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Invitation 

The Environmental Protection Authority (EPA) invites people to make a submission on this proposal. 

In accordance with the Environmental Protection Act (1986), a Consultative Environmental Review (CER) has been 
prepared which describes Derby Hydro Power's proposed tidal power station at Derby. The CER is available for a 
public review period of five weeks from Monday 1 December 1997 closing Tuesday 6 January 1998. 

Comments from the public and government agencies will assist the EPA to prepare an assessment report in which 
it will make recommendations to the government. 

Why Write a Submission? 

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

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

Why Not Join a Group? 

If you prefer not to write your own comments, it may be worthwhile joining a group or other groups interested in 
making a submission on similar issues. Joint submissions may help to reduce the workload for an individual or 
group. as well as increase the pool of ideas and information. If you form a small group (up to 10 people) please 
indicate all the names of the participants. If your group is larger, please indicate how many people your submission 
represents. 

Deve!oping a Submission 

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

When making comments on specific proposals in the document: 

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

Points to Keep in Mind 

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

attempt to list points so that the issues raised are clear. A summary of your submission is helpful: 
refer each point to the appropriate sections, chapter or recommendation in the document: 
if you discuss sections of the document, keep them distinct and separate, so there is no confusion as to 
which section you are considering: and 
attach any factual information you wish to provide and give details of the source. Make sure your 
information is accurate. 

Remember to include: 

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

The closing date for submission is: Tuesday 6 January 1998. 

Submissions should be addressed to: 

The Chairman 
Environmental Protection Authority 
9th Floor. Westralia Square 
141 St George's Terrace 
PERTH WA 6000 
Attention: Mr Ben Hollyock 

More information on how to make a submission can be obtained from the free pamphlet "Environmental Impact 
Assessment - How to Make a Submission available from the Library of the Department of Environmental Protection, 
Tel: (08) 9222 7127 or by calling the project officer Mr Ben Hollyock on (08) 9222 7086. 
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1.0 	Executive Summary 

Derby Hydro Power Pty Ltd proposes to build a 48 MW double basin tidal power 
scheme to the north of Derby utilising the two arms of Doctors Creek. An initial 
market of around 215 GWh has been identified from the towns of Derby, Broome 
and Fitzroy Crossing and developments such as the Pillara mine east of Fitzroy 
Crossing. This market will be served via approximately 450 km of transmission 
lines. 

The tidal power station will result in a reduction in greenhouse gas emissions of 
between 135,000 and 210,000 tonnes of CO2  per year, or up to 25 million tonnes 
over its design life. 

The key engineering component of the proposal is the construction of barrages 
across the mouth of Doctors Creek. Sluices constructed within the barrages or on 
the peninsula will allow the ingress of water to the west arm (high basin) and the 
egress of water from the east arm (low basin). Sluice gates will control water flow. 
Turbines will be located within a channel connecting the two basins and driven by 
water flowing from the high basin into the low basin. 

Doctors Creek is a macrotidal system which is tidally dominated and where the 
water column is generally completely mixed from top to bottom and high levels of 
suspended sediment are maintained in dynamic equilibrium with intertidal and 
subtidal deposits. Construction of barrages across the arms of Doctors Creek will 
result in physical changes to the impounded water bodies through a change in 
patterns of water flow, decrease in turbulent mixing and a decrease in tidal 
exchange. 

Reduced water exchange will lead to reduced tidal amplitude and current velocities 
which in turn will facilitate some settling of suspended sediments. Settling of 
suspended sediments (coupled with less sediment resuspension and erosion due 
to lower current velocities) will result in an increase in water clarity and 
consequently high primary production from phytoplankton. 

Reduced tidal amplitude and impoundment of water will result in a short term loss 
of around 1,500 ha of mangroves. However, over 2,300 ha of additional area will 
be available for colonisation in the medium to long term. 

Reduced intertidal area will also result in reduced area for benthic diatoms and 
intertidal benthic deposit feeders which constitute prey of some shorebirds and 
fish. Conversely, reduced current velocities and increased stability of sediments 
could increase benthic species numbers and hence productivity. An increase in 
subtidal area is also likely to result in an increase in benthic fauna and flora due to 
the more stable conditions created. 

Overall in Doctors Creek, it is expected that in the medium to long term, higher 
primary production by plankton, benthic flora and mangroves will exceed any short 
term productivity losses. The gradual shift towards greater pelagic primary 
production should favour food chains involving planktonic organisms and benthic 
suspension feeders (which are noticeably absent from the existing system) i.e. a 
gradual shift from a benthic food web to a pelagic food web. 

No declared rare or priority flora, and no schedule or priority fauna will be impacted 
by the proposal. None of the mangrove vegetation types are unique to Doctors 
Creek. 

The ecological system is expected to stabilise under the new physical regime in 
less than 10 years. 
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A summary of preliminary relevant environmental factors is provided in Table 1.1 
together with the potential impact of the tidal power station on those factors and the 
proposed management of any environmental impacts. 

Table 1.1 
Summary of Preliminary Relevant Environmental Factors 

Proposed 
Management of 

Factor EPA s Objective Proposal 
Impact Comment on Environmental 

Characteristics Impact Factor and 
Proponent 

Commitments 

Biophysical Issues 

Declared To protect Declared Rare Involves construction Minimal land No Declared Rare or clearing contained to 
Rare and flora and Priority flora, of barrages, levee disturbance. Priority flora will be specified limits. 
Priority consistent with the banks and power impacted. Rehabilitation of areas not 
flora provisions of the Wildlife lines, spoil disposal required for ongoing 

Conservation Act 1950. and use of borrow 
pits 

operation of the project 
(Commitment 2). 

Terrestrial To ensure the abundance, No significant impact 
vegetation diversity, geographic on the abundance, 

distribution and diversity, geographic 
productivity of vegetation is distribution and 
protected. productivity of 

vegetation. 

Schedule Ensure the protection of No Schedule or 
and Priority Schedule and Priority Priority fauna will be 
fauna fauna to meet the impacted. 

requirements of the 
Wildlife Conservation Act 
(1950). 

Terrestrial Regionally significant No regionally 
fauna fauna is adequately significant fauna will 

protected. be impacted. 

Marine Regionally significant Involves construction Direct impact on No significant marine Management not required. 
fauna and marine fauna and habitat of barrages and seabed by barrages habitat will be 
habitat are adequately protected, changes to existing and change in impacted. 

hydrological hydrological 
processes. processes within 

Doctors Creek. 

Mangroves A presumption against Direct impact on 3 ha Projected short term Dredging and filling of 
impacting mangroves and of mangroves and loss of around 1,500 areas of the low basin to 
their supporting habitats. indirect impact on ha of mangroves, create additional habitat. 

1819 ha within none of which are Implementation of a 
Doctors creek. locally or regionally Programme of Research, 

significant. Over Monitoring and 
2,300 ha of additional Management into 
area will be available mangrove biology and re- 
for colonisation in the establishment 
medium to long term. (Commitment 4). 

Shoreline Coastal process should be Barrages will be 1.8 No significant impact Monitoring of shoreline 
maintained to ensure that km long. Levee on coastal processes, stability near barrages 
the physical stability of the banks will be 26 km shoreline or overland (Commitment 2). 
coastline is not significantly long, water flow. Increase 
affected, in sedimentation 

immediately seaward 
Sea level Reduce the impacts of the barrage. 

caused by alteration of 
tidal and overland surface 
water flow and hydrological 

patterns.  
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Proposed 
Management of 

Factor EPAs Objective Proposal Impact Comment on Environmental 
Characteristics Impact Factor and 

Proponent 
Commitments 

Pollution 

Marine To meet requirements of Involves construction Impoundment of Flushing estimates Option to increase water 
water the EPAs Environmental of barrages and water, reduced tidal indicate that water exchange between 
quality Water Quality Objectives changes to existing amplitude and quality will not differ Doctors Creek and King 

and draft Western hydrological reduced current significantly from Sound If water quality 
Australian Water Quality processes. velocities, conditions in King deteriorates. 
Guidelines for Fresh and Sound. Establishment of a 
Marine Waters (EPA programme to monitor 
Bulletin 711) for the water quality 
protection of aquatic (Commitment 4). 
ecosystems and 
recreational water quality 
and aesthetics. 

Dust Ensure that dust levels Construction will There are no Minor and Manageable under Part V 
generated by the proposal involve trucking and residents in proximity manageable. of the Environmental 
meet statutory materials handling, to the tidal power Protection Act 1986 by 
requirements and station. Transmission ensuring proposal meets 
acceptable standards. lines will pass through EPA guidelines for 

residential areas. Assessment and Control 
of dust and windbome 
material from Land 
Development Sites, 
updated 1995 
(Commitment 2). 

Noise and To protect the amenity of Manageable under Part V 
vibration nearby residents from of the Environmental 

noise and vibration protection Act 1986 by 
impacts resulting from ensuring proposal meets 
activities associated with criteria in the Noise 
the proposal by ensuring Abatement 
that noise and vibration (Neighbourhood 
levels meet statutory Annoyance) Regulations 
requirements and 1979 and the proposed 
acceptable standards. new Environmental 

Protection (noise) 
Regulations (when 
promulgated) 
(Commitment 2). 

Social Surroundings  

Heritage Comply with statutory Land disturbance. Potential for Subject to results of Heritage surveys being 
requirements in relation to disturbance to survey, conducted under the 
areas of cultural or archaeological direction of the KLC. 
historical significance, material and areas of Managed under the 

cultural significance. Aboriginal Heritage Act 
1972. Will recognise 
commitments made 
during Native Title 
negotiations (Commitment 
2) 
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2.0 Introduction 

2.1 Overview 

Tidal power is a form of hydra-electric generation which relies on the rise and fall of 
the tides to provide the head of water. Water levels are maintained behind a 
barrage until sufficient difference in water level is reached to drive the turbines. It 
is a clean source of power, producing no pollution as it gains its energy from a 
renewable source. 

The generation of electricity from the tides is not a new concept. Tide mills were 
used for power production in Europe as early as the 11th century and were 
common up to mid-i 9th century in France, Spain, England, Holland and Russia 
(Dadswell et al., 1986). At La Rance, on the North Brittany coastline, Electricite de 
France have an installed capacity of 240 MW and have been generating electricity 
from the tides since 1966. Other tidal power plants exist in Canada (Annapolis 
Royal in the Bay of Fundy, 20 MW),Russia (Kislaya Guba, 0.4 MW and China 
(Jiangxia, 3.2 MW and various other sites). 

Tidal power stations have extremely long lives. La Rance, for example was 
designed for a 120 year life with renewal of mechanical and electrical plant at year 
40 and year 80. That process of repairs and renewal has just commenced. 

The North West Coast of Australia has the unique combination of a series of deep 
inlets and bays coupled with a high tidal range, typically in excess of 10 m at Mean 
Springs. These sites are ranked as some of the best locations in the world for tidal 
power and it is estimated that they could meet Australia's total electricity demand 
for the foreseeable future (Wood, 1993). 

Opportunities for tidal power generation in the Kimberley have been recognised 
since the 1960's (Lewis, 1963). More recently in 1991, a select committee of the 
Western Australian Legislative Assembly recommended that the opportunities for 
tidal power be re-examined (Western Australia Legislative Assembly, 1991). 

In 1992 the Minerals and Energy Research Institute of Western Australia and the 
State Energy Commission jointly funded a research study to investigate the 
concept of a demonstration tidal power scheme. The research report (Wood, 
1993), published in January 1993, selected Cape Keraudren as the preferred 
location for a 20 MW installation which would feed into the Pilbara Interconnected 
Grid. However, deregulation of North West Shelf gas meant that the abundant 
supplies of natural gas could produce cheaper electricity using gas turbines. 
Attention has now focussed on how to service a larger local demand by the 
construction of a tidal power scheme at Derby. 

Tidal power stations typically operate from a single basin where water is 
replenished on the incoming tide and generation occurs during the ebb. Such 
locations are characterised by intermittent but predictable power output. At Derby, 
two adjacent creeks provide an opportunity for a double basin operation giving 
continuous power, although at neap tides output would be reduced. 

Derby Hydro Power Pty Ltd (DHP) proposes to build a double basin tidal power 
scheme to the north of Derby utilising the two arms of Doctors Creek (Figure 2.1). 
An initial market of around 215 GWh has been identified and this could rise to over 
300 GWh within 20 years. The market would be served via 450 km of 
transmission line running between the towns of Derby, Broome and Fitzroy 
Crossing, and developments such as the Pillara lead and zinc mine, east of Fitzroy 
Crossing. 
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Doctors Creek has an extremely high tidal range reaching over 10 m on some 
tides. The site is part of generally low-lying tidal flats and some bunding will be 
necessary to achieve separation of the basins. Barrages would be built across the 
mouths of the two arms to control water height, and a connecting channel would 
house the turbines. Six 8 MW or four 12 MW turbine-generators would be installed 
in concrete structures producing up to 210 GWh of electricity per annum. Guide 
vanes controlling water flow or electrical converters would regulate electrical 
output. 

The double basin scheme has reduced power output at neap tides (2-3 days per 
fortnight at 12 MW) and supplementary generation is required. Security of supply 
and supplementary neap period power will be supplied by a thermal 15 MW 
generating station at Broome and a new 12 MW diesel fired generating plant at 
Western Metals Pillara Mine. 

Under DHP's proposal, use of the antiquated diesel generating stations operated 
by Western Power at Derby and Fitzroy Crossing can be discontinued. Broome will 
be maintained in the short term as a backup. 

DHP has registered its interest in the tidal power station site through the 
mechanism of an exploration license (E04/1071). This safeguards DHP's interest 
in the land pending negotiations with Government Departments to secure more 
appropriate land tenure and approvals. 

2.2 Timing 

Subject to obtaining all necessary approvals, construction of the power station 
would commence mid to late 1998. Commissioning is scheduled for mid 2000. 

2.3 Proponent 

The proponent for this proposal is: 

Derby Hydro Power Pty Ltd 
34 Cohn Street 
West Perth WA 6005 
(P0 Box 506 
West Perth WA 6872) 

A.C.N. 075 090 514 

All correspondence should be addressed to: 

Mr Peter Wood 
Chief Executive Officer 
Ph. 	(08) 9481 4588 
Fax 	(08) 9481 4865 
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2.4 	Assessment Process 

This Consultative Environmental Review (CER) has been prepared in accordance 
with the guidelines provided by the Environmental Protection Authority (EPA) 
(Appendix 1). 

The CER is being released for public review for a period of five weeks. During this 
period, government agencies, private organisations and the public are invited to 
make submissions to the EPA. The EPA will evaluate the CER, the submissions 
received and DHP's response to those submissions, and make recommendations 
to the Minister for the Environment on the environmental acceptability of the 
proposed tidal power scheme. The public may appeal the EPA Report and 
Recommendations to the Minister. 
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3.0 	Project Justification 

3.1 Background 

The prospects for tidal power generation in Western Australia have long been 
recognised. The North West Coast of Australia has the unique combination of a 
series of narrow inlets and bays coupled with a high tidal range. These sites are 
ranked as some of the best locations in the world whilst research confirms the 
region could meet Australia's total electricity demand for the foreseeable future. 

The major obstacle to adopting tidal energy technology was the lack of a sizeable 
local market. Research effort therefore concentrated on 'demonstration scale' 
plants (4 MW then expanded to 20 MW). Due to a perceived lack of demand for 
power in the Kimberley, a preferred site was identified at Cape Keraudren in the 
Pilbara where the output could be fed into the Pilbara Interconnected grid (Wood, 
1993). 

An extensive feasibility study, funded through Energy Research and Development 
Corporation, was recently completed at Cape Keraudren (Tidal Energy Australia, 
1996). That study, costing some $600,000 and partly funded by the Energy 
Research and Development Corporation and Western Power, validated the civil 
structures and use of marine thruster units as turbines. A review of environmental 
issues was undertaken and discussed informally with DEP and EPA. However, 
deregulation of North West Shelf gas meant that the abundant supplies of natural 
gas could produce cheaper electricity using gas turbines. 

A WA Legislative Assembly Select Committee Report on Energy and the 
Processing of Resources (Western Australia Legislative Assembly, 1991) 
recommended that the opportunities for tidal power in the Kimberley be examined. 
In particular, the Committee recommended that: 

the possibility of substituting tidal power for part of the electricity supplied 
by diesel power stations at Broome, Derby and Wyndham should be 
investigated; and 

long term plans should be made to harness Kimberley tidal power as one 
of the range of renewable energy resources that Australia will need to 
employ to achieve sustainable development and to reduce greenhouse gas 
emissions. 

Based on these recommendations, the opportunities were reassessed for a tidal 
power scheme at Doctors Creek, supplying electricity to Derby, Broome and Fitzroy 
Crossing, and to local mining operations. Experience gained from the studies 
conducted at Cape Keraudren, particularly in relation to the use of marine thruster 
units as turbines, was also applied during development of the concept for Doctors 
Creek. 

DHP has identified an initial market demand of 100 GWh per annum with Western 
Metals. Western Power has entered into a Heads of Agreement with DHP to 
supply power to Broome, Derby and Fitzroy Crossing with combined requirements 
of 115 GWh per annum. Western Metals has provided a Letter of Intent to 
purchase power produced by DHP. 

DHP has confirmed that additional market demand may arise east of Derby within 
the resources sector. Preliminary meetings have been held with Argyle Diamonds, 
the owner of the Ellendale mine site, which confirmed the potential for additional 
future market demand. 
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Once the tidal power station becomes operational, Western Power has indicated 
that use of the antiquated and heavily subsidised diesel generating stations at 
Derby and Fitzroy Crossing can be discontinued. Broome will be maintained in the 
short term for backup power supply purposes. 

3.2 	Sustainable Energy Policy 

3.2.1 Global Climatic Change 

Human activity has substantially increased the emission of gases such as carbon 
dioxide (CO2). Such emissions could enhance the natural greenhouse effect, 
resulting in an additional warming of the earth's surface. This could result in rising 
sea levels, increased occurrence of extreme weather events, and changes in 
climate which in turn would lead to new patterns of agricultural production and 
broad impacts on all flora and fauna. 

Under the auspices of the United Nations, the Framework Convention on Climate 
Change (FCCC) came into force on 21 March, 1994. Under the Convention, 
developed countries are to report on measures to be introduced aimed at returning 
emissions to 1990 levels by the year 2000. The implied target is not legally 
binding, but is one which developed countries are expected to make their best 
endeavours to achieve. A pilot phase has been established and will be 
comprehensively reviewed before the year 2000. 

The Intergovernmental Panel on Climate Change (IPCC) has estimated that due to 
the prolonged life of atmospheric CO2, a 60% to 80% reduction in CO2  emissions 
would be required to stabilise concentrations at twice their current level. 

With respect to possible future targets, the first Conference of Parties (held in 
Berlin in 1995) established a mandate for a protocol to cover the post-2000 period. 
The mandate identified policies and measures for a quantified reduction in 
greenhouse gas emissions to assist developing countries to meet FCCC targets. 

3.2.2 Australia's Response 

Australia was one of the early signatories to the FCCC. It has participated in the 
work of the IPCC which prepared The Special Report on Climate Change to the 
Berlin Conference in 1995. Concerns were expressed at that Conference on the 
level of Australia's performance in reducing greenhouse gas emissions. 

Australia produces less than 2% of the worlds human-caused greenhouse gas 
emissions. However, it is one of the biggest emitters on a per capita basis, 
reflecting the nature of the country's economy and lifestyle (Intergovernmental 
Committee on Ecologically Sustainable Development (ICESD), 1997). 1994 
emission figures for the main greenhouse gasses (CO2, methane, nitrous oxide 
and perfluorocarbons) show the stationary energy sector (electricity generation, 
energy use in industry, etc) as the most significant contributor (37%), followed by 
land use changes and forestry (23%), agriculture (17%), transport (12%), fugitive 
emissions (6%), waste (3%) and industrial processes (2%). CO2  is by far the most 
significant contributor (71%) followed by methane (24%), nitrous oxide (nearly 5%) 
and perfluorocarbons (less than 0.5%). 
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Australia's National Greenhouse Gas Inventory shows that greenhouse gas 
emissions rose from the equivalent of about 530 million tonnes (Mt) of CO2  in 1988 
to 563 Mt in 1990 and 576 Mt in 1994 (ICESD, 1997). Emissions grew by 3.1% a 
year between 1988 and 1990 with growth virtually stopped for two years, before 
rising to 0.9% in 1993 and 1.3% in 1994. Western Australia contributes about 10% 
of Australia's total greenhouse gas emissions. 

Recognising the seriousness of the climatic change issue, the Commonwealth, 
State and Territory Governments and the Australian Local Government Association 
endorsed a National Greenhouse Response Strategy in 1992 (ICESD, 1997). The 
strategy sets out a series of objectives and strategies for limiting greenhouse gas 
emissions in areas such as energy supply, household, industrial and commercial 
energy use, transport and the natural environment. Other key elements include 
promotion of research, education and community involvement. 

Following a review of the National Greenhouse Response Strategy during 1996, 
the 1997 National Greenhouse Strategy is being developed to provide Australia 
with the basis for an effective response to the climatic change issue into the next 
century (ICESD, 1997). It will encompass actions by all spheres of government 
and all community sectors, and promote the development of partnerships to tackle 
greenhouse gas emissions. With provision for ongoing revision and updating, the 
National Greenhouse Strategy will establish a framework for action well beyond 
2000. 

3.2.3 Greenhouse 21C 

In 1995, the Department of the Environment Sport and Territories published 
"Greenhouse 21C - A Plan of Action for a Sustainable Future" (DEST, 1995). 
Specific measures in Greenhouse 21C were aimed at further reducing the growth 
in emissions in the period 1990 to 2000 from 7 per cent to about 3 per cent. It also 
reiterated that Australia had a commitment to stabilise greenhouse emissions at 
1990 levels by the year 2000. Greenhouse 21 C consisted of a series of packages 
for emission reduction, one of which was the Energy Sector. It stated that: 

energy use accounts for more than 50% of all greenhouse gas emissions 
in Australia; and 

increased energy efficiency and greater use of new (i.e. clean and 
renewable) energy sources will reduce the overall cost structure of the 
economy and create export opportunities. 

Greenhouse 21C identified a number of measures to foster renewable energy 
technology and in particular announced that the Commonwealth Government 
would provide: 

$4.8 million over four years to support the development of a robust 
renewable energy technology industry; and 

up to $13.5 million over seven years to support a Cooperative Research 
Centre (CRC) with a primary objective to develop technologies to assist 
greenhouse abatement, especially renewable energy. 

Despite these initiatives Australia is unlikely to meet the commitment to reducing 
greenhouse gas emissions to the 1990 level. Indeed in the case of Western 
Australia, the 1995 Annual Report of the Department of Energy indicated that CO2  
emissions were likely to continue to increase throughout the decade. 
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3.2.4 National Sustainable Energy Policy 

In March 1995 the Federal Government announced its intention to publish a White 
Paper on a national sustainable energy policy. The Department of Primary 
Industries and Energy (DPIE) produced a Discussion Paper which advocated a 
balanced approach to the development of this policy (DPIE, 1995). In its Terms of 
Reference it proposed to: 

identify actions to remove or reduce constraints to the development and 
adoption of renewable energy technologies, and to the development of 
competitive industries based on these technologies. 

In discussing the issues and challenges, the report stated that: 

Renewable sources of energy are more than sufficient to meet the world's 
energy needs. However, meeting the majority of the world's energy needs 
from renewables at present would not be practicable given their current 
stage of technological development and cost. 

The DPIE Discussion Paper made a number of suggestions to help facilitate 
renewable energy technologies. These were: 

renewable energy technologies usually have significantly reduced impacts 
on the environment compared with fossil fuel based systems. Production 
of greenhouse gases is, in most cases, limited to those arising from the 
construction of equipment, which is very small compared with those arising 
from the operation of fossil fuel based power plants. The increased use of 
renewable energy technologies, therefore, would play a part in the 
development of a more sustainable energy services sector; 

renewable energy technologies (excluding the traditional renewables, such 
as hydro, and some biomass) are not currently cost competitive with 
conventional energy sources in most mainstream markets in Australia. 
Nevertheless, the relative cost of renewable energy technologies has been 
declining and is expected to decline further; and 

a number of governments around the world have taken actions aimed at 
increasing the use of renewable energy technologies. These have 
included a range of different subsidy schemes, innovative financing 
systems, major government funded demonstration projects and promotion 
programmes. Such schemes have been aimed at increasing the scale of 
operations, providing potential technology users with an opportunity to gain 
experience with the technology and at simply providing information to 
potential users. 

During 1996 the next step in the development of a Sustainable Energy Policy 
commenced through publication of a Green Paper (DPIE, 1996). This paper 
identified relevant issues and suggested a broad strategic framework on which a 
policy could be built. The paper reiterated the suggestions identified above. 

3.2.5 United Nations Environment Program 

Recently, The Greener Times provided a view of a comprehensive report by the 
United Nations Environment Program on the state of the global environment five 
years after the "Earth Summit" in Rio (The Greener Times, 1997). The review 
quoted from the report that: 
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Internationally and nationally, the funds and political will remain insufficient 
to halt further global environmental degradation and to address the most 
pressing environmental issues - even though the technology and 
knowledge are available to do so. 

The report finds that the global environment has continued to deteriorate and 
significant environmental problems remain deeply embedded in the socio-
economic fabric of nations in all regions. 

The Global Environment Outlook identified seven fundamental global 
environmental trends that could be crucial in halting environmental degradation and 
implementing sustainable development. Two of these are: 

emission of greenhouse gasses, which are still being emitted at levels 
higher than the stabilisation targets internationally agreed upon under the 
United Nations Framework Convention on Climatic Change; and 

the continued heavy reliance on hydrocarbons in the energy sector to fuel 
economic development - a practice which is clearly unsustainable. 

The report also explores four key priority areas for action by the Global 
Environment Outlook report. Two of these are: 

current patterns of energy use require drastic changes because of their 
destructive impacts on land and natural resources, climate, air quality, rural 
and urban settlements, and human health and well being; and 

the need for a wider dissemination of appropriate and environmentally 
sound technologies world wide. 

3.2.6 Experience from other Countries 

A wide range of measures are being investigated and implemented by developed 
countries. Such initiatives are addressing a wide range of emission abatement 
issues including efficiency in energy use, transportation, urban activity, and in 
sustainable land and forestry management. This section focuses on the 
development and encouragement of renewable energy generation. 

At the global scale, energy generation which avoids the use of fossil fuel is 
predominantly nuclear and hydro power. In recent years increasing attention has 
been given to solar and wind power and to the generation of electricity from waste. 
Tidal energy was first exploited on a large scale by Electricite de France on the 
Brittany Coastline. Other tidal power plants operate in Canada, Russia and China. 

During the last decade, the United Kingdom has sponsored much research into 
various methods of renewable energy generation and has taken steps to 
encourage their adoption. 

In 1989 the Government introduced the Non-Fossil Fuel Obligation to provide a 
guaranteed market for renewable energy -generation. Under this legislation 
Regional Electricity Companies were placed under an obligation to secure a 
defined capacity of electricity generation from non-fossil sources. Renewable 
energy provider companies are invited to bid into each tranch of production and 
usually the lower priced bids are accepted. The additional cost of renewable 
generation (compared with fossil fuel generation) is met through a levy on the 
privately owned Regional Electricity Companies. 
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The first renewable order was announced in September 1990 and secured some 
100 MW of new renewable generation. A second and third tranch have 
subsequently been announced, with the aim of adding 1500 MW of new 
renewable-based generation capacity in the UK by the year 2000. 

The encouragement of new renewable projects in the UK has already shown 
remarkable results in terms of the size of the generation, the geographic spread, 
the diversity of generation sources, and the relatively competitive price. Research 
investigations suggest that by the year 2015 renewables will account for over 30% 
of the UK electricity generation surpassing nuclear production in that country. 

The lessons from the UK appear to suggest that by providing a long-term 
commitment to renewable generation, private renewable energy suppliers are 
prepared to innovate and implement renewable energy projects. The process is 
competitive which helps reduce generation costs. Apart from the important 
reductions in greenhouse gas emissions, the UK will have great diversity in its 
power generating industry which in turn will help with security of supply. 

3.2.7 Outcomes 

There are no clear guidelines from the Federal Government on the nature of any 
measures to promote a sustainable energy policy. What is clear is that: 

Australia has been unable to demonstrate its ability to meet the 
greenhouse gas reduction targets under the FCCC; 

there are well defined advantages in developing a strong renewable energy 
generation sector as part of the Sustainable Energy Policy; 

pressure is growing internationally to reduce greenhouse gas emissions. 
Whilst Australia is seen to have good resources for renewable generation it 
is not fulfilling its potential due to lack of investment in practical renewable 
projects; and 

a carbon tax incentive has been explored by Government but not 
proceeded with as it was too complex. Other non-fiscal means are being 
examined to stimulate the renewables sector. 

International credits for greenhouse gas emission reduction might be an 
acceptable option. Such credits may relate to cross-subsidies in the energy sector 
or to assisting the implementation of renewable energy projects through investment 
or tax incentives. Whatever form credits' might take their bottom-line effect will be 
to give a benefit to renewable projects which can be expressed in financial terms. 

3.3 	Project Benefits 

3.3.1 National and Western Australian Benefits 

The proposed Doctors Creek tidal power scheme will convey a number of national 
and WA benefits including: 

reduction in greenhouse gas emissions of between 135,000 and 210,000 
tonnes of CO2  per year (0.2% to 0.4% of Western Australia's emissions); 

assisting Australia to meet its commitment to reduce greenhouse gas 
emissions; 
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removal of the financial burden on Western Power to provide subsidised 
energy to a remote area; 

discontinued use of antiquated and expensive diesel generating plants at 
Derby and Fitzroy Crossing; 

introduction of a form of renewable energy which is new to Australia and 
which can be used as a prototype for further development of this form of 
electricity generation; 

diversification of electricity generation. Australia and WA have a very high 
reliance on fossil fuel generation via coal, oil and gas. The adoption of 
renewable energy technologies stimulate innovation and inevitably lead to 
greater diversity. Such diversity can also often mask the problems of 
intermittent generation to give cumulative firm power; 

increased security of supply. Renewable sources, by their nature, are 
often designed for automated operation. They are not susceptible to 
fluctuations in fuel prices or industrial action; and 

increased understanding of mangrove ecosystems including their 
rehabilitation. 

