum level 3.55m AHD and that the lowest finished floor levels be set at 3.7m 
AHD. To provide adequate all weather protection for road access, minimum 
recommended road pavement levels of 2.7m AHD are proposed to be adopted. 

5.2 	Overland Flow and Resort Drainage 

The Boat Harbour and the proposed residential resort are located on a break-out 
which existed in the dune system at the downstream end of significant stormwater 
drainage catchments. The high intensity rainfall events in the area, coupled with 
relatively low absorption capabilities of the upstream parts of that drainage catchment 
can lead to significant storm flows towards the project area. The extent of the 
immediate catchment and adjacent catchment to the north are shown on the attached 
Fig. 1. 

The immediate catchment comprises of about 5 square km. Catchment characteristics 
and detailed flow evaluations were subject of the Flood Channel Investigation prepared 
for the Exmouth Boat Harbour in April 1996 by Evangelisti and Associates (Ref. 1). 
That study confirmed that two significant channels existed and will be required to be 
catered for in detail project design. Culvert designs were carried out for the two road 
crossings at the floodway to convey a 1 in 10 year recurrence interval storm, a non-
cyclone event, without upstream water levels encroaching on roadways. 
Recommendations were made that flows in excess of the 10 year recurrence interval 
storm pass over the access roads on a floodway totalling 50m. 

Preliminary road gradings and designs confirm that such floodways can be 
incorporated within the proposed layout, however detailed subdivision design will need 
to recognise these floodway requirements and make appropriate allowances for 
overland flow towards the canals and harbour for ultimate discharge to Exmouth Gulf 
from this immediate catchment and the major catchments to the north. This detail 
design will require adherence to floodway widths, longitudinal gradients, pipe sizing 
for the 10 year recurrence interval storms, and appropriate scour protection at inlets 
and outlets and at discharge points to the canal water bodies. 

(;HL:jmh 2216 12 
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Although the water courses drain towards the previously existing dune break out they 
reportedly do not often drain directly to the ocean by that break out. Significant flows 
were observed during cyclone Beverley (about 1975) to cause water to build up north 
of Warne Street then to overflow South towards the break-out (pers. comm. Mr K 
Graham). Drainage in the area is generally absorbed behind the dunes within 
dissipation and infiltration areas. The opportunity exists for formalisation of two 
settlement/absorption areas. 

one immediately west of Murat Road adjacent the Tourist Precinct and 
the other would be in reserve 29066 immediately north of the proposed residential 
precinct. 

It is expected that the majority of storm flows would dissipate within these areas and 
any sediment load would be deposited in these locations prior to discharge via the 
proposed culvert system and overland flow paths to the canal water body. Sediment 
discharge to the canals will thus be minimal from this source. 

Where possible internal roadwork gradients will be such that major storm flows will be 
conveyed within roadways to discharge initially to the two main dissipation basins 
established to collect overland flow and for ultimate discharge, if required, to 
floodways and canals. Detail design may indicate that some minor pipe collection 
systems are necessary to augment the overland flow systems, however these will be 
minimised to minimise maintenance and construction costs. 

Detail design as the project proceeds will confirm the necessary sizings of major 
dissipation basins and other flood and stormwater control measures. 

5.3 	Hydrology 

The hydrology of the area is discussed in the associated Rockwater Pty Ltd report. 
Natural groundwater salinities in the immediate area of the proposed residential resort 
are high. The dissipation and absorption of the stormwater collected from within the 
resort and from the overland flow is not expected to significantly alter existing high 
ground water salinities. 

Nutrient runoff from the residential resort will generally be able to be directed towards 
the dissipation basins where nutrients have the opportunity to be absorbed within the 
local soils before entering the unconfined groundwater system. Developments near the 
inner and outer boat harbour would generally be at elevations such that low intensity 
storms can be absorbed on site. Stormwater from higher intensity storms would be 
expected to discharge direct to the Boat Harbour waters, however the volume of such 
water and proportion to the overall flows in such events is such that nutrients would be 
mixed and diluted as they enter the harbour waters. 
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6.0 	WATER SUPPLIES 

	

6.1 	Potable Water Supply 

The residential resort proposes the development of about 430 single residential units, 
about 12.7Ha of Resort and Tourism Development and the Marine Based Commercial 
Developments. If the development density of the Resort and the intensity sites is 
considered as R40 then the full development of the residential resort could be expected 
to add of the order of 950 residential equivalents to the service demands. 

