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Alkimos Wastewater Treatment Plant - Public Environmental Review 

Invitation to make a 
submission 
The Environmental Protection Authority (EPA) invites 
people to make a submission on this proposal.  If you 
are able to, electronic submissions e-mailed to the EPA 
Service Unit project officer would be most welcome.   
 
The Water Corporation of Western Australia proposes 
to construct a Wastewater Treatment Plant (WWTP) at 
Alkimos.  Treated wastewater will be disposed of 
through an ocean outlet, extending approximately 
3.5km offshore from the coast adjacent to the WWTP.   
 
In accordance with the Environmental Protection Act, a 
Public Environmental Review (PER) has been prepared 
which describes this proposal and its likely effects on 
the environment.   
 
The PER is available for a public review period of 10 
weeks from 14 November 2005, closing on 23 January 
2006. 
 
Comments from government agencies and from the 
public will assist the EPA to prepare an assessment 
report in which it will make recommendations to 
government.   

Where to get copies of this document 
Printed copies of this document may be obtained from: 
Barbara Jones 
629 Newcastle Street 
LEEDERVILLE WA 6007 
Phone: 9420 2182 
e-mail: barbara.jones@watercorporation.com.au
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Hard copies of the PER may be purchased at a cost of 
$10, or a CD-ROM version will be provided free of 
charge by the Water Corporation. 
 
An electronic copy of the PER and associated 
consultant reports are available from the Water 
Corporation website at: 
http://www.watercorporation.com.au/community/com
munity_alkimos_environment.cfm  

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 provided and received in confidence 
subject to the requirements of the Freedom of 
Information Act, and may be quoted in full or in part in 
each report. 

Why not join a group? 
If you prefer not to write your own comments, it may 
be worthwhile joining with a group or other groups 
interested in making a submission on similar issues.  

Joint submissions may help to reduce the workload for 
an individual or group, as well as increase the pool of 
ideas and information.   
 
If you form a small group (up to 10 people) please 
indicate all the names of the participants.  If your group 
is larger, please indicate how many people your 
submission represents. 

Developing a submission 
You may agree or disagree with, or comment on, the 
general issues discussed in the PER 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 
PER: 
• 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 issues raised are clear.  

A summary of your submission is helpful; 
• Refer each point to the appropriate section, chapter 

or recommendation in the PER; 
• If you discuss different sections of the PER, keep 

them distinct and separate, so there is no confusion 
as to which section you are considering;  

• Attach any factual information you may wish to 
provide and give details of the source; and 

• Make sure your information is accurate. 

Remember to include: 
• your name; 
• address; 
• date; and 
• whether you want your submission to be 

confidential. 
 
The closing date for submissions is: 23 January 2006. 
 
Submissions should ideally be emailed to:  
Jaclyn.Goad@environment.wa.gov.au
 
OR addressed to: 
Environmental Protection Authority 
PO Box K822 
PERTH  WA  6842 
Attention: Jaclyn Goad 
 
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 Environmental Protection Library, 
telephone: (08) 9222 7127, or by calling the Project 
Officer, Jaclyn Goad on (08) 9222 8642. 
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Executive Summary 
Development Overview 
In the 1970s the Water Corporation of Western 
Australia (Water Corporation) identified the need for a 
wastewater treatment plant (WWTP) north of the 
Beenyup WWTP, to service the planned continued 
residential growth in Perth’s metropolitan North West 
Corridor.  Projected growth in the Alkimos wastewater 
catchment indicates that approximately 60 million 
litres per day (ML/d) of wastewater will require 
treatment at the Alkimos Waste Water Treatment Plant 
(AWWTP) by 2040. Ultimately, plant inflows could 
grow to 160ML/d. 
 
A major consideration for the Water Corporation in 
siting the new wastewater scheme in a coastal location 
is securing the advantage of a gravity system.  Such a 
system avoids the pumping of wastewater to the 
treatment plant, with the associated high energy 
demands in perpetuity and the emergency overflow 
issues associated with failure of the system pumps and 
power supplies.  Examination of a range of options also 
indicated that incorporation of an ocean outlet is 
critical to secure long-term wastewater planning for the 
northern corridor. 

Location 
Alkimos is located approximately 40km north-west of 
the Perth CBD in the North West Corridor north of 
Quinns Rock beach and south of Yanchep beach.  The 
proposed wastewater treatment plant  and ocean outlet 
at Alkimos will be constructed in the Coastal Ward of 
the City of Wanneroo.   
 
The existing coastal environment in the vicinity of the 
proposed works consists largely of vegetated or 
partially vegetated sand dunes (Quindalup and 
Spearwood Dunes System) and sandy, relatively wide 
beaches.   
 
Alkimos has a Mediterranean climate being semi-arid 
with wet mild winters and warm dry summers.  The 
prevailing wind direction is southerly to south westerly 
but with a strong easterly component in summer 
(mornings).  The area is known for high quality sandy 
beaches enjoying clear, clean waters and moderately 
sheltered wave conditions.   

Site for the WWTP 
The Water Corporation is proposing two sites.  Site A 
is located between 300 to 1000 metres from the 
Alkimos shoreline behind the foredunes. Site B is 
located between 1000 and 1700 metres from the coast 
at a higher point in the landscape. One site will be 
implemented. 
 
Site A is shown in the current  Metropolitan Regional 
Scheme (MRS).  Site B is depicted in the MRS 

Amendment No. 1029/33 currently under consideration 
by the EPA.  
 
In February 2004, the Alkimos Wastewater Treatment 
Works Coordinating Committee (Lot 101 Committee) 
was established.  This enabled stakeholders to discuss 
the key planning issues in the Alkimos area including 
the location of the AWWTP. In conjunction with 
developers LandCorp and Alkimos Development Pty 
Ltd (Developers) and DPI, it was resolved to pursue 
Option B with Option A remaining as a fall back 
position should any environmental, technical or 
commercial impediments be identified with Option B.  

Scope of the Proposal 
The proposal involves the construction, operation and 
maintenance of a WWTP at Alkimos, to be developed 
in stages up to an operational capacity of 160 ML/day 
beyond 2050. It involves the associated treated waste 
water disposal strategy via an ocean outlet, with future 
opportunities for wastewater re-use. 
 
The Water Corporation now proposes to construct 
Stage 1 of the AWWTP at site B, with an ocean outlet. 
Site B was chosen as the agreed site for the AWWTP 
so that the land most desirable for urban development, 
to the west, could be available for residential 
development and the development of the beach as a 
regional focal point. Site A is an alternative if Site B 
proves unsuitable  
 
The review of Site A is being conducted under 
assessment number 1582 and Site B assessment 
number 1529. Comparative tables are presented, as 
required by the environmental assessment process, to 
enable the EPA to fulfil its requirements in providing 
ministerial advice. 

Key Environmental Factors 
Key Environmental Factors requiring consideration in 
the Public Environmental Review (PER) are presented 
in Table ES.1. 
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The Environmental Protection Authority (EPA) has identified the following key environmental factors (Table ES.1) including objectives, for the Alkimos project. The potential 
impacts, proposed environmental management and predicted outcomes for these factors are included. 

Table ES.1  Environmental Factors and Management 

Environmental 
Factor 

EPA Objective Existing Environment Potential Impact Environmental Management Predicted Outcome 

Principles of Environmental Protection 

Precautionary 
Principle 

• To avoid serious or irreversible 
damage to the environment; and 

• To assess a risk-weighted 
consequence of proposed options. 

Sites A and B are located in an 
area of high ecological 
biodiversity and geoheritage 
significance. Site A is located 
predominantly on undefined 
geological units of Quindalup 
Dunes over Spearwood Dunes 
surrounded by the second (Q3) 
phase of the Quindalup 
system. Site B is located 
further east and higher in the 
landscape at the intersection of 
the second (Q3) and third 
phases (Q2) of the Quindalup 
geological sequences. 

Site A will have limited impact 
on the dune system. The 
works associated with Site B 
will interrupt the interface 
between the second (Q3) and 
third phases (Q2) of the 
Quindalup Dune system and 
the linkages between the 
vegetation associations 
dependent upon them. 

The Water Corporation will, as far 
as practicable, minimise the 
ecological footprint of its 
development, and offer to the 
conservation estate areas 
identified as of high ecological 
value within its buffer zone to 
augment/complement those 
identified in the MRS amendment. 
 

Geoheritage and 
ecological associations 
will be significantly 
impacted by both sites.  
Site A offers greater 
conservation 
opportunities in 
maintaining continuity of 
the geoheritage phases 
and their associated 
ecological communities 
associated with Q1, Q3 
and Q4. 
Site B offers conservation 
opportunities in 
maintaining continuity of 
the geoheritage phases 
and their associated 
ecological communities 
associated with Q1, Q2 
and Q3 to a lesser extent. 

Executive Summary - Final v.3 - 8 November 2005 
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Environmental 
Factor 

EPA Objective Existing Environment Potential Impact Environmental Management Predicted Outcome 

  The AWWTP will be in 
reasonable proximity to 
housing and urban 
development consistent with 
the Metropolitan Region 
Scheme. 

The use of Site A results in 
the commercial and retail 
node and associated urban 
development proposed within 
the south west corner of the 
buffer not being able to be 
built as planned. This will 
significantly impact on the 
regional beach development 
proposed in the area and, in 
addition, reduce the amenity 
of the beach as a regional 
focal point. A lesser 
developed beach front (i.e. 
kiosks, surf clubs, etcetera) 
within the Site A buffer would 
remain compatible. The 
beach itself will be suitable 
for recreational use for both 
Site A and B. 

The Water Corporation will 
establish, maintain and manage a 
buffer around the AWWTP. 

Site B offers the 
opportunity for housing 
and commercial 
development to the west 
of the site in closer 
proximity to the coast. 
This would enable the 
proposed regional beach 
development proposed in 
the area. 

Executive Summary - Final v.3 - 8 November 2005 
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Environmental 
Factor 

EPA Objective Existing Environment Potential Impact Environmental Management Predicted Outcome 

Intergenerational 
Equity 

• To ensure that the health, diversity 
and productivity of the environment 
is maintained or enhanced for the 
benefit of future generations. 

The Alkimos region is one of 
high biodiversity and ecological 
function. 
 
 
 
The AWWTP will be 
infrastructure with a large 
footprint and high energy 
demands in relatively close 
proximity to residential 
development. 

The construction of the 
AWWTP and the associated 
ocean outlet will require the 
clearing 23.2 ha for Site A or 
28.2 ha for Site B (see Table 
4.2, launch site 1B). 
High energy consumption, 
greenhouse gas emissions 
and odour impacts, growing 
into the future as the plant 
capacity expands. 

The Water Corporation will, as far 
as practicable, minimise the 
ecological footprint of its 
development. 
 
 
The Water Corporation will: 
• reduce long term energy 

consumption through gravity 
conveyancing and TWW 
disposal to the ocean; 

• reclaim and reuse 
wastewater as far as 
practicable; and 

• build the wastewater system 
to achieve the lowest whole 
of life cost by reducing 
dependence on energy 
consumption and make 
provision for the recovery of 
energy from the treatment 
process. 

The environmental health, 
diversity and productivity 
of the area will be 
significantly altered by the 
urban development and 
the AWWTP. The buffer 
offers some limited 
opportunity (in an Island 
Biogeographical sense) 
for maintenance of the 
ecological systems for 
future generations. 
Energy consumption and 
resultant emissions will 
be as low as reasonably 
practicable. 

Conservation of 
Biodiversity and 
Ecological Integrity 

• To conserve biological diversity 
and ecological integrity. 

The Alkimos region is one of 
high biodiversity and ecological 
function supporting Priority 
Three flora species and a 
number of reptiles, birds and 
mammals of conservation 
significance (see Flora and 
Fauna, below). 

The construction of the 
AWWTP and the associated 
ocean outlet will require the 
clearing 23.2 ha for Site A or 
28.2 ha for Site B (Table 4.2, 
launch site 1B) and the 
removal in part or full flora 
and vegetation systems and 
fauna habitat. 

The Water Corporation will, as far 
as practicable, minimise the 
ecological footprint of its 
development, and offer to the 
conservation estate areas 
identified as of high ecological 
value within its buffer zone to 
augment/complement those 
identified in the MRS amendment. 

The biological diversity 
and ecological integrity of 
the Alkimos area will be 
significantly disrupted by 
the urban development 
and the AWWTP. The 
buffer offers some limited 
opportunity for 
conservation of the 
ecological systems for 
future generations. 

Executive Summary - Final v.3 - 8 November 2005 
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Environmental 
Factor 

EPA Objective Existing Environment Potential Impact Environmental Management Predicted Outcome 

Valuation, pricing and 
Incentives 

• To ensure environmental factors 
have been included in the 
valuation of assets and services; 

• To ensure that the “polluter pays” 
principle is applied in the 
containment, avoidance or 
abatement of pollution; 

• To ensure the users of goods and 
services (including the use of 
natural resources and assets) pay 
for the full life cycle costs of their 
provision; and 

• To ensure that the achievement of 
environmental goals be pursued in 
the most cost effective manner. 

Competing values of urban 
development and 
environmental protection in the 
Northwest Corridor exist. 
Although  the Alkimos region is 
one of high biodiversity and 
ecological function, it is equally 
of high value for development 
to provide for social and 
economic vibrancy. 

Some of the disrupted  
environmental values will be 
off-set by community benefit 
and economic vibrancy in the 
region. 

The balance between 
environmental values and 
development of the Alkimos 
region will be determined by the 
MRS Amendment 1029/33. 
 
The Water Corporation: 
• has undertaken a whole of life 

economic assessment of the 
AWWTP as part of its Capital 
Investment Program; 

• routinely funds the installation 
of new, pollution prevention 
technologies for WWTP 
systems, and clean-up and 
repair of incidents as they 
occur;  

• applies the tariffs for provision 
of wastewater treatment 
services as set by 
Government; and 

• will locate, design and install 
the wastewater treatment and 
conveyancing system 
according to best industry 
standards. 

The attainment of 
environmental goals 
through site selection, 
design, construction and 
operation of the WWTP 
will be as cost effective as 
possible in the context of 
the MRS amendment. 

Executive Summary - Final v.3 - 8 November 2005 
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Environmental 
Factor 

EPA Objective Existing Environment Potential Impact Environmental Management Predicted Outcome 

Waste Minimisation • To take all reasonable and 
practicable measures to minimise 
the generation of waste and its 
discharge to the environment. 

Sewage volumes to the 
AWWTP are population based. 
Real opportunities do not exist 
for the Water Corporation to 
control the volume. However 
opportunities exist for 
wastewater and biosolids re-
use, and energy recovery, 
dependent upon regulatory and 
policy settings and size of the 
plant. 

Failure to explore and 
implement waste recovery 
and reuse will put an 
increasing burden upon the 
receiving environment 
(ocean, air-shed and land) in 
the context of diminishing 
space and social 
acceptability.  

The Water Corporation will: 
• undertake several pilot 

projects (e.g. Managed 
Aquifer Recharge) to assess 
the viability a of re-use 
opportunities and implement 
them as soon as the technical, 
environmental, public health, 
political and societal 
acceptability is established; 

• manage and monitor the 
reuse of Bio-solids in 
accordance with the Western 
Australian Guidelines for 
Direct Land Application of Bio-
solids and Bio-solids Products 
as required by Part V 
Environmental Licences; and 

• reclaim biogas for electricity 
generation as the scale of the 
plant increases. 

• Reduction in treated 
waste water (TWW) to 
the ocean with 
commensurate 
reduction in demand 
on the integrated 
water supply system. 

• Reduction of biosolids 
to landfill. 

• Reduction in biogas 
emissions. 

• Reduction in energy 
demand from third 
parties 

Executive Summary - Final v.3 - 8 November 2005 
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Environmental 
Factor 

EPA Objective Existing Environment Potential Impact Environmental Management Predicted Outcome 

Biophysical 
Flora and Vegetation 
(terrestrial) 

• To maintain the abundance, 
diversity, geographic distribution 
and productivity of flora and 
vegetation communities.  

 

The Alkimos region is one of 
high biodiversity and ecological 
function supporting Priority 
Three flora species including:  
• Astroloma microcalyx; 
• Conostylis pauciflora; 
• Sarcozona bicarinata; 
• Hibbertia spicata; and  
• Stylidium maritimum 
Twelve Floristic Community 
Types are inferred, including 
FCT 26a. 
Four vegetation units on 
Limestone might be considered 
significant because they are 
poorly represented locally or 
regionally being: 
• Frankenia pauciflora Very 

Low to Low Shrubland; 
• Melaleuca huegelii-

M.systena Low Shrubland 
to Open Low Heath; 

• Melaleuca huegelii-
Dryandra sessilis Open 
Low Heath; and 

• Melaleuca huegelii-
M.systena-Dryandra 
sessilis Open Heath to 
Low Shrubland 

No declared rare flora (DRF) 
species were recorded for Site 
A or Site B. 

The construction of the 
AWWTP and the associated 
ocean outlet will require the 
clearing 23.2 ha for Site A or 
28.2 ha for Site B (see Table 
4.2, launch site 1B). 
 
Clearing will lead to loss of 
flora and fauna habitat. 

The AWWTP at Site A is not 
expected to have any impact on 
the Priority Three species as both 
are common and widespread in 
the locality. At Site B no priority 
species are affected, however 
loss of a unique Nuytsia 
florabunda Closed Low Heath 
and Banksia and Xanthorrhoea 
Low Woodlands may remove 
important habitat (see Fauna 
below)  
 

The development of the 
AWWTP will impact upon 
flora and vegetation. 
Limited conservation 
opportunities within the 
odour buffer for 
representative 
communities and species 
exist in the context of the 
proposed regional 
development. 

Executive Summary - Final v.3 - 8 November 2005 
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Environmental 
Factor 

EPA Objective Existing Environment Potential Impact Environmental Management Predicted Outcome 

Fauna (terrestrial) • To maintain the abundance, 
diversity, geographic distribution 
and productivity of fauna at 
species and ecosystem levels. 

 

The Alkimos region is one of 
high biodiversity and ecological 
function possibly supporting a 
number of reptiles, birds and 
mammals of conservation 
significance. 
Reptiles include: 
• are the carpet python 

(Level 1); 
• the black striped snake 

(Level 2); and  
• seven other reptiles 

(Level 3). 
Birds include:  
• Carnaby’s Black Cockatoo 

(Level 1) potentially 
triggering the EPBC Act; 
and 

• Peregrine Falcon 
(Schedule 4). 

Mammals include: 
• possibility of the Chudich 

being present as a 
vagrant (Level 1); 

• Western Brush Wallaby 
(Level 2, Priority 4); and 

• Quenda (Level 2, Priority 
5) 

The construction of the 
AWWTP and the associated 
ocean outlet will require the 
clearing of 23.2 ha for Site A 
or 28.2 ha for Site B (Table 
4.2, launch site 1B). Both 
Sites will result in the 
reduction or loss of 
potentially important habitat. 
Of particular concern is the 
reduction or loss of habitat for 
species of Conservation 
Value Level 1. 
 
 
 
 
 

The Corporation recognises the 
potential to minimise impact on 
fauna and habitat, and to 
contribute to regional protection 
of fauna through its management 
planning for buffer zone land it 
will control.    The Corporation is 
also proposing to conserve bush 
areas of Banksia woodland and 
the Dryandra sessilis thickets 
where practicable that are known 
to be feeding grounds for 
Carnaby’s Cockatoo, a protected 
fauna species.  
 
 

Conservation of fauna 
habitat and linkages to 
the maximum extent 
possible in the context of 
the MRS amendment. 

Executive Summary - Final v.3 - 8 November 2005 
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Environmental 
Factor 

EPA Objective Existing Environment Potential Impact Environmental Management Predicted Outcome 

Geophysical 
Geo-heritage • To minimise impact on identified 

geoheritage values and their 
associated flora and fauna 
communities within the buffer of 
the AWWTP and augment any 
conservation values identified 
within the Metropolitan Region 
Scheme. 

The coastal dune formations in 
the Alkimos area have been 
identified as having national 
and world geo-heritage 
significance. The WWTP at 
Site A or B, the ocean outlet 
assembly and launch facility, 
site excavation spoil disposal, 
and the associated 
infrastructure have the 
potential to adversely impact 
on the dune system landform.  

Site A will have limited impact 
on the dune system. The 
works associated with Site B 
will interrupt the interface 
between the second (Q3) and 
third phases (Q2) of the 
Quindalup Dune system and 
the linkages between the 
vegetation associations 
dependent upon them. 
 
 
 
 
 

Management of the respective 
odour buffer zones offers an 
opportunity to conserve portions 
of the nested parabolic dune 
system.  
 

Geoheritage and 
ecological associations 
will be significantly 
impacted by both sites.  
Site A offers greater 
conservation 
opportunities in 
maintaining continuity of 
the geoheritage phases 
and their associated 
ecological communities 
associated with Q1, Q3 
and Q4. 
Site B offers conservation 
opportunities in 
maintaining continuity of 
the geoheritage phases 
and their associated 
ecological communities 
associated with Q1, Q2 
and Q3 to a lesser extent. 
 

Executive Summary - Final v.3 - 8 November 2005 
Page xi of 27 



Alkimos Wastewater Treatment Plant - Public Environmental Review 

Environmental 
Factor 

EPA Objective Existing Environment Potential Impact Environmental Management Predicted Outcome 

Marine Environment 
Marine ecosystem 
(Sediment, benthic 
habitat and water 
column). 

• To maintain the abundance, 
diversity, geographic distribution 
and productivity of the marine 
ecosystem around the Alkimos 
Ocean Outlet (AOO). 

 

The Alkimos coastal 
environment consists of sandy 
beaches, exposed reef 
structures lying within a 
relatively stable coastline with 
parallel reef structures in a 
reasonably remote area of the 
coastline. 

• Construction of the 
pipeline, and discharge 
of treated wastewater 
has the potential to 
elevate nutrients, toxins 
and bacteria in proximity 
to the outlet and hence 
increase productivity of 
the benthic habitat, 
algae and phytoplankton 
within the vicinity of the 
affected areas. 

• Possible loss of marine 
habitat due to the 
construction of the 
ocean outlet depending 
upon option taken (i.e. 
tunnelling). 

• Adverse impact on 
water quality and the 
long term “health” of 
benthic habitats.  

• Possible breaches in the 
social values identified 
for the coastal waters in 
the Alkimos region. 

The Water Corporation  will 
develop the Alkimos Marine 
Monitoring and Management Plan 
which will : 
• identify environmental values 

to be met; 
• establish and spatially define 

environmental quality 
objectives (EQOs); 

• define the levels of 
protection for ecosystem 
health; 

• specify monitoring and 
management regimes to 
ensure the EQOs are met; 

• specify surveys , their 
frequency and parameters 
for investigation; 

• specify reporting and review 
procedures and frequency; 
and 

• specify intervention 
strategies to manage upset 
or non-compliant conditions. 

The Water Corporation will 
identify and maintain 
management zones for nutrients 
and toxicants around the AOO. 
The Water Corporation will 
operate the AWWTP such that all 
nutrient and toxicant related 
criteria are met. 

All E2 (high protection 
area) nutrient related 
criteria will be met at the 
boundary of the 
Management Zone (see 
Figure 4.17). 
 
All E2 toxicant criteria will 
be met will be met at the 
boundary of the Mixing 
Zone for toxicants (see 
Figure 4.18) 
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Environmental 
Factor 

EPA Objective Existing Environment Potential Impact Environmental Management Predicted Outcome 

Pollution Management 
Air quality (odour) • To ensure that odour emissions do 

not adversely affect environmental 
values or the health, welfare and 
amenity of people and land-uses. 

 

The AWWTP will be located 
within the Alkimos Dune 
system.  At Site A, modelling 
suggests an odour buffer of 
600m will be sufficient. 
Similarly, at Site B an odour 
buffer of 600 m, supplemented 
with an extra 200m to the west 
and north-west to take into 
account the odour “ponding” 
phenomenon is required. 

Wastewater arriving at the 
AWWTP will be odorous.  
Uncontrolled, this could lead 
to a high rate of emission of 
odours from the treatment 
plant.  Unmanaged odours 
emitted from the AWWTP,  
would have the potential to 
adversely impact on the 
amenity of occupants and 
users of land surrounding the 
plant. 
 

The Water Corporation will  
manage odours from the WWTP 
by: 
• siting and designing the 

AWWTP to minimise odour 
impacts from the plant on 
surrounding land-uses as far 
as practicable, using best 
practice odour emission 
control design and operation; 

• delineating and managing an 
odour buffer zone and 
permitting only compatible 
land-uses within the buffer, 
through Water Corporation 
ownership and control of the 
buffer; and 

• achieving agreed odour 
criteria within the odour buffer.  

Extent and distribution of 
odour and the resultant 
size and shape of an 
amenity buffer will ensure 
no unacceptable odour 
exposures. 
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Key Characteristics 
The AWWTP development will be staged in modules, ahead of demand forecast to be placed upon it.  It must be 
recognised that wastewater treatment technology and potentially the site layout is likely to evolve over the life of this 
facility as it develops.  
 
The notional staging is identified in the key characteristics of Sites A and B (see Table ES.2). Estimates of the staged 
demand are based on current population growth projections (Auret 2004). 

Table ES.2  Key Characteristics Table Sites A and B 

Characteristic Site A Site B 
Indicative life of project Staged capacity to be implemented for both sites as follows: 

Indicative Timing        Installed Capacity (ML/d) of inflow 
2009/10 10 
2020 40 
2030 60 
2040 80 
2050 120 
Beyond 2050 160 

Treatment process Wastewater will be treated to an advanced secondary standard most likely based upon the activated 
sludge process similar to that recently constructed at Woodman Point WWTP, achieving a high 
degree of nitrogen removal.  Additional treatment processes will be utilised to make the treated 
wastewater “fit for purpose” for disposal and re-use opportunities as and when they become 
available/viable. Odours will  be vented via an approximately 50m tall stack. 

Treated wastewater quality  
(annual average) 
BOD1 (mg/L) 
Suspended solids (ss) (mg/L) 
Total nitrogen (TN) (mg/L) 
Total phosphorus (TP) (mg/L) 
Thermo-tolerant coliforms (cfu/100ml) 

 
2009 
20 
30 
7 
12 
105

 
2020 
20 
30 
8 
12 
105

 
2030 
20 
30 
9 
12 
105

 
2040 
20 
30 
10 
12 
105

 
2050 
20 
30 
15 
12 
105

Beyond 
2050 
20 
30 
15 
12 
105

Treated wastewater disposal 
 

Ocean outlet 
 
 
 

Dilutions  

 
 
Discharge up to 40ML/d advanced secondary treated wastewater beyond 2009.  Duplication of the 
outlet may be required in the future, dependent upon availability of other disposal/reuse options at 
that time. 
 

The average dilution of the wastewater stream in the ocean will be at least 1:300 with the dilution 
being above 1:200  99% of the time within 100m of the AWTTP Ocean Outlet diffuser 

Toxicant concentrations Projected loads and flows will result in toxicant concentrations meeting the ANZECC & ARMCANZ 
80% species protection guideline values for bio-accumulating toxicants within 100m of the AWWTP 
Ocean Outlet diffuser and meeting the ANZECC & ARMCANZ 99% species protection guideline 
values for bio-accumulating toxicants beyond 100m from the AWWTP Ocean Outlet Diffuser. 

Water reclamation and re-use 
Managed aquifer recharge (MAR) (up 
to 120ML/d) 
 
Ocean outlet  
(up to 40ML/d) 

 
Up to 75% of the volume of treated wastewater from the AWWTP can be reclaimed through 
advanced treatment technologies such as Reverse Osmosis (RO).   
 
The remaining 25% (up to 40ML/d) of the volume of the treated wastewater, containing the excess 
treated wastewater from the AWWTP and the concentrate from the advanced treatment technologies 
utilised will require disposal to the ocean. 

Power requirements 3 MW (ultimate) 
Power source Western Power grid 
Volume of excavation 180,000 cubic metres 3,000,000 cubic metres 
Clearing of vegetation required 
WWTP site (including batters) 
Ocean outlet launch Site 1B 2
Access roads within buffer 
Haul roads within buffer 
Quinns sewer route-within buffer to 
WWTP 
Total for WWTP  

 
15ha 
6.6ha 
0.8ha 
0.0ha 
0.85ha 
 
23.2ha 

 
19ha 
6.6ha 
0.7ha 
1.3ha 
0.6ha 
 
28.2ha 

Odour buffer 600m. Majority of western portion of buffer 
located over ocean.  No housing planned to the 
west of the site. 

Minimum of 600m to the north, east and south; 
800m to the north west and west due to the 
“ponding” phenomenon.3   

1 biological oxygen demand  
2 preferred launch site 
3 there may be potential to reduce the buffer to the south east to 450m and depending upon possible engineering solutions, the 800m to 600m
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• gas engines for energy recovery (when primary 
treatment installed); Treatment Processes 

• digested sludge storage tanks; The development of the AWWTP will be in stages, 
ahead of the forecast demand.  It must be recognised 
that wastewater treatment technology and potentially 
the site layout are likely to evolve with process 
advances as the facility develops. The design for the 
first stage is subject to finalisation and flexibility needs 
to be maintained to meet odour and other 
environmental and process requirements. At this point 
in time all or some of the following processes are 
envisaged: 

• a sludge dewatering building, wherein sludge is 
dewatered using centrifuges (as at the Subiaco, 
Beenyup and Woodman Point treatment plants); 

• treated wastewater balancing lagoons; 
• outlet flume, in the west of the site;  
• water reclamation plant; 
• product-water tank(s); and 
• odour control extraction and scrubbing plants, with 

discharge via vent stacks. 
 • screening and grit removal tanks at the eastern end 

of the site; The treatment processes will be re-evaluated at each 
stage when the capacity of the AWWTP is upgraded. • primary sedimentation tanks; 

• secondary treatment by an advanced version of 
activated sludge (for example by Sequencing 
Batch Reactors or other process configuration 
designed to maximise nitrogen removal); 

Wastewater Treatment Plant Type and 
Staging 
The AWWTP will be based on advanced versions of 
the activated sludge process and developed in stages 
over the next 50-100 years.  Current inflow projections 
have been used to develop the following staging 
strategy, shown in Table ES.3.

• sludge thickening; 
• sludge digesters (anaerobic digestion when 

primary treatment installed); 

Table ES.3  Notional Staging - Baseline Treatment 

Year Average 
Daily Flow 

(ML/d) 

Installed 
Capacity 

(ML/d) 

Description of Liquid Process Treated Wastewater 
Quality as Annual 

Mean, (mg/L) 

Sludge Treatment 

2009 /10 6 
 

10 
 

STAGE 1: 
Inlet works (temporary). 
Extended aeration activated 
sludge. 

SS < 20 
BOD < 30 
TN < 7 
TP<10 

Sludge thickening. 
Aerobic digestion. 
Sludge dewatering. 
Cake to beneficial use. 

2020 10 40 STAGE 2: 
Inlet works (permanent). 
Extended aeration. 

SS < 20 
BOD < 30 
TN < 8 
TP<10 

As above 

2030 40 60 STAGE 3: 
Expansion of above processes. 
Possible introduction of primary 
treatment step to recover raw 
sludge for energy recovery and 
reduce energy consumption in 
activated sludge process. 

As above, except for 
TN which will 
increase to 15mg/L if 
primary treatment 
step introduced. 

As above for biological sludge. 
Possible introduction of anaerobic 
digestion for raw primary sludge. 
Possible introduction of energy 
recovery. 

2040 60 80 STAGE 4: 
Expansion of above processes. 
 

As above, except for 
TN which will 
increase to 15mg/L if 
primary step 
introduced. 

As above for biological sludge. 
Probable introduction of anaerobic 
digestion for raw primary sludge. 
Probable introduction of energy 
recovery. 

2050 80 120 STAGE 5: 
Expansion of above processes 
assumed. 
Primary treatment. 
Activated sludge. 

SS < 20 
BOD < 30 
TN < 15 
TP<10 

Sludge thickening. 
Anaerobic digestion. 
Sludge dewatering. 
Energy recovery. 

Ultimate 120 160 Expansion of above processes 
assumed. 

To be determined. To be determined 
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Alkimos Ocean Outlet 
As part of this proposal, the Water Corporation intends 
to: 
• construct a land outlet pipeline connecting the 

AWWTP to the ocean outlet; 
• excavate a submarine trench to accommodate an 

ocean outlet of approximately 3,500m in length. 
The inner 2000m will be laid sloping downwards, 
the outer 1500m will follow the profile of the 
existing seabed; 

• install by the bottom-pull method, a 1000mm to 
1200mm diameter pipeline; 

• backfill the trench to secure pipeline stability and 
restore the original seabed profile;  

• commission, operate, maintain and monitor the 
ocean outlet in accordance with established asset 
management plans; and 

• maintain access to a launching site for possible 
future duplication of the ocean outlet. It should be 
noted that the subsequent site may not coincide 
with the initial site. 

 

Launch Site 1B is the preferred option  to minimise 
impact on significant vegetation identified at the 
location. This option will result in the clearing of 
approximately 6.6ha of vegetation.  
 
The pipeline would be laid at grade or flat through the 
inner reef, and laid over the middle reef profile to 
minimise excavation.  Two small outlet ports (80mm) 
would be placed on top of the pipeline at high points in 
the middle reef (approx 2500m from shoreline) to 
release air and prevent flotation.  This would require 
excavation up to 5m deep through the inner reef 
system, and the preparation of a shallow trench up to 
2m deep through the middle reef.  The pipeline would 
also be buried from the shoreline where depths are less 
than 5m to avoid visibility from the land.  Trenches 
would be backfilled to restore reef and seabed profiles. 
 
Hydraulic design considerations determine that a 
pipeline diameter of 1000mm to 1200mm is required 
(final sizing will be determined in detailed design 
phase).  
 
The offshore reef system is the most significant 
consideration in the construction of an ocean outlet at 
Alkimos.   

 

Table ES.4  Summary of Ocean Outlet Characteristics 

Year Average 
Daily 
Flow 

(ML/d) 

TN 
(mg/L) 

Description Average Daily 
N Load With 

No Reuse 
(kg/d) 

N Load With 
Maximum 

Reuse 

Comment 

2009/10 6 7-10 
7-10 

STAGE 1 (proposed): 
Capacity: 40ML/d 
Offshore length: 3500m 
Diffuser depth: 20m 
Diffuser length: 300m 
Diffuser ports: 100 of 
100mm diameter 
Initial dilution: 200x 

60 
 
(400 kg/d at 
Stage 1 
capacity) 

To be 
determined. 

Approval sought for Stage 1 
based on maximum Stage 1 
capacity.  Maximum annual 
TN load of 150 tonne (based 
on a mean daily load of 
400kg/d). 

2030 40 9-10 STAGE 2 (if required): 
Capacity: 80ML/d 
Offshore length: TBA 
Diffuser depth: TBA 
Diffuser length: TBA 

400 To be 
determined. 

If  further marine disposal 
required, separate approval 
will be sought around 6 years 
before Stage 1 capacity 
exceeded. 

2050 80 15 
Primary 
treatment 
and energy 
recovery 
installed 

STAGE 3 (if required): 
Capacity: 160ML/d 
Offshore length: TBA 
Diffuser depth: TBA 
Diffuser length: TBA 

1200 To be 
determined. 
 

As above. 

Ultimate 160 15  2400 To be 
determined. 

As above. 
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Re-use Options Using Treated 
Wastewater at AWWTP 
The State Government has set a target of 20% 
recycling of treated wastewater by 2012 in the State 
Water Strategy, released in February 2003.   
 
There are a number of options to achieve the 20% 
target, and these can be described under four scheme 
categories: 
• Category 1  – Industrial 
• Category 2 – Green Space 

Irrigation of public parks, golf courses and 
possibly domestic back gardens. 

• Category 3 – Agricultural 
Irrigation of agricultural areas. 

• Category 4 – Indirect Potable 
Use of recycled water to augment scheme water 
supplies. 

 
The opportunities for water reuse at the AWWTP 
include: 
1. Carabooda market gardens; 
2. Environmental benefits; 
3. Gnangara Mound; 
4. Supply to local community; and 
5. Drinking water supplies. 

Infiltration 
The Water Corporation seriously considered short term 
disposal of secondary treated wastewater via 
infiltration ponds in an environmentally acceptable 
manner.  The Water Corporation has rejected 
infiltration as an interim option for disposal of treated 
wastewater due to the uncertainty from modelling 
surrounding the: 
• fate and transport of nutrients to the near shore; 

and 
• probability of exceedance of the high protection 

(E2) level criteria and protection at the beach. 
 
The Water Corporation is continuing to work with 
regulators and local stakeholders to define the most 
sustainable approaches for regional water recycling on 
the Swan Coastal Plain.  Currently reuse options are 
more suited to the Beenyup WWTP as the initial 
Treated Wastewater (TWW) flows from Alkimos are 
minor in comparison.  It is clear that further scientific 
investigations and government policy changes are 
required before reuse options become viable options 
for the TWW from the AWWTP.   
 
Managed aquifer recharge and direct reuse will require 
health, environmental, community and political 
acceptance and policy change before they become 
practical. 

Landform and Soils 
The landforms and soils shown in the study area are 
Quindalup Dune system and Spearwood Dune system 

units in the buffer areas and Quindalup with some 
Spearwood in the Footprint Areas (Weston 2005).   
 
There are six Quindalup dune system units in the study 
area: Q1 (the oldest phase), Q2 (The second oldest 
phase), Q3 (the third oldest phase), Q4 (the youngest 
phase), Qp (undulating landscapes with deep 
calcareous sands overlying limestone) and Qs 
(undulating landscapes with shallow calcareous sand 
over limestone with rocky outcrops).   

Flora and Vegetation 

Regional Setting 
The Project Area is in the Swan Coastal Plain 
Biogeographic Region of the South-West Botanical 
Province (Thackway and Cresswell 1995, and Gioia in 
Paczkowska and Chapman 2000).  The Swan Coastal 
Plain is the area west of the ranges between, 
approximately, Jurien, Watheroo and Dunsborough. 

Vegetation Complexes 
Heddle et al. (1980) shows the vegetation of the 
Project Area, at a scale of 1:250,000, as Cottesloe 
Vegetation Complex – Central and South (52) on the 
Spearwood Dune System and Quindalup Vegetation 
Complex (55) on the Quindalup Dune System.   

Plant Associations 
Beard (1979, 1981) shows, at scales of 1:250,000 and 
1:1,000,000, the Project Area’s Spearwood vegetation 
as Banksia Low Woodland (bLi) on limestone and the 
Quindalup vegetation as Coastal Heath and Thicket 
(a26m4Zc/a23,32Sc) dominated by Acacia lasiocarpa, A. 
rostellifera, A. cyclops and Melaleuca systena.   

Floristic Community Types 
Government of Western Australia (2000, Volume 2, 
p.30) lists six floristic community types that are centred 
on Spearwood dunes in the Perth Metropolitan Region 
and eight that are centred on Quindalup dunes there.  
The Spearwood floristic community types are 24, 25, 
26a, 26b, 27 and 28, and the Quindalup types are 29a, 
29b, 20a2, 30c2, 30b, S11, S13 and S14.   

Biodiversity 
Griffin 1993, in his study of the flora of the Quindalup 
Dunes between the Swan and Irwin Rivers, recorded 
more than 300 native species and many aliens.   
 
A flora and vegetation survey for the project area was 
undertaken by Syrinx (2005). Six vegetation units, 
including cleared, were defined and mapped for Site A. 
 
The two Priority Three flora recorded are Conostylis 
pauciflora, which is on slopes of dunes, and Sarcozona 
bicarinata, a few plants of which are on the crest of the 
limestone hill. 
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One or two other species of flora listed as significant 
were also recorded on the limestone hill, the limestone 
taxa Grevillea preissii and, possibly, Pimelea 
calcicola. 
 
No plant taxon listed as Threatened pursuant to 
Schedule 1 of the Environment Protection and 
Biodiversity Conservation Act (EPBC) was recorded in 
Site A. In addition, no plant taxon gazetted as Declared 
Rare Flora (DRF) under the Wildlife Conservation Act 
(1950) was found there or is likely to occur there. 
 
A relatively small population of the Priority Three 
species Sarcozona bicarinata is on the crest of the 
limestone hill near the centre of Site A, and the Priority 
Three species Conostylis pauciflora is on slopes of 
dunes around the periphery of Site A. 
 
The Project is not expected to have any significant 
impact on the Priority Three species, as both species 
are common and widespread. 
 
Fifteen vegetation units, including cleared, were 
defined and mapped for Site B. Nine of them are in the 
Quindalup Dune System, and the other six are in the 
Spearwood Dune System.  
 
Over 80% of Site B is in the Quindalup Dune System; 
the remainder, in the eastern part of Site B, is in the 
Spearwood Dune System. 
 
There are also small areas on the dunes of Acacia 
saligna Scrubs to Heaths (As), Acacia rostellifera 
Heaths (Ar), Acacia cochlearis Closed Heath to Open 
Heath (Ac) and Nuytsia floribunda Closed Low Heath 
and Open Low Woodland (Nf: there are five small 
trees in the woodland part). 
 
The two Priority Three flora recorded there are 
Conostylis pauciflora, which is on slopes of dunes, 
and, possibly, Sarcozona bicarinata. A few plants of 
the Sarcozona are on the crest of the limestone hill on 
the eastern boundary, and some may be inside Site B. 
The non-Priority significant Lechenaultia linarioides 
was found at several locations in Site B. 

Terrestrial Fauna 
The vegetation of Site A or Site B and their respective 
buffers can broadly be described as coastal heathlands 
and woodlands overlying Quindalup and Spearwood 
dune systems.  Near coastal localities were dominated 
by heath with gullies of Acacia and Scaevola, with 
interior localities supporting climax Banksia and 
Eucalyptus todtiana woodland with dense heaths of 
Dryandra sessilis.   
 
Of particular significance are species listed under the 
WA Wildlife Conservation Act (1950), the 
Commonwealth Environment Protection and 
Biodiversity Conservation  Act (1999), as priority by 
CALM, and considered as regionally significant, such 

as birds that have declined in the Perth area 
(Government of Western Australia 2000).   

Potential Issues and Impacts  
The major impact will be the loss of vertebrate fauna 
habitat caused by the clearing of land, which is 
expected to result in the localised loss of vertebrates 
that are too small or immobile to relocate to unaffected 
areas. 

Proposed WWTP Site A 
The environment and fauna habitats for Site A are 
strongly influenced by dunal systems that are of most 
recent origin close to the coast.  The AWWTP lies 
entirely within Alkimos Lot 101 and supports generally 
degraded heaths on dunes and broad swales.  Weed 
invasion and degradation are particularly high in the 
broad swales.  Some Tuart trees Eucalyptus 
gomphocephala are located beyond and to the south of 
the plant.  In terms of fauna biodiversity and habitat 
destruction the clearing of land proposed for the 
WWTP at Site A is of relatively low significance as the 
proposed site sits within a swale of cleared, mostly 
degraded land with some rocky limestone outcrops 
with low heath which is surrounded by stabilised 
tertiary dunes known as habitat three (see Section 
3.3.4).  

Site A Buffer 
The 600m buffer of Site A encompasses a range of 
habitats from beach and foredunes in a Bush Forever 
zone, tertiary dunes of the Quindalup system which 
accounts for the majority of the Site A buffer 
(approximately 70%), heath with outcropping 
limestone the next largest habitat (approximately 20%) 
that is represented in the area and a small area of 
Banksia woodlands on Spearwood sands in the north-
east.  Levels of degradation and weed invasion in the 
Quindalup system are higher within this buffer zone 
than to the north and south. 

Proposed WWTP Site B 
Site B is located partially in Lot 101 and Lot 102 and 
supports generally degraded heaths with burnt Acacia 
shrubland to 1m high. The topography consists of 
weathered tertiary dunes and broad swales. 

Site B Buffer 
At 600m the buffer for Site B overlaps extensively with 
that of Site A. It includes large areas of Quindalup 
dunes with moderately degraded vegetation, but 
includes most of the grove of Tuarts (Bamford 2005). 
Almost half of this buffer zone incorporates Banksia 
woodlands north of the site. 
 
The extended buffer (800m) to the west takes in Tuarts 
not included in the 600m buffer, but much of the 
additional area consists of Quindalup tertiary dunes 
with moderately degraded vegetation.  
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The Water Corporation is working with Developers to 
identify engineering solutions that may enable the 
buffer at Site B to be brought back to 600m in the 
future. 

Management Strategy 
Although some habitat loss will be inevitable 
mitigation strategies include the potential to plan 
development so that some wildlife conservation within 
the future urban landscape is possible.  Some of the 
buffer zone around the WWTP will be retained with 
native vegetation from different habitat types to 
provide a linkage for the fauna to surrounding areas.   

Marine Environment 

Coastal Processes 
The construction and operation of the Alkimos ocean 
outlet is unlikely to significantly impact the coastal 
processes in the Alkimos nearshore or offshore region. 
 
The energetic coastal environment in the vicinity of the 
proposed Alkimos ocean outlet will work to dilute and 
disperse the treated wastewater discharged from the 
ocean outlet. These conditions will also break down 
any density stratification potentially produced by the 
introduction of less dense treated wastewater to the 
marine environment. 
 
The potential for impacts to the local sediment 
movement and shoreline stability from the construction 
and physical presence of the ocean outlet are 
considered minimal because the pipe will be buried in 
the beach/intertidal zone. 