However, the main benefit of this high profile project would be to demonstrate the 
role which tidal energy can play in Australia's future energy portfolio. The 
development of this project would give experience to Australian engineers in this 
type of energy production and could provide opportunities for the manufacture of 
mechanical and electrical plant. Experience would also be gained on 
understanding and managing the impacts of this type of project on mangroves and 
the marine environment. This is an essential aspect which needs to be understood 
before the full exploitation of tidal energy generation in northern Australia can 
proceed. 

The experience and expertise gained through this project would allow Australian 
companies to develop tidal power applications elsewhere in the world. 

3.3.2 Benefits to the Local Region 

Benefits to the local region will include: 

reduction in noise and air pollution through discontinued use of Western 
Power's diesel generating stations at Derby and Fitzroy Crossing and 
greatly reduced output at Broome and Pillara; 

reduction in the cost of electricity to Westerm Power and Western Metals; 

provision of infrastructure to assist in the development of further mining 
and industrial development in the Kimberley; 

creation of employment opportunities and provision of economic benefits 
through tourism, aquaculture and utilisation of facilities and infrastructure; 
and 

development of a project which can be applied to other areas within the 
Kimberley, hence magnifying the benefits identified above. 
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4.0 	Evaluation of Alternatives 

4.1 	Alternative Sites 

Following publication of the Select Committee Report (Section 3.1; Western 
Australian Legislative Assembly, 1991) a research proposal was submitted to the 
Minerals and Energy Research Institute of Western Australia (MERIWA) to 
examine several potential locations to ascertain the most favourable site for a 
demonstration project (Wood, 1993). 

A number of criteria were identified in the search for suitable sites for a 
demonstration project. These included: 

tidal range - this is a critical factor as power output is roughly proportional 
to the square of the tidal range. A range of 7.0 m (Mean Springs) was 
considered to be the minimum requirement and this limited the area of 
search to the coastline from Port Hedland to Wyndham; 

depth of water - sufficient water depth is required at the barrage location 
to avoid cavitation of the turbines. On the other hand, if the water depth is 
too great it adds significantly to the cost of construction; 

water volume - the impounded basin should be of sufficient size to 
generate the required power output. For the purpose of the demonstration 
project an installed capacity of 20 MW was assumed; 

sediment load - estuaries carrying a heavy sediment load can have 
problems with siltation. Over the operational life of the barrage, water 
volumes in the impounded basin would be reduced, causing a gradual loss 
of output. If sedimentation appears to be a problem then some allowance 
should be made for dredging and possibly erosion of the turbine blades; 

basin configuration - the main requirement is a relatively narrow entrance 
to the inlet, thus reducing construction costs; 

environmental considerations - to avoid if possible protected sites or 
those with special environmental attributes; and 

electricity demand - the remoteness of much of the Kimberley region 
means that many sites are unattractive because of the costs of 
transmission over long distances. Favoured locations are those near 
centres of population or within a reasonable distance of the power grid. 

With these criteria in mind a number of possible sites were evaluated. These 
included the potential schemes that had been previously identified in the Kimberley 
(Lewis, 1963) as well as smaller schemes more suited to a demonstration scale 
project. 

All of the 44 sites identified by Lewis (1963) were evaluated. However, all of these 
schemes are sizeable with the potential to generate very large power outputs. For 
example, a 40 km barrage at Collier Bay could result in the peak generation of 
68,500 MW. Most of the sites evaluated generated peak power in excess of 1,000 
MW with many in excess of 5,000 MW. All were considered too large for a 
demonstration scale project. 
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With consideration of the above criteria and recognition that there would be a 
severe cost implication if a site is developed and not utilised to its full generating 
capacity, there were only three sites which warranted consideration. These three 
sites are discussed below: 

Cape Keraudren, Pilbara 
Cape Keraudren lies at the southern end of Eighty Mile Beach and about 
125 km east of Port Hedland. It has a tidal range of about 7.3 m (Mean 
Springs) and a water area of around 4 km2, sufficient for a 20 MW 
installation. Suspended sediment loads are low and the presence of rock 
would simplify construction of the barrage. There are extensive stands of 
mangroves present which would be affected by modification to the tidal 
regime, but it was concluded that the stands of mangroves were typical of 
other inlets along the coastline. 

Willie Creek, Broome 
Willie Creek is located 20 km north of Broome and satisfied many of the 
criteria for a demonstration project. The creek is a single basin with a tidal 
range of 7.3 m (Mean Springs), and the basin area of some 4 km2  would 
provide sufficient water volume for a 20 MW proposal. There are no major 
water courses running into the creek and water quality appeared good with 
no appreciable sediment load. The inlet has a relatively narrow entrance 
of approximately 600 m. 

Environmentally, Willie Creek has attractive stands of mangroves. The 
presence of pearl farming in the creek may create problems especially 
during construction, although the tourist potential of the barrage may be 
seen as a long term advantage to the pearl farm operation. 

Electricity output from the barrage would be solely applied to the needs of 
Broome. Average power demand was estimated at about 8 MW and 
predicted to grow in the future. 

Doctors Creek, Derby 
The mouth of the two arms of Doctors Creek lies approximately 11 km 
north of Derby. The eastern arm of Doctors Creek (12.1 km2) is larger 
than the western arm (7.0 km2). 

The creek was regarded as having particular interest as it could operate as 
a double basin scheme providing continuous output. This would be unique 
throughout the world. 

Doctors Creek has an excellent tidal range of 10 m (Mean Springs) and 
water depths appeared satisfactory for the construction of the sluice gates. 
Geotechnical surveys would be required to measure the depth of mud 
deposits and determine the depth and nature of any bedrock. It was 
further identified that, due to the waters of King Sound having a high 
sediment load and extensive mud banks, problems could be created for 
construction and by ongoing siltation of the basins. 

Selection of the Preferred Site 

The conclusion of the 1993 study was that Cape Keraudren was the preferred 
option for a demonstration scale project and, as a result, an extensive feasibility 
study was undertaken by Tidal Energy Australia (TEA, 1996). However, as 
discussed in Section 3.1, deregulation of North West Shelf gas meant that the 
abundant supplies of natural gas could produce cheaper electricity using gas 
turbines. 
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In comparison to Doctors Creek, the main disadvantage of Willie Creek is that it 
comprises only a single basin which would allow power generation for around six 
hours on an ebb tide only. For the remaining period, power would need to be 
supplemented through diesel generation. In addition, peak generation is restricted 
to around 20 MW and, although sufficient to meet the criteria set out for a 
demonstration sized project, would not be an attractive option given the projected 
annual Broome market demand for around 80 GWh in the short term. 

The 1993 study also rejected Doctors Creek as a preferred site given the relatively 
small peak load at Derby of around 5 MW. However, with the option of also 
supplying power to Broome, Fitzroy Crossing and to mining operations, and a 
projected short term market demand of 215 GWh per annum, Doctors Creek 
became the preferred site for the tidal power station. 

	

4.2 	Tidal Power Generation Schemes 

Where two creeks or basins exist in close proximity to one another, as at Doctors 
Creek, it is possible to develop them for dual tidal power operation so as to avoid 
the problem of intermittent power generation. This is described as a Double Basin 
Scheme. 

In this scheme a barrage with gates (sluices) would be positioned across the 
mouth of both arms of Doctors Creek. The sluice gates allow tidal water to enter 
the west arm where it is impounded (high basin). The sluice gates on the east arm 
prevent tidal waters entering the creek but allow water to be discharged at low tide 
(low basin). Turbines are located in a channel cut between the two arms. A 
sufficient head of water can be maintained between the two arms to allow 
continuous power generation, although at neap tides (about 2-3 days per fortnight) 
output would be greatly reduced. 

An alternative Twin Basin Scheme was also considered. Under this arrangement 
each arm of the creek is developed as a self-contained tidal power station. The 
west arm impounds water on the incoming tide to establish a head of water for ebb 
generation. The east arm works in reverse, generating from a head of water on 
the flood tide. Both plants require their own turbine generators, but output can be 
synchronised to achieve continuous supply. 

Although this solution requires two sets of turbines the amount of power extracted 
is greater and it is possible to use excess power from one basin to increase the 
effective head of the other basin by pumping. The installed capacity would be 
increased to about 100 MW in each basin and the output increased to 450 GWh. 
The problem of reduced output at neap tides still applies but this would be 
improved through pumping. 

The choice between the Double Basin or the Twin Basin arrangement is largely 
determined by considerations of capital costs and the size of the electricity market. 
DHP's proposal is based on the Double Basin Scheme since the market demand 
to justify the additional capital costs of a Twin Basin Scheme has not been 
confirmed. 

	

4.3 	High Basin/Low Basin Options and Barrage Location 

The operational efficiency of the tidal power station is directly related to maintaining 
the greatest head difference between the high and low basins for the longest 
period of time. This in turn requires that the area of the low basin at low tide must 
be equal to, or greater than, the area of the high basin at high tide. 
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The surface areas of the west and east arms of Doctors Creek are approximately 7 
km2  and 12 km2  respectively. In addition the west arm is significantly narrower than 
the east arm providing less water storage at low tide. 

As a consequence, the west arm must operate as the high basin and the east arm 
as the low basin. If the situation was reversed, operational efficiency would be 
compromised through a reduction in head difference caused by the west arm filling 
too quickly. 

The environmental consequences of the preferred option are discussed in Section 
6.8.3. The preferred option is predicted to result in the loss of around 1,060 ha of 
mangroves in the low basin and around 410 ha in the high basin (1,060 ha + 54% 
of 759 ha). If it were possible to reverse the high and low basins, the loss of 
mangroves would be around 759 ha plus 54% of 1,060 ha, a retention of around 
130 ha of mangroves. However, the intertidal area available for recolonisation 
would be less. 

The location of the barrages was selected to maximise both the volume of water 
impounded in the high basin and the area available in the low basin to receive this 
water. This minimises head loss between the basins due to power generation and 
consequently maximises operational efficiency. Movement of the barrages further 
up Doctors Creek would result in reduced power output and the need to dredge 
significant areas of the low basin to provide water storage. 

	

4.4 	Transmission Line Alignments 

Two options were considered for the alignment of transmission lines between 
Derby, Broome and Fitzroy Crossing. In broad terms, one option locates the line 
mainly within the road reserve of the Great Northern Highway. Minor deviation 
outside of this reserve allows for significant cost savings by truncating corners, 
without significantly increasing the environmental impact. 

A second option considered an alignment as described above for the transmission 
line between Derby and Broome with a direct overland alignment between Derby 
and Fitzroy Crossing. 

For reasons of potential environmental and aboriginal heritage impact, it was 
decided to locate the transmission line within the road reserve wherever possible. 

	

4.5 	The "No Project" Option 

The "no project" option would result in the situation remaining in its current form, 
with: 

continued reliance on antiquated diesel generating schemes; 

continued reliance on the production of subsidised power; 

a gradual increase in greenhouse gas emissions as electricity demand 
grows; and 

no opportunity to develop an environmentally friendly source of power 
generation which has the potential to provide wide ranging benefits to 
society. 

nrn\ E.\E4366C\WP\CER\TEXT 	 Halpern Glick Maunsell 	17 



5.0 	Description of the Proposal 

A site layout plan for the proposal is provided in Figures 5.1 and 5.2. 

Proponent commitments identified in this section are provided in Section 8.0. 

The proponent is continuing to evaluate the engineering design of the power 
station. This is principally concentrated on the design and location of the sluices 
and turbine channel. If adopted, these changes are not expected to result in an 
increased environmental impact. 

5.1 Barrages 

Barrages across the west and east branches of Doctors Creek will be 
approximately 0.5 and 1.3 kilometres long respectively. The barrages will 
comprise approximately 1.0 million cubic metres (Mm3) of earth fill sourced from 
the adjacent Point Torment Peninsula and the turbine channel. 

Concrete gate structures incorporating automatic steel gates are likely to be 
incorporated into the barrage structure to allow the inflow (west creek) of tidal water 
to the turbines and the outlet (east creek) of turbine discharge. An alternative 
being considered would locate the sluices on the peninsula between the west and 
east arms of Doctors Creek. 

The barrage batters will be suitably protected from scouring by armour rocks on the 
more exposed King Sound face, and smaller rock rip-rap on the more sheltered 
basin face (Figure 5.3). Armour and rip-rap will generally be sourced from Point 
Torment Peninsula, with supplementary sourcing from existing quarries south of 
Derby if necessary. Approximately 60,000 m3  of armour and 70,000 m3  of rip-rap 
will be imported. 

Barrage top width will be approximately 10 metres with a gravel pavement, and set 
at an elevation of approximately 1.8 metres above highest astronomical tide to 
prevent overtopping under extreme wave and water level conditions. 

5.2 Levees 

A total length of approximately 26 kms of levees are required to prevent inflow of 
King Sound tidal waters into the low basin. The main levee separating the high and 
low basins also serves as the main access road from Derby to the tidal power 
station site. 

The access road will be approximately 1 - 2 metres above the existing tidal flats, 
with a minimum 8 metres wide pavement. An additional short levee will also be 
required west of the west barrage to prevent excessive high tide short circuiting 
and scouring the high basin. 

The access road and east levees will be constructed from around 350,000 m3  of 
earth fill sourced from the tidal flats or adjacent peninsula, and topped with gravel 
(approximately 220,000 m3). 

5.3 	Turbine Channel 

An open channel is required to be constructed to hydraulically connect the east and 
west basins and house the power generating turbines. 
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A total excavation of approximately 1.0 Mm3  of soft and stiff to firm clay is required 
for the nominal 100 metre wide (bed width) channel and the turbine structures. 
Channel side slopes will be about 3:1. 

Final disposal of channel spoil will be over the tidal flats adjacent to the turbine 
channel, to reduce disposal costs and provide a raised area for hardstand and 
building areas. 

The channels will be designed to carry the peak flows of approximately 1,000 m3/s 
without protective lining. The channel adjacent to the inlet and outlet to the 
turbines will be rock pitched due to the localised higher velocities. 

Channel invert levels will be approximately -5 m AHD upstream of the turbines (i.e. 
west) and -9 m AHD downstream. The turbine foundations will be located at 
approximately -14.5 m AHD. 

	

5.4 	Low Basin Dredging 

Approximately 10 Mm3  of sediment will be dredged from the low basin to increase 
its storage capacity over a period of several years and thereby improve the power 
generating capacity of the station. The timetable for dredging is related to the 
future build up of power demand and for the most part can be undertaken as an 
operational activity. 

There are three options available for disposal of dredge spoil: 

disposal within the deeper upper reaches of the low basin to provide 
additional intertidal area for mangrove recolonisation (Section 6.8.3, 
Commitments 2 and 4). This is the preferred option; 

resuspension of spoil for discharge to King Sound. This will also assist in 
the development of sediment banks at the entrance to Doctors Creek for 
mangrove colonisation (Section 6.8.3); and 

disposal to land in areas devoid of vegetation. This is the least preferred 
option. 

Relatively minor dredging may be required during construction to better define a 
low level outlet channel for the low basin, although it is likely that the channel will 
be self scouring due to the nature of the sediment and the localised velocities 
adjacent to the low basin gates. 

For operational purposes, any sediment buildup in the basin will be managed by 
occasional sluicing and permanent deployment of a small river dredge. Dredged 
material will be disposed of as outlined above. 

	

5.5 	Sluices 

Inflow and outlet of tidal waters from the tidal power station will be controlled by 
automatically controlled sluice gates. The gates will optimise flow in to, or out of, 
the system via sluices in response to relative water levels between King Sound and 
the basins. This process of operation is described in Figure 5.4. 

The high basin sluice will be around 60 to 70 m wide whilst the low basin sluice will 
be around 100 to 160 m wide. The foundation and sides will be sealed with sheet 
piling or other suitable means to prevent washout under the relatively high water 
head differences between the basins and King Sound. Entry and exit aprons at the 
gate structures will be rock pitched to prevent scour. 
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Phase One 

In this part of the cycle, maximum high tide has been reached and the gates on the 

high basin are now closing, locking in maximum water in the high basin. Meanwhile. 

water is running continuously into the low basin (gates are closed in the low basin(. 

Phase Two 

The tide is receding in King Sound. Water is transferring from the high basin to the 

19w basin via the raceway and turbines. The level in the high basin, therefore, is 

slowly receding and the low basin is slowly increasing. 

Phase Three 

At this point of the receding tide, the water level is equal in both the low basin and 

King Sound. The gates in the low basin are now opened, draining accumulated water 

into the Sound. 

Phase Four 

The tide is at its lowest and the water in the low basin has fully drained. The gates 

in the low basin are now closed. Meanwhile, water is still passing from the high 

basin via the raceway and turbines. 

Phase Five 

This phase demonstrates the incoming tide level, the slowly receding high basin 

Iiiel and the slowly increasing low basin level. When the tide reaches the same 

level as the high basin, the high basin gates are opened allowing water to enter 

until maximum tide is reached as in Phase One. At this point, they are closed again. 

Figure 54 
King Sound • High Basin • Low Basin 	Tidal Power - How it works 



Further work will be undertaken to optimise the entry of water to the high basin and 
the exit of water from the low basin (i.e. maximise head difference to maximise 
power output). This may result in the installation of pumps adjacent to barrages to 
increase the inflow or exit of water or modification to the length of sluices. 

	

5.6 	Turbine Structure and Plant Installation 

The turbines will be built in the connecting channel between the two basins. The 
base will be at approximately -14.5 m AHD and supported on piles. There will be 
no wave attack or cyclone surge on this structure and the deck level will only need 
to be above highest astronomical spring tides (i.e. above +5.6 m AHD). 

Four to six turbine bays will be constructed to give an installed capacity of 48 MW. 
Turbines will have blades of 4 to 6 m diameter. 

Provision is made in the design for stoplogs both upstream and downstream of 
each turbine. This would enable barnacle removal and general maintenance 
inspection to be done insitu in the dry if preferred. The stoplogs are also necessary 
to allow turbines to be removed for maintenance. 

Exclusion mesh will be installed to prevent fish movement through the turbines. 
Design of this mesh will be undertaken in consultation with the Department of 
Fisheries (Commitment 2). 

	

5.7 	Neap Generation Enhancement 

The tidal range at neaps can fall below 5.0 m which is about half that at mean 
springs. The neap periods occur for 2-3 days in each 14 days and usually 
3 consecutive tidal cycles (covering a 37 hour period). Some storage of water can 
be carried forward at the start of the neaps but there is insufficient head to maintain 
full generation. During this period the output of the tidal plant is reduced to about 
25% of its full capacity and would generate an average of about 12MW. 

In terms of annual output the neap tide deficiency only amounts to about 16-18% of 
tidal power generation. However during these short neap periods output needs to 
be supplemented by up to a 75% increase in capacity to meet daily peak demand. 

Security of supply and supplementary power generation will be available from 
Broome and Pillara. At Broome, existing diesel capacity may be retained for peak 
demand and there is also an option to decommission the existing antiquated diesel 
power station and to develop a new gas fired power station at an industrial estate 
further out of town. At Pillara, Western Metals will install a 12 MW diesel power 
station which will feed into the transmission network via a line between Pillara and 
Fitzroy Crossing. 

One characteristic of tidal power generation is that greatest head and maximum 
power output occur twice daily. One of these occurrences will match peak demand 
whilst the other will be during periods of reduced demand. At this time there will be 
spare generating capacity, and uncommitted electricity would be available for 
pumped storage. 
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5.8 	Power Transmission 

Approximately 450 km of new high tension power lines will be provided from the 
tidal power station to serve Derby, Broome and Fitzroy Crossing. From the tidal 
power station the transmission line would follow the higher ground separating the 
two arms of Doctors Creek and pass to the east of the Derby townsite. A branch 
would serve Derby while the main line would run due south until it crosses the 
Great Northern Highway. Here it would divide with the tines to the west and east 
generally lying within the existing Great Northern Highway road reserve to Broome 
and Fitzroy Crossing respectively (Figure 6.3). 

The proponent will liaise with Main Roads Western Australia and Western Power 
during construction of the transmission line. 

The generator voltage at the tidal power station is specified at 11 kV. 
Transformers would step up the power for transmission to 132 kV. At the line 
terminals, appropriate step-down transformers would be supplied to conform with 
local distribution requirements. Metering of delivered power would be at the line 
terminals. Switching and control facilities will be provided at line junctions to isolate 
sections of the line. A 33 kV line, run on the same poles as the high tension power 
line, would service Fitzroy Crossing from Pillara for security and supplementary 
power supply. 

A full specification for the power line and the control and protection equipment will 
be developed in consultation with Western Power to meet industry standards. This 
would address issues of system control, synchronisation and voltage control. 

The transmission line will be supported predominantly on single steel poles 
although some towers may be used. Research is also being undertaken for 
transmission to be in DC. 

An approximate 5 m wide strip of vegetation will be cleared from below the 
transmission line to allow maintenance access. Gravel will be sourced from 
existing borrow pits. If there is the need for additional pits to be developed these 
will be referred to the DEP (Commitment 2). 

Only 50 km of transmission line in the vicinity of Broome will need full cyclone 
protection. 

	

5.9 	Associated Components 

5.9.1 Buildings and Enclosures 

Buildings will consist of: 

office and control room complex; 
switchyard; 
public ablutions block; and 
visitor centre. 

5.9.2 Contaminants 

Only small amounts of oil and lubricants will require storage on site. Storage will 
be to the requirements of the Department of Minerals and Energy (Commitment 2). 

Sewage generated on site will be regularly removed by a licensed contractor or 
treated to acceptable standard prior to disposal on site (Commitment 2). 
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5.9.3 Potable Water 

Potable water requirements will be minimal. This will be sourced from the existing 
Derby supply via tanker or produced by a small desalination plant at the site. 

5.9.4 Roads 

Vehicle access to the barrages site will be via a 20 km causeway running between 
the west and east arms of Doctors Creek (Figure 5.1). The proponent will liaise 
with the Shire of Derby/West Kimberley and Main Roads Western Australia during 
design and construction of the site access road (Commitment 2). Hardstand areas 
will be provided adjacent to the tidal power station for parking. 

5.9.5 Stormwater Management 

Stormwater will not contain contaminants and will be discharged directly to Doctors 
Creek. 

5.10 Workforce 

The construction workforce will peak at around 200 personnel. Operations 
workforce will consist of 1 to 2 personnel. 

All personnel will be housed in existing or purpose built accommodation in Derby. 
Some messing facilities will be available on site. 

5.11 Decommissioning 

With regular refurbishment, the tidal power station will have an indefinite life. In the 
event that decommissioning is proposed, a decommissioning plan will be 
developed which will address the removal of plant and equipment. 

nm\ E:\E466C1WP'CER\TEXT 	 Halpern Glick Maunsell 	22 



6.0 	Potential Environmental Impacts and 
Their Management 

6.1 	Introduction and Overview 

The following sections address the potential environmental impacts of the 
proposed tidal power station. Sufficient description of the existing environment is 
provided to ensure that: 

all potential issues have been identified; and 

any impacts have been satisfactorily addressed. 

Prior to construction, the proponent will prepare an Environmental Management 
Programme (Commitment 1) and a Programme of Research and Monitoring 
(Commitment 3) to the satisfaction of the DEP. 

To assist in understanding the potential impacts likely at Doctors Creek, the 
following review of a current operating tidal power station is provided. 

The La Rance tidal power scheme on the northern coast of Brittany was built in 
1966 and is the only site where a full scale evaluation of the environmental impact 
of a tidal power scheme has been made (Retiere, 1994). The La Rance scheme is 
different from the proposed Doctors Creek scheme for a number of reasons: 

the La Rance scheme is built across the mouth of an estuary whilst 
Doctors Creek has no direct freshwater input from rivers; 

the Rance Estuary is over 20 km long. Doctors Creek has a length of 
around 14 km in the west arm and 12 km in the east arm; 

turbines are located within the barrage at La Rance. Turbines will be 
located between the basins in Doctors Creek; 

turbines at La Rance can handle flow on both the flood and ebb tide and 
are thus able to generate power during both filling and emptying of the 
basin. This will not be possible with the proposed double basin scheme at 
Doctors Creek; 

the La Rance scheme has a maximum output of 240 MW from 24 turbines. 
Doctors Creek will produce around 48 MW from 4-6 turbines; and 

La Rance was constructed within two coffer dams and dewatered. 
Construction took about three years and during this time the inlet was 
isolated from the sea resulting in widespread eradication of marine 
species. This will not occur at Doctors Creek. 

Post construction monitoring at La Rance shows that the basin has the following 
characteristics: 

a reduced intertidal zone due to reduced tidal range; 

modified sediment distribution due to strong sluice and turbine currents 
(i.e. erosion close to the barrages, movement of sandbanks); 

deposition of fine particles in bays (due to long periods of slack water); 
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a rich occurrence of marine species (1 10 polychaetes, 47 decapod 
crustaceans, 70 fish): 

restriction in the vertical range of algae; 

establishment of benthic communities, albeit in limited diversity, within five 
years and, following a further increase in species richness and density, 
relative stability after 10 years; 

use of the basin as a spawning ground by fish with no evidence that 
reproduction and growth of organisms has been affected by the barrage; 

no adverse effect on birds; 

higher primary and secondary production within the basin than in the 
adjoining sea; and 

establishment of extensive food webs where links between the ecological 
compartments are affected by the operating practices of the power station. 

Retiere (1994) draws a number of general conclusions from the environmental 
investigations conducted at La Rance: 

the tidal power installation is, to varying degrees, biologically permeable 
and permits recolonisation of a modified environment and normal 
exchange between estuarine and coastal waters; 

a new balance is attained after about 10 years and the system then 
functions on the basis of intra- and inter-specific relationships, 
independently of the initial disturbance; 

this new balance is entirely dependent on the mode of operation of the 
installation with a regular pattern stabilising abiotic conditions (operating 
conditions can vary significantly at La Ranch eg. the basin water levels can 
be raised by pumping on the flood tide); 

sudden variations in environmental factors (associated with production 
requirements or maintenance), albeit of short durations, may have severe 
ecological effects at various levels in both space and time; and 

the success of a tidal power scheme depends on striking the correct 
balance between operational constraints and biological equilibrium. 

The overall result has been a more diverse (structured) and ordered community. 

The above conclusions can generally be applied to the Doctors Creek proposal 
with the added benefit that Doctors Creek will provide a more consistent 
operational framework. 

To assist in understanding the environmental ramifications of the tidal power 
station, Figure 6.1 provides a flow sheet of potential environmental implications 
arising from construction of the tidal barrages. The Figure has been necessarily 
simplified to provide the main pathways and feedback loops which will ultimately 
dictate the final "form" of the modified ecosystem. 

When reviewing Figure 6.1 it is important to remember that ecosystems are unique 
and that changes that have either been observed to occur, or are predicted to 
occur, in similar developments overseas will not necessarily occur in an identical 
manner at Doctors Creek (Baker, 1991; Daborn, 1987; Dadswell et aL, 1986; 
Gordon, 1994; Mersey Barrage Company, 1992; Radford, 1994; Retiere, 1994; 
Shaw, 1986; Wildish et al., 1986). 
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FUNDAMENTAL 	PHYSICAL ENVIRONMENTAL IMPLICATIONS 
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Nonetheless, although the structure of the new ecosystem that will develop in the 
modified Doctors Creek is difficult to predict (especially given that there is no 
comparable system that has been developed in a tropical, macro-tidal, mangrove 
dominated environment), there are a number of defined pathways and processes 
that are common to all schemes. These are outlined below and discussed in more 
detail in the following sections. 

Construction of a tidal power station results in major changes to the water body 
impounded behind the barrage. Macrotidal estuaries, such as Fundy and Severn, 
and locations such as Doctors Creek, are tidally dominated systems where the 
water column is generally completely mixed from top to bottom and where high 
levels of suspended sediment are maintained in dynamic equilibrium with intertidal 
and subtidal deposits (Kirby, 1994; Shaw, 1986; Wildish et al. 1986). Construction 
of a barrage will change patterns of water flow, decrease turbulent mixing and 
decrease tidal exchange. Since the evolution of macrotidal ecosystems is 
dominated by physical processes, changes in physical properties may be expected 
to have profound and far-reaching biological effects (Daborn, 1987). 

Reduced water exchange will lead to reduced tidal amplitude and current velocities 
upstream, and in the region immediately downstream, of the barrages which in turn 
will encourage settling of suspended sediments. Settling of suspended sediments 
(coupled with less sediment resuspension and erosion due to lower current 
velocities) will result in an increase in water clarity. An associated increase in light 
penetration (increase in the euphotic zone) will increase primary productivity from 
phytoplankton which in turn will increase secondary productivity from zooplankton 
and higher order carnivores. 

Reduced tidal amplitude and impoundment of water will result in the initial loss of 
vegetation (mangroves in the case of Doctors Creek), which will be countered by 
the establishment of vegetation in areas that are currently unsuitable. 

Reduced intertidal area will also result in reduced area for benthic diatoms and 
intertidal benthic deposit feeders which constitute prey of some shorebirds and 
fish. Conversely, reduced current velocities and increased stability of sediments 
could increase benthic species numbers and hence productivity (Shaw, 1986). An 
increase in subtidal area is likely to result in an increase in benthic fauna and flora 
under the more stable conditions created (Wildish, 1986). 