Average annual rainfall of Exmouth is reportedly around 300mm in irregular falls 
generally associated with cyclonic activity. Therefore provision of potable water 
supply based on storage of rainfall runoff is not considered viable. 

The Water Corporation was approached regarding the provision of water supplies to 
the development. Water Corporation experience is that average annual total demand 
per residential equivalent is 820 kilolitres with an average peak day volume of 3.35 U 
per service for lots of the size proposed. This usage would include some garden 
watering. Variations in lot sizes, particularly a reduction, would therefore alter 
consumption per lot; a higher density development may not increase total water 
demand should such a change be investigated. 

The Water Corporation advise that existing systems can be expanded to accommodate 
the proposed development subject to necessary approvals from the Department of 
Environmental Protection and Water and Rivers Commission. The Corporation 
currently has capital projects in place to meet the future demand. This would be 
accomplished by extending the existing bore fields to the south by an extent 
determined by water requirements for each stage and the timing of development. 
Water Corporation advised that the proposed completed development will increase the 
towns current consumption by the order of 50%. 

It is therefore considered that with appropriate negotiations and forward planning the 
potable water supply can be extended to the development by progressive expansion of 
the existing Water Corporation managed system to .meet the development stages. 
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6.2 	Landscaping Water Supplies 

Residential allotment sizes are proposed to vary from around 570 square metres to 870 
square metres for dry lots with lots of around 800 square metres for canal lots. Whilst 
some private bores to the west of the proposed development tap into the unconfined 
groundwater aquifer it is considered that the groundwater salinities at the development 
site will be high, and supplies for landscaping purposes are unlikely to be met from 
individual bores on the site. Water supplies for landscaping of individual lots and 
around the proposed tourist and other developments would thus be required to met 
from the Water Corporation system. The service allowances made by the Water 
Corporation would allow for such watering. As discussed in 6.1 water consumption 
should be reviewed if anyvariation to lot sizes is contemplated. 

GHL:jrnh2216 	 15 
December, 1996 
Rev. A 28/1/97 



AM PCONS 

if 	_
V tI"

TING ENGINEERS PTY LTD 

	

7.0 	WASTE WATER COLLECTION AND DISPOSAL 

	

7.1 	Wastewater Collection 

Wastewater flows calculated drawing on Water Corporation experience in the area 
indicate that full development would produce of the order of 250,000 kilolitres per 
annum wastewater. Each lot to be created within the development will be provided 
with a connection for wastewater to a reticulated sewerage scheme so that all 
wastewater can be collected to be pumped away from the site for treatment. Readily 
available technology exists to allow for such collection. This would be by either 
vacuum sewerage or gravity means dependant on the outcome of final design and 
economic analyses of ongoing maintenance and running costs in addition to capital 
cost. 

A sewage pump-out facility will be incorporated for boats serviced at the boat harbour. 
This pump-out will be connected to the reticulated sewerage system. 

	

7.2 	Wastewater Treatment 

The Water Corporation has advised that the existing wastewater treatment plant has 
some capacity to accept increased inflow. Furthermore, Water Corporation planning is 
in place to relocate the wastewater treatment plant to an appropriate site north of the 
existing Townsite. It is likely that the development of the Exmouth Residential Resort 
would expedite the relocation dependant on staging, timing of the development and 
obtaining the necessary approvals. 

Wastewater collected at the Residential/Resort site would need to be pumped to the 
treatment facilities. Design of the overall scheme will be in accordance with the 
current Water Corporation design criteria for such a development. 

Treated wastewater is at present used to irrigate the Town golf course. The increased 
flows from the residential resort would increase the opportunities for re-cycling of 
waste-water. 

Proposals to re-use grey-water and treated waste-water for landscaping and similar 
purposes are to be investigated at the detail design phase of the project. 
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8.0 	POWER AND GAS SUPPLIES 

8.1 Power 

It is envisaged that each lot would be provided with reticulated underground power 
constructed in accordance with Western Power's standard requirements. 