Benthic Habitat 
The area offshore of Alkimos is undisturbed with 
regard to dredging or land reclamation works, so there 
have been no historic losses of Benthic Primary 
Producer’s Habitat (BPPH) within the 50km2 
management unit.   
 
The current coverage of BPPH within the management 
unit is therefore approximately 41 to 43% of the 50km2 
BPPH management unit consists of vegetated habitats. 
 
The recolonising faunal and algal communities would 
be similar to those previously found in the area, 
although seagrass species are unlikely to recolonise this 
region.  Experience with other ocean outlet pipelines in 
Perth coastal waters is that the pipe will be rapidly 
colonised by faunal and algal communities found on 
reef habitat in the region. 
 
The method of pipeline placement and anchoring will 
greatly affect the direct losses of benthic habitat which 
occur.  The operation of the Alkimos ocean outlet will 
result in elevated nutrient concentrations in the local 
area, although significant environmental effects are not 
expected.  The design and location of the diffusers will 

determine the area of seabed, and the habitat types, 
influenced by elevated nutrient concentrations. 
 
Studies of sediment quality conducted for the Perth 
Long Term Ocean Outlet Monitoring (PLOOM) 
programme suggest that current ocean outlets operated 
by the Water Corporation at Sepia Depression, 
Swanbourne and Ocean Reef have not unacceptably 
impacted sediment quality adjacent to the outlets.  The 
exposed physical oceanographic setting of the Alkimos 
ocean outlet, together with the coarse, calcareous 
sediment characteristics of the area, are likely to aid in 
the dispersal and further mitigation of any potential 
sediment quality impacts from the Alkimos ocean 
outlet.   

Management Zones 
Management zones have been generated for the 
Alkimos ocean outlet. The WA Department of Health 
is responsible for managing public health in WA’s 
marine waters.  This relates specifically to the 
protection of seafood and primary and secondary 
contact activities.  There is no shellfish harvesting or 
primary contact recreation in the vicinity of the outlet 
as such there is no need to set boundaries to manage to 
meet shellfish harvesting or primary contact criteria. 
 
Because of the different factors of interest, 
management zones should be broken down into the 
following categories: 
• Nutrient effects; and 
• Toxicant effects.  
 
All E2 Environmental Quality Objectives (nutrient 
related) criteria are expected to be met at the edge of 
the identified management zones. 
 
Outside of the mixing zone (E4), all E2 ecosystem 
criteria for toxicants are met.  

Air Quality 

Odour Emissions 
The Alkimos region will form part of a large urban 
waste water catchment to the north and north east of 
Perth, thus wastewater will travel in the sewers for 
hours before it reaches the treatment plant.  Biological 
activity in sewage decomposes the organic 
constituents, generating odorous gas.   
 
Hence, the wastewater arriving at the AWWTP will be 
odorous.   
 
The following measures will be adopted to minimise 
the emission of odours and their impact on the 
community: 
• Design and construction of the collection system to 

minimise odour generation prior to arrival at the 
plant (gravity sewers); 
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• Design, construction and operation of treatment 
plant to minimise odour release; 

• Collection and scrubbing of odorous gases 
liberated within the plant enclosures; and 

• Provision of a buffer zone appropriate to the 
particular site and plant. 

 
At the design ultimate capacity of 160ML/d, the 
predicted average odour emission at ground level is 
27,000 Odour Units per second (OU/s), which is the 
sum of residual odour leakage from the covered tanks 
as a result of minor leaks, pressure variations under the 
covers due to wind effects, inspections to enable plant 
operations and maintenance activities (CEE 2004).  
This represents a very high level of odour containment, 
and is a lower release of odour than expected from the 
much smaller Subiaco WWTP after the 2004 upgrade 
to control odour at that plant (CEE 2004). 
 
At Site A, the zone in which a distinct odour (5 OU or 
more) could occur for 8 hours or more per year was 
predicted to extend 600m to the west of the plant 
boundary, 600m to the north, 500m to the east and 
450m to the south (CEE 2005).  These predicted 
distances are the basis for the recommended buffer 
zone for the plant at Site A.  Note that a significant part 
of the recommended buffer zone extends offshore and 
hence does not involve any commitment of land. 
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At Site B, the zone in which a distinct odour (5 OU or 
more) could occur for 8 hours or more per year was 
predicted to extend 600m to the west of the plant 
boundary, 600m to the north, 500m to the east and 
450m to the south (CEE 2005).  These predicted 
distances are the basis for the recommended buffer 
zone for the plant at Site B, subject to the discussion on 
odour ponding below. 
 
During odour management investigations conducted to 
date, awareness has arisen that the siting of the 
AWWTP within the basin at Site B creates conditions 
under which odour may pond and accumulate in the 
basin during low wind, atmospheric inversion 
conditions.  The accumulated odour-laden air would 
then be flushed from the basin when wind speeds 
increased and/or the inversion breaks.  Such conditions 
and the potential odour impact is not adequately 
reflected by the normal dispersion modelling upon 
which the buffer zone dimension is  established. 
 
Accordingly, it is considered that ponding: 
• will lead to a 40% increase in odour levels 

downwind of a treatment plant built within a basin; 
and 

• Site B will require an 800m wide buffer zone to 
the west and north-west of the plant. 

Geoheritage 
The proposed AWWTP is located in the more northerly 
Whitfords-Lancelin Coastal Sector, described by 
Semeniuk (2004) as representing the final stage in the 

series of coastal landforms, being a sequence of more 
recent parabolic dunes perched on an older limestone 
plateau.  The dunes were formed by progressive 
erosion of the cuspate foreland and the resultant sand 
was driven inland by strong south-westerly winds, 
which have moderated over geological time scales.  
 
The system is a parabolic dune feature two kilometres 
(km) wide, extending inland for four km.  Three 
individual dune types occur within this feature: 
• parallel dunes; 
• nested parabolic dunes; and  
• blow-outs.  
 
The notion that the whole dune complex (beyond the 
immediate impacts of the AWWTP and its buffer), or 
at least a part which contains a representative 
chronological sequence should be preserved reduces in 
significance if the geoheritage and associated 
ecological values in the area are to be developed for 
urban and commercial purposes, as proposed in the 
MRS Amendment 1029/33. 

Social Issues 

Aboriginal Heritage 

E hnographical Survey t

l

In 1990, an Aboriginal Site Survey of the AWWTP 
was conducted by R.O’Connor and G.Quartermaine.  
As a result of the survey, no ethnographic sites were 
located or identified. 

Archaeologica  Survey 
As a result of research undertaken at the Heritage and 
Culture Division, Department of Indigenous Affairs 
W.A., it was established that no registered Aboriginal 
archaeological sites are located within the boundaries 
of the designated AWWTP Project Area.  

European Heritage 
The Heritage Council of WA has confirmed that there 
are no places of European heritage identified as being 
located on Lot 101 at Alkimos.  

Consultation 

Long Term Planning and Consultation 
A community consultation program took place to 
ensure that the community was given the opportunity 
to raise issues or concerns regarding all wastewater 
treatment practices and disposal. The consultation was 
conducted from October 1993 to the present. 
 
More than 55 stakeholders were identified for the 
Alkimos Project.   
 
The Water Corporation developed and implemented a 
comprehensive consultation and communication 
program with the identified stakeholder groups during 
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the PER preparation.  Information was disseminated 
and issues were identified and resolved through a 
number of channels including: 
• Ongoing Liaison and Discussion with Stakeholder 

Groups 
• Face to Face Meetings, Briefings and Presentations 

to Key Stakeholders 
• Project Information Brochures 
• Project Newsletters  
• Shopping Centre Displays 
• Public Information Forums  
• Feedback Forms 
• Website 
• Advertising 
• Market Research 
 
Queries raised by the general community were, broadly 
speaking, focused on the: 
• buffer zone and potential for odour; 
• need for a coastal location for the plant;  
• need for an ocean outlet; and 
• potential for re-use. 
 
Evidence suggests that the Water Corporation’s 
information materials were useful in raising 
community understanding of the project and issues 
raised by the community.  55% initial support for the 
development rose to 83% support after information was 
reviewed. 

Visual Amenity 
Potential issues and impacts include the following: 
• the  WWTP may be visible to a varying extent in 

the landscape and within the vista from urban and 
coastal areas. For Site A, under the existing MRS, 
the WWTP may be visible from close to the 
boundary of Lot 101 from elevated viewing points; 

• for Site A and Site B, the approximately 50m high 
vent stack will be approximately 15-20m above the 
ridge of the highest dune surrounding the WWTP;  

• for Site A, approximately 180,000 cubic metres of 
soil will be cut from the swale floor that lies within 
the surrounding dunes and redeposited to fill in the 
hollows, creating a footprint of 15ha in order to 
provide the required 14ha site for the WWTP; and 

• for Site B, approximately 3 million cubic metres of 
soil and rock will be excavated creating a footprint 
of 19ha of disturbed landform to achieve the 
required 14ha site for the WWTP which, 
depending upon the final subdivisional layout, may 
be visible from the urban development located to 
the west. 

Proponent Commitments and 
Environmental Management 
The Water Corporation has made commitments to 
implement or undertake various activities to ensure that 
any environmental impacts associated with the project 
are manageable. Table ES.5 summarises the 
commitments and their objectives.  
 
The actions specified in Table ES.5 become binding on 
the Water Corporation under the Ministerial Conditions 
of Approval. 
 
Within these commitments, a number of management 
plans are identified, collectively providing the suite of 
documentation underpinning the Water Corporation’s 
management of the AWWTP, its buffer and the ocean 
outlet. 
 
The Water Corporation will develop the following 
management plans to specify the actions necessary to 
effectively manage the AWWTP: 
• Vegetation and Flora Management Plan; 
• Fauna Management Plan; and 
• Marine Monitoring and Management Plan. 
 
To complete the Environmental Management suite, 
other monitoring and reporting procedures will be 
developed as part of the Water Corporation’s standard 
operating procedures within its Quality Management 
System. These include: 
• Construction management; 
• Biosolids management; 
• Green House Gas (GHG) emissions reporting; 
• Odour monitoring and reporting; 
• Community engagement plan; and 
• Complaint/response register. 
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Table ES.5  Summary of Proponents Commitments for AWWTP Proposal 

Summary of Proponents Commitments for AWWTP Proposal - Principles of Environmental Protection 
Topic Objective Actions Timing Advice 

Precautionary 
Principle 

• To avoid serious or irreversible 
damage to the environment; 
and 

• To assess a risk-weighted 
consequence of proposed 
options. 

1. The Water Corporation will undertake the following measures to address the 
precautionary principle: 
• provide a sustainability assessment and comparative analysis of the WWTP site 

options; 
• design construct and operate the plant using best industry practice; 
• ensure, as far as practicable, failure modes in the conveyancing and treatment 

system “fail safe”; 
• prepare management plans for key environmental factors where appropriate; 
• monitor review and report operational and environmental performance; and 
• revise standard operating procedures and quality management systems and 

management plans in line with the findings of such reviews. 

During design, 
construction and 
operation. 

Water Corporation, EPA 

Intergenerational 
Equity 

• To ensure that the health, 
diversity and productivity of the 
environment is maintained or 
enhanced for the benefit of 
future generations. 

2. The Water Corporation will: 
• reduce long term energy consumption through gravity conveyancing and TWW 

disposal to the ocean; 
• reclaim and reuse wastewater as far as practicable; and 
• build the wastewater system to achieve the lowest whole of life cost by reducing 

dependence on energy consumption and make provision for the recovery of 
energy from the treatment process.  

During design, 
construction and operation 

Water Corporation 

Valuation, 
pricing and 
Incentives 

• To ensure environmental factors 
have been included in the 
valuation of assets and 
services; 

• To ensure that the “polluter 
pays” principle is applied in the 
containment, avoidance or 
abatement of pollution; 

• To ensure the users of goods 
and services (including the use 
of natural resources and assets) 
pay for the full life cycle costs of 
their provision; and 

• To ensure that the achievement 
of environmental goals be 
pursued in the most cost 
effective manner. 

3. The Water Corporation: 
• has undertaken a whole of life economic assessment of the AWWTP as part of its 

Capital Investment Program. 
• routinely funds the installation of new, pollution prevention technologies for 

WWTP systems as they emerge, and clean-up and repair of incidents as they 
occur;  

• applies the tariffs for provision of wastewater treatment services as set by 
Government; 

• will locate, design and install the wastewater treatment and conveyancing system 
according to best industry standards. 

During design, 
construction and 
operation. 

Water Corporation 
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Summary of Proponents Commitments for AWWTP Proposal - Principles of Environmental Protection 
Topic Objective Actions Timing Advice 

Waste 
Minimisation 

• To take all reasonable and 
practicable measures to 
minimise the generation of 
waste and its discharge to the 
environment. 

4. The Water Corporation will: 
• undertake several pilot projects (e.g. Managed Aquifer Recharge) to assess the 

viability a of re-use opportunities and implement them as soon as the technical, 
environmental, public health, political and societal acceptability is established. 

• manage and monitor the reuse of Biosolids in accordance with the Western 
Australian Guidelines for Direct Land Application of Biosolids and Biosolids 
Products as required by Part V Environmental Licences. 

Ongoing EPA, DoE, HDWA, 
Water Corporation 

Conservation of 
Biodiversity and 
Ecological 
Integrity 

• To conserve biological diversity 
and ecological integrity. 

5. The Water Corporation will, to the extent practicable, conserve high value floral  
communities and associations and their fauna habitats within the buffer zone of the 
AWWTP. 

6. The Water Corporation will prepare a Vegetation and Flora Management Plan and a 
Fauna Management Plan addressing: 
• topsoil and vegetation mulch management; 
• prevention of the destruction of any of the four species of Priority Flora recorded 

in the project area; 
• protection of high value fauna habitat; 
• collection of provenance seed to be used in subsequent rehabilitation; 
• management of weeds; 
• controlling vehicular and public access; 
• fire management ; and  
• rehabilitation of high value disturbed land.  

 
7. The Water Corporation will prepare a Marine Monitoring and Management Plan for the 

Alkimos Ocean Outlet addressing the: 
• monitoring of  biota, sediment and water quality; 
• management and mitigation strategies derived from a risk based assessment of 

the monitoring necessary to maintain acceptable environmental performance, and 
• report findings periodically to relevant stakeholders. 

 
The monitoring and management plans identified above are dealt with in more detail in the 
Environmental Management section below. 

During construction and 
operation 

EPA, CALM and Water 
Corporation 
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Summary of Proponents Commitments for AWWTP Proposal – Environmental Management - Marine 
Topic Objective Actions Timing Advice 

• To ensure the marine 
environment is protected. 

8. The Water Corporation will prepare and implement an Alkimos Marine Monitoring and 
Management Plan. 

Prior to commencement of 
discharge to the marine 
environment at Alkimos. 

EPA 
DoE 

• To ensure consistency in field 
and laboratory procedures; and 

• To ensure that data collected 
are scientifically valid, 
comparable and adequate to 
meet the monitoring programme 
objectives. 

9. The results, interpretations and recommendations of the Alkimos Ocean Outlet Marine 
Monitoring and Management Plan will be reported annually to the Department of 
Environment and key stakeholders.  Results will be interpreted with reference to 
relevant national, state and site-specific guidelines.  Where appropriate, annual 
reporting will include a ‘report card’ style format.  

10. All components of the Alkimos Ocean Outlet Marine Monitoring and Management Plan 
will be regularly reviewed to ensure that meaningful results are obtained, that the 
objectives are still appropriate and the programme is appropriate to the nature and 
magnitude of present and predicted impacts.   

Annually or triggered by 
events or trend in data. 

EPA 
DoE 
 
 
 

• To monitor for treated 
wastewater characterisation, 
and respond to potentially 
significant impacts to marine 
flora and fauna from discharges 
from AOO. 

11. The following indicators will be reported:: 
• Physical-chemical characteristics 
• Bacteria 
• Nutrient 
• Metals             
• Surfactants 
• Pesticides and herbicides 
• Organics 

 
• 6-monthly 
• 6-monthly 
• 6-monthly 
• Annually 
• 6-monthly 
• 3 yearly 
• 3 yearly 

EPA 
DoE 
 
 
 

• To undertake initial dilution 
modelling and calculation of 
near-field dilutions. 

12. Determine the near-field behaviour of treated wastewater plume and near-field 
dilutions. 

At least annually.  EPA
DOE 

• To undertake ecotoxicological 
tests. 

13. Undertake chronic toxicity tests on a suite of 5 test species of marine organisms 
representing at least 4 different taxonomic groups and covering 3 trophic levels. 

Once within 12 months of 
commencement of 
discharge of treated 
wastewater and following 
any significant change in 
operations or exceedence 
of toxicant trigger levels. 

EPA 
DoE 
 

• To undertake water 
quality monitoring. 

14. Conduct water quality surveys to monitor: 
• Nutrients 
• Primary Productivity 
• Bacteria 

One summer (Dec.-March) 
synoptic  survey per 
annum. 
Four seasonal surveys per 
annum. 

EPA 
DoE 
 

Alkimos Marine 
Monitoring and 
Management 
Plan 

• To undertake 
phytoplankton monitoring. 

15. Undertake water quality surveys to monitor: 
• Presence and abundance potentially toxic phytoplankton species  
• Phytoplankton cell count 

Four seasonal surveys per 
annum. 

EPA 
DoE 
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Summary of Proponents Commitments for AWWTP Proposal – Environmental Management - Marine 
Topic Objective Actions Timing Advice 

• To undertake 
periphyton monitoring.  

16. Undertake periphyton monitoring to determine periphyton growth (as measured by 
chlorophyll-a, b and c content). 

Annually (summer) EPA 
DoE 

• To undertake sediment quality 
monitoring.  

17. Undertake sediment quality monitoring to determine: 
• Grain-size distribution 
• Nutrients 
• Total organic carbon 
• Organic matter content 
• Carbonate content 
• Metals 
• Pesticides and herbicides 
• Organics 

Five yearly, with the first 
survey within 12-18 
months of commencement 
of operations. 
 
 

EPA 
DoE 
 

• To undertake sentinel mussel 
monitoring. 

18. Undertake sentinel mussel monitoring to determine biological uptake of: 
• Metals 
• Pesticides and herbicides 
• Organics 

Five yearly, with the first 
survey with 12-18 months 
of commencement of 
operations. 

EPA 
DoE 
 

• To protect the marine 
ecosystems. 

19. In the event that the EPA’s high protection Environmental Quality Criteria are exceeded 
in the water designated as requiring high protection, specific investigations will be 
conducted in consultation with the DoE into the risk presented by it to ecological 
processes and any measures necessary to mitigate those risks. 

During operation. EPA Marine 
Environmental 
Values 

• To determine the toxicity of 
TWW on marine biota. 

20. Undertake Whole Effluent Toxicity (WET) testing generally following the principles 
contained in the USEPA, APHA and ASTM protocols in accordance with the protocols 
set out in ANZECC/ARMCANZ (2000), once initially and following any significant 
change to operations. 

During operation. EPA 
DoE 

• To prepare and implement a 
Monitoring and Management 
Plan. 

21. Sampling, analysis and interpretation will be undertaken to quickly detect any emerging 
issues and management control processes will be quickly implemented to resolve the 
issue. The management plan will be developed in accordance with: 
• Manual of Standard Operating Procedures (SOP)  
• An approved monitoring and management programme consistent with EQMF 
• Coastal Water Study and PLOOM program 
• ‘Environmental Quality Management Framework’ (EQMF) 

Before operation. EPA 
DoE 

• To develop draft Environmental 
Quality Criteria (EQC) for 
waters adjacent to the proposed 
Alkimos Ocean Outlet. 

22. The Water Corporation will undertake comparison of  the water quality parameters with 
the appropriate ANZECC/ARMCANZ (2000) Guidelines for fresh and Marine Water 
Quality and the Revised Environmental Quality Criteria Reference Document 
(Cockburn Sound), Environmental Protection Authority (2004) 

During Operation EPA 
DoE 

• To develop and delineate zones 
of protection. 

23. The Water Corporation will identify the environmental values that are to be protected in 
the nearshore waters surrounding the outlet and in cooperation with the EPA determine 
the spatial designation of the environmental values i.e. low, medium and high protection 
zones, which will be used to underpin the interpretation of the ecological consequences 
of the proposal. 

Before and During  
Operation 

EPA 
DoE 

Marine 
Management 
and Monitoring 

• To protect the marine 
ecosystem. 

24. The Water Corporation will monitor nitrogen concentrations (as ammonia and 
nitrate+nitrite) at the marine water quality monitoring sites. 

During Operation EPA 
DoE 
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Summary of Proponents Commitments for AWWTP Proposal – Environmental Management - Terrestrial 
Topic Objective Actions Timing Advice 

Terrestrial Flora 
and Fauna 

• To minimise the impacts on the 
abundance, species diversity, 
geographic distribution and 
productivity of vegetation units; 

• To minimise the possible 
impacts of development upon 
fauna species and their habitats 
and preserve regional 
biodiversity. 

25. The Water Corporation will prepare a Vegetation and Flora Management Plan and a 
Fauna Management Plan addressing: 
• topsoil and vegetation mulch management; 
• prevention of the destruction of any of the four species of Priority Flora recorded 

in the project area; 
• protection of high value fauna habitat; 
• collection of provenance seed to be used in subsequent rehabilitation; 
• management of weeds; 
• controlling vehicular and public access; 
• fire management ; and  
• rehabilitation of high value disturbed land. 

Before Construction 
Phase 

EPA 
DoE 
CALM 

Geoheritage • To minimise impact on identified 
geoheritage values and their 
associated flora and fauna 
communities within the buffer of 
the AWWTP and augment any 
conservation values identified 
within the Metropolitan Region 
Scheme. 

26. The Water Corporation will, as far as practicable,  
• conserve the geoheritage values within the AWWTP buffer; and  
• augment any conservation values identified within the Metropolitan Region 

Scheme.  

During construction and 
operation 

EPA, CALM 

Greenhouse 
Gases (GHG) 

• To minimise energy 
consumption 

• To minimise GHG emissions to 
as low as reasonably 
practicable.  

27. The Water Corporation will: 
• install a gravity wastewater system to minimise energy consumption from 

pumping; 
• reduce methane emissions and site energy requirements by recovering biogas to 

generate electricity as is practicable given the chosen treatment technologies, as 
economies of scale make this viable in the future; 

• assess and report GHG emissions to the Australian Greenhouse Office (AGO) 
and State Authorities.  This will also include a periodic assessment to review 
opportunities to further improve energy efficiency and reduce greenhouse gas 
emissions over time.   

During operation AGO, Dept Premier and 
Cabinet Greenhouse 
Office 

Biosolids 
 

• To reuse biosolids for 
agricultural and horticultural 
purposes. 

28. The Water Corporation will: 
• reuse bio-solids in accordance with the Western Australian Guidelines for Direct 

Land Application of Biosolids and Biosolids Products as required by Part V 
environmental licences 

Prior to and during 
construction and during 
ongoing operations 

DoE 
HDWA 

Odour 
 

• To minimise odour emissions; 
• To segregate recipients from 

odour sources; and 
• To protect  the health, welfare 

and amenity of people and land-
uses in proximity to the 
AWWTP.  

29. The Water Corporation will  manage odours from the WWTP by: 
• siting and designing the AWWTP to minimise the odour impacts from the plant on 

surrounding land-uses as far as practicable, using best practice odour emission 
control design and operation; 

• delineating and managing an odour buffer zone and permitting only compatible 
land-uses within the buffer, through Water Corporation ownership and control of 
the buffer; and 

• achieving agreed odour criteria within the odour buffer.  

During operation DoE 
EPA 
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Summary of Proponents Commitments for AWWTP Proposal – Environmental Management - Social 
Topic Objective Actions Timing Advice 

Community 
Engagement 

• To ensure that the public and 
relevant stakeholders have open 
access to information regarding 
the environmental performance 
of the AWWTP and Alkimos 
Ocean Outlet; and 

• To provide a mechanism to 
address any significant issues 
arising form stakeholders 

30. To incorporate into the Water Corporation’s Customer Service Program  a community 
engagement plan to: 
• address awareness and understanding of the project; 
• ensure that reports on AWWTP environmental performance are readily available 

to the public; 
• ensure that the results of the  monitoring are readily available to the public; and 
• provide a complaints/response process to address matters arising from the 

project in accordance with the Water Corporation’s Corporate Environmental 
Management System. 

During Environmental 
Impact Assessment 
period. 

EPA 
Stakeholders 
 

Aboriginal 
Heritage 

• To comply with the provisions of 
the Aboriginal Heritage Act 
(AHA). 

31. The Water Corporation will undertake appropriate liaison and surveys with the relevant 
Aboriginal groups, anthropologists to the satisfaction of the Department of Indigenous 
Affairs. 

Prior to Construction DIA 
EPA 
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1 Background, Approval Process, Objectives and 
Justification for a Wastewater Treatment Plant and 
Ocean Outlet at Alkimos 

1.1 Introduction 

1.1.1 Purpose of this Section 
The purpose of this section is to present relevant 
information to the Environmental Protection Authority 
(EPA) on the proposal within a local and regional 
framework, emphasising how the proposal may impact 
relevant environmental factors and how those impacts 
will be mitigated and managed so as to be 
environmentally acceptable. 
 
The Alkimos WWTP proposal was referred to the EPA 
on 15 July 2004. The EPA advertised the level of 
assessment for the project as a Public Environmental 
Review (PER) on 19 July 2004. A scoping document 
outlining the proposed scope of works for the 
environmental impact assessment was prepared and 
submitted to the EPA in February 2005. 
 
This PER has been prepared according to Part IV 
Division 1 of the Environmental Protection Act 1986 
for proposals of local or regional significance that raise 
a number of significant environmental factors, some of 
which are considered complex and require detailed 
assessment. The EPA considers that such proposals 
should be subject to a formal public review period, 
which in the case of this project was set at 10 weeks, 
and the setting of environmental conditions under Part 
IV of the Act to ensure they are implemented and 
managed in an environmentally accepted method. 
 
The Water Corporation proposes to construct Stage 1 
of the AWWTP at site B, with an ocean outlet.  Site A 
is an alternative if Site B proves unsuitable. 
 
Because the Water Corporation is proposing two 
alternate sites for the AWWTP, this PER serves to 
provide information common to both alternatives and 
the specific details of both options to enable the EPA to 
assess and report separately for each. The review of 
Site A is being conducted under 1582 and Site B 1529. 
Comparative tables are presented, as required by the 
environmental assessment process, to enable the EPA 
to fulfil its requirements in providing ministerial 
advice.  
 
This section introduces the proposed AWWTP 
proposal, includes a description of the project and 
discussion of environmental values, potential impacts 
and their management. 
 

The PER structure is as follows: 
• Section One: Introduction and Overview 

Provides an introduction to the document and the 
proponent, relevant legislative requirements and 
applicable guidelines. The assessment and 
consultation process undertaken prior to 
preparation of the PER is described and an 
indicative timeframe for the project and 
finalisation of the environmental review process is 
included. 

 
• Section Two: The Proposal 

Describes the proposal i.e. a wastewater treatment 
plan and an ocean outlet. 

 
• Section Three: Existing Environment 

Describes the existing terrestrial and marine 
environments and social issues. 

 
• Section Four Environmental Impact and 

Management Strategy 
Describes the environmental factors and their 
management common to both Sites A and B and 
the ocean outlets. 

 
• Section Five: Consultation 

Describes the consultation process. 
 
• Section Six: Specific Environmental Factors 

– Site A 
Describes environmental factors and their 
management, specific to Site A. 

 
• Section Seven:Specific Environmental Factors 

– Site B 
Describes environmental factors and their 
management, specific to Site B. 

 
• Section Eight: Environmental Management 

Describes the management and proponent 
commitments for the project. 

 
• Section Nine: References 
 
• Section Ten: Glossary 
 
• Appendix A:  Draft Alkimos Ocean Outlet EMP 
 
• Appendix B: Map Plans for Alkimos 

Wastewater Treatment Plant 
Project 

 
• Appendix C: Atteris Final Report 
 
• Appendix D: Community Consultation 

Evaluating Attitudes Towards Alkimos. 
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1.1.2 Project History 
The overall planning for the northwest corridor and the 
AWWTP and associated ocean outlet commenced in 
the late 1970s.  Following extensive economic and 
environmental evaluation of over twenty coastal and 
inland locations, a suitable site was identified.  This 
site was located within a proposed green belt between 
urban areas and adjacent to a proposed commercial 
area (1977 Metropolitan Region Scheme Plan). 
 
In July 1982, a Notice of Intent to purchase the site was 
issued to the then Department of Conservation and 
Environment.  The Minister gave approval in February 
1983 to the Department of Conservation and 
Environment to sell the site.  Subsequently in 1987, the 
Water Corporation purchased 160 ha of land (Lot 101) 
for a new WWTP (site A) to service the North-West 
Corridor and part of the North East Corridor.   
 
In late 1997, a Master Plan for the Alkimos Eglinton 
area was prepared by LandCorp and submitted for 
approval to the Alkimos Eglinton Liaison Group (a 
sub-committee of the Western Australia Planning 
Commission).  This Master Plan showed a pump 
station in lieu of the Alkimos WWTP on Lot 101. 
 
In June 1998, LandCorp and Alkimos Development 
Pty Ltd (The Developers) negotiated with the 
Corporation an “in-principle agreement” that the 
proposed AWWTP site be relocated 600 metres (m) to 
the east of Site A, to a location then known as Site B 
(now referred to as Site Bwest), and that the amenity 
buffer surrounding the WWTP be reduced, in order to 
allow greater urban development between the WWTP 
and the coast.  The Alkimos Eglinton Liaison Group 
approved this proposal in August 1998. 
 
After further negotiation the “in principle agreement” 
was formalised on the 29th June 2001 with the signing 
of the Alkimos Eglinton Relocation, Construction and 
Development Agreement between the Water 
Corporation, LandCorp and Eglinton Estates (the 
principal landowners within the structure plan area).  
The basis of this agreement was that the WWTP would 
be located at site B provided that it would be cost 
neutral to the Corporation. 

1.1.3 Proponent 
The proponent for the project is: 
Water Corporation  
PO Box 100 
LEEDERVILLE WA  6902 
ABN: 28 003 434 917 
www.watercorporation.com.au  
telephone: 9420 2420 
 
The relevant contact is: 
Dr David Luketina 
Manager, Environment 
telephone 9420 2116 
fax 9420 3158 
email david.luketina@watercorporation.com.au
 

1.1.4 Project Area 
The proposed location for the AWWTP is situated on 
the coast between Yanchep and Quinns, approximately 
40 kilometres (km) north of Perth, Western Australia 
(see Figure 1.1). It is located in the more northerly 
Whitfords-Lancelin Coastal Sector, representing the 
final stage in the series of coastal landforms, consisting 
of more recent parabolic dunes perched on an older 
limestone plateau. The system is a parabolic dune 
feature 2km wide, extending inland for four km. Three 
individual dune types occur within this feature;  
1. parallel dunes; 
2. parabolic dunes; and 
3. blow-outs. 
 
Two sites for the AWWTP are proposed, Site A being 
located between 300 to 1000m from the Alkimos 
shoreline behind the fore-dunes, and Site B between  
1000 and 1700m at a higher point in the landscape (see 
Figure 1.2).  
 
The area to be disturbed within the dune landforms 
varies according to the option implemented, being 
~23ha for Site A and ~28ha for Site B. 
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Figure 1.1  Alkimos WWTP Location Map 
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1.1.5 Schedule and Staging 
Table 1.1 describes the preliminary schedule for the project. The difference in the completion date for each site is due to 
the time required to excavate Site B. 

Table 1.1  Project Schedule 

Timing Event 
Site A Site B 

PER document released for public comment November 2005 November 2005 
Approval by the Minister for the Environment July 2006 July 2006 
Earthworks for WWTP n/a July 2006 - December 2007 
Construct WWTP May 2007 - January 2009 March 2008 - December 2009 
Construct ocean outlet April 2007/8 – December 2008/9 April 2008 – December 2009 
Commission WWTP and ocean outlet March 2009 – late 2009 March 2010 

 
Table 1.2 shows the notional development stages for the WWTP.  

Table 1.2  Notional AWWTP Development Stages 

Treated Wastewater Total N (mg/L) Notional 
Project 
Stage 

Indicative 
Timing 

Installed Capacity 
(ML/d Of Inflow) With Energy 

Recovery 
Without Energy 

Recovery 

Additional Treatment To Reclaim 
Water For Reuse 

1  2009/10  10 7 (annual mean) 
2  2020  40 8 (annual mean) 
3  2030  60 

Not applicable 
due to scale. 9 (annual mean) 

4  2040  80 May not be 
applicable due to 
scale. 

5  2050  120 
6  Long term  160 15 (annual mean). 

<10 mg/L 
(annual mean). 

Phosphorous reduction and 
disinfection to suit disposal/reuse 
application. 

 

1.1.6 Consultation 
A stakeholder communication plan has been developed 
and implemented, recognising that the AWWTP is 
proposed to be sited at a location currently remote from 
development, but in the path of urbanisation over the next 
decade.  The Water Corporation is seeking to keep 
stakeholders informed of its plans and address any 
concerns and opportunities.  The Water Corporation has 
briefed both the EPA and the Department of Environment 
(DoE) regarding this proposal and the broader strategy for 
wastewater disposal, and has initiated and undertaken 
extensive public consultation.   
 
This PER provides the opportunity for additional public 
input on the ocean outlet proposal.  Section 5 provides 
details of the consultation process undertaken to date. 
 
The EPA provides its advice on the project to the Minister 
for the Environment. Consultation on the assessment of 
impacts on biodiversity has been undertaken with CALM. 

1.1.7 Legislative Framework 

1.1.7.1 Relevant Legislation, Policies and 
Principles 

The Environmental Protection Act 1986 (EP Act) is the 
principal statute relevant to environmental protection in 
Western Australia. The Act makes provision for the 
establishment of the EPA, for the prevention, enhancement 
and management of the environment. The Act also 
provides for the control and licensing of potentially 

polluting activities, land clearing, and is the Act 
under which the State Environment Approvals 
Process operates. 
 

Other core State environment and related legislation 
relevant to the Project include the following: 
• Aboriginal Heritage Act 1972 
• Conservation and Land Management Act 1984 
• Wildlife Conservation Act 1950 
 

Commonwealth legislation of relevance to the Project 
includes the following: 
• Environment Protection and Biodiversity 

Conservation Act 1999 (EPBC Act) 
• National Native Title Act 1993 
 

Under the EPBC Act, an action requires approval 
from the Federal Environment and Heritage Minister 
if the action has, will have, or is likely to have, a 
significant impact on a matter of national 
significance, such as: 
• World Heritage property; 
• National Heritage places; 
• Ramsar wetlands of international importance; 
• Listed threatened species and communities; 
• Migratory species protected under international 

agreement; 
• Nuclear actions; and 
• The Commonwealth marine environment. 
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The EP Act sets out sustainability principles to be 
included in any environmental impact assessment. 
They are: 
1. The precautionary principle;  
2. The principle of intergenerational equity; 
3. The principle of conservation of biological 

diversity and ecological integrity; 
4. Principles related to improved valuation, 

pricing and incentive mechanisms; and 
5. The principle of waste minimisation. 
 
This document is prepared taking these principles into 
account. 

1.1.7.2 Key Decision Making Authorities 
The key Decision Making Authorities (DMA’s) 
involved in the Environmental Impact Assessment 
(EIA) of this project include: 

• the EPA 
• the Department of Indigenous Affairs (DIA) 
• the Department of Land Information (DLI) 
• Fisheries WA 
• the Department for Planning and Infrastructure 

(DPI) 
• the City of Wanneroo 
• the Department of Conservation and Land 

Management (CALM) 

1.1.7.3 Approvals Process 
It has been determined by the EPA that the project 
requires a formal level of assessment as a Public 
Environmental Review (PER). The process for 
submission and assessment of a PER is shown in 
Figure 1.3 as follows: 
 

 

Figure 1.3  Outline of Procedure for PER Assessment 
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1. The proponent refers the proposal to the EPA 
to set the level of assessment. 

2. The EPA determines the level of assessment as 
a PER and advertises this decision and the 
length of the public review period, subject to 
appeal. 

3. The proponent prepares an Environmental 
Scoping Document (ESD) outlining the scope 
of works for the PER assessment. 

4. The EPA agrees to the ESD as a basis for the 
PER. 

5. A draft PER is prepared by the proponent and 
submitted to the EPA Service Unit for 
comment. 

6. The final draft of the PER (this document) is 
submitted to the EPA for authorisation to 
release as a public document. 

7. The PER is released for a public review period 
of 10 weeks. 

8. Any submissions received by the EPA at the 
end of the public review period are provided to 
the proponent, for the proponent to summarise 
and respond. 

9. The EPA undertakes an assessment of the 
proposal. 

10. The EPA’s Report and Recommendations is 
published, which includes recommended 
environmental conditions. 

11. A two-week statutory appeal period 
commences. 

12. The Minister for the Environment determines 
any appeals on the EPA’s Report and 
Recommendations, and consults with key 
DMA’s to seek agreement on whether or not, 
and in what manner the proposal may be 
implemented. 

13. The Minister issues a statement specify the 
conditions under which the project may 
proceed (provided approval for the project is 
given). 

 
This PER is intended to allow the public to review the 
potential environmental impacts of the project and the 
proposed management measures. Guidelines for 
making a submission are presented in the front of this 
document. 
 

If approval for this project is obtained under Part IV of 
the EP Act 1986, licensing of construction and 
operations is required under Part V of the Act. This 
requires a Works Approval to be submitted to the DoE 
prior to commencement of construction, and an 
Application for Licence to Operate submitted to the 
DoE, prior to commencement of commissioning. 

1.1.7.4 Land Use Zoning 
Approximately 160ha was acquired by the Water 
Corporation in 1987 for a future Waste Water 
Treatment plant.  The site is located on lot 101 and is 
formally designated in the Metropolitan Region 
Scheme (MRS), the state’s peak statutory plan, as a 
future WWTP. 

1.1.7.5 Metropolitan Regional Scheme 
The MRS is a large town planning scheme for land use 
in the Perth metropolitan area.  The scheme defines the 
future use of land, dividing it into broad zones and 
reservations.  It requires local government town 
planning schemes to provide detailed plans for their 
part of the region.  These schemes must be consistent 
with the MRS. An amendment to the MRS changes the 
zoning or reservation of land to allow for a different 
land use. 
 

MRS Amendment No. 1029/33 was advertised for 
public comment from September to January 2004.  On 
March 2004, the Metropolitan Region Planning 
Committee (MRPC) was advised that discussions were 
taking place in regard to the potential relocation of the 
AWWTP.  Accordingly, the Hearings Sub Committee 
was deferred and was reconvened when the location of 
the WWTP and the alignment of Marmion Avenue had 
been resolved. 
 

At a high level meeting held in September 2004 
between the Developers, the Water Corporation and the 
DPI, Site B was chosen as the agreed site for the 
AWWTP so that the land most desirable for urban 
development, to the west, could be available for 
residential development. Site A remained as a fallback 
position should any fatal flaws be identified with Site 
B.  Then at the Alkimos Eglinton District Structure 
Planning Committee (AEDSP) meeting held in late 
September 2004, a decision was made to request that 
the MRS Amendment process be recommenced with 
the modified alignment of Marmion Avenue. 
 

The Water Corporation recently lodged a submission 
during the public comment period in response to the 
relocation of the WWTP from Site A to Site B if MRS 
amendment 1029/33 as advertised became effective.  
Essentially the Water Corporation sought to reaffirm 
the requirements for an 800m buffer to the west and 
north-west at Site B. The Water Corporation also 
sought to ensure formal planning mechanisms required 
to revert to Site A be established should Site B not be 
suitable. 
  

In February 2004, the Alkimos Wastewater Treatment 
Works Coordinating Committee was established.  This 
enabled stakeholders to discuss the key planning issues 
in the Alkimos area, in particular the location of the 
AWWTP, the route of Marmion Avenue, the route of 
the railway and the town centre locations.  Four options 
for the location of the AWWTP were identified and 
examined by the AWWTP Committee. 
 

In addition to Sites A and B, additional sites (known as 
Sites C and D) were investigated further to the east. 
 

Through a series of analysis, including environmental, 
health and safety, excavation, and cost criteria, the 
Committee resolved not to pursue Options C and D.  
Among the major reasons were the additional costs, 
commissioning delays, and concerns regarding the 
operation of a wastewater treatment plant in a major 
excavation some 30m deep.   
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1.1.8 Current Wastewater 
Management for the North-West 
Corridor 

The North West Corridor is divided into the Beenyup 
and Alkimos wastewater catchments.  The Alkimos 
wastewater catchment is made up of five major 
development zones: 
1. Yanchep; 
2. Alkimos;  
3. Mindarie;  
4. Swan Valley; and  
5. Bullsbrook. 
 
Currently, the Beenyup WWTP services the majority 
of the Alkimos wastewater catchment, providing a 
wastewater service from Quinns Rock through to 
Scarborough and inland through Dianella and 
Bayswater to the foothills east of Midland.  In the north 
of the Alkimos wastewater catchment the Yanchep and 
Two Rocks WWTPs service these towns respectively. 
 
Beenyup WWTP is an advanced secondary treatment 
plant with a current nominal capacity of 120 megalitres 
per day (ML/d) but is less for certain plant processes 
(eg, sludge management).  Ultimately, this WWTP will 
be developed to treat a maximum of 150 ML/d, 
servicing a population of up to 750,000 people.  
Secondary treated wastewater flows by gravity to the 
Indian Ocean in the vicinity of the Marmion Marine 
Park and is discharged into 10 metres of water via two 
outlets, one 1,850m and the other 1,650m offshore 
where it is rapidly diluted and dispersed.   

Regular monitoring of ocean water quality is carried 
out to confirm that environmental and health standards 
are met. 
 
There has been unprecedented development growth in 
the North West Corridor over the past 6 years, and 
wastewater flows have increased at a rate of 7% over 
the past two years.  If the growth in the North West 
Corridor continues at the current rate, the existing 
conveyance system directing Alkimos’ wastewater 
catchment flows temporarily south to Beenyup WWTP 
will exceed its design capacity by 2007 and the 
Beenyup WWTP will exceed its design hydraulic 
capacity by 2009.  The new Alkimos WWTP and 
conveyance system is required to overcome this 
situation. 
 
The Two Rocks and Yanchep WWTPs are also 
secondary treatment plants that have respective 
treatment capacities of 0.1 ML/d and 0.6 ML/d.  
Treated wastewater from both these WWTPs is 
managed via ground water recharge / infiltration.  In 
the short-term (2010), these WWTPs are expected to 
reach their capacity, but will not be upgraded due to an 
insufficient buffer area and limited treated wastewater 
disposal capacity.  The new Interim Yanchep/Two 
Rocks WWTP (or Tokyu WWTP) is planned for the 
medium-term, which will facilitate local reuse of 
treated wastewater.  This new WWTP will be located 
between Two Rocks and Yanchep.  Ultimately, 
wastewater from this area will need to be diverted to 
the Alkimos WWTP via the Yanchep Main Sewer. 
 
The wastewater management strategy for the north-
west corridor is described in Table 1.3. 
 

 
Table 1.3  Summary of the overall wastewater treatment strategy for the Alkimos wastewater catchment 

Development Zone Current Treatment Location Short Term Strategy Long Term Strategy 
Yanchep Yanchep and Two Rocks 

WWTPs 
Treatment to remain local, 
planned Interim Tokyu WWTP Alkimos WWTP (2030+) 

Alkimos Interim pump station directs 
flow to Beenyup WWTP Alkimos WWTP Alkimos WWTP 

Mindarie Directed to Beenyup WWTP 
Directed to Beenyup WWTP 
and then sequentially diverted 
to Alkimos as Quinns Main 
Sewer is constructed 

Alkimos WWTP 

Swan Valley Directed to Beenyup WWTP Directed to Beenyup WWTP Alkimos WWTP (2025+) 
Bullsbrook Bullsbrook WWTP Bullsbrook WWTP Alkimos WWTP (2020+) 
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1.1.9 A Growing Northern Urban 
Corridor  

The locality is forecast to experience significant population 
growth in the medium to long term.  In response, the 
State’s peak planning agency, the DPI has identified large 
parcels of the area as suitable for urban development.  
 
Recently many plans have been prepared at the regional 
and district level which outline a broad framework of 
urban development in the locality to address forecast 
population growth.  For the purposes of the following 
discussion the area referred to as the study area is the 

northern part of the North West Corridor and 
includes the three districts of Butler-Jindalee, 
Alkimos-Eglinton and St. Andrews-Yanchep.  
Population projections used in this paper are based 
on DPI small area projections (Auret 2004).  
Current projections foresee expansion until 2011 in 
Clarkson-Merriwa-Ridgewood and East Wanneroo 
areas.  Thereafter population expansion in the 
northern part of the North West Corridor 
accelerates.  Within the study area, the DPI has 
projected regional population growth as shown in 
Figure 1.4.  
 

 

Figure 1.4  Projected Population Growth in the Three Districts of the North-West Corridor 

 
 
(Auret 2004) 
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1.1.10 Justification for the Proposed 
AWWTP and the Ocean Outlet 

The following points summarise the justification for the 
Alkimos WWTP and ocean outlet: 
• The Corporation is required to service development in 

the North West Corridor under a State Government 
Cabinet Agreement (1989).   

• The Water Corporation is responsible for the 
collection, treatment and disposal of wastewater from 
the Northern Corridor and projected growth in the 
Alkimos wastewater catchment.  The planned 
AWWTP catchment boundary captures five 
development zones: Yanchep, Alkimos, Mindarie, 
Swan Valley and Bullsbrook. 