Overall in Doctors Creek, it is expected that higher primary production in the 
medium to long term by plankton, benthic flora and mangroves will exceed any 
short term productivity losses from benthic diatom, mangrove and samphire 
vegetation. The gradual shift towards greater pelagic primary production should 
favour food chains involving planktonic organisms and benthic suspension feeders 
(which are noticeably absent from the existing system) i.e. a gradual shift from a 
benthic food web to a pelagic food web (Daborn, 1987). 

The foregoing discussion shows that individual pathways of ecological change can 
be predicted. Evidence from the La Rance tidal power station demonstrates that a 
functional ecosystem will develop and that the system will be unique (Baker, 1991; 
Daborn, 1987; Retiere, 1994). However, with reference to complexity of 
interactions shown in Figure 6.1, the final structure of the ecosystem can only be 
definitively determined once the barrages have been constructed and the new 
ecosystem has stabilised. 
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6.2 	Greenhouse Gas Emissions 

In developing the Greenhouse Gas response strategy the Australian Government 
through the Department of Environment, Sports and Territories (DEST) established 
a National Greenhouse Gas Inventory Committee (NGGIC). This group reviewed 
the whole of the Australian industry by sector, producing a series of reports under 
the title "National Greenhouse Gas Inventory and Methodology" (1994). The 
methods for calculating CO2  emissions developed by DEST have been applied to 
the Doctors Creek proposal. 

The construction process, and the manufacture of concrete, steel and mechanical 
and electrical plant will in themselves be responsible for greenhouse gas 
emissions. However the scale is not large and as this is a single event it is 
regarded as being insignificant in the long term. On the other hand, the electrical 
generating process will not create any pollution and will cause a net reduction in 
greenhouse gas emissions. The scale of generation at around 210 GWh will avoid 
the burning of: 

67,200 tonnes of fuel oil/year; or 

2.613 peta joules of natural gas/year. 

By applying the factors derived from the NGGIC methodology, emissions would be 
reduced by between 135,000 and 210,000 tonnes of CO2  for each year of 
operation. 

Over its design life of 120 years, this small scale 48 MW tidal power station could 
reduce greenhouse gas emissions by up to 25 Mt of CO2. 

	

6.3 	Climate 

The southern Kimberley coastline experiences a tropical semi-arid climate with low 
monsoonal rainfall (WA Museum, 1995). At Derby, annual mean rainfall is 623 
mm with precipitation mainly confined to the months of December to March. 
Average maximum temperatures are 34.2°C in December with an average 
minimum temperature of 21.4°C in June. Pan evaporation rates are around 3,400 
mm per year and this, together with the low total rainfall and high temperatures is 
reflected in the region's semi-arid nature. 

Tropical cyclones, which can result in intense rainfall events, are not common in 
the Derby area due to the townsite being located a significant distance from the 
true coast. Around 15 cyclones have passed within 100 km of Derby this century. 

At Derby, winds are dominantly from the east and south-east in the dry season of 
April to September with some north-west and westerly sea breezes. In the wet 
season of October to March, north-west and west winds dominate with lighter land 
and sea breezes (WA Museum, 1995). 

	

6.4 	Hydrodynamics and Water Quality 

6.4.1 Development of a Hydrodynamic Model 

A numerical model has been used to assess possible environmental impacts and 
operational characteristics of the proposed power station. The model is the 
Environmental Fluid Dynamics Code developed by Tetra Tech, USA and solves the 
three dimensional equations of motion governing fluid flow in shallow water 
embayments. 
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The model has been successfully applied to Virginia's James and York River 
estuaries (Hamrick, 1992, 1995), the entire Chesapeake Bay estuarine system 
(Hamrick, 1994), a study of high freshwater inflow events in the northern portion of 
the Indian River Lagoon, Florida (Moustafa and Hamrick, 1994; Moustafa, et al., 
1996), and a flow through wetland systems in the Florida Everglades (Hamrick and 
Moustafa, 1995a, b; Moustafa and Hamrick, 1995). It has also been used to 
assess flushing and circulation aspects of a proposed harbour in Jervoise Bay, 
Perth, WA (Halpern Glick Maunsell, 1997). 

The process of undertaking model simulations included: 

accurate representation of bathymetry suitable for interpolation onto a grid 
(this was obtained from a bathymetric survey of the creek and a 
computational aerial topographic survey with some ground truthing of the 
general area); 

collection of tidal data (this was obtained from data loggers moored in 
Doctors Creek); 

validation of the model against field observations; 

application of the model to existing conditions to develop a baseline data 
set; and 

application of the model to the proposed conditions (with barrages, sluices, 
turbines in place) to assess any differences. 

6.4.2 Circulation Patterns and Tidal Conditions 

6.4.2.1 Existing Situation 

Tides are created by the gravitational attraction of the moon and sun acting on the 
oceans of the rotating earth (Cavanagh et al., 1993). The relative motions of these 
bodies cause the surface of the oceans to be periodically raised and lowered 
according to a number of interacting cycles including: 

the half-day cycle which is created by the rotation of the earth within the 
gravitational field of the moon, resulting in a period of 12 hours 25 minutes 
between successive high waters; and 

the 14 day cycle which results when the gravitational fields of the sun and 
moon combine to give maxima (spring) and minima (neap) tides. 

Tides in the open ocean have a maximum amplitude of about 1 m, whereas tides 
closer to shore have substantially higher amplitudes which are influenced by local 
effects such as shelving, funnelling, reflection and resonance. 

To assess circulation and tidal conditions within Doctors Creek, a field survey was 
undertaken. In particular: 

instantaneous tidal currents were measured using a hand held current 
meter; 

drogue tracking was undertaken to confirm the current measurements; 

water samples were collected for sediment analysis; and 

conductivity, temperature, depth and turbidity measurements were 
collected. 

The measurements coincided with the deployment of a tide gauge near the mouth 
of Doctors Creek for approximately 30 days. 
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The circulation within Doctors Creek is tidally dominated with a maximum spring 
tidal range of approximately 10 m and a neap tidal range of around 5-6 m. Key 
data for the study site are: 

HAT 5.60 m (AHD) 
MHWS 4.79 m (AHD) 
MHWN 2.84 m (AHD) 
MLWN -2.10 m (AHD) 
MLWS -4.97 m (AHD) 
LAT -5.96 m (AHD) 

Field observations of tidal levels in the vicinity of the proposed barrages support 
levels obtained for the Derby jetty. A full tide range was observed and tidal 
distortion was seen to occur near low water as a result of large intertidal 
sandbanks to the north of Doctors Creek. The existing tidal signature during spring 
and neap tides is shown in Figure 6.2. 

Tidal currents within Doctors Creek are of the order of 1 m/s, however, significantly 
larger currents may be observed at times shortly following low water. In constricted 
regions where sandbanks are exposed, tidal currents can exceed 2-3 m/s. The 
circulation within Doctors Creek is predominantly restricted to the channel flow, 
except when flooding over intertidal flats occurs during high spring tides. 

The resonance of a harbour or embayment is primarily controlled by the length and 
depth of the basin. As the tidal front approaches a narrowing in the coastline, the 
enveloping shores constrict its movement and wedge the water together, thereby 
augmenting the height of the tidal wave. If the length of the bay in the direction of 
the tidal wave advance is such that it approximates an integral number of half-
wave lengths for the appropriate depth of water, then a resonant standing condition 
can develop. In the case of King Sound the resonant period corresponds to 
approximately the period of the M2  tidal constituent (- 11 - 12 hours). 

6.4.2.2 Impacts of the Tidal Power Station on Circulation Patterns and Tidal 
Conditions 

Following construction of the barrages, significant reductions in current velocities 
will occur. Results from the numerical modelling suggest that currents will be 
reduced to approximately 0.05- 0.15 m/s along the length of both basins. As a 
result of the reduced velocities, sedimentation is expected to occur (Section 
6.4.3.2). 

Figure 6.2 shows the predicted water levels during typical spring and neap tides for 
both basins. With reference also to Figure 6.7 it can be seen that water level in the 
high basin will vary between 0.5 m AHD and 4.1 m AHD. Water level within the low 
basin will vary between -0.4 m AHD and -4.3 rn AHD. During high spring tides 
water will still flood the tidal flats from King Sound and this will increase the 
predicted water level in the high basin to natural high water levels. 

The high and low basins will permanently contain 5 - 8 m and 2 - 4 m of tidal water 
respectively. 

Seaward of the barrages, the shoreline will be protected from erosion through the 
placement of rock armour. Shoreline in the vicinity of the barrages will be 
monitored and mitigation measures implemented should significant erosion occur 
(Commitment 2). 

Doctors Creek does not influence the length of the Sound and since its relative 
volume is negligible compared to the volume of the Sound, it is highly unlikely that 
the resonance of King Sound will be modified due to the construction of the 
proposed tidal power station. 
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6.4.3 Water Quality 

6.4.3.1 Existing Situation 

Suspended Sediments/Turbidity/Light 

During July 1997, water samples were collected from both arms of Doctors Creek 
on both ebb and flood tides. Tidal range on these occasions was between 0.3 m 
and 10.0 m AHD. Suspended sediment concentrations under these conditions (i.e. 
close to maximum tidal extent) ranged between 110 mg/L and 650 mg/L (mean 
308 mg/L). Suspended sediment loads were higher in the west arm of Doctors 
Creek (mean 363 mg/L) than the east arm (mean 253 mg/L) with no significant 
difference between loading on a flood (311 mg/L) and ebb (305 mg/L) tide. 

Turbidity was found to be significantly correlated with suspended sediment 
concentration (SSC) (Turbidity = SSC x 1.0416 + 0.276; 2 = 0.67; p<0.05). 

Based on turbidity measurements the depth of light penetration to 99% extinction 
(euphotic depth) was estimated to range between 0.1 m and 0.3 m. 

Analysis of the field data showed that there were no significant vertical gradients in 
turbidity or suspended sediments. 

Salinity/Stratification 

During July 1997 water was still flowing from the Fitzroy River and this was 
reflected in salinities within Doctors Creek being around 30 to 31 ppt. During the 
wet season it is expected that flow from the Fitzroy River would result in 
widespread reduction in salinities. Higher short term salinities could be expected 
within Doctors Creek during hot drier periods when water has been exposed to hot 
tidal flats. 

The field survey showed only slight vertical density gradients due to temperature 
and salinity. In terms of SSC, the water column is considered to be well mixed. 

During spring tidal conditions much of the water within Doctors Creek exits the 
system. Water exchange is consequently high. Exchange during neap tides would 
be less. 

Nutrients 

There are no anthropogenic sources of nutrients into Doctors Creek. Current 
nutrient levels are derived from King Sound with the major source of input being 
the Fitzroy River. The large tidal range implies that the system is very well mixed 
and there is unlikely to be any significant variation in nutrient levels between 
Doctors Creek and the adjacent Sound. 

6.4.3.2 Impacts of the Tidal Power Station on Water Quality 

Suspended Sediments/Turbidity/Light 

Water exchange with King Sound will be reduced to approximately 30% of present 
flows with a consequent reduction in tidal amplitude and currents. This will allow 
increased settling of suspended sediment. Preliminary estimates indicate that 
suspended sediment concentrations could reduce to between 50 mg/L and 200 
mg/L (from an average of 308 mg/L). The reduction in suspended sediments will 
result in corresponding decreases in turbidity and light attenuation coefficient. 
Based on the review by Bailey (1996), the coefficient of vertical light attenuation 
may decrease from the present order of magnitude of 15 to 50 ln/m to 5 to 20 ln/m. 
The euphotic depth could increase from the present range of 0.1 - 0.3 m to 0.2 - 
0.8 m which in turn may result in an increase in primary production. 
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Salinity/Stratification 

In the proposed design, the flushing (complete volume exchange) of the high basin 
during spring tides will be rapid (-1 to 1.5 days). Flushing is driven through the 
constant removal of water through the turbines and is expected to remain high 
given that there will still be a tidal range of typically 1.5 m - 2 m (up to 3.5 m) in the 
high basin. Flushing during neap tides will be slightly slower. In broad terms the 
high basin can be divided into three areas based on depth: 

the first 2 km which is typically below -4 m AHD (water depths greater than 
4 m); 

the next 9 km which is as low as -3.6 m AHD but typically -2 m to -3 m 
AHD; and 

the remaining 2 km which is intertidal and would wet and dry over a typical 
tidal range of 1.5 m to 2 m. 

Water exchange in the first 2 km is expected to remain high following construction 
due to the proximity of this area to the turbines. Over the next 9 km permanent 
water of up to 4 m will be present. Given a tidal range of up to 3.5 m (typically 1.5 
m to 2 m) water exchange will also remain high (1 - 3 days for complete volume 
replacement). The remaining 2 km intertidal zone will have a complete exchange 
of water on virtually every tide. 

Although there is the potential for a gradual increase in salinity of the high basin 
(due to reduced water exchange and evaporation) and consequently stratification, 
it is expected that any denser saline water (which will sink) will be removed from 
the system via the turbines. Should salinity levels rise to unacceptable levels or 
prolonged stratification result in water quality problems, the exchange of water 
between the high basin and King Sound can be periodically increased by opening 
the sluices earlier to allow discharge from the high basin to King Sound. 

Nutrients 

There are potentially three sources of local nutrient input to the modified Doctors 
Creek System: 

the breakdown of mangrove leaves from dying trees; 

release of nutrients from any anaerobic sediments (for example around 
trunks and roots of dead mangroves); and 

from erosion of soil due to the loss of stabilising vegetation cover in some 
areas. 

The potential for nutrients to be retained within the system is greater for the high 
basin than the low basin since the low basin will readily drain on each tidal cycle. 

Mangroves that currently occur above the predicted new MHWS level of around 
+4.1 m AHD are expected to defoliate rapidly (over several months) following 
construction of the barrages (Section 6.8.3). Mangroves occurring below about +3 
m AHD, which will drown following construction of the barrages, will defoliate over 
a longer period of time (possibly over several years). 

Nutrient release and absorption by sediments is a continues process which is 
enhanced under anaerobic conditions (ie. conditions lacking in oxygen). There is a 
potential for sediments surrounding dead mangroves to become anaerobic thereby 
increasing nutrient release to the system. 
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The removal of stabilising vegetation in some of the side creeks may also increase 
erosion (and therefore nutrients) through soil being washed into the system during 
cyclonic down pours. 

During the early stages of operation the flow of water into and out of the system 
can be increased through manipulation of the times that the sluice gates are open 
and closed. This will be used as a management tool to increase the removal of 
nutrients from the system should levels become unacceptable. The Programme of 
Research, Monitoring and Management (Commitment 4) will assist in defining 
acceptable nutrient levels and the level at which active management of the system 
(eg. increasing flushing) will be initiated. 

The modelling study has shown that although the water levels in the Doctors Creek 
system will be significantly altered, the hydraulic residence time of the upper creek 
will only be increased by the order of 1 - 3 days from the present residence time of 

1 day. This increase is unlikely to be significant in terms of the nutrient regime or 
phytoplankton species present. The water body will still be a well mixed turbid 
system and probably favour buoyant motile species. An increase in available light 
may lead to an increase in primary production in the water column if the system 
contains sufficient nutrients to support growth. The species assemblage is unlikely 
to change dramatically from the present situation. 

The structure of the water column, nutrient status, and phytoplankton and grazing 
populations will be monitored in the system on an ongoing basis. If there is any 
indication that water quality problems are occurring due to a buildup of nutrients, 
the entire system may be flushed within a tew days. 

6.5 Sedimentation 

6.5.1 	Existing Situation 

King Sound is presently undergoing net sedimentation on a geological time scale. 
The primary cause of this is the Fitzroy River, which has a large catchment 
including pastoral plains which have been made vulnerable to erosion due to 
overstocking in the past century. During each wet season, the river carries large 
quantities of sediment into the Sound. Due to the size of the Sound and the 
distance of the entrance from the river mouth (r  100 km), most of this sediment 
remains in the Sound. The catchment is being slowly rehabilitated, however, 
seasonal sediment loads will remain high. 

The net effect of the Fitzroy River floods is that the upper reaches of King Sound 
are steadily silting, although the river has not formed a delta. The suspended 
sediments carried into the Sound settle out within about 20 km north of Doctors 
Creek and waters are reasonably clear in the main part of the Sound. 

The fine muddy sediments brought into the upper reaches of King Sound by 
seasonal flood events are easily mobilised by tidal movements. Suspended 
sediment loads in creeks are maintained through strong currents acting on subtidal 
and intertidal deposits with net transport of sediment being into creeks from King 
Sound. This sediment settles out rapidly in quiescent water through the formation 
of large flocs. 

Doctors Creek has a small (- 140 km2) catchment and no real source of sediment 
from inland. Rainfall run off and associated sediment transport occurs during 
extreme storms but this flux is low compared to the sediment flux into the creek 
from King Sound. Although Doctors Creek appears stable, a comparison of aerial 
photographs taken over the past 30 years shows that significant erosion and 
deposition has occurred. 
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This natural erosion and deposition of sediments is reflected in decline and growth 
of mangrove stands. There is evidence of new growth in regions of recent 
deposition and, apart from minor losses associated with erosion, losses have also 
occurred from changes in inundation patterns due to sedimentation. 

6.5.2 Impacts of the Tidal Power Station on Sedimentation 

The effect of the barrages will be to significantly reduce mean velocities in the 
region. It is expected that reduced velocities will result in net accretion at the 
entrance to Doctors Creek, with the exception of the regions where water streams 
into and out of the basins via the sluices. Figure 6.8 shows a prediction of the 
areas most likely to undergo siltation. 

It is estimated that flows into Doctors Creek will be reduced to approximately 30% 
of existing flows. Upstream of the high basin barrage, net sedimentation is likely 
as suspended sediment entering the system will rapidly settle out. 

For operational purposes the sediment in the basins will be managed by occasional 
sluicing and permanent deployment of a small river dredge. Dredged material will 
be disposed of as outlined in Section 5.4. The project Environmental Management 
Plan (Commitment 2) and the Programme of Research, Monitoring and 
Management (Commitment 4) will further address the issue of spoil disposal. 

6.6 Groundwater 

6.6.1 	Existing Situation 

Derby is reliant on groundwater for both town and private water supply needs 
(Water Authority, 1992, 1993). The two significant water supply aquifers are the: 

unconfined Shallow Aquifer and Upper Erskine Formation which recharges 
via rainfall percolating from the ground surface to the water table. 
Generally groundwater flows outwards from the centre of the peninsula 
and discharges along the ocean floor beyond the coastline or to the 
surrounding mud flats; and 

confined Lower Erskine Formation which lies at depths greater than 100 m 
and is recharged from rainfall falling near the Erskine Ranges, 90 km 
south-east of Derby. 

A number of town water supply wells and many private wells rely on the unconfined 
aquifers whilst the confined aquifer is utilised by three water supply wells and only a 
few private wells which existed prior to the policy of reserving the Lower Erskine 
Aquifer for public water supply. 

The confined and unconfined aquifers are both susceptible to saltwater intrusion 
due to Derby's situation on a coastal peninsula (Water Authority, 1992). Previous 
studies have indicated that abstraction from the peninsula resources exceeds the 
estimated recharge and throughflow and, therefore, saltwater intrusion is a 
significant threat. 
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Saltwater intrusion occurs when excessive pumping in a localised area induces 
inland migration of the saltwater interface. The saltwater interface that surrounds 
and underlies some of the peninsula is quite complex and irregular in nature due to 
variable groundwater flow characteristics, extreme tidal influences, and 
groundwater pumping history (Water Authority, 1993). The Shallow Aquifer is 
highly susceptible to saltwater intrusion because of its direct connection with the 
saline mud flats and the sea. The areas at greatest risk are located around the 
peninsula margin and monitoring data demonstrates that in many wells there has 
been considerable variation in salinity with time (Water Authority, 1992). The 
variations have been interpreted as early indications of movement of the saltwater 
interface due to over pumping of the unconfined aquifer. Action has been initiated 
in the form of reduced pumping, closure of some wells and increased reliance on 
the Lower Erskine Wells. 

6.6.2 Impacts of the Tidal Power Station on Groundwater 

The complex salinity distribution pattern underlying the peninsula is the result of 
interaction between a number of factors (Water Authority, 1992) including: 

climate - variable rainfall, high evaporation; 

transpiration and interception - vegetation coverage; 

recharge and throughflow - groundwater movement due to lithological 
variation; 

palaeoclimate * variable salinity of water in different strata; 

sea level changes - seawater may still remain in pockets within the 
peninsula; 

tidal effects - inundation of the mud flats; 

saltwater interface - its location with respect to the peninsula; and 

abstraction - over pumping will draw in the saltwater wedge. 

The tidal power station will have the potential to impact on only two of the above 
factors, namely tidal effects and the saltwater interface. 

The Derby Groundwater Management Plan (Water Authority, 1992) provides the 
following description of tidal effects: 

"Elevated salinity levels at the margins of the peninsula may be the 
result of a complex process of mixing of tidal seawater and 
evaporates with fresh groundwater. The tidal range at Derby is 
over 12 m and only rarely do peak high tides completely inundate 
the mud flats. During peak inundations the Uncon fined Aquifer at 
the peninsula margins is subjected to a brief influx of saline water 
under reversed potentiometric gradients. The saline water would 
tend to be slowly flushed out of the system while the tide is low, 
but may still account for elevated salinities at the peninsula 
margins" 
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and the following description of the saltwater interface: 

'The true coastline is situated well beyond the margin of the 
peninsula where the mud flats are fringed by mangroves. The 
mud flats are only inundated with seawater during exceptionally 
high tides and it is therefore probable that the true saltwater 
interface parallels the mangroves beyond the peninsula, rather 
than surrounding and encroaching onto the peninsula. No true 
interface in the range 5,000 mg/L TDS to 15,000 mg/L TOS has 
been intersected on the peninsula. The large tidal range of the 
region may also be responsible for greater mixing of seawater with 
the fresh aquifer water, resulting in a less pronounced salinity 
gradient across the interface." 

The only mechanisms by which the tidal power station could influence groundwater 
salinity levels are through modification to the inundation regime of the tidal flats, 
resulting in an increase in residence time of seawater adjacent to the peninsula, or 
by a movement of the saltwater interface due to a rise in MSL within the west arm 
of Doctors Creek. 

The inundation regime which will result following construction of the tidal barrages 
will result in the following characteristics: 

under conditions other than maximum spring tides, penetration of seawater 
onto the tidal flats will be less than currently occurs due to a major 
restriction of water flow through the sluice gates; 

under maximum spring tides water from King Sound will inundate the tidal 
flats up to the edge of the peninsula, as currently occurs; 

seawater will discharge from the tidal flats via the creeks and King Sound, 
as currently occurs; and 

changes in tidal level will alter hydraulic gradients close to the creek 
resulting in a change in mangrove distribution and possibly a migration of 
the saltwater wedge closer to the peninsula. 

The tidal power station will decrease the extent and duration of inundation of the 
tidal flats close to the peninsula (Section 6.4.2), however, the increase in MSL will 
alter the hydraulic gradient and may cause movement of the saltwater interface. 
Consequently the proponent commits to install monitoring bores adjacent to the 
peninsula (Commitment 2). These will be installed in consultation with the Water 
and Rivers Commission. Should a project induced adverse effect be identified, the 
proponent will investigate options to remedy the problem. 

6.7 	Surface Water Flow 

6.7.1 	Existing Situation 

Both the west and east arms of Doctors Creek are "blind" with no riverine 
discharge. Freshwater inflow is dominated by surface flow from a surrounding tidal 
flat catchment of about 140 km2. 

During the highest spring tides seawater from King Sound and Doctors Creek flood 
the tidal flats, encroaching up to the edge of the Derby Peninsula. On an ebb tide 
this water drains freely away. 
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6.7.2 Impacts of the Tidal Power Station on Surface Water Flow 

Freshwater inflow to Doctors Creek from the surrounding tidal flat during periods of 
intense rainfall will not be affected by the construction of the tidal power station. In 
heavy rainfall, the east arm will act as a soak. 

A causeway will be constructed between the two arms of Doctors Creek. This 
causeway is required to allow construction of an access road between Derby and 
the power station and also to prevent seawater surface flows from King Sound 
from entering the tow basin during high spring tides (since the available volume of 
the low basin must be maximised to provide the maximum power output). 

Inundation of the tidal flats from water originating from King Sound under high 
spring tidal conditions will still occur. Importantly, the tidal power station will not 
prevent the escape of this water (either via King Sound or the west arm of Doctors 
Creek). There will be no risk of flooding of Derby, increased salinity of fresh 
groundwater supplies (Section 6.6) or increased mosquito numbers (Section 
6.9.2.4). 

Rainfall from cyclonic down pours will still exit the tidal flat via Doctors Creek or 
King Sound. The tidal power station will not restrict the discharge of this water. 

6.8 	Flora and Vegetation 

6.8.1 Introduction 

The following sections provide detail of field investigations conducted on flora and 
vegetation of the transmission line alignment and Doctors Creek. Emphasis is 
placed on the mangrove communities occurring within Doctors Creek and their 
significance in relation to King Sound. 

6.8.2 Existing Environment 

6.8.2.1 Flora and Vegetation of the Transmission Line Alignment and Point 
Torment Peninsula 

Methodology 

The transmission line alignment was traversed by vehicle and on foot. The eastern 
section of the transmission line from the Great Northern Highway to the proposed 
Pillara mine was not able to be traversed and this section has been extrapolated 
from aerial photographs. Vegetation was mapped onto 1:100,000 scale 
topographic maps for the entire alignment. 

An area on the Point Torment Peninsula which may be impacted through the 
extraction of construction materials was also surveyed. 

Vegetation Associations 

Five major vegetation types comprising fifteen associations were identified along 
the proposed route (Figure 6.3): 

A 	Tall shrublands on sandplains and dunes 
1 	Pindan dominated by Acacia eriopoda 
2 	Pindan dominated by Acacia tumida 
3 	Tall shrubland of Acacia eriopoda and Melaleuca 

mm\E\E4366C\WPCERTEXT 	 Halpern Glick Maunsell 	35 



E 

DERBY 

TherI 	 I 	N liesssn[ 

Ski 
Lake 

F4nnie 
layer 

ike; 
Qeek 

Ftzroj 
layer 

I' 

11j,jijt flvnne 
Qeek 

BROOME 

LEGEND 

Tall shrublands on sanclains and dunes Tree savanna Grass savanna 

[] Pindan dominated by Acecla erlopoda Tree savanna dominated by Eucalyptus tectifIce 

Liii] Variation dominated by Acacla colel Ej Tree savanna of Bauhinia, Beefwood and Boaba 
Woodlands and tall shrublands associated 
with drainage areas and seasonal swamps 

Variation dominated by Acacla monticola [I] Tree savanna dominated by E,ythrophleum chlorostachyus 0 dEul  verine 	7n&dthdensislMelaleuca Ieucadendra 

Variation with Acacla synchronlcla Tree and shrub steppes [II] Mixed Eucalyptus woodland over grasses 

Pindan dominated by Acacla tumida Tree steppe of Bauhinta. BeetWOOd and Boabs Mixed woodland over grasses 

Tail shrland of Acecla a,iopoda and Melnleuca [El Tree steppe dominated by Eucalyptus damplerl Eucalyptus tectifica woodland over herbs 

[] S1rnA) steppe of Acecla species Melaleuca tall shrubiand In seasonal swamps and 
along small creeks - Great Northern Highway 

- Transmission Line 

SCALE 

0 	5 	10 	15 	20 
I 	I 

kitomeires 

Halpern 
IC 

Maunsell 
Con.ulIfld Eain.n* and 
tnvdonm.flIGJ 5c.nhL.tt  

if CN 	£I A006.  

FIGURE 6.3 

VEGETATION ASSOCIATIONS 

OF THE TRANSMISSION 

LINE ALIGNMENT 



B 	Tree savannas 
4 	Tree savanna dominated by Eucalyptus tectifica 
5 	Tree savanna of Bauhinia, Beefwood and Boabs 
6 	Tree savanna dominated by Etythrophleum chlorostachyus 

C 	Tree and shrub steppes 
7 	Tree steppe of Bauhinia, Beefwood and Boabs 
8 	Tree steppe dominated by Eucalyptus dampieri 
9 	Shrub steppe of Acacia species 

D 	Grass savanna 
10 	Grass savanna 

E 	Woodlands and tall shrublands associated with drainage areas and 
seasonal swamps 
11 	Eucalyptus camaldu/ensis / Melaleuca leucadendra riverine 

woodland 
12 	Mixed Eucalyptus woodland over grasses 
13 	Mixed woodland over grasses 
14 	Eucalyptus tectifica woodland over herbs 
15 	Me/aleuca tall shrubland in seasonal swamps and along small 

creeks 

A detailed floristic breakdown of the above associations is provided in Appendix 2. 

The majority of the survey area comprised red sandplains dominated by pindan, a 
term which describes grasslands with a dense middle shrub layer typically 
dominated by wattles (Kenneally et al., 1996). Pindan woodland has an emergent 
tree layer which is typically dominated by Eucalyptus and Gre villea, together with 
species such as Gyrocarpus americanus, Es'ythrophleum chlorostachyus and 
Lysiphyllum cunninghamii. 

The wattle layer of the pindan within the survey area was generally dominated by 
Acacia eriopoda and Acacia tumida. The dominant tree species was typically 
Eucalyptus dampieri, with other species such as Eucalyptus zygophylla and 
Eucalyptus tectifica common in places. 

The pindan within the survey area was very variable in terms of the prominence of 
the shrub stratum, which is related to the fire history of the area. Recovery 
following fires is rapid through rootstock suckering and/or seedling regrowth 
(Kenneally et al., 1996). 

The area surveyed on the Point Torment Peninsula was typified by Association 2. 

6.8.2.2 Mangroves and Samphires 

Methodology 

Assessment of the potential impacts of a tidal power station on mangrove 
assemblages in Doctors Creek and King Sound was undertaken by the Marine and 
Freshwater Research Laboratory of Murdoch University (Paling, 1997). 