The existing Western Power generating station in Nimitz Road is sized only sufficient 
for the existing town and Western Power do not plan to extend or enlarge the power 
station to cater for the proposed Exmouth Resort. Generation of power for the 
development will need to be subject of ongoing negotiations with State and relevant 
Authorities. It is possible that provision of a dedicated generation facility for the 
residential resort will be required. The location, sizing and timing of construction of 
generating facilities will be subject of ongoing planning and negotiations. 

	

8.2 	Gas Supplies 

Reticulated gas supplies are unlikely to be available for the proposed development. 
Any gas facilities will need to be supplied by bottle gas to individual residences and 
developments. Consideration could be given at the detailed design stage to location of 
a centralised storage and/or generation facility at a suitable location to service this 
development and parts of the existing town. 
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9.0 TELECOMMUNICATIONS 

Teistra has been upgrading telecommunication services to the Town of Exmouth and a 
major fibre-optic cable installation programme leads to the area. In planning the 
communication system Telstra has provided an off-take towards the Boat Harbour, 
and provision has been made for development in accordance with the concept layout. 

10.0 MUNICIPAL REFUSE DISPOSAL 

The collection and disposal of household and similar wastes from the proposed 
development would be expected to become a Local Government responsibility once 
construction is completed and individual lots created. Progressive upgrading and 
expansion of municipal tip facilities would be expected to be required as the 
development progresses. 

Part of the subject site was used as a tip site. This dump site will need to be cleaned 
and left free of inappropriate land-fill before development of the site. 

11.0 PEDESTRIAN and FORESHORE ACCESS, and DUNE IMPACTS 

The internal road layout as proposed is highly "permeable" and will permit ready 
pedestrian and cycle movement within the Resort. 

Pedestrian and cycle access from the southern and western parts of the Resort is 
proposed by a pedestrian bridge over the canal between the inner boat harbour and the 
tourist precinct. 

A bridged pedestrian beach access is proposed from the Resort Hotel and Convention 
Centre over the dunes immediately east of that section of development. Beach and 
Yacht Club accesses are proposed over the dunes from the eastern boulevard. Beach 
accesses across the dunes will need to be designed and constructed to best fit the 
existing dune system. Accesses will be constructed to minimise impact on the dunes 
with fenced walkways to ensure pedestrian movement remains on designated access 
routes. 

The lots and roads proposed in the north-west of the site impinge on the rear of the 
dunal system. Fill, and some cut, will be necessary to effect development in these 
locations. The works can be carried out without affecting the integrity of the fore-
dune system provided appropriate stabilising techniques are used at the time of 
construction. 	These techniques will be included will be included in a Dune 
Management Plan to be prepared at the detail design phase. 
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12.0 CONSTRUCTION STAGING AND DEVELOPMENT TIMING 

To ensure that the overall design objectives are met construction of the complete 
waterway and all fill works for the project will be carried out at the time of initial 
development. Completion of this work would be expected to be completed within 9 
months dependant on timing of commencement of construction and choice of 
equipment for construction. 

Servicing of individual sites will be progressive to accord with market demands. 

4 A;I--  4  
GREG LOCKE 
EWING CONSULTING ENGINEERS PTY LTD 
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APPENDIX F 

Feasibility of Dredging vs Dewatering 

Exmouth Marina, Resort and Residential Development. 

Halpern Glick Maunsell, January 1997. 
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lord Street West Perth WA 6005 

Enquiries: Bob Harrap Halpern P0 Box 524 West Perth WA 6872 
Tel: 	(09) 278 0100 

Telephone: 2780152 Click Fax: 	(09) 278 0299 

FacsImile: 2780298 11 Prinsep Street Bunbury 
File Reference: cavcossentrIexrn0001 IVlau nsell P0 Box 1363 Bunbury WA 6230 

Tel: 	(097) 21 9676 Fax: (097) 21 9611 

Date: 3 February 1997 19 Durlacher Street Geraldton 

Alt P0 Box 263 Geraldton WA 6530 
Tel: 	(099) 21 8299 Fax: (099) 21 7265 

Consulting Engineers and Environmental Scientists 

Bowman Bishaw Gorham 
P0 Box 946 
WEST PERTH WA 6872 

Attention: Bev Walker 

Dear Madam 

Exmouth Resort! Residential Project 

Further to your request regarding the feasibility of dredging vs. excavation after dewatering (ie. 'dry' 
excavation) for the construction of the canal in the above project, we are pleased to provide the following 
comments. 