• There has been unprecedented development growth in 
the North West Corridor over the past 6 years, and 
wastewater flows from the catchment have increased 
at a rate of 7% per year over the past two years.  If the 
growth in the North West Corridor continues at the 
current rate, the existing conveyance system will 
exceed its design capacity within 2 years and the 
Beenyup WWTP will reach its design capacity within 
4 to 6 years.  The new Alkimos WWTP and 
conveyance system is required to overcome this 
situation.  Currently, Alkimos and Mindarie 
development zones are directed south to Beenyup 
WWTP, which serves Perth’s rapidly developing 
northern suburbs extending along the coast from 
Quinns Rock to Scarborough.  Enhancement of 
existing conveyance systems to Beenyup WWTP and 
advancement of expansion at Beenyup WWTP is 
underway in the interim. 

• The Yanchep development zone is served by two 
WWTPs, one in Two Rocks and the other in Yanchep.  
The Two Rocks WWTP is a packaged plant with 
extended aeration and infiltration.  The Yanchep 
WWTP Is an Intermittent Decant Extended Aeration 
(IDEA) plant, which infiltrates along the coast.  The 
Yanchep WWTP is expected to reach its capacity in 
2010. 

• The Corporation estimates that the Alkimos 
development zones will produce a total wastewater 
flow of approximately 30 ML/d by 2020, 60 ML/d by 
2040 and a longer-term flow of 140 to 160 ML/d.  
These future flows are in excess of the capacity of 
Beenyup, Yanchep and Two Rocks WWTPs.  
Therefore, the Alkimos WWTP will be required to 
handle these flows, and will be a long-term solution 
that will be able to service the wastewater catchment 
well into the future. 

• A major factor in the planning for a new wastewater 
scheme was to provide for a full gravity sewer system, 
thus avoiding major pumping of wastewater with the 
associated high energy cost, greenhouse gas emissions 
and emergency overflow issues.  Specifically: 
o raw wastewater would be delivered to the WWTP 

by a system of gravity sewers flowing from the 
north and south.  A gravity system also minimises 
septicity and odours; 

o sufficient hydraulic grade is available at 
the WWTP to enable all flow to pass 
through the plant under all conditions.  
Even during extended power failure, the 
wastewater would continue to receive at 
least primary treatment and also basic 
secondary treatment for up to 24 hours 
(secondary treatment would progressively 
deteriorate over this period); and 

o following treatment, treated wastewater 
not required for reuse would then flow by 
gravity to the ocean through an ocean 
outlet.   

1.1.11 Consideration of Alternatives 
There have been continuing negotiations with a 
range of interested parties for the proposed WWTP 
to be relocated away from the coast altogether, 
based on the coastal land being more suited to 
residential development. Figure 1.5 shows the 
historical assessment of sites undertaken since 
1996. 
 
Recently Water Corporation has undertaken further 
assessment to re-examine all reasonable options for 
the location of the proposed WWTP, and to 
determine the best triple bottom line option (i.e. 
considering economic, social and environmental 
factors).   
 
Options were assessed against the following 
WWTP location principles: 
• transport of raw wastewater by gravity to the 

WWTP; 
• the ability to have staged wastewater 

management development (i.e. treatment, reuse 
and groundwater recharge facilities); 

• an ocean outlet for disposal of surplus treated 
wastewater; 

• secure routes for main sewers an tunnel portal 
locations; 

• a secure route for the onshore ocean outlet 
pipeline; 

• emission control on all major WWTP process 
units; 

• appropriate buffer size; 
• secure buffer by land purchase and with 

compatible land zonings; 
• developers to cover the cost of relocating the 

WWTP from Site A; and 
• social acceptability. 
 
The reassessment of alternative solutions (see Table 
1.3) reaffirms the viability of locating the AWWTP 
at Alkimos at either of the proposed sites, A or B. 
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Figure 1.5  Map of Alternative Sites Considered 
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Table 1.4  Assessment of Alternative Solutions 

 OPTIONS Reasons For Rejection 
1 Site A gravity Not Rejected 
2 Site B gravity Not Rejected 
3 Site B pumped The whole scheme has been developed as a gravity solution to maintain basic 

operation during times of power failure.  With the WWTP proposed to be up to 
160MLd even the shortest power failure could result in serious implications for the 
Water Corporation and maintaining a gravity solution ensures treatment and disposal 
at all times.  The gravity solution, having no power requirements, will have no 
consequential greenhouse gas emissions from power generation due to the need to 
pump large quantities of waste water. 

4 Upgrade Beenyup (plus local 
works at Alkimos, Yanchep and 
Two Rocks) 

There would be significant operational issues if there were a series of smaller local 
treatment plants located throughout the new suburbs around Alkimos.  By treating the 
effluent at one point the Water Corporation is better able to provide the expected 
service.  To divert the flows to Beenyup would involve a significant cost to upgrade the 
conveyance system within established suburbs and a Beenyup upgrade beyond the 
proposed 150ML/d is not a viable option on the grounds of cost and community 
acceptance and disposal capacity. 

5 Pump everything to Beenyup As stated above, the cost to upgrade the conveyance system and providing the 
pumped solution to Beenyup would be prohibitive. 

6 Treatment plant at Neerabup Planning is well advanced for the provision of a major residential development and 
commercial centre in the immediate Alkimos area.  This proposal, together with part of 
the current unprecedented frontal development in the North West Corridor will be 
serviced by the new Alkimos WWTP.  Neerabup is remotely located from these 
developments.  A WWTP located at Neerabup is not part of the current wastewater 
scheme plan.  Any future development at Neerabup will not affect the requirement for 
a plant at Alkimos. 

7 Purchase another site More than twenty sites have been investigated and the Alkimos site was identified as 
the best option for the treatment site and the proposed ocean outlet to maintain the 
gravity solution. 

8 Pump Alkimos back to Two 
Rocks/Yanchep 

Rejected due to the requirement for a much larger site at Two Rocks /Yanchep and 
due to the pumping requirement. 

9 Delay Alkimos as long as 
possible and pursue other 
contingencies 

The available contingencies at Beenyup are only an option to 2011 based on 
predicted growth within the area. 

10 Supply to Carabooda 
horticulture recycled water 
(from Alkimos) 

The farming industry would not be able to take the full outflow from the AWWTP.  This 
is a possible solution, which may be implemented subject to social, political and health 
and environmental acceptability in the future. 

11 Slow down urban development This option is outside the control of the Water Corporation. The Corporation is 
obligated to service urban expansion. 

12 Local community treatment 
(households) 

This technology is not cost effective, not acceptable to the community and is 
inconsistent with current sewerage infill programs. 

13 Infiltrate and abstract treated 
wastewater locally 

Insufficient capacity to infiltrate total outflow.  Implications to groundwater 
contamination and regulatory and statutory approaches may be considerable. 

14 Wetland replenishment using 
treated wastewater 

More costly treatment required and wetlands are within drinking water extraction 
areas. 

15 All of Beenyup and Alkimos to 
replenish Gnangara Mound 

Advanced treatment and social, health and environmental implications of this option 
are the subject of a joint government trial. 

16 Reduce the demand – ultra 
water wise development 

The Water Corporation is supporting DPI and the developers to progress this as part 
of the Water Corporation’s commitment to reuse and minimisation of potable water 
requirements. 

17 Interim plant at Yanchep/Two 
Rocks 

This option is currently required and is in addition to the requirement for Alkimos. 
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1.1.12 Reuse and Energy Recovery 
Development of Disposal/Reuse Strategy – Overview 
Original planning for the Alkimos WWTP and treated 
wastewater disposal/reuse system identified the need for a 
secure means of returning surplus treated wastewater 
safely to the environment, which must be able to operate at 
any time. 
 
Because of the seasonal demand for water in Perth, and the 
large quantities involved, the strategy is to discharge 
excess treated wastewater to the ocean via a long ocean 
outlet flowing under gravity. It was anticipated at the time 
of undertaking early planning work that, during winter, 
most if not all of the flow would need to be discharged. 
During summer, an increasing proportion of the treated 
wastewater could be reused on land.  
 
As a result of declining water supplies, more recent 
planning has placed renewed emphasis on reusing 
reclaimed wastewater as a second class supply and 
possibly to indirectly replenish Perth’s groundwater 
sources. Several pilot projects have been initiated to assess 
the viability and public acceptance of these opportunities.  
 
These projects include: 
• Managed Aquifer Recharge (year round) to replenish 

groundwater aquifers with water reclaimed from 
treated wastewater, using membrane technology; 

• Recharge of coastal aquifers (year round) to enhance 
quantities that can be extracted for local irrigation; 

• Use of reclaimed water to supply horticultural areas; 
and 

• Use of reclaimed water to irrigate recreational areas. 
 
It is anticipated that it will take 10-15 years to prove 
viability and gain public acceptance for those options that 
relate to growing food crops or replenishing groundwater 
drinking supplies. Nevertheless, within a 20-30 year 
timeframe, it is expected that most if not all of the base 
summer flows from the AWWTP, will be recovered for 
reuse in various purposes. 
 
A feature of the sandy Perth aquifers is that highly treated 
reclaimed water can be used to recharge groundwater 
during most of the year subject to managing nutrient and 
health related aspects. However, it is essential to retain a 
properly designed marine disposal system (or other 
mechanism to discharge excess treated wastewater safely 
to the environment) as part of any sustainable reuse 
strategy, for the following reasons: 
• Managed Aquifer Recharge processes using reverse 

osmosis (RO) membranes for the highest level of 
treatment will produce a saline water reject stream of 
approximately 25%. This will require disposal to the 
marine environment (at ultimate flows of 160ML/d, 
current membrane technology implies a reject stream 
of approximately 40 ML/d which needs to be disposed 
of); and 

• Winter flows into Perth's WWTPs exceed 
baseline summer flows by 20% in the peak 
month and by up to 80% on the peak day. At an 
inflow of 80 ML/d, peak winter flows could be 
60ML/d above the baseline for several 
consecutive days. Since a reverse osmosis plant 
is designed to operate on baseload, this 
60ML/d would have to be disposed of. 

 
It is important to develop an integrated wastewater 
management strategy that is adaptable to future 
trends while at the same time achieves the high 
level of security that the community demands. Such 
a strategy must include, as an integral component, 
the capacity to safely discharge excess treated 
wastewater to the environment at any time. 
 
The baseline physical and biological wastewater 
treatment processes selected for the AWWTP will 
be compatible with all foreseeable reclaimed water 
technologies. Allowance will be made on the site 
for future full recovery and reuse of baseline flows. 
 
Groundwater Recharge at Alkimos - Overview  
In the short term while flows are less than 10 ML/d, 
the Water Corporation considered infiltrating 
treated wastewater to groundwater via a number of 
recharge basins located within the AWWTP buffer. 
The intention was that this water could be available 
for subsequent extraction and local irrigation during 
the summer months.  
 
It was envisaged that this scheme could become a 
permanent part of a local recycling strategy by 
applying appropriate safeguards as urban 
development encroaches and the risk of (human) 
contact increases. Additional recharge basins could 
be integrated within local parklands by applying 
higher levels of treatment (for example 
microfiltration or ultrafiltration in combination with 
ultraviolet disinfection). 
 
Similar schemes operate at Mandurah and Kwinana 
within the confines of plant security fences.  
 
A short term option was considered for Alkimos 
with the following features: 
• recharge quantity: 10 ML/d; 
• surface infiltration to six recharge lagoons 

located within the AWWTP site buffer; 
• discharge to lagoons on a rotational basis 

(recharge, rest, dry); 
• recharge quality: low suspended solids, low 

nitrogen, bacteriological quality to meet health 
criteria; 

• lagoons fenced with signage to meet health 
criteria. 

 
The above layout is shown on Plans 3 and 4 (see 
Appendix B). 
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Modelling of infiltration was undertaken to determine 
groundwater mounding, flow paths, travel times and 
increases in groundwater nitrogen (Rockwater, 2004) 
 
The effects of on-site infiltration on the marine 
environment is discussed in more detail in Section 4. 
These studies indicate that there is a risk that 
phytoplankton biomass may increase by detectable 
amounts at the shoreline, and that locally derived 
Environmental Quality Criteria may be exceeded from 
time to time as the beach will be classified as having a 
high (E2) level of protection. As it has not been shown that 
there will be no adverse effect on shoreline marine 
communities, this option has been discounted at this time. 
 
Energy Recovery – An Overview 
It should be noted that energy recovery is also an 
important factor in the long-term development of the 
AWWTP.  This generally requires a primary treatment step 
in the process train to recover ‘raw sludge’ for anaerobic 
digestion and recovery of biogas.  This in turn removes 
some of the carbon source that enables full denitrification 
to occur in the secondary process.  Based on current 
treatment processes, staging of the AWWTP and expected 
nitrogen output is summarised in Table 1.2. 
 
The suitability of energy recovery will be considered each 
time the installed capacity of the plant is increased. 

1.1.13 The Water Corporation’s 
Environmental Policy 

The Water Corporation is Western Australia's major 
provider of water and water-related environmental 
management services over a large, diverse area.  The 
Water Corporation is a significant manager of the water 
cycle - taking water from the environment for water supply 
and returning treated wastewater and its by-products safely 
to the environment.  The Water Corporation’s goal is long-
term sustainability of the water business, including public 
health, environmental protection and economic 
development outcomes.   
 
The Water Corporation is committed to the following 
principles to achieve this goal: 
1. Ensuring environmental considerations are 

integrated into all asset planning, design, 
construction, operational and decommissioning 
processes through: 
 assessing current and planned operations and 

projects for environmental impact and where 
appropriate, developing environmental 
objectives, and targets and improving plans; 

 developing and implementing procedures to 
avoid or manage incidents which may have an 
adverse environmental impact; and 

 incorporating requirements into tender and 
contract documents. 

 Meeting the obligations of society and the 
natural environment, and aiming to exceed 
environmental targets where appropriate; 

 Engaging stakeholders in major 
decision-making; 

 Minimising the adverse effects of 
activities while maximising economic, 
environmental and societal benefits. 

2. Avoiding where practicable, serious or 
irreversible harm to the environment by 
managing the risks associated with 
activities; 

3. Assessing the environmental, social and 
financial implications in planning for the 
provision of water services; 

4. Maximising efficiency of use of resources; 
5. Communicating promptly and openly, and 

reporting publicly on activities; and 
6. Ensuring employees have the environmental 

awareness, skills, motivation, resources and 
expert professional support to sustainability 
manage the business. 

 
The Water Corporation’s commitment to these 
principles is demonstrated by yearly setting of 
objectives and targets to drive continual 
improvement in environmental performance. 
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2 The Proposal 
2.1 Scope of the Proposal 
The proposal involves the construction, operation and 
maintenance of a WWTP at Alkimos, to be developed 
in stages up to an operational capacity of 160ML/d 
beyond 2050. It involves the associated treated waste 
water disposal strategy via an ocean outlet, with future 
opportunities for wastewater re-use. 
 
The Water Corporation now proposes to construct 
Stage 1 of the AWWTP at site B, with an ocean outlet. 
Site B was chosen as the agreed site for the AWWTP 
so that the land most desirable for urban development, 
to the west, could be available for residential 
development and the development of the beach as a 
regional focal point. Site A is an alternative if Site B 
proves unsuitable. 
 
Site A is located between 300 to 1000 metres from the 
Alkimos shoreline behind the foredunes. Site B is 
located between  1000 and 1700 metres from the coast 
at a higher relief in the landscape.  
 
The review of Site A is being conducted under 
assessment number 1582 and Site B assessment 
number 1529. 
 
Associated with the WWTP, the Water Corporation is 
proposing to develop and implement the construction 
one of three proposed ocean outlet launch site options, 
depending upon technical, environmental, social and 
economic acceptability. (see Figure 2.1).  

2.2 Key Characteristics 
The AWWTP development will be staged in modules, 
ahead of demand forecast to be placed upon it.  It must 
be recognised that wastewater treatment technology 
and potentially the site layout is likely to evolve over 
the life of this facility as it develops.  
 
The notional staging is identified in the key 
characteristics of Sites A and B (see Table 2.1). 
Estimates of the staged demand are based on current 
population growth projections (2005). 
 
 



Alkimos Wastewater Treatment Plant - Public Environmental Review 

Section Two: The Proposal - Final v.3 - 8 November 2005 
Page 4 of 20 

 

Figure 2.1  Alkimos WWTP Sites and Ocean Outlet Launch Site Options 
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Table 2.1  Key Characteristics Table Sites A and B 

Characteristic Site A Site B 
Indicative life of project Staged capacity to be implemented for both sites as follows: 

Indicative Timing        Installed Capacity (ML/d) of inflow 
2009/10 10 
2020 40 
2030 60 
2040 80 
2050 120 
Beyond 2050 160 

Treatment process Wastewater will be treated to an advanced secondary standard most likely based upon the activated 
sludge process similar to that recently constructed at Woodman Point WWTP, achieving a high 
degree of nitrogen removal.  Additional treatment processes will be utilised to make the treated 
wastewater “fit for purpose” for disposal and re-use opportunities as and when they become 
available/viable. Odours will  be vented via an approximately 50m tall stack. 

Treated wastewater quality  
(annual average) 
BOD1 (mg/L) 
Suspended solids (ss) (mg/L) 
Total nitrogen (TN) (mg/L) 
Total phosphorus (TP) (mg/L) 
Thermo-tolerant coliforms (cfu/100ml) 

 
2009 
20 
30 
7 
12 
105

 
2020 
20 
30 
8 
12 
105

 
2030 
20 
30 
9 
12 
105

 
2040 
20 
30 
10 
12 
105

 
2050 
20 
30 
15 
12 
105

Beyond 
2050 
20 
30 
15 
12 
105

Treated wastewater disposal 
 

Ocean outlet 
 
 
 
Dilutions  

 
 
Discharge up to 40ML/d advanced secondary treated wastewater beyond 2009.  Duplication of the 
outlet may be required in the future, dependent upon availability of other disposal/reuse options at 
that time. 
 
The average dilution of the wastewater stream in the ocean will be at least 1:300 with the dilution 
being above 1:200  99% of the time within 100m of the AWTTP Ocean Outlet diffuser. 

Toxicant concentrations Projected loads and flows will result in toxicant concentrations meeting the ANZECC & ARMCANZ 
80% species protection guideline values for bio-accumulating toxicants within 100m of the AWWTP 
Ocean Outlet diffuser and meeting the ANZECC & ARMCANZ 99% species protection guideline 
values for bio-accumulating toxicants beyond 100m from the AWWTP Ocean Outlet Diffuser. 

Water reclamation and re-use 
Managed aquifer recharge (MAR)  
 
 
Ocean outlet  
 

 
Up to 75% of the volume of treated wastewater from the AWWTP can be reclaimed through 
advanced treatment technologies such as Reverse Osmosis (RO).  (up to 120ML/d) 
 
The remaining 25% (up to 40ML/d) of the volume of the treated wastewater, containing the excess 
treated wastewater from the AWWTP and the concentrate from the advanced treatment technologies 
utilised will require disposal to the ocean. 

Power requirements 3 MW (ultimate) 
Power source Western Power grid 
Volume of excavation 180,000 cubic metres 3,000,000 cubic metres 
Clearing of vegetation required 
WWTP site (including batters) 
Ocean outlet launch Site 1B 2
Access roads within buffer 
Haul roads within buffer 
Quinns sewer route-within buffer to 
WWTP 
Total for WWTP  

 
15ha 
6.6ha 
0.8ha 
0.0ha 
0.85ha 
 
23.2ha 

 
19ha 
6.6ha 
0.7ha 
1.3ha 
0.6ha 
 
28.2ha 

Odour buffer 600m. Majority of western portion of buffer 
located over ocean.  No housing planned to the 
west of the site. 

Minimum of 600m to the north, east and south; 
800m to the north west and west due to the 
“ponding” phenomenon.3   

1 biological oxygen demand # there may be potential to reduce the buffer to the south east to 450m 
2 preferred launch site 
3 there may be potential to reduce the buffer to the south east to 450m and depending upon possible engineering solutions, the 800m to 600m 
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• gas engines for energy recovery (when primary 
treatment installed); 2.2.1 Treatment Processes 

• digested sludge storage tanks; The development of the AWWTP will be in stages, 
ahead of the forecast demand.  It must be recognised 
that wastewater treatment technology and potentially 
the site layout are likely to evolve with process 
advances as the facility develops. The design for the 
first stage is subject to finalisation and flexibility needs 
to be maintained to meet odour and other 
environmental and process requirements. At this point 
in time all or some of the following processes are 
envisaged: 

• a sludge dewatering building, wherein sludge is 
dewatered using centrifuges (as at the Subiaco, 
Beenyup and Woodman Point treatment plants); 

• treated wastewater balancing lagoons; 
• outlet flume, in the west of the site;  
• water reclamation plant; 
• product-water tank(s); and 
• odour control extraction and scrubbing plants, with 

discharge via vent stacks. 
 • screening and grit removal tanks at the eastern end 

of the site; The treatment processes will be re-evaluated at each 
stage when the capacity of the AWWTP is upgraded. • primary sedimentation tanks; 

• secondary treatment by an advanced version of 
activated sludge (for example by Sequencing 
Batch Reactors or other process configuration 
designed to maximise nitrogen removal); 

2.2.2 Wastewater Treatment Plant 
Type and Staging 

The AWWTP will be based on advanced versions of 
the activated sludge process and developed in stages 
over the next 50-100 years.  Current inflow projections 
have been used to develop the following staging 
strategy, shown in Table ES.3.

• sludge thickening; 
• sludge digesters (anaerobic digestion when 

primary treatment installed); 

Table 2.2 Notional Staging - Baseline Treatment 

Year Average 
Daily Flow 

(ML/d) 

Installed 
Capacity 

(ML/d) 

Description of Liquid Process Treated Wastewater 
Quality as Annual 

Mean, (mg/L) 

Sludge Treatment 

2009 /10 6 
 

10 
 

STAGE 1: 
Inlet works (temporary). 
Extended aeration activated 
sludge. 

SS < 20 
BOD < 30 
TN < 7 
TP<10 

Sludge thickening. 
Aerobic digestion. 
Sludge dewatering. 
Cake to beneficial use. 

2020 10 40 STAGE 2: 
Inlet works (permanent). 
Extended aeration. 

SS < 20 
BOD < 30 
TN < 8 
TP<10 

As above 

2030 40 60 STAGE 3: 
Expansion of above processes. 
Possible introduction of primary 
treatment step to recover raw 
sludge for energy recovery and 
reduce energy consumption in 
activated sludge process. 

As above, except for 
TN which will 
increase to 15mg/L if 
primary treatment 
step introduced. 

As above for biological sludge. 
Possible introduction of anaerobic 
digestion for raw primary sludge. 
Possible introduction of energy 
recovery. 

2040 60 80 STAGE 4: 
Expansion of above processes. 
 

As above, except for 
TN which will 
increase to 15mg/L if 
primary step 
introduced. 

As above for biological sludge. 
Probable introduction of anaerobic 
digestion for raw primary sludge. 
Probable introduction of energy 
recovery. 

2050 80 120 STAGE 5: 
Expansion of above processes 
assumed. 
Primary treatment. 
Activated sludge. 

SS < 20 
BOD < 30 
TN < 15 
TP<10 

Sludge thickening. 
Anaerobic digestion. 
Sludge dewatering. 
Energy recovery. 

Ultimate 120 160 Expansion of above processes 
assumed. 

To be determined. To be determined 
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2.2.3 Alkimos Ocean Outlet 
As part of this proposal, the Water Corporation intends 
to: 
• construct a land outlet pipeline connecting the 

AWWTP to the ocean outlet; 
• excavate a submarine trench to accommodate an 

ocean outlet of approximately 3,500 metres length. 
The inner 2000m will be laid sloping downwards, 
the outer 1500m will follow the profile of the 
existing seabed. Refer Plans 19 and 20 (see 
Appendix B); 

• install by the bottom-pull method, a 1000 mm to 
1200 mm diameter pipeline; 

• backfill the trench to secure pipeline stability and 
restore the original seabed profile;  

• commission, operate, maintain and monitor the 
ocean outlet in accordance with established Asset 
Management Plans; and 

• maintain access to a launching site for possible 
future duplication of the ocean outlet. 

 
Launch Site 1B is the preferred option  to minimise 
impact on significant vegetation identified at the 
location. This option will result in the clearing of 
approximately 6.6 ha of vegetation, approximately 2 ha 
being identified by Weston (2005) as being Melaleuca 

huegelii – M. systena low shrubland to open low heath 
and open low heath. 
 
The pipeline would be laid at grade or flat through the 
inner reef, and laid over the middle reef profile to 
minimise excavation.  Two small outlet ports (80 mm) 
would be placed on top of the pipeline at high points in 
the middle reef (approx 2500m from shoreline) to 
release air and prevent flotation.  This would require 
excavation up to 5m deep through the inner reef 
system, and the preparation of a shallow trench up to 
2m deep through the middle reef.  The pipeline would 
also be buried from the shoreline where depths are less 
than 5m to avoid visibility from the land.  Trenches 
would be backfilled to restore reef and seabed profiles. 
 
Hydraulic design considerations determine that a 
pipeline diameter of 1000 mm to 1200 mm is required 
(final sizing will be determined in detailed design 
phase).  
 
The offshore reef system is the most significant 
consideration in the construction of an ocean outlet at 
Alkimos.  Plan 13 (see Appendix B) shows the major 
reef features, including the shallow reef systems to the 
south and north of the AWWTP site. 
 
 

 

Table 2.3  Summary of Ocean Outlet Characteristics 

Year Average 
Daily 
Flow 

(ML/d) 

TN 
(mg/L) 

Description Average 
Daily N Load 

With No 
Reuse 
(kg/d) 

N Load With 
Maximum 

Reuse 

Comment 

2009/10 6 7-10 
7-10 

STAGE 1 (proposed): 
Capacity: 40ML/d 
Offshore length: 3500m 
Diffuser depth: 20m 
Diffuser length: 300m 
Diffuser ports: 100 of 
100mm diameter 
Initial dilution: 200x 

60 
 
(400 kg/d at 
Stage 1 
capacity) 

To be 
determined 

Approval sought for Stage 
1 based on maximum 
Stage 1 capacity.  
Maximum annual TN load 
of 150 tonne (based on a 
mean daily load of 400 
kg/d). 

2030 40 9-10 STAGE 2 (if required): 
Capacity: 80ML/d 
Offshore length: TBA 
Diffuser depth: TBA 
Diffuser length: TBA 

400 To be 
determined. 
 

If  further marine disposal 
required, separate 
approval will be sought 
around 6 years before 
Stage 1 capacity 
exceeded. 

2050 80 15 
Primary 
treatmen
t and 
energy 
recovery 
installed 

STAGE 3 (if required): 
Capacity: 160ML/d 
Offshore length: TBA 
Diffuser depth: TBA 
Diffuser length: TBA 

1200 To be 
determined. 
 
 

As above. 

Ultimate 160 15  2400 To be 
determined. 

As above. 
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2.2.4 Re-use Options Using Treated 
Wastewater at AWWTP 

The State Government has set a target of 20% 
recycling of treated wastewater by 2012 in the State 
Water Strategy, released in February 2003.   
 
There are a number of options to achieve the 20% 
target, and these can be described under four scheme 
categories: 
• Category 1  – Industrial. 
• Category 2 – Green Space – irrigation of public 

parks, golf courses and possibly domestic back 
gardens. 

• Category 3 – Agricultural - irrigation of 
agricultural areas. 

• Category 4 – Indirect Potable - use of recycled 
water to augment scheme water supplies. 

 
The opportunities for water reuse at the AWWTP 
include: 
1. Carabooda market gardens; 
2. Environmental benefits; 
3. Gnangara Mound; 
4. Supply to local community; and 
5. Drinking water supplies  

2.2.5 Infiltration 
The Water Corporation seriously considered short term 
disposal of secondary treated wastewater via 
infiltration ponds in an environmentally acceptable 
manner.  The Water Corporation has rejected 
infiltration as an interim option for disposal of treated 
wastewater due to the uncertainty from modelling 
surrounding the: 
• fate and transport of nutrients to the near shore; 
• probability of exceedance of the high protection 

(E2) level criteria and protection at the beach. 
 
The Water Corporation is continuing to work with 
regulators and local stakeholders to define the most 
sustainable approaches for regional water recycling on 
the Swan Coastal Plain.  Currently reuse options are 
more suited to the Beenyup WWTP as the initial 
Treated Wastewater (TWW) flows from Alkimos are 
minor in comparison.  It is clear that further scientific 
investigations and government policy changes are 
required before reuse options become viable options 
for the TWW from the AWWTP.   
 
Managed aquifer recharge and direct reuse will require 
health, environmental, community and political 
acceptance and policy change before they become 
practical. 

2.3 Wastewater Treatment Plant 

2.3.1 Treatment Processes 
The development of the AWWTP will be in stages, 
ahead of the forecast demand.  It must be recognised 
that wastewater treatment technology and potentially 
the site layout are likely to evolve with process 
advances as the facility develops. The design for the 
first stage is subject to finalisation and flexibility needs 
to be maintained to meet odour and other 
environmental and process requirements. At this point 
in time the following processes are envisaged: 
• screening and grit removal tanks at the eastern end 

of the site; 
• primary sedimentation tanks; 
• secondary treatment by an advanced version of 

activated sludge (for example by Sequencing 
Batch Reactors or other process configuration 
designed to maximise nitrogen removal); 

• sludge thickening; 
• sludge digesters (anaerobic digestion when 

primary treatment installed); 
• gas engines for energy recovery (when primary 

treatment installed); 
• digested sludge storage tanks; 
• a sludge dewatering building, wherein sludge is 

dewatered using centrifuges (as at the Subiaco, 
Beenyup and Woodman Point treatment plants); 

• treated wastewater balancing lagoons; 
• outlet flume, in the west of the site;  
• water reclamation plant; 
• product-water tank(s); and 
• odour control extraction and scrubbing plants, with 

discharge via vent stacks. 
 
The intended design is further detailed in the 
following: 

Treatment Processes – Inflow Variations 
Inlet works, primary and secondary treatment processes 
will be designed for diurnal flow variations along with 
wet weather peak flows.  
 
The diurnal flow during dry weather is very 
predictable, with the peak flow generally occurring late 
morning and a secondary peak occurring early evening. 
Peak dry weather flow is typically 1.4-1.6 times 
average daily flow.  However, in wet weather this can 
change considerably with peak flows up to 3 times 
average flow, but rarely greater than 2 times average 
flow over extended periods. 
 
The AWWTP (inlet works, primary treatment and 
secondary treatment) will be designed to safely 
accommodate these flow variations. 
 
In later stages, secondary treated wastewater will be 
stored in balancing dams to damp out typical dry 
weather diurnal flow patterns and provide a more 
uniform and manageable feed flow to any subsequent 
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water reclamation plant, as it is not practical or 
economical to oversize a water reclamation plant to 
cope with peak wet weather flows.  

Treatment Processes – Preliminary Treatment 
Preliminary treatment including screening and grit 
removal will be installed to protect downstream 
processes and equipment.  Pressed screenings and 
washed grit will be disposed in accordance with 
present approved practices. 

Treatment Processes – Primary Treatment 
An important process in terms of recovering and 
minimising energy is the installation of primary 
treatment before the activated sludge process.  This 
will enable the collection of raw sludge and its 
subsequent anaerobic digestion to recover biogas to 
fuel gas engines.  It is anticipated that the primary 
treatment, anaerobic digestion step will be introduced 
in a 30-50 year timeframe when quantities are such to 
provide the economies of scale necessary to justify this 
process.  

Trea men  Proce es – Secondary Treatmen  t t ss t

t

The basic treatment process will be built around the 
activated sludge process.  This secondary treatment 
process is by far the most dominant treatment process 
for larger communities worldwide. Significant 
improvements over the last 30 years have seen 
configurations that manage anaerobic, anoxic and 
aerobic fractions to maximise nutrient removal.  More 
recent advances have seen membranes introduced to 
replace final clarifiers and undertake the solids/liquid 
separation step (Membrane Bioreactors or the MBR 
process).  The MBR process is in its infancy in 
Australia, with the largest plant currently being built in 
Victor Harbour, South Australia.  
 
The ultimate layout of the AWWTP has been based on 
an advanced version of the activated sludge process as 
recently installed at Woodman Point WWTP.  The 
AWWTP will be built up in stages over the foreseeable 
future. It is anticipated that this process will be 
modified over the 50-100 year development timeframe, 
and it is expected that the plant layout and 
configuration will adapt to improvements in 
technology over this timeframe. 

Treatment Processes – Sludge Treatmen  
Anaerobic digestion is the most common and energy 
efficient method world wide to stabilise raw sludge 
from large domestic WWTPs.  The resultant digested 
sludge can be dewatered to achieve sludgecake of 
greater than 30% dry solids content. Energy recovery 
potential is high. 
 
Conversely, biological sludges from the activated 
sludge process are already partially digested 
(aerobically in the activated sludge process), and 
consequently, energy recovery potential is low.  
Biological sludge is much more difficult to dewater, 

typically achieving cake of less than 20% dry solids 
content. 
 
While the sludge processes at the AWWTP in the 
longer term will be developed in line with current and 
future processes, it is likely that the focus will shift to 
energy recovery, which in turn will require maximising 
capture of raw primary sludge and minimising 
biological sludge production. 
 
Biosolids produced from the sludge treatment 
processes will be reused and disposed in accordance 
with the Western Australian Guidelines for Direct Land 
Application of Biosolids and Biosolids Products (Feb 
2002). 

Treatment Processes – Reclaimed Water Plant 
The proposal to base treatment at Alkimos on an 
advanced version of the ‘activated sludge’ process that 
achieves a high degree of nitrogen removal will 
maximise opportunities for further downstream 
treatment and recovery of ‘reclaimed water’ for reuse. 
 
Depending on the location and beneficial use of the 
reclaimed water, a number of processes are envisaged 
ranging from high rate sand filtration and disinfection 
by chlorine or UV light (as currently being trialled at 
Subiaco WWTP) to Membrane separation: 
Microfiltration/ Reverse Osmosis (as currently 
operating at the Kwinana Water Recycling Plant).  

Treatment Processes –Odour Control 
Treatment processes will be covered, and odorous air 
ducted to odour scrubbers.  The level of odour control 
will be determined by the need to keep odour emissions 
below the ‘odour budget’ for the WWTP, as 
determined by dispersion modelling.  The limiting 
odour emission for the AWWTP is based on the need 
to comply with odour criteria set for the plant, 
specifically the allowable odour criterion at the plant 
buffer. 

2.3.2 Wastewater Treatment Plant 
Staging and Implementation 

Staging 
The first stage is for an installed capacity of 10 ML/d.  
 
A conceptual flow diagram, setting out how the 
AWWTP may be developed over the long term, is 
shown on Figure 2.2. 
 
Plant layouts of the ultimate (160ML/d) AWWTP are 
shown on Plans 5 (for Site A) and 6 (for Site B) (see 
Appendix B).  The treatment processes for both Site A 
and Site B are similar, with the exception of minor 
differences in odour control requirements.  Differences 
are discussed in Sections 6 and 7. 
The AWWTP will be based on advanced versions of 
the activated sludge process and developed in stages 
over the next 50-100 years.  Current inflow projections 
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have been used to develop the following staging 
strategy, shown in Table 2.2. 

Construction Methods 
Construction methods will follow current industry 
practice.  A Construction Management Plan (including 
all environmental and risk management measures) will 
be developed in accordance with Water Corporation’s 
standard operating procedures and quality management 
system. 

Operations and Maintenance 
An Operations Management Plan will be developed 
during the design and commissioning phase to reflect 
the operational environment at Alkimos.  The Plan will 
document work procedures for operations and 
maintenance (including safety) of a facility that is 
predominantly covered for odour control. 

Noise 
All new works will be designed and operated to 
comply with noise regulations. Noisy equipment will 
be housed in buildings or other noise attenuating 
enclosures.  

Power Requirements 
At full development of 160 ML/d, power consumption 
at the AWWTP is expected to be approximately 
25,000,000 kWhr per annum, most of which is 
consumed providing aeration to the secondary 
treatment process.  Recovery of biogas to fuel gas 
engines is expected to contribute approximately 40% of 
the plant energy requirements. 
 
The above does not include energy required for future 
water reclamation plants or the pumping of reclaimed 
water to areas of reuse. 
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Figure 2.2  Flow Diagram of WWTP 
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Table 2.4  AWWTP Notional Staging - Baseline Treatment 

Year Average 
Daily Flow 

(ML/d) 

Installed 
Capacity 

(ML/d) 

Description of Liquid Process Treated Wastewater Quality 
as Annual Mean, (mg/L) 

Sludge Treatment 

2009 /10 6 
 

10 
 

STAGE 1: 
Inlet works (temporary). 
Extended aeration activated sludge. 

SS < 20 
BOD < 30 
TN < 7 
TP<10 

Sludge thickening. 
Aerobic digestion. 
Sludge dewatering. 
Cake to beneficial use. 

2020   10 40 STAGE 2: 
Inlet works (permanent). 
Extended aeration. 

SS < 20 
BOD < 30 
TN < 8 
TP<10 

As above 

2030   40 60 STAGE 3: 
Expansion of above processes. 
Possible introduction of primary treatment step to 
recover raw sludge for energy recovery and reduce 
energy consumption in activated sludge process. 

As above, except for TN which will increase to 
15mg/L if primary treatment step introduced. 

As above for biological sludge. 
Possible introduction of anaerobic digestion 
for raw primary sludge. 
Possible introduction of energy recovery. 

2040   60 80 STAGE 4: 
Expansion of above processes. 
 

As above, except for TN which will increase to 
15mg/L if primary step introduced. 

As above for biological sludge. 
Probable introduction of anaerobic digestion 
for raw primary sludge. 
Probable introduction of energy recovery. 

2050   80 120 STAGE 5: 
Expansion of above processes assumed. 
Primary treatment. 
Activated sludge. 

SS < 20 
BOD < 30 
TN < 15 
TP<10 

Sludge thickening. 
Anaerobic digestion. 
Sludge dewatering. 
Energy recovery. 

Ultimate 120 160 Expansion of above processes assumed. To be determined. To be determined 
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2.3.3 Re-use Options using Treated 
Wastewater 

The State Government has set a target of 20% recycling of 
treated wastewater by 2012 in the State Water Strategy, 
released in February 2003.   

Options and Categories o  Water Recycling 
Opportunities 

f

There are a number of options to achieve the 20% target, 
and these can be described under four scheme categories: 
• Category 1  – Industrial. 
• Category 2 – Green Space – irrigation of public parks, 

golf courses and possibly domestic back gardens. 
• Category 3 – Agricultural - irrigation of agricultural 

areas. 
• Category 4 – Indirect Potable - use of recycled water 

to augment scheme water supplies. 

“Climbing the Stairs” 
It is useful to think in terms of climbing a set of 
stairs when considering different categories of 
water recycling.  Reasons for this are: 
• Social - Research has consistently shown that 

the acceptability of water recycling decreases 
substantially as the use moves from industry to 
green spaces to horticulture, with scheme 
augmentation being significantly less 
acceptable than other categories.  Health issues 
are also more challenging for successive 
categories.  

• Financial - On the Swan Coastal Plain, moving 
to higher categories involves significant 
increases in capital and operating costs, 
complexity, risk, and number of stakeholders 
involved. 

• Environmentally, on the Swan Coastal Plain, 
Category 1 and 2 schemes generally have low 
environmental impacts and benefits, while 
Category 3 and 4 schemes consistently have 
high environmental impacts and benefits. 

Thus, there is an overall increase in the degree of 
difficulty of scheme implementation moving from 
Category 1 to Category 4 schemes.  This is 
presented in Figure 2.3 below. 
 

Figure 2.3  Water Recycling "Climbing the stairs" 
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Treated water reuses can be either direct straight from 
the WWTP or it can be stored in aquifers.  Managed 
Aquifer Recharge for purpose recycled water has been 
identified as having significant potential as a source for 
both indirect public drinking water and non-potable 
water for environmental and other benefits. 
 
As described in a draft discussion paper by the EPA 
2005 called “Managed Aquifer Recharge using Treated 
Wastewater on the Swan Coastal Plain”, managed 
aquifer recharge (MAR) is the infiltration (see Figure 
2.4a) or injection (see Figure 2.4b) of water into an 
aquifer.   

The term MAR encompasses either aquifer recharge 
without abstraction, and recharge for later abstraction, 
also known as aquifer storage recovery (ASR) or 
aquifer storage transfer recovery (ASTR).  
 
The EPA discussion paper considers MAR on the 
Swan Coastal Plain using treated wastewater, outlines, 
and considers four potential applications of MAR:   
1. improvement of groundwater quality (by 

preventing sea water intrusion); 
2. irrigation in horticultural areas; 
3. integrated water management in new residential 

areas; and 
4. to increase drinking water supplies. 
 

Figure 2.4  (a) MAR by Infiltration (b) MAR by Injection, with Well Abstraction (EPA 2005) 

 

 
 

2.3.4 Potential Water Re-Use for TWW 
from AWWTP 

In terms of water recycling for the AWWTP, there are 
a number of opportunities including: 

Regional Opportunities Include: 
1. Carabooda market gardens; 
2. Environmental benefits; 
3. Gnangara Mound; 
4. Supply to local community; and 
5. Drinking water supplies  
 
It is noted that the volumes available from AWWTP 
within the next ten years will be low in comparison to 

existing water use for the above.  For instance, flows 
from AWWTP in 2018 are predicted to be 
approximately 5 GL/yr, while groundwater allocation 
for the Wanneroo/Carabooda area for agricultural area 
is 83GL/yr.  Reuse from Alkimos can therefore only 
play a limited part at best in meeting future water needs 
for the area. 

Background to Carabooda Market Gardens 
The Carabooda area, located on the Gnangara Mound 
north of Wanneroo, is the major market gardening 
region north of Perth (EPA 2005).  As a result of 
climate change, water use by nearby pine plantations, 
and a large amount of abstraction, groundwater levels 
have declined by up to 5 metres over the last 25 years.  
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This has impacted upon remnant bushland areas and a 
number of important groundwater dependent 
ecosystems including the Yanchep caves root mat 
communities, Loch McNess, Lake Wilgarup, Lake 
Yonderup, Lake Nowergup and Coogee Springs (EPA 
2005). 

Reuse Possibilities For The Carabooda Market 
Gardens 
Depending upon the social, political and health 
acceptability of the concept, the potential exists for the 
Water Corporation to supply the Carabooda Market 
Gardens with TWW via either MAR or direct supply 
from the proposed Alkimos Wastewater Treatment 
Plant for the purpose of irrigating their crops for 
horticulture.  Conceptually, treated wastewater could 
be piped from Alkimos to the eastern (upgradient) side 
of the horticultural precinct to be recharged into the 
unconfined superficial groundwater aquifer.  
Horticulturalists would be able to extract the recharge 
water from the superficial aquifer using existing private 
bores or deep well abstraction bores.  The TWW needs 
to be piped from Alkimos to the eastern (upgradient) 
side of the horticultural precinct.  
 
If the Water Corporation were to supply the Carabooda 
Market Gardens with TWW via pipes to the eastern (up 
gradient) side of the horticultural precinct for MAR 
reuse for irrigation purposes, the TWW would have to 
treated to a very high level as advice from the DoE and 
Health Department on MAR indicate that there are key 
areas of concern regarding protection of groundwater 
quality, public health, wetlands and caves in the 
northwest corridor.  Important water quality aspects 
include concentrations of nitrogen and endocrine 
disrupting chemicals such as personal care products 
and pharmaceuticals.  Current knowledge indicates that 
these chemicals require a very high level of treatment 
(e.g. reverse osmosis) to ensure environmental 
protection before MAR options can be seriously 
considered as a viable reuse option for TWW from the 
AWWTP.   
 
As an alternative to MAR, the Water Corporation is 
investigating the possibility of providing wastewater 
that has been treated to a class A level via a pipeline for 
direct irrigation purposes.  In the EPA discussion paper 
(EPA 2005) the Department of Health advises that the 
level of treatment for horticultural areas is dependent 
on the type of horticulture and the extent of possible 
human exposure.  Horticultural areas are usually mixed 
in nature, and it is unlikely that schemes would be 
viable without full Class A treatment processes due to 
the variability in horticultural products  (i.e. filtration 
and disinfection).   
The Water Corporation is providing advice to the DPI 
regarding provision of recycled water to Carabooda as 
part of the East Wanneroo Land and Water Use 
Management Study and this is likely to define the part 
that recycled water could play in the future for the 
Carabooda area.  

Environmental Benefits 
There is the potential for MAR using treated 
wastewater from the AWWTP to provide 
environmental benefits as the groundwater levels 
which have declined by up to 5 metres over the last 25 
years have impacted on remnant bushland areas and a 
number of important groundwater dependent 
ecosystems. These include  the Yanchep caves root mat 
communities, Loch McNess, Lake Wilgarup, Lake 
Yonderup, Lake Nowergup and Coogee Springs.   
 
Approaches described above to supply water to the 
Carabooda horticultural area could also assist in 
reducing the decline in groundwater levels.  Use of 
MAR would provide the most benefit if viable.  
 
Direct supply could assist in reducing the decline of 
groundwater levels providing bore water usage could 
be reduced due to supply of recycled water as a 
substitute.  