Mangroves occurring in Doctors Creek and King Sound were mapped in July 1997 
through a combination of helicopter reconnaissance and ground traversing. Base 
maps for Doctors Creek were digitised from a 1:25,000 orthophoto taken in June 
1997. A variety of information was collected including general stratigraphy, 
community type and composition, presence of rare species and regions of 
mangrove health and mortality. 
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Base maps of the greater King Sound area were digitised from 1:100,000 
topographic maps. Mapping was broad based with mangroves being classified as 
a single vegetation association. 

Recent gross changes in the Doctors Creek mangrove system were determined by 
comparing the 1997 orthophoto with a 1986 aerial photograph. 

Biogeographic Distribution 

Semeniuk et al. (1978) described a scheme of mangrove distribution based on four 
biogeographic regions. King Sound is at the junction of two of these, the tropical 
sub-humid region and the tropical semi-arid region comprising 16 species and 13 
species of mangroves respectively. The major difference in the zones was the 
occurrence of three species (Avicennia euca/yptifolia, Bruguiera parvif/ora and 
Scyphiphora hydrophylacea). Paling (1993, 1996) indicated that Avicennia 
eucalyptifolia is a variant of A. marina, rather than a separate species. 

Bridgewater (1985), after his work in King Sound, was of the view that there were 
two regions, the northern and southern Kimberley. In defence of Semeniuk's 
scheme, Bridgewater's (1985) view was of a wider regional picture and that the two 
regions overlap in King Sound. 

Three species recorded by Semeniuk et al. (1978) for this biogeographic zone 
were not recorded in this study. These were, Sonneratia a/ba, Lumnitzera 
racemosa and Pemphis acidula. Semeniuk (1980) did not actually record these 
three species in King Sound in his study. 

Mangrove Communities within and adjacent to Doctors Creek 

A total of six mangrove and two samphire communities were mapped (Figures 6.4 
and 6.5, Tables 6.1 and 6.2). The mangrove and samphire community types were 
differentiated based on the density of cover and productivity (production is an 
estimate of organic matter input (tonnes dry matter/ha/year). This is often more 
useful than biomass or area as an indicator for the functioning of a community, 
because biomass simply determines what material is present as opposed to that 
produced, and therefore available, within a system). Mangrove associations are 
generally characterised by dense to open woodlands whilst samphire associations 
are dominated by samphires with either no mangroves present or a very sparse to 
open covering of mangroves. Details of the associations are provided in Appendix 
3. 

Categories 1, 2, 3, 4 and 5 all have 100% cover of mangroves and consequently 
100% productivity. Category 6 has 50% cover of mangroves with production 
decreased to 50% due to the low growth of the trees. Samphire production is 
100% (100% cover). Category 7 has 100% cover of samphires (100% production) 
and 0 - 5% of mangroves. Category 8 has 50% cover of mangroves and 
production increased to 75% due to the tall trees present. Samphire production is 
100% (100% cover). 
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Table 6.1 
Area of Mangrove and Samphire Communities Occurring Upstream of the 
Proposed Tidal Barrages 

Category Species Association 
Doctors 

Creek - west 
arm (ha) 

Doctors 
Creek - east 

arm (ha) 

Doctors 
Creek - total 

(ha) 

Mangrove 

1 AvicennialCamptostemon association (with Aegia/itis 
understorey) 

54.96 99.03 153.99 

2 Ceiiops dominant (occasional RhizophoralBruguiera) 13.07 25.23 38.30 

3 Ceriops/Avicennia/ExcoecarialOsbomialAegiceras 
(with occasional Xylocarpus) association 

351.09 368.93 720.02 

4 Ceriops/Avicennia association (often with samphires) 87.78 88.76 176.54 

5 Avicennia dominant 65.19 106.78 171.97 

8 Avicennia with a samphire understorey (~:5 m) 186.71 371.58 558.29 

Total 758.80 1060.31 1819.11 

Samphire 

6 Avicennia with a samphire understorey (<5 m) 48.52 39.55 88.07 

7 Samphires with occasional Avicennia 245.13 251.00 496.13 

Total 293.65 290.55 584.20 

Table 6.2 
The Area of Mangrove and Samphire Communities Occurring Downstream of 
the Proposed Tidal Barrages in the Immediate Area of Doctors Creek. 
denotes association not present 

Doctors 
Doctors 

Creek (west 
Creek (east Total Area 

Category Species Association arm south 
arm north adjacent to around 

towards Point Barrages (ha) Catherine 
Torment) (ha) Point) (ha) 

Mangrove 

1 Avicennia/Camptosfemon association (with Aegialitis 237.05 78.85 315.90 
understorey) 

2 Cenops dominant (occasional Rhizophora/ - - - 

Bruguiera) 

3 Ceriops/AvicennialExcoecaria/Osbomia/Aegiceras 246.94 496.25 743.19 
(with occasional Xylocarpus) association 

4 Ceriops/Avicennia association (often with 8.59 0.63 9.22 
samphires) 

5 Avicennia dominant 19.56 - 19.56 

8 Avicennia with a samphire understorey (~ 5 m) 158.44 244.54 402.98 

Total 670.58 820.27 1490.85 

Samphire 

6 Avicennia with a samphire understorey (<5 m) - - - 

7 Samphires with occasional Avicennia 37.41 216.66 254.07 

Total 37.41 216.66 254.07 
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Local Mangrove Areas 

In general, the mangroves within Doctors Creek form a relatively narrow band (in 
relation to those present in King Sound). The width of this band becomes much 
narrower and lower in height as one progresses up the creek to its headwaters. At 
the headwaters the mangroves, which consist of an Avicennialsamphire mixture 
narrow down to a width of 5 to 20 m. Where minor creeks feed into Doctors Creek, 
there is often an increase in elevation of the mangroves and an increasing 
complexity of vegetation type. 

The area appears to be dynamic in terms of sediment movement. Eroded banks 
on the lower (more seaward) edges of the creek are often colonised by thin banks 
(10 m) of Ceriops. Monospecific bands of Ceriops occur (Category 2), often as 
densely packed 5 to 10 m trees, occur at the division of the main creek arms. In 
some areas considerable slumping of the sediment has occurred and falling trees 
are evident. The deposition of this sediment is visible in the creeks and is being 
colonised rapidly by Aegialitis followed by Avicennia or Camp tostemon. 

Most trees within the creek are relatively young, as evidenced by the thin trunks, 
and their dense packing indicates that they have grown rapidly. 

Bands of Avicennia/Camptostemon (Category 1) occur at the lower areas of the 
creek and parallel to the creek itself. These cover relatively wide areas of between 
50 and 200 m in extent. Behind these bands, a mixture of species are present 
(Category 3) with no particular pattern apparent. 

The largest category both within Doctors Creek and in its immediate surrounds is 
Category 3 (Tables 6.1 and 6.2). The Ceriops dominated area (Category 2) is the 
smallest in size (Table 6.2). The wide Avicenriia/Camptostemon bands are more 
common outside of the creek. The largest area occurs south of Christine Point on 
the southern shore of King Sound. This occurs because the salt flat has a 
sufficient area of low elevation. 

Samphires 

Samphires occur both landward of the mangal and up to the creek when the area 
is sufficiently elevated. 

Samphires occur predominantly in Categories 6 and 7 i.e. either alone or occurring 
as an understorey with Avicennia and occasionally Excoecaria (Tables 6.1 and 
6.2). The dominant samphires present are Batis argill/icola, Sueda arbusculoides 
with lesser representations of several Halosarcia species, Trianthema turgidifolia, 
Sesuvium portulacastrum and Hemichroa diandra. Saltwater couch (Sporobulus 
virginicus) is also very common. Bridgewater (1985) also recognises several 
mangrove/samphire community types for this region; Excoecaria - Sporobulus; 
Avicennia - Sueda and Avicennia - Batis communities. Semeniuk (1980) notes 
several Arthrocnemum (= Halosarcia) species, Hemichroa diandra, Sueda australis 
(now S. arbusculoides) and Threlkeidia diffusa along with Sporobulus virginicus. 

Cyanobacterial Mats 

Cyanobacterial mats (also known as blue-green algal mats') occur in the Pilbara at 
the extreme landward edge of the mangal between the samphires and the 
mangroves, where the salinity exceeds the tolerance of both of these vegetation 
types. Algal mats that occur in the Pilbara may fix nitrogen (Paling et al., 1989) 
and have the potential to provide nutrients to the mangroves when inundated by 
spring tide (Paling and McComb, 1994). It is likely that algal mats serve a similar 
function in the Kimberley. Factors constraining their usefulness for mangroves 
would be the frequency and volume of inundation and the development of the mat 
systems. 
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Well-developed cyanobacterial mats are present in some areas on the western 
coastline of King Sound, particularly where some hydrological protection of the salt 
flat is afforded by a narrow tidal creek channel (eg. Goodenough Bay, Disaster Bay 
and Huon Creek). In this habitat there is a degree of tidal ponding on the flat and 
thick (1 cm) laminated mats are apparent. 

Conditions within the Doctors Creek system are much more harsh on the tidal flat. 
Samphires, where present, are adjacent to the mangroves at the landward end and 
there is a bare expanse of desiccated salt flat before the hinterland. The algal 
mats observed in Doctors Creek are only visible after a high tide when it becomes 
apparent that the friable surface is a very thin cyanobacterial mat. 

In addition, it appears that the mud, at times, dries out so rapidly that the surface 
develops deep (20 cm) cracks. This may be why there is no continuous mat 
development. In areas where creeks were not draining (i.e. water was ponding) 
luxuriant growth of cyanobacteria occurs. This was particularly noticeable around 
Christine Point and at the entrance to Doctors Creek. It is likely that cyanobacterial 
mats cover much of the tidal flat but extensive observation would be required to 
determine how long the mat stays viable after flooding between spring tidal cycles. 

Regional Mangrove Areas 

From the mapping exercise there are approximately 25,535 ha of mangroves within 
King Sound (Figure 6.6) including Doctors Creek. The mangroves present in 
Doctors Creek form a relatively small proportion (Ca. 7%, excluding samphire 
associations) of those present in this region. Within the tropical north-west of 
Western Australia, it has been estimated that here are 250,700 ha of mangroves 
(Robertson and Alongi in DEST, 1995). Doctors Creek represents 0.7% of this 
area. 

In general mangrove communities in King Sound are fully developed where there is 
sufficient tidal flat parallel to the shore. When there is insufficient land available, 
usually due to the underlying geomorphology, the zonation is truncated often at the 
Rhizophora zone. On wider expanses of tidal flat where creeks penetrate the 
above vegetation, closed shrubiands often dominated by Avicennia occur to 
landward. 

In areas that are undergoing sedimentation, the mangroves have become 
restricted to a narrow low fringe consisting of mostly Avicennia, a mix of 
Avicennia/Ceriops and an understorey of samphires. Localised death was noted 
regularly at the back of mangroves and at higher elevations on the islands. This 
description typifies most of the communities present in King Sound. The only 
exception was a group of mangrove communities that occurred at the mouth of the 
Fitzroy River. This appeared unique in that the 'mangrove' community was more a 
meadow of Sporobulus (saltwater couch) or Batis with the occasional Excoecaria 
tree. This was confined to the west bank of the Fitzroy river mouth within a five by 
ten km area. These communities are likely to be influenced by the discharge of 
freshwater from the Fitzroy River. 

Regional Community Processes 

The most obvious process that was occurring within the region was one of a steady 
seaward migration of the mangrove vegetation. Two observations provide 
evidence for this conclusion. The first was that there was often a landward band of 
dead trees behind the Rhizophora zone and an intermixture of Rhizophora and the 
Ceriops/Avicenriia zone at the seaward end. In other areas and at higher 
elevations, there were often dead trees of Avicennia. This implies that these areas 
no longer receive the inundation necessary to support mangrove vegetation. In 
some areas, the dead trees were mixed with new samphire seedlings, again 
implying that these areas have decreasing tidal inundation. This was apparent 
along both sides of King Sound and on the Mary Islands. 
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In other areas there was evidence of dead trees at the seaward end of the 
mangrove. This is indicative of erosion of the tidal flat and recolonisation of its 
landward end. This occurred particularly in the western area of Stokes Bay. 
Semeniuk (1980), during work within the Doctors Creek region, noted that there 
was erosion of several types occurring in the area. He identified cliff (seaward 
edges), sheet (over the entire salt flat) and tidal creek erosion. It was his view that 
the mangrove vegetation was keeping pace with the erosional processes as was 
evidenced by the relatively young age of trees (small stem diameters). Although 
his earlier work considered only the general surrounds of Doctors Creek (out to the 
Mary Islands), later work (Semeniuk, 1981, 1982) over a wider part of the sound 
noted that although much of the coastline was in an erosional state, there were 
also areas of deposition. 

Community Processes Occurring within Doctors Creek 

There were a number of sites in Doctors Creek where mangrove death had 
occurred at the most Iandward edge of the creek. There was also evidence of new 
seedlings or growth of species such as Batis and Sporobulus. 

Within or around Doctors Creek, Semeniuk (1980) showed from a comparison of 
aerial photographs between 1949 and 1977, that a steady creek migration to 
Iandward had occurred in some areas with associated colonisation by mangroves 
(largely Avicennia). In some areas, such as the Colac Shoals, Black Rocks and 
Derby Jetty area the coastline itself has retreated over this time. Observations 
from this study, i.e. that mangrove death is occurring in some areas at the back of 
creeks, is not necessarily contradictory to this view. There is likely to be variation 
at a small scale within the creek system as creek movement occurs. In a relatively 
stable environment such as Port Hedland, tidal creek erosion and deposition is a 
process measurable on a relatively small time scale (Paling, 1996). 

The erosion of tidal creeks provides material that is deposited further downstream. 
Various forms of erosion, including large scale slumping of creeks and cliff erosion, 
was obvious in the seaward areas of Doctors Creek. These areas were often 
colonised by Ceriops. The shoaled areas were also being rapidly colonised by 
seedlings of Avicennia and Aegialitis. A comparison of two areas in particular from 
photographs taken between 1986 and 1997, reveal a remarkable capacity for 
colonisation by mangroves. Islands on the east banks of the west and east arms 
of Doctors Creek were not present in 1985. In 1997 they now form mangrove 
patches of 32 and 39 ha. This supports the view that this is a dynamic and 
changing ecosystem. 

Most trees within Doctors Creek, and indeed much of King Sound, consist of 
slender, tall saplings. A comparison between the colonised islands mentioned 
above and the other vegetation indicates that the general age of the mangroves in 
the creek is relatively young and that trees are fast growing. Tree-ring studies of 
Camptostemon and Avicennia concluded that most trees in the King Sound area 
were 15 to 30 years old (Semeniuk, 1980). This led to the conclusion that: 

Community succession is induced by relatively rapid erosion, 
which ensures that specific habitats are continually migrating and 
that mangrove communities migrate just as rapidly. Accordingly, 
thick-trunked mature stands are not developed, because slender-
trunked mangrove communities give way to others within the 
space of a few years or decades. 

Observations from the current study agree with this view. Most trees were slender 
trunked and there was considerable evidence of erosion within the creeks. 
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There were some thickets in which thick-trunked mature stands of mangroves 
were noted, usually within small Category 3 associations. In these cases, trunk 
diameters up to 40 cm were noted. The trees present were usually Rhizophora, 
Xylocarpus, Bruguiera and occasionally Avicennia. These occurrences tended to 
be on the eastern banks of the creek arms. 

6.8.2.3 Other Species 

No specific survey was undertaken for phytoplankton. However, given the large 
tidal variation and water exchange with King Sound, it is expected that species 
diversity and density would be similar between Doctors Creek and King Sound. 

Intertidal areas have a thin covering of benthic diatoms which contribute to the 
primary productivity of the system. 

There was no evidence of macroalgae occurring within the system, and this is 
probably due to the strong currents and easily mobilised sediments. 

Due to high turbidity and mobile sediments, seagrass is unlikely to occur. 

6.8.2.4 Rare, Priority and Declared Flora 

Transmission Line Alignment and Point Torment Peninsula 

A single specimen which may represent a threatened flora species was recorded 
during the survey. The specimen of Nymphoides was not able to be identified 
positively to species level but may represent the Priority 2 Nymphoides beaglensis. 
As a Priority 2 species, N. beaglensis is known "from one or a few (generally <5) 
populations, at least some of which are not believed to be under immediate threat" 
(Atkins, 1996). Locations from which this species has been recorded include 
Dampier Peninsula, Beagle Bay and Lake Campion (Atkins, 1996). Within the 
survey area, N. beaglensis was recorded only once from a swamp area within 
Vegetation Association 15. Impact to this habitat can be avoided. 

A number of introduced flora species were recorded, however none of these 
species are designated noxious weeds. 

Doctors Creek 

The occurrence of Bruguiera paiviflora was noted both within Doctors Creek and 
on the western side of King Sound. The occurrences of Bruguiera parviflora 
(Semeniuk et al., 1978) were known from only two collections made in the northern 
Kimberley. The further two occurrences noted from this study suggest that its 
distribution is probably more widespread than currently recorded but, due to its 
cryptic nature, further surveys would be required throughout the region to 
determine its true distribution. 

6.8.2.5 Importance of Vegetation Communities 

Transmission Line Alignment and Point Torment Peninsula 

The project will impact on approximately 225 ha of vegetation through a 
requirement to maintain access for maintenance purposes beneath the 
transmission lines. 

None of the vegetation associations identified are unique to the study area. The 
savanna and steppe associations are relatively widespread and are broadly 
distributed within the region. The vegetation types with the most restricted 
distributions are those associated with seasonal swamps and creek lines. 
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The proponent will develop a protocol to maintain the maintenance track 
(Commitment 2). The track will be regularly surveyed for the occurrence of 
Declared Flora and an eradication programme implemented should any species be 
identified. 

Construction materials for the barrages and access road will be sourced from the 
Point Torment Peninsula. Any areas disturbed will be rehabilitated to the 
satisfaction of CALM (Commitment 2). At this stage the area of disturbance cannot 
be quantified. 

Doctors Creek 

Mangrove communities occupy a unique habitat, the marine intertidal zone 
(between mean sea level and the highest astronomical tides) where conditions are 
unusually dynamic. The mangroves of north-west Western Australia are adapted 
to variable salinity concentrations (up to 90 ppt) and water saturated, often 
anaerobic, substrates. 

Mangroves are usually significant contributors to primary productivity within 
regions, particularly since offshore waters are often very turbid and do not support 
bottom dwelling algae or seagrasses. Elaborate food chains within mangroves are 
sustained via an energy flow pathway based on detritus and microbial 
decomposition. In addition, particulate organic matter is flushed out of the 
mangrove system to the benefit of offshore marine ecosystems. In the north-west, 
mangroves also provide important corridors for migratory wildlife. 

The Doctors Creek mangroves have been calculated to produce around 24,000 
tonnes of dry matter per year (Paling, 1997). In a regional sense this accounts for 
around 7% of total production within King Sound (based on a comparison of 
mangrove areas). 

6.8.3 Impacts of the Tidal Power Station on Flora and Vegetation 

Transmission Line Alignment and Point Torment Peninsula 

The project is expected to have minimal impact on flora and vegetation of the 
transmission line alignment and Point Torment Peninsula. Disturbed areas, that 
are not required for ongoing operational reasons, will be rehabilitated. 

Mangroves and Samphires 

The mangrove communities occurring in the area have arisen in response to the 
tidal inundation that currently exists. The generally sparse occurrence of 
mangroves within Doctors Creek (c.f. mangroves occurring at say Christine Point) 
indicates the present environment is largely hostile to their survival. The tidal 
power station will have the potential to impact on mangrove and samphire 
vegetation by changing the frequency and extent of tidal inundation reducing 
current velocities and reducing erosion. This impact will be reflected as either a 
loss of communities that are no longer inundated or are inundated for too long, 
colonisat4on of areas that are currently unsuitable, or a gradual change in species 
distribution or composition due to smaller scale physical changes. 

The potential impacts of the tidal power station are: 

direct loss of mangroves due to construction of the barrages and 
associated facilities; 

a change to tidal amplitude in the high basin causing loss of mangroves at 
the seaward edge (due to increased inundation) and loss at the landward 
edge (due to increased soil water salinities arising from reduced 
inundation); 
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a change to tidal amplitude in the low basin causing loss of mangroves 
from increased soil water salinities (reduced inundation); 

creation of new habitat for colonisation from suspended sediment 
deposition; 

reduction in current velocities and extent of erosion facilitating an increase 
in the density, and an expansion in the distribution, of mangroves into new 
areas; and 

reduction in soil water salinities (from increased inundation) resulting in an 
expanded distribution of mangroves and increased productivity. 

Alteration to the tidal regime will cause water in some areas to inundate mangroves 
for a longer period than occurs at present with the possibility that increased 
waterlogging and subsurface water salinities may affect distribution. Mangroves 
require oxygen for their root systems to remain viable and the presence of 
pneumatophores, stilt roots and breathing roots attest to the way they have 
adapted to the presence of waterlogged and oxygen-poor sediments. Should 
water remain above the prop and stilt roots for too long, the mangroves will die due 
to a lack of oxygen. In some areas, inundation of tidal flat which is currently devoid 
of mangroves will result in a decrease in soil water salinity and consequently 
provide additional area for colonisation. 

As a first step to quantifying the impacts of the tidal power station on mangrove 
distribution, an attempt was made to correlate distribution to either elevation or the 
current wetting and drying regime. The current distribution of mangroves could 
then be either truncated or expanded in relation to an altered physical regime. 

In this instance neither elevation or period of wetting and drying adequately 
described the current distribution of mangroves. Within King Sound there are 
relatively wide bands of mangroves occupying gentle gradients that exhibit clearly 
defined patterns of zonation (e.g. Christine Point). This is not the case in Doctors 
Creek. Within Doctors Creek, mangroves form complex mosaics and occur in 
relatively thin bands along steep creek banks where zonation is complicated by 
topography. In some areas, a further complication is that mangroves occur 
adjacent to the hinterland and may be influenced by freshwater runoff. 

In order to quantify the likely impact that the project will have on mangrove 
communities, an approach was adopted which compared distribution against 
percentage submergence, with changes to distribution then being assessed in 
relation to changes in percentage submergence. 

Figure 6.7 provides the submergence curve for the existing Doctors Creek tidal 
regime with two additional curves showing the predicted submergence in the high 
and low basin following construction of the barrages. 

Under current conditions, approximately 92% of mangroves occur in the zone 
between MHWN (+2.84 m AHD) and MHWS (+4.79 m AHD). This corresponds to 
a percentage submergence of less than 20%. Colonisation between MSL (0 m 
AHD or 50% submergence) and MHWN is currently prevented due to the 
steepness and instability of the creek banks. 
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Following construction of the barrages erosion will be reduced due to the lower 
water velocities and stumping of the creek banks will occur. This will provide a 
more stable environment for colonisation than currently occurs. Studies conducted 
in other areas demonstrate that mangroves can survive between MSL (i.e. 50% 
submergence) and MHWS providing that sediment is stable (Semeniuk et al., 
1978; Hutchings and Saenger, 1987). In the more benign conditions of Doctors 
Creek following construction of the barrages, it is expected that areas which 
experience submergence of 50% or less (i.e. above +3 m AHD in the high basin 
and between -0.4 m AHD and -1.75 m AHD in the low basin, Figure 6.7) will be 
available for colonisation. 

In addition, due to the reduced tidal amplitude mangroves will be inundated for 
longer periods of time at all elevations. This will result in salts being flushed out of 
the soil profile and a raising of soil water content. The net effect will be to increase 
mangrove production, density and extent. Normally, mangroves are flushed for 
specific times and grow in sediments with salinities below a certain range. 
Production, however, is not normally equal over this range. It is lower at higher 
elevations due to the increased salinity and the energetic cost to the mangrove in 
excluding salt. The new regime will facilitate denser and more productive growth. 

The predicted impacts of the tidal power station on mangroves are summarised in 
Figure 6.8 and outlined below: 

High Basin 

mangroves are expected to survive in a zone between +3 m AHD and +4.1 
m AHD (i.e. less than 50% submergence). This zone currently contains 
around 46% of the 759 ha of mangroves in the high basin, resulting in a 
potential loss of around 410 ha; and 

within this new zone between +3 m AHD and +4.1 m AHD it is expected 
that the productivity, density and extent of remaining mangroves will 
increase due to reduced current velocities, slumping of creek banks which 
will then be available for colonisation, and a decrease in soil water salinity 
due to an increase in residence time of water adjacent to the mangroves. 
Potentially, 1,456 ha is available for colonisation. 

Low Basin 

mangroves are expected to survive in a zone between -0.4 m AHD and 
-1.75 m AHD. This zone currently contains 0% of the 1060 ha of 
mangroves in the low basin, consequently resulting in a loss of all 
mangroves; 

within the new zone between -0.4 m AHD and -1.75 m AHD, there will be 
an area of around 216 ha available on the creek bottom for colonisation; 
and 

through dredging and filling of areas in the bottom of the creek, a further 
310 ha could be made suitable for colonisation (Commitment 2). 

Other Areas 

construction of the barrages and associated facilities may result in the 
direct loss of around 3 ha of mangroves; and 

sedimentation at the entrance to Doctors Creek may result in an area of 
around 353 ha becoming available for colonisation. Colonisation of 
mangroves close to the existing stands is expected to commence shortly 
after construction of the barrages. Full development of this area is 
expected to occur progressively over several decades. 
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Overall, it is estimated there will be a potential loss of approximately 1,500 ha of 
mangroves in the short term. The main loss will be from the low basin where 
existing mangroves will no longer be inundated. There is potentially an area of 
over 2,300 ha available for colonisation in the medium to long term (5 year or 
more). The net affect is that there may be increased coverage of mangroves and 
increased primary production following construction of the barrages. The exact 
areas of colonisation and the extent to which colonisation occurs will be determined 
following construction of the barrages through implementation of a programme of 
Research and Monitoring (Commitment 4). 

An option to increase power output through the installation of pumps adjacent to 
the barrages is also being considered. Coupled with an increase in the number of 
turbines, this would have a result of increasing the tidal range in both basins, this 
would reduce loss of mangroves at the lower end of the tidal range in the high 
basin (lower MSL), increase the height to which water would penetrate in the high 
basin (increase MHWS) and increase the overall intertidal range in the low basin. 
The net effect would be to reduce mangrove loss and increase the area for 
potential colonisation. 

None of the vegetation association that will be impacted are unique or contain 
Declared Rare of Priority Species. All associations and species are represented 
outside of Doctors Creek. 

Other Species 

Reduced water exchange will lead to reduced tidal amplitude and current velocities 
in the high basin (Section 6.4). This in turn will facilitate some settling of suspended 
sediments resulting in an increase in water clarity and light penetration and 
consequently an increase in phytoplankton numbers and hence primary 
productivity. These above changes have been measured or predicted for a 
number of macro-tidal systems including La Rance Estuary (Retiere, 1994), Severn 
Estuary (Radford, 1994), Mersey River (Mersey Barrage Company, 1992) and Bay 
of Fundy (Daborn, 1987; Dadswell et al., 1986). 

In the low basin, a decrease in primary production from phytoplankton due to the 
smaller volume of water contained in the basin is likely to be offset by the benefit of 
a permanent, clearer, body of water. 

Changes in water level will reduce intertidal area and it is likely that primary 
production by micro algae living in the existing intertidal zone will also decrease. 
However, at present due to the high turbidity, it is likely that photosynthesis only 
occurs when the intertidal zone is exposed. A drop in turbidity will occur in the high 
basin (Section 6.4.3.2) and it is likely that some photosynthesis will occur 
subtidally. This is also likely to occur in the low basin as this basin will receive less 
turbid water and will not have high current velocities. The upper reaches of the low 
basin could become quite clear. 

Reduced current speed and consequently reduced mobilisation of sediments will 
provide greater sediment stability and facilitate colonisation of subtidal areas by 
macroalgae. 

6.9 Fauna 

6.9.1 Existing Environment 

A total of 228 bird species, 33 native and five introduced mammal species, 15 frog 
and 80 reptile species may potentially occur within the project area (Appendix 4). 
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6.9.1.1 Fauna of the Transmission Line Alignment and Point Torment 
Peninsula 

Riverine Woodland 

Riverine woodlands occurs only along the major drainage lines (principally the 
Fitzroy River) (Vegetation Association 11, Figure 6.3). This habitat has the highest 
expected vertebrate species richness with a total of 196 species potentially 
occurring. A total of 91 non-passerine and 55 passerine bird species may occur. 
The tall trees (primarily Eucalyptus species) develop hollows which provide nesting 
or roosting shelters for many bird species, particularly of the family Psittacidae. 
Some species, such as the Barking Owl Ninox connivens and Boobook Owl Ninox 
novaeseelandiae, are not expected to occur in any of the other habitat. A variety of 
mammals, including 16 native and five introduced species, 14 reptile species, 
including the arboreal Lophognathus species, and up to 15 frog species, 
particularly of the genera Uperoleia and Litoria, are also likely to occur. 

Melaleuca Tall Shrubland/Low Woodland 

This habitat occurs along relatively defined drainage areas (creeklines and 
swamps) within the survey area (Vegetation Association 15, Figure 6.3). This 
habitat has the second lowest total species richness of those identified within the 
project area, with just 69 vertebrate species expected to occur. A total of 39 non-
passerine and 20 passerine bird species may occur within this habitat. The tree or 
tall shrub overstorey represents suitable habitat for nesting by Passeridae and for 
foraging by a variety of birds including the Meliphagidae (honeyeaters). Pools of 
water resulting from seasonal inundation also provide a food source for waterbirds 
of the families Ardeidae and Anatidae. Only three native and two introduced 
mammals are expected to utilise this habitat. The reptile species richness is 
expected to be similarly low, with five species likely to occur. 