From earlier geotechnical investigation within the site, ground conditions are quite variable 
both horizontally and vertically. Strata of variable hardness material were evident in all of 
the boreholes that were drilled using a rotary air drill, the rock layer hardness increasing 
with depth. Several test pits were also excavated as part of the investigations, utilising 
a D91- dozer (460 HP) and an EX700 Hitachi excavator (70 tonne). 

After removal and stockpiling of topsoil, all material above ground water level 
(approximately 650, 000m) within the canals to be excavated may be removed most 
efficiently using large land based equipment. This may include scrapers, dozers and 
excavators. The material would be transported and placed directly as fill, or if a dredging 
operation is to be used on the balance of material to be removed, it may be temporarily 
utilised to form containment bunds for settlement ponds for dredge spoil. 

Taking into account the varying hardness of the cemented strata, dredging to construct the 
canal would most likely require a large cutter suction dredge to be able to remove the hard 
material. Such a dredge is expensive to mobilise and its operation would include the 
following procedures, that may be summarised as follows: 

The pumping of dredged material is achieved in a water/solid mix of approximately 
80%120%, ie. very large quantities of water would be mixed into the material 
removed from the canal and would need to be separated out in settlement ponds. 
Approximately 450, 000m3  of material below ground water level must be removed 
to construct the canals, implying that some 1.8 million m3  of sea water would be 
utiuised in the dredging operation. The area that would be required for the 
settlement ponds would be in the order of 5 to 10 hectares allowing for a 8 to 9 
days retention period. 

Waste water from a dredging operation is likely to be moderately to highly turbid 
due to suspended day and fine silt following 9 days of settlement treatment and will 
require disposal to the Gulf. 

The material settled out of the water/solid mix must be dried and remixed, since the 
settlement process will occur differentially depending on the particle size and its 
density. If remixing of the dredge spoil is not carried out, there is a risk of 
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differential settlement of the material after being placed as fill. 

Once remixed, the dredged material must be transported to the location where 
it is to be utilised, ie. double or triple handling must occur with appropriate cost 
implications. At the conclusion of dredging operations, the pond bank material 
(ex dry excavation) could then be utilised as permanent fill within the project 
area. All or most of the project fill to be placed via the combined dry and 
dredged method will be contaminated with sea water. 

The canal banks have to be neatly cut (and riprap protected) which is difficult 
to achieve with a dredge, and would therefore require a separate operation, 
eg. using an excavator to trim and armour the banks. 

4. 	 Dewatering and excavation using land-based equipment facilitates greater control both 
of the operation and of the quality of the material excavated which is to be used as 
permanent fill within the project site. The following points are relevant when 
considering the use of land based equipment to excavate the canal: 

Dewatering may be achieved using sump pumps, in a similar manner to that 
utilised for the dewatering of the adjacent marina basin. Greater control may 
be achieved by bunding off appropriate sized sections of the canal. 

Once dry, all excavation may be completed to minimal tolerances, and the 
canal bank protection may most effectively be placed. 

The material excavated may be loaded directly onto trucks or scrapers for 
transport to its final destination, and will not suffer segregation of differing 
fractions which can give rise to later differential settlement of the material in fill. 

Although local groundwater would be temporarily drawn down adjacent to the 
excavated site, the groundwater can be largely returned to land for soakage 
disposal. 

Excavated soil/rock can be directly placed in final position and will not be 
contaminated with sea water. 

Preliminary cost comparisons between a combined 'dry' and dredging operation and a 
'dry' excavation operation have been estimated, and are summarised as follows: 

Combined dry and dredging operation $16 million. 

Costs include - mobilisation and demobilisatiori 
- dredging 
- construction and rehabilitation of settlement ponds 
- dredge water treatment (retention/settlement) 
- excavation of dredge spoil to fill area. 
- multiple handling of spoil. 
- contingency allowance 

Dry excavation operation $6.0 million. 

Costs include - mobilisation and demobilisation 
- cut to fill including allowance for hard rock removal 
- contingency allowance 

In conclusion, dredging would be a most expensive option when taking into account 
dredge mobilisation costs, double or triple handling of dredge spoil material and the 
rehabilitation of extensive areas of land that would be required for settlement ponds, 
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without accounting for the potential cost and environmental impact of seawater 
contaminated fill and disposal of turbid dredge waste water. 