Gnangara Mound 
There are multiple demands for groundwater at the 
western edge of the Gnangara Mound.  These include 
horticultural irrigation, pine tree plantations, 
environmental needs, in the form of groundwater 
dependent ecosystems including wetlands and caves, 
and public water supply needs drawn by the Water 
Corporation.  It is likely that a MAR scheme could be 
devised that would have multiple benefits including 
maintenance of environmental needs.  Groundwater 
modelling is currently in progress to determine how 
much water would need to be recharged and where.  It 
is likely that locations for recharge would be largely in 
the Carabooda or Pinjar regions, similar to those for 
horticultural irrigation and drinking water supplies, but 
would be able to provide benefits for the whole 
Gnangara groundwater resource.  The implications of 
recycled water on the multiple values of Gnangara 
Mound will need to be considered taking into account 
legislation, policy and practices that have been 
developed over the last 10 years to protect land and 
water resource values in this area.  The water quality 
would have to be of a very high standard (Class A+) 
which would require expensive treatment processes 
such as reverse osmosis.  Recognition that longer-term 
proposals for infiltration of RO treated wastewater into 
areas currently gazetted as Priority 1 will require 
reassessment of the policy and or the application of the 
policy to selected areas on Gnangara Mound. 

Integrated water management in new residential 
areas - Alkimos  
The Water Corporation is working to develop 
principles, which capture the whole urban water cycle 
in decision making.  This includes a suite of tools to 
assist land developers, planners and their consultants to 
identify appropriate opportunities for the provision of 
non drinking water services specifically suited to 
Western Australian conditions.  This recognises all 
forms of non drinking water, including treated 
wastewater and groundwater, and seeks to ensure 
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health and environmental risks are clearly identified 
and appropriate management actions are addressed in 
the design of the scheme.  These tools are not intended 
to replace the guidelines and policies under 
development by regulators.   
 
Stakeholder input to these tools is ongoing and a 
number of workshops have been arranged to ensure 
broad and effective consultation.   
 
Analysis currently appears to favour the use of 
groundwater for neighbourhood bore systems as a first 
choice in urban areas, with the supply of treated 
wastewater via a “third pipe” system being a less 
favoured option due to high costs and significantly 
higher risks to public health due to possible cross 
connections. 

Drinking Water Supplies  
Conceptually, water from the Beenyup Wastewater 
Treatment Plant (BWWTP) or the AWWTP, following 
microfiltration and reverse osmosis, could be piped 
inland either for infiltration to the superficial aquifer or 
injection into the Leederville confined aquifer.  This 
would allow increased upstream abstraction of native 
groundwater, and the potential for later reclamation of 
the recharged water for public drinking water supplies.  
The recharge and abstraction points would be separated 
by several kilometres, and it would therefore take many 
years before recharge water would reach the point of 
abstraction.  It is expected that the natural capacity of 
the aquifers to purify the water, along with dilution due 
to mixing with the native groundwater, would be 
significant.  With current flows from Beenyup, up to 27 
GL per year could be recharged, with 7 GL per year of 
brine discharged to the ocean through the existing 
ocean outlet.  AWWTP could play a part in this in the 
future, but this will be comparatively minor for some 
time to come, due to low flows in comparison to 
Beenyup (eg 3 to 4 GL/yr from AWWTP in 2015, in 
comparison to over 40GL/yr from Beenyup at this 
time). 
 
All MAR projects, which involve a component of 
indirect drinking water re-use, must comply with the 
full spectrum of Health Department Guidelines (i.e. 
Class A+ water) or subsequent revisions thereof (EPA 
2005).   
 
The Water Corporation is currently in the initial stages 
of trials near the industrial area close to Neerabup, 
where MAR options will be tested over time to 
ascertain whether MAR options in similar soils and 
aquifers to the Pinjar Borefield will be possible in 
regards to the quality of water and removal of 
pathogens to ensure public safety and protect 
groundwater dependent ecosystems.  These trials will 
not be completed until at least 2015 and if the tests 
proved that MAR reuse options are possible for the 
Pinjar Borefield, it would require an extensive 
environmental impact assessment and policy changes 

form the different government departments such as the 
DoE, EPA and the Department of Health.  

Summary  
Essentially, the following is applicable to all regional 
options: 
 
Ongoing dialogue with the DoE together with recent 
draft advice from the EPA on MAR indicates key areas 
of concern regarding water quality including nitrogen 
and endocrine disrupting chemicals such as personal 
care products and pharmaceuticals.  Current knowledge 
indicates that these chemicals require a very high level 
of treatment (probably reverse osmosis) which would 
be required before MAR could be undertaken at most 
locations on the Swan Coastal Plain, and in particular 
to protect groundwater quality, wetlands and caves in 
the northwest corridor.  Ocean disposal is required for 
a reuse scheme because: 
• Reverse osmosis requires a disposal route for the 

brine concentrate, and the only option identified 
for this is an ocean discharge; 

• Any direct supply scheme will be seasonal in 
nature, and cannot guarantee total usage of the 
treated wastewater.  Again, an ocean outlet is 
required for those periods when the water demand 
does not meet the total discharge from the 
treatment plant. 

• The Water Corporation considers it would be a 
condition of approval from both the Health 
Department and DoE that when treatment plants 
were not delivering to the required water qualities 
(eg due to power failure) that water would not be 
supplied for either aquifer recharge or reuse: again, 
an ocean outlet would be required for the "off 
specification" flows. 

 
In summary, the Water Corporation is continuing to 
work with regulators and local stakeholders to define 
the most sustainable approaches for regional water 
recycling on the Swan Coastal Plain.  Currently reuse 
options are more suited to the Beenyup WWTP as the 
initial TWW flows from Alkimos are minor in 
comparison.  It is clear that further scientific 
investigations and government policy changes are 
required before reuse options become viable options 
for the TWW from the AWWTP.   

2.3.5 Groundwater Recharge 
At Site A and B, Water Corporation considered 
secondary advanced TWW could be recharged into 
recharge basins, approximately 1 hectare each.   
 
The option of disposal to recharge basins has been 
rejected following an assessment of the effects of 
increased nitrogen loading to the nearshore zone 
(within 20m of the shoreline), see Section 4 for more 
detail. 
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2.4 Ocean Outlet 
As part of this proposal, the Water Corporation intends 
to: 
• construct a land outlet pipeline connecting the 

AWWTP to the ocean outlet; 
• excavate a submarine trench to accommodate an 

ocean outlet of approximately 3,500 metres length. 
The inner 2000m will be laid sloping downwards, 
the outer 1500m will follow the profile of the 
existing seabed. Refer Plans 19 and 20 (see 
Appendix B); 

• install by the bottom-pull method, a 1000 mm to 
1200 mm diameter pipeline; 

• backfill the trench to secure pipeline stability and 
restore the original seabed profile;  

• commission, operate, maintain and monitor the 
ocean outlet in accordance with established Asset 
Management Plans; and 

• maintain access to a launching site for possible 
future duplication of the ocean outlet. 

 

The Water Corporation has undertaken the following 
studies to define the requirements for the Alkimos 
Ocean Outlet: 

• Reports on marine impacts, Oceanica 2005 
(see Section 4) 

• Ocean Outlet Construction Study, Atteris 
2005 (see Appendix C) 

 

The staging and characteristics of a marine ocean outlet 
are summarised in Table 2.4 below, and discussed in 
more detail in the following sections. 

2.4.1 Schedule  
The ocean outlet is proposed to be constructed to be 
operational at the same time as the AWWTP is 
completed. 
 

As the process for installation of the outlet pipe is 
weather dependant and must be undertaken during 
periods of calm seas it is proposed that the outlet is 
installed during the period January through to May 
2008 or 2009.  There will be the requirement to 
undertake geotechnical investigations in the ocean 
prior to the outlet installation and it is proposed that 
this work is undertaken in the January to May period, 
2007. 

Table 2.5  Summary of Ocean Outlet Characteristics 

Year Average 
Daily 
Flow 

(ML/d) 

TN 
(mg/L) 

Description Average Daily 
N Load With 

No Reuse 
(kg/d) 

N Load With 
Maximum 

Reuse 

Comment 

2009/10 6 7-10 
7-10 

STAGE 1 (proposed): 
Capacity: 40ML/d 
Offshore length: 3500m 
Diffuser depth: 20m 
Diffuser length: 300m 
Diffuser ports: 100 of 
100mm diameter 
Initial dilution: 200x 

60 
 
(400 kg/d at 
Stage 1 
capacity) 

To be 
determined 

Approval sought for Stage 1 based 
on maximum Stage 1 capacity.  
Maximum annual TN load of 150 
tonne (based on a mean daily load 
of 400 kg/d). 

2030 40 9-10 STAGE 2 (if required): 
Capacity: 80ML/d 
Offshore length: TBA 
Diffuser depth: TBA 
Diffuser length: TBA 

400 To be 
determined. 
 

If  further marine disposal required, 
separate approval will be sought 
around 6 years before Stage 1 
capacity exceeded. 

2050 80 15 
Primary 
treatment 
and 
energy 
recovery 
installed 

STAGE 3 (if required): 
Capacity: 160ML/d 
Offshore length: TBA 
Diffuser depth: TBA 
Diffuser length: TBA 

1200 To be 
determined. 
. 
 

As above. 

Ultimate 160 15  2400 To be 
determined 

As above. 

 

2.4.2 Pipeline and Diffuser 
Hydraulic design considerations determine that a 
pipeline diameter of 1000 mm to 1200 mm is required 
(final sizing will be determined in detailed design 
phase).  
 

The offshore reef system is the most significant 
consideration in the construction of an ocean outlet at 
Alkimos.  Plan 13 (see Appendix B) shows the major 

reef features, including the shallow reef systems to the 
south and north of the AWWTP site. 
 

Two diffuser locations have been assessed: 
• Ending approximately 2000m from the shore 

between the inner and middle reef (as defined in 
Atteris 2005); and 

• West of the middle reef, ending 3300-3500m from 
the shore.  
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Plans 14 and 15 (see Appendix B) show a number of 
pipeline alignments and associated seabed profiles to 
the north of Eglinton Rocks.  The engineering options 
are discussed in the Ocean Outfall Construction Study 
(Atteris 2005). Appendix C, and the major constraints 
are summarised below as being: 
• the inner reef (<2000m from shoreline) and middle 

reef (between 2000m and 3000m from shoreline); 
• the proposed construction method is bottom pull 

(subsurface drilling techniques are not sufficiently 
advanced for the size and diameter proposed, and 
the geological conditions); 

• the requirement for the ocean outlet pipeline to be 
on grade or flat to prevent high points (and as a 
result the need to excavate and backfill a trench 
though the reef system); 

• the inner reef is harder, and becomes shallower 
and more difficult to transgress towards Eglinton 
Rocks; and 

• availability (scarcity) of marine trenching 
equipment to prepare the pipeline trench.  

 

A number of options were considered in selecting the 
pipeline location, and are discussed below (Plans 10, 
11 and 12 in Appendix B refer to indicative launch site 
details). 
 

1. Pipeline launched from Site 1B. 
This option  is preferred to minimise impact on 
significant vegetation identified at the location. 
This option will result in the clearing of 
approximately 6.6 ha of vegetation, approximately 
2 ha being identified by Weston (2005) as being 
Melaleuca huegelii – M. systena low shrubland to 
open low heath and open low heath. The pipeline 
would be laid at grade or flat through the inner 
reef, and laid over the middle reef profile to 
minimise excavation.  Two small outlet ports (80 
mm) would be placed on top of the pipeline at high 
points in the middle reef (approx 2500m from 
shoreline) to release air and prevent flotation.  This 
would require excavation up to 5m deep through 
the inner reef system, and the preparation of a 
shallow trench up to 2m deep through the middle 
reef.  The pipeline would also be buried from the 
shoreline where depths are less than 5m to avoid 
visibility from the land.  Trenches would be 
backfilled to restore reef and seabed profiles. 

2. Pipeline launched from Site 1A.  
Construction of the pipeline would be identical to 
that described above. This option would result in 
the clearing of up to 6.6 ha of the significant 
vegetation identified by Weston 2005. Thus it is 
not the preferred option. 

3. Pipeline launched from Launch Site 2.  The 
pipeline would be laid at grade or flat through the 
inner reef, and laid over the middle reef profile to 
minimise excavation.  Two small outlet ports 
(80mm) would be placed on top of the pipeline at 
high points in the middle reef (approx 2500m from 
shoreline) to release air and prevent flotation.  This 

option has been discounted due to the increasing 
prominence and hardness of the inner reef system 
as the alignment approaches Eglinton Rocks to the 
south.  Another disadvantage of this option is that 
the pipeline would require burial over a greater 
length from the shoreline due to the shallower 
water near the shore. 

 
The construction method will largely be selected by the 
contractor and hence the details of the construction 
procedures will not be finalised until after the award of 
the construction tender. Construction methods are 
discussed in Atteris 2005, and the contract will retain 
flexibility for inclined drilling. 
 
Seabed preparation will be specified to minimise 
disturbance to the marine environment.  The nature of 
the seabed determines that a narrow trench will need to 
be opened during construction, and that controlled 
blasting may be required.  
 
The pipeline will be buried below the sand level on the 
beach and to the 5m depth contour to ensure that the 
pipe is not visible and so as not to provide a barrier to 
sand movement.  A temporary construction groyne or 
jetty will be built across the beach offshore to the 3-4m 
depth contour.  A trench will be constructed beside the 
groyne (or jetty) offshore to the 5-6m depth contour.  
 
During the construction period, an access road, sheds, 
amenities, car park and other normal construction 
facilities would be provided.  
 
The temporary groyne (or jetty) and all other temporary 
construction facilities would be removed.  The beach 
will be reinstated to natural conditions.  
 
A Construction Management Plan (including all 
environmental and risk management measures) will be 
developed in accordance with Water Corporation 
standard management procedures. 

2.4.3 Discharges through Ocean 
Outlet 

Discharge details through the ocean outlet are as 
follows: 
• all flows from the AWWTP not subject to reuse 

will be discharged to the ocean outlet; 
• annual average flows discharged via the ocean 

outlet will be up to 160 ML/day with the initial 
installation being 40 ML/day; 

• At 40 ML/day the annual average Total Nitrogen 
(TN) discharged to the ocean will be limited to 150 
tpa (approximately 400 kg/d average); 

• the AWWTP will utilise an advanced secondary 
treatment process; and 

• in the event of a process breakdown or power 
failure at the AWWTP, partially treated 
wastewater will continue to be directed to the 
outlet.  In the even of a significant deterioration of 
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treated wastewater quality over an extended 
timeframe (>24 hours), primary settlement 
processes will be retained.  Contingency measures 
for such events will be detailed in the Operations 
EMP to be developed for the project. 

2.4.4 Launch Site  

Excavation/Levelling o  Launch Site f
There are three launch sites being proposed. Refer 
Plans 10, 11 and 12 (see Appendix B). 
 
Each ocean outlet launch site, typically 300m long and 
200m wide, is required as an area to prepare the pipe 
prior to it being pulled out into the ocean and laid on 
the seabed.  The pipe outlet is proposed to be up to 
3500m in length depending on the outcome of the 
oceanographic studies currently underway.  The launch 
site enables the fabrication of long pipe string lengths 
to minimise the pipe-pulling phase, which requires a 
special weather window of calm seas.  
 
Site 1A is the originally planned launch site and 
preferred for minimum earthworks to level the site. 
Launch Site 1B is the preferred site for site for 
minimum impact on significant vegetation.  Site 2 is 
another possible site is located to the south of launch 
sites 1A and 1B.  It requires a similar area of clearing 
and levelling as for the others, however offshore this 
launch site requires more involved excavation of the 
harder near shore reefs, immediately offshore at 
Eglinton Rocks and would be technically more difficult 
because of the curvature of the pipe required to avoid 
the reef. 
 
The chosen launch site will need to be level and clear 
of all obstructions.  The ground will need to be 
prepared to provide a suitable working platform for the 
pipe fabrication.  The site will be cleared of vegetation 
and topsoil.  This material will be stockpiled and 
preserved for the rehabilitation of the site once the pipe 
launch is complete.  The launch site area will then be 
levelled to provide a working platform as shown on 
Plans 11 and 12 (see Appendix B).   
 
The level of the work pad will be approximately RL 
14.  The site will be levelled with the material cut to fill 
the lower areas to form the level pad. 
 
A top surface of limestone will be used to provide the 
working surface upon which the pipe strings will be 
fabricated. 

2.4.5 Construction Options for Ocean 
Outlet 

The preliminary investigation undertaken to date 
indicates that the section of outlet pipe that will be 
buried on the ocean floor will be laid using the 
traditional bottom pull method.  The outlet will be 
approximately 3.5km in length. 
 

The section from the launch site to the beach can be 
constructed by three alternative methods, cut and 
cover, directional drilling or micro-tunnelling. 
 
The cut and cover method is not favoured due to the 
damage that will be caused by excavating a trench 
through the dune and limestone cliff structure on the 
coastline upon which significant flora Frankenia 
pauciflora very low to low shrubland has been 
identified. 
 
Directional drilling involves drilling a pilot hole, 
through to the destination point.  The hole is then back 
reamed progressively using larger reaming heads until 
the desired diameter is achieved.  The hole is supported 
using a bentonite drilling mud during the operation.  
Once the desired diameter is achieved, the lining pipe 
is then pulled through the hole. 
 
Micro-tunnelling used a small tunnel boring machine 
(TBM) to excavate the line of the tunnel and the lining 
pipes are jacked through at the same time.  Effectively 
the pipe is pushed along the alignment with a TBM, 
acting as a cutter head, at the front excavating the rock. 
 
Further geotechnical investigation is required along the 
beach and near shoreline area within the launch site to 
determine the rock strata before a decision can be made 
as to which method to employ.  Both methods avoid 
any disturbance to the small dune structure that runs to 
the back of the beach in the proposed outlet area.  Both 
options require small launch and recovery pits to be 
excavated on the beach and within the launch site. 

Pipeline Fabrication 
The individual pipe lengths (12.2m) will be delivered 
to site by truck.  This will require 95 individual truck 
movements to deliver the pipes.  The program for the 
deliveries will be over a 10 week period, i.e.  
approximately, 10 trucks per day. 
 
The pipeline will be fabricated on site within the 
launch site area.  The pipe will be pre-welded in to 
sections known as strings and for maximum efficiency; 
the strings need to be as long as possible.  It is 
proposed to fabricate the strings in 200-300m lengths.  
The string lengths are fully checked and then stored on 
site until the launch period. 
 

The pipestrings are then rolled to the alignment and 
pulled out to the ocean using either a specialist-pulling 
barge anchored in the ocean or a large tug vessel.  As 
the pipes are pulled out, each section is welded 
together and tested before that section is pulled out.  
Typically, the pipe pulling process takes a matter of 
days following the preparation of the pipe trench and 
the pre-fabrication of the pipe lengths.  The pipe 
pulling period will be timed to coincide with calm 
ocean conditions, generally late summer to autumn. 
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The outlet pipe alignment will be laid within a trench 
cut into the sea floor.  In areas of sand, the trench will 
be excavated using a marine back hoe excavator or 
clamshell mounted on a barge with the material being 
side cast for use as backfill over the pipe.  In areas of 
rock, the trench will be either excavated using drill and 
blast techniques or using a marine excavator using a 
combination of hydraulic rock breaker and rock bucket. 
 

For drill and blasting, the drilling barge is typically 
located using GPS technology backed up by land based 
surveying technology.  The series of holes are drilled 
and charged according to a specific blast patter and the 
once the blast is fired a marine excavator will side cast 
the material for re-use. 
 

The blast will only be let off when the shot firer is 
certain that there are no marine mammals present in the 
area.  The timings of the blast and the charges set will 
be carried out to maximise effectiveness but to 
minimise vibration and shock to the marine 
environment. 

Beach Crossing 
The pipeline will be buried below the sand level on the 
beach and to the 5m contour depth level.  The outlet 
pipe will be run beneath the beach and through the 
micro-tunnel bore under the coastal dunes and cliffs to 
the launch site. 
 

The connection pit will be reinstated so that there is no 
visual impact of the pipe across the beach and near 
shore area. 
 

The trench across the beach will be excavated using 
excavator equipment. 

Towing Operation 
When the pipeline, sea bed profile and the beach 
crossing excavation work has been completed the pipe 
will be towed offshore using a tug vessel of winch 
barge located offshore.  The pipe strings will be 
progressively joined and pulled offshore up to 3.5km 
length.  This work will be carried out during a suitable 
weather window in April or May when the sea state is 
at its calmest.  The pipe pulling process will take about 
4 or 5 days of continuous work. 

Secure Pipeline 
After the pipeline has been towed out to its correct 
position, it will be filled with water and the trench 
backfilled using the side cast arising from the 
excavation process.  The beach crossing trench will be 
re-instated including the removal of the reception 
/connection pit. 

Connec ing Pipeline 
The ocean outlet will be connected to the WWTP via a 
land based section of the outlet.  This will be 
constructed using pipe-jacking and/or open cut 
techniques through the ridgeline that separates the 
WWTP from the launchsite.  This connection could be 
as long as 750m to connect Site B to the launchsite. 

 

The jacking method will be employed in a way that 
avoids excavation of a trench through the dune 
structure. 
 

Launch and reception pits will be excavated at either 
end of the land based ocean outlet.  These will consist 
of a sheet piled structure of approximately 10m by 3m 
and up to 4m in depth.  The pipe jack TBM is then 
pushed from the launch pit to the reception pit with the 
lining pipes being progressively placed behind the 
TBM and pushed in.  This process could take 
approximately 2-3 months depending on the 
geotechnical investigation work to determine the dune 
rock strata.  The spoil will be used as suitable fill for 
the development works within the area in accordance 
with local legislation. 

Ancillary Works 
During the construction period, access roads, work 
sheds, amenities, car park facilities and other normal 
construction facilities will be provided within the 
works areas. 

Removal and Reinstatement 
At the completion of the work, the sites will be re-
instated.  The construction facilities will be removed 
along with any temporary works.  The beach will be 
reinstated to its original profile along with the near 
shore environment. 
 

The ocean outlet pipe will be covered with the 
excavated spoil and the sea floor profile will be 
reinstated. 
 

The launch site area will be cleared of all of the 
construction facilities and reshaped as required.  The 
area will be respread with the cleared vegetation and 
seeded as necessary with native vegetation. Vegetation 
re-establishment may involve a combination of re-use 
of topsoil and mulch and/or feeding with provenance 
species. 
 

Upon completion, there will be no visible evidence of 
the pipeline onshore and in the near shore area.  Further 
offshore out the pipeline alignment may be visible until 
such time as the sea floor flora re-establishes. 
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3.3 Terrestrial Environment 

3.3.1 Climate 
The Alkimos region lies within the 700 to 800 mm/yr 
rainfall isohyets.  Although long-term climate data is 
not specifically available for Alkimos, Figure 3.1 
displays the interpolated average annual rainfall and 
temperature isopleths for the area.  Figure 3.2 displays 
the average monthly rainfall and temperature for the 
Lancelin and Fremantle weather stations.  Alkimos is 
located approximately 70km south of Lancelin and 
45km north of Fremantle and would be expected to 
have climate intermediate between the two locations.  
 
Alkimos has a Mediterranean climate being semi-arid 
with wet, mild winters and warm, dry summers.  The 
prevailing wind direction is southerly to south-westerly 
but with a strong easterly component in summer 
(mornings).  The average maximum temperature being 
24 C and the average minimum temperature being 14 C 
(Oceanica 2005).   
 
The wind regime in the Perth coastal region (including 
Alkimos) is largely driven by the seasonal migration of 
the anti-cyclonic belt (pressure systems) to the north in 
winter and south in summer (D’Adamo and Mills 
1995a).  The predominant wind direction (blowing 
from) at Ocean Reef and Swanbourne is Southerly to 
South-westerly for most of the year with easterly winds 
on summer mornings.  Winds tend to be strongest in 
the afternoons in summer where fresh south-westerly 
winds often bring a drop in the air temperature by 
several degrees.  A distinct change in wind direction 
and speed is seen over the autumn months with easterly 
and northerly components becoming more important 
and a commensurate drop in the frequency of southerly 
winds.  Winter brings a strong westerly component and 
relatively weak easterlies (Oceanica 2005). 

3.3.2 Landform and Soils 
The landforms and soils shown in the study area are 
Quindalup Dune system and Spearwood Dune system 
units in the buffer areas and Quindalup with some 
Spearwood in the Footprint Areas (Weston 2005).   
 
The main Spearwood unit is Kls – bare limestone and 
shallow brown sandy soils over limestone – though 
there is some Ky - Karrakatta sand (yellow phase), 
often with limestone within two metres of the surface – 
in the northern buffer area, especially of Site B.  The 
footprints of Site A and of the launch site have areas of 
Kls in them, and Site B may have a small area of K1s 
(Weston 2005). 
 
The Ky unit corresponds more or less to the Banksia 
woodland of Trudgen and Keighery (1990a), and the 

Kls unit corresponds more or less to their Limestone 
Heath (Weston 2005). 
 
There are six Quindalup dune system units in the study 
area: Q1 (the oldest phase), Q2 (The second oldest 
phase), Q3 (the third oldest phase), Q4 (the youngest 
phase), Qp (undulating landscapes with deep 
calcareous sands overlying limestone) and Qs 
(undulating landscapes with shallow calcareous sand 
over limestone with rocky outcrops).  Only the Site B 
buffer has a representation of the Q2 unit.  Most of the 
footprints area of Sites A and B is on the Qp unit –– 
with steep Q3 parabolic dunes around them.  The 
Launch Site is on a Q1 unit – the oldest phase – and it 
borders a coastal strip of Q4 – the youngest phase – 
which is narrower there than it is a few tens of meters 
further south and a few tens of metres further north.  
Access from the launch site to the ocean outlet is 
through this narrow strip (Weston 2005). 
 
Semeniuk Research Group (2004) describes the 
Quindalup Dunes encompassing the footprint areas as 
nested parabolic dunes perched on coastal limestone.  
They recognise the entire Alkimos nested dune system 
as unusual in being perched on a limestone plateau and 
in having arms with fretted margins.  Part of the 
northern fretted arm, and of the edge of the Spearwood 
plateau bordering the arm’s northern margin, is in Site 
B (Weston 2005).   
 
The Alkimos system is a feature of geoheritage 
significance (Weston 2005). 
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Figure 3.1 Alkimos Annual Climate Isopleths 
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Figure 3.2 Monthly average rainfall and temperature at Lancelin and Fremantle 

 
 

3.3.3 Hydro-Geology 
The proposed Alkimos WWTP sites (Site A and B) are 
located in swales surrounded by dune systems, within 
recent mobile sand dunes known as the Quindalup 
Dune System (Safety Bay Sand).  The Safety Bay Sand 
consists of fine to medium grained quartz sand and 
shell fragments, and overlies calcareous sand and 
limestone of the Tamala Limestone.  These formations 
comprise the superficial aquifer.  At both proposed 
AWWTP Sites, the Safety Bay Sand is generally 
unsaturated. 
 
The Tamala Limestone is karstic in nature, and has 
high permeability.  The water table at both sites can 
vary between 5m and 20m depth, below ground level 
(Coffey Geosciences Pty Ltd 2005 Water Authority of 
Western Australia 1990).  Groundwater in the Tamala 
Limestone is recharged by rainfall infiltration and 
flows westwards to discharge to the ocean.  
Groundwater flow in the formation is largely controlled 
by the location, and degree of interconnection, of 
solution channels within the limestone (Davidson, 
1995).  A study by Barber et al (1990) in an area 10km 

south of Alkimos, indicated groundwater flow 
velocities of between 85 and 335 m/year. 
 
Groundwater salinity in the superficial aquifer at the 
WWTP sites ranges from approximately 500 mg/L 
TDS, increasing to 1,000 mg/L near the coast 
(Rockwater 2004).  Background nutrient 
concentrations in the area are low: nitrate 
concentrations are about 1 mg/L, and phosphorus 
concentrations are less than 0.03 mg/L (Davidson 
1995). 
 
The 1:50,000 Environmental Geology Series Yanchep 
map suggests that the surface geology consists of sand 
(residual origin) derived from Tamala Limestone and 
Limestone (Aeolian origin) of the Tamala Limestone 
Unit (Coffey Geosciences Pty Ltd 2005).   
 
The soil profile encountered at Site A and Site B varies 
considerably from each bore locations and static cone 
penetration tests.  However, generally the soil 
encountered comprise of silty sand (topsoil) overlaying 
sand overlaying a layer of peat.  This overlies varying 
depths layers of sand and silty sand with varying 
degrees of cementation, ranging from poorly to well 
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cemented, and could thus be considered as calcarenite.  
If the total carbonate content of the rocks is less than or 
greater then 50% determines whether the sand is 
calcareous sandstone or calcarenite.  The depths of the 
carbonate sandstone or calcarenite at Site A varied 
considerably from between 4m to 16.8m.  It should be 
noted that the Tamala Limestone is highly variable in 
both the elevation of its upper surface (~7mAHD 
to~38mAHD) and in strength.  

 
Based on the results of field investigation conducted by 
Coffey Geosciences Pty Ltd (2005) and the Water 
Authority of Western Australia (1990), a generalised 
subsurface profile is summarised in Table 3.1 and is 
applicable to Sites A and B. 
 

 

Table 3.1 Generalised subsurface profile (Coffey Geosciences Pty Ltd, 2005) 

Layer/Unit Description/Remarks 
Topsoil  Fine to medium grained, pale brown and brown to light grey sand to a depth of between 0.1m and 0.5m.  The topsoil 

generally contained roots and root fibres and traces of organic fines. 
Sand Upper Fine to medium grained, grey to white/light brown calcareous sand (interpreted as Quindalup Sand).  Depths of this 

stratum varied from 0.2m to 10.8m. 
Sand (Lower) Fine to coarse grained, orange, siliceous sand (interpreted as Tamala Sand).  The lower sand unit varied in thickness 

from 0.4m to 8.3m and extends to the top of the underlying Tamala Limestone. 
Tamala Limestone Siliceous calcarenite with minor calcareous sandstone, and calcarenite, comprising quartz sand in a pale yellow to 

pale grey/white calcium carbonate (CaCO3) cement matrix (interpreted as Tamala Limestone).  The quartz sand 
varied from fine to coarse grained but is predominantly medium grained, moderately sorted, sub angular to rounded, 
white / light brown / light orange. The limestone is weakly bedded at angles generally ranging from subhorizontal to 
approximately 35°.  The Tamala Limestone is variably cemented ranging from very weakly cemented (VWc) to very 
well cemented (VHc).  Estimated strengths range from extremely low strength to very high strength.  The limestone is 
vughy with sand filled cavities and solution features were encountered in all boreholes to the depths of investigation 
and in test pits. TP1to TP3.  Cavities were encountered at various locations in the Tamala Limestone rock formation, 
generally sand filled solution cavities typically located close to the current water table elevation. 

 

3.3.4 Fauna 
The Alkimos project area is located on the northern 
outskirts of Perth and includes coastal and near coastal 
environments that have not been cleared but have been 
subject to a variety of impacts since European 
settlement, including grazing, altered fire regimes and 
introduced species.  The project area is at the southern 
extent of largely intact natural environments that lie 
north of Perth. 
 
Because the site is close to Perth, the vertebrate fauna 
is well documented in a regional sense; for example, 
Bush et al. (1995) document and describe the complete 
frog and reptile fauna of the Perth region.  Much of the 
fauna is widespread, but there are elements that are 
confined to the northern Swan Coastal Plain.  The 
majority of the fauna species present in the Alkimos 
project area are extinct in suburban Perth, so the area 
represents the southern limit of the distribution of 
many species in the region.  The invertebrate fauna is 
much less well documented than the vertebrate fauna, 
but some records of significant (threatened) 
invertebrate species are available. 
 
The environment and fauna habitats of the project area 
are strongly influenced by dunal systems that are of 
most recent origin close to the coast (see Figure 3.3 
Fauna Habitat Map). 
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The vegetation of the project area can broadly be 
described as coastal heathlands and woodlands 
overlying Quindalup and Spearwood dune systems.  
Near coastal localities were dominated by heath with 
gullies of Acacia and Scaevola, with interior localities 

supporting climax Banksia and Eucalyptus todtiana 
woodland with dense heaths of Dryandra sessilis.  
Much of the area had been recently burnt and there was 
generally a high level of weed invasion by Briza 
maxima, geranium and other weeds.  Numerous four-
wheel drive tracks cross the area.   
 
A level 1 fauna assessment, as defined under the EPA 
Guidance Statement No. 56 (EPA 2004), was carried 
out for the Alkimos project area.  This consisted of a 
site inspection, conducted on 18th January 2005 by Dr 
Mike Bamford and Dr Rob Davis of Bamford 
Consulting Ecologists, and a desktop review of 
available data, including publications and databases 
(CALM, EPBC, WA Museum, Birds Australia and 
personal databases). 
 
For a more detailed methodology, refer to the final 
Technical Report - Fauna Assessment : Alkimos Waste 
Water Treatment Plant – December 2004. 
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3.3.4.1 Amphibians 
No amphibians were recorded during the site visit and 
although no wetlands are present in the project area, 
five species are expected to occur (see Table 1; 
Bamford 2005).  Three of the species listed, the 
Pobblebonk, Guenther’s Toadlet and Moaning Frog, 
utilise areas several kilometres away from wetlands 
during the non-breeding season (Bamford 1992).  
Because wetlands generally lie to the east of the study 
area, these species are likely to be most abundant in the 
east with lower numbers dispersing as far west as the 
main areas of proposed development.  Similarly, the 
Motorbike Frog is usually found near permanent water 
but may disperse into the east of the study area during 
winter.  The Turtle Frog is strictly terrestrial and may 
be resident in the project area in the woodland over 
sandy soils.   
 
No frog species that occur in the study area are of 
conservation concern. 

3.3.4.2 Reptiles 
There are 51 reptile species that may occur in the 
general area (Bamford (2005).  During the site visit 
evidence of two reptile species was observed.  Fresh 
tracks of both a large snake (presumably the Dugite) 
and Bobtails were observed.   
 
The 51 reptile species will not occur across all the site, 
but can be expected to have patterns of distribution that 
reflect the distribution of habitats.  The habitat 
preferences of all species are not known, but on the 
basis of available information, such as that presented 
by Bush et al. (1995), some patterns can be recognised.  
With respect to habitats outlined above, these are as 
follows: 
• Habitat 1 (beach) 

Few reptile species although the bobtail is known 
to forage along the strand line (M. Bamford, pers. 
obs.). 

• Habitat 2 (mobile foredunes and secondary 
dunes) 
A moderately rich reptile fauna, including 
generalist species (eg. bobtail, dugite, Gould’s 
Goanna) and species specialised for existence in 
loose sand (skinks of the genus Lerista, Jan’s 
Bandy-Bandy and possibly snakes of the genera 
Brachyurophis and Neelaps). 

• Habitat 3 (stabilised tertiary dunes) 
A rich reptile fauna with probably all the species 
present in Habitat 2, but with the addition of 
species associated with low bushes such as in the 
Acacia shrublands (Spiny-tailed Gecko, Bearded 
Dragon), and species that require the continuous 
vegetation of low heath (Javelin and Keeled 
Legless Lizards). 

• Habitat 4 (heath with outcropping limestone) 
A moderately rich reptile fauna that may lack 
some species dependent upon loose sand (or such 
species at low abundance).  However, the 

Dryandra sessilis thickets and exposed limestone 
may support species with locally restricted 
distributions on the coastal plain, including D. 
polyopthalmus (a gecko) and the Barking Gecko.  
The Carpet Python also seems to favour rocky 
areas.  Areas of grasstrees provide shelter for a lot 
of reptiles. 

• Habitat 5 (Banksia woodland) 
Probably the richest reptile fauna because this 
woodland provides the greatest range of habitats, 
from loose sand to dense heath vegetation, 
grasstrees and eucalypts with loose bark.  
However, some of the limestone dependent and 
loose sand dependent species may be absent or at 
very low densities.  For example, the skinks L. 
lineopunctulata and C. celatus may be absent from 
Banksia woodland. 

 
The majority of the reptile species expected in the area 
are common and widespread on the coastal plain north 
of Perth, but a few are of conservation significance. 

Conservation Signi icance Level 1 
• The Carpet Python (Schedule 4 – Other Specially 

Protected Fauna - of WA Act).  Likely to be 
widespread in the study area but known to favour 
heath and limestone (Bush et al. 1995). 

Conservation Signi icance Level 2 
• The Black-striped Snake (Priority 3 according to 

CALM).  This species is restricted to the west 
coast region from just north of Lancelin to 
Mandurah and although locally common in some 
habitats on the Swan Coastal Plain, its persistence 
is threatened by continuing loss of habitat due to 
increasing urban development throughout its range 
(Storr et al. 2002).  How and Shine (1999) have 
suggested that this species (and other fossorial 
snakes) requires large areas (>1000ha) of 
continuous habitat to persist.  Therefore, 
fragmentation of habitat due to development in the 
Alkimos area may lead to its local extinction, even 
with the reservation of some areas. 

Conservation Signi icance Level 3 
• Seven reptile species are considered to be of local 

significance because they are at the limit of their 
distribution or occur as localised populations in the 
Alkimos area.  Habitat preferences of some of 
these are uncertain, but as noted above, the gecko 
D. polyopthalmus and the Barking Gecko occur on 
limestone areas, while the Crowned Snake, if 
present at all, would be in slightly moist situations 
such as densely-vegetated valleys within Banksia 
woodland. 

 
With respect to reptiles, habitats of greatest importance 
(most species, significant species and/or species with 
limited distributions) are Habitats 4 and 5.  These are 
also habitats that are most restricted in extent in the 
region.  
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3.3.4.3 Birds 
There are 102 species of bird that may regularly occur 
in the study area, of which 18 were recorded during the 
site inspection.  The list includes some species that 
generally occur on beaches, such as gulls, terns and 
shorebirds, as the development may impact upon these 
species around areas such as the outlet site.  True 
marine species such as shearwaters and albatrosses 
have been excluded as they are unlikely to be impacted 
by the proposed developments.  Regionally extinct 
species are not included. 
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Birds are very mobile so may potentially occur in any 
of the habitats present in the study area.  A few species, 
such as birds of prey, would range widely over all 
habitats, but most birds do have habitat preferences that 
can be examined with respect to the habitats of the 
project area as follows: 
 
• Habitat 1 (beach) 

Some seabirds and shorebirds are likely to utilise 
the adjacent beach, and an Osprey was observed 
foraging over the shallows during the site 
inspection.  Some of the shorebirds, like the Ruddy 
Turnstone, forage amongst seaweed accumulated 
on beaches. 

• Habitat 2 (mobile foredunes and secondary 
dunes) 
Few birds regularly use this habitat, but acacia 
thickets in dune valleys will be used by the White-
browed Scrubwren, fairy-wrens and some 
honeyeaters.  Fruiting by Rhagodia provides 
seasonal food source for honeyeaters, the Silvereye 
and some other birds.  The Rock Parrot forages on 
foredunes and even onto the upper beach zone. 

• Habitat 3 (stabilised tertiary dunes) 
Probably a depauperate avifauna as the low heaths 
support few species, although these include the 
White-winged Fairy-wren which is of local 
conservation significance (see below).  Acacia 
thickets will attract some birds and during the site 
inspection, Richard’s Pipits, Australian Magpies 
and Stubble Quails were observed in the broad, 
degraded valleys.  These are species typical of 
disturbed ecosystems.  The isolated stands of Tuart 
trees may attract occasional eucalypt specialists 
such as the Striated Pardalote and Western 
Gerygone, and may contain hollows used for nest 
and roosting by owls. 

• Habitat 4 (heath with outcropping limestone) 
The Dryandra sessilis thickets are likely to support 
resident White-browed Scrubwrens, possibly all 
three species of fairy-wrens and will be seasonally 
important for honeyeaters and Carnaby’s 
Cockatoo. 

• Habitat 5 (Banksia woodland) 
Probably the richest avifauna because of the 
diversity of micro-habitats available.  A few 
heathland specialists, such as the White-winged 
Fairy-wren, may not be present, but several 
woodland species (eg. Grey Shrike-thrush, 

whistlers, robins) will compensate for this.  Dense 
acacia thickets in valleys within the Banksia 
woodland may support the White-breasted Robin, 
and such birds would be at the southern extremity 
of the northern, coastal population of the species. 

 
The majority of the bird species expected in the area 
are common and widespread on the coastal plain north 
of Perth, but a few are of conservation significance. 

Conservation Signi icance Level 1 f

f

f

• Short-billed (Carnaby’s) Black-Cockatoo 
(Endangered under the EPBC Act, the Wildlife 
Conservation Act and according to Garnett and 
Crowley 2000).  Likely to be a regular non-
breeding visitor to the area and has been recorded 
by Birds Australia.  This cockatoo is known to 
feed on seeding Banksia and Eucalyptus as well as 
proteaceous heaths (Johnstone and Storr 1998) and 
may thus occur primarily in the Banksia 
woodlands and the D. sessilis thickets. Loss of 
feeding habitat is identified as an important 
contributing factor to the decline of Carnaby’s 
Cockatoo in Garnett and Crowley (2000).  Further 
loss of significant regional feeding habitat may 
constitute a trigger as a controlled action under the 
EPBC Act and may require assessment by the 
DEH, although most of the foraging habitat in the 
project area is restricted to spoil disposal locations 
outside the WWTP buffer. 

• Peregrine Falcon (Schedule 4 – Other Specially 
Protected Fauna – of the WA Act).  This may be a 
regular visitor to the area and forage over all 
habitats, but the main significance would be if 
there was a nest in the area.  It is known to nest in 
horizontally-aligned tree hollows but there was no 
evidence of a nest in the Tuarts on site. 

• All other birds of Conservation Significance Level 
1 are listed as migratory under the EPBC Act.  
Most will be infrequent visitors to the site.  Both 
Ospreys and White-bellied Sea-Eagles are known 
to nest in Tuart trees around the Peel Inlet, but 
there appeared to be no nests in the Tuart trees in 
the Alkimos area.  The Rainbow Bee-eater is 
almost certain to nest in the study area and will 
often construct its burrows on slopes that are 
sparsely vegetated, including slopes around 
construction sites.  Therefore, nesting habitat is not 
critical for this species in the Perth area. 

Conservation Signi icance Level 2 
• Hooded Plover (Priority 4 according to CALM).  

This species may be an occasional visitor to the 
ocean beaches.   

Conservation Signi icance Level 3 
A total of 34 bird species are considered to be of local 
conservation significance.  The majority of these are 
identified by the Government of Western Australia 
(2000) as having declined in the Perth area due to 
impacts associated with urban development.  A few of 
these are birds of prey, but the majority are small birds 
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that rely on woodlands and shrublands where they are 
either residents (eg. fairy-wrens and thornbills) or 
seasonal visitors (honeyeaters).  The fairy-wrens and 
thornbills are particularly sensitive to habitat loss and 
fragmentation, whereas the honeyeaters have a greater 
ability to access suitable habitat even when it is 
fragmented by urban development.  The majority of the 
species listed by the DEP (2000) are also noted as 
having declined Australia-wide by more than 20% in 
the New Atlas of Australian Birds (Barrett et al. 2003). 
 
With respect to birds, vegetation types of greatest 
importance are acacia shrublands, tuart trees, D. 
sessilis thickets and Banksia woodland.  These are 
largely components of Habitats 4 and 5, although with 
acacia thickets and Tuarts in Habitat 3.   

3.3.4.4 Mammals 
There are 22 species of mammal that may occur in the 
study area, including five introduced species.  This list 
does not include regionally extinct species (at least an 
additional 5 species) while very few of the listed 
species have actually been documented by the WA 
Museum.  Therefore, the species list is based largely 
upon personal experience on the part of M. Bamford.  
Almost half the native species are bats that are known 
from the general region north of Perth, while the two 
dunnarts, the Brush-tailed Possum and the Noodji are 
likely to be locally extinct, but are known from nearby.  
Only the Western Grey Kangaroo and four of the 
introduced species were recorded during the site 
inspection. 
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Habitat preferences of mammals with respect to the 
habitats of the project area are as follows: 
 
• Habitat 1 (beach) 

The White-striped Bat has been recorded foraging 
over seaweed piled along beaches, presumably 
hunting for insects (M. Bamford pers. obs.), but 
other mammals are probably only vagrants on the 
beach.  Note that marine species may use the 
adjacent waters. 

• Habitat 2 (mobile foredunes and secondary 
dunes) 
Grey Kangaroos were observed in this habitat, and 
there were tracks of Foxes and Rabbits.  Most 
other mammals probably make limited use of this 
habitat, although could be expected as occasional 
visitors.   

• Habitat 3 (stabilised tertiary dunes) 
Grey Kangaroos and all introduced species were 
recorded in this habitat and other species may be 
regular visitors.  Most of the bat species forage 
within woodland but the White-striped Bat forages 
high over open ground.  The Brush Wallaby may 
forage in this habitat but shelter in dense shrubland 
and thickets.  The White-tailed Dunnart, if present, 
could be most abundant in this habitat as there is 
some evidence that it favours heath over woodland 
(Strahan 1995).  Acacia shrubland in valleys may 
be important in providing shelter for mammals, 

including the Quenda, and the scattered Tuart trees 
may provide roosting sites for bats and even the 
Brush-tailed Possum. 

• Habitat 4 (heath with outcropping limestone) 
The Dryandra sessilis thickets are likely to provide 
shelter for a range of mammal species and are 
probably seasonally important in providing food 
for Honey Possums. 

• Habitat 5 (Banksia woodland) 
Probably the richest mammal fauna because of the 
diversity of micro-habitats available.  Virtually all 
listed species could be present.  The Moodit may 
only occur in the densest acacia thickets in valleys 
within Banksia woodland. 