Tree Savanna 

This habitat occurs broadly on floodplains (Vegetation Associations 4, 5 and 6, 
Figure 6.3). This habitat has the second highest expected species richness at 157 
species. Up to 36 non-passerine and 44 passerine bird species may occur with the 
woodland providing foraging and nesting sites for a variety of bird species, 
including the Weebill Smicrornis brevirostris. A large number of mammals (21 
native and four introduced species) may occur, including four of the five macropod 
species with distributions encompassing the study area. The dense grass 
understorey represents suitable habitat for up to 52 reptiles. Some of these 
species, such as the Fril led Lizard Chlamydosaurus kingii, would only be expected 
from this habitat. 

Pindan 

This habitat occupies the majority of the study area, occurring generally on the 
undulating plains and also on the point Torment Peninsula (Vegetation 
Associations 1, 2 and 3, Figure 6.3). This habitat has a moderate expected 
species richness, with some 99 vertebrate species potentially occurring. The tall 
shrub overstorey provides suitable habitat for 28 non-passerine and 37 passerine 
bird species, including the Varied Sittella Daphoenositta chrysoptera and members 
of the Maluridae, Pardalotidae and Meliphagidae. Eight native mammals, including 
the Bilby Macrotis lagotis, and two introduced mammals are expected to occur. 
The grassy understorey provides suitable habitat for 24 reptile species, including a 
variety of dragon lizards (Agamidae). The dragon Diporiphora pindan is restricted 
to this habitat type. 
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Dunes 

This habitat is basically pindan vegetation where it occurs on the weak linear sand 
ridges and dunes within the study area. The dunes are expected to support a 
similar array of species to the Pindan habitat, with variations dominated by 
burrowing vertebrates such as the Marsupial Mole Notoryctes typh/ops and Broad-
banded Sand Swimmer Eremiascincus richardsonii. 

Steppes 

This habitat comprises the tree-steppes and shrub-steppes which occur broadly on 
the undulating plains along the eastern section of the alignment (Vegetation 
Associations 7, 8 and 9, Figure 6.3). The steppes have a moderate expected 
species richness, with 90 vertebrates likely to occur. The overstorey of trees 
and/or shrubs are expected to support up to 38 bird species, comprising 20 non-
passerines and 18 passerines including the Singing Bushlark Mirafra javanica. 
Three native mammals, the Stripe-faced Dunnart Sminthops/s macroura, Bilby 
Macrot/s lago f/s and Spectacled Hare-wallaby Lagorchestes conspicillatus, may 
also occur. The latter species is not expected to occur elsewhere within the study 
area. The spinifex cover is expected to support up to 46 reptiles. This array of 
species includes members of the genus Ctenotus and a number of other spinifex-
specialists which are expected to be restricted to this habitat (eg. the Desert Death 
Adder Acanfhoph/s pyrrhus, Centralian Blue-tongued Lizard Tiliqua multifasciata 
and the gecko Diplodactylus taen/atus). 

Grassland 

This habitat occurs only on the "black soil" (cracking clay) plains towards the 
eastern end of the alignment (Vegetation Association 10, Figure 6.3). The low 
structural diversity is reflected in a low number of expected fauna species, with just 
45 vertebrates potentially occurring. Twenty six bird species, comprising 21 non-
passerines and five passerines, may utilise this habitat. The total is dominated by 
raptors of the families Accipitridae and Falconidae which forage over the 
grasslands. Six native mammals, three of which are murids, may occur within this 
habitat together with four introduced mammals. A total of nine reptiles are 
expected to utilise the dense cover of grasses, including the common gecko 
species Gehyra pi/bara and Heteronotia binoe/. 

Wetland Soaks 

Soaks have a limited distribution within the study area (Vegetation Association 14, 
Figure 6.3). This habitat has the third highest expected vertebrate species 
richness with a total of 128 species potentially occurring. A total of 86 non-
passerine and 24 passerine bird species may occur. The patches of standing 
water are utilised by a variety of waterbirds including members of the Anatidae, 
Ardeidae and Threskiornithidae. A variety of species including the Brolga Grus 
rubicunda, Buff-banded Rail Gal/ira//us phi/ippensis and Baillons Crake Porzana 
push/a are only expected to occur in this habitat. Due to the inundated nature of 
this habitat, only four native mammals and one introduced mammal are expected 
to occur. This total includes three bats, the Water-rat Hydromys chi'ysogaster and 
Cat Fe//s catus. Six frog species and seven reptiles including the Water Python 
Liasis fuscus may utilise the soaks. 
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6.9.1.2 Terrestrial Fauna and Avifauna of Doctors Creek 

The field assessment of terrestrial fauna at Doctors Creek focussed on birds as the 
principal vertebrate group utilising habitats in the area. Mangrove habitats are well 
documented as supporting a diverse bird community, many of which are largely 
confined to this type of habitat within their range (Schodde et al., 1979; Johnstone, 
1990). A review of known species distributions and habitat requirements indicate 
that the expected fauna of the mangrove habitats of Doctors Creek is clearly 
dominated by birds, with avifauna accounting for 89% of the total expected fauna 
community (Appendix 4). The mangals of Doctors Creek are expected to support 
up to 109 species of vertebrate fauna, comprising 97 bird species, six mammals 
(all bats), and six reptiles. 

Afield survey was conducted during July 1997. Avifauna in the creek system was 
assessed by means of 23 survey sites covering a range of mangrove habitat 
associations. Systematic bird censuring was carried out for a fixed half hour period 
at each site. Data recorded included bird species, number of individuals and 
mangrove species use. Sampling effort was maximised in the dawn and late 
afternoon periods to coincide with peaks in bird activity. Evidence of the presence 
of other vertebrate fauna was also recorded. The Broome Bird Observatory 
conducted a further survey during November 1997 with particular emphasis on 
shore birds (Broome Bird Observatory, 1997). This data is presented separately in 
Appendix 4. 

The extensive intertidal mudflats of the North West of Australia provide feeding 
grounds for shorebirds arriving in Australia after migratory flights from Siberia and 
Northern China through the East Asian Australasian Flyway. The East Asian 
Australasian Flyway stretches from the bird's breeding grounds in Siberia through 
to Southern Australia and, for some species, to New Zealand. The intertidal area 
of the Doctors Creek system would therefore be considered part of this flyway. 

No evidence of bat roosting or foraging was recorded from the area, despite the 
survey coverage including many dense, closed canopy mangrove woodlands. 
Flying foxes (Pteropus spp.) and other bat species roost in considerable numbers 
in mangals in other parts of the region (Kenneally et al., 1996), but the Doctors 
Creek system does not appear to support the same density of colonies. However, 
colonies may undergo seasonal migration and are known to prefer mangrove 
islands in tidal creeks (Hall, 1996), which were not exhaustively sampled during 
this survey. Given this, it is considered that at least Pteropus alecto the Black 
Flying-fox is likely to be periodically resident in relatively small numbers in the 
denser parts of the Doctors Creek system. Two of the three terrestrial reptile 
species expected to occur in the Doctors Creek system were recorded during the 
survey. More than two dozen Saltwater Crocodiles Crocodylus porosus were 
sighted in the creeks, usually as solitary individuals basking on creek banks or 
floating on incoming tides. A large (1.3 m) shed snake skin was also recovered 
from high in the branches of a 5 m high Rhizophora stylosa tree. The skin could 
not be fully identified, but probably belonged to a mature Dendrelaphis punctulata 
the Common Tree Snake or Bronzeback. The only other common reptile species 
likely to occur in the mangroves of the area is the White-bellied Mangrove Snake 
Fordonia leucobalia which is considerably smaller (Storr et al., 1986). 
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The July survey recorded a total of 41 bird species within the mangroves and 
associated tidal flat communities (Appendix 4). This included 15 species (36%) 
that are regarded as being largely restricted to mangrove habitats within their range 
(Johnstone, 1990; Schodde and Tidemann, 1990). Two species recorded during 
the survey, the Collared or Mangrove Kingfisher Todiramphus chioris and the 
Square-tailed Kite Hamirostra isura are listed as Priority 4 species (Taxa in need of 
monitoring). These are taxa which are considered to have been adequately 
surveyed, or for which sufficient knowledge is available, and which are considered 
not currently threatened or in need of special protection, but could be if present 
circumstances change (CALM, 1997). Both species are regarded by Storr (1990) 
and Blakers et at. (1987) as uncommon in the western Kimberley and were low 
frequency records in Doctors Creek. 

The greatest bird species richness was recorded from within the denser, tall 
mangrove woodland habitats which predominantly fringed the lower half of the two 
arms of Doctors Creek (Appendix 4: Mangrove Birds). This habitat type was 
largely comprised of tall, closed canopy woodlands of Avicennia marina, 
Camptostemnon schultzii, Excoecaria agallocha, Ceriops tagal and Rhizophora 
stylosa. Many of the bird species recorded in these dense mangrove woodlands 
and thickets were not recorded in other habitats within the creek system. These 
included the Broad-billed Flycatcher, the Red-headed Honeyeater, the White-
breasted Whistler and the Mangrove Heron. The majority (56%) of the bird 
species recorded from these dense habitats were within the subset of birds 
regarded as being largely restricted to mangroves. The upper reaches of both 
arms and of minor tributary tidal creeks tended to grade into low, open Avicennia 
marina/Ceriops associations and these areas were clearly utilised by a 
considerably reduced diversity of bird species, including a reduced proportion of 
mangrove habitat restricted species. 

The data indicated no particular preference for one mangrove species over another 
for most birds. Red-headed honeyeaters and Yellow White-eyes were, however, 
recorded most often on Bruguieria exaristata which was in flower at the time of the 
survey. 

During the November survey 16 species of migratory shorebirds were recorded as 
using the intertidal area for foraging purposes. Of these, 15 were Asian-breeding 
migrants protected by international conservation treaties. One species of 
Australian-breeding shorebird was recorded; the Red-capped Plover, which is 
endemic to Australasia. In addition to this there were 11 waterbirds recorded in the 
area using intertidal areas and vegetation edges as feeding areas. Many of the 
waterbird species recorded are restricted to Australasia and all breed on the 
Australian mainland. Three species of tern were recorded: the Whiskered Tern is 
a resident breeding bird but not endemic to Australia, the White-winged Black Tern 
is migratory, breeding in the Malay Archipelago to Southern China, and the Gull-
billed Tern comprises two distinct races in the North of Australia. Gull-billed Terns 
of these two races are indistinguishable in the field. 

6.9.1.3 Marine Fauna of Doctors Creek 

Introduction 

Some of Australia's most important single species commercial fisheries are either 
directly or indirectly linked to mangrove creeks. These include banana prawns, bait 
prawns, mud crab and barramundi (Robertson and Alongi in DEST, 1995). Creeks 
are also important nursery grounds for a variety of small non-commercial fish 
species (such as Gobies, Blaber et at., 1985) which are an important food source 
for carnivorous species such as barramundi, trevallies and jacks. The nursery 
value of a mangrove system is related to its ability to provide suitable food, shelter, 
absence of turbulence and a reduction of predation (Blaber et al., 1985; Blaber, 
1986). Many of the inshore species targeted by recreational fishermen are directly 
dependent on mangrove habitats. Bream, grunter, barramundi and mangrove jack 
are all mangrove dependent during at least part of their life cycles. 
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No fish surveys of King Sound have been undertaken. The closest surveys take in 
the islands and headlands at the mouth of King Sound (Western Australian 
Museum, 1992, 1995). The surveys confirm that many of the species either favour 
or can tolerate silty water. 

Doctors Creek contains approximately 7% of the mangroves in King Sound. Given 
that tidal range can be in excess of 10 m and that under spring tides most of the 
water exits Doctors Creek, it is unlikely that any species of fish are endemic to the 
creek system. Breeding occurs in King Sound and Doctors Creek with movement 
of adults and juveniles occurring freely between both water bodies. The pelagic 
larval stage of most fish also reduces the potential for endemism to occur. 

In order to assess the potential impacts of the tidal power station on fish, the 
following section provides an overview of the life histories of some of the important 
recreational and commercial species. Potential impacts on fisheries are discussed 
in Section 7.3. 

Life Histories of Some Recreational and Commercial Species 

The following information is drawn mainly from Australian Fisheries Resources 
(Kailola et al., 1993). 

Barramundi (Lates calcarifer) 

Barramundi are distributed in tropical coastal and freshwaters from the Ashburton 
River in Western Australia to Noosa River in Queensland. Barramundi move 
between fresh and saltwater during various stages of their life cycle. Mature 
barramundi are free ranging in estuaries and associated coastal areas or in the 
lower reaches of rivers. Larvae and young juveniles live in brackish temporary 
swamps associated with estuaries, and older juveniles inhabit the upper reaches of 
rivers. Barramundi are also known to occur in salt ponds (Pond 0) where salinity 
and temperatures may be extreme. 

Maturing male barramundi migrate downstream from freshwater habitats at the 
start of the monsoon season to spawn with resident females in estuaries and on 
tidal flats outside the mouths of rivers. Fertilised eggs are pelagic and are 
distributed by tidal movements. Newly hatched larvae move from spawning areas 
to brackish water seasonal habitats as well as main channels of streams. 
Juveniles live in freshwater lagoons, swamps and creeks and as these dry up will 
move into the main stream with many migrating upstream to permanent freshwater 
habitats. 

Larval and juvenile barramundi feed on plankton. The adult diet is dominated by 
crustaceans and fish, including juvenile barramundi. 

Sea Perch (Lutjanus spp. including Red Emperor Lutjanus sebae) 

Sea perch are demersal fish inhabiting tropical and subtropical waters. Red 
emperors live in a variety of habitats including coral reef lagoons, reefs, sand flats 
and gravel patches. They are found from shallow water (5 m) to at least 180 m. 
Juveniles less than 20 cm long are common in nearshore turbid waters, in 
mangrove areas or among both coastal and deeper water offshore reefs. Red 
emperors move to deeper water as they grow larger with large fish often moving 
into shallower water during the winter months. Sea Perch are not dependent on 
mangrove habitat for their survival. 

Peaks in spawning activity of red emperor occur between October and December. 
Eggs and larvae are pelagic with larvae moving into the surface waters at night and 
to deeper waters during the day. 
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Lutjanids are predaceous fish, consuming a broad range of prey dominated by fish 
and with small amounts of crustaceans, cephalopods and other benthic 
invertebrates. They forage mostly at night. 

Emperors (Lethrinus spp.) 

Red-throat emperor (Lethrinus miniatus), Spangled emperor (Lethrinus nebu/osus) 
and Blue-spotted emperor (Lethrinus choerorhynchus) are distributed throughout 
tropical and subtropical Indo-Pacific waters. 

Emperors inhabit continental shelf waters including coral reef and lagoon areas 
over substrates of hard coral, gravel, sand or rubble and are not dependent on 
mangrove habitat for their survival. They are found in clear to turbid water in 
depths from less than 2 m to 76 m. 

Spawning times are variable and eggs are pelagic. Juvenile emperors appear to 
live in shallow, inshore waters such as seagrass and mangrove areas with fish 
moving into deeper water as they age. 

Emperors are classed as carnivorous bottom feeders. They are also selective in 
their diet. Red-throat emperors consume mainly crabs, followed by sea urchins, 
sand dollars, fish and benthic organisms. Spangled emperors eat mostly bivalve 
molluscs, then gastropod molluscs and sand dollars. 

Threadfin Salmon (King threadfin Polydactylus sheridani and Blue threadf in 
Eleutheronema tetradactylum) 

Threadfin salmon live in tropical inshore waters, estuaries and tidal reaches of 
rivers, and usually inhabit shallow, often turbid water over sandbanks and mud 
substrates to about 5 m. Threadfin salmon usually form loose schools, although 
larger fish are more often observed in pairs or singly. The species is resistant to 
poor water quality and is known to occur in salt ponds (Pond 0). 

Threadfin salmon eggs are ptanktonic. There is little information on the larvae 
although nursery areas are known to be inshore, shallow and of low salinity. The 
breeding cycle may be completed in the high basin. Small salmon are present over 
inshore tidal flats and in the lower estuaries and foreshores from October to May. 

There is little information on the life cycle movements of threadfin salmon although 
tagging programs have shown that adults can move long distances along the 
coastline. 

Threadfin salmon are carnivores. Blue threadfin feed on a variety of fish including 
ponyfish, flathead, jewfish, scats, sardines, grunters, whiting and small sharks. A 
variety of crustaceans and molluscs are also consumed. King threadfin feed on 
crustaceans such as prawns, shrimps and crabs, and fish such as whiting, 
ponyfish and jewfish. 

Predators of threadfin salmon are sharks, barramundi, other large fish (including 
larger threadfin salmon) and crocodiles. 

Mud Crab (Scylla spp.) 

Mud crabs are widely distributed throughout the Indo-West Pacific region, 
commonly inhabiting sheltered estuaries, the tidal reaches of some rivers, mud 
flats and mangrove forests. Females carrying eggs are present in deeper waters 
up to 50 km offshore. Crabs favour a soft muddy bottom, often below low tide 
level. 
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The mud crab life cycle is closely linked to lunar/tidal cycles. Mating occurs around 
full moon spring tides when the female crab is in the soft-bodied condition following 
moulting. Females migrate offshore to spawn. Following hatching the planktonic 
larvae move inshore to settle, assuming the adult form within 4 weeks. Juveniles 
typically shelter under stones in the upper intertidal areas and are found in the 
shelter of seagrass beds and around mangrove roots. 

Mud crabs live for up to 3 years. Adults feed at night on a variety of bivalve and 
gastropod molluscs, small crabs and polychaete worms. Natural predators include 
sharks, crocodiles, turtles, rays, large fish such as barramundi and herons. 

There is little movement between adjacent inshore habitats and each mud crab 
population appears to be discrete. However, stocks show a high degree of genetic 
mixing as a consequence of their offshore spawning and planktonic larvae. The 
occurrence of mud crabs in salt ponds (Pond 0) attests to the ability of their larvae 
to recruit to less than ideal conditions. 

Other Species 

No coral reef will be impacted by the project. 

Other species observed during the site visit included fiddler crabs (dominated by 
Uca signata but with occasional occurrence of Uca flammula), occasional molluscs 
occurring either on the mud flats or attached to mangroves, and a fairly 
depauperate infauna consisting of gastropod molluscs, polychaetes and crustacea. 

Distribution of benthic invertebrates is primarily determined by shore height and the 
nature of the sediments, which in turn is partially dictated by current speed and 
sediment mobility. In general, subtidal habitats are more stable (with respect to 
temperature, salinity etc) and consequently species diversity, density and 
productivity is greater (Wildish et al., 1987). 

Zooplankton diversity within Doctors Creek would mirror diversity within King 
Sound. 

Dolphins have occasionally been observed in Doctors Creek. 

6.9.1.4 Mosquitoes 

The information contained in this section was obtained from a manual which 
accompanied a course in mosquito control in Broome (Health Department of WA 
and Australian Institute of Environmental Health, 1997) and from discussions with 
Mr Tony Wright, Medical Entomology Section of the Health Department of WA. 

Four genera of mosquito occur in the Kimberley in sufficient numbers to cause 
impact to humans, these being Anopheles, Aedes, Mansonia and Culex. 

The life cycle of species of all four genera is essentially the same. The life cycle 
begins with an adult female laying eggs. From the egg emerges an aquatic 
immature stage called the larva, which develops through four moults until it 
reaches the non-feeding pupa stage. The adult emerges from the pupa, feeds, 
mates and the female develops eggs to complete the cycle. 

Mosquitoes of the genera Anopheles, Culex and Mansonia lay their eggs in 
permanent or semipermanent bodies of water and cannot survive desiccation. 
Eggs of Aedes are laid on moist substrates and can survive long periods of 
desiccation until sufficient moisture is available for development to continue. 

The larval stage of all mosquitoes is aquatic and must have a permanent aquatic 
habitat of between four days (Aedes) and three weeks (Mansonia) to complete its 
development to the pupal stage. 
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Around 55 species of mosquito have been identified from the Kimberley, several of 
which occur in sufficient numbers to constitute a significant pest problem to 
humans. Of these, only Aedes vigilax and Culex sitiens breed in saline water. 
Both species breed in coastal salt flat areas where brackish or saline pools remain 
following heavy rainfall or high tides. The greatest potential for breeding occurs at 
the maximum extent of tidal range where pools are disturbed by tidal activity on 
only one occasion on each tidal cycle. 

6.9.1.5 Midges 

Biting midges belonging to the family Ceratopogonidae are the major midge 
problem in the Kimberley with the most common species belonging to the genus 
Culicoides. The most common biting midge is Culicoides ornafus. 

Culicoides ornatus breeds on muddy shorelines which are sheltered from wave 
action, and commonly in association with the mangroves Aegiceras corniculatum 
and Rhizophora stylosa. Eggs are laid in the narrow zone near neap high tide 
level. The larvae when hatched out are small active wormlike creatures that are 
confined to the mud in the zone near neap high tide level. The larvae take in 
excess of six weeks to develop until they change into a relatively inactive, air 
breathing pupa. The pupal stage lasts only a period of several days and peak adult 
numbers emerge one day either side of neap tides. 

Adults are most numerous in mangroves penetrated by narrow creeks and 
movements of adults can occur from 0.5 to 1 km from their breeding sites, 
although they will move greater distances where dense tree cover and high 
humidity prevail. 

6.9.2 Impacts of the Tidal Power Station on Fauna 

6.9.2.1 Transmission Line Alignment and Point Torment Peninsula 

The project will have minimal impact on fauna occurring along the transmission line 
alignment or on the Point Torment Peninsula due to the limited disturbance to 
fauna habitat. 

6.9.2.2 Terrestrial Fauna and Avifauna of Doctors Creek 

Avifauna of Doctors Creek 

Mangrove birds can be classified according to their foraging habit (Table 6.3; 
Johnstone, 1990) and this permits the clearest assessment of potential impacts 
due to changes in the Doctors Creek system. 

Table 6.3 
Foraging Groups for Birds recorded from habitats within the Doctors Creek 
System (*denotes  largely restricted to mangroves) 

Foraging 
Method 

Representative Species in 
the Doctors Creek System 

Relevant Changes in Doctors 
Creek System 

Waders Whimbrel Net loss of some intertidal flat 
Common Sandpiper area, reduction in shear forces, 
Sacred Ibis likely increase in benthic 
Black-necked Stork invertebrate biomass 

Mangrove Great-billed Heron* Shore term loss of about 1,500 
ground feeders Mangrove Heron* ha of mangal habitat with over 

Mangrove Kingfisher* 2,300 ha of area available for 
Sacred Kingfisher colonisation in the medium to 

long term. An increase in fish 
I and marine biota biomass 
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Foraging Representative Species in Relevant Changes in Doctors 
Method the Doctors Creek System Creek System 

Lower mangrove Mangrove Robin* Short term loss of about 1,500 
level feeders White-breasted Whistler* ha of mangal habitat with over 

Leaden Flycatcher* 2,300 ha of area available for 
colonisation in the medium to 
long term 

Canopy gleaners Mangrove Golden Whistler* 
and nectarivores Mangrove Gerygone* 

Red-headed Honeyeater* 

All mangrove Lemon-bellied Flycatcher* 
levels Yellow Whiteeye* 

Mangrove Fantail*  

Aerial feeders Fairy Martin Little significant change, 
White-breasted Woodswallow increase in perching! nesting 

sites 

Raptors White-bellied Sea-eagle Increase in fish and marine 
Brahminy Kite biota biomass 
Square-tailed Kite  

There is unlikely to be a major impact on habitat resources available to aerial 
feeders and raptors as a result of modification of the tidal range within Doctors 
Creek. The remaining broad categories are discussed below. 

Waders 

The North West coast of Australia regularly supports over 500,000 shorebirds 
during the non-breeding season (Northern Australian summer - "the wet"). The 
majority of these birds have been recorded at three major sites: Roebuck Bay, 
Eighty Mile beach and Cargill Salt Works at Port Hedland. By comparison the 
numbers of birds recorded during the November survey of the Doctors Creek 
system appear to be relatively small (Broome Bird Observatory, 1997). 

Both Roebuck Bay and Eighty Mile Beach have been listed as wetland areas of 
international importance under the RAMSAR convention. The criteria used to 
identify and categorise wetlands as internationally important are: 

sites that regularly support 20,000 or more shorebirds; or 
sites that regularly support 1% or more of the population of one species or 
subspecies of shorebird. 

Of the bird species surveyed during November 1997 none reached the 1% criterion 
and the creek system as a whole does not appear to support 20,000 individuals. 

Bird species of national importance are classified by the presence at a site of a 
minimum of 1% of the estimated Australian population. Bird species surveyed in 
the Doctors Creek system generally did not reach 1% of the estimated Australian 
population. There were, however, two notable exceptions: 

Terek Sandpiper (Tringa terek): 
The current estimated Australian population of this species is in the region 
of 18,000 individuals. The Doctors Creek surveys recorded a minimum 
count of 250 individuals, representing 1.4% of the estimated Australian 
population. 
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Common Sandpiper (Tringa hypoleucos): 
The current estimated Australian population of this species is in the region 
of 3,000 individuals. The Doctors Creek surveys recorded a minimum 
count of 62 individuals, representing 2.1% of the estimated Australian 
population. It is important to note that the current Australian population of 
this species may be an underestimate. 

The principal change that may impact waders will be the reduction in tidal range 
and thereby a reduction in intertidal foraging area. Doctors Creek is similar to 
other tidal systems that have been investigated for tidal power generation in that 
tidal ranges are extreme, tidal flows and therefore erosion and accretion rates are 
high, and sediments are very fine and mobile. This leads to a relatively 
depauperate invertebrate infauna (Shaw, 1986; Goss-Custard et al., 1991). The 
number of shorebirds that occurred in the Severn Estuary was found to be far less 
than in other similar sized estuaries with smaller tidal ranges (Baker, 1991; Clark 
and Jones, 1994). Data collected in several studies indicates that these bird 
density differences are largely attributable to variation in prey density (Baker, 1991; 
Goss-Custard, et al., 1991; Mersey Barrage Company, 1992; Piersma, et al., 
1993). 

The evidence available suggests that the Doctors Creek system is of limited value 
to shorebirds which is in part due to the relatively narrow intertidal flat available. 
Much of the intertidal range at Doctors Creek is accounted for by relatively steep 
areas of bank that are heavily eroded and unsuitable for wader use. The majority 
of the Doctors Creek system, therefore, does not provide ideal terrain for wader 
use. Almost all waders recorded during the field survey were observed on the flats 
on the floor of the creek system during low tides. Much of the flatter topography is 
supratidal for most of the month and as such also presents little in the way of 
foraging resource for waders which typically follow the retreating tide (Baker, 1991; 
Clark and Prys-Jones, 1994). 

Two factors that will arise from the proposed tidal power station are likely to favour 
wading species. Firstly, the impoundment of water in the high basin and the 
decrease in current velocity and bioturbation is likely to lead to an increase in the 
biomass of deposit and filter feeding infauna (Shaw, 1986; Mersey Barrage 
Company, 1992). In addition, the reduction in tidal velocity and the generally more 
sheltered system should also result in reduced erosion and increased 
sedimentation, which should in turn lead to intertidal areas becoming wider and 
flatter (and hence more suitable for wading species) than the existing steep banks. 

Overall, the proposal is expected to result in some modification of tidal flat habitat 
utilised by waders and a net increase in biomass of benthic invertebrates. 
Assessments carried out as a component of other tidal power proposals have 
indicated that the proposals are unlikely to have a significant detrimental effect on 
wading bird usage. There is likely to be a change in the composition of the wading 
bird community in terms of relative species abundance as some species are likely 
to be more favoured by the changed conditions than others (Clark and Jones, 
1996). The changed tidal conditions at the La Rance tidal power station have 
resulted in some wading species increasing in numbers (Retiere, 1994). Baker 
(1991) concludes that '...in estuaries with very large tidal ranges, tidal barrages 
should not have a detrimental effect on wading bird populations and may well be 
beneficial'. 

Mangrove Ground Feeding Birds 

Species belonging to this group feed predominantly on fish or macrofauna such as 
crabs (Johnstone, 1990). Fish foraging species, such as the Great-billed Heron 
and the Mangrove Heron, are unlikely to be adversely affected by the project. It is 
likely an increase in fish stocks within the impounded system (Section 6.9.2.3), 
providing a greater foraging resource than currently available. 
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Mangrove Foraging Birds 

This guild of birds is regarded as largely reliant on the mangal for a structurally 
complex resource to provide food, shelter, nesting and roosting sites. Most 
species, including the Mangrove Robin, Mangrove Gerygone and the White-
breasted Whistler forage almost exclusively on insects and other invertebrates 
gleaned from the canopy, branches and trunks of mangroves. Therefore, any 
change in bird species abundance for this group is likely to be proportional to the 
extent of mangrove habitat modification. This conclusion, however, is based on a 
number of assumptions: 

the existing mangal habitat is at the full limit of its carrying capacity; 

the mangal habitat is unable to support any short term local increases in 
density due to migration of birds from adversely affected areas without the 
loss of individuals due to competition and displacement effects; 

the bird species which are regarded as largely mangrove dependent only 
utilise mangroves in the Doctors Creek area. Several species, such as the 
Mangrove Grey Fantail, Mangrove Golden Whistler and Bar-shouldered 
Dove, also utilise woodlands and thickets of Ficus and Saltwater Melaleuca 
(Johnstone, 1990). This habitat resource fringes the seaward edge of the 
land abutting Doctors Creek and will not be impacted by the proposal; and 

no consideration is given to the fact that almost half the avifauna is 
comprised of visiting bird species that are not full time residents of 
mangals. This includes species such as Tree Martins, Singing 
Honeyeaters, and Sacred Kingfisher, all of which are winter visitors to 
northern mangals and compete directly with mangrove dependent species 
for foraging resources (Johnstone, 1990). Clearly, the demand for 
resources varies seasonally, dependent on the presence or absence of 
these birds, and local competition pressures will fluctuate during the post-
barrage period over which a new equilibrium of mangrove area and density 
is achieved. 