With an estimated additional cost of $10 million compared to dry excavation methods, 
dredging is most unlikely to be a viable proposition. 

We trust the above satisfies your requirements for a letter to be appended to the PER. 

Yours faithfully 
Halpern Glick Maunsell Pty Ltd 

D&oiZflDivision 

Crh/taVCG3556IltrfexmoOO1 	 Halpern Glick Maunsell 
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Environmental Conditions and Commitments for the 
"Coral Coast Marina". 

Minister for the Environment, 1991 



Bull# 	 498. 

State# 	 21.2 
WESTERN AUSTRAUA 

MINISTER FOR THE ENVIRONMENT 

STATEMENT THAT APROPOSAL MAY BE IMPLEMENTED 
(PURSUANT TO THE PROVISIONS OF THE 
ENVIRONMENTAL PROTECTION ACT 1986) 

CORAL COAST MARINA, RESIDENTIAL SUB DIV SION AND QUARRY, 
F 	 EXMOUTH (223) 

DEPARTMENT OF MARINE AND HARBOURS 

This proposal may be implemented subject to the following conditions 

1 Proponent Commitments.. 	 . 

In implementing the proposal, the proponent shall fulfil the commitments (which are 
not inconsistent with the conditions or procedures contained in this statement) as•' 

. published in Environmental Protection Authority Rulletin49& (A copy Of the 
commitments is attached). 	: 	 . ..•• 	. 

2 	Detailed Implementation .... . 	 . 	
•: 

. 	. 	
Subject to these conditions, the manner of detailed implementation of the proposal 
shall conform m substance with that set out in any designs, specifications, plans or 
other technical material submitted by the proponent to the EnvironmentàlProtection 
Authoritywith the proposal. Where; in the course .of that detailed implementation, 
the proponent seeks to change those designs, specifications, plans or other technical 
material in any way that the Minister for the Environment determmes on the advice of 
the Environmental Protection Authority, is not substantial, those changes may be 
effected. 	 . 	. 	. 	 . 

3 Management of Subdivision and Marina Development 
The subdivisionand marina development should be managed so as to prevent unacceptable 
impacts on the environment. 	. 	 S 	 • 

3-1 	Prior to commencement of dredging activities (dry or wet), the proponent shall 
develop a monitoring programme, establish monitoring bores and then subsequently. 
monitor, amongstother things; groundwaxer and salinity levels around the marina 
basin The monitoring programme shall be to the satisfaction of the Minister for the 
Environment on advice of the Environmental Protection Authority. 

The proponent shall seek advice on the preparation and implementation of this 
monitoring programme from the Geological Survey of Western Australia, the Water 
Authority of Western AuStralia and the Western Australian Museunt 
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3-2 	The proponent shall cease de-watering activities if the results of the monitoring 
programme required by condition 3-1 indicate unacceptable de-watering effects at 
300 metres from the marina basin, to the satisfaction of the Environmental Protection 
Authority on advice of the Geological Survey of Western Australia and the Water 
Authority of Western Australia. 

3-3. Prior to commencement of de-watering or construction of the marina "in the wet", 
whichever is the sooner, the proponent shall construct and subsequently utilise 
settling ponds to the east of the westernmost edge of the proposed marina as near as 
practicable to the ocean, to the satisfaction of the Minister for the Environment on' 
advice of the Environmental Protection Authority. 

3-4 	Prior to filling the residential area, the proponent shall prepare and then subsequently 
implement a plan of slopes and their stabilisation programme to be used in the 
residential subdivision, to the satisfaction of the Minister for the Environment on 
advice of the Environmental Protection Authority and the Department of Planning 
and Urban Development. 

3-5 	Prior to construction of the residential area or marina, whichever is the sooner, the 
proponent shall prepare and then subsequently implement a drainage management 
plan showing amongst other things the location of outlets for drainage downstream 
of the residential subdivision, to the satisfaction of the Minister for the Environment 
on advice of the Environmental Protection Authority and the Shire of Exmouth. The 
drainagesystem shailbe constructed so that there is minimal impact from sediments 
on important biological communities, such as corals. 