 
The majority of the mammal species expected in the 
area are common and widespread on the coastal plain 
north of Perth, but a few are of conservation 
significance. 

Conservation Signi icance Level 1 f

f

f

• No species of recognised conservation significance 
under legislation are expected.  Such species are 
rare and regionally extinct.  There is a remote 
possibility of the Endangered Chuditch Dasyurus 
geoffroii being present as a vagrant. 

Conservation Signi icance Level 2 
• Western Brush Wallaby (Priority 4 according to 

CALM and lower risk (near threatened) according 
to Maxwell et al. (1996).  Almost certainly present 
in Banksia woodlands and D. sessilis thickets 
(Habitats 4 and 5), and may also shelter in the 
acacia thickets and forage onto the low heaths of 
Habitat 3.  

• Quenda (Priority 5– Conservation Dependent – 
according to CALM).  The distinctive diggings of 
this species were not located, but it was found in 
dense understorey vegetation of Banksia woodland 
in the Burns Beach area (Bamford 1998) and 
occurs at Yanchep.  It is commonly associated 
with dense, low vegetation, so is likely to be 
present where such vegetation occurs in Habitats 
3, 4 and 5.  The recent fires may have adversely 
affected the population in the Alkimos area, but 
the species will recolonise as vegetation 
regenerates. 

Conservation Signi icance Level 3 
Almost all native mammal species could be considered 
of local conservation significance because most species 
disappear due to urban development.  Those listed as of 
Conservation Significance Level 3 are species that may 
already be locally extinct.  Persistence of the dunnarts, 
Honey Possum, Noodji or Moodit at a site so close to 
Perth would be of local significance, while the Brush-
tailed Possum is patchily distributed north of Perth.  
Only the bat species and the Grey Kangaroo persist in 
remnant native vegetation in urban areas.  Most of 
these species would be in Banksia woodland (Habitat 
5), but would also use the shrubland and thicket 
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elements of Habitats 3 and 4.  The White-tailed 
Dunnart may be most abundant in the heaths of 
Habitats 3 and 4. 
 
With respect to mammals, vegetation types of greatest 
importance are the Banksia woodland, D. sessilis 
thickets and acacia shrublands.  The Tuart trees may be 
of some importance.  These are largely components of 
Habitats 4 and 5, although with acacia thickets and 
Tuarts in Habitat 3. 

3.3.4.5 Invertebrates 
This review has not considered invertebrates and there 
may be issues with invertebrate stygofauna.  Among 
terrestrial invertebrates, there are several species of 
conservation significance known from the general 
region, with records mostly from Banksia woodlands in 
Neerabup National Park.  These include: 

Conservation Signi cance Level 1 
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• Graceful Sunmoth Symenon grantiosa 
(Castniidae).  Schedule 1 (Endangered) of the WA 
Act.  Known from the Neerabup area to the east.  
Possibly present in Banksia woodlands of the 
study area. 

Conservation Signi cance Level 2 
• Cricket Austrosaga spinifer.  Priority 3.  Recorded 

from heathlands between Perth and Cervantes, but 
the nature of these heathlands is not known.  This 
may refer to the low heaths of Habitat 3 or to 
components of Habitats 4 and 5. 

• Native bee Hyaleus globuliferus.  Priority 3.  
Forages on the flowers of Woollybush Adenanthos 
cygnorum and some other species.  Woollybush is 
present in Banksia woodland. 

• Native bee Leioproctus contrarius.  Priority 3.  
Apparently, dependent upon flowers of 
Goodeniaceae and known from Banksia 
woodlands at Gnangara.  

 
In addition to these natural habitats, there are some 
cleared areas present and a bush forever zone that 
contains habitats 2, 3, 4 and 5. 

Summary of Fauna Found within the Habitats at 
the Alkimos Project Area 
The Alkimos project area is expected to support a 
moderately rich vertebrate fauna because it provides a 
range of habitats and is part of a large area of native 
vegetation that is generally undisturbed.  Some habitats 
within the area, however, such as Habitats 1 and 3, are 
likely to support far fewer species than Habitats 4 and 
particularly Habitat 5.  Rare and patchy elements of 
some habitats, such as dryandra thickets and limestone 
outcrops within Habitat 4, and Tuart groves within 
Habitat 3, are important because they support species 
that might not otherwise be present, and because they 
are small in extent. 
 

Table 1, 2, 3 and 4 (Bamford (2005)  list the vertebrate 
fauna expected to occur on the site.  The lists are based 
on patterns of general distribution, and indicate species 
recorded by the WA Museum and by Bamford (1998) 
during a nearby fauna survey at Burns Beach, as well 
as species recorded during the site visit.  As noted in 
the Methods, the lists exclude vagrants and are 
intended to include species likely to use the study area 
on a more or less regular basis. 

3.3.5 Flora and Vegetation 

3.3.5.1 Regional Setting 
The Project Area is in the Swan Coastal Plain 
Biogeographic Region of the South-west Botanical 
Province (Thackway and Cresswell 1995, and Gioia in 
Paczkowska and Chapman 2000).  The Swan Coastal 
Plain is the area west of the ranges between, 
approximately, Jurien, Watheroo and Dunsborough 

3.3.5.2 Vegetation Complexes 
Heddle et al. (1980) shows the vegetation of the 
Project Area, at a scale of 1:250,000, as Cottesloe 
Vegetation Complex – Central and South (52) on the 
Spearwood Dune System and Quindalup Vegetation 
Complex (55) on the Quindalup Dune System.  The 
Cottesloe Complex – Central and South is, mainly, 
closed heath on limestone outcrops and mosaics of 
Tuart woodlands and Tuart-Jarrah-Marri Open Forest.  
The principal components of the Quindalup Complex 
are strand and foredune vegetation, including Spinifex 
grasses, succulents and small shrubs, and mobile and 
stable dune vegetation of larger shrubs, including 
several species of Acacia.  
 
The Cottesloe Vegetation Complex – Central and 
South (52) extends from Yanchep south to central Lake 
Preston.  It is widest at its northern end, and north of 
there, it is replaced by Cottesloe Vegetation Complex – 
North (51), with Banksia and Eucalyptus todtiana low 
open forests and low woodlands replacing the mosaics 
of eucalypts of the Cottesloe Vegetation Complex – 
Central and South (52). 
 
The Quindalup Vegetation Complex (55) extends, 
somewhat intermittently, along the coast from one end 
of the mapping by Heddle et al. (1980) to the other, 
from north of Lancelin to south of Bunbury.  
Quindalup vegetation occurs, in its various forms, from 
south of Busselton to north of Dongara. 

3.3.5.3 Plant Associations 
Beard (1979, 1981) shows, at scales of 1:250,000 and 
1:1,000,000, the Project Area’s Spearwood vegetation 
as Banksia Low Woodland (bLi) on limestone and the 
Quindalup vegetation as Coastal Heath and Thicket 
(a26m4Zc/a23,32Sc) dominated by Acacia lasiocarpa, A. 
rostellifera, A. cyclops and Melaleuca systena.  The 
Banksia Low Woodland is in the Spearwood 
Vegetation System, which extends from south of the 
Moore River south to the Busselton area.  However, the 
Banksia Low Woodland is only in the part of the 
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System that is north of Perth, where it and associated 
scrub-heaths are more typical of Jurien System 
vegetation, which is north of the Moore River. 

3.3.5.4 Floristic Community Types 
Government of Western Australia (2000, Volume 2, 
p.30) lists six floristic community types that are centred 
on Spearwood dunes in the Perth Metropolitan Region 
and eight that are centred on Quindalup dunes there.  
The Spearwood floristic community types are 24, 25, 
26a, 26b, 27 and 28, and the Quindalup types are 29a, 
29b, 20a2, 30c2, 30b, S11, S13 and S14.   

3.3.5.5 Biodiversity 
In his study of the flora of the Quindalup Dunes 
between the Swan and Irwin Rivers, Griffin (1993) 
recorded more than 300 native species and many 
aliens.  A large proportion of the native species was 
confined to coastal areas, but only a few species were 
restricted to his study area.  More than 100 of the 
coastal species had northern or southern ends of their 
ranges of distribution between the Swan and Irwin 
Rivers. 
 

The taxa (species, subspecies, varieties and forms) 
recorded in Alkimos by Trudgen and Keighery (1990a) 
and Bennett (ATA Environmental 2004, Bennett pers. 
comm. 2005) and in the Project Area by Weston in 
2004 and 2005 are listed in Weston (2005) draft report 
in the Appendix of this PER.  Approximately 190 taxa 
of vascular plants have been recorded in the Alkimos 
WWTP Project Area.  Of these, at least 50 are alien 
weeds and at least 19 are classed as significant.   

3.3.5.6 Project Area 
The project area is defined by the boundaries of the 
Site A and B buffers, the yellow dashed lines in Figure 
3.4. It comprises: 

• two sites proposed for a wastewater treatment 
plant (Sites A and B); 

• odour buffers around the sites (‘A buffer’ and ‘B 
buffer’, including their overlap); 

• three sites proposed for a pipe assembly and 
launching area (Launch Sites 1A, 1B and 2); 

• a strip of access area between Launch Sites 1A and 
1B and the coast (‘Coast Area’); and 

3.3.5.7 Flora Surveys 
A series of vegetation and flora surveys of the project 
area and part of Bush Forever Site 397 to the north 
were carried out in November and December 2004, 
early 2005 and early August 2005.  A report on 
objectives, methods, results and conclusions of these 
surveys, by Weston (2005) provides the basis for 
descriptions of vegetation and flora of the Project Area 
in this PER. 

Vegetation Units and Condition 
The vegetation of the project area is in two systems: 
the Spearwood Dune System and the Quindalup Dune 

System.  Vegetation to be cleared within the project 
area will be located in the Quindalup Dune System. 
 

A total of 45 vegetation units were defined and mapped 
for the Project Area, and another five units were 
defined and mapped for parts of Bush Forever Site 397 
north of the Project Area.  These vegetation units are 
listed in Table 3.2, along with the abbreviations used as 
symbols for them. The vegetation units are shown on a 
map in Figure 3.5. 
 

Thirty-one of the Project Area vegetation units are in 
the Quindalup Dune System, and 14 are in the 
Spearwood.  Two of the other, Bush Forever Site 397 
vegetation units are in the Quindalup Dune System, 
and three are in the Spearwood.  An estimated 
percentage of each site and area that each unit covers is 
listed in Table 3.3.  Sites A and B include their 
respective batter areas. 
 

The vegetation units and their condition are described 
below.  Map abbreviations for the units are given in 
brackets. The condition of the identified units is 
presented in Figure 3.6. 
 

The vegetation of the Project Area comprises two very 
extensive and four extensive types of native vegetation, 
plus clearings (C), and other much more restricted 
types.  The very extensive types are Melaleuca systena 
Open Low Heath over Lomandra maritima Herbland 
(MsLm), on Quindalup dunes, and Dryandra sessilis 
Open to Closed Heath to Scrubs (Ds), on Spearwood 
limestone and shallow soils.  The extensive types are 
Acacia saligna - Melaleuca systena Shrubland (AsMs) 
and Melaleuca systena Low Shrubland to Shrubland 
(Ms), on Quindalup flats, and Banksia attenuata - B. 
menziesii Low Woodland (Bam) and Banksia attenuata 
- Banksia menziesii - Eucalyptus todtiana Low 
Woodland to Open Low Woodland (BamEt), on 
Spearwood sand.   
 

Adriana quadripartita and Anthocercis littorea are co-
dominant with Acacia saligna and Melaleuca systena 
in some Quindalup areas regenerating after the 2003 
fire, and Acacia lasiocarpa is common or co-dominant 
in Melaleuca systena Open Low Heath over Lomandra 
maritima Herbland (MsLm), on Quindalup dunes, 
especially where there is more calcium in the sand or 
limestone closer to the surface.  There are also small 
areas on the dunes of Acacia rostellifera Heaths (Ar), 
Acacia cochlearis Closed Heath to Open Heath (Ac).  
 

The condition of the Melaleuca systena Open Low 
Heath over Lomandra maritima Herbland (MsLm) is 
assessed as >60% Good to Very Good, <10% Excellent 
and >20% Degraded to Completely Degraded, and the 
Acacia saligna - Melaleuca systena Shrubland (AsMs) 
and Melaleuca systena Low Shrubland to Shrubland 
(Ms) are assessed as >30% Completely Degraded, 
>50% Degraded to Good and <20% Very Good.  
Clearings are all Completely Degraded and are 
estimated to constitute approximately 25% of the 
vegetation in the Quindalup Dunes System. 
 

Section Three: Existing Environment - Final v.3 - 8 November 2005 
Page 12 of 59 



Alkimos Wastewater Treatment Plant - Public Environmental Review 

The condition of most of the Spearwood limestone 
vegetation is assessed as Very Good to Good and Good 
to Very Good. 
 

The more restricted units in the Spearwood Dune 
System are mainly Ar (Acacia rostellifera Closed 
Scrub to Shrubland) and units dominated by species of 
Melaleuca.   
 

The more restricted units on Quindalup sand are 
mainly Ar (Acacia rostellifera Heaths) and units with 
Tuart (Eg: Eucalyptus gomphocephala) trees.  There 
are also relatively small occurrences of Spearwood 
sand and limestone vegetation units in the Quindalup 
Dune System, which are similar to, though not quite 
the same as, comparable units in the Spearwood Dune 
System.  These units include MhDs (Melaleuca 
huegelii - Dryandra sessilis Open Low Heath over 
Melaleuca systena-Acacia truncata) and Mhs 
(Melaleuca huegelii - M. systena Low Shrubland to 
Open Low Heath with Dryandra sessilis and Acacia 
truncata), in Launch Site 1A, MhsDs (Melaleuca 
huegelii - M. systena - Dryandra sessilis Open Heath to 
Low Shrubland), MhsDs (Melaleuca huegelii - M. 
systena - Dryandra sessilis Open Heath to Low 
Shrubland) in Site A and DsMs (Dryandra sessilis - 
Melaleuca systena Open Heath to Open Low Heath), 
which is mainly west of Site B. 
 

Scaevola nitida and Scaevola thesioides are currently 
dominant in some vegetation on limestone regenerating 
after the 2003 fire, in both dune systems. 
 

The Q4 dunes, the strip of dunes closest to the coast, 
have Spyridium globulosum - Scaevola crassifolia 
Closed Low Heath to Shrubland (SgSc), with much 
Olearia axillaris, Threlkeldia diffusa, Myoporum 
insulare and Rhagodia baccata.  Limestone cliffs in the 
Coast Area west of Launch Sites 1A and 1B have 
patches of Frankenia pauciflora Very Low to Low 
Shrubland with Olax benthamiana shrubs and, on one 
cliff face, a few Leucophyta brownii shrubs. 
 

The strand, which is at the base of the Q4 dunes and is 
narrow and patchy in the Project Area, has a few 
species of grasses and other plants that occur in various 
combinations and densities and some of which often 
extend up slopes and onto tops of low foredunes.  The 
principal species are Spinifex longifolius, S. hirsutus, 
Thinopyrum distichum (Sea Wheat), Cakile maritima, 
Ficinia nodosa and Tetragonia decumbens. 
 

The condition of the strand vegetation is assessed as 
ranging from Excellent, where the Spinifex is dominant 
and aliens largely absent, to Degraded and Completely 
Degraded, where Sea Grass excludes all else and where 
vehicles have destroyed the vegetation.  The Spyridium 
globulosum - Scaevola crassifolia Closed Low Heath 
to Shrubland (SgSc) is Very Good, with smaller areas 
rated Excellent and areas of weeds and vehicle tracks 
rated Completely Degraded. 

Signi i ant Vegetation 
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Four vegetation units on limestone might be considered 
significant because they are poorly represented locally 

or regionally or because they have populations of flora 
that are rare or otherwise significant locally or 
regionally.  Significant flora is mapped in Figure 3.7. 
 

These five units are, in decreasing order of their 
significance: 
• Fp  Frankenia pauciflora Very Low to Low 

Shrubland 
• Mhs (Q) Melaleuca huegelii – M. systena [ 

Dryandra sessilis] Low Shrubland to Open Low 
Heath, with Acacia truncata  

• MhDs Melaleuca huegelii - Dryandra sessilis (over 
Melaleuca systena - Acacia truncata) Open Low 
Heath   

• MhsDs Melaleuca huegelii - M. systena - 
Dryandra sessilis Open Heath to Low Shrubland  

• Nf Nuytsia floribunda Closed Low Heath and 
Open Low Woodland, with five trees (in Site B 
only). 

 

The first unit (Fp) is in the coast area, west of launch 
sites 1A and 1B, or in their narrow western arms.  The 
unit, comprising three species and its limestone cliff 
habitat are locally significant because they have not 
been recorded elsewhere in Alkimos or Eglinton. 
 

Microtunneling through or under the dunes is a 
preferred option to avoid impacting the Fp vegetation 
or the limestone cliffs. 
 

The Mhs (Q) and MhsDs units are in the centre of 
launch site 1A.  They are significant because they are a 
type of Quindalup Dunes System vegetation that is 
uncommon or rare in the Perth Metropolitan Region, 
especially in Good or better condition, and because 
they have Priority Flora within the unit. 
 

Although the MhDs unit has some significance, the 
part of the unit that is found at Launch Site 2 has only 
marginal significance, because it is in poorer condition 
than the rest of the stand and because no Priority Three 
species Sarcozona bicarinata were identified. 
 
No Nuytsia floribunda Closed Low Heath (Nf) is 
shown on the ATA Environmental (2004) maps.  The 
small population of it on top of the conical dune in Site 
B may be the only representation of it in the Alkimos – 
Eglinton area, although groves of Nuytsia floribunda 
trees, as distinct from shrubs and heaths, are reasonably 
common, though also unmapped by ATA 
Environmental or Trudgen and Keighery. 

Floristic Community Types (FCTs  and Threatened 
Ecolog cal Communities (TECs) 
Twelve FCTs are inferred, from desktop analyses and 
field work, to be represented in the Project Area.  
These FCTs and the names given in Government of 
Western Australia (2000, pp. 29-30, Table 6) for them, 
are: 
• FCT 16 Highly saline seasonal wetlands (but also, 

as in the case of Alkimos, Frankenia pauciflora 
Low Shrubland on Tamala limestone cliffs in the 
salt spray zone), 
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• FCT 24 Northern Spearwood shrublands and 
woodlands, 

• FCT 26a Melaleuca huegelii – Melaleuca acerosa 
(now M. systena) shrublands on Limestone ridges, 

• FCT 27 Species-poor mallees and shrublands on 
limestone (probably in study area), 

• FCT 28 Spearwood Banksia attenuata or Banksia 
attenuata – Eucalyptus woodlands, 

• FCT 29a Coastal shrublands on shallow sands, 
• FCT 29b Acacia shrublands on taller dunes, 
• FCT 30c2 Woodlands and shrublands on Holocene 

dunes (probably in study area), 
• FCT S11 Northern Acacia rostellifera – Melaleuca 

acerosa (M. systena) shrublands, 
• FCT S13 Northern Olearia axillaris – Scaevola 

crassifolia shrublands,  
• FCT S14 Spinifex longifolius grasslands and low 

shrublands, and 
• FCT S15 Weeds 
 

One FCT that might be in the Project Area is listed on 
the latest (2003) edition of the Western Australian 
Threatened Ecological Community database.  This is 
FCT 26a (English and Blyth 1997; Government of 
Western Australia 2000 Volume 2, pp. 490-492).  The 
area, in which it might occur, in Bush Forever Site 397 
and the joint A+ B buffer, is shown in Figure 3.8 as 
Area 2.  It is less likely to occur within Quadrat 4.  
Locations of quadrats and relevés are shown on Figure 
3.4 (Project Area).  
 

Interpretations of results of PATN analyses of quadrats 
in the Project Area by E. A. Griffin & Associates 
(2005a, 2005b, and in Appendix B of Weston (2005) in 
the Appendix of this report) confirmed that some 
vegetation in the buffer areas is probably close to one 
or more of FCT 24, FCT 26a or FCT 29a and that some 
is somewhere between FCT 29a and FCT 29b.  
Uncertainty in assigning quadrat samples to particular 
floristic community types probably results from 
insufficiency of annual species in the samples.  

Signi i ant Flora 
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f c
No species or other taxon gazetted as Declared Rare 
Flora (DRF) under the Wildlife Conservation Act was 
identified in the Project Area, and none is likely to be 
there.  In addition, no plant taxa listed as Threatened 
pursuant to Schedule 1 of the EPBC Act were recorded 
in the Project Area. 
 

Five taxa of Priority Flora, at least six significance-
coded non-Priority taxa, one or two other broadly 
significant forms and at least five non-coded locally 
significant taxa were found in the Project Area.   
 

All of these taxa and the sites, areas and buffers in 
which they have been found are listed Table 3.4, along 
with the conservation and significance codes of the 
taxa.  Locations of where many populations were found 
are shown on Figure 3.7 (Significant Flora). 
 

The five taxa of Priority Flora are Astroloma 
microcalyx, Conostylis pauciflora, Sarcozona 
bicarinata, Hibbertia spicata subsp. leptotheca and 
Stylidium maritimum. 
 

The only Project Area location at which Astroloma 
microcalyx was found is in Mhs (Melaleuca huegelii - 
M. systena Low Shrubland to Open Low Heath with 
Dryandra sessilis and Acacia truncata) vegetation on 
limestone, which is in Launch Site 1A and in or 
adjacent to Launch Site 1B. 
 

Conostylis pauciflora is common and widespread in the 
MsLm (Melaleuca systena Open Low Heath over 
Lomandra maritima Herbland) vegetation on 
consolidated Quindalup dunes, especially on crests and 
upper slopes, in the Project Area.  Bennett (ATA 
Environmental 2004) comments on the abundance of 
Conostylis pauciflora in Alkimos and Eglinton, and 
during a September 2005 search for rare flora in a 
relatively small, central coastal part of Jindalee, just 
south of Alkimos, more than 5900 plants were 
identified (Henson, of RPS Bowman Bishaw Gorham, 
pers. comm.). 
 

Sarcozona bicarinata is occasional to locally common 
in limestone vegetation, especially in the Spearwood 
Dune System and in Launch Site 1A in the Quindalup 
Dune System.  Sarcozona bicarinata has a wide but 
scattered distribution, which includes South Australia, 
but it is more or less restricted to limestone and is 
generally not common. 
 

Hibbertia spicata subsp. leptotheca plants were found 
at a few locations in the Spearwood Dune System part 
of the Project Area, mainly in Mhs (Melaleuca huegelii 
– M. systena Closed Heath) vegetation.  However, the 
largest population of Hibbertia spicata subsp. 
leptotheca was found in MsLm (Melaleuca systena 
Open Low Heath over Lomandra maritima Herbland) 
vegetation north of Launch Site 1A. 
 

Stylidium maritimum plants were found in a very small 
area in Mhs (Melaleuca huegelii – M. systena Closed 
Heath) vegetation near the AL01 (Q) quadrat in the 
combined A+B buffer area in the Spearwood Dune 
System. 
 

Table 13 in Government of Western Australia (2000, 
Volume 2) lists five other significant taxa that were 
found in the study area, and descriptions of Bush 
Forever sites list three other limestone taxa as 
significant.  These taxa are, respectively, 
Conospermum triplinervium (p,s), Lechenaultia 
linarioides (p), Melaleuca cardiophylla (r,s), 
Petrophile serruriae subsp. nov. (with pink flowers: 
p,s,r) and Pimelea calcicola (s), and Diplopeltis 
huegelii, Grevillea preissii and Trymalium ledifolium 
var. ledifolium.  
 

The Melaleuca and Pimelea are at several locations on 
limestone, and the Lechenaultia is at several locations 
on dunes as well as limestone, in both the Spearwood 
and Quindalup Dune Systems. 
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Locally significant species not listed in Table 13 in 
Government of Western Australia (2000, Volume 2) 
but found in the Project Area are Frankenia pauciflora, 
Leucophyta brownii, Olax benthamiana and Thomasia 
triphylla.  They are considered to be locally significant 
because they are apparently rare in the Alkimos-
Eglinton area, though not necessarily in the broader 
region.  Bennett (ATA Environmental 2004) did not 
record any of them there, and Trudgen and Keighery 
(1990a, 1990b) recorded only the Thomasia, in 
Alkimos.  
 

The Frankenia, Leucophyta and Olax are on limestone 
cliffs in the Coast Area west of Launch Sites 1A and 
1B, and the Thomasia is on a flat of limestone just 
north of Site A.  It is also near the north-western edge 
of the Site A plus Site B buffer. 
 

Lepidium rotundum is a locally significant species, 
which may be in the Project Area.  It was found on 
limestone near the north-western edge of the Site A 
buffer. 
 

ATA Environmental (2004) maps show locations in 
and near the buffers study area of one additional 
significant species, Leptorhynchos scaber.  There was 
one population of this species in the Quindalup Dune 
System in the Site A buffer (near the Site B buffer) and 
several populations in the Spearwood Dune System in 
the Site A plus Site B buffer.  One population of 
Leptorhynchos scaber comprising more than 100 plants 
was recorded by ATA Environmental (2004) on a dune 
between Site A and Launch Sites 1A and 1B. 

Weeds 
Weeds, especially grasses, are abundant in the areas 
that have been cleared, where they have totally 
replaced the native vegetation, but several species are 
also common, and sometimes abundant, in the native 
vegetation.  The species that are in native vegetation 
are listed in Scheltema and Harris (1995, pp. 65-141) 
as (environmental) weeds in the Perth metropolitan 
region, along with information about each species.  
This information includes a weediness threat priority 
ranking, common name(s), descriptions of habit, 
distribution and preferred habitats, and recommended 
control measures for each listed species.  Most are 
Priority 3, minor weeds, some are Priority 2, nuisance 
weeds, and eight are Priority 1, major weeds.  The 
Priority 1 species in the WWTP study area are Avena 
spp., Ehrharta calycina, Euphorbia terracina, 
Gladiolus caryophyllaceus, Moraea flaccida, Lupinus 
cosentinii, Pelargonium capitatum and Romulea rosea.   
 

Trachyandra divaricata has potential to become a 
Priority 1 weed. According to Griffin (1993), 
Pelargonium capitatum and Trachyandra divaricata 
could become increasingly significant in undisturbed 
areas. 
 

Asparagus asparagoides is also a Priority 1 species.  It 
has not been listed as occurring in Alkimos.  It may 
well be there but not recorded because very little of the 
field work was done in winter or early spring. 
 

A number of conspicuous, taller weeds, such as Avena 
barbata, Ehrharta calycina, Euphorbia terracina and 
Gladiolus caryophyllaceus, are established in some 
bushland vegetation sparsely or in restricted areas, but 
some of the smaller weeds are widespread and 
abundant there.  These smaller weeds include Briza 
maxima, Petrorhagia dubia, Hypochaeris glabra, 
Romulea rosea and Ursinia anthemoides. 
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Figure 3.4 Project Area (Quadrats and Relevés) 
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Figure 3.5 Vegetation Units 
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Table 3.2 Vegetation Units 

Symbols Vegetation Units 
Ac  Acacia cochlearis Closed Heath to Open Heath  
AcOaMs  Acacia cochlearis - Olearia axillaris - Melaleuca systena Open Heath  
Ar  Acacia rostellifera Heaths  (Q) 
Ar  Acacia rostellifera Closed Scrub to Shrubland  (S) 
ArMs  Acacia rostellifera - Melaleuca systena Open Low Heath  
As  Acacia saligna Scrubs to Heaths  
AsJf  Acacia saligna and Jacksonia furcellata Open Scrub to Open Tall Shrubland  
AsMs  Acacia saligna - Melaleuca systena Shrubland 
Ba  Banksia attenuata Low Woodland to Open Low Woodland  
Ba/AsMs  Banksia attenuata Low Woodland & Acacia saligna - Melaleuca systena Shrubland 
Ba/C  Banksia attenuata Low Woodland to Open Low Woodland and Scattered & Cleared of native vegetation 
Ba/X  Banksia attenuata Low Woodland to Open Low Woodland & Xanthorrhoea preissii Shrubland to Low Shrubland 
Bam  Banksia attenuata – B. menziesii Low Woodland  
BamEt  Banksia attenuata – B. menziesii - Eucalyptus todtiana Low Woodland to Open Low Woodland  
C  Cleared of native vegetation; very few, if any, native plants  
Ds  Dryandra sessilis Open Heath to Closed Heath  (Q) 
Ds  Dryandra sessilis Open to Closed Heath to Scrubs  (S) 
Ds/Ba  Dryandra sessilis Open Heath & Banksia attenuata Low Open Woodland to Scattered Open Heath  
DsCqAp  Dryandra sessilis – Calothamnus quadrifidus – Acacia pulchella Closed Heath  
DsMhAt  Dryandra sessilis Closed Heath with Melaleuca huegelii and/or Acacia truncata  
DsMs  Dryandra sessilis - Melaleuca systena Open Heath to Open Low Heath 
Eg   Eucalyptus gomphocephala individual trees to small stands of forest  (Q) 
Eg Eucalyptus gomphocephala (Tuart) individual low trees, or tree mallee  (S) 
EgMs  Eucalyptus gomphocephala Woodland to Scattered over Melaleuca systena Open Heath to Shrubland  
EgMsLm  Eucalyptus gomphocephala Open Woodland to Scattered over Melaleuca systena Open Low Heath and Lomandra maritima 

Herbland  
Fp  Frankenia pauciflora Very Low to Low Shrubland 
Hh  Hibbertia hypericoides Open Low Heath, with Calothamnus quadrifidus 
Lg  Lepidosperma gladiatum Sedgeland  
McDs  Melaleuca cardiophylla - Dryandra sessilis Closed Heath (with M. huegelii) 
Mch  Melaleuca cardiophylla - M. huegelii Low Shrubland to Open Low Heath  
MhAt  Melaleuca huegelii - Acacia truncata – Trymalium ledifolium Open Low Heath  
Mhcs  Melaleuca huegelii - M. cardiophylla - M. systena Closed Heath 
MhDs  Melaleuca huegelii - Dryandra sessilis (over Melaleuca systena - Acacia truncata) Open Low Heath  [formerly ‘MhsAt (Q)’] 
Mhs  Melaleuca huegelii – M. systena [- Dryandra sessilis] Low Shrubland to Open Low Heath, with Acacia truncata  (Q)  [formerly 

‘Mh’] 
Mhs  Melaleuca huegelii - M. systena Closed Heath (S) 
MhsAt  Melaleuca huegelii - M. systena - Acacia truncata Open Low Heath  
MhsDs  Melaleuca huegelii - M. systena - Dryandra sessilis Open Heath to Low Shrubland  
Ms  Melaleuca systena Low Shrubland to Shrubland  
MsDsAt  Melaleuca systena - Dryandra sessilis - Acacia truncata Closed Low Heath (with Melaleuca cardiophylla)  [formerly ‘McDsAt’] 
Ms/MsLm  Melaleuca systena Low Shrubland to Shrubland & Melaleuca systena - Open Low Heath over Lomandra maritima Herbland 
MsLm  Melaleuca systena Open Low Heath over Lomandra maritima Herbland,  
MsLm/Hh  M. systena Open Low Heath over Lomandra maritima Herbland & Hibbertia hypericoides Open Low Heath 
MsOaLm  Melaleuca systena - Olearia axillaris Open Low Heath over Lomandra maritima Herbland 
Nf   Nuytsia floribunda Closed Low Heath and Open Low Woodland, with 5 trees  (in Site B only) 
Nf  Nuytsia floribunda Open Low Forest to Low Woodland (not in Site B) 
SgSc  Spyridium globulosum - Scaevola crassifolia Closed Low Heath to Shrubland  
X  Xanthorrhoea preissii Shrubland to Low Shrubland (Q) 
X  Xanthorrhoea preissii Shrubland to Low Shrubland  (S) 
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Figure 3.6  Vegetation Condition 
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Figure 3.7  Significant Flora 
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Figure 3.8 Conservation Significance 
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Table 3.3 Occurrences of Vegetation Units and Condition in the Project Area and Bush Forever Site 397 

Table 3.3 lists the area, in hectares, of clearing required in each site.  It also lists the vegetation units and vegetation 
condition ratings, as abbreviations, and the sites and areas in which they occur, and, for each WWTP and launch site, 
estimates are given of the percentage of the site’s vegetation provided by each component  vegetation unit and condition 
rating. 
 

 BFS 
397 

WWTP 
Site A 

WWTP 
Site B 

Launch 
Site 1A 

Launch 
Site 1B 

Launch Site 
2 A Buffer A+B Buffer B Buffer 

AREA  (ha): - 15 19 6.6 6.6 6.0 - - - 
VEGETATION 
UNITS          

Quindalup System 
C (Cleared) x 25 >10 20 60 40 x x x 
Strand       x   
Q4 Dunes 
AcOaMs x         
Fp x      x   
SgSc x   <5 <5 ? x   
Q1-3 Dunes, Qp,Qs 
Ac   <5 10   x x x 
Ar (Q) x 10  <5   x x  
ArMs x         
As   <5     x x 
AsJf        x [x] 
AsMs x 30      [x] x 
Ba/AsMs         x 
Ba/C        x x 
Eg (Q)       [x] x [x] 
EgMs       [x] x [x] 
EgMsLm        x x 
Lg x      x   
Ms  >10 30   >20 x x x 
MsLm x 15 >40 20 20 30 x x x 
Ms/MsLm       x x  
MsOaLm       x   
Nf  ‘trees’         x 
Nf  ‘shrubs’   <5    x   
X x      x x  
Spearwood Limestone (and Sand) in Quindalup System 
Ds (Q)    20 10  x x x 
Ds/Ba         x 
DsCqAp         x 
DsMs   <5    x x x 
Mch    <5   x   
MhDs    10   [x] x  
Mhs (Q)    15 10  x   
MhsDs  <10    <10   x 
Spearwood System 
Sand         
Ar (S) x      [x] x x 
Ba   <5     x x 
Bam x       x x 
BamEt         x 
Ba/X   <10      x 
Eg (S) x      x   
Hh   <5      x 
MsLm/Hh   <5      x 
X x  <5    x x [x] 
Limestone         
Ds (S) x  <5    [x] x x 
DsMhAt x         
McDs x      x x  
MsDsAt x         
MhAt x         
Mhcs x      x x [x] 
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 BFS 
397 

WWTP 
Site A 

WWTP 
Site B 

Launch 
Site 1A 

Launch 
Site 1B 

Launch Site 
2 A Buffer A+B Buffer B Buffer 

Mhs (S)        x  
MhsAt x      x   
VEGETATION CONDITION 
VG   5       
VG-G   10       
G-VG  15 40 30 10     
G  20 5 15 20 40    
G-D  40    15    
D-G          
D   30 30 10     
D-CD          
CD-D          
CD  25 10 25 60 45    

Notes: 
• There is very little of any Spearwood Dunes unit outside the Quindalup Dunes system that is in the Site A buffer and, at the same time, outside 

the Site B buffer (i.e.not in A+B). If Launch Site 1A is developed, then no Mch, MhDs or Mhs and little Ds will be in the A buffer and no Ds or 
MhDs will be in the A+B buffer. 

• BFS = Bush Forever Site. 
• x = present 
• [x] = present but not common 
 

Table 3.4  Significant Flora Recorded in the Alkimos WWTP Footprints and Buffers 

Locations/Sites 
Taxa 

Significance & 
other Codes 

Site 
A 

Site 
B 

Launch 
Site 1A 

Launch 
Site 1B 

Launch 
Site 2 

A 
Buffer 

A+B 
Buffer B Buffer 

Astroloma microcalyx P3,s        ls - - x ? - x - - 
Conospermum 
triplinervium p, s - - - - - - x - 

Conostylis pauciflora 
ssp. euryrhipis (/ 
pauciflora) 

P3(4),p,s x x x ? ? x x x 

Diplopeltis huegelii lt - - - - - ? - - 
Eucalyptus decipiens 
mallee form m - - - - - - - ? 

Eucalyptus 
gomphocephala mallee 
form 

m - - - - - - x - 

Frankenia pauciflora ls - - - - - x - - 
Grevillea preissii lt x ? - - - x x - 
Hibbertia spicata subsp. 
leptotheca P3,p,s,e - - - - - x x - 

Lechenaultia linarioides p x x - - - x x x 
Lepidium rotundum ls - - - - - ? - - 
Leptorhynchos scaber tk - - - - - x - - 
Leucophyta brownii ls - - - - - x - - 
Melaleuca cardiophylla r,s - - x - - x x - 
Olax benthamiana ls - - - - - x - - 
Petrophile serruriae 
ssp. nov. (with pink 
flowers) 

p,s,r - - - - - ? - - 

Pimelea calcicola s ? - - - - x x ? 
Sarcozona bicarinata P3,p,s x x x ? - x x x 
Stylidium maritimum P3,p,s - - - - - ? x - 
Thomasia triphylla ls - - - - - ? x - 
Trymaium ledifolium 
var. ledifolium lt - - - - - x x - 

Notes: 
• The Coast Area is on the west side of the main bodies of Launch Sites 1A and 1B, over the proposed outlet tunnels through the dunes. 
• ‘ls’ indicates that the taxon appears to be locally (in the Alkimos-Eglinton area) very rare (only one stand recorded) or rare and is therefore 

considered to be locally significant.  One species, Astroloma microcalyx, has an additional significance code; it is a Priority Three species. 
• ‘lt’ indicates that the taxon isn’t listed in Table 13 of Bush Forever (2000) but is listed in descriptions of Bush Forever sites, as a limestone 

taxon. 
• ‘tk’ indicates that Leptorhynchos scaber is listed by Trudgen and Keighery (1990a) as a species of particular interest, because it was poorly 

collected in the Perth Region, but it is not listed in Bush Forever (2000). 
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3.3.6 Subterranean Fauna 
As part of the Water Corporation’s assessment of the 
viability and desirability for local infiltration at the 
AWWTP site, a subterranean fauna survey was carried 
out. 
 
A wide range of animals with the necessary pre-
adaptations have colonised subterranean habitats.  Of 
those animals that have successfully made the 
transition to subterranean living, some are restricted to 
interstitial or cavernous habitats, some can use them by 
choice and others find their way in accidentally.  Those 
aquatic animals, which now live only in subterranean 
groundwater, are called stygofauna.  
Presumably as a direct consequence of the absence of 
light, stygofaunal elements (stygofaunal specimens), 
particularly of crustaceans, are typically recognisable 
by the possession of a suite of characteristic 
morphological features.  These include: 
• a reduction or absence of pigmentation; 
• a reduction or absence of eyes; and, 
• marked attenuation (tapered elongation) of 

locomotory and sensory appendages to compensate 
for the lack of sensory input through eyes. 

 
Knowledge of groundwater fauna of Western Australia, 
in a global context, is still relatively poor.  Forms 
found in northern coastal areas such as the Cape Range 
and Barrow Island are thought to have marine affinities 
with ancestral linkages to fauna of the Tythys Sea, 
when Australia was part of the greater land mass 
Gondwana.  Typically, of limestone and karst 
subterranean environments, stygofauna of formally 
marine lineages are thought to have been stranded 
inland by marine recession, using pre-adaptations to 
exploit groundwater habitat (Humphreys, 2000).  
Conversely, surveys of the Pilbara, Kimberly and 
Yilgarn Cratons of Western Australia in the last decade 
have unexpectedly also yielded stygofauna.  In south-
western Australia, research of the Tamala Formation at 
Yanchep, Yallingup, Ludlow, Moora, Cape Lewin-
naturalist have too have yielded stygofauna of both 
marine and freshwater affinities (Jasinska et al. 1996; 
Jasinska and Knott 2000).  Previous stygofauna 
sampling in Yanchep recorded the presence of three 
forms of copepod, one form of amphipod and one 
ostracod.  This site is located upstream of the Alkimos 
study area within or directly adjacent to Yanchep 
National Park. These works, presented in The 
Gnangara Start-Up Survey, were undertaken by Storey, 
Goater and Knott in April 2004. 

Sampling 
Sites located with adequate water levels were sampled 
for stygofauna using two congruent sampling 
techniques: 1. bailing; and 2. netting. In the cases 
where the bore ID was less than 50mm bailing was 
used as the sole sampling technique.  
 

The first replicate at each site was taken using a (40 
mm diameter) bailer lowered on a 200m rope and reel 
device to sample from the surface waters of the bore.  
Each sample was obtained from below the level of 
water in the bore (the water table or static water level, 
SWL) at a depth just sufficient to fill the bailer to 
maximum capacity.  The water recovered was sieved 
through a 53 µm zooplankton net to remove any 
residual animals and/or debris.  The remaining isotonic 
water used for washing further samples from that bore.  
One additional replicate sample was recovered using 
the same bailing technique and added to the initial 
Endecotts sieve. 
 
Netting for stygofauna involved taking replicates using 
a weighted net constructed from 50 µm and 150 µm 
plankton netting.  For this purpose, the appropriately 
sized (for the diameter of the bore) net was lowered to 
the bottom of each bore on a 200m rope and reel 
device.  The rope was then raised and lowered 
approximately 1m on three separate occasions to 
agitate the bottom sediment and any animals present 
then rested for approximately 1 minute. The net then 
was raised through the water column very slowly to 
minimise the formation of a bow wave immediately 
above the top of the net, which might trigger 
avoidance, by any animals present.  At the top of the 
bore, the nets were flushed with isotonic water, with as 
much residual water decanted back through the net. 
This sample vial was removed, labelled, capped and 
kept cool in a dark insulated container and returned to 
Perth for live sorting in the laboratory. 
 
Of the 11 bores surveyed in the Pilot Study, no 
stygofauna were found. 
 
Subsequent to this work the Water Corporation has 
discarded infiltration as a wastewater disposal option 
due to the hydro geological unsuitability of the site. 

3.3.7 Geoheritage 
Geoheritage is the complex expression of the 
geological and geographical landforms and the 
historical development of all ecological systems upon 
them.  The Alkimos region is one of many sites that 
have been identified in the Perth and South-western 
area of Western Australia which represent valued and 
irreplaceable standards which should be protected 
against the pressures of urban, industrial and rural 
development (T C Lemmon, R D Gee, W R Morgan 
and C R Elkington, 1979). Geoheritage is not simply 
the geology and landform of an area, but the historical 
record of the processes that produced them over 
geological time.  The Swan Coastal Plain between 
Geographe Bay and Dongara is the product of a 
complex set of conditions and processes described by 
V and C Semeniuk (2004) as unique in the world, with 
the Alkimos area representing one phase in the 
geological sequences evidenced along this coast.   
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Geoheritage in the Alkimos Region. 
The proposed AWWTP is located in the more northerly 
Whitfords-Lancelin Coastal Sector, described by 
Semeniuk (2004) as representing the final stage in the 
series of coastal landforms, being a sequence of more 
recent parabolic dunes perched on an older limestone 
plateau.  The dunes were formed by progressive 
erosion of the cuspate foreland and the resultant sand 
was driven inland by strong south-westerly winds, 
which have moderated over geological time scales.  
 
The system is a parabolic dune feature two kilometres 
(km) wide, extending inland for four km.  Three 
individual dune types occur within this feature: 
• parallel dunes; 
• nested parabolic dunes; and  
• blow-outs.  
 

Blow-outs form when the parallel dunes along the 
beach front are breached during heavy storms with the 
resultant gap creating a wind tunnel through which 
sand is transported.  The parabolic dunes form as a 
result of the continuation of this process.  
 

W. McArthur delineated the geomorphic structures and 
boundaries in the Alkimos dune complex (T C 
Lemmon, R D Gee, W R Morgan and C R Elkington, 
1979).  Lemmon et al identified the complex as 
consisting of four phases of the Quindalup Dunes 
overlying the siliceous Spearwood Dunes of the 
Pleistocene age.  All phases are uniquely defined by 
their profile shape, stability, vegetation type and cover, 
and soil development as described below.  
 

The oldest phase (Q1 on Figure 3.9) has a flattened 
profile (100 to 150 slopes) and is largely covered by 
vegetation and soil organic matter to depths of 30 to 50 
cm.  These dunes are completely stable and are of the 
order of 6000 years old.  This indicates that the 
complex first began forming when the sea level 
retreated from the 3 metre level approximately 6000 
years ago. 
 

The youngest phase (Q4) consists of small, restricted 
dunes with steep (250 to 330) slopes partially covered 
(20%) by coastal heath vegetation and virtually no 
organic layer and is estimated to be aged probably no 
more than 200 years old.  The ‘humpy’ profile 
indicates instability.  If the vegetation were removed, 
the dunes would become active again.  
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Q2 and Q3 represent intermediate phases.  Q3 has 
steep slopes; a smooth profile; has a vegetation cover 
of approximately 70%, is virtually stable and is 
approximately 1600 years old. 
 

Q2 has steep slopes, a ‘humpy’ profile; has 
approximately 70% vegetation cover, and would 
become active if disturbed. 
 

In 1977, the Metropolitan Region Planning Authority 
(MRPA) recognised the high ecological and 
geoheritage values attributed to the Alkimos parabolic 
dune system. The area was identified in the North-West 
Corridor Structure Plan (MRPA 1977) and it was 

zoned “Parks and Recreation” with some strategically 
located commercial and light industrial zonings in its 
centre. At this time, it was also recognised that the 
whole dune complex, or at least a part of it that 
contained a representative chronological sequence 
should be preserved (see Figure 3.10).   
 