Mangrove bird community structure is likely to be modified in the short term until a 
new equilibrium of mangrove habitat area is reached. This will probably result in 
changes in the relative abundance of species, with some more favoured than 
others by the post-barrage conditions. However, it is unlikely that any particular 
species would disappear from the system entirely. 

Avifauna of Derby 

The species list for the Derby area provided by local bird watchers includes only a 
small proportion of birds that are regarded as mangrove dependent and these 
species would not normally be sighted in the town area. Given this, it is unlikely 
that the tidal power proposal will result in any change in the density of bird life in the 
Derby town area, including the wetland associated with the sewage pond outfaU 
which is currently the location with the greatest diversity and abundance of species. 

Other Species 

The project is not expected to have an impact on bats. 

Crocodiles are not predicted to be affected by the tidal power station. Movement 
into and out of the basins will still occur through the sluices and exclusion screens 
will prevent damage from, and to, the turbines. 
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6.9.2.3 Marine Fauna of Doctors Creek 

Impact of the Tidal Power Station on Fish and Mud Crabs 

The key aspects of the tidal power station in relation to potential impacts on fish 
and mud crabs are: 

construction of barrages with water movement into and out of the basins 
regulated by the operation of sluice gates (Section 5.0); 

creation of a permanent body of water in the high and low basin (Section 
6.4.2.2); 

changes in the tidal regime resulting in modification to the distribution of 
mangroves (Section 6.8.3); and 

presence of turbines between the basins resulting in mechanical damage 
to fish and damage through pressure changes. 

In relation to the key aspects of the tidal power station identified above the 
following potential impacts are predicted: 

construction of barrages containing sluice gates will restrict but not prevent 
fish entry and exit from the basins; 

larger fish will be prevented from entering the turbines through installation 
of an exclusion mesh; 

the basins will contain permanent bodies of water and will develop a 
resident population of fish where currently none exists; 

eggs, larvae and juveniles of fish and crustacea will still enter the basins to 
ensure recruitment to the system; 

there will be a loss of around 1,500 ha of mangroves in the short term and 
hence primary productivity from this source. However, impoundment of 
water will result in the retention of more vegetative matter in the basins 
than currently exists. Over 2,300 ha will be available for colonisation in the 
medium to long term; and 

benthic flora and fauna numbers will increase in the high basin, and in the 
lower lying areas of the low basin, due to permanent inundation (Section 
6.8.3). Phytoplankton (and consequently primary productivity) and 
zooplankton numbers will also increase. 

Sluice gates in the high basin will be open for around 2 to 3 hours on each tidal 
cycle depending on whether a spring of neap tide is occurring. Water velocity 
through the sluices is predicted to peak at 5 - 6 m/s shortly after the gates open. 
Peak current velocities are estimated to occur for up to 75% of the opening time 
after which velocities will progressively reduce to 0 m/s prior to the sluice gates 
closing. 

Fish movement into the high basin will be limited to the time when the sluice gates 
are open. Exit from the basin for most fish will be during the period prior to the 
gates closing when current velocities are low enough to allow escape. Under 
normal operating conditions there will be no ebb current. Some smaller individuals 
will still be able to exit via the turbines, and this has been shown not to result in 
excessive mortality due to the large diameter and slow rotational speed of the 
turbines (Retiere, 1994). 
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In the low basin the opposite will occur. Recruitment to the low basin will be during 
the period immediately prior to the sluice gates closing and from juveniles moving 
from the high basin to the low basin via the turbines. There will be limited 
opportunity for population numbers to excessively increase given the operational 
objective of removing as much water as possible from the low basin to maximise 
head difference. 

As a result it is expected that fish entry and exit to the system will still occur via the 
sluice gates. The basins will develop a resident population of fish with exchange of 
adults and juveniles still occurring with King Sound. The occurrence of a resident 
population of fish will be a significant draw card for recreational fishing. 

Should fish numbers in the high basin increase to a level where the population is 
threatened by limited food resources, then the operation of the sluice gates can be 
managed to allow water to exit from the basin thus providing a period of ebb tide. 
This would likely occur at night when power demand is less and where a reduced 
head difference between the high and low basins would be operationally 
acceptable. 

As a result of water impoundment, it is expected that the ecology of the creek will 
change (clearer water, greater primary production from phytoplankton, increase in 
subtidal benthic flora and fauna). The habitat created will be unique in the 
Kimberley due the creation of a permanent body of water in an area dominated by 
large tides. This will provide a unique opportunity for aquaculture (Section 7.2). 

Along the north west coast of Western Australia there are a number of areas where 
mangroves have been enclosed to facilitate salt production. Fish recruit via screw 
pumps to Pond Os from which there is no escape. These environments are largely 
unsuitable for fish habitat due to high salinity and temperature. Despite this, fish 
are able to survive in the area where the seawater is pumped into the pond. Size 
classing indicates sporadic recruitment which may be dependant on the timing of 
suitable environmental conditions, such as rains to reduce pond salinity and allow 
completion of the larval stage. In comparison to such environments, the basins will 
be a more stable environment with greater opportunity afforded to fish wishing to 
enter or exit the system. 

Overall it is considered that impacts on fish resources will be minimal. This 
conclusion has also been reached from studies conducted at the La Rance tidal 
power station (Retiere, 1994) and for the proposed tidal power station on the 
Severn Estuary (Shaw, 1986), although in both instances the species present are 
different to those occuring in Doctors Creek. 

Other Species 

Post-construction values of the main environmental variables are fairly predictable 
with the most important variable being tidal range. Post-construction tidal range 
will be significantly reduced with an associated reduction in sediment instability and 
turbidity. 

Studies conducted for the proposed Mersey River tidal power station (Mersey 
Barrage Company, 1992) identified that intertidal invertebrate species distribution 
and abundance are related to sediment characteristics. Muddy sediments tend to 
support a more abundant invertebrate fauna compared to coarser, mobile sand 
banks. Similar results were also observed for Port Hedland Harbour (Halpern 
Glick Maunsell, 1996). 
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Within Doctors Creek the subtidal sediments are predicted to become 
progressively muddier. Phytoplankton densities are predicted to increase in the 
high basin (Section 6.8.3), and to a lesser extent in the low basin, and this will 
support greater numbers of zooplankton. A movement in the system towards one 
which is more stable, coupled with increased pelagic primary production, is likely to 
increase the density and diversity of benthic invertebrates. Warwick et al. (1991) 
predicted the following changes for the Severn Estuary following construction of a 
tidal barrage: 

an increase in the abundance and biomass of species associated with 
smaller, less dynamic estuaries; and 

a decrease in relative importance of those species associated with large 
dynamic hypertidal estuaries. 

A similar change is likely in the high basin of Doctors Creek. Shaw (1986) also 
predicted that the physical changes produced as a result of barrage construction 
on the Severn Estuary would increase the variety and density of species which 
inhabit the reduced intertidal zone. 

Most of the low basin is currently intertidal and construction of a barrage will create 
a permanent body of water. Benthic invertebrate numbers are predicted to 
decrease in the new supratidal zone with an increase in the new subtidal zone. 

It is not expected that dolphins will become permanently trapped in the basins. 
Should a pod become trapped, advice will be sought from CALM on a course of 
action. 

6.9.2.4 Impact of the Tidal Power Station on Mosquito Numbers 

The impact of the tidal power station on mosquito numbers will be directly related 
to changes to the tidal regime. 

For the tidal power station to cause an increase in mosquito numbers there would 
need to be either an increase in the area of flooding of the tidal flats or an increase 
in the residence time of pooled water on these flats. 

Section 6.4.2.2 describes changes to the tidal regime following construction of the 
barrages and identifies that, in the high basin, maximum tidal levels will be either 
close to their current levels (with a high spring tide facilitating filling through the 
ingress of water over the tidal flats from the west) or around 0.5 m less (due to 
restriction of water flow through the sluice gate). 

Under these conditions flooding of the tidal flats will be less than currently occurs 
and consequently the opportunity for water to pond will be reduced. The 
opportunity for mosquitos to breed will consequently be reduced. 

In the low basin tidal levels will operate within the range of -0.4 m to -4.3 m AHD. 
Flooding of the tidal flats will no longer occur and consequently the opportunity for 
mosquitoes to breed is likely to be reduced. 

6.9.2.5 Impacts of the Tidal Power Station on Midge Numbers 

The tidal power station will not increase the habitat available to midges, although it 
will provide a potential increase in the frequency of breeding by prolonging the 
period of tidal conditions which approximate a neap tidal range. This will occur in 
both the high and low basin as a result of reduced tidal amplitude. The availability 
of breeding sites will still be restricted by the steepness of the creek banks. 
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Derby is generally separated from the major stands of mangroves in Doctors Creek 
by over 1 km although there are some small outlier stands within 0.5 to 1 km. Most 
of these outlier stands will be lost once the tidal power station becomes 
operational. 

Although the potential for midge breeding is likely to increase as a result of the 
project, numbers are unlikely to significantly increase in Derby over their current 
levels due to the separation of Derby from significant areas of mangroves within 
Doctors Creek. 
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7.0 	Potential Social Impacts and Their 
Management 

7.1 	Social Conditions 

7.1.1 	Regional Setting 

The Shire of Derby/West Kimberley occupies an area of 102,704 km2  most of 
which is drained by the seasonally flowing Fitzroy River and its tributaries. The 
Fitzroy-Hann River System stretches 650 km. 

Derby is located on King Sound near the mouth of the Fitzroy River, 2,366 km by 
road from Perth. The Australian Bureau of Statistics estimated a resident 
Kimberley population of 24,968 as at June 30, 1995 (Kimberley Development 
Commission, undated). The Shire of Derby/West Kimberley had an estimated 
population of 7,066 at the same time. Aboriginal and Torres Strait islanders 
represent around 48% of the Kimberley population. 

Derby is an important administrative centre for the Kimberley. 

Over the period 1986 to 1995 the Kimberley population has had an average annual 
growth rate of approximately 2% (Kimberley Development Commission, undated). 
Over the same period the Shire of Broome had an estimated average annual 
resident population growth rate of 4.5% and Derby/West Kimberley 1%. The 
reason for population growth in the Kimberley includes: 

strong tourism growth (this is a major growth prospect with an estimated 
$140M spent in 1995); 

a vibrant mining and exploration sector (diamonds, iron ore, gold, lead, 
zinc and petroleum worth around $551M in 1995); 

continued developments in horticulture and agriculture, concentrated on 
the Ord Scheme; 

strong cultured pearl and fishing industries (valued at $137M and $12M 
respectively in 1995); 

continued pastoral activity based on cattle; and 

establishment of a significant community services sector which administers 
programmes to residents of the region. 

By the year 2011, the Shire of Broome is projected to grow to 14,100 (8,900 in 
1996) and Derby/West Kimberley to 9,100 (7,200 in 1996),an annual rate of 3.1% 
and 1.6% respectively. 

The construction of the first tidal power station in Australia will have a significant 
effect both on Derby itself and on the surrounding region. It will be a high profile 
project and will be a focal point of interest both nationally and internationally. 
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In recent years Derby has shown only minor population growth. The tidal power 
station, and the focal point of Derby on the electricity distribution network, will help 
give an impetus for growth. The prospect of stable electricity prices will open up 
opportunities for mining and resource development which will lead to renewed 
interest in the port. The tidal power project could provide facilities for fish farming 
and increase the tourist potential of the area. The number of permanent jobs 
created by the project will be quite small but the indirect effect on the region could 
be considerable. 

7.1.2 Land Use around Doctors Creek 

Land surrounding the Derby townside is a local reserve Commonage vested in the 
Shire. Areas such as this have been excised in the past for various purposes. 

Most of Doctors Creek is within the Meda Station Pastoral Lease boundary. The 
Station owner has been advised of the proposal. 

7.1.3 Recreational Use of Doctors Creek 

Recreational use of Doctors Creek is predominantly fishing with some nature 
based activity such as bird watching. The tidal flats are occasionally used for horse 
and trail bike riding. Construction of the tidal power station and creation of a 
permanent body of water is expected to increase water based recreational use by 
providing easier vehicle access, boat launching facilities in the high basin and an 
increase in fish numbers. 

7.1.4 Noise Pollution 

Noise pollution from the existing diesel power station located within the urban area 
of the Derby townsite will cease. 

7.2 Aquaculture 

Background 

The Fisheries Department and the Kimberley Development Commission (undated) 
have prepared an Aquaculture Development Plan for the Kimberley to provide a 
basis for the development of a commercial aquaculture industry. The Plan 
identifies six Aquaculture Management Zones of which The Dampier Peninsula 
Zone encompasses King Sound. Derby is described as a Special Development 
Zone due to the economic range of services and facilities generated by the Derby 
regional centre. It includes areas of extensive flats, marsh and groundwater 
reserves, the salinities of which vary from fresh to hypersaline. 

The major part of Western Australia's pearling industry is located in the Kimberley 
region with most of the pearl farms in the Broome and King Sound areas. 
Aquaculture of trochus is being trialed in King Sound on intertidal reef platforms 
and an aquaculture park in Broome is in its early construction phase. A proposal is 
currently being considered by the EPA for a prawn farm which will be located at the 
southern end of Doctors Creek. 

The Plan concludes that aquaculture development would comprise land-based 
systems employing intensive, semi-intensive and extensive methods due to the 
extreme tidal range, high variations in water temperature and salinity, and high 
turbidity. 
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Impact of the Tidal Power Station on Aquaculture 

The tidal power station will not impact on any existing aquaculture ventures. 

As a result of the tidal power station proposal, the proposed prawn farm at Doctors 
Creek has been redesigned to facilitate the intake of water from the high basin with 
the discharge occurring to the low basin. This redesign provides savings to the 
prawn farm by reducing the head of water required to be pumped and by extending 
the period over which water can be drawn. Good quality water is also required for 
prawn farming and the high basin will result in a decreased silt load. 

Of significance is that the establishment of a permanent and protected body of 
water with a relatively small tidal range in the high basin will provide a rare 
opportunity for development of aquaculture and other ventures with the potential to 
contribute significantly to the local economy. This has been examined by the 
Fisheries Department and appears very attractive. The Department of Commerce 
and Trade is about to commission a feasibility study which will examine potential 
benefits to local communities, especially Aboriginals. 

7.3 	Fisheries 

Background 

Three commercial fisheries operate in King Sound for mud crabs, trochus and 
barramundi. 

There are currently three licensed fishermen operating from Derby with the main 
target species being barramundi, threadfin salmon and mud crabs. No prawn 
trawling occurs in King Sound. 

Mud crabs are caught throughout King Sound and sites like Doctors Creek would 
be targeted. 

Trochus is an important fishery as it offers employment to aboriginal people. The 
fishery is reliant on reef areas which do not occur in the area of Doctors Creek. 

The major fishes exploited in the Kimberley Line and Trap Fisheries include the 
sea perch, emperors and cods (Fisheries Department, 1995). High valued species 
such as red emperor and goldband snapper are the main target species (Fisheries 
Department, 1996). None of these species are directly linked to mangrove areas. 

Threadfin salmon are often caught as a bycatch of barramundi fishing (Kailola et 
al., 1993). Barramundi gilinets are usually set in the tidal reaches of rivers and 
estuaries, and on coastal mud flats. Dinghies are used to check and clear nets. 
Professional barramundi fishermen have not generally utilised Doctors Creek and 
its role is predominantly that of recreational fishing area. 

The Fisheries Department (1996) has concluded that the commercial demersal 
fishes in the Kimberley region are fully exploited and some species may be over 
exploited. The annual catch of barramundi by gilinetting peaked in the mid-i 980s 
and since then the total catch has fallen. 

Recreation fishing in the vicinity of Derby includes highly valued species such as 
mud crabs and barramundi, and also species such as sea perch (red emperors), 
emperors and threadfin salmon. The proximity of Doctors Creek to Derby provides 
relatively easy access to mud crabs by local Aboriginals. Mud crabs are generally 
caught by hand or through use of a hook. 
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Impact of the Tidal Power Station on Fisheries 

An overview of the life history of a number of the main commercial and recreational 
species is provided in Section 6.9.1.3. In general, adult fish are wide ranging with 
no particular reliance on Doctors Creek for spawning. However, mangrove areas 
do provide nursery grounds for newly settled individuals and juveniles of many 
species. Many of the species would also use mangrove areas and creeks for 
feeding, either directly on resident flora and fauna or on those species that feed on 
them (e.g. barramundi). Mud crabs are an important resident species. 

The key aspects of the tidal power station in relation to potential impacts on 
commercial and recreational fisheries are similar to those identified in Section 
6.9.2.3. 

In addition, the modified tidal regime in the high basin will result in a shift from 
"hooking" crabs to drop netting from boats or from the shore. It is likely that 
numbers will increase overall due to the creation of a permanent subtidal habitat. 

There will be no boat access to Doctors Creek from King Sound. 

Overall it is considered that impacts on fisheries in the short term will be minimal. 
In the medium to long term the increased area available for mangrove colonisation, 
and the more benign conditions created within the basins, could increase 
recruitment of juveniles to the fisheries. 

The tidal power station is likely to result in a huge increase in recreational fishing 
due to the creation of a permanent body of water in the high basin and an increase 
in public access to Doctors Creek. A small boat launching ramp and jetty facilities 
will be constructed in the high basin near the barrage. The benefit to Derby is 
difficult to quantify, but there is expected to be an increase in the number of visitors 
to Derby, an increase in their length of stay and an increase in the amount of 
money spent. 

	

7.4 	Heritage 

7.4.1 European 

The tidal power station will not impact on any known sites of European heritage. 

7.4.2 Aboriginal 

Archaeological and ethnographic surveys of the Doctors Creek area and 
transmission line alignments are being conducted. They are being co-ordinated by 
the Kimberley Land Council. Any Native Title negotiations will also be conducted 
through the Council. 

	

7.5 	Community Consultation 

Since May 1997, the Proponent has consulted widely with community groups, local 
and State Government agencies and individuals. An information brochure was 
prepared and widely distributed and a model of the proposed tidal power station 
was built and displayed locally in Derby. The following activities were undertaken: 
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May 1997 

a letter was sent to the Kimberley Conservation Group, Kimberley Land 
Council (KLC), Kimberley Society, Environs Kimberley and the WA 
Conservation Council seeking expressions of interest in formulating an 
Environmental Consuttative Group under an independent chairman. There 
was a general lack of interest in forming the group and the idea was 
abandoned; 

briefing at the offices of the Boab Babbler (local newspaper); 

presentation to aboriginal groups, facilitated by the KLC; 

presentation to the Derby Shire Council; 

presentation to the annual general meeting of the Derby Chamber of 
Commerce; 

presentation to the Derby Rotary Club; 

discussion with Malcolm Douglas on environmental impacts; and 

discussions with a representative of Environs Kimberley and CALM. 

June 1997 

presentation to the Commission of Elders; and 

meeting with Environs Kimberley (Derby branch). 

July 1997 

liaison with local Town Planner regarding impacts to an Aboriginal 
Community at the edge of the tidal flats; 

liaison with local high school teacher regarding a student exercise on the 
tidal power project; 

public meeting, with 31 people present, to discuss environmental issues, 
preliminary results of the field work and the tasks to be completed to 
finalise the CER; and 

a talkback segment on Regional ABC radio. 

September 1997 

public displays, incorporating the model of the tidal power station, display 
panels and brochures at a local shopping centre, flower and produce show 
and literary awards. 

October 1997 

three day workshop comprising local Aboriginal elders and representatives 
from the KLC and Shire to discuss issues relating to land tenure and 
potential business opportunities arising from the project. 
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November 1997 

draft CER reviewed by KLC; and 

public meeting to present the findings of the study. 

The main issues raised during these consultation were: 

impacts on commercial and recreational fishing; 

potential for flooding of Derby; 

impacts on mangroves; 

access to Doctors Creek for boats; 

potential for mosquitoes and midge numbers to increase; and 

impacts on groundwater. 

7.6 	Construction and Operational Impacts 

7.6.1 Dust 

With the barrages located approximately 11 km to the north of Derby and 
construction occurring in wet soils, dust will not be a problem during construction of 
the barrages. 

Some activities will occur near residential areas during construction of the southern 
extent of the causeway separating the two arms of Doctors Creek and some parts 
of the transmission line. Should dust be a problem standard techniques of dust 
suppression, such as water carts, will be used (Commitment 2). 

7.6.2 Noise 

During periods when construction is occurring near to residential areas, activities 
will be managed to minimise disruption to residents (Commitment 2). 

During operation, the tidal power station will not generate any significant noise. 

7.6.3 Visual Impacts 

The tidal power station will not be visible from Derby. 

The transmission line will be visible from the Great Northern Highway. 

Dead mangroves will be visible from the access causeway and the air in the short 
term. In the medium to long term this affect will be reduced through colonisation 
and stabilisation of vegetation communities. 

7.6.4 Public Access 

Public access to the tidal flats will not be changed. 

Public access to Doctors Creek and the tidal power station will be formalised 
through construction of an access road. Parking will be provided at the tidal power 
station and small boat launching facilities will be provided in the high basin. Boat 
access to Doctors Creek direct from King Sound will be lost. 
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7.6.5 Safety 

For safety reasons members of the public will be excluded from some parts of the 
tidal power station and associated waterways. This will include restricting boat 
access in areas around the sluice gates and close to the channel containing the 
turbines. 
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8.0 	Proponent Commitments 

This section presents a summary of commitments made by the proponent in the 
preceding sections of the CER. 

Prior to construction, the proponent will prepare an Environmental 
Management Programme (EMP) to the satisfaction of the Department of 
Environmental Protection. The EMP will be implemented during the 
construction and operational phases of the project to manage potential 
environmental impacts arising from the project. 

The EMP referred to in Commitment (1) will contain measures to address 
the following: 

Aboriginal Heritage 

Consultation with local Aboriginal groups will be ongoing. 

All contractors will be instructed in respect of their obligations under 
the Aboriginal Heritage Act 1972 and arising from any commitments 
made during Native Title negotiations. 

The proponent will recognise any commitments made during Native 
Title negotiations with respect to compensation, employment, training 
opportunities and business development. 

Contaminants 

Any oil and lubricants stored on site will be located within areas 
designed to the requirements of the Department of Minerals and 
Energy. 

Sewage will be regularly removed from site by a licensed contractor 
or treated to an acceptable standard on site. 

Road and Transmission Line Construction 

The proponent will liaise with the Shire of Derbyiwest Kimberley and 
Main Roads Western Australia during design and construction of the 
access road and to ensure appropriate signage is erected. 

The proponent will liaise with Main Roads Western Australia and 
Western Power during construction of the transmission line. Where 
water courses are crossed by the transmission line, the proponent will 
liaise with Water and Rivers Commission on the management of 
construction activities. 

The proponent will develop a protocol to maintain the maintenance 
track beneath the transmission line and to regularly survey the track 
for the occurrence of Declared Flora. Should Declared Flora be 
identified, a programme of control will be implemented. 

Noise and Dust 

All operations will be managed in accordance with the Noise 
Abatement (Neighbourhood Annoyance) Act 1979. The proponent 
recognises its obligations under the noise provisions of the 
Environmental Protection Act 1986 to ensure that noise levels comply 
with these requirements. 
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Dust levels will be controlled on a needs basis in accordance with the 
provisions of the Environmental Protection Act 1986. 

Vesting 

The proponent will document the proposed vesting for multiple use of 
the project area and detail the proposed structure which will promote 
effective management and the development of management 
objectives. This will be conducted in consultation with local Aboriginal 
groups and local government. 

Environmental 

Construction activities will minimise direct disturbance to mangroves. 
Vegetation will only be removed if it is essential for construction 
purposes or the safe operation of the tidal power facility and 
associated infrastructure. 

All construction vehicle movements outside of the construction areas 
will be restricted, where practicable, to designated roads and tracks. 

Borrow material will be obtained from either existing or approved 
borrow pits. Any new pits developed as a component of the project 
will be referred to the DEP and rehabilitated to the satisfaction of 
CALM. 

Disturbed areas that are not required for the safe operation of the 
project will be rehabilitated. 

Salinity measurements of impounded water will be undertaken on a 
regular basis. Should salinity levels significantly increase above 
ambient, water flow through the sluices will be manipulated to reduce 
salinity levels. 

Mesh or other suitable exclusion devices will be installed at the 
entrance to the turbine raceway to prevent the entry of fish. Final 
design will be undertaken in consultation with the Department of 
Fisheries. 

Dredge spoil will be preferentially deposited in the deeper upper 
reaches of the low basin where practicable to increase the availability 
of habitat for mangrove colonisation. 

The shoreline in the vicinity of the barrages will be monitored and 
mitigation measures (such as provision of armour protection) will be 
implemented should significant erosion occur. 

Ongoing monitoring will be conducted in accordance with the 
Programme of Research, Monitoring and Management (Commitment 
(3)). 

A decommissioning plan will be developed prior to decommissioning 
which will address the removal of plant and equipment and the 
rehabilitation of disturbed areas. 

Monitoring bores will be installed adjacent to the peninsula to monitor 
any movement in the saltwater wedge. This will be to the satisfaction 
of the Water and Rivers Commission. Should a project induced 
adverse effect be identified, the proponent will investigate options to 
remedy the problem. 

rnm\ E:\E456C\WP'CER'TEXT 	 Halpern Glick Maunsell 	70 



Prior to construction, the proponent will prepare a Programme of 
Research, Monitoring and Management to the satisfaction of the 
Department of Environmental Protection. This programme will be 
implemented prior to construction and has the objective of initiating a 
programme of research into mangrove biology and re-establishment, and 
quantifying and documenting ecosystem changes following construction of 
the barrages. 

The Programme of Research, Monitoring and Management referred to in 
Commitment (3) will contain measures to address the following: 

Research and implementation of a programme to re-establish 
mangroves including recontou ring of creek banks and creek bed to 
increase the intertidal area available for recolonisation, and dredging 
of channels in the low basin to increase water penetration into the 
creek. This work will be directed towards an objective of no net loss 
of mangroves with a view to increasing primary production in the 
medium to long term. 

Research into mangrove biology including interactions between soil 
salinity, elevation, aspect, ground stability and soil type on mangrove 
distribution, productivity and ecological value. 

A monitoring programme, centred on Doctors Creek, to quantify 
changes in: 

- 	water quality including temperature, salinity, dissolved oxygen, 
turbidity and chlorophyll a; 

- 	sediment characteristics including oxygen demand, particle size 
and organic carbon; 

- 	phytoplankton and zooplankton density and species diversity; 
- 	infauna density and species diversity; 
- 	density and species diversity of benthic flora and fauna; 
- 	mangrove distribution, density and species diversity; 
- 	fish use; and 
- 	bird use. 
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10.0 Glossary of Terms 

AHD 	- Australian Height Datum 
Armour 	- Outer layers of rock protection for the Barrage 
Barrage 	- Man made barrier across the mouth of the Bay 
Caisson 	- Hollow structure for housing turbines 
Calcarenite 	- A variably cemented beach rock containing a high proportion of 

calcium carbonate 
CALM 	- Department of Conservation & Land Management 
CD 	- Chart datum 
CER 	- Consultative Environmental Review 
CO2 	- Carbon dioxide 
DEST 	- Department of Environment, Sports & Territories 
DHP 	- Derby Hydro Power Pty Ltd 
DME 	- Department of Minerals & Energy 
DPIE 	- Department of Primary Industries & Energy 
Ebb tide 	- Out going tide 
EMP 	- Environmental Management Programme 
EPA 	- Environmental Protection Authority 
Ethnographic- Scientific description of individual human societies 
FCCC 	- Framework Convention on Climatic Change 
Flood tide 	- Incoming tide 
GPS 	- Global Positioning System 
GWh 	- Gigawatt hours 
HAT 	- Highest Astronomical Tide 
ICESD 	- Intergovernmental Committee on Ecologically Sustainable 

Development 
IPCC 	- Intergovernmental Panel on Climate Change 
KLC 	- Kimberley Land Council 
km 	- Kilometre 
kV 	- Kilovolt 
LAT 	- Lowest Astronomical Tide 
In 	 - Natural logarithm 
m 	- Metre 
M 	 - Million 
mg/L 	- Milligrams per litre 
MHWN 	- Mean High Water Neaps 
MHWS 	- Mean High Water Springs 
MLWN 	- Mean Low Water Neaps 
MLWS 	- Mean Low Water Springs 
MSL 	- Mean Sea Level 
Mt 	- Million tonnes 
MW 	- Megawatts 
Neap tide 	- Tide that occur at the first or last quarter of the moon which 

produces the smallest rise in tide level 
NGGIC 	- National Greenhouse Inventory Committee 
ppt 	- Parts per thousand 
s 	 - Second 
Sluice 	- A restricted passage through the Barrage controlled by 

sluice gates 
Spring tide 	- Tide that occurs at or just after a new and full moon 
TDS 	- Total dissolved solids 
Turbine 	- A machine that converts kinetic energy of flowing water into 

mechanical energy by causing a bladed rotor to rotate 
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Consultative Environmental Review Guidelines 
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Environmental Protection Authority 

TIDAL POWER STATION, EAST AND WEST DOCTORS CREEK, AND 
TRANSMISSION LINES 

(ASSESSMENT NO. 1073) 

CONSULTATIVE ENVIRONMENTAL REVIEW GUIDELINES 

Overview 

Derby Hydro Power Pty Ltd have referred to the Environmental Protection Authority 
(EPA) a proposal to construct a tidal power station at East and West Doctors Creek near 
Derby and associated transmission lines to Derby and Broome. An associated proposal to 
construct transmission lines to Fitzroy Crossing and Blendevale was also received. 

Under Section 40(3) of the Environmental Protection Act 1986, the Minister for the 
Environment has requested that the two assessments be prepared together. 

These guidelines are designed to replace the original guidelines issued for the tidal power 
station on 18 February 1997 and prepared to reflect the additional parameters of the project. 