3-6 	The proponent shall advise, to the satisfaction of the Environmental Protection 
Authority, all prospective purchasers of land within the subdivision and marina 
development area that privatee-groundwater bores will not be permitted and that 
licences will not be issued by the Water Authority of Western Australia for private 
bores within the subdivision and marina development area. 

3-7 	If as a result of further research it can be demonstrated to the satisfaction of the 
Environmental Protection Authority on advice of the Western Australian Museum 
that a limited degree of groundwater extraction would nOt adversely affect cave-
dwelling fauna, then limited groundwater extraction may be permitted to the 
satisfaction of the Environmental Protection Authority. 

4 . Quarry Management 
The quarry development should be managed so as to prevent unacceptable environmental 
impacts. 

.4-1 Prior to the commencement of quarry operations, the proponent shall prepare and 
then subsequently implement an environmental management programme which shall. 
be  to the satisfaction of the Minister for the Environment on advice of the 
Environmental Protection Authority, the Shire of Exmouth and the Water Authority 
of Western Australia. The programme shall include, but not be limited to the 
following: 

measures to protect groundwater quality below the quarry, particularly with 
respect to management and contingency plans for liquids (eg. pil, fuel) used on 
site; 
consideration of impacts on Water Authority operations on or adjacent to the 
quarry site; 	• 	. 



effects on site drainage; 
rehabilitation of the quarry and access roads; and 
monitoring and reporting of compliance with measures outlined in the 
programme. 

4-2The proponent shall give due consideration to the draft guidelines.of the Working 
Party on Conservation and Rehabilitation in the Mining Industry. 

5 Proponent 

No transfer of ownership, control or management of the project which would give rise 
to .a need for the replacement of the proponent shall takeplace until the Minister for'the 

- 	 Environment has advised the proponent that approval has been given for the nomination 
of a replacement proponent. Any request for the exercise of that power of the Minister 
shall be accompanied by a copy of this statement endorsed withañ undertaking by the 

- 	 proposed replacement proponent to carry out the project in accordance with the 
conditions and procedures set out in the statement. 	- 

6 Time Limit on Approval 

If the proponent has not substantially' commenced the 'project within five years of the 
date of this, statement, then the apprOval to. implement the proposal as granted in this 
statement shall lapse and be .vokL The Minister for the Environment shall determine any 
question as to whether the project has been substantially commenced. Any application to 
extend the period of five years referred to in this cOndition shall be made before' the 
expiration of that period, to the Minister for the Environment by way of a request for a 
change in the condition Under Section 46 of the Environmental Protection Act. (On 
expiration of the five year period, further consideration of the proposal can onlr occur 
following anew referral to the EnvironmentaiProtection Authority) 

1T- 
Bob Pearce, MLA 
MINISTER FOR THE ENVIRONMENT 



PROPONENT'S COMMITMENTS 

CORAL COAST MARINA, RESIDENTIAL SUBDIVISION AND QUARRY, EXMOUTH 

DEPARTMENT OF MARINE AND HARBOURS 

The proponent has made the following commitments: 

The marina facilities, will be constructed behind the fr5ntai dune and will notencroach upon' 
the dune except for the harbour entrance and a constructed walkway from the resort to the 
beach. 

An environmental mailagement plan for the rehabilitatiOn and conservation of the dunes 
bordering the development site will be prepared in consultation with the Shire, the 
Department of Planning and Urban Development and the Commissioner for Soil 
Conservation and implemented by the Department of Marine and Harbours to the 
satisfaction of the commissioner for Soil Conservation. 

3. 	Existing access to Town Beach will be maintained. Additional public access to the beach and 
northern breakwater will be accommodated by the provision of controlled pathways from 
the proposed resort complex. 

'The marina. and all associated facilities would comply fully with applicable legislation, 
regulations and by-laws All construction materials and practices would be in accordance 
with the relevant Australian and international codes. 

Construction activities would be restricted to normal daylight hours and, if found to be 
necessaiy, appropriate dust suppression techniques would be employed. Any blasting that is 
required to enable excavation of the marina harbour and entrance channel will be conducted 
between 9.00 am and .5.00 pm on weekJays, and will be publicised in the Exmouth 
community. 

During earthworks and construction, appropriate care 'will be taken to avoid incursion of 
machinery into conserved areas of the dune and foreshore. 