The benefits of such planning were cited by the MRPA 
to be: 
• linking narrow ridge-top reserves around the 

Alkimos general industrial area to the Yanchep 
National Park; 

• protecting the ridges by utilising the natural 
vegetation to enhance stability; 

• forming a break in the North-West Corridor; 
• providing extensive active recreational space; 
• forming part of a buffer around the Alkimos 

general industrial area; 
• complementing the reserves about the head of the 

Alkimos Bay; and  
• protecting the geomorphological structures as a 

feature of scientific interest.  
 
In 1979, the coastal dune formations in the Alkimos 
area were identified as having national and world geo-
heritage significance.  Consequently the Geological 
Society of Western Australia (with support from the 
Geological Sites Committee and the CSIRO) 
recommended that the Alkimos Dune System be 
nominated as a Geological Monument, to be reserved 
as open space and that future use of the land should not 
involve activities that will disturb the land surface (T C 
Lemmon, R D Gee, W R Morgan and C R Elkington, 
1979). 
 
Subsequent amendments to the Metropolitan Region 
Scheme (MRS) culminating in the MRS Amendment 
No 932/33 of 1994, has seen the environmental and 
geoheritage values identified in the past progressively 
revised to support to the perceived socially greater 
value of urban development in the North-West 
Corridor.  
 
Semeniuk (2004) describes the geoheritage 
significance of the Alkimos area as follows: 
 
“In a regional perspective, the Alkimos region is 
underlain partly by limestone which comprises the 
Spearwood Dunes, and partly by the Holocene coastal 
dune sands that comprise the Quindalup Dunes.  The 
coastal dunes and cuspate forelands are inland 
ingressing, representing various ages and stages of 
parabolic dune systems, at times nested en-echelon.  As 
such, from the coast to inland, the terrain is comprised 
of limestone cliffs, beaches, parabolic dunes, 
undulating limestone hills with a thin layer of coastal 
dune sand, thick ribbons of coastal dune sand 
overlying limestone, and furthest inland, undulating 
limestone hills with a thin cover of Yellow sand.  
(Semeniuk, 2004). 
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Contemporary views (Semeniuk, 2004) continue to 
recognise that the Alkimos area is of global 
significance, representing the final stage in a series of 
coastal landforms that illustrate the principles of 
geoheritage features, for the following reasons: 
• it has a low amplitude coastal projection centred 

on a nearshore reef (the coastal projection being 
the penultimate stage of erosion of a cuspate 
foreland); 

• it exhibits perched dunes; 
• it exhibits an excellent sequence of nested 

parabolic dunes; and 
• it exhibits a gradient where an east-west oriented 

parabolic dune has encroached over Spearwood 
dune terrain, with a variety of (ecological) 
contacts. 

 
In March 2005, the MRS Amendment No. 1029/33 
Alkimos-Eglinton (Readvertised with Modification) 
was released (Figure 3.11).  It proposes predominantly 
urban development and provision for the AWWTP 
(Site B) over the areas previously identified of value 
from a geoheritage perspective.  The extent and 
consequence of the proposed planned development will 
be determined in the wider land-use context in the s.48 
MRS Amendment process and in part through this 
PER, both of which are currently under consideration 
by the EPA. 

Conclusion 
Geoheritage is one of the environmental issues that 
varies between Sites A and B for the purpose of the 
AWWTP development.  The concept that the whole 
dune complex (beyond the immediate impacts of the 
AWWTP and its buffer), or at least a part which 
contains a representative chronological sequence, be 
preserved reduces in significance as a relevant factor 
for the impacts from the AWWTP (at either Site A or 
Site B) if the geoheritage and associated ecological 
values surrounding the WWTP are to be disrupted or 
harmed by the urban development proposed in the 
MRS Amendment 1029/33. 
 
The impacts of the proposed Alkimos Wastewater 
Treatment Plant on the geoheritage values of the region 
as identified above are discussed in Section 6.4.1 of 
this report for Site A, and Section 7.4.1 for Site B. 
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Figure 3.9 Alkimos Geoheritage Landforms 



Alkimos Wastewater Treatment Plant - Public Environmental Review 

Figure 3.10 1977 Structure Plan 
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Figure 3.11 MRS Amendment 1029/33, March 2005 
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1 The label in Figure 3.11 shows the new proposed Marmion Avenue in the Metropolitan Region Scheme Amendmen
Eglinton as modified map dated 14 December 2004.
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3.4 Marine Environment 

3.4.1 Shoreline Stability 
The shoreline in the northern Perth metropolitan region 
is characterised by a mix of dune sands and limestone 
outcrops.  The presence of limestone outcrops or 
limestone horizons beneath the dune sands can 
significantly increase the shoreline stability along this 
coastline.  While the sandy beaches along the coastline 
at Alkimos are subject to significant sediment 
movements due to wind and wave forcing, some 
protection is offered by the fringing reef system.  The 
predominant exposed reef structures along the Alkimos 
coast are Alkimos Reef, Eglinton Rocks and Pamela 
Shoal, all situated between 500m and 1km from shore.  
These limestone outcrops represent surface features of 
a limestone shelf that extends along the length of the 
north metropolitan coast and includes Quinns Rocks 
and Burns Rocks. 
 
The change in vegetation line and waterline along the 
Alkimos beaches over the last century has been 
interpreted from past surveys and aerial photography 
(M.P. Rogers 1998).  In addition to the review of past 
coastline alignments, an exploratory drilling 
programme was undertaken in the area in 1998 to 
ascertain the potential for limestone/calcrete horizons 
to provide protection against coastal encroachment on 
the Alkimos-Eglinton region land development 
(LandCorp, 2003).  These studies did not find 
significant limestone horizons in the area suitable for 
protection of the coast from regional oceanographic 
processes (e.g. storm events).  
 
Natural coastline movements in the area adjacent to Lot 
101 (the Water Corporation’s site for the WWTP) over 
the last half century have ranged from receding (45m to 
55 m) to mostly stable or accreting (LandCorp 2003).  
Some areas of erosion have occurred, particularly 
where dune vegetation has become degraded or 
damaged (DAL 1997).  The regional planning scheme 
for the area has allocated a 65m to 115m buffer from 
the vegetation line for the development of major 
buildings (LandCorp 2003).  This buffer allows for 
predicted coastal movements in the future.  The coastal 
portion of Lot 101 lies within a zone of relatively 
stable coastline with an area of significant accretion 
(between 1954 and 1997) some 700-1000m to the north 
and an area of beach erosion 500m to the south (MP 
Rogers 1998). 
 
The zone of significant beach erosion 500m to the 
south of the Alkimos ocean outlet launch site coincides 
with a headland selected for the location of the 
“southern coastal node”, a shopping and recreation 
component of the Alkimos-Eglinton Coastal Planning 
Strategy (see Figure 3.12 and 3.13; LandCorp, 2003).  
MP Rogers and Associates (1998) have recommended 
the construction of groynes and/or other coastal 
protection features at this location to inhibit beach 
erosion and protect the proposed infrastructure.  The 

structure plan for the Alkimos development has been 
amended to take into account the sediment movement 
and shoreline stability at the southern node with the 
coastal set-back being increased, negating the 
requirement for groin structures (WAPC, 2005).  It is 
unlikely that the Eglinton Marina (3km to the north) 
will disturb the pre-development pattern of sediment 
movement at the Alkimos ocean outlet launch site 
(Riedel and Byrne 1990). 
 
Modelling of long-shore transport of sediments was 
undertaken for the Quinns Rocks to Eglinton coastal 
region as part of engineering studies for the proposed 
Eglinton Beach Resort marina complex (Riedel and 
Byrne 1990).  These studies used vegetation line 
movements (similar to Figure 3.12) to assess past 
sediment erosion and deposition patterns and to 
calibrate the sediment transport model.  The shoreline 
for approximately 1km to the south of the proposed 
launch site for the Alkimos ocean outlet (Zone 4) was 
characterised as eroding at an estimated 7300 m3/yr 
with the sediment moving to the north (see Figure 
3.14).  The shoreline for 1.5km to the north of the 
launch site (Zone 5) was estimated to be accumulating 
sediment at 15,000 m3/yr.  The pattern of reef 
structures close to shore play an important role in 
refracting and deflecting wave energy and strongly 
influence the local sediment movement dynamics 
(Riedel and Byrne 1990).  The presence of exposed 
limestone at the shoreline can restrict sediment supply 
and provide a stabilising influence on local shoreline 
movement.  
 
Figure 3.12 shows an area of bare sand to the north of 
the proposed outlet launch site (6502400N, 372800E).  
It can be seen from the difference in the vegetation line 
from 1996 (pink line) to 2004, that significant 
vegetation loss has occurred in this area in the last 
decade.  This area is a depression popular with 
recreational 4WD users, the loss of vegetation is likely 
to be caused through a combination of damage by 
4WD vehicles, and wind erosion as the predominant 
southerly winds are channelled into the parabolic dune 
structure.  Sand from the dune has encroached onto the 
neighbouring vegetation as an unconsolidated 
transgressive dune sheet. 
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Figure 3.12  Vegetation Line Movements at Alkimos – North 

 
 

Section Three: Existing Environment - Final v.3 - 8 November 2005 
Page 31 of 59 



Alkimos Wastewater Treatment Plant - Public Environmental Review 

Figure 3.13 Detail of Vegetation Line Movements at Alkimos Southern Node 
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Figure 3.14  Modelled Longshore Sediment Transport for the Quinns Rocks to Eglinton Coastal Region 
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3.4.2 Tides 
The tides along the Perth Metropolitan Coast are 
relatively small due to the proximity of a point of zero 
tidal flux (amphidromic point) located offshore 
approximately 450km to the west (Simmons et al 
2004).  The Perth tidal frequency is predominantly 
diurnal (one tidal cycle per day) and has a maximum 
tidal range of 0.6m (at Fremantle).  The difference in 
timing of tidal fluctuations along the Perth coast is 
small with tides at Yanchep (8km to the north of 
Alkimos) being approximately 20 minutes ahead of 
those at Fremantle (50km to the south of Alkimos) 
(Pattiaratchi et al, 1995). 
 
Due to the lack of protective embayments at Alkimos, 
tidal forcing is unlikely to play a significant role in the 
local oceanographic processes (e.g. relative to wind 
forcing), including the exchange of waters between 
nearshore (shelf) and offshore zones or inshore currents 
(MP Rogers and Associates 1998).  

3.4.3 Wind 
The wind regime along the Perth Metropolitan 
Coastline plays an important role in driving nearshore 
and surface ocean currents.  A combination of factors, 
including friction of the wind against the sea surface 
and associated pressure gradients across the ocean 
surface, influences the direction and magnitude of 
water movement at the Alkimos coast.  Ocean currents 
and exchange of coastal waters with oceanic waters in-
turn influences wastewater effluent distribution 
patterns in the nearshore areas.  An understanding of 
the dominant seasonal and diurnal wind patterns at 
Alkimos is essential in modelling and predicting the 
likely distribution of wastewater from the Alkimos 
ocean outlet. 
 
The closest permanent wind station to Alkimos is 
located at Ocean Reef and is operated by the Bureau of 
Meteorology (BOM).  The Ocean Reef station is 
located in a similarly exposed coastal location to 
Alkimos and will be largely representative of the wind 
regime at the Alkimos ocean outlet (Mills et al, 1997).  
Similarly, the Swanbourne weather station to the south 
of Ocean Reef is located close to the coast and records 
wind information suitable for the assessment of long-
term average wind conditions at Alkimos.  In addition 
to the Ocean Reef and Swanbourne wind data, three 
weather stations were installed at Alkimos for the 
purpose of providing wind stress data to feed into the 
Alkimos air quality (odour) and oceanographic models.  
 
The wind regime in the Perth coastal region (including 
Alkimos) is largely driven by the seasonal migration of 
the anti-cyclonic belt (pressure systems) to the north in 
winter and south in summer (D’Adamo and Mills 
1995a).  The predominant wind direction (blowing 
from) at Ocean Reef and Swanbourne is Southerly to 
South-westerly for most of the year with easterly winds 
on summer mornings.  Winds tend to be strongest in 
the afternoons in summer where fresh south-westerly 

winds often bring a drop in the air temperature by 
several degrees.  A distinct change in wind direction 
and speed is seen over the autumn months with easterly 
and northerly components becoming more important 
and a commensurate drop in the frequency of southerly 
winds.  Winter brings a strong westerly component and 
relatively weak easterlies.  

Anemometers (Wind Speed And Direction) From 
Data Collected A  Wea her Stations At Alkimos t t
A total of three wind stations have been established at 
Alkimos for the purposes of characterising the 
terrestrial wind fields in the region (primarily for odour 
modelling of the WWTP) and for use in hydrodynamic 
modelling of the proposed Alkimos ocean outlet.  Two 
of these wind stations have been operating since July 
2001 with the third commissioned in May 2003.  
Figure 3.15 displays the seasonal average wind speed 
and direction data for a station located approximately 
1km inland from the proposed Alkimos ocean outlet 
launch site at an elevation of 35 m. 
 
It can be seen from Figure 3.15 that the seasonal wind 
patterns for Alkimos (over the two year period March 
2003 to May 2005) approximated those of the Perth 
coastal region with distinct differences in wind strength 
and direction between seasons.  Summer winds are 
predominantly from the south to south-west 
(representing the afternoon sea-breeze) with a lesser 
but strong easterly component in the mornings.  A 
strong southerly component is still present in autumn 
though easterlies become predominant.  The wind 
direction during the winter months is more evenly 
distributed though the easterly component produces the 
strongest wind strength and southerlies are reduced in 
prominence.  The spring winds are generally slightly 
weaker than the winter easterlies and predominantly 
from the south to south-west. 

Bureau Of Meteorology Wind Speed And Direction 
Data For The Area 
Long-term wind data for the Perth coastal region is 
available from meteorological stations operated by the 
Western Australian Bureau of Meteorology (BOM).  
The closest of these station to the proposed Alkimos 
ocean outlet with data suitable for the assessment of 
long-term wind speed and direction is located at 
Swanbourne (Station 9215).  Wind data is also 
available from Ocean Reef (Station 9214) though this 
covers a shorter time period.  Figure 3.16 displays the 
average monthly wind speed and direction for the 
Swanbourne wind station from 1993 to 2005.  The 
monthly averages show the transition between 
predominantly southerly to south-westerly winds 
outside of winter to predominantly easterly and 
westerly winds during the winter months. 
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Figure 3.15  Seasonal Wind Roses for the Alkimos WWTP at Hill AWS (S1002353) Wind Station 

 
 
Notes: Data averaged from March 2003 to May 2005. 
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Figure 3.16  Swanbourne Average Wind Speed and Direction (1993 to 2005) 
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The current direction recorded by the sensors deployed 
at Alkimos reflects the deployment period of late 
autumn to early winter.  Southerly current vectors 
dominated during the recording period with 
intermittent westerly to north-westerly flows.  Wind 
records during the same period (see Figure 3.15) 
indicate that a transition between easterly and southerly 
winds to westerly and north-north-easterly winds from 
autumn to winter. 

3.4.4 Currents 
The coastal waters in the vicinity of the Perth 
metropolitan area (between Yanchep and Mandurah) 
are characterised by seasonal interactions between the 
Leeuwin Current, other predominantly wind driven 
local currents and, freshwater inflows from the Swan 
and Peel-Harvey systems.  Western Australia is 
somewhat unique in that the normal up welling of 
nutrient rich bottom waters along the western coast of 
Southern Hemisphere continents is inhibited by the 
presence of the Leeuwin Current.  The Leeuwin 
Current brings relatively warm and nutrient poor 
waters southward along the Western Australia coastline 
on a seasonal basis (strongest in early winter).  Close to 
shore (in less than 25m of water) the southerly flow of 
the Leeuwin current is often reduced or reversed 
through the action of predominant southerly winds 
along the coast.  This can lead to deep southerly 
currents offshore and northerly currents close to shore 
for much of the year (D’Adamo and Mills, 1995).   

 
Waves breaking at the shore can drive localised long-
shore currents and generate long-shore transport of 
sediments.  Long-shore currents at Alkimos are likely 
to be driven northward with the dominant angle of 
wave movement/break (MP Rogers and Associates 
1998; Riedel and Byrne 1990). 

Offshore Currents 
The two current sensors deployed for the purposes of 
hydrodynamic model calibration in the Alkimos coastal 
waters were both within the outer line of limestone 
reefs (at approximately 5km from shore) and largely 
represent nearshore processes.  The outer most of these 
current sensors (Site B) was only moderately sheltered 
by these reef systems, being in 20m of water with one 
600m wide reef (reaching 10m depth) seaward of the 
sensor (Fugro GEOS 2005).  For the late Autumn 
period 30 April 2005 to 28 May 2005 (see Figure 
3.17(a)), Site B recorded a higher mean current speed 
at all depths in comparison to Site A, deployed in more 
sheltered (shallower) waters.  During the early winter 
period from 28 may 2005 to 26 June 2005 (see Figure 
3.17 (b)) Site B displayed similar mean current speeds 
though a greater maximum speed at all depths.  The 
maximum current speeds recorded at Site B occurred 
on 6 June 2005. 

 
Two current sensors were deployed in the vicinity of 
the proposed Alkimos ocean outlet from the 30 April 
2005 to 26 June 2005 to provide data for calibrating the 
ocean outlet hydrodynamic model (Fugro GEOS 2005). 

Nearshore Currents 
Nearshore currents in the Alkimos region can be 
complex due to interaction between regional currents, 
local wind forced currents, waves and irregularly 
shaped shallow reef systems.  Wind forcing is the 
dominant process driving nearshore currents, 
particularly shoreward of the outer reef systems (< 5km 
from shore).  Wind driven currents can be extremely 
variable in the nearshore Perth coastal waters and 
respond rapidly (within hours) to changes in wind 
direction (Mills et al 1997).  The predominant wind 
direction (blowing from) during summer is south-to-
south-westerly, and therefore the nearshore current 
direction (flowing to) in these waters is predominantly 
northerly, flowing parallel to the coast.  During winter, 
the current direction is more variable with significant 
southerly components occurring during persistent 
north-westerly to westerly winds.  

 
Offshore currents occurring outside of the coastal 
limestone reef system are characterised by a southward 
flowing intrusion of warm, tropical water associated 
with the Leeuwin current in autumn and winter.  The 
Leeuwin current flows south for most of the year 
though is considerably slowed during the summer 
months due to the effect of south-to-south-westerly 
winds dominating during this period (EPA 1996).  As 
with the nearshore coastal zone, wind stress is a 
dominant force driving surface (<20 m) currents in the 
mid-shelf waters off Perth.  During the peak flow 
periods of the Leeuwin current mid-shelf currents may 
be predominantly driven by water height (steric) 
differences from north to south.   

 
The maximum current speed recorded by sensors 
deployed at 1.8km and 3.4km from shore at Alkimos 
during the period 30 April 2005 to 26 June 2005 was 
0.46 m/s (Fugro GEOS 2005).  Maximum and mean 
recorded current speeds reduced sequentially from the 
surface to the seabed, reflecting the wind forcing being 
strongest at the water surface (Figure 3.17).  Mean 
current speeds ranged from 0.12 m/s to 0.07 m/s 
(depending on depth) over the recording period.  These 
current speeds are consistent with those measured at 
other locations in nearshore Perth coastal waters (Mills 
et al 1987; MP Rogers and Associates 1998) including 
the Marmion Marine Park.  It can be expected that 
current speeds are likely to increase and become more 
consistent in direction during the summer months with 
dominant southerly winds to south-easterly winds in 
the mornings. 
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Figure 3.17  Mean, Minimum and Maximum current speeds recorded at Alkimos Sites A and B for the periods 
(a) 30 April 2005 to 28 May 2005 and (b) 28 May 2005 to 26 June 2005 

 
 

3.4.5 Wave Climate 
The wave climate of coastal marine environments has 
influence upon multiple aspects of the coastal 
processes in the area.  Waves interact with the 
nearshore bathymetry and disperse energy through 
refraction, diffraction, shoaling, seabed friction and 
wave breaking (Riedel and Byrne 1990).  These actions 
in turn can generate sediment re-suspension, generate 
localised currents (i.e. rips), drive long-shore transport, 
shape the local foreshore, breakdown water column 
stratification, oxygenate the water and influence the 
habitat and ecology of the nearshore zone.  
 
The long-term wave climate at Alkimos has largely 
been inferred from wave measurements taken in deep 
waters of Fremantle, Lancelin and Moore River.  Wave 
heights were measured at Alkimos during data 
collection studies for hydrodynamic modelling of the 
proposed Alkimos ocean outlet in April – June 2005. 

Seas and Swell 
At Alkimos, there are two broad categories of waves 
involved in coastal processes.  Swell waves, typically 
with long periods (time between one wave crest and the 
next passing a certain point; 8 to 12 second periods are 
dominant), are generated over large distances in the 
Southern and Indian Ocean.  Swell waves regularly 
reach heights of 2m in the Perth coastal region.  As 
these swell waves cross the continental shelf, they are 
refracted to approach the coastline from the south-
southwest to westerly direction (Mills et al 1997).  The 
second wave category can be classed as sea waves or 
local wind driven waves.  These waves have a shorter 

period (usually 4 to 6 seconds) generally travel away 
from the dominant wind direction and hence change 
their angle of propagation with seasonal changes in 
wind direction.  Sea waves tend to achieve greater 
wave heights than swell waves (exceeding 4m under 
windy conditions) (MP Rogers and Associates 1998).  
Sea waves tend to only interact with the seabed in 
relatively shallow waters and so can break on shore at 
an angle. 
 
The series of broken limestone reefs/ridges offshore 
from the Alkimos coastline are likely to dissipate a 
significant amount of the ocean wave energy entering 
the area.  The irregular bathymetry of the coastal shelf 
within 5m from the shoreline diffracts and refracts 
swell waves producing a complex pattern of nearshore 
water movement and wave energy.  This distribution of 
wave energy within the nearshore (<5km from the 
shore) generates and energetic coastal marine 
environment. 
 
The sea waves or short-period waves may be generated 
both inshore and offshore of the coastal reef system.  
As with swell waves, those waves generated outside of 
the nearshore reef system may penetrate the nearshore 
area to differing degrees based on the local bathymetry.  
Sea waves generated inside the reef system by wind 
forcing are more likely to move in a downwind 
direction and approach the shore at an angle close to 
that of the predominant wind direction (Mills et al 
1997).  Waves generated by the sea-breeze typically 
achieve heights of 0.5m to 1.5m and are propagated 
from the south to south-west (MP Rogers and 
Associates 1998).  The maximum wave height 
recorded at Alkimos during the current sensor 
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deployment period 30 April 2005 to 26 June 20
4.6 m. Wave direction was predominantly from the 
west with a mean wave period of between 4.9 s and 
15.0 s (3 hour averages) (Fugro GEOS 2005). 
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The vertical structure of the water co
important factor in the mixing and dispersion of m
waters.  Differences in the density of water layers can 
reduce the degree of vertical mixing between surface 
and bottom layers (and/or intermediate layers) of the 
water column.  These density differences can be drive
by differences in the temperature, concentration of 
dissolved solutes (e.g. salinity) and/or the 
concentration of suspended particles (turbi
water-body.  The greater the difference in density 
between layers of water, the greater the resistance t
mixing of the layers.  The presence of density layers 
within a water column is referred to as stratification. 
 
T
controlled by a balance of those factors working t
generate density differences between layers of water
and those working to breakdown the density 
differences.  Factors that work to generate densi
differences in the water column can be summarised
follows: 
• Solar

density of the surface waters); 
Inputs of differing salinity (e.g. riv
groundwater, rainfall, regional currents,
of coastal embayments etc.); and 
Inputs of sediments or other partic
suspension of sediments by wave / current action
run-off from land, stormwater discharges etc.). 

A
times the density difference of a one unit (oC) chang
in temperature. 
 
F
in a water column can be summarised as follows: 
• Advective energy including major currents such as 

the Leeuwin Current (movement of water masses 
to equilibrate density differences with gravitationa
forces); 
Wind str
wind energy); 
Dissipation of wave
shallower water they dissipate energy to the water
column and sediments as turbulence or kinetic 
energy; 
Cooling 
the atmosphere (as surface waters cool they can 
become denser than the underlying water and 
“sink” through it, in a process known as 
penetrative convection, causing mixing); a
Molecular diffusion and eddy diffusion (on a 

 
primary concern for the long-term persistence of 
ification, particularl

n
oxygen levels in water below the surface layer.  
Surface waters can become “saturated” with oxygen 
that diffuses from the atmosphere.  As these surface 
waters are mixed down into the water column, th
dissolved oxygen is transported to deeper waters.  Th
mixing down of dissolved oxygen is critical to the 
survival of marine biota, particularly benthic 
organisms, in usually well oxygenated systems.  A 
reduction in dissolved oxygen in the water column can 
also have effects on the water chemistry that may 
influence the natural biogeochemical processes. 

Vertical Structure Of Perth Coastal Waters 
The Perth coastal marine environment is character
by a generally well-mixed water column, particul
along the exposed coastline outside of coastal 
embayments such as Cockburn Sound.  The dominant 
forces generating stratification at various times are 
outflows from the Swan River, solar heating of surface 
waters, groundwater seepage and the interaction of 
coastal waters with oceanic waters driven inshore by 
currents such as the Leeuwin Current (EPA 1996; Mills 
et al 1997; D’Adamo and Mills 1995b).  
 
The dominant forces causing mixing (breaking down 
stratification) in Perth coastal waters are wind stress 
nd penetrative convection (EPA 1996).  a

has been identified as a critical factor in generating 
mixing and ventilating deeper Cockburn Sound waters
with dissolved oxygen (Pattiaratchi 2005).  Vertical 
density stratification is an important factor in the 
exchange of waters in the lagoons along the Perth 
coastline through impedance at depth of the dominant 
surface driven mixing force of wind stress (Pattiaratc
et al 1995; D’Adamo and Mills 1995b). 
 
The vertical density difference in the water column to 
21m depth was calculated for three locations over a 

nge of seasons for the Southern Metropra
Waters Study (D’Adamo and Mills 1995b).  These 
studies found the strongest stratification present in the 
protected Cockburn Sound basin during winter with 
decreasing stratification for the Sepia Depression and 
Mid-shelf waters respectively.   

Vertical Structure Of Alkimos Coastal Waters 
In general terms, stratification exists for relatively sho
periods of time in the energetic m
the vicinity of the proposed Alkimos ocean outlet. 
Monthly measurements were made of the water column 
structure at 6 sites covering the nearshore and offshore 
marine environment at Alkimos from December 2004 
to July 2005 as part of the Alkimos Marine Studies 
Programme (Oceanica 2005f).  For the majority of the 
sampling events the water column was relatively well 
mixed at both nearshore and offshore sites though with
notable exceptions in December 2004, April 2005 and 
July 2005.  On these dates temperature and/or salinity 
driven changes in density were evident between 2m to
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8m depth in December (predominantly offshore), 4m to 
8m (nearshore) and 8m to bottom (offshore) in April 
and 8m to 12m in July 2005 (offshore).  Waters within 
the sampling area remained well oxygenated 
throughout the monitoring period. 
 
The degree of stratification present at Alkimos was of a
similar magnitude to that observed for other P
coastal sites measured as part of the So
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dominant in 
 

5 

 
erally consist of limestone low relief reef (platform 

ef) and high relief reef, scattered seagrass meadows 

 

Methodology 
The benthic habitats of the coastal marine environment 
in the vicinity of the proposed Alkimos ocean outlet 

M
1995b).   
 
Figure 3.18 (a-b) displays an example of the w
column structure at an Alkimos water quality 
characteris
a
 
Figure 3.18 (a) is representative of an unstratif
column where temperature and salinity are relatively 
uniform with dept
 
Figure 3.18 (b) depicts a mildly stratified water column 
where both temperature and salinity show slight 
changes between 7m a
d
g/m3 and 92 g/m3 respectively.  It can also be seen 
from Figure 3.18 that the water column remained
oxygenated on both occasions.  The dissolved oxygen
concentration at Alkimos did not drop below 6 mg/L or 
85 % saturation at any site during the monthly 
measurements between December 2004 and July 2005. 
These levels are indicative of a well-oxygenated 
marine environment. 
 
The water column at Alkimos did not display any 
strong or persistent stratification during the Alkim
Marine Studies Progra
li
wastewater from the proposed Alkimos ocean outle
Hydrodynamic and dispersion modelling undertaken 
under the Alkimos Marine Studies Programme has 
provided predicted dispersion and dilution 
characteristics of the proposed Alkimos ocean outlet 
taking into account the local bathymetry, wind forcing 
and wastewater characteristics. 

3.4.7 Bathymetry 
The bathymetry of the seafloor along the Alkimos 
coast is characterised by a series
reef structures in the nearsho
approximately 5km offshore
typically irregular in shape and height above the 
seafloor, breaching the surface in several locations to 
form small islands or “rocks”, some exposed on
low tide.  From Ocean Reef north to Yanchep these 
“rocks” have often been used for navigation and/or
landmarks and have been named (e.g. Two Rocks, 
Quins Rocks, Eglinton Rocks, Pamela Shoal and Burn
Rocks).  A small 5m deep lagoon exists at Alkimos 
inshore of the Alkimos Reef and Eglinton Rocks, 
reaching from the shoreline to approximately 1km 

offshore.  This lagoon area is predominantly covered 
with sand and some low relief reef structures. 
 
Figure 3.19 displays the bathymetry in the vicinity of 
the proposed Alkimos ocean outlet including a 
s
Although the vertical scale of the cross section has 
been exaggerated for clarity, a series of reefs structure
and depressions can be seen moving from the shoreli
to 4km offshore.  Between 4km and 5km offshore 
(location “A” in , a deep sandy depression runs parallel 
to shore for several kilometres to the north and south of 
the proposed ocean outlet.  The location of the end 
the proposed Alkimos ocean outlet diffuser system is 
tentatively indicated as location “B” in .  This site has a 
sandy substrate and forms part of an irregular 10m 
deep depression that also runs roughly parallel to shore
for two to three kilometres to the north and south of the 
proposed outlet. 
 
A detailed bathymetric survey was undertaken of the 
proposed pipeline
D
Surveying.  This bathymetry was used to aid in the 
detailed engineering design of the proposed p
and in the hydrodynamic modelling used in the diff
design and initial dilution modelling. 
 
Further offshore (>5 km) the seafloor drops slowly (5m 
over 3km initially) to the edge of the c
a

Benthic Habitat Of The Perth Region 
The shallow (<20m deep) nearshore w

from meadow forming seagrasses that are 
the more sheltered sandy areas, to limestone reefs and
platforms supporting a variety of algal communities, in 
the more exposed coastal waters (Lord and Hillman 
1995).  The low nutrient environment and high water 
clarity mean that seagrasses are a common feature and 
may typically be found in the depth range ~1m to ~1
m. 
 
The nearshore waters of the northern Metropolitan area
gen
re
and sand patches.  It was found that the dominant 
feature of the Ocean Reef region was its dynamic 
nature, with physical processes causing continuous 
movement of sand (DALSE 2004) and therefore 
affecting the relative areas of seagrass, reef and sand at 
any one time.  For example, large areas of limestone
platform were found to be repeatedly buried and 
exposed as sandy sediments were transported through 
the area (Alex Wiley and Associates 2001). 

Mapping Of Benthic Habitats At The Proposed 
Alkimos Ocean Outlet. 
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b) a stratified water column at Alkimos (Site Offshore-1; May 

ere mapped and potential impacts from the 
nstallation of the Alkimo

etailed metho
component of these studies is available in the 
supporting document “Alkimos Marine Studies 
Programme – Benthic Habitat Mapping and I
Survey” (Oceanica 2005c). 
 
Mapping of the various habitat components o
Alkimos coastal marine environment was achieve
through a combination of aerial imagery analysi
groundtruthing using video tows and spot dives 
(SCUBA), and through man
im
 
The aerial imagery used was captured on 12th March
2004 with the towed underwater video transects be
completed on the 1st and 3rd of February 2005 to 
provide a visual record of the habitat types.  Spot dive
were undertaken on 11th and 12th of February 2
w
groundtruthing as exhibiting a high degree of physical
complexity or diversity, to collect more detailed 
information, for example species composition and 
abundance (see Figure 3.20).  Stills photography and 

the collection of seagrass and algal specimens enab
detailed description of the seagrass and reef habitats. 
 
Sediment cores were collected for infaunal analysis to

Figure 3.18  An example Of (a) an unstratified and (
and July 2005)  

p
eight sand-dominated sites (selected by examination of 
the aerial imagery)  

Results 

groundtr
the aerial imagery effectively captured the majority
the vegetated habitat areas (dark tones) and 
unvegetated sand areas (light tones).     
 
A range of seagrass, reef and sand habita
id
substrate, consisting of medium/fine sands, was f
over much of the study area.  A complex mosaic of 
habitats was found in some areas, with several habitat 
types in close association with each other (Oceanica
2005c).  The main habitat types identified, together 
with a short description, are given in Table 3.5, Table 
3.6 and Table 3.7. 
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Figure 3.19  Alkimos Bathmetry and Cross-Sectional Profile 
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Figure 3.20  Location of Towed Video Transect Dive Sites and Core Sites 

 

 
Figure 3.21  Map of Habitats with the Alkimos Pipeline Route and Diffuser Survey Areas 
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Seagrass Habitats 
Table 3.5  Seagrass Habitats Identified 

Posidonia spp. 
Sand areas covered by 
patches of Posidonia spp. 
(P. sinuosa, P. angustifolia, 
P. australis) 

Heterozostera sp. 
Inshore, sheltered sand 
areas covered by 
continuous Heterozostera 
tasmanica 

    
Amphibolis spp. 
Reef areas covered by 
continuous Amphibolis spp. 
 
(Both A. griffithi and A. 
antarctica recorded, often 
growing together) 

Thalassodendron sp. 
Reef areas covered by 
patches of 
Thalassodendron 
pachyrhizum 

    
Amphibolis spp. and reef 
Reef areas covered by 
patchy Amphibolis spp. and 
algal communities 

Mixed Halophila sp. and 
Heterozostera sp. 
Inshore, sheltered sand 
areas covered by a 
combination of Halophila 
ovalis and Heterozostera 
tasmanica seagrasses 

    
Halophila sp. 
Inshore, sheltered sand 
areas covered by 
continuous Halophila 
ovalis 

  

    

 
Sand Habitats 
Table 3.6  Sand Habitats Identified 

Sand 
Unvegetated areas in which 
sand was dominant 

No photograph 
available 

Wrack material 
Sand areas covered by 
unattached seagrass leaves 
and algae 
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Reef Habitats 
Table 3.7  Reef Habitats Identified 

Low relief reef 
Low lying (average height 
<0.5m above surrounding 
seabed) vegetated 
limestone reef, often with a 
thin veneer of sand   

High relief reef 
Limestone reef outcrops 
characterised by high relief 
(average height >1.0m 
above surrounding seabed), 
vertical walls and Ecklonia 
radiata on upper surfaces. 
Other algal species 
included Sarcomenia 
delesseroides and Codium 
sp. 

    
Reef 
Moderately (0.5-1.0 m) 
raised limestone reef 
characterised by a dense 
cover of algae, including 
Gelinaria ulvoidea, 
Dictyomenia sp., 
Plocamium sp. and 
Callophyllis sp.   

Exposed reef 
Limestone reef within high 
energy environment, 
subject to strong surge and 
breaking waves 
 
Generally little colonisation 
with only cover consisting 
of short green algal turf and 
zoanthids (colonial 
anemones) 

 
 

Coverage o  Habitat Types f
The coverage of each habitat type is given in Table 3.8. 

Table 3.8  Coverage of Habitat Types within 
Study Area 

Habitat Type Area (ha) % of Total 
Posidonia sp. 0.20 0.1 
Amphibolis sp. 2.78 0.8 
Amphibolis sp. and reef 10.16 3.1 
Halophila sp. 0.02 0.0 
Heterozostera sp. 0.00 0.0 
Thalassodendron sp. 0.02 0.0 
Mixed Halophila sp. and 
Heterozostera sp. 

0.16 0.0 

Wrack 3.58 1.1 
Low relief reef 20.28 6.1 
Reef 64.68 19.5 
High relief reef 46.01 13.9 
Exposed reef 1.29 0.4 
Sand 185.70 55.9 
TOTAL 331.9 100 

 

Abundance and Distribution of Flora and Fauna 
Associated with these Habitats 

Seagrasses 
Generally, the Amphibolis spp. and Posidonia australis 
seagrass beds were dense, with covers >80%.  Other 

Posidonia species (Posidonia sinuosa and Posidonia 
angustifolia) were found to occur within isolated 
patches only, within broader scale reef habitat.  The 
more ephemeral seagrass species, Halophila ovalis and 
Heterozostera tasmanica, were found to be more 
variable in cover, ranging from 20% to 100% 
(Oceanica 2005).   

Reef Habitats 
Moderately raised limestone reef was characterised by 
a dense cover of algae, including Gelinaria ulvoidea, 
Dictyomenia sp., Plocamium sp. and Callophyllis sp.  
High relief reef was characterised by Ecklonia radiata 
on upper surfaces, with other algal species present 
including Sarcomenia delesseroides and Codium sp.  
Exposed reef areas generally exhibited little 
colonisation, with the only cover consisting of short 
green algal turf and zoanthids (colonial anemones) 
(Oceanica 2005).   
 

Sand Habitats 
Analysis of the infaunal sediment samples revealed a 
species-poor community within the sandy habitats 
offshore of the Alkimos proposed WWTP.  
Polychaetes and crustaceans were the dominant phyla 
both in terms of the number of species and individuals.  
However, their relative abundance varied markedly 
between sites, ranging from 80% crustaceans/20% 
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polychaetes towards the end of the proposed pipeline, 
to 20% crustaceans/70% polychaetes towards the 
middle of the proposed pipeline.  Molluscs were only 
recorded from two sites, which exhibited the finest 
sediments, but comprised over a third of the total 
number of species at one of these sites (Oceanica 
2005).   

3.4.8 Sediment Quality 
Sediments play an important role in marine 
environments as both substrate for biota and a niche 
chemical environment where a multitude of 
ecologically significant processes occur.  Sediments 
can act as a sink for particulates from the overlying 
water column, providing resources for benthic 
organisms and, predominantly through biological 
mediation, re-mineralising nutrients bound to organic 
material.  In addition to organic particulates (including 
bound nutrients), sediments can act as a sink for other 
materials entering the local marine environment 
including toxicants.   
 
The rate of supply of organic matter to the sediments is 
an important factor in the ecology and chemistry at the 
sediment-water interface.  The respiration (oxidation) 
of particulate organic carbon at the sediment-water 
interface by benthic organisms can consume some or 
all of the dissolved oxygen (DO) in the ambient water.  
Where the consumption of DO is greater than the rate 
of re-supply from the overlying water column, more 
reducing conditions can be generated just below the 
sediment-water interface.  The concentration of DO in 
the sediments can control the species composition, 
abundance and physiology of benthic systems (Cary et 
al 1995; Castro and Huber 1997). 
 
In addition to chemical processes, sediment physical 
characteristics can influence the light climate of the 
overlying water column through the resuspension of 
particulates by water movement (e.g. waves and strong 
currents).  The vast majority of primary producers in 
marine environments rely heavily on the availability of 
light in the water column and, for sessile plants such as 
seagrasses, macrophytes and coralline algae, at the 
seafloor (Lavery et al 1993).  The light attenuation 
properties (contribution to turbidity) of suspended 
particulates are influenced by their physical size, shape 
and refractive index.  In general, a gradient in sediment 
size (or mass per grain) exists from coarser grained 
mineral sediments in high energy environments to fine 
silts and accumulated fine organic detritus in low 
energy, sheltered environments.  

Sediment Characteris ics Of The Perth Region t
The Perth coast is characterised by coarse carbonate 
sands in offshore areas, banks and sills with finer 
carbonate sands and silts in sheltered embayments (e.g. 
Cockburn Sound and Warnbro Sound)(EPA 1996; 
Rosich et al 1994).  The source of these carbonate 
sands is predominantly the erosion of limestone ridges 
that form offshore reef systems and define the 
shoreline as outcrops intermittently along the coastline.  

Other sources of carbonate sands are shells of 
molluscs, hard corrals and various other marine flora 
and fauna that produce calcium carbonate structures.   
 
While release of nutrients to the water column from 
sediment porewaters can be a major factor in nutrient 
cycling in sheltered waters, this does not appear to be 
the case for the more exposed, energetic Perth coastal 
waters.  Studies of Ocean Reef sediments indicate that 
sediment resuspension, mineralisation of fine 
particulate matter and advection are likely to be the 
dominant processes in nutrient cycling from the 
sediments in this environment (Kinhill 1999). 
 
While several studies have identified some degree of 
sediment contamination with toxicants in Cockburn 
Sound, the sediments along the open Perth coastline 
have been found to be predominantly within 
recommended guidelines for marine ecosystem 
protection (e.g. ANZECC/ARMCANZ 2000a) for 
measured contaminants (EPA 1996; Rosich et al 1994; 
DALSE 2004a).  A review of twelve years of sediment 
monitoring in the vicinity of the Ocean Reef and Sepia 
Depression treated wastewater ocean outlets found no 
evidence of long-term accumulation of metals or 
pesticides from the operation of the outlets (DALSE 
2004a).  No sources of sediment contamination have 
been identified north of Ocean Reef other than natural 
groundwater inflows and stormwater discharges 
(Mackie Martin and Associates 1991).  Six relatively 
minor stormwater drains discharging to the marine 
environment were identified in the Alkimos region, all 
associated with the Mindarie development 
approximately 7km to the south-west.  

Existing Sediment Quality Conditions In The 
Alkimos Region 
Sediments in the vicinity of the proposed Alkimos 
ocean outlet were surveyed in February and May 2005 
as part of the Alkimos Marine Studies Programme 
(Oceanica 2005a and 2005b).  These investigations 
found the sediments to be clean sands with a low 
organic content.  For offshore sampling sites (those 
between 1.8 and 2.8km from shore), the dominant grain 
size varied from coarse to fine sand with inshore sites 
displaying slightly courser sediments on average 
(Figure 3.22).  The carbonate content of these 
sediments was approximately 75 % at both offshore 
and nearshore sites.  The carbonate content decreased 
closer to the shoreline with beach sites and shore sites 
(< 2m of water) averaging 53 % and 67 % carbonate 
respectively. 
 
Concentrations of nutrients in offshore sediments were 
within the range expected for clean coastal sediments 
and all metal concentrations were below guideline 
values (ANZECC/ARMCANZ 2000a).  Pesticides and 
herbicides were below normal reporting limits at all 
sites.  Although chlordane, dieldrin, endrin and lindane 
were not detected in the Alkimos sediments, the 
analytical method used was not sensitive enough to test 
the concentrations of these toxicants against the 
relevant ANZECC/ARMCANZ Interim Sediment 
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Quality Guideline-low concentrations (ISQG) 
(Oceanica 2005a).  

3.4.9 Water Quality 
In December 2004 Oceanica Consulting Pty Ltd was 
retained by the Water Corporation of Western Australia 
to characterise the baseline marine water quality in the 
vicinity of the proposed treated wastewater ocean 
outlet at Alkimos.  The Water Quality Characterisation 
Programme is part of a group of studies aimed at 
assessing the impacts to the marine environment from 
the proposed outlet.  The water quality characterisation 
component of the Alkimos Marine Studies Programme 
is ongoing and will undertake regular field 
measurements over the period of summer 2004-spring 
2005.  The information presented in this section on 
water quality at Alkimos has been derived from these 
studies and is presented in full in the supporting 
document “Alkimos Marine Studies Programme – 
Interim Water Quality Characterisation Data Report – 
December 2004 to July 2005” (Oceanica 2005f). 
 
The Water Corporation has undertaken monitoring of 
the environmental effects of treated wastewater 
discharge into Perth’s coastal waters since the 
construction of the ocean outlets at Swanbourne in 
1963, Sepia Depression in 1984 and Ocean Reef in 
1978 (Outlet A) and 1992 (Outlet B).  In July 1992 the 
Perth Coastal Waters Study was initiated to provide 
information in support of the duplication of the Ocean 
Reef Ocean Outlet to meet increasing demands for 
wastewater treatment and disposal (Lord and Hillman 
1995).  Recommendations from the Perth Coastal 
Waters Study resulted in the Perth Long-Term Ocean 
Outlet Monitoring (PLOOM) Programme, which 
formally commenced in 1996.  
 
In addition to the baseline studies undertaken at 
Alkimos, information on the marine water quality in 
the vicinity of the Ocean Reef ocean outlets and the 
background water quality of the region have largely 
been derived from the findings of the PLOOM 
programme (e.g. Oceanica 2005d).  

Perth’s Coastal Marine Water Quality 
Several major studies of the water quality of Perth 
coastal marine waters have been undertaken over the 
past several decades.  Foremost of these studies were 
the Southern Metropolitan Coastal Waters Study (EPA 
1996) and the Perth Coastal Waters Study (Lord and 
Hillman 1995).     
 
The dominant processes controlling the quality of Perth 
coastal waters are the passage of regional currents (i.e. 
the Leeuwin and Cape currents), localised 
riverine/estuarine inputs (e.g. the Swan River), 
groundwater inputs, anthropogenic inputs (e.g. 
stormwater, industrial discharges and treated 
wastewater outlets), sediment/water interaction and 
local physical processes (e.g. wind driven currents and 
waves).  In general the Perth coastal waters are 
considered oligotrophic (low nutrient/productivity 

status) by world standards with productivity being 
limited primarily by the availability of inorganic 
nitrogen (EPA 1996).  A gradient in dissolved 
inorganic nitrogen concentrations was found to exist in 
Perth coastal waters during summer with 
concentrations increasing from south (median = 
5.1 µg.N/L; offshore) to north (Median = 13.0 µg.N/L; 
offshore) (Lord and Hillman 1995). 
 