All environmental reviews have the objective of protecting the environment, 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 Consultative Environmental Review (CER) for this 
proposal. 

The primary purpose of the CER is to provide information on the proposal to the EPA 
within the local and regional framework. The aim of the document is to emphasise those 
relevant environmental factors which have the potential to impact on the physical and 
biological environment from the proposal. 

Project description 

The tidal power station will be either a double basin design or a twin basin design, 
depending on potential market demand for electricity in the region. 



Double Basin Option 
This involves construction of barrages across the mouths of East and West Doctors Creeks 
to provide a 'high' and 'low' basin to increase the size of the head of water between the 
two bodies. A channel is then constructed between the two basins to allow the water to 
flow from the high to the low basin. The turbines are placed in this channel. 

Twin Basin Option: 
This involves the construction of barrages across East and West Doctors Creeks with 
power generating turbines placed in the barrages. Water flows in and out of the basins 
with tidal movement. This allows for independent operation of the basins and higher total 
power output than might otherwise be achieved with a 'double basin' design, but at a 
higher capital cost. 

Transmission lines (132 kV) will also be constructed from Derby to Broome, Fitzroy 
Crossing and Blendevale. 

Objectives of the CER 

The objectives of the CER are to: 

place this proposal in the context of the local and regional environment; 

adequately describe all components of the proposal, so that the Minister for the 
Environment can consider approval of a well-defined project; 

provide the basis of the proponents environmental management program, which 
shows that the environmental issues resulting from the proposal can be acceptably 
managed; and 

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

Contents of the CER 

The fundamental contents of the CER should include: 

a brief introduction of the proponent, the project and location. A map/plan, which 
both clearly indicates the nature and extent of the initial project and the works 
proposed, and a regional map should also be included which identifies the proposal 
within a social and regional setting; 

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 barrages, The channel between East. and West Doctors Creek, the depth and 
extent of dredging, construction and alignment of transmission lines to Derby, 
Blendevale, Fitzroy Crossing and Broome and turbine generator and associated 
infrastructure including details of their potential impacts; 

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; 

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

For this proposal, the environmental review would focus on protecting the environmental 
values of the area directly affected by the power station, including the damming of East and 
West Doctors Creek, and the associated infrastructure. 

The language used in the body of the CER 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 CER. The CER will form the legal basis of the Minister 
for the Environments approval of the proposal and, hence, should include a description of 
all the main and ancillary components of the proposal, including options if necessary. 

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 practicable 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; 

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

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 to the Minister for 
the Environment. The CER 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, 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 existing 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. 

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 listed as follows: 

declared rare and priority flora (biological surveys will determine the relevance of this 
factor); 
vegetation communities; 
declared rare fauna; 
terrestrial fauna; 
marine fauna and habitat; 
mangroves; 
shoreline; 
sea level; 
marine water quality; 
dust; 
noise; 
impact on communities; 
heritage issues (including an Aboriginal heritage survey); and 
visual impact. 



Further key issues may be raised during the preparation of the CER, 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 and the assessment should lead to a discussion of the management of the issue. 

Specific Issues 

In discussing the environmental factors identified above, the CER should cover the specific 
issues listed below: 

Power Station Construction and Operation 

Impact on: 

vegetation communities, including rehabilitation strategies and commitments; 

rare or priority flora; 

marine habitats both within East and West Doctors Creek and within proximity to the 
dam walls during construction and operation; 

mosquito breeding areas and associated potential health risks; 

fish and crustacean nursery areas; 

existing recreational use of creeks and surrounds; 

groundwater resources; 

hydrological regime through damming of the creeks, changing tidal flow patterns 
within creeks and construction of a channel between creeks and associated impacts on 
vegetation communities, especially mangroves, and the Derby Samphire flats (proposed 
nature reserve) to the south; 

overland flow and mangroves from construction of levee banks; 

noise and dust during the construction and operation of the power station and 
associated infrastructure; 

any identified areas of indigenous and non-indigenous heritage; 

water quality due to dredging operations; 

fuel and oil storage on-site; 

human communities and the potential impacts of the proposal on the biological and 
physical environments as they affect the social surroundings; and 

decommissioning and removal of infrastructure and rehabilitation at the end of the 
operational life of the plant. 



Transmission Line Construction 

Impact on: 

vegetation communities, including rehabilitation strategies and commitments; 

rare or priority flora; 

visual amenity through siting of overhead lines and poles; 

local communities from dust and noise during clearing operations; and 

decommissioning and removal of infrastructure and rehabilitation at the end of the 
operational life of the powerlines. 

Public Consultation 

A description should be provided of the public participation and consultation activities 
undertaken by the proponent in preparing the CER. 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 CER will become legally enforceable under the environmental conditions of the 
Minister for the Environments approval. 	Specific commitments to protect the 
environment, typically related to the key issues, should be separately listed, numbered and 
take the form of: 

who would do the work, eg. proponent, government agency; 

what the work is, eg. management plan, action item; 

why the work is planned, eg. to meet an environmental objective; 

when the work would be canied out; and 

to whose requirements, what agencies would be involved. 

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

Other commitments show that the proponent is dedicated to good environmental 
management of the project, and the EPA expects that the proponent will audit these 
commitments by internal processes under an Environmental Management System. The 
commitments define the goals/objectives for the environmental management program and 
procedures (the details of how the commitment will be met), which should be described in 



as much detail as possible. The EPA acknowledges that, with the implementation of best 
practice and continuous improvement for the project, the procedures may need to be 
modified, or added to, in regular updates to the environmental management program 
(EMP). 

An example of a typical commitment is: 
Issue Objective Commitment Timing Whose Specification 

(Phase) requirementF (Performance Indicator) 

EMP Implement Develop and Pre- EPA EMP 	developed 	and 
effective implement an construction implemented 	to 
EMP effective and on-going requirements of EPA. 

EMP 



Attachment 1 

TIDAL POWER STATION 

CONSULTATIVE ENVIRONMENTAL REVIEW 

GUIDELINES 

Preliminary Relevant Environmental Environmental Objectives Proposed Management of Environmental 
Factors  Factors 

BIOPHYSICAL  
Declared rare and priority flora To protect Declared Rare Flora and Priority Flora, Managed under Part IV of the Environmental 

consistent with the provisions of the Wildlife Conservation Protection Act (1986) and in accordance with the 
Act 1950. requirements of the Wildlife Conservation Act 

(1950). 

Vegetation communities To ensure the abundance, diversity, geographic Managed under Part IV of the Environmental 
distribution and productivity of vegetation communities is Protection Act (1986). 
protected.  

Declared rare fauna Ensure the protection of rare and priority fauna to meet the Managed under Part IV of the Environmental 
requirements of the Wildlife Conservation Act (1950). Protection Act (1986) and in accordance with the 

requirements of the Wildlife Conservation Act 
(1950). 

Terrestrial fauna Regionally significant fauna is adequately protected Managed under Part IV of the Environmental 
Protection Act (1986). 

Marine fauna and habitat Regionally significant marine fauna and habitat are Managed under Part IV of the Environmental 
adequately protected. Protection Act (1986) in consultation with CALM 

Marine Branch and Kimberley Region. 
Mangroves The EPA policy on mangroves is a presumption against Managed under Part IV of the Environmental 

impacting mangroves and their supporting habitats. Protection Act (1986) and the Wildlife 
Conservation Act (1950). 

Shoreline Coastal process should be maintained to ensure that the Managed under Part IV of the Environmental 
physical stability of the coastline is not significantly Protection Act (1986). 
affected.  

Sea level Reduce the impacts caused by alteration of tidal and Managed under Part IV of the Environmental 
overland surface water flow hydrological patterns. Protection Act (1986). 



POLLUTION 

Marine water quality To meet requirements of the EPA's Environmental Water Managed under Part IV of the Environmental 
Quality Objectives (EQO) and draft Western Australian Protection Act (1986) in accordance with EPA 
Water Quality Guidelines for Fresh and Marine Waters Guidelines for Marine Waters. 
(EPA Bulletin 711) for the protection of aquatic 
ecosystems and recreational water quality and aesthetics. 

Dust To protect the surrounding land users such that dust Managed under Part IV of the Environmental 
emissions will not adversely impact upon their welfare and Protection Act (1986) in accordance with EPA 
amenity or cause health problems and meet EPA Guidelines for the control of dust. 
Guidelines for Assessment and Control of Dust and 
Windborne Material from Land Development Sites 
(updated 1995).  

Noise Protect the amenity of nearby residents from noise and Managed under Part IV of the Environmental 
vibration impacts by ensuring that noise and vibration meet Protection Act (1986) in accordance with EPA 
criteria in the Noise Abatement (Neighbourhood Guidelines for the control of noise. 
Annoyance) Regulations 1979, and the proposed new 
Environmental Protection (Noise) Regulations (when 
promulgated).  

SOCIAL 
SURROUNDINGS 

Visual Impact Visual amenity of the area adjacent to the project is not Managed under Part IV of the Environmental 
unduly affected by the proposal. Protection Act (1986) in consultation with CALM. 

Impact on communities Ensure that the proposal complies with the requirements of Managed under Part IV of the Environmental 
the Aboriginal Heritage Act 1972; and Protection Act (1986) in consultation with AAD 
Ensure that changes to the biological and physical and Aboriginal Communities. 
environment resulting from the project do not adversely 
affect cultural associations with the area. 

Heritage Comply with statutory requirements in relation to areas of Managed under the appropriate legislation. 
cultural or historical significance.  



Appendix 2 

Flora and Vegetation of the Transmission Line Alignment and 
Point Torment Peninsula 
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Tall shrublands on sandplains and dunes 

Association 1 	Pindan dominated by Acacia eriopoda 

This vegetation type dominated the majority of the alignment together with 
Association 2. It was characterised by an open to moderately dense tall shrubland 
of Acacia eriopoda, which included scattered other tall shrubs of Acacia cole 
Acacia farnesiana, Acacia synchronicia, Gossypium australe, Ore villea pyramidal/s 
and Melaleuca species. The sparse to open cover of trees was typically dominated 
by Eucalyptus dampieri and also included occasional Adansonia gregoril, Atalaya 
hemiglauca, Eucalyptus grandifol/a, Eucalyptus tectifica, Grey/lea striata, 
Gyrocarpus americanus, Hakea arborescens, Hakea macrocarpa, Lysiphyllum 
cunninghamii, Melaleuca riervosa subsp. crosslandiana and Terminal/a cariescens. 

The open cover of low shrubs and herbs was frequently dominated by Crotalaria 
crispata and also included Abutilon andrews/anum, Blumea integrifolia, Buchnera 
urtic/folia, Byblis un/flora, Calanus,  marmoratus, Calandr/n/a strophiolata, Drosera 
indica, Gomphrena flaccida, Lindernia sp., Salsola kali, Sida rohlenae var. mutica, 
Stylid/um leptorrhizum, Stylosanthes humilis, *Tridax  procumbens and Waltheria 
indica. The moderately dense cover of grasses was dominated by Chrysopogon 
and Sorghum species, sometimes with Plectrachne pungens, and also included 
Arist/da inaequiglumis, *Cenchrus  setiger, Dichanthium sericeum, Eriachne obtusa, 
Sehima nervosum and Xerochloa barbata. 

Three variations on this association were noted: 

1 A 	Disturbed areas such as road margins were frequently dominated by 
Acacia colei 

1 B 	Areas dominated by Acacia monticola 

1 C 	Some other areas featured a significant component of Acacia synchronicia 
beneath the Acacia eriopoda overstorey 

Association 2 Pindan dominated by Acacia tumida 

This vegetation was a dense tall shrubland dominated by Acacia tumida with lesser 
amounts of other shrub species including Acacia eriopoda, Acacia platycarpa, 
Car/ssa lanceolata Distichostemon hispidulus, Grevillea refracta and Wrightia 
sa!/gna. Calytrix exst/pulata provided a sparse to open cover along the Derby 
Highway. Occasional trees included Erythrophleum chlorostachyus, Eucalyptus 
dampieri, Eucalyptus grand/folia, Eucalyptus ?polycarpa, Eucalyptus zygophylla, 
Gyrocarpus americanus and Lysiphyllum cunn/nghamii. 

The low shrub understorey was very variable, ranging from open Waitheria indica 
to open Corchorus sidoides and Crotalaria crispata to dense patches of Senna 
notabilis on some road margins. The sparse to moderately dense cover of herbs 
was similarly variable and included Buchnera urticifolia, Crotalaria crispata, 
Gomphreria canescens, Ptilotus polystachyus, Sida rohlenae var. mutica, 
Spermacoce auriculata, Euphorbia alsiniflora, Evolvulus alsinoides, Mukia 
maderaspataria, Trichodesma zeylanicum and Velleia panduriformis. The sparse 
to moderately dense cover of grasses was generally dominated by Chiysopogon 
species, with lesser amounts of Aristida holathera, Ar/s fida inaequiglumis, 
*Cenchrus c/hans,  *Cenchrus  setiger and Sorghum stipoideum, and sometimes 
with Plectrachne ?pungens. 

This association also occurred on the Point Torment Peninsula. 
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Association 3 Tall shrubland of Acacia eriopoda and Melaleuca 

This vegetation type occurred on poorly drained, lower-lying areas within the 
general pindan vegetation. The open to moderately dense tall shrubland was 
dominated by Acacia eriopoda and Melaleuca nervosa subsp. crosslandiana, with 
scattered Hibiscus panduriformis and Senna notabi/is. Occasional trees of 
Lysiphyllum cunningham/i occurred throughout. Dense grasses were dominated by 
Chrysopogon species with some Eriachne obtusa. Sparse herbs included Byblis 
un/flora, Drosera ?burmannii, Drosera indica, Gomphrena canesceris, Pt/lotus 
exaltatus, Stylidium leptorrhizum, *Stylosanthes  hum//is and Tinospora sm//ac/na. 

Tree savannas 

Association 4 Tree savanna dominated by Eucalyptus tectifica 

This association was found on areas of floodplain associated with the Fitzroy River 
and other creek systems within the survey area, as well as on the swales between 
dunes in the vicinity of Derby. It consisted of an open to moderately dense low 
woodland of Eucalyptus tectifica, sometimes with a significant cover of Ata/aya 
hemig/auca or Eucalyptus damp/en. Occasional other trees and shrubs included 
Acacia co/el, Acacia farnesiana, Acacia synchronicia, Adansonia gregonii, Carissa 
lanceolata, Eucalyptus damp/er/and Lysiphy/lum cunningham/i. At ground level 
there was a dense cover of grasses which was typically dominated by 
Chrysopogon and Sorghum species together with species such as Aristida 
inaequiglum/s, *Cenchrus  ciliaris, Enneapogon purpurascens, Eragrostis species, 
Eriachne glauca, Eriachne obtusa, Sehima nervosum and Xerochloa imberbis. 
Herbs were typically sparse and included Buchnera ?ramos/ssima, Byblis I/n/flora, 
Calandrinia strophiolata, Gomphrena flaccida, *Melochia  pyramidata, Streptoglossa 
bubakii, Sty/id/urn leptorrh/zurn and *Stylosanthes  hum//is. 

Towards the eastern end of the alignment, this association graded into the pure 
grass savanna of Association 10. Here the Eucalyptus tectifica overstorey became 
quite sparse and there were occasional patches of Acacia farnesiana. The dense 
low grassland was dominated by different species including Astrebla elymoides, 
Chlor/s barbata, Dactyloctenium radu/ans, Eriachne glauca, Eriochloa 
pseudoacrotricha and Whiteochloa airoides. Sparse herbs included *Meloch/a 
pyrarnidata, Portu/aca oleracea, Sa/sola kali, Streptoglossa bubak/i and Trianthema 
triquetra and there was frequently an open cover of (dead) Sesbania species. 

Association 5 Tree savanna of Bauhinia, Beefwood and Boabs 

This association in large swathes along the alignment. It was typically a sparse to 
moderately dense woodland dominated by Bauhinia Lysiphyllurn cunninghami 
with lesser amounts of Beefwood Gre v//lea striata and scattered Boabs Adansonia 
gregorii. Occasional shrubs included Acacia cole/and Acacia eriopoda. The 
moderately dense grass layer was dominated by Chrysopogon and Sorghum 
species, with additional grasses including Aristida inaequiglumis and Eriachne 
glauca. 
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Association 6 Tree savanna dominated by Erythrophleum 
chlorostachyus 

This association occurred along the eastern section of the alignment. The open to 
moderately dense tree overstorey was dominated by Er,'throphleum 
chlorostachyus together with lesser amounts of species such as Eucalyptus 
dampieri and Lysiphyllum cunningham/i. Occasional trees of Eucalyptus 
zygophylla, Grevillea striata and Gyrocarpus americanus were also typically 
present. Scattered shrubs included Acacia co/el and Carissa lanceolata. The 
dense cover of herbs was dominated by Sorghum species including Sorghum 
stipoideum. Sparse herbs included Crota/aria crispata, Cynanchum peduncu/atum 
and Gomphrena flaccida. 

Tree and shrub steppes 

Association 7 Tree steppe of Bauhinia, Beefwood and Boabs 

This association was occurred along the eastern section of the alignment. It 
consisted of a similar overstorey dominated by Lysiphy/lum cunninghamii and 
Grevillea striata, with occasional Adansonia gregorii, and sometimes over a sparse 
to open cover of tall shrubs of Acacia eriopoda or Acacia farnesiana. The 
moderately dense cover of grasses was dominated by spinifex Triodia wiseana and 
Triodia intermedia, with some P/ectrachne pungens. Additional grass species 
included *Cenchrus  setiger. Sparse herbs included Gomphrena canescens and 
Mukia maderaspatana. 

Association 8 Tree steppe dominated by Eucalyptus dampieri 

This association occurred only towards the eastern end of the proposed alignment. 
It consisted of scattered trees of Eucalyptus dampieri and various other species 
including Grevillea striata, Hakea arborescens and Lysiphy//um cunninghamii 
above moderately dense to dense steppe. This was dominated by Triodia wiseana 
and also contained soft grasses such as Enneapogon purpurascens and 
*Cenchrus  cl/jar/s. Shrubs were typically sparse but included Acacia eriopoda, 
Aerva javanica and Corchorus s/do/des. The open cover of herbs were dominated 

by Trichodesma zeylanicum with other species such as Buchnera urticifolia and 
Gomphrena flaccida. 

Association 9 Shrub steppe of Acacia species 

This association occurred in small patches along the eastern end of the alignment. 
The open to moderately dense shrubland was dominated by Acacia species such 
as A. colei, A. mont/cola or A. tumida. Other shrubs occurring at lesser densities 
included Acacia synchronicia, Ehretia saligna, Ptiotus ca/ostachyus and Senna 
notabi/is, and there were occasional emergent trees of Eucalyptus dampieri. The 
moderately dense cover of grasses comprised a mixture of spinifex Triodia 
wiseana and Triodia intermedia together with Chtysopogon species, Eriachne 
obtusa and Plectrachne pungens. Additional grass species included Aristida 
hygrometrica, Aristida inaequiglumis and Era grostis cumin gil. The sparse herb 
layer was dominated by Streptoglossa buba k/i and also included Cassytha 
fiiformis, Gomphrena flaccida and Trichodesma zeylanicum. 
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Grass savanna 

Association 10 Grass savanna 

This association was found only on 'black soil' (cracking clay) plains along the 
alignment. It consisted of a usually dense low grassland dominated by a variety of 
species including Aristida latifolia, Chrysopogon species, Eragrostis tenel/ula, 
Eriachne glauca and Iseilema ?vaginiflorum. There was typically no shrub or tree 
overstorey, however sparse shrubs of Acacia farnesiana, Ehretia saligna, Grey//lea 
striata and Gossypium australe occurred in some places. The sparse cover of 
herbs included Gomphrena canescens, Pluchea tetranthera, Streptog/ossa bubakii 
and Trichodesma zeylanicum. 

Woodlands and tall shrublands associated with drainage areas 
and seasonal swamps 

Association 11 Eucalyptus camaldulensis / Melaleuca leucadendra 
riverine woodland 

This vegetation type was found along the Fitzroy River. It consisted of a 
moderately dense woodland dominated by Eucalyptus camaldu/ensis and 
Melaleuca leucadendra over an open cover of Ma/lotus nesophilus. Other 
occasional low trees / tall shrubs included Acacia lysiphloia, Atalaya hemiglauca, 
Ficus coronulata, Lysiphy/lum cunninghami4 Melaleuca species and Terminalia 
had/eyana subsp. carpenteriae. The sparse to open cover of perennial herbs 
included Achyranthes aspera, Malvastrum americanum, Pterocaulon serrulatum, 
Trichodesma zeylanicum, and an open cover of Wild Passionfruit *passiflora 
foetida vines grew over the tall shrubs. Sparse grasses included Dichanthium 
sericeum, Eragrostis tenet/u/a and Paspa/idium rarum. 

Association 12 Mixed Eucalyptus woodland over grasses 

This vegetation type was similar to Association 11 and occurred along prominent 
creeks within the survey area (e.g. Cockatoo Creek and Logue River). These 
areas typically had a more open canopy than the riverine woodland, and were 
dominated by various Eucalypts from the surrounding areas including Eucalyptus 
?po/ycarpa and Eucalyptus tectifica, with occasional Eucalyptus camaldulensis. 
The sparse to open cover of tall shrubs was generally dominated by Melaleuca 
species such as M. acacioides and M. viridiflora, and also included scattered 
shrubs of Acacia co/el, Acacia mont/cola, Carissa lanceolata and Ehretia saligna. 
At ground level there was generally a moderately dense cover of low grasses 
including *Cenchrus  setiger, Ectrosia scabrida, Eragrostis ?falcata, Whiteoch/oa 
airoides and Xeroch/oa lan/flora. Sparse herbs included Euphorbia a/sin/flora, 
Gomphrena tenella, /pomoea coptica, Streptog/ossa bubakii and *Sty/osanthes 
humilis. 

Association 13 Mixed woodland over grasses 

Towards the eastern portion of the alignment the minor drainages tended to feature 
open to moderately dense woodlands of a variety of species such as Ata/aya 
hemiglauca, Eucalyptus ?a/ba and Terminal/a hadleyana subsp. carpenteriae. 
Occasional tall shrubs of Acacia co/el were frequently present, together with sparse 
trees of Eucalyptus dampieri and Lysiphy/lum cunningham/i. Open to dense 
grasses were dominated by species including Dichanthium sericeum and Sorghum 
stipoideum. Sparse herbs were dominated by *MaIva  strum americanum and 
Me/ochia pyramidata, and there was often a significant cover of dead Sesbania 

species. 
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Association 14 Eucalyptus tectifica woodland over herbs 

This vegetation occurred within a single inundated area. It consisted of a 
moderately dense to dense woodland of Eucalyptus tectifica above a patchy but 
dense cover of herbs dominated by Alternanthera angustifolia. Other herb species 
included Centipeda minima, Heliotropium ovalifolium and Phyllanthus 
maderaspatensis. Shrubs were extremely sparse but included Melaleuca nervosa 
subsp. nervosa. 

Association 15 Melaleuca tall shrubland in seasonal swamps and along 
small creeks 

This vegetation consisted of a moderately dense tall shrubland of Melaleuca 
species such as M. nervosa subsp. crosslandiana or M. viridiflora, with scattered 
emergent trees of Eucalyptus tectifica, Lophostemon grandiflorus and Lysiphyllum 
cunninghamii. At ground level there was a dense cover of low sedges and herbs 
including Byb/is liniflora, Eriocaulon cinereum, Schoenoplectus dissacanthus, 
Nymphoides ?beaglensis and Rotala diandra. More well drained areas had a 
ground cover of low grasses including Chrysopogon and Eriachne species, 
together with open sedges. Sparse to open herbs in these areas were dominated 
by Lindernia clausa. 
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Appendix 3 

Mangrove and Samphire Vegetation Categories 
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All arrows refer to a direction from the seaward edge to landward. A 'I' refers to a 
combination of the species with no particular pattern. 

Category 1 

Name: Avicennial/Camptostemon association (with Aegia/itis understorey) 
Area in Doctors Creek = 153.99 ha 
Area of Doctors Creek found in: Mid to upper reaches 

Avicennia (Aegialitis understorey) - Camptostemon (this fluctuates between 
Camptostemon - Avicennia or Camptostemon/Avicennia with Xylocarpus 
apparent. Often Rhizophora was present at the landward edge of this category. 

Category 2 

Name: Ceriops dominant (occasional Rhizophora/Bruguiera) 
Area in Doctors Creek = 38.30 ha 
Area of Doctors Creek found in: Mid to upper reaches 

Ceriops (predominantly) or Rhizophora4occasionally Bruguiera). This occurs as 
extensive, largely monospecific stands of tall (5 - 10 m) trees which are very 
densely packed. Occasionally Aegiceras occurs in this category. Ceriops in 
general occurred in a number of zonation patterns beside the large monospecific 
stands. Often these zones were lower in height :g3 m and either at the back of 
another zonation (such as Rhizophora) or at the edge on eroding steep banks. 
These eroding zones are usually only several metres wide. 

Category 3 

Name: Ceriops/Avicennia/Excoecaria/Osbornia/Aegiceras (with occasional 
Xylocarpus) association 
Area in Doctors Creek = 720.02 ha 
Area of Doctors Creek found in: Mid to lower reaches 

A combination of Ceriops/A vicennia/Excoecaria/Osbornia/Aegiceras (occasional 
Xylocarpus) most often with Camptostemon at the seaward end. This combination, 
which was the most common within Doctors Creek, was often behind the 
Camptostemon/Avicennia zone. It was mostly present in the mid reaches of the 
creek arms. Aegiceras, although not being common, was easily distinguished and 
often formed a narrow (5 - 10 m) band at the landward end of the association 
(before either Avicennia or the Avicennia/Ceriops association). Within Doctors 
Creek, the band of mangroves becomes dissected by creek inroads. At its 
landward end there are 'cauliflower-shaped' mangrove associations that represent 
this category. At these smaller scales Xylocarpus is less common. 

Category 4 

Name: Ceriops/Avicennia association (often with samphires) 
Area in Doctors Creek = 176.54 ha 
Area of Doctors Creek found in: Lower reaches as a band behind other forms. 

This category occurs as a unit in the mid to upper reaches of the creek. 
This category is typified by a 50/50 mixture of Ceriops/Avicennia (occasionally with 
an understorey of samphires present). 
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Category 5 

Name: Avicennia dominant 
Area in Doctors Creek = 171.97 ha 
Area of Doctors Creek found in. All parts of creek 

Avicennia only (often as pure stands on islands and upper reaches of the creek). 
Trees of a height from 5 - 10 m are present in this category. This also forms pure 
stands lower in height (55 m) lining the creeks at its mid to upper reaches. Often 
the islands in the creek were dominated by this category. 

Category 6 

Name: Avicennia with a samphire understorey (<5 m) 
Area in Doctors Creek = 88.07 ha 
Area of Doctors Creek found in: Upper parts of creek (to landward) 

Consists predominantly of Avicennia with a samphire understorey, occurring in 
upper parts of the creek. It tended to be a thin (upper reaches) to wide band (5 to 
10 m) and of a general height less than 5 m. This association is also described in 
Category 8, the difference being that Category 8 has much taller trees (greater 
than 5 m). 

Category 7 

Name: Samphires with occasional Avicennia 
Area in Doctors Creek = 496.13 ha 
Area of Doctors Creek found in: All parts of creek 

Consists of mostly samphires with the occasional mangrove. This category varied 
in the particular species present and was distributed in all parts of the creek 
depending upon the elevation. 

Category 8 

Name: Avicennia with a samphire understorey (~:5 m) 
Area in Doctors Creek = 558.29 ha 
Area of Doctors Creek found in: Lower part of creek 

Avicennia/samphires (Sporobulus and Bafis) occurring at more seaward part of the 
creek system and often consisting of higher trees (5 - 10 m plus). Note that this 
association is also described in Category 6 but in that area, trees are lower in 
height and in different parts of the creek. 
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Appendix 4 

Terrestrial Fauna and Avifauna of the Project Area 
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Birds Of The Study Area 

X - expected to Occur 
7 no. actually observed 

Family 
Screcies Common Name 

Rlverirre 
Woodland 

Plndan Dune Tree 
Savanna 

Ir,efahrub 
St.cp.a 

Gras. 
Savanna 

M.lat.ucu 
Tall Shrubl.nd 

Wetland 
Soaks 

Mangrove. 