7 	The Department will be responsible for quanyin bperations to provide armourstone for the 
breakwaters and will liaise with the Department of Mines, the Shire and the Environmental 
Protection Authority to defme appropriate environmental management measures, including 
rehabilitation of the quarry site and access roads. 

If the harbour is to be de-watered for excavation then the extracted water will be directed to a 
settling pond to reduce suspended solids prior to discharge to Exm outh Gulf. If excavation 
were to occur "in the wet", drainage water from the excavated material will be similérly 
directed to a settling basin prior to discharge to Exmouth Gulf. 
DELETED 

10; 	Recontouring of areas receiving fill material will meet the following objectives: 

The redeveloped areas should form a stable and varied landscape, reflecting naturally 
occurring tOpography elsewhere within the coastal strip. 

The boundary relief should co-ordinate with existing contours. 

The land should be x toured in order to facilitate its development into aprime 
residential and holiday area. 

The filled sites will be compacted in accordance with the requirements for building 
purposes and covered with previously stockpiled topsoil. Filled areas will be 
stabilized, if necessary, using brush matting, sprayed membranes or mulch. 

11. 	The Department will Undertake further investigations to define the nature of the sediments to 
be dredged from the entrance channel, and to identify the preferred dredging methodology 



and requirements for blasting. The results and proposed works will be referred to the 
Environmental Protection Authority for-approval-prior to initiation of dredging. 
Engineering and environmental management details of the proposed disposal strategy for 
material dredged from the entrance channel will be referred to the Environmental Protection 
Authority and the Commonwealth Department of Arts, Sport, Environment, Tourism and 
Territories for approval. 

Formal drainage will be constructed to ensure that the project site is not flooded and that it 
does not cause flooding of the hinterland behind it. Approval to conduct two new drainage 
outlets across the shore,and to incorporate an 'existingnatural drainageoutlet within the 
formal drainage, will be sought from the Environmental Protection Authority following 
finalization of the proposed drainage design. Appropriate rehabilitation procedures will be 
implemented in order, to ensure stability of the beach and dune in the vicinity of the new 
outlets, to the satisfaction of-the Commissioner for Soil Conservation. 

All facilities to the proposed development will be deep sewered. 

Drainage from marina hardstand areas will be directed away from the harbour and'  
discharged to general drainage yia silt traps. ' 

The design criteria for drainage will be for the dissipation of at least a one in 100 year 
rainfall without unacceptable flooding, and without overflow into the marina harbour. There 
will be provision for drainage overflow into the harbour during more extreme rainfall 
events.  

17 	Fuel storage facilities in the marina will be above ground and contained with a sealed bund 
capableof holding the entire tanic contents. Boat refuelling facilities will inclu& manually 
operated nozzle valves with automatic shut-off. The fuel storage and refuelling facilities will 
comply with the requirements of the Explosives' and Dangerous Goods Division of the 
Department of Mines 

18. 	The discharge of sewage, hydrocarbons or litter from boats into the marina will be 
prohibited, with appropriate signs to inform all users of the marina. Waste disposal 
facilities, including rubbish bins, oil recycling bins and sewered public toilets will be 
provided aroutid the marina. "A sewage pump out facility will be provided for boats 
equipped with holding tanks. 

19.. The use of antifouling paints containing tributyl tin will be prohibited in the marina, and this 
will be included as a lease conditionfor boatrepair facilities in the marina. 

20 	Operation and maintenance of the marina will remain the responsibility of the Department of 
Marine and Harbours, and will include: ' 

daily inspection of the marina harbour and immediate implementation of any 
corrective action required to maintain water quality and aesthetics to the required 
standard;  

maintenance of specified navigable depths; 
,c) 	maintenance of breakwaters, jetties, wharves, revetments and foreshores. 

21. 	Water quality in the marina harbour and the adjacent area of Exmouth Gulf will be 
monitored to confirm the predictions made in this NOl regarding the adequacy of flushing 
and the maintenance of suitable water quality.. The minimur' water quality criteria required 
to be. met are described in Schedule 2 of Environmental -Protection Authority Bulletin 103 
(Department of Conservation and Environment, 1981). The proposed monitoring 
programme is described in Section 7.4 2 of this NO!, and the results will be reported to the 
Environmental Protection Authority. 