Sites considered representative of background coastal 
marine water quality are monitored seasonally as part 
of the PLOOM programme.  Sepia Depression 
background site S1 (373538E; 6421958N) and Ocean 
Reef background site N1 (377789; 6480958N) are 
4.7km and 4.0km to the south of the Sepia Depression 
and Ocean Reef ocean outlets respectively.  
 
Table 3.9 presents median, 20th percentile and 80th 
percentile concentrations for selected nutrient 
parameters and chlorophyll-a at sites S1 and N1 
(January 200 to June 2005).  Figure 3.23 displays 
selected nutrient and chlorophyll-a concentrations for 
sites S1 and N1 for the period January 2000 to June 
2005. 

Table 3.9  Median, 20th Percentile and 80th 
Percentile Values for Ammonium, 
Nitrate+Nitrite, Filterable Reactive 
Phosphorus and Chlorophyll-a at 
PLOOM Background Water Quality 
Sites S1 and N1 – January 2000 to 
June 2005.  n is the number of 
samples. 

Parameter Site n 20th 
%ile Median 80th 

%ile 

N1 38 3.1 7.5 20.9 Nitrate+nitrite 
(µg.N/L) S1 39 3.0 4.0 9.7 

N1 38 1.5 4.0 5.0 Ammonium 
(µg.N/L) S1 39 1.5 4.0 5.0 

N1 38 8.0 9.0 12.0 FRP 
(µg.P/L) S1 39 5.0 6.0 8.0 

N1 38 0.18 0.30 0.63 Chl-a 
(µg/L) S1 38 0.20 0.30 0.54 

 
Dissolved inorganic nitrogen is largely represented by 
the ammonium and nitrate+nitrite fractions in Perth 
coastal waters.  Concentrations of nitrate+nitrite are 
routinely higher at the Ocean Reef site (N1) than at 
Sepia Depression (S1) (and Figure 3.23 (a)), comparing 
favourably with the findings of the Perth Coastal 
Waters Study (Lord and Hillman 1995).  Nitrate and 
ammonium concentrations are know to peak seasonally 
in winter in Perth coastal waters (Kinhill 1999; DA 
Lord and Associates 2000b).  This increase in nitrate 
and ammonium in winter has been attributed to 
increased winter inputs from treated wastewater ocean 
outlets, stormwater, estuarine inputs and groundwater 
discharge together with lower rates of 
flushing/advection in winter (EPA 1996; Kinhill 1999).  
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Ammonium concentrations are similar at both sites S1 
and N1. 
 
As with nitrate+nitrate, filterable reactive phosphorus 
concentrations are typically elevated at Ocean Reef 
(Site N1) in comparison to Sepia Depression (Site S1) 
(see Figure 3.23(c)).  Despite elevated concentrations 
of the nutrients filterable reactive phosphorus and 
nitrate+nitrate at Ocean Reef, productivity (as 
measured by chlorophyll-a concentrations; Figure 
3.23(d) and Table 3.9 was similar at both sites (N1 and 
S1).  No long-term change in nutrient concentrations is 
evident for these sites over the monitoring period 
January 2000 to June 2005.   
 
The background water quality of the Perth coastal 
marine waters was assessed in a recent survey 
conducted by the Department of Environment 
(McAlpine et al 2005).  This study looked at the 
concentrations of a range of metals, organic chemicals 
and radionuclides in Perth coastal waters (for April 
2003) and made comparisons to Australian guidelines, 
eastern Australian waters and the Pacific Ocean.  With 
respect to the parameters measured by McAlpine et al 
(2005), Perth coastal waters were found to be 
“generally of very high quality”.  There were 
indications of elevated metal concentrations in some 
parts of Cockburn Sound though overall Perth coastal 
waters have low metal concentrations by world 
standards.  All measured organic chemicals were below 
the reporting limit for this study.  

Existing Water Quality Conditions In The Alkimos 
Region 
Nutrient-related water quality surveys were undertaken 
at monthly intervals over the summer, autumn and 
winter of 2004-2005 (December 2004 to July 2005) at 
each of six shore, six nearshore and six offshore sites 
(Oceanica 2005f).  Human-health (microbiological 
sampling) was undertaken monthly at the same sites for 
the period December 2004 to May 2005. 
 
Table 3.10 presents the median, 20th percentile and 
80th percentile values for selected nutrient parameters 
and chlorophyll-a at the Alkimos water quality sites for 
the period December 2004 to July 2005.  Nitrate+nitrite 
concentrations were generally higher at offshore and 
nearshore sites that at shore sites.  The Alkimos 
nitrate+nitrite concentrations peaked in June (2005), 
reflecting the seasonal winter peak in nitrate typical of 
Perth coastal waters (Kinhill 1999).  This pattern was 
reversed for ammonium where the highest values were 
routinely recorded at shore sites.  Ammonium 
concentrations peaked at shore sites during late 
summer (January to March 2005) with concentrations 
dropping over the spring / winter period to below the 
reporting limit of 3 µg.N/L. 
 
Filterable reactive phosphorus (FRP) typically 
displayed slightly lower concentrations at offshore sites 
than at nearshore and shore sites (for both surface and 
bottom waters).  Peak concentrations of FRP during the 
sampling period were recorded at nearshore sites in 

December 2004.  A secondary peak was seen across all 
sites in March 2005 with concentrations generally 
dropping through spring/winter.  The lowest FRP 
concentrations for shore, nearshore and offshore sites 
were recorded in July 2005.  These temporal patterns in 
FRP concentrations are different to the findings of the 
Perth Coastal Waters Study (Lord and Hillman 1995) 
where summer median FRP values were lower than 
winter values.   
 
For comparison with background values for Perth 
coastal waters, Site N1 (see Figure 3.24) is situated to 
most closely represent a similar environment to the 
Alkimos nearshore water quality sites.  Nitrate+nitrite 
concentrations were of a similar magnitude or slightly 
lower at the Alkimos nearshore water quality sites to 
those historically found at site N1 (see Figure 3.23(a)).  
Ammonium concentrations at Alkimos were generally 
lower than site N1 with the exception of Alkimos shore 
sites during the summer months.  Median and 80th 
percentile FRP concentrations were higher at Alkimos 
than those historically recorded at site N1.  This result 
is primarily due to the peak FRP concentrations 
recorded at Alkimos in December 2004 and March 
2005.  Alkimos FRP concentrations during the winter 
months (May-July 2005) are of a similar magnitude to 
median concentrations recorded at site N1.  
 
Chlorophyll-a concentrations at Alkimos were 
relatively uniform between shore, nearshore and 
offshore sites and between surface and bottom water 
samples (see Table 3.10). The range of chlorophyll-a 
concentrations at Alkimos were of a similar magnitude 
to those of the Perth Coastal Waters Study (Lord and 
Hillman 1995) and for the background reference sites 
N1 and S1 at Ocean Reef and Sepia Depression 
respectively (see Figure 3.23).  Alkimos chlorophyll-a 
concentrations are discussed further in relation to the 
PLOOM Ocean Reef seasonal monitoring sites. 
 
Monthly microbiological sampling at Alkimos shore, 
nearshore and offshore sites from December 2004 to 
May 2005 did not indicate contamination by either 
thermotolerant coliforms or enterococci.  Only two 
samples returned detectable enterococci (of 177 taken) 
with both samples displaying the minimum reportable 
value of one count per 10 ml.  No spatial or seasonal 
pattern was evident from these two results. 
 
In general, the shore, nearshore and offshore marine 
waters at Alkimos are representative of background 
nutrient concentrations for Perth coastal waters.  The 
nutrient status of these waters is oligotrophic (low 
nutrient concentrations) with nitrogen being the 
primary productivity-limiting element. 

Comparison Of Ocean Ree  Water  And Alkimos 
Coastal Waters 

f s

The Water Corporation operates three major 
wastewater treatment plants (WWTP’s) in the Perth 
metropolitan area, all of which discharge treated 
wastewater into the marine environment via ocean 
outlets.  The Ocean Reef outlets (discharging treated 
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water from the Beenyup WWTP) are approximately 
17km to the south of the proposed Alkimos ocean 
outlet.  The volumes of water discharged from the 
Ocean Reef outlets are of similar magnitude (less if 
envisaged future reuse occurs) to that proposed for the 
Alkimos outlet (at eventual long-term planned output) 
and in a similar oceanographic setting.  Key differences 
in the oceanographic settings of the two sites are a 
longer and deeper outlet pipe (and diffuser system) at 
Alkimos that is likely to allow for greater mixing than 
present at Ocean Reef.  The water residence times and 
mixing characteristics at Alkimos were assessed and 
modelled as part of the Alkimos Marine Studies 
Programme.   
 
The Ocean Reef outlet was first operational in 1978, 
discharging treated water from Beenyup (with a 
capacity of 27 ML/day).  Beenyup WWTP has since 
undergone several expansions and currently discharges 
approximately 110 ML/day of treated wastewater 
through two outlets at Ocean Reef.  These outlets are 
located 1.6km (outlet A) and 1.8km (outlet B) from 
shore and discharge via diffuser units of 195m length at 
each outlet. 
 
The input of nutrients (primarily bioavailable forms of 
nitrogen) into the marine environment has been 
identified as a central concern of the PLOOM 
Programme (Oceanica 2005c).  The Ocean Reef outlets 
discharge approximately 90-110 ML/d of treated 
wastewater (Lord and Hillman 1995).  This discharge 
carries on the order of 850 kg/d of nitrate-nitrogen in 
adjacent marine environment.  Although the total 
discharge of nitrogen into the marine environment from 
all of the Water Corporations Perth metropolitan ocean 
outlets accounts for only around 6 % of the total 
nitrogen flux into this coastal system, it represents a 
significant component (~54 % in 1990) of the dissolved 
inorganic (bio-available) forms of nitrogen (Lord and 
Hillman 1995).  The PLOOM programme has found 
that there are localised (less than 2 km) elevated 
nutrient (nitrogen) levels in the water column 
downstream of the outlets (predominantly northwards 
under prevailing winds). 
 
The information returned to date from the Alkimos 
Water Quality Characterisation programme (December 
2004 to July 2005) indicates that the nutrient 
concentrations at Alkimos are within the range of those 
found at background sites at Ocean Reef (see Table 
3.10).  The five Ocean Reef “seasonal” water quality 
monitoring sites (N1, N2, N3, N4 and N6) were chosen 
for comparison between Ocean Reef and Alkimos 
water quality (see Figure 3.24).  These sites are 
sampled once each season and are located to sample 
the water quality adjacent to, and to the north and south 

of the Ocean Reef ocean outlets.  Water quality at 
Ocean Reef site N1 is regarded as representative of 
background for the nearshore Perth coastal waters and 
has been used in Section 2.3.2 above for reference to 
the existing Alkimos water quality.  
 
Ocean Reef sampling site N2 (see Figure 3.24) is 
located directly above the diffusers array at the ocean 
outlet.  It can be seen from Figure 3.25 (a-c) that 
nutrient concentrations at site N2 are routinely elevated 
though at sites N6 and N3 (1km and ~4km 
“downstream” of N2 respectively) concentrations are 
of a similar order to those found at Alkimos.  Site N1 is 
located 4km to the south of the outlet and under the 
prevailing current conditions is likely to represent 
“ambient” water quality not directly influenced by the 
Ocean Reef outlets.  Site N3 is approximately 12km 
south of the Alkimos water quality sites and is in 
shallower waters than the proposed Alkimos ocean 
outlet.  Site N4 was located 8km north of the Ocean 
Reef outlets and approximately 6km south of the 
Alkimos site Offshore-6.  In the spring of 2003 site N4 
was replaced by site N6, located approximately 1.2km 
north of the Ocean Reef ocean outlets. 
 
Ammonium concentrations at Alkimos were routinely 
at or close to the reporting limit of 3 µg.N/L. Sites 
close to or “downstream” of the Ocean Reef ocean 
outlets (N2 and N6) often displayed elevated 
concentrations of ammonium in comparison to 
“background” levels displayed by sites N1 and N4 (see 
Figure 3.25(a)).  Nitrate + nitrite (NOx) concentrations 
at Alkimos were of a similar magnitude to the Ocean 
Reef sites N1, N4 and N6.  Site N2 routinely displayed 
elevated NOx concentrations relative site more distant 
from the Ocean Reef ocean outlets (see Figure 3.25(b)).  
As with ammonium and NOx, Filterable Reactive 
Phosphorus (FRP) concentrations at Alkimos were of a 
similar order of magnitude to those at Ocean Reef sites 
N1 N3, N4 and N6.  Only site N2 (closest to the ocean 
outlets) displayed FRP concentrations that were 
routinely elevated above “background” levels (see 
Figure 3.25 (c)). 
 
It is likely that the Alkimos site will be subject to 
greater mixing (and hence dispersal of the treated 
wastewater plume) than the Ocean Reef site due to the 
deeper deployment of the diffuser and lower levels of 
protection by offshore reefs (the outlet further offshore 
at Alkimos).  Modelling of the mixing regime at 
Alkimos is currently being undertaken as part of the 
Alkimos Marine Studies Programme, the results will be 
presented in a separate hydrodynamics report 
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Figure 3.22  Sediment Particle Size Distribution 
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Figure 3.23  (a) Nitrate + Nitrite, (b) Ammonium, (c) Filterable Reactive Phosphorus and (d) Chlorophyll-a 
Concentrations for PLOOM Seasonal Background Water Quality Sites at Ocean Reef (N1) and Sepia 
Depression (S1)– January 2000 to June 2005 
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Table 3.10  Median, 20th Percentile and 80th Percentile Values for Ammonium, Nitrate+Nitrite, Filterable 
Reactive Phosphorus and Chlorophyll-a at Alkimos Water Quality Shore, Nearshore and Offshore 
Sites – December 2004 to July 2005.  n is the number of samples 

Parameter Site1 n 20th %Ile Median 80th %ile 

Shore 45 4.0 6.0 12.0 

Near-S 48 5.0 8.0 12.0 

Near-B 48 5.0 8.0 12.9 

Off-S 48 3.1 7.5 22.5 

Nitrate+nitrite (µg.N/L) 

Off-B 48 4.0 10.0 15.9 

Shore 45 3.0 5.0 8.0 

Near-S 48 3.0 3.0 3.0 

Near-B 48 3.0 3.0 3.0 

Off-S 48 3.0 3.0 3.0 

Ammonium2 (µg.N/L) 

Off-B 48 3.0 3.0 3.0 

Shore 45 9.0 11.0 14.0 

Near-S 48 9.0 10.0 13.9 

Near-B 48 9.0 11.0 15.0 

Off-S 48 8.0 8.0 12.7 

FRP (µg.P/L) 

Off-B 48 8.0 9.0 10.9 

Shore 45 0.4 0.6 0.8 

Near-S 48 0.3 0.4 0.6 

Near-B 48 0.3 0.4 0.6 

Off-S 48 0.3 0.5 0.6 

Chl-a (µg/L) 

Off-B 48 0.4 0.5 0.8 
Notes:  

1. See Figure 2.4.16 for site locations; “Shore” sites located in waste deep water along Alkimos shoreline; “Near-S” refers to nearshore 
surface water samples. “Near-B” refers to nearshore bottom water samples “Off-S” refers to offshore surface water samples; “Off-B” 
refers to offshore bottom water samples; 

2. The majority of ammonium samples were below the reporting limit of 3 µg.N/L.  The full reporting limit value (3) was used for these 
samples in calculating percentile and median values. 
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Figure 3.24  Alkimos and Ocean Reef Water Quality Sampling Site Locations 
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Figure 3.25  (a) Ammonium, (b) Nitrate+Nitrite and (c) Filterable Reactive Phosphorus Concentrations at Ocean 
Reef PLOOM Seasonal Monitoring Sites and Alkimos Water Quality Characterisation Nearshore 
and Offshore Sites 
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Note: Alkimos values are the mean of nearshore (n=6) and offshore (n=6) sites for surface samples only. 
 
 

3.4.10 Phytoplankton and Productivity 
Phytoplankton communities and chlorophyll-a 
concentrations were characterised in the vicinity of the 
proposed Alkimos ocean outlet as part of the Alkimos 
Marine Studies Programme, commissioned by the 
Water Corporation in November 2004.  A detailed 
account of the interim findings of the monthly Alkimos 
phytoplankton surveys between December 2004 and 
June 2005 is available in the supporting document 
“Alkimos Marine Studies Programme – Interim 
Phytoplankton Survey Data Report - December 2004 to 
June 2005” (Oceanica 2005e).  Chlorophyll-a 

concentrations at Alkimos over the period December 
2004 to July 2005 are detailed in the document 
“Alkimos Marine Studies Programme – Interim Water 
Quality Characterisation Data Report – December 
2004 to July 2005” (Oceanica 2005f).  All information 
presented in this section on phytoplankton 
communities and chlorophyll-a concentrations at 
Alkimos has been derived from the above reports. 
 
The location of the Alkimos water quality sampling 
sites (same site locations for both phytoplankton and 
chlorophyll-a) are presented in Figure 3.24. 
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One of the central management issues with the 
discharge of treated wastewater into the marine 
environment is the introduction of elevated 
concentrations of nutrients into marine waters 
(Oceanica 2005d).  Generally, the organisms that can 
directly use the nutrients are the first to respond to 
elevated nutrient conditions, with the magnitude of 
these responses determined by the nature of the inputs 
and by complex interactions between the physical, 
chemical and biological characteristics of the water-
body (Thompson and Waite 2003).  Phytoplankton are 
considered to represent a useful indicator of elevated 
nutrient conditions due to their propensity to multiply 
rapidly under favourable conditions. 
 
Excessive nutrient enrichment may result in: 
• Increased phytoplankton growth and increases in 

cell numbers which can lead to the development of 
algal blooms (including of potentially toxic 
species), with potential implications for the marine 
food chain; and 

• Changes in phytoplankton community structure 
(e.g. community composition may become biased 
towards fast-growing species).   

 
Phytoplankton species composition and abundance is 
naturally spatially patchy and variable over time.  One 
species or a group of species will peak and dominate 
the community over a period of days to weeks, and 
then decline, to be followed by another suite of species, 
and thus the response to nutrients will vary according 
to the species present and their growth stage as well as 
the environmental conditions at any particular time 
(e.g. turbidity, light).  Phytoplankton are thus often 
used as an indicator of environmental health because of 
their high sensitivity to environmental changes and 
their short life-spans.  

Existing Phy oplankton Communities in the 
Alkimos Region 

t

A total of 328 taxa belonging to three major 
phytoplankton classes were recorded at the nearshore 
and offshore sites in the Alkimos region over the 
period December 2004 to June 2005.  
Bacillariophyceae (diatoms) were the most diverse 
group with 228 taxa recorded, followed by 
Dinophyceae (dinoflagellates) with 50 taxa and 
Prasinophyceae with 21 taxa.  One taxon of 
Raphidiophyceae, two taxa of Chlorophyceae (green 
algae) and Cyanobacteria, three taxa of 
Euglenophyceae, four taxa of Dictyochophyceae 
(silicoflagellates), six taxa of Cryptophyceae, eight 
taxa of Chrysophyceae and three unknown taxa were 
also recorded.  Relatively few taxa were recorded at 
both nearshore and offshore sites on all sampling 
occasions.  These included Cocconeis stauroneiformis, 
Cylindrotheca closterium, Nitzschia longissima and 
Thalassiosira pseudonana (Bacillariophyceae); 
unidentified Dinoflagellate 003, Gyrodinium sp. 013, 
Heterocapsa sp. 001, Protoperidinium sp. 018 and 
Scrippsiella trochoidea (Dinophyceae); unidentified 

Prasinophyte 034 and Tetraselmis sp. 001 
(Prasinophyceae); and Hillea sp. 001 (Cryptophyceae). 
 
The total number of phytoplankton taxa recorded at 
any one site on any one sampling occasion ranged 
between 19 (recorded at site 2 in March 2005) and 53 
(recorded at site 3 in February 2005) at the nearshore 
sites and between 25 (recorded at site 3 in December 
2004 and May 2005) and 64 (recorded at site 6 in June 
2005) at the offshore sites. 
 
Figure 3.26(a) displays the mean number of individuals 
(± standard deviation) found in nearshore (n = 6) and 
offshore sites (n = 6) for the period December 2004 to 
June 2005. Figure 3.26 (b) displays the mean number 
of species (± standard deviation) for the same sites over 
the same period.  
 
At the offshore sites there was a peak in the number of 
individuals recorded at all sites in January 2005 with 
numbers decreasing over time with the lowest number 
of individuals recorded in May 2005.  Maximum 
abundance was more variable (temporally) between 
nearshore sites with peak numbers of individuals being 
recorded in either January 2005 or March 2005 at 
different nearshore sites.  The lowest numbers of 
individuals were generally recorded in May 2005 (see 
Figure 3.26(a)). 
 
Bacillariophyceae were generally the most abundant 
phytoplankton group at both nearshore and offshore 
sites between December 2004 and April 2005, with the 
highest abundances generally observed in January 
2005.  Prasinophyceae were generally the second most 
abundant phytoplankton group between December 
2004 and April 2005.  Cryptophyceae (generally 
between January-April 2005) and Dinophyceae 
(generally in December 2004) were also abundant over 
this period.  In May 2005, there was a change in 
phytoplankton community composition, with the 
community generally dominated by Prasinophyceae, 
with Cryptophyceae generally the second most 
abundant phytoplankton and Bacillariophyceae and 
Dinophyceae present in lower abundances. 
 
Despite the significant temporal changes in 
phytoplankton community composition and abundance 
in the Alkimos Region over the study period, there was 
little evidence of spatial patchiness in phytoplankton 
community composition and abundance.  There were 
no table differences in the phytoplankton communities 
at nearshore and offshore locations, or between the 
different nearshore and offshore sites, which is likely to 
be a consequence of the advectively dominated waters 
in the Alkimos region.  
 
Phytoplankton species known to produce toxins which 
may be concentrated in shellfish were recorded at 
nearshore and offshore sites on all sampling occasions 
between December 2004 and June 2005, with between 
one and four species recorded at any one site on 
different sampling occasions.  All the potentially toxic 
species recorded in the samples collected at the 
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nearshore and offshore sites are not uncommon in 
coastal temperate waters off Western Australia.  The 
greatest number of occurrences of potentially toxic 
species and the highest cell densities were recorded 
between January and April 2005.  There were three 
exceedances of the WASQAP Operations Manual 
(Department of Health & Department of Fisheries 
2004) guideline trigger concentrations: Prorocentrum 
minimum at nearshore site 4 and offshore site 1 in 
February 2005 and Pseudo-nitzschia turgidula at 
offshore site 2 in March 2005. 

Comparison of Ocean Reef Waters and Alkimos 
Coastal Waters 
The phytoplankton communities and primary 
productivity (as measured by chlorophyll-a) in the 
vicinity of the Ocean Reef ocean outlet are monitored 
through the Perth Long-Term Ocean Outlet Monitoring 
(PLOOM) programme (e.g. Oceanica 2005d).  Figure 
3.27 displays the chlorophyll-a concentrations at Ocean 
Reef (PLOOM) seasonal monitoring sites together with 
the mean values from the Alkimos nearshore and 
offshore water quality characterisation sites.  The 
locations of both the Alkimos and Ocean Reef water 
quality sites are presented in Figure 3.24. Chlorophyll-
a concentrations at Alkimos were of a similar 
magnitude to those found at the Ocean Reef sites 
during the reporting period (Oceanica 2005f).  
Chlorophyll-a concentrations at Alkimos water quality 
sites ranged from the reporting limit (0.1 µg/L) to 1.9 
µg/L with a median value at shore, nearshore and 
offshore sites being 0.6, 0.4 and 0.5 µg/L respectively.  
The highest concentrations of chlorophyll-a for the 
reporting period were recorded in the bottom waters of 
nearshore and offshore sites in March 2005, possibly 
suggesting either resuspension of these pigments from 
the sediments or photo-inhibition of the water column 
phytoplankton population in the vicinity of the surface 
samples. 
 
Unlike many nutrient parameters, chlorophyll-a does 
not display an obvious increase with proximity to the 
Ocean Reef ocean outlets.  Increases in phytoplankton 
biomass (measured as an increase in chlorophyll-a 
concentration) in response to increased nutrient 

concentrations are not instantaneous.  Elevations in 
phytoplankton biomass are thus likely to occur 
downstream from the immediate outlet-mixing 
environment in a manner that will vary with flow 
conditions, rather than in the immediate vicinity of the 
discharge point. 
 
Studies undertaken as part of the Perth Long-Term 
Ocean Outlet Monitoring (PLOOM) Programme have 
demonstrated that, while there is the potential for 
increased phytoplankton growth associated with the 
discharge of treated wastewater, it is not of the 
magnitude sufficient to cause blooms or eutrophic 
conditions and there is no indication of an increase in 
potentially toxic algae (Oceanica 2005d).  However, 
the high regional consistency in phytoplankton 
community composition and abundance across the 
Alkimos region is an important finding because it 
implies that any effects which may be associated with 
the discharge of treated wastewater in the future will be 
more readily discernible than if the communities were 
spatially variable.  This will facilitate the proactive 
management of the discharge of treated wastewater 
into the coastal waters at Alkimos. 

Compari on of Seasonal Regional Phy oplankton 
Communities for Nearshore and Of shore Regions 

s t
f

All the phytoplankton taxa recorded in the samples 
collected at the nearshore and offshore sites in the 
Alkimos region are cosmopolitan and common in the 
coastal temperate waters off Western Australia.  For 
example, Skeletonema costatum (Bacillariophyceae), 
identified as one of the species, which best “accounted 
for” the pattern in phytoplankton communities, is a 
very common estuarine species.  This species is 
common in the Swan River, often occurring in high 
densities in Perth’s coastal waters during periods of 
high river flow and is considered a reasonably accurate 
tracer of the influence of the Swan River in coastal 
waters (Helleren and John 1997).  The absence of 
spatial patchiness at Alkimos is indicative that 
phytoplankton community composition and abundance 
is consistent at a regional-scale. 
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Figure 3.26  (a) Mean Number of Individuals and (b) Mean Number of Phytoplankton Species at Alkimos 
Phytoplankton Sampling Sites – December 2004 to June 2005 

 
Note:  Error bars represent 1 standard deviation (n = 6). 

Figure 3.27  Comparison of Ocean Reef and Mean Alkimos Chlorophyll-a Concentrations – January 2000 to July 
2005 
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Notes: The station “Ocean Reef – N2” is directly above the Ocean Reef ocean outlets; 
Site “Ocean Reef – N1” can be regarded as background chlorophyll-a concentrations in the region;  
Alkimos sampling began in December 2004.  
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3.5 Social Issues 

3.5.1 Native Title 
Meetings with native title claimants and Aboriginal 
spokespersons have been held with: 
• the Combined Metropolitan Working Group 

Native Title Claimants (senior representatives of 
the Bropho, Corunna, Garlett, Wilkes and Warrell 
families) and Land and Culture Worker, Mr Iva 
Hayward-Jackson; 

• the Independent Aboriginal Environmental Group 
and Colbung family representatives;  

• Mr C. Bodney representing the Bodney Native 
Title Claim on behalf of the Ballaruk and Didjerak 
peoples; and 

• senior representatives of the Jacobs family 
representing the Mooro Region Oor-Dal-Kalla 
Tribe Yalagonga’s Group. 

 
As a result of these meetings, all groups objected to the 
proposed AWWTP proposal and requested that further 
consultations take place prior to any disturbance in the 
area.  

3.5.2 Aboriginal Heritage 

E hnographical Survey t

l

In 1990, an Aboriginal Site Survey of the AWWTP 
was conducted by R.O’Connor and G.Quartermaine.  
As a result of the survey, no ethnographic sites were 
located or identified. 
 
In August 2005 on behalf of the Water Corporation 
ethnographic field surveys were conducted by 
consulting anthropologists Ken Macintyre and Dr 
Barbara Dobson from Macintyre Dobson and 
Associates Pty Ltd.  The aim of the research was to 
establish whether any areas of ethnographic 
significance to Aboriginal people would be impacted 
by the proposed Alkimos Waste Water Treatment 
Plant.  To this end, Aboriginal groups and 
spokespersons with a heritage interest in the Alkimos 
area were consulted and attended field surveys to 
investigate the WWTP Project Area to determine 
whether any ethnographic sites of Aboriginal 
significance will be impacted upon by the proposed 
development.  The result of these consultations were 
that the groups were generally not satisfied that they 
had been consulted on the plans for urban development 
in the north west corridor.  They wanted to understand 
the totality of the development before providing 
consent to the works proposed by the Water 
Corporation. 
 
Aboriginal groups and spokespersons who participated 
in the surveys included senior representatives from the: 
• Combined Metropolitan Working Group Native 

Title Claim (Bropho, Garlett, Wilkes, Corunna and 
Warrell families);  

• Land and Culture Worker  Mr Iva-Hayward-
Jackson; senior representatives from the 
Independent Aboriginal Environmental Group;  

• the Colbung family representatives; Mr C. Bodney 
representing the Bodney Native Title Claim on 
behalf of the Ballaruk and Didjeruk Peoples; and 

• the Jacobs family representatives known as the 
Mooro Region Oor-Dal-Kalla Tribe Yalagonga’s 
Group. 

Archaeologica  Survey 
In 1990, an Aboriginal Site Survey of the AWWTP 
was conducted by R. O’Connor and G.Quartermaine.  
As a result of the survey, no archaeological sites were 
located or identified. 
 
In August 2005, the Water Corporation commissioned 
an archaeological survey of the proposed AWWTP 
project area at Alkimos, approximately 40km 
northwest of the Perth city centre. 
 
As a result of research undertaken at the Heritage and 
Culture Division, Department of Indigenous Affairs 
W.A., it was established that no registered Aboriginal 
archaeological sites are located within the boundaries 
of the designated AWWTP Project Area.  
 
This was confirmed by the surveys which identified no 
Aboriginal archaeological sites within the boundaries 
of this area. 

3.5.3 European Heritage 
The Heritage Council of WA has confirmed that there 
are no places of European heritage identified as being 
located on Lot 101 at Alkimos.  
 
A search of the greater Alkimos area (i.e. the ocean 
immediately in front of Lot 101) was conducted by the 
Heritage Council. Two places of European heritage 
were identified.  These places are P9523 "Wreck Site - 
Eglinton" at Eglinton Rocks, Alkimos is also registered 
on the Australian Heritage Council's Register of the 
National Estate, and P14294 "Alkimos Ship Wreck", 
Foreshore, Alkimos.   
 
Neither of these places have been included on the State 
Register of Heritage Places or included on the Heritage 
Council of Western Australia's assessment program.  

3.5.4 Recreational Activities 
The current strategy is a mixed residential and 
recreational development including a marina, hotel and 
golf course complex at Eglinton and several shopping 
and entertainment “nodes” along the Eglinton-Alkimos 
coastline (Landcorp 2003).  The shoreline does not 
currently have any artificial structures though several 
groynes were proposed in the vicinity of the Alkimos 
ocean outlet to help stabilise and protect the shoreline 
at the Alkimos “southern coastal node” (~ 500m south 
of the Alkimos ocean outlet launch site) (MP 
Rogers 1998). 
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The main recreational activities that currently occur on 
the proposed project area, beaches, ocean and the ocean 
side of the Lot 101 include: 
• Bushwalking; 
• Four Wheel Driving; 
• Trail bike riding; 
• Swimming; 
• Diving; 
• Fishing; and  
• Surfing. 

Bushwalking, 4WD, Trail Bike Riding 
The diversity of flora and fauna and the parabolic sand 
dunes in the study area are of interest to bush walkers 
and beachcombers.  The area is also frequently used 
visited by off-road vehicles and trial bikes, which has 
caused some degradation and disturbance to the dune 
system.  

Swimming 
Due to the shelter provided by the fringing reefs, 
relatively calm and safe bathing conditions do occur in 
front of study area.   

Diving 
The nearshore reefs in front of the study area is highly 
regarded by divers, but the characteristics of this area 
are not as highly valued to divers as the Marmion 
Marine Park (Lord 1997). 

Fishing 
The study area is highly valued by recreational 
fisherman due to the diversity of fish habitats (Lord 
1997). 

Surfing 
The entire outer reef zone of the study area is highly 
valued by the local surfing community, but the reefs 
are only accessible by boat (Lord 1997). 
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4 Environmental Impact & 
Management Strategy 

4.1.1.2 Background 
Ideally, a sustainable project is one that leads to 
ecologically sound, economically viable, socially 
just and humane outcomes.  The project should, 
wherever possible build on those values.  4.1 Biophysical • Ecologically Sound: projects should not put 

natural systems at risk, and if they do, the risks 
need to be minimised to the greatest extent 
practicable and/or offset. 

4.1.1 Sustainability 

4.1.1.1 Environmental Principles and Objectives • Economically viable: it is essential that there 
is a positive net return in terms of resources 
expended and returned.  Often ignored in 
current accounting are numerous subsidies 
(such as tax regimes, State contributions) that 
make a project appear economically viable.  
The hidden costs such as loss of wildlife 
biodiversity and natural and cultural heritage 
are generally not accounted for.  Economic 
viability extends beyond the short-term market 
factors relating to supply and demand. 

This PER takes into account the following Objects and 
Principles of the Environmental Protection Act 1986: 
• The precautionary principle: where serious or 

irreversible (environmental) damage is likely to occur, 
actions to take measures to prevent the environmental 
degradation should not be postponed due to lack of 
scientific certainty. If there is an uncertainty, the 
action should be conservative in favour of 
preventing the realisation of the risk. 

• Intergenerational equity: the project should not 
compromise the health, diversity and productivity of 
the environment for future generations. 

• Socially just and humane: resources and 
power and benefit to the “greater good” should 
be distributed equitably so that the basic needs 
of all are met and their rights are assured for 
current and future generations.  No single 
sector of the community should benefit to the 
detriment of another, in the present and into the 
future.  Without strong communities and 
vibrant cultures, the environment (and 
therefore humans) will not flourish 
sustainability. 

 

• Conservation of biological diversity and 
ecological integrity: decision-makers should not 
knowingly reduce biodiversity and integrity unless it 
is completely avoidable. Conservation where 
conservation is possible through to offsetting the 
impacts is expected. 

• Principles related to improved valuation, pricing 
and incentive mechanisms: environmental factors 
are to be included in the pricing of assets and services, 
the “polluter pays” for mitigation and containment, 
users to pay for full life cycle costs including natural 
resources and disposal, and incentives to develop 
solutions to environmental problems pursued. 

No matter where a wastewater treatment plant is 
sited, it will degrade those values to a lesser or 
greater extent (i.e. it will have an ecological 
footprint, consume energy, be visible, will require 
separation of the community it serves from its 
odorous emissions and have significant expense, 
both in capital and operation and maintenance costs 
associated with it).  

• Waste minimisation: the project should minimise 
waste generation and its discharge to the environment 
by exploring the prevent, minimise, re-use, recycle 
hierarchy for waste generation and disposal. 

 

 

The Water Corporation, recognising these 
limitations, is committed to providing wastewater 
treatment services to the community of Western 
Australia supporting those principles to the fullest 
extent practicable. 

The Water Corporation seeks to maximise the benefit as 
far as practicable in all Objects and Principles of the Act, 
not merely balance or trade-off one against the other. 
 

The Water Corporation’s sustainability objectives 
enunciated in the Water Corporation Sustainability 
Strategy 2005/06 – 2007/08 are: 4.1.1.3 Key Issues 
• In one year, sustainability principles are to be visible 

and integrated into decisions made in key areas of our 
business. 

The key sustainability issues are presented 
comparatively for Sites A and B in Table 4.1 
below, as required by the environmental assessment 
process, to enable the EPA to fulfil its requirements 
in providing ministerial advice.  

• In three years, sustainability underpins our culture – it 
has to be the way we do business, from the way we 
provide water services to the way we purchase 
supplies.  

 

 

The two options (Site A and Site B) for the Alkimos 
Wastewater Treatment Plant are subject to a sustainability 
assessment in the following sections. 
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Table 4.1  Key Sustainability Issues 

Item 
no Issue Site A Site B Comments 

Societal Issues 
1 Location Site A Site B Site B is 750m to the east of Site A and is embedded 

deeper into the Alkimos dune system. 
2 Description In a hollow low 

in the 
landscape. 
Earthworks are 
a balanced cut 
and fill (180,000 
cubic metres). 

Half flat. Eastern 
half rises to a 
maximum of 
RL40. 
Earthworks 
requires cut of 
3.0 million cubic 
metres. 

Site B will be more visible on the landscape due to 
excavations. Cut material to be spread over development 
area as nominated by Developers.  

3 Ocean outfall 
launch site 

Contained within 
buffer zone  

Outside of 
buffer. 

Extra land is required for the launch area because it is 
outside the buffer zone for site B.. 

1,000m N/NE; 
600m SE/S in 
current MRS. 
 

450m effective 
buffer  in 
proposed MRS 
Amendment, 
with 150m urban 
deferred outer 
ring giving a 
total of 600m. 

4 Buffer radius 
(odour) 

Proposed 600m 
buffer. 

Proposed 600m 
buffer extended 
to 800m to the 
west and north 
west. 

The Corporation will be establishing the odour criteria for 
WWTPs, in lieu of the generic criteria, in accordance with 
the Guidelines. Based upon CSIRO modelling which 
considers odour ponding, housing to the west of Site B 
will be subjected to unacceptable odour impacts from the 
plant, based upon current world’s best odour minimisation 
practice for a WWTP unless the buffer is increased to 
800m to the west of site B. 
The Corporation is working with Developers to identify 
engineering solutions that may enable the buffer at site B 
to be brought back to 600m in the future. 
The use of Site A results in the commercial and retail 
node and associated urban development proposed within 
the south west corner of the buffer not being able to be 
built as planned. This will significantly impact on the 
regional beach development proposed in the area and, in 
addition, reduce the amenity of the beach as a regional 
focal point. A lesser developed beach front (i.e. kiosks, 
surf clubs, etcetera) within the Site A buffer would remain 
compatible. The beach itself will be suitable for 
recreational use for both Site A and B. 

5 Schedule Late 2009 Early 2010. 
Exact timing 
depends upon 
the difficulty of 
excavation. 

Any delays beyond 2010 will seriously disrupt the Water 
Corporation’s ability to adequately service the urban 
growth in the northwest corridor, and may frustrate the 
development aspirations of others.  
Site A timing may be brought forward depending on the 
final scheduling for the ocean outlet. 

6 Land available for 
urban 
development  

Base case Increased 
development in 
close proximity 
to the coast 

Less land is available for urban development overall for 
site B.  Site A has a smaller buffer and the western buffer 
is over the ocean.  There are greater community benefits 
for the site B option by utilisation of land in close proximity 
to the coast for urban development and recreational 
access to the ocean front. 

Economic Issues 
7 Excavation Base case. Additional 

expenses 
estimated to be 
$25m 

The estimate is based on preliminary geotechnical 
investigation carried out to date and does not include an 
allowance for rock exceeding anticipated hardness  nor 
processing of oversize rock.  The estimate assumes the 
material is suitable for subdivisional fills and to be placed 
in accordance with the standards for the area.   

8 Odour control Base case Additional $6m Earlier expenditure on odour control at site B (the $6m is 
effectively interest). 
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Item 
no Issue Site A Site B Comments 

9 Land available for 
urban 
development 

Base case Lesser area but 
considerably 
higher value 
coastal lots for 
urban 
development. 

The intention is that the sale of coastal land by 
developers west of site B would partially offset the higher 
cost of developing  site B. The shortfall will potentially be 
funded by a special headworks contribution (developer 
contribution) and/or government contribution that reflects 
the additional value to the community through commercial 
and retail activities. 

10 Land based ocean 
outlet pipe 

Base case. At least $5m  The additional length of land-based ocean outfall pipe 
increases the cost for site B. 

Environmental issues 
11 Aesthetics/visual 

amenity 
Low impact  
associated with 
the excavation 
(balanced cut 
and fill). 

Substantial 
impact due to 
dune excavation 
of 3 million m3. 

Site B is not likely to have a visual impact outside the 
buffer zone with respect to the buildings. For Site A, 
under the existing MRS, close to the boundary of Lot 101, 
the WWTP may be visible. The vent stack will be similarly 
visible for both sites.  Extensive excavation at Site B will 
resemble, to some extent, a large pit, particularly at the 
eastern edge, and will need to be carefully landscaped.  
Its visibility will depend on the subdivision layout 
surrounding the plant. 

12 Geoheritage Partially 
affected. 

Affected to a 
greater extent 

The footprint of Site B will impact more (greater 
excavation, spoil disposal and stabilisation) on the 
geoheritage values than for Site A (which can fit within the 
parabolic dune systems with lesser disturbance).   

13 Flora and Fauna Opportunities for 
conservation of 
ecological 
associations 
within the buffer, 
and linkages to 
external 
conservation 
values (Bush 
Forever etc). 

Less opportunity 
for conservation 
of ecological 
values due to 
the larger 
excavation 
footprint and 
longer land-
based section of 
the ocean outlet 
pipe.  

There is a sequence of geomorphic structures and their 
associated flora and fauna systems extending from the 
coast inland.  Ecologically, these are often dependent, 
one on the other to maintain system vigour and diversity. 
Site A will have some impact to the extent of the footprint 
of the plant and associated infrastructure. Site B requires 
greater excavation harming and disconnecting 
geoheritage and ecological features to a greater degree. 

14 Greenhouse Gas Minimisation of 
energy demand 
through gravity 
system. 
 

Minimisation of 
energy demand 
through gravity 
system.  

Both sites chosen and designed to minimise energy 
consumption through gravity systems. No substantial 
difference during the operation of the plant.   

15 Ocean Discharge Same design 
applies to both 
Sites 

Same design 
applies to both 
Sites 

Re-use opportunities for both plants are the same. The 
magnitude of scale of a large centralised plant gives 
economies of scale for advanced treatment technologies 
for, say, Managed Aquifer Recharge (MAR). Ocean 
discharge is still required for: 
• re-use reject (concentrate) water; 
• full disposal in event of re-use scheme off line due to 

emergency or maintenance; and 
• a “fail safe” contingency in the event of power or 

operational failures and maintenance. 
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4.1.1.4 Assessment of Sustainability 
Site B was chosen as the agreed site for the AWWTP so 
that the land most desirable for urban development, to the 
west, could be available for residential and associated 
development. Site A is an alternative if Site B proves 
unsuitable. 
 
The review of Site A is being conducted under assessment 
number 1582 and Site B assessment number 1529. 
Accordingly, the sustainability principles and objectives 
are discussed in Table 4.1 for both Sites A and B. 

4.1.2 Flora and Vegetation   

4.1.2.1 Environmental Standards and 
Objectives 

Relevant legislation and standards include: 
• Environment Protection and Biodiversity 

Conservation Act (EPBC ) 1999; 
• State Wildlife Conservation Act 1950; 
• EPA Position Statement No. 2 (Environmental 

Protection of Native Vegetation in Western Australia, 
2000); 

• EPA Position Statement No. 3 (Terrestrial Biological 
Surveys as an Element of Biodiversity Protection in 
Western Australia, 2002);  

• EPA Guidance Statement No. 51 (Terrestrial Flora 
Surveys for Environmental Impact Assessment in 
Western Australia, 2004); and 

• EPA Draft Guidance Statement No. 33 
(Environmental Guidance for Planning and 
Development: for Testing and Review, 2005). 

 
Project objectives include, as far as practicable: 
• minimising the impacts on the abundance, species 

diversity, geographic distribution and productivity of 
vegetation units; 

• protecting DRF taxa, if any are subsequently found in 
the Project Area, consistent with the provisions of the 
Wildlife Conservation Act; 

• protecting flora listed under the Schedules of the 
EPBC Act; if any are subsequently found in the 
Project Area; and 

• protecting flora of other conservation significance. 

4.1.2.2 Potential Issues and Impacts  
Table 4.2  Areas to be cleared 

Section Four: Environmental Impacts and Management Strategy - Final v.3 - 8 November 2005 

Clearing of Vegetation Required Site A Site B 
WWTP  15ha 19ha 
Ocean Outlet Launch Site 1B 6.6ha 6.6ha 
Haul Roads and Sewers 1.6ha 2.6ha 
Total for WWTP and Site 1B 23.2ha 28.2ha 

 

4.1.2.3 Comparison between Site A and 
Site B 

Site A and Site B both have flats, broad swales or 
valleys with weedy vegetation and weed-infested 
native vegetation.  Both also have Melaleuca 
systena Open Low Heath over Lomandra maritima 
Herbland (MsLm) on the dunes around the flats.   
 
The differences in vegetation and flora between 
Sites A and B are, essentially, of two types: 
absolute and relative.  Absolute differences are in 
features, mostly in kinds of vegetation and habitats, 
and relative differences are in scale, mostly in 
condition and relative abundance of species.   

Differences in Features 
Features that are in Site B but not Site A are:  
• the only population of Nuytsia floribunda 

Closed Low Heath (Nf) found in the Project 
Area or recorded in Alkimos, Eglinton or 
Jindalee; 

• a portion of the parabolic dune system 
supporting different vegetation associations 
and habitats that run through the project area, 
and 

• portions of six Spearwood Dune System 
vegetation units on the north side of the 
parabolic dune. 

 
The only feature that may be in Site A but possibly 
not Site B is the Priority Three species, Sarcozona 
bicarinata (though this species has not been found 
in Site B, a few plants of it may be there).  
Sarcozona bicarinata has a wide but scattered 
distribution, which includes South Australia, but it 
is more or less restricted to limestone and is not 
generally common. 
 
No Nuytsia floribunda Closed Low Heath (Nf) is 
shown on the ATA Environmental (2004) maps.  
The small population of it on top of the conical 
dune in Site B may be the only representation of it 
in the Alkimos – Eglinton area, although groves of 
Nuytsia floribunda trees, as distinct from shrubs 
and heaths, are reasonably common, though also 
unmapped by ATA Environmental or Trudgen and 
Keighery. 
 
The vegetation of the northern arm of the parabolic 
dune, the diverse vegetation on limestone 
immediately north of the dune and the vegetation of 
the edge between them, which are in Site B but are 
not in the Site A buffer, constitute a system of 
vegetation linking the coastal dunes and the link 
between Yanchep and Neerabup National Parks 
(Bush Forever Site 130).  The edge between the 
parabolic dune and the limestone north of it is 
shown on Figure 3.6 Vegetation Conditions, as an 
orange line.  The band of vegetation on the edge 
and either side of it is important as an ecological 
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linkage, which provides habitat and protection for animals 
moving between the coast, inland wetlands and Banksia 
and eucalypt vegetation of Yanchep and Neerabup 
National Parks, and diverse limestone vegetation between 
them.  In addition, the band has conservation significance 
for the several populations of various taxa of Priority Flora 
and other significant species in it.  The band connects two 
regionally significant bushland/wetland linkages, Bush 
Forever Sites 130 and 397 (Bush Forever 2000 Volume 2, 
pp. 310, 379) and, consequently, increases the 
conservation value of each of them. 
 
The ecological linkage band is shown on Figure 3.8 – 
Conservation Significance, as Area 1, and the area with a 
high concentration of significant flora is shown there as 
Area 2. 

Relative Differences 
Relative differences between Sites A and B are, 
essentially, in relative abundances and densities of species 
and in condition assessments.  For instance, though the 
Acacia saligna - Melaleuca systena Shrubland (AsMs) of 
Site A is similar to the Melaleuca systena Low Shrubland 
to Shrubland (Ms) of Site B, and both are on Quindalup 
flats, the Site A unit has more Acacia saligna, plus 
Adriana quadripartita and Anthocercis littorea, in it than 
the Site B unit has. 
 
Such differences in scale are reflected in differences in 
condition mapping Figure 3.6 and in names of vegetation 
units Figure 3.5 in the two sites.  
 
Another example of relative differences is that Site A and 
Site B both have populations of the Priority Three Flora 
species Conostylis pauciflora subsp euryrhipis, but Site B 
probably has more of it1.  Furthermore, Site A and Site B 
each has a hill with an area of limestone heath, but the area 
of heath that is in Site A is much larger and in better 
condition than the area of heath that is in Site B.  The Site 
A limestone vegetation has populations of four taxa of 
significant flora: Sarcozona bicarinata, Conostylis 
pauciflora, Pimelea calcicola and Grevillea preissii, none 
of which has been found in the Site B heath.  If Site B does 
have any Sarcozona bicarinata (it may not), it is less than 
in Site A. 

Summary 
Site B is botanically more important and significant than 
Site A because it has the only population of Nuytsia 
floribunda Closed Low Heath (Nf) found during the study, 
part of the parabolic dune separating the Quindalup Dune 
System from the Spearwood Dune System, and portions of 
Spearwood vegetation units on the north side of the 
parabolic dune and Banksia woodlands which may be 
important feeding habitat for Carnaby’s Cockatoo, 
possibly triggering an action under the EPBC Act. 

Section Four: Environmental Impacts and Management Strategy - Final v.3 - 8 November 2005 

                                                 
1 According to Hopper et al. (1987) Conostylis pauciflora subsp euryrhipis is 
common on consolidated dunes between Cervantes and Yanchep, but it also 
occurs north and south of there.  For instance, Bennett (pers. comm. and ATA 
Environmental 2004) states that it was common on coastal Quindalup dunes in 
her Alkimos-Eglinton study area, and, recently, more than 5900 plants of it were 
counted in a relatively small area of coastal dunes in a central part of  Jindalee, 
the locality just south of Alkimos (Henson pers. comm.).  

 
Site A has two species of Priority Flora (Conostylis 
pauciflora and Sarcozona bicarinata) and Site B 
has one (Conostylis pauciflora).  Both species are 
relatively widespread and common in the study area 
and from slightly south of it to well north of it.   

4.1.2.4 Differences in Site A Buffer and 
Site B Buffer 

Differences in Features 
The buffer of Site A contains representative areas 
of all vegetation units which are in Very Good to 
Good condition.  It has:  
• coastal dunes, with limestone cliff vegetation 

(Fp: Frankenia pauciflora Very Low to Low 
Shrubland) and locally significant Frankenia 
pauciflora, Leucophyta brownii and Olax 
benthamiana on the cliffs (all are in the Coast 
Area);  

• the western end of other limestone (in Launch 
Site 1A and in and adjacent to Launch Site 
1B), with the Priority Three and locally 
significant Astroloma microcalyx;  

• coastal dune vegetation that is important as an 
ecological linkage between coastal vegetation 
north and south of it;  

• the Site B Nuytsia floribunda Closed Low 
Heath (Nf); and  

• vegetation that probably is Threatened 
Ecological Community FCT 26a (the Site B 
buffer has vegetation that possibly is FCT 26a).   

 
The Site B buffer has none of these.  
Figure 3.8 – Conservation Significance – shows: 
• the coastal limestone cliffs as Area 4;  
• the Launch Site 1A limestone as Area 5; and 
• the area likeliest to have Threatened Ecological 

Community FCT 26a as Area 2. 
 
Area 2 includes both vegetation that probably is 
Threatened Ecological Community FCT 26a and 
vegetation that possibly is FCT 26a. 

Relative Differences 
The Site A buffer has more than twice as much of 
the Launch Site 1A limestone hill (Area 5) than 
there is in the Site B buffer. The Site A buffer also 
has more of Area 2 and slightly more of Area 3 (a 
very large population of the Priority Three taxon 
Hibbertia spicata subsp. leptotheca on Quyindalup 
sand) than there is in the Site B buffer. 
 
The buffer of Site B has more Spearwood Dryandra 
sessilis Open to Closed Heath to Scrubs (Ds) and 
Banksia woodlands (Bam and BamEt).  No Banksia 
attenuata - Banksia menziesii - Eucalyptus todtiana 
Low Woodland to Open Low Woodland (BamEt) 
on Spearwood sand, which is relatively extensive in 
the Site B buffer, is in the Site A buffer.  However, 
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no significant populations of plants were found in the Site 
B buffer that were not found in the Site A buffer. 
 
Both buffers include Tuart vegetation, but the Site A 
buffer includes slightly more of it. The mallee form of 
Tuart (Eucalyptus gomphocephala) is in both buffer zones. 

Summary 
The vegetation and flora within the Site A buffer is more 
important and significant than the vegetation and flora 
within the Site B buffer, even if the flora and vegetation of 
the launch sites are not taken into consideration (selection 
of the preferred launch site will be independent of 
selection of the preferred plant site, and vice versa). 

4.1.2.5 Management Strategy 
A Vegetation and Flora Management Plan will be 
prepared, addressing the following: 
• topsoil and vegetation (mulch) management to enable 

the rehabilitation of areas to be cleared for short term 
use. 

• prevention of the destruction of plants of any of the 
four species of Priority flora recorded in the project 
area; 

• collection of seeds from Priority Flora plants to be 
used in subsequent rehabilitation; 

• management of weeds for controlling species that are 
classified as Priority 1 weeds by Scheltemma and 
Harris (1995); 

• vehicular and public access; 
• fire management; and 
• rehabilitation. 

4.1.3 Terrestrial Fauna 

4.1.3.1 Environmental Standards and 
Objectives 

With respect to fauna, the environmental objectives are to:   
• protect threatened fauna species that may occur in the 

study area; 
• minimise the possible impacts of development upon 

fauna species and their habitats; and 
• minimise the impacts and preserve regional 

biodiversity.   
 
Of particular significance are species listed under the WA 
Wildlife Conservation Act (1950), the Commonwealth 
Environment Protection and Biodiversity Conservation 
(EPBC) Act (1999), as priority by CALM, and considered 
as regionally significant, such as birds that have declined 
in the Perth area (Government of Western Australia 2000).  
Details on levels of significance are provided in the fauna 
report compiled by Bamford (2005): EPA Guidance 
Statement No. 56 (EPA 2004) provides advice on survey 
work on fauna required for environmental impact 
assessment. 
 
• Commonwealth Environment Protection and 

Biodiversity conservation Act (EPBC Act) 1999. 

• Western Australian Wildlife Conservation Act 
1950. 

 
These Acts use significance levels for fauna as 
recommended by the International Union for the 
Conservation f Nature and Natural Resources. 
• The EPBC Act lists migratory species that are 

recognised under international treaties such as 
the China Australia Migratory Bird Agreement 
(CAMBA), the Japan Australia Migratory Bird 
Agreement (JAMBA) and the Bonn 
Convention (The Convention on the 
Conservation of Migratory Species of wild 
Animals). Those species listed in JAMBA are 
also protected under Schedule 3 of the WA 
Wildlife Conservation Act. There is a separate 
list of marine species under the EPBC Act, but 
this only applies to land and waters under 
Commonwealth management. 

• The WA Department of Conservation and Land 
Management (CALM) has produced a 
supplementary list of Priority Fauna, being 
species that are not considered threatened 
under the WA Act, but for which the 
Department feels there is cause for concern. 

• Environmental Protection Authority (2002). 
Terrestrial Biological Surveys as an Element of 
Biodiversity Protection. Position Statement No. 
3. 

• Environmental Protection Authority (2004). 
Terrestrial Fauna Surveys for Environmental 
Impact Assessment in Western Australia. 
Guidance for the Assessment of Environmental 
Factors No. 56. 

• Protection of biodiversity in Position Statement 
No. 3. 

4.1.3.2 Potential Issues and Impacts  
The major impact will be the loss of vertebrate 
fauna habitat caused by the clearing of land, which 
is expected to result in the localised loss of 
vertebrates that are too small or immobile to 
relocate to unaffected areas. While many of the 
birds, larger mammals and reptiles will be able to 
relocate and avoid the impact of clearing and 
construction of infrastructure, there may be some 
territorial conflicts associated with competition for 
food resources, shelter and breeding sites.  It is 
expected that these conflicts would be resolved 
over time and naturally stabilise.  However, it must 
be noted that the majority of the fauna species 
present in the Alkimos project area are extinct in 
suburban Perth, so the area represents the southern 
limit of the distribution of many species in the 
region.   
 
The clearing of land within the buffer zones and its 
development (if any) has not yet been determined. 
Consequently the impact of clearing land within 
other habitats such as habitat 4 and 5 cannot be 
discussed until the Water Corporation has 
conducted further land use planning compatible 

Section Four: Environmental Impacts and Management Strategy - Final v.3 - 8 November 2005 
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with the ecological values as identified by the EPA.  
Launch site 1A and to a lesser extent 1B may be cleared.  
Habitat 4 is an important habitat for particular species or 
groups of species.  For example, areas of heath with 
exposed limestone support restricted populations of several 
reptile species and the Carpet Python, D. sessilis thickets 
are important foraging habitat for the endangered 
Carnaby’s Cockatoo and a range of nectarivorous species, 
and acacia shrublands provide shelter for a number of 
locally significant species.  Tuart trees may be important in 
providing roosting sites for some bird and mammal 
species, while Grass Trees that are a component of Habitat 
4 almost certainly provide shelter for reptiles and some 
mammals.   

Section Four: Environmental Impacts and Management Strategy - Final v.3 - 8 November 2005 

 
Which ever launch site is chosen (i.e. will be the same 
regardless of the WWTP chosen and therefore common to 
both sites), habitat areas 1 and 2 will only be minimally 
disturbed if micro-tunnelling under the limestone cliffs 
(i.e. habitat 2) is the preferred option over trenching for the 
laying of the pipe on the beach (i.e. habitat 1) will be filled 
in with beach sand, once the ocean outfall pipe is secured 
in the trench. 
 
In addition to habitat loss, however, there will be some 
effect through fragmentation, particularly as the 
developments are aligned east-west and therefore cross the 
generally north-south alignment of habitats, particularly 
near the coast.  This may interfere with the movement of 
fauna within habitats and lead to isolation of populations 
south of the treatment plant.   

4.1.3.3 Comparison between Sites A and Site B 
Broad habitat areas common to both Sites A and B and 
their respective odour buffers will be assessed in this 
section.  The launch sites (1A, 1B and 2) are independent 
of the odour buffer zones.  
• Habitat 3 (stabilised tertiary dunes with low heath) 

covers almost all of the proposed WWTP at Site A 
and three quarters of the proposed WWTP at Site B.  

• Launch site 1A is predominately covered with habitat 
4 with the remaining land being covered by habitat 3.   

• Launch site 1B is mostly covered with habitat 3 with a 
very small section-covering habitat 4.  

• Launch site 2 is equally represented by habitat 3 and 
cleared-degraded areas.   

 
There are patches of cleared degraded land; mostly in the 
Eastern side of the proposed WWTP at Site A and launch 
site 2 and an additional small cleared area, 300m to the 
South of the WWTP at Site A.  Habitat 4 (heath with 
outcropping limestone, supporting Dryandra sp. and grass 
trees) occupies the majority of the northern area and a 
large proportion of launch site 1A, with a small portion in 
the north-eastern area of the combined odour buffer zones 
is represented by Habitat 5 (Banksia woodland).  A small 
portion of the Northwestern corner located in the bush 
forever zone is covered equally by habitat areas 3 and 4. 

Habitat areas and their associated fauna 
common to both Si e  A and B  t s

Reptiles 
• Habitat 3 (stabilised tertiary dunes).  A rich 

reptile fauna with probably all the species 
present in Habitat 2, but with the addition of 
species associated with low bushes such as in 
the Acacia shrublands (Spiny-tailed Gecko, 
Bearded Dragon), and species that require the 
continuous vegetation of low heath (Javelin 
and Keeled Legless Lizards). 

• Habitat 4 (heath with outcropping limestone).  
A moderately rich reptile fauna that may lack 
some species dependent upon loose sand (or 
such species at low abundance).  However, the 
Dryandra sessilis thickets and exposed 
limestone may support species with locally 
restricted distributions on the coastal plain, 
including D. polyopthalmus (a gecko) and the 
Barking Gecko.  The Carpet Python also seems 
to favour rocky areas.  Areas of Grasstrees 
provide shelter for a lot of reptiles. 

• Habitat 5 (Banksia woodland).  Probably the 
richest reptile fauna because this woodland 
provides the greatest range of habitats, from 
loose sand to dense heath vegetation, 
Grasstrees and eucalypts with loose bark.  
However, some of the limestone dependent and 
loose sand dependent species may be absent or 
at very low densities.  For example, the skinks 
L. lineopunctulata and C. celatus may be 
absent from Banksia woodland. 

Birds 
• Habitat 3 (stabilised tertiary dunes).  Probably 

a depauperate avifauna as the low heaths 
support few species, although these include the 
White-winged Fairy-wren which is of local 
conservation significance (see below).  Acacia 
thickets will attract some birds and during the 
site inspection, Richard’s Pipits, Australian 
Magpies and Stubble Quails were observed in 
the broad, degraded valleys.  These are species 
typical of disturbed ecosystems.  The isolated 
stands of Tuart trees may attract occasional 
eucalypt specialists such as the Striated 
Pardalote and Western Gerygone, and may 
contain hollows used for nest and roosting by 
owls. 

• Habitat 4 (heath with outcropping limestone).  
The Dryandra sessilis thickets are likely to 
support resident White-browed Scrubwrens, 
possibly all three species of fairy-wrens and 
will be seasonally important for honeyeaters 
and Carnaby’s Cockatoo. 

• Habitat 5 (Banksia woodland).  Probably the 
richest avifauna because of the diversity of 
micro-habitats available.  A few heathland 
specialists, such as the White-winged Fairy-
wren, may not be present, but several 
woodland species (eg. Grey Shrike-thrush, 
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whistlers, robins) will compensate for this.  Dense 
acacia thickets in valleys within the Banksia woodland 
may support the White-breasted Robin, and such birds 
would be at the southern extremity of the northern, 
coastal population of the species. 

Mammals 
• Habitat 3 (stabilised tertiary dunes).  Grey Kangaroos 

and all introduced species were recorded in this 
habitat and other species may be regular visitors.  
Most of the bat species forage within woodland but 
the White-striped Bat forages high over open ground.  
The Brush Wallaby may forage in this habitat but 
shelter in dense shrubland and thickets.  The White-
tailed Dunnart, if present, could be most abundant in 
this habitat as there is some evidence that it favours 
heath over woodland (Strahan 1995).  Acacia 
shrubland in valleys may be important in providing 
shelter for mammals, including the Quenda, and the 
scattered Tuart trees may provide roosting sites for 
bats and even the Brush-tailed Possum. 

• Habitat 4 (heath with outcropping limestone).  The 
Dryandra sessilis thickets are likely to provide shelter 
for a range of mammal species and are probably 
seasonally important in providing food for Honey 
Possums. 

• Habitat 5 (Banksia woodland).  Probably the richest 
mammal fauna because of the diversity of micro-
habitats available.  Virtually all listed species could be 
present.  The Moodit may only occur in the densest 
acacia thickets in valleys within Banksia woodland. 

 
With respect to mammals, vegetation types of greatest 
importance are the Banksia woodland, D. sessilis thickets 
and acacia shrublands.  The Tuart trees may be of some 
importance.  These are largely components of Habitats 4 
and 5, although with acacia thickets and Tuarts in Habitat 
3.   

4.1.3.4 Management Strategy 
Although some habitat loss will be inevitable mitigation 
strategies include the potential to plan development so that 
some wildlife conservation within the future urban 
landscape is possible.  Some of the buffer zone around the 
WWTP will be retained with native vegetation from 
different habitat types to provide a linkage for the fauna to 
surrounding areas.  In this respect, retention of habitat on 
north-south and east-west alignments is important, as it 
retains connectivity within and across habitats. For 
example, keep the impact area narrow from north to south 
and if possible link the habitats from the coast to those to 
the east along the different dune systems (youngest to 
oldest) to reduce disruption of fauna movement between 
different habitats.   
 
The buffer zone also offers opportunities for compatible 
land-uses such as golf courses, recreation parks etc or the 
conservation of ecological and geoheritage values with 
land uses such as interpretation centres, bush walks etc., 
depending on the ecological values attributed by EPA. 
 

A Fauna Management Plan will be developed based 
on comments received during the public review 
period of the PER and in consultation with relevant 
stakeholders.  
 
The plan will address matters such as: 
• fire control; 
• weed management; 
• public and vehicular access; and 
• protection of fauna habitat. 

4.1.4 Groundwater 

4.1.4.1 Environmental Standards and 
Objectives 

The Water Corporation seriously considered short 
term disposal of secondary treated wastewater via 
infiltration ponds in an environmentally acceptable 
manner.  The following section describes the 
studies undertaken. Following analysis of these 
studies it was decided to reject infiltration as a 
disposal option.  
 
The objectives were to ensure that when the 
groundwater entered the marine environment, the 
environmental values and environmental quality 
objectives in Perth’s Coastal Waters Environmental 
Values and Objectives (EPA 2000) were met and 
the ecosystem function of the near shore 
environment was protected in accordance with the 
risk management framework in the State 
Environmental (Cockburn Sound) Policy 2005.  
 
The Environmental objectives were to maintain: 
• ecosystem integrity; 
• aquatic life for human consumption (seafood 

safe to eat); 
• primary contact recreation values (waters safe 

for swimming); 
• secondary contact recreation values (waters 

safe for boating); 
• aesthetic values (pleasant attractive 

environment); and 
• industrial water supply values (water suitable 

for industry use). 
 
Relevant legislation and standards include: 
• Environmental Protection Act 1986; 
• Conservation and Land Management Act 1984; 
• EPA guidance statement No.29; 
• Perth’s Coastal Waters Environmental Values 

and Objectives (EPA 2000); and 
• ANZECC and ARMCANZ (2000) Australian 

and New Zealand guidelines for fresh and 
marine water quality.  

4.1.4.2 Groundwater Modelling 
In general, the issues related to infiltration of 
groundwater near the coast are: 

Section Four: Environmental Impacts and Management Strategy - Final v.3 - 8 November 2005 
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• Localised elevation of the water table (mounding); 
• Potential for increased beach erosion if groundwater 

levels are elevated at the beach; 
• Potential for ponding on the beach; 
• Potential for odour at the beach;  
• Contamination of groundwater with nutrients, 

toxicants and pathogens;  
• Impacts of elevated nutrients, toxicants and pathogens 

on shoreline water quality where the contaminated 
groundwater enters the ocean. 
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The potential impact of the infiltration option was assessed 
through a combination of: 
• Groundwater flow and solute transport modelling; 
• Review of monitoring data from similar sites operated 

by the Water Corporation; 
• Interpretation of baseline data collected on the quality 

of shoreline waters, porewater and groundwater 
survey data; and  

• Assessment of hydrodynamic modelling of nearshore 
currents. 

Groundwater Flow and Solute Transport Modelling 
Groundwater flow and solute transport modelling was 
carried out to determine the effects of infiltrating treated 
wastewater at the site.  Nitrogen loads in groundwater 
discharging to the ocean, and changes to groundwater 
levels and the fate of phosphorus in the treated wastewater 
were calculated for various scenarios (Rockwater 2004). 
 
The Alkimos model was “telescoped off” the Perth 
Regional Aquifer Modelling System (PRAMS) 
groundwater model being developed by the Water 
Corporation and the DOE.  That process produced a sub-
set of the main model: for this project the model was 
reduced to an area centred on the WWTP site and covering 
17.5km north–south by 19.5km east–west, and the top two 
layers of the PRAMS model that represent the superficial 
formations. 
 
The model consisted of a rectangular grid of 55 columns 
and 55 rows, and cell sizes range from 62.5m by 62.5m at 
some of the planned infiltration ponds, to 500m by 500m 
in marginal area.  It utilises Processing Modflow Pro 
(Chiang and Kinzelbach, 1991) software that incorporates 
MODFLOW, finite-difference groundwater modelling 
software designed by the US Geological Survey.  Model 
stress periods were selected to alternate between 212 days 
of summer (October to April), and 153 days of winter 
(May to September).  All of the recharge is assumed to 
occur during the winter. 
 
The flow-path model PMPATH (Chiang and Kinzelbach, 
1994) was used to calculate flow paths and travel times 
from infiltration ponds to the ocean.  Solute transport 
model MT3DMS (Zheng and Wang, 1999) was used to 
model the transport, dilution and biodegradation of 
nitrogen, and the adsorption and transport of phosphorus in 
the groundwater. 
 
Figure 4.1 gives a schematic representation of groundwater 
flora to the near shore environment. 

Monitoring Data from Similar Sites 
Groundwater and ocean water quality monitoring 
data from Bunbury WWTP (7 ML/d to ponds 100-
200m from the beach), Gordon Rd WWTP were 
reviewed as part of this PER.  The similarity 
between these sites and Alkimos provides greater 
confidence in the predictions of impacts at 
Alkimos. 

Hydrodynami  Modelling c
Hydrodynamic modelling was primarily undertaken 
to describe the dispersion of treated wastewater 
from the Alkimos ocean outfall, the model was also 
used to calculate the wind-driven currents 
immediately adjacent to the shoreline where the 
groundwater plume would emerge (see Figure 4.2) 

Groundwater Flow and Solute Transport 
Modelling 
Rockwater (2004) was commissioned to undertake 
the field investigations and modelling for the 
groundwater flow project.  Field trials established 
the infiltration capability and numerical 
groundwater modelling was used to predict the 
impact on groundwater.  Groundwater flow and 
solute transport modelling was carried out to 
predict impacts on the groundwater, including at the 
coast at the point of discharge to the marine 
environment.  
 
Combinations of the following scenarios were 
modelled: 
• Infiltration with a peak of 10 ML/day and 

20 ML/day after 13 years; 
• Pumping and no pumping from the proposed 

Eglinton water supply bore field; 
• Reuse bores installed down gradient of the 

WWTP at a sufficient distance to provide a 
nominal travel time between infiltration and 
extraction; and 

• Treated wastewater quality between 6 mg/L 
and 10 mg/L with and without denitrification 
occurring in the aquifer. 

 
Results suggested that: 
• Infiltration rates greater than 0.4 m/day are 

achievable; 
• Groundwater mounding is negligible (+ 0.4m 

immediately beneath infiltration ponds); 
• The proposed Eglinton water supply bore field 

will not be impacted by infiltrated wastewater; 
• Infiltrating 20 ML/d would result in a 

minimum 4 month travel time of treated 
wastewater to reach the ocean; and 

• Relatively low nitrogen loads are likely to be 
discharged to the coast; these are likely to be 
rapidly diluted and dispersed.  The construction 
of reuse bores would result in no nitrogen 
loading to the coast in the medium-term (i.e. up 
to 2020). 
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In summary, hydrogeological investigations into the 
onshore impact of infiltration at the Alkimos WWTP have 
shown that infiltration is technically sound.  In particular: 
• infiltrated wastewater would not flow east towards the 

proposed Eglinton borefield; 
• groundwater mounding would be  minimal, ~ 0.2m 

beneath the infiltration ponds; 
• infiltrated wastewater would take a minimum of 4 

months to reach the coastline, suggesting high virus 
and bacteria removal; and 

• nitrogen loadings to the coast should be low if 
denitrification rates found in similar scheme in WA 
occur at Alkimos.  

Fate o  Infiltrate f

tImpac  of Additional Nitrogen Loading 
on Marine Environment 
The heterogenous nature of the sand and limestone 
matrix that the groundwater travels through to the 
coast means that the rate of denitrification will 
vary.  The load of nitrogen to the coast could be 
less than or greater than that predicted with the 
denitrification rates derived by Rockwater (2004).  
 
The most conservative impact assessment would 
assume that all the nitrogen that is discharged to the 
ponds ends up at the coast.  This would change 
concentrations from about 1.5 mg/L to about 
5 mg/L. It is likely that this would result in 
measurable change in nutrient related water quality 
at the shoreline. The treated wastewater disposed inland will mix with the 

ambient flow to the coast and emerge along a front about 
1,500m long in the nearshore region.  Because the 
infiltration occurs close to the coast into an unconfined 
aquifer, the groundwater will typically enter the ocean 
from between the high-tide mark and up to 20 to 50m 
offshore, the greatest flow will occur in the highest part of 
this zone (Smith et al 2003 and Figure 4.1).   

 
Although there is no specific EPA policy on 
‘acceptable nitrogen loading’ as such, an increase in 
nitrogen concentrations in groundwater discharging 
over approximately 1,500m of coast may result in 
localised increases in primary productivity in the 
nearshore region.  
  
There is a risk that phytoplankton biomass may 
increase by detectable amounts at the shoreline 
sampling sites.  The environmental consequence of 
this will be insignificant, however, locally derived 
Environmentally Quality Criteria may be exceeded 
from time to time as the beach will be classified as 
having a high (E2) level of protection.  

In addition to the mixing with ambient groundwater at the 
point of infiltration, there are complex and significant 
mixing processes in the beach and nearshore region: 
• In the beach matrix, tidal pumping acts to dilute the 

ground water before it reaches the shoreline (Oceanica 
2005b); 

• The intertidal region is within a surfzone and 
groundwater will be rapidly diluted with sea water 
through wave action; and Conclusion 

The Water Corporation has rejected infiltration as 
an interim option for disposal and treated 
wastewater due to the uncertainty surrounding the: 

• Longshore wind and wave currents will advect water 
away from this region, numerical modelling of wind 
driven currents for this region suggest that currents 
will be 5 to 10 cm/s and northward (see Figure 4.2 and 
Section 2.6.6). 

 

• fate and transport of nutrients to near shore; 
• probability of exceedance of the high E2 level 

and protection at the beach. 
 The end result of the dilution is that the influence of 

groundwater will be very difficult to measure immediately 
away from the seabed where it emerges. 
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Figure 4.1 Schematic of groundwater flow to nearshore zone in Perth coastal environment 

 
 

 
 
 
 
Figure 4.2  Modelled nearshore currents at Alkimos:  Current Roses are for Site 14920 
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4.1.5.2 Potential Issues and Impacts 
4.1.5 Subterranean Fauna Therefore stygofauna is not considered a Relevant 

Environmental Factor for assessment in the PER, 
particularly because Water Corporation has discounted 
infiltration as an interim disposal option. 

4.1.5.1 Environmental Standards and 
Objectives 

The Water Corporation seeks to maintain the 
abundance, diversity, geographic distribution and 
productivity of stygofauna at species and ecosystem 
levels through the avoidance or management of adverse 
impacts and improvement in knowledge. 

4.1.6 Coastal Processes 

4.1.6.1 Environmental Standards and 
Objectives 

No specific environmental guidelines or criteria exist 
for physical coastal processes such as water column 
structure, currents or sediment movement.  Impacts to 
coastal processes are generally indirectly managed 
through ecologically based criteria such as the EPA of 
Western Australia’s Environmental Quality Objectives 
(EQO) for the Perth coastal environment (EPA 2000), 
the State Water Quality Strategy No. 6 (Government of 
Western Australia 2004) and the 
ANZECC/ARMCANZ (2000) guidelines.  Any 
significant changes in coastal processes are likely to be 
captured by ecological quality criteria (EQC) through 
changing the natural marine physical and chemical 
environment with subsequent impacts to the local 
ecosystem. 

Value , Standards, Guidelines Or Procedures s
Should any stygofauna occur within the proposed 
excavation and dewatering areas, the EPA would need 
to be assured that no species will be driven to 
extinction through the Corporation’s activities. 
Therefore it is understood that the EPA will require 
that the Corporation’s operations maintain the 
abundance, diversity and geographical distribution of 
any subterranean fauna found. 
 
Currently, there are three legislative Acts relevant to 
the conservation of subterranean ecosystems and their 
biota.  These comprise two Western Australian State 
Acts and one Federal Act identified below: 
• Environmental Protection Act 1986 (State);  

An Environmental Quality Objective (EQO) is a 
specific management goal for a part of the 
environment. EQOs can be either ecologically-based 
and describe the desired level of health of the 
ecosystem (eg. in terms of limits of acceptable change 
from natural conditions), or socially-based and describe 
the specific human uses to be protected (eg. swimming 
or boating). The Environmental Values and their 
associated EQOs are: 

• Wildlife Conservation Act 1950-1979 (State); and 
• Environmental Protection and Biodiversity 

Conservation Act 1999 (Commonwealth) 
 
The EPA has released Guidance Statement No. 54: 
Guidance for the Assessment of Environmental Factors 
(in accordance with the Environmental Protection Act 
1986) Consideration of Subterranean Fauna in 
Groundwater and Caves during Environmental Impact 
Assessment in Western Australia (EPA 2003). This 
Guidance statement outlines the minimum 
requirements for environmental management expected 
to be met by the proponent and the public during the 
assessment process.  In general any proposal that could 
potentially have a significant impact on stygofaunal or 
troglofaunal habitat will trigger a formal EIA under the 
EP Act if they adversely affect: 

 
Ecosystem Health:  
• EQO 1 Maintenance of ecosystem integrity 

(naturally diverse and healthy ecosystems). 
 
Fishing and Aquaculture:  
• EQO 2 Maintenance of aquatic life for human 

consumption (seafood safe to eat). 
 • the water table;  
Recreation and Aesthetics:  • water quality; or  
• EQO 3 Maintenance of primary contact recreation 

values (waters safe for swimming). • destroy or damage caves. 
 • EQO 4 Maintenance of secondary contact 

recreation values (waters safe for boating). The Alkimos Stygofauna Pilot Survey was designed to 
meet the requirements of EPA’s Position Statement 
No. 54 (EPA 2003) and those of the Department of 
CALM (DCLM) Regulation 4 & 17 Permit 
Applications. Sampling was carried out by the 
Environment Branch’s Specialised Monitoring Group, 
Water Corporation between the 9th and 11th, and on the 
25th of August, 2005 

• EQO 5 Maintenance of aesthetic values (pleasant, 
attractive environment). 

 
Industrial Water Supply:  
• EQO 6 Maintenance of industrial water supply 

values (water suitable for industry use). 
  

The locations of sampling bores are shown of Figure 
4.3. 
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Figure 4.3  Location of Bores Sampled for Stygofauna 
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4.1.6.2 Potential Issues and Impacts  
The construction and operation of the Alkimos ocean 
outlet is unlikely to significantly impact the coastal 
processes in the Alkimos nearshore or offshore region. 
 
Treated wastewater outlets can impact physical and 
chemical characteristics of the marine environment 
through the introduction of water of lower salinity, 
different temperature and/or different dissolved oxygen 
characteristics.  Wastewater from the Ocean Reef 
outlets is buoyant (of lower density) in comparison to 
the surrounding marine waters (Oceanica 2005c).  The 
dilution levels for the Ocean Reef outlet are monitored 
by comparing nutrient concentrations in surface waters 
directly above the diffuser with background surface 
concentrations from the adjacent area.  The diffusers at 
Ocean Reef have a modelled initial dilution of ~ 1:140 
(dilution is specific to modelled environmental 
conditions). 
 
The water column structure and physical parameters 
(i.e. salinity and temperature) can change over short 
timeframes at any given location in coastal waters. For 
this reason a direct comparison of the Ocean Reef (OR) 
water column structure with that of the Alkimos region 
cannot be made within the scope of the current study. 
However several observations can be made about the 
influence of the OR outlets on the ambient water 
column structure (Oceanica 2005c): 
• Treated wastewater is largely freshwater, and it 

therefore buoyant and rises to the surface as a 
plume.  The plume rapidly mixes with the ambient 
seawater and has attained a similar salinity (to 
seawater) as it reaches the ocean surface (<0.5 % 
lower salinity at 10m above the diffuser); 

• The treated wastewater has been diluted of the 
order of 100 times by the time it reaches the 
surface (at 10m above the diffusers); 

• Water temperature is not substantially altered. The 
plume buoyancy may act to reduce thermal 
stratification directly above the diffusers; 

• The detectable wastewater plume at Ocean Reef 
typically extends from 0.5 to 2.5km from the 
ocean outlet (detected using nutrient 
concentrations). 

 
The energetic coastal environment in the vicinity of the 
proposed Alkimos ocean outlet will work to dilute and 
disperse the treated wastewater discharged from the 
ocean outlet. These conditions will also break down 
any density stratification potentially produced by the 
introduction of less dense treated wastewater to the 
marine environment. 
 
The potential for impacts to the local sediment 
movement and shoreline stability from the construction 
and physical presence of the ocean outlet are 
considered minimal because the pipe will be buried in 
the beach/intertidal zone. 

4.1.6.3 Management Strategy 

Oceanographic Processes 
The proposed Alkimos ocean outlet will be located in a 
suitable position to allow for effective dispersal and 
dilution of the treated wastewater. The outlet will be 
constructed with a diffuser array to increase the degree 
of initial dilution and minimise the spatial extent of 
density differences in local water column structure. The 
hydrodynamic modelling of the physical behaviour of 
the treated wastewater plume from the Alkimos ocean 
outlet is presented in Section 4.1.9. 

Shoreline Stability 
The preferred method of construction for the Alkimos 
ocean outlet will involve a temporary access jetty or 
groyne to be built at the launch site to allow for the 
deep burial of the pipeline in the beach/intertidal zone.  
This method will preclude the need for a permanent 
structure at the shoreline and prevent any longer term 
disturbance to normal sediment movement at the site.  
It is envisaged that the pipeline will be buried such that 
permanent surface structures will not be visible on the 
beach or in the intertidal zone.  The pipeline will be 
buried to sufficient depth to not impede or influence 
local sediment movement or beach erosion / deposition 
patterns. 

4.1.7 Benthic Habitat 

4.1.7.1 Environmental Standards and 
Objectives 

The EPA’s Guidance Statement No. 29 addresses the 
protection of Benthic Primary Producers (BPP) such as 
seagrasses, seaweeds and turf algae.  It also covers 
Benthic Primary Producers Habitats (BPPH), that is, 
the BPPs and the substrate which can or does support 
them.   
 
The EPA recommends the delineation of a 
management unit of 50km2 in which issues such as 
ecosystem integrity, cumulative impact and 
biodiversity are addressed (EPA 2004a), although the 
EPA does consider larger units, such as Cockburn 
Sound (~100 km2) based on ecological principles.  A 
proposed management unit of 50km2, centring on the 
Alkimos survey area (and proposed pipeline), is given 
in Figure 4.4 Suggested boundary for BPPH 
management unit (50km2). 
 
Within this management unit the following calculations 
are required; 
• all loss/damage to BPPH caused by human 

activities since European habitation of Western 
Australia; 

• current area of BPPH; and 
• loss/damage of BPPH likely to result from 

proposed works. 
 
The BPPH guidance statement defines six categories of 
marine ecosystem protection, and the cumulative loss 
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thresholds for each.  The area offshore of Alkimos, as a 
high protection area, falls under category B, in which a 
cumulative loss of 1% of the historic BPPH is seen as 
meeting EPA objective. 

Historic losses of BPPH 
The area offshore of Alkimos is undisturbed with 
regard to dredging or land reclamation works, so there 
have been no historic losses of BPPH within the 50km2 
management unit.   

Current extent of BPPH within management unit 

Section Four: Environmental Impacts and Management Strategy - Final v.3 - 8 November 2005 

The current coverage of BPPH within the management 
unit can be estimated from the extrapolation of habitat 
coverage data (vegetated and unvegetated habitat) 
already obtained from the classification of aerial 
imagery within a 9.7km2 region of the proposed BPPH 
management unit (see Figure 4.4).   
 
Within the 9.7km2 mapping region, approximately 
4.0km2 of vegetated habitats were mapped, 
representing 41% of the total area.  The detailed 
groundtruthing of a 3.3km2 area within the proposed 
management unit revealed vegetated habitats to cover 
1.5km2 (43%) of the area.  It is therefore likely that 
approximately 41 to 43% of the 50km2 BPPH 
management unit consists of vegetated habitats. 

4.1.7.2 Potential impacts and issues 

Direct loss/damage of BPPH expected from 
proposed pipeline construction and operation 
A 3.5km pipeline reaching 20m depth is proposed. 
However two options were modelled for the length of 
the ocean outlet, a 3.5km pipeline reaching 20m depth 
(Option 1a) and a 2.0km pipeline reaching to 10m 
depth (Option 1b). Both pipeline options would be 
constructed of 1200mm diameter piping and would 
follow the same route for the initial 2km.  The longer 
pipeline (3.5km) would obviously require a larger area 
of marine habitat disturbance though provides other 
environmental benefits such as greater dispersal of the 
treated wastewater plume. The 2km pipeline (Option 
1b) may be extended to 3.5km in the future, 
particularly with increased outflows as the area 
serviced by the Alkimos WWTP becomes more 
populated.  
 
Two primary methodologies are available for the 
construction of the ocean outlet pipeline in the marine 
environment. Details regarding the pipeline placement 
and anchoring are yet to be finalised, but it likely that 
the pipe will be installed by surface methods which 
would involve a trench being excavated through the 
reef features.   
 
The likely disturbance caused by surface trench 
construction is presented in Table 4.3 for both Option 
1a (3.5 km) and 1b (2.0 km).  Option 1a crosses 
approximately 1.8km of vegetated habitat and 1.5km of 
sand habitat. Option 1b crosses approximately 1km of 
sand habitat and 1km of vegetated habitat.  The 
trenching method for Option 1a would cause the 

disturbance of approximately 1.8 ha of vegetated 
habitat and have a total footprint of 3.3 ha. Option 1b 
would cause the disturbance of approximately 0.99 ha 
of vegetated habitat and have a total footprint of 
1.96 ha.  This represents a loss of approximately 0.09% 
or 0.05% of the vegetated habitats present within the 
BPPH management unit (21km2)  for Option 1a and 1b 
respectively. Option 1a and 1b (using the trenching 
methodology) would cause disturbance of 0.07% or 
0.04% of the overall management unit respectively.  
This falls well below the 1% cumulative loss threshold 
set out in the guidance statement (EPA 2004).   
 
Back-filling and the presence of the pipe are likely to 
counter much of the loss of hard substrate (the upper 
half of a 3.5km or 2.0km long, 1.2m diameter pipe 
represents over 0.66 ha or 0.37 ha of hard substrate 
respectively).  The recolonising faunal and algal 
communities would be similar to those previously 
found in the area, although seagrass species are 
unlikely to recolonise this region.  Experience with 
other ocean outlet pipelines in Perth coastal waters is 
that the pipe will be rapidly colonised by faunal and 
algal communities found on reef habitat in the region. 
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Figure 4.4  Suggested boundary for BPPH management unit (50km2) 
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Table 4.3  Direct loss/damage of habitat types expected from the construction of the proposed Alkimos ocean 
outlet (options 1a and 1b) 

Option 1a (3.5 km) Option 1b (2.0 km) Habitat Type 
Area (m2) % of total loss Area (m2) % of total loss 

Amphibolis and reef 1,869 5.5 1,870 9.5 

High relief reef 8,320 24.7 2,309 11.7 

Low relief reef 578 1.7 579 2.9 

Reef 6,762 20.1 4,309 21.9 

Wrack 794 2.4 794 4.0 

Total Vegetated 18,232 54.4 9,862 50.1 

Sand 15,370 45.6 9,826 49.9 

Total 33,693 100 19,687 100 
 

Indirect loss/damage of BPPH expected from proposed 
pipeline construction and operation 
The Ocean Reef ocean outlet is located in a comparable 
oceanographic setting to the proposed Alkimos ocean 
outlet, to be constructed approximately 17km to the north.  
The ecological and physicochemical impacts from the 
Ocean Reef ocean outlet are routinely monitored and 
assessed as part of licensing requirements of the Beenyup 
WWTP and the Water Corporations’ environmental 
management activities.  Thus the likely impacts on the 
benthic communities adjacent to the Alkimos ocean outlet 
can be inferred from the findings of the Ocean Reef ocean 
outlet studies.   
 
Studies conducted to allow for assessment of the impacts 
of operation of the Ocean Reef ocean outlet on the 
adjacent benthic habitats include: 
• Perth Long-Term Ocean Outlet Monitoring (PLOOM) 

Programme 1995-1999: Summary Report (D.A. Lord 
& Associates et al. 1999); 

• Perth Long-Term Ocean Outlet Monitoring (PLOOM) 
Programme 1995-2000: Summary Report (D.A. Lord 
& Associates et al. 2000); 

• Perth Long-Term Ocean Outlet Monitoring (PLOOM) 
Programme: Ocean Reef Benthic Habitat Mapping 
Study 2001/02. Report No. 01/225/1 (DALSE and 
UWA 2002);  

• Perth Long-Term Ocean Outlet Monitoring 
Programme 2001-2002 (PLOOM 3).  Report No. 
241/01 (DALSE 2003); and 

• Condition of Seagrasses at Ocean Reef. Report No. 
355/01 (DALSE 2004); 

 
The PLOOM Programme included comparison of the 
macroalgal community structure on platform, pavement 
and reef habitat at sites near the Ocean Reef ocean outlet, 
through which approximately 110 ML/d of TWW is 
discharged, and at control sites during spring, summer and 
autumn.  These surveys found no evidence of adverse 
effects resulting from treated wastewater discharge, as 

indicated by the absence of macroalgae species that 
tend to flourish under conditions of nutrient 
enrichment.   
 
Variable amounts of ‘nuisance’ green algae (e.g. 
Ulva, Chaetomorpha), brown and red filamentous 
macroalgae were reported on the reefs within 1km 
of the Ocean Reef Ocean Outlets (DALSE and 
UWA 2002).  Higher densities of Ulva were 
observed in macroalgal communities present on 
pavement and high-relief reefs located 0.5-1.5km 
south and 1km north of the outlets, relative to 
nearby reference sites, although its distribution was 
patchy and inconsistent.  A macroalgal plate study 
(DALSE 2004) failed to show evidence of 
increased biomass of nuisance macroalgae closer to 
the Ocean Reef outlets, suggesting that the 
discharge of this volume of TWW is not causing a 
change in macroalgal assemblage on the 
surrounding seabed. 
 
One potential effect on seagrass health resulting 
from an increase in the ambient nutrient 
concentration is the increased growth of epiphytic 
algal species.  Epiphytes were not, however, 
noticeably greater in cover on seagrass located in 
the immediate vicinity of the Ocean Reef outlets 
relative to seagrass observed in areas more distant 
from the outlets (DALSE and UWA 2002; DALSE 
2003).  The low epiphyte loads on seagrass in the 
vicinity of the outlets were considered to be at least 
partially attributable to the dominance of fast-
growing, ephemeral species with high leaf turn-
overs (e.g. Heterozostera tasmanica, Halophila 
ovalis) and thus shorter periods of time available 
for epiphytic colonisation.  The other dominant 
species in the region, Posidonia coriacea, has a 
thick smooth cuticle covering the leaf which will 
also act to reduce epiphyte colonisation.  In 
addition, the waters in the region are well-mixed 
causing nutrient levels to quickly become diluted to 
background concentrations. 
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A study into the condition of seagrasses at Ocean Reef 
(DALSE 2004) indicated no clear trend between seagrass 
health (measured as leaf and shoot density) and proximity 
to the ocean outlets.  A high degree of variability