Casuarii 

 

lae  
rrovaefro;larrdiae Emu X X X X X X X X 

Analida p___________________________  
Anseran as semipalmata Magpie Goose - -  X  
DenorocyQna arcuaza Wandenng Whistling Duck -  X 

Plumed Whistling Duck - Dendrocya 
 

7a eytoni - -  X  
Cyanus 	mtuS Black Swan X I 

Australian Wood Duck _X_ Cner.onett 
 

ajubata  X X 
Greyleal _X_ Ana 

 
5 	us  X 9 

Arras superc,hosa Pacilic Black Duck _X_  X X 
Pink-eared Duck _X_ Maiacorhy 

 
rcrruS membranaceijs - -  x X 
sval:s Pardhead X  X  

Podicipedidae  
Tachybapl is novaet,oiland,ae Australasian Grebe _X_  X  
P 	ace rra!uspolioceptrafzis Hoary-headed Grebe X  X 
Anhingidae 
Awiinqa rrreiaricgaste' Dailer  X 
Phalacr lcoracidae  
P 	ccorax carta Great Corrnoran _x
Pl)afacr

_ - 

000rau vanijs Pied Cormorant X 4 
Ptialacrocorax sulcirosiris Litt le Black Cormorant _X_  X 

a'ccaaxmeianaIeucos Litt le Pied Cormorant X 
_X

Phal
_ 

 x _x_ 
Peleca nidae  
Pelec anus 000solciliahjs Australian Pelican  3 
Ardei due  
Ardea  Sumatrarra rot-billed Heron X _X_ 8_ 

ta-necked Heron X I  X X - - - 
oicata Pied Heron - X  X 1 - 

Ardea nova050llsnaiae lIe-laced Heron I  X _X_ S 
ces alLis eat Egret 2  X _2 - _1- 

Ardea 'nlen7rods Intermediate Egret X  X _1 - _2 
Ardea odors Eastern Reet Heron  9 
Ardea  garzelta Litt le Egret X  X  33 

des stratus Striated Heron - - - 7 
\v5c0rdx caleao-ri005 Rulous Night Heron X - - _X - 3 

0001Onus f/riv,colI,s Black Bittern X -  X - X 
Thr eSkiornithidae  

pgsdis falcrre!rrs Giossy This _X - - _X  
l'i-esk,Q,-rrs aeth;oa.-css Sacred Ibis _1 - _X - 2 

,55iuiorn,s so,i-r,00!!s Straw-necked Ibis _X - - - _1 - X 
P aruba mg's Royal Spoonbill _X - _x - X 
P -tales f/avipes 'eIlow-biIled Spoonbill X - - - _X  

non iidae  
ohpoiortryrlctrusasialicus Black-necked Stow X - -  X 10 
ccipitrtdae  

P 'ld:oir IraI,aetLrs Osprey x -  x 
-ass caerjleus Black-strouldered Kite  X  
anus scr:otus Letter-wrnged Kite - X  X  X  

l-lSrn,rosrra ;sura uare-lailed Kite  2 
Haamrostra melarrosterno'r -breasted Buzzard X I X X  X 

Stack Kit e 21 Mov~ 
 

srn,crans 1 X 1 X X X 1 
turspaenuws Whistling Kite X 1 X X X 2 X X 

Hallastu., ;r.aus Brahminy Kite X - -  19 
A- 	for /asciatus Brown C shawk X X X X 1< X X X 

ler crmoceprrakrs Collared °aarrowhawlc X 
A 	a ,ro,phrioiaes Lillie Eagle X j X X X X X X X 
Aquila audax Weccie -la led Eagle X X )( X X I X X 

ed Sea-eagle Haha 
 

eetus ieucoaaster  3 
C;rcu $asSirflilis Spo tted Harrier - - X X 1 X 

aoorox,rrrsrf a Swamp Harrier  X  
Falconidee  
F 	oerigara Brown Falcon X 1 X 2 X X 1 X 
Faico cenctr'o,aes Australian Kestrel X X X X x X X X 
F 	larrgioenrtis Australian Hobby X X 
F 	"van-eucas Grey Falcon  X X X X X 
Falco aerew'rus Peregrine Falcon X X  X  x  
Faicc suonqer Black Falcon X X  X  
Zrui dae  

ma fuLi.-cijitda brolga  X  
Ilidee  

a/mOss ott,Iiooens,s FAt-banded Rail  X  
-zarta cssiIm flaillons Crake - _X  

P rptivrioporpttyrio Purple Swamphen X _X  
allirrulS ventralis Black-tailed Native•hen X - -  X  
lica aIrs Eurastan Coot X -  X  

Oti didae  
Of, 5 aus!ra!iS Australian Bustard  2 X X X X X 

rnicidae  
T m;x vs/ox Little Bulton-guail  X X X X X X 

rrbopacidae  
Limped 5(5055 Black-tailed Godwrt X - -  5< - X 

rrosa Iapporrica r-tailed Godwil X  X - 64 
umeniusmadagascanensis Eastern Curlew  X 108 
menwsptraeopus W himbrel  5< - 122 

Frnga  staqi,atiirs Marsh Sandpiper - -  X - 3 
Tr,,nqa ,rebulana Common Greenshank X  5< 40 
Tringa gbareolsr W ood Sandpiper _x  
Tnnga terebi Ter ek Sandpiper - 250 
Tr.,7oa hyoo/eucos Common Sandpiper X -  X 62 

bre vines -tailed Tattler -  6 
Areo arts urterOres dy Tumstone  x 
Zai; ass tenuirostns at Knot - - 20 
cal. 0'S cS(i0155 Red Knot  x 
Csidris ruiicoi/,S -necked Stint X 	1 69 
(faharrs acurrvrrata ro-tailed Sandpiper X -  X 	1 14 



Family 
Species Common Name 

Riverine 
Woodland 

Plndan Dun. 
- 

Tr., 
Savanna 

Tre&shrub 
St.pp.. 

Grass 
Savanna 

Mel.I.uc. 
Tall Shrubland 

Wetland 
Soaks 

Mangrove. 

Cs/dos ferrugnea Curlew Sandpiper  x 
L,m,cca faicneI/us Broad•billod Sandraper  3 

urhinidae  

urinous 	al1arius Rush Stone-curlew  X X X  X X 
aematopodidae  
sews/opus origrostos Pied Oysterca/cher  7 
aematcw-Js /ulginosus hooty Oystercatche'  X 
ecurvirostridee  

Hara nrocus nm5r/tOOuS Black-winged S/P - -  2  
ecu,vuos/,a novaehef/and,ae Red-necked Avocet X  X  
hvradriidae  

Vanel/us on/es MaSKeo Lapw:ng -  4 
Puvialis sguatarz/a Grey Plover  18 
P iv,al:s domin:ca American Golden Plover  X X 
Pvi5ity /ivC Pscilic Golden Plover - - 

CPa radius lesclierrau:tv Greater Sand Plover  337 
f/aradro,s nif,cao,i/us Red-capped Plover X  X 86 
'-vrad'ius mo'/golus Lesser Sand Plover  X 

s,aarius me/sr/cpu Elack-Ironled Dotleret 1 - -  6  
ha/ad//us veredus Onenlal Plover  X  X X 
v/nrc cores cinctiis Red-kneed Dotterel   X  
rreolidae  

SIII na ,sabella australian Pratincole  X  
L ridae  
Lanis riovaeiro!/arraiae Silver Gull -  5 

err/s trio/rca Gull-billed Tern  X 102 
err/a cast/ut Caspan Tern - - 

/,donras ie/i700:ers Wlrlte-wlrioed Black Tern 
vine I/coOrs/ens's Lesser Crested Tern  1/ - 
ena bera,- , Crested Tern  X - 
errra/iyorica Vi/iiskeredTern  X 10 
olumbidee  

ooelia cuneata a/fond Dove 1  2  
cool-a sirs/s Peaceful Dove 5_ 
ace//a rrumershs '-shouldered Dove _4 -  X B 

P rps cnalcoptera Common Bronzewrvg _X -  X  
-chaos /oahotes Cr ested Pigeon _4 - 2 X X X  X X 

Psi tracidee  
'otorhvrr /cus hacrksn Red-tailed Black Cockatoo X 35 - 

Cac 
 

atua rcse:capria Galah X X X X  X 2 
'a/ua ssnournea Little Corella 34 X X 52  X X 

Sulohur-crested Cockatoo X Cac 
 

a/ua caler,ta X X X  X X 
Cockatiel Nyr 

 
rQ/flciJS lro//anarcUs X X X  X 6 

Ned-collared Lorikeet 1/ Trc 
 

roaipsshs heemato/his rubritoro X 6 1  X X 
tioc/cssus versrco/or Varied Lorikeet X X X X  X X X 

Aprcamrctt;s e-ytnroo/erus Red-winged Parrot _X - -  X 
p -cercus venus/us Northern Rose/la X 
o ros//tacus urrdjlatus flrrogerrgar X - X X 2 X X _X_ 3 
cjlidae  

con/us caUldus Pa/Id Cuckoo X X X X X X - X 1 
5cr/ins/his i-arrorosus Brush Cuckoo X X X 
h"sococcvx osculans 1-ilack-eared Cuckoo X X X X X  X X X 
7 - Sc0070yx base/s /OrslueldS Bronze Cuckoo 1 1 1 X X - - 1 
'- '-sococcyx rirrnull.us  Little Bronze Cuckoo X_  X 

entropodidae ____ ________ __________ _________ ____________ _________ __________ 

cem rO//iJS 00555/345 Pheasant Coucal x -  3 
Strigi dee  

a connivens Parking Owl X - - 
Ninox novaesee/ar/C,ae 9aoboox Owl X 
T tonidse  
Tpo elba Barn Owl X 
Pco 	'gidae  

or icus s/rrqo.iles Tawny Frogrnouth X X 
Caprimulgidae  

jmst000r/rrs araus Spotted Nlghtiar X X X X X X X X 
eo thetidae  

Aco /hOe5 cr5/allis Australian Owiel Nighl1ar X X 
Apodidee  
Anur, oac-ircus Fork-tai/ed Swill X X X X X X X X 

cedinidae  
00 0 50//fOrt Azure Krnglrsher X X X 
01'- on/dee  

Dace~o reach, BIue-wrnged Kookaburra X 
7 	mo//us ovn-//aoygis Red-backed Krngtisher I X X X X  X X 
7 	-norrus sar-rctus Sacred Kiriptinher X  1 17 
Tooitra mols onions hollared Kir/glistrer  2 
Mer o 	dee  

Meraps omatus 'gainbow Bee-eater X 1 
Cor a 	dee  

s cirrus orients/is Gollarbird X 
Climacteridee  

C 	c me/sours dlack-tauled Treecreeper X 1 X X 
Maluridae 
Valunis 

 

co/bert Variegated Fairy-wren 9 X 3  X  5  X 
MaWrus mylanocepbaluS Red-backed Fairy-wren X 3 X 4 5 
Pardaloti rae  
Par0a/ots rubricatus thed-browed Pardalote I X X X X 
P5rOi5li/ulS stristus Striated Pardalote X X X X X 
AcantFrizidee  
Smrcromrs orevrosrvs Weeblll 1 1 x 
Gerygone olivacea White-throated Gervgone X X 
Gerygone levrgsster Mangrove Gerygone  17 
Gerygone terrebrosa Dusky Gerygone  19 
Gerygone magrirostns .arge-brlled Gerygone 	 1 4 



Family 
Species Common Name 

Rly.dn. 
Woodland 

Pindan Ow,. Ira. 
Savanna 

Tr.W.hrub 
St.pp.. 

Grass 
Savanna 

M.3at.uc. 
1.11 Shrubtand 

W.ttand 
Soak. 

Uangrova. 

Meliphsgidae  
L,cnmera ,nc,st,ncra Brown Honeyealer X_ - X X 1 1 X 3 
lnvzometa eryrnrocephata -headed Honeyeater -  8 
Melcohaga vrresce'ts Singing Honeyeater X_ - X X X X  X X 2 
Meophaa p/ursula -fronted Honeyeater X X X X 
Meipsaca petrol/sty 0-plumed Honeyeater X_  

dm5503 llac-escens Y 	w-tnted Honeyeater - - 4 )( 4 X  3  
Me/chaos uulcmcr 0-gaped Honeyeater 2_ -  X 
Me/Thre Is a/bcgslaris I) e-throared Honeveater - - -  I 

k-chinned Honeyeater )l - Mel,threp 
 

lus aisacs X X X X  X X 
-'aced Honevealer X - Mlefift7rep 

 
'us ovanots X 

P 	1' cbtrOoguiSvs Little Friarttird - - S X 1  1 
f-crowned Fnarbird _X_ Ph,lemc 

 
r-araertcceps X X X 

C 	a oectocal,s Banded Honeyeater - X 
Ramsav am's fascra his -breasted Horieveater X 

rtopophla rii!oguiarrs ulOuS-tflroated Honeyeater 1 1 X 1  3 2 
yllow-thoated Miner 2 A4,7 

 
co-isa fiavigu/a 1 1 6 

Eop sallriidae  
lArc -oeca llaviaaster ,  !orment cmoertey Flycatcher  X 

croeca 145cr/arts Jacky Winter - X  2  
P 	ro:ca CucuilatS '-loaded Robin  X X X 
Epsallva pulvelwe-tta Mangrove Robin  12 
P rratostomidae  

ri- stcstomus rempMalis 3rey•crowned Babbler  4 X 7  1 9 
Neo nittidoe  
Dap hoenoSfta csrysootera Varied Sittella 
Pac hyceptialidae  
Pacnyceonaia melanijra Mangrove Golden Whistler -  17 
Pac!- yceo'ia:a rufivenrns Rut ous Wnsllet 3 2_......  x .........   2 1 X 
Pachyceonaia lari,oicles -'i-breasted Whistler -  8 
Coij'nc,ncha rnegarhyi-rcha a Shrike-thrush - -  2 
Cohot5-icirCla harmonica Grey Shrike-thrush X 1 X X  3 X 

oruridae  
-agfa r,1/r00115-  ad-billed Flycatcher -  2 
iagra rri080ula Leaden Flycatcher X -  1 

M tagra Irguleta Restless Flycatcher X - - 
iaga dec10 Shining Flycatcher 4 1 X  X 

croeca !)av:caster sri-bellied Flycatcher  7 
P. ScOurS or/asians Mgngrove Grey Fantail  32 

noura loucopriivs Willie Wagtail  4 X 1 1  2 5 
N orthern Fantail X R!z 

 
,c,dura ru!,ve.-tSts  X tO 

ca/isa cvano/euca Australian Magpie Lark 4 10 X 3  X 3 6 
rrrpephagidae  
'irCifla rrovaehohandiae I-Sack-laced Cuckoo-shrlke 1 X X 2 1  X X 
racna papuerrsis flypoteuca 'Vilile-breasted Cuciroo-Shnke X - X  X 

Laiage tricolor White-winged TIler X 14 5 7 X  5 1 
Ori rilidne  

saOiltatus Olive-backed Oriole X 
Artami See 

'White-breasted Woodswallow X Arramu 
 

a leucorynct/uS X  3 X 
us oerSOriatus Masked Woodswallow  2 X 1 

arr us crnoreus Black-faced Woodswallow X 6 3 X X 
Litt:e Woodswallow Artam 

 
us rn-nor  8 X 13 X  4  

Cracti cidae 
Crav o s ncrooularts Pied Butcherbird  1 1 	1 X 1  1  

cm tb,ceri Australian Magpie X X X X 
Corvidae 
con'ti o or-v 'orresian Crow X - X 

bm'tneltt Little Crow 75 X  2 	1 
Ptil onorhynchidae  
Ptacrio 'ty/chus ituctlafls Great Bowerbird 2 -  X 
Alau d 'toe 
Orafra  iai'an-ca Singing Bushtartr 6  1  
Motaci llidae  
Ant I 	S novaeseelanct,ae Richards Pili t  X  

114v4 Yellow Wagtail -  X  
Passeridae 
Taeniovypa gut/a/a Zebra Finch 2 2 X 8 X  30 44 

Double-barred Finch 16 Taemopy 
 

a's hMionov, X X 2  20 
Long-tailed Finch X Poeonw 

 
a acufcauda 2 X X  8  

Necchm: a or/se/sir Crimson Finch X - - X 
Hetero rn-ins pectoral-s P tclorelia Mannikin _x  X  5  
Diceeid ae  
Dicaeur -1 h'runcS-itaceiim Mistleloebird X X X X X  2 
Hirun d nidac  
Hru,rgo .'rvgrca"s Tree Martin X  X 21 
h-lirrJrlcio ariel Fairy Marlin 11 9  12 X 
Sylvuidae  
Cinclorarnpnu-s mathews Rufous Soriglark  X X X X X 
Cinclorarnonus cruralis Brown Songlars  X X 1 X X 
Megalurus t'rnor:ensis Tawny Grasssird  9 
CistrOola earls Golden-headed Cisticola - -  X 
losteropidoe  
Zosterops luteus Yellow White-eye  29 

Total 	 228 	 146 	65 	64 	80 	38 	26 	59 	110 



Mangrove Birds 
(from HGM survey. July 1997) 

Birds recorded from habitats within the Doctors Creek system 

denotes species is largely restricted to mangroves 

Family 
Species Common Name 

Mangrove 
Woodland 

Mangrove 
Low Scrub 

Tidal 
Flats 

Open 
Water 

Ardeidae  
Ardea sumatrana Great-billed Heron 2  1 3 
Ardea novaeholland,ae White-faced Heron  1 1 
Ardea intermedia I ntermediate Egret  2 
Ardea sacra Eastern Reef Heron  1 6 2 
Ardea garzetta Little Egret  5 3 
Butondes striatus Striated Heron 2 
t'iycticorax caledonicus Rufous Night Heron 3 
Threskiornithidae  
Threskiomis aethiopicus Sacred Ibis  1 1 
Ciconiidae  
Ephippiorhynchus asiaticus Black-necked Stork  4  
Accipitridae  
Haliaeetus leucogaster White-bellied Sea-eagle 1  1 1 
Haliasturindus Brahminy Kite 4  2 13 
Hamirostra isura Sguare-taited Kite 1  1 
Scolopacidae  
Numenius phaeopus Whimbrel  27 8 
Tringa hypoleucos Common Sandpiper  7 5 
Haematopodidae  
Haema(opus lorigirostris Pied Oystercatcher  5 2 
Laridae  
Larus novaehollandiae Silver Gull  8 
Columbidae  
Geopefia humeralis Rar-shouldered Dove 6 
Cuculidae  
Cuculus pallidus Pallid Cuckoo  
Centropodidae  
Centropus phasianus Pheasant Coucal 2 1 
Hatcyonidae  
Todiramphus sanctus Sacred Kingfisher 14 3 
Todiramphus chloris Collared Kingfisher * 2 

aluridae  
Malurus melanocephalus Red-backed Fairy-wren  5  
Acanthizidae  

erypone levigaster Mangrove Gerygone 14 3 
eiygone tenebrosa Dusky Ger-ygone - 17 2 

Gerygone magnirostris Large-billed Gerygone' 4 
eliphagidae  

Lichmera indistincta Brown Honeyeater 2 1 
Myzomela erythrocephala Red-headed Honeyeater' 8 
Ac/iphaga virescens Singing Honeyeater 1 1 
opsaltriidae  
epsaltria pulverulenta Mangrove Robin• 12  

Pachycephalidae  
Pachycephala melanura Mangrove Golden Whistler * 14 3 
Pachycephala /an,oides White-breasted Whistler * 8 
Colluricincla megarhyncha Little Shrike-thrush 2 
D cruridae 
Myi 

 
agra ruficollis Broad-billed Flycatcher 2 
iagra rubecula Leaden Flycatcher 

icroeca flavigaster Lemon-bellied Flycatcher * 5 2 
Rhipidura phasiana Mangrove Grey Fantail• 23 9 
Rhipiciura rufiventris Northern Fantail 7 
Hirundinidae  
Hirurido nigricans Tree Martin 8 13  
Sylviidae  
Megalurus timoriensis Tawny Grassbird  2 7 
Dicaeidae  
Dicaeum hirundinaceum 	I Mistletoebird  2  
Zosteropidee 	 I 
Zosterops luteus 	 I Yellow White-eye' 18 11 

Total 	 41 	 27 	17 	13 	12 



Shorebirds, Waterbirds and Terns 
(from Broome Bird Observatory survey November 1997) 

X - expected to occur 

7 - no. actually observed 

Family 

Species Common Name 

Creek Bottom Upper Tidal Flats 

Phalacrocoracidae  

Phalacrocorax var/us Pied Cormorant 4 

Peiecanidae  

Pe/ecanus conspidilatus Australian Pelican 3 

Ardeidae  

Ardea sumatrana Great-billed Heron 2 

Ardea pacifica White-necked Heron 3 

Ardea a/ba Great Egret  1 

Ardea garzetta Little Egret 20 5 

Butorides striatus Striated Heron 4 1 

Ciconiidae  

Ephippiorhynchus as/aticus Black-necked Stork 6 

Scolopacidae  

Limosa lapponica Bar-tailed Godwit 64  

Numenius madagascar/ensis Eastern Curlew 103 9 

Numen/us phacopus Whimbrel 84 6 

Tringa sta gnat//is Marsh Sandpiper 3 

Tringa nebular/a Common Greenshank 37 4 

Tringa terek Terek Sandpiper 240 10 

Tringa hypoleucos Common Sandpiper 50  

Tringa brevipes Grey-tailed Tattler 5 1 

Ca/idris tenuirostris Great Knot 20  

Cal/dr/s ruf/collis Red-necked Stint 69  

Ca//dr/s acum/nata Sharp-tailed Sandpiper 12 2 

L/m/co/a falciriellus Broad-billed Sandpiper 2 1 

Charadriidae  

Pluvia/is squatarola Grey Plover 16 2 

Pluvia/is fu/va Pacific Golden Plover 1 

Charadrius /eschenau/tii Greater Sand Plover 302 35 

Charadrius ruf/capi//us Red-capped Plover 86  

Laridae  

Sterna n/lot/ca Gull-billed Tern 102  

Ch/idonias /eucoptera White-winged Black Tern 1 

Sterna hybr/da Whiskered Tern 18 

Total 	 27 	 26 	 12 



Mammals 

X - expected to occur 

Family 

Species Common Name 
Riverine 

Woodland 

Pindan - Dune - Tree 

Savanna 

Tree/shrub 

Steppes 

Grass 
Savanna 

Melaleuca 

Tall Shrubland 

Wetland 

Soaks 

Mangroves 

Native 

Tachygtossidae  

Tachyglossux aculeatus Short-beaked Ectiidna  X X X 
Dasyuridae  

Phascoqale tapoatata Brush-tailed Phascogale X I X 
Plan,gale mgi-am, Long-tailed Planigale X X - X  X  
Sminthops,s macroura Stripe-laced Dunnart - X X X 
Perametidae 
Macrolls Ia go/is B/by  X X  X  
Phatangeridae  

Tricilosurus vu/pec/JIa amhemens,s Northern Brushtail Possum X - X 
Mac ropodidae  

LagorcllesteS conspicillatus Spectacled Hare-wallaby  X  

vfacropus agths Agile Wallaby X - X 

Macropus rebus/us Common Wallaroo - X 

Maci-opus rufus Red Kangaroo - X 

Onychogalea unquifera Northern Nailtail Wallaby  X X X 

Notoryctidae  

Notoryctes typhiops Marsupial Mole - X X 
Pteropodidae  

Macro gioss us imnirnus Northern Blossom-bat -  X 
Pteropus a/edo Black Flying-los  X 
Pleropus scapula/us Little Red Flying-los X -  X 
Emballonuridae  

Saccola,mus f/a v,venlr,s Yellow-bellied $heathtail-bat X - X 
Taphozous georgisnus Common Sheathtail-bat X X X X X X 
Motossidae 

Chaerephonjobensis Northern Freetail-bat - X 
Mormopterus beccari, Beccaris Freetail-bat X - X 

ormopte,vs lonae Little Northern Freetail-bat  X 
Vespertilionidae  

Min,opterus schreibers,i Common Bentwrng-bat X 
/'yctophilus amhemens,s Northern Long-eared Bat X -  X X X 
Nyctophilus b/fax Eastern Long-eared Bat X 
Nyctophilus geoffrey, Lesser Long-eared Bat - X 
ChaI,nolobus gouldii Goulds Wattle Bat X X X X 
Cha/inolobus nmgrognseus Hoary Wattled Bat X X X X 
Pmpistrelisw westralis Northern Pipistrelle  X X  X 
Scot oreperrs greyii Little Broad-nosed Bat - X  X  X  
Scotorepens Sanbom, Northern Broad-nosed Bat X 
Muridae  

Leggadmna /akedownens,s Lakeland Downs Mouse - X X 
Pseuciomys dolmcatulus Delicate Mouse - X  X  
Pseudomvs nanus Western Chestnut Mouse X - X X 
/-Iydrornys chrysogaster Water-rat X X 

Introduced 

Miss musculus House Mouse X X X X X X X 
Rat/us rat/us Black Rat X 
Canis Imipus dingo Dingo X - X X 
Fe/is ca/us Feral Cat X X X X X X X 	1. X 
Equus cabal/us Brumby X - - X X X 

Total 	21 	10 	10 	25 	6 	10 



Reptiles 

X expected to occur 
1 - no actually neen 

Family 
Species Common Name 

Ricenne 
Woodtend 

Ptndan Dune Savanna 
Woodland 

Treslirub 
Steppes 

Grass 
Savanna 

Melaleuca 
Tall Shrubland 

Wetland 
Soaks  

Mangroves 

MyobatraChidae  
Lirnnodynastes ornatuS  X -  X  
NeobalrafMus aOu,lonius  X - - -  X  
Noteden nichoilsi )eseO Spadetoot Toad - -  x  
Lloeroleia aspera -  X  l Iperolera mjobergir - X 
UpO(Ole;a falpa -  X  
Hytidee  
Cyclorarra avstral,s  ft - - - -  X  
Cyclorarla lair goes _X - -  X  
(lyclorarta vs pita _X - 
fitOrra b:cotor 'Jorihern Dwarf Tree Frog - X 
b/tonS caerulea Green Tree Frog _X - - 
ilona oasura Rocket Frog _X  

Lit one pal/ida _X_  
(aria nothI; -  ft  

for/a rubella Desert Tree Frog _X_  
Crocodylidae  
('rocodylus porosus Salt-water Crocodile - x   

heloniidae  
flIlS carerta Loggerhead Turtle - -  x 

Ct) clams rtrydaS Green Turtle - -  X 
Eis eye den (ala Northern Snapping Turtle X 
G Ikonidse  
Cre,  iadaclyws ocellatus oce/lalus Clawless Gecko -  X 

Spiny-tailed Gecko ft Dip 
 

ibdacty/US c,lianis Cilia f/S - ft X 
Oip 'xiacfylus cansp;ciila lea - -  X  

hdactylus stenodaclylus  - - X - - 
sdacly/us laemaws - - ft  

hyra pr/bars P/bara DIe/a - - X _X 
eteror/Ot is bmoe; Bynoes Gecko X ft X X X - X X 
ephrurus levis  ft X X _X  
edura rf,Omb;fer  X - X - - 
bynchoedora ornata Beaked Gecko  ft ft X 1< - 
-Sopodidee  

elms bores X X 
elmS 055/1(5 -  X  
elms fir/cIa - X X 
SIS burton/s jurtoris Snake-lizard  ft X X ft 

rgriceps Py_qcpus ngnceps n  x x x _x_ 
c'arnidee  

elosan:a br/Jr/flea Chameleon Dragon - X 
lam ydosaurus kngn Felled Lizard X 

enocnorus so/ears Military Dragon - X 
wtobhorus nuchals Central Netted Dragon  ft 
bough Ore rat/se -  X  
sor;plrOra Cindarr •••••••..•••••• _•..._ ________ _________ ____________ _______ _________ 
nor,ahma winnecke - - - X 

crbhognathus oiibert, ifilberts Dragon X 1 X - X 1 X 
Lppboa'atllus ior.o;rosrn;s  X X ft - - X X X 

ogorra m:nor mirror Dwarf Bearded Dragon X X X x -  X X X 
ogona mScne/i;  ft ft - - X 
irpanocrypl:s I/heats ••••••••.•••••. ....._. - - X 
mpanocryplrs tetraooroptrota  ft ft - - ft ft  

aranidae  
a'a.iusacarfl/rurus Spiny-tailed Monitor - 1 X 
aranus brovicauda - -  ft  

Varanus gould; '3OuldS Monitor X X X 
Varanosparloptes - ft ft x 
Va'anus tirnorensis Spotted Tree Monitor X X 
Vanities (fist/S  X - ft  

incidae  
ar/ia mci/c/a  ft ft X 
arlia ruuilatus  X - X  ft ft  

arlia Iriacarnlra X ft X X 
Cryproblepharus carrtaby  X X X 

juploblepharus p/a grocepuralus  X ft ft X 
eriolus he/ernie - 
euro/us tnornatus, - 
ertotus pantherross 

C er/ales saxatilis - 
er/ores ser'enty'  ft X X 
clodomaiphus bra rrchraliS - 
emrascritcus nicflardsOflu Broad-banded Sand Swimmer X 
Cotryromorohus iso/ears - X - - 
riSta a000a  ft x 

Len sta bipes - - 
isle areerr - - 

nri ella greyii _ ft X 
Or/er/a mar/ti ft ft -- 
OtOSclrtCiJS or/rates  ft ft ft 
rsab/eoharus reginae - - x x -  
roableohaurs tennis x 

Til;gea multilasc;ata Centralian Blue-tongued Lizard  X  
Tilgua sc/rico/deS 	 I lEastern Blue-tongued Lizard - - X 



Family 
Species Common Name 

Rivenne 
Woodland 

Pindan - Dune - Savanna 
Woodland 

Tree/shrub 
SWppes 

Grass 
Savanna 

Melaleuca 
Tall Shrubland 

Wetland 
Soaks 

Macgroves 

Typhlopidae  
Ramp/rot yohioos 0/versus X 
Rarrtohoryohiops grypus - x 
Boidae  
Aspidites melariocephatus Black-headed Python X 
Liass luscus Water Python X 
I ass olvaceus ohvaCeus Olive Python x 
Lasts stmso,,  X - X X 
Potubridae  
Oer.drelaplss punctulota Common Tree Snake X X x 
Fordor,a tOucOba/;a White-bellied Mangrove Snake X 

tapidae  
cant, crthts oyrrttu$ Desert Death Adder  X  

Veniansta olvacea _____________________  X 
Oema's;a osammophis Yellow-faced Whip Snake - X 

,nna or/ala Orange-raped snake - X X 
sOudOClt,S australia Mulga Snake - X X X 

Pseudor,ata modesta Ringed Brcwn Snake  X 	I X 	I  X 
Pseuooraia rmcltal,s Gwarda'  X 	I X X X 

move/sos artomalus  X  
'nose/Sos semfascalus lalt-gsdled Snake  X X X X 
ufa punctata Little Spotted Snake X _____ __________ S

tH! 
 vdrophiidae ____ _________ 

ydraleos carwmerts,s - ________ _________ _____________ _______ X 

Total 	29 	24 	25 	52 

UBRARY 
I)EPARTMENT OF ENVIRONMENTAL PIUTECTION 

WESTRALIA SQUAPr 
141 ST. GEORGES TERRACE, PEHIrI 