Section 7.4.2 of the NO! reads; 

Water' quality and contaminant levels in sediments and organisms would be monitored 
during operation of the marina. 



Water quality parameters measured would be those specified in the Canal Guidelines 
.(Steering Committee on Canal Developments, 1984), and would include suspended solids, 
pH, dissolved oxygen, temperature, bacterial counts and nutrient concentrations. 
Monitoring would be conducted quarterly for the first year and thereafter at intervals dictated 
by experience. Samples would be collected from surface and bottom water at representative 
sites in the marina and adjacent Gulf waters. 

Sediments and mussels within the marina would be monitored for toxic trace metals and 
hydrocarbons. Surface sediments would be sampled from the central basin of thà marina 
where deposition is anticipated, and the fine fraction would be analysed for.nickel, zinc, 
copper, lead, polyaromatic hydrocarbons (PAH5) and phosphorus levels. Mussels collected 
from the marina would be analysed for tissue concentrations of nickel, zinc, copper, lead 
and PAHs, using standard methods for the mussel watch programme. Lipid levels would 
also be determined to assist in data interpretation. The sedent and mussels would initially 
be monitored at six-monthly intervals. 

Specialist marine scientists engaged by the Department of Marine and Harbours would 
supervise monitoring and interpretation of the results and recommend management action. 
The results would be presented to the E.P.A. for review on an annual basis. 

22. 	The level of revetments and areas surrounding the proposed harbour will be ±3.0 m AHD, 
and floor levels will be at least +3.5 m AHD. This is sufficient to contain extreme seawater 
levels, including anticipated seawater level rises due to the "Greenhouse Effect". 

23. 	Coastal sediment movement will be monitored following construction of the marina as 
outlined in Section 7.4.1. If by-passing of sand around the breakwaters is occasionally 
necessary it will be. undertaken by the Department of Marine and Harbours. 

Section 7.4.1 of the Notice of Intent is reproduced below.. 

The position of the shoreline, vegetation line and dune profiles adjacent to.  the breakwaters 
will be established prior to construction. Surveys will be conducted at distances of 50 m, 
100 m, 200 m, 500 m, 1 km and 2 km to the north and south of the entrance channel. 

Following construction, water depth in the marina and entrance channel, and the position of 
the shoreline, vegetation line and the dune profile, will be regularly monitored.'Surveys will 
be conducted quarterly for the first year and thereafter at intervals to be determined in 
consultation with the Commissioner for Soil Conservation. 

24 	Recommendation adopted from Test, Pit Report. 

Prior to commencement of harbour excavations, it is strongly advised that a series of 
piezometers be drilled and constructed along the perimeter of the harbour and along 
the estimated radius of influence, which roughly correspond to Wame and Murat 
Roads, and northern edge of the race course. These will allow, the monitoring of any 
effects of de-watering on the adjacent areas. 

Piezometer monitoring will be performed by a technician not employed by the. 
earthmoving contractor (possibly the Water Authority). The data should be analysed 
and reported on by a hydrogeologist. 

One or two de-watering bores should be sunk into suitable locations to penetrate the 
hard rock layer and pumping tests carried out to determine: 

Magnitude of water flow expected in the full Scale operation. 

Allow for a more accurate method of de-watering design. 

Provide more reliable data on the possible zone of influence during the main 
excavation phase. 



	

5. 	Monitoring of private bores as recommended by the Water Authority 

With regard to their (ie Water Authority letters 16 March and 5 June 1990 iii Appendix.2B 
: 	of this report) comments concerning impacts on private bores in the vicinity of the marina 

site, water samples will becollected and tested before, during and after construction to 
monitor any variation on quality. This work will be undertaken by the Water Authority. 

26. Blasting: 

••a)• 	Theerthworks Conct document will include Clauses that requfre thó Conctor. 
: 	to consider weather conditions prior to and during blasting, with the aim of 

minirnisihg adverse impacts.. 	 •, 

b) 	The Department of.Marine and Harbours undertakes to repair obvious damage 
causedby blasting activity associated with excavation of the manna 

	

27. 	Where possible drainage outfalls to the sea will be located at natural outfalls. Compensating 
basins will be used to settle sediment. •. 	 • 	• 

28. • All promotional material under the control of the Department of Mailne and Harbours 
will incorporate a conservation ethic as advocated by CALM 
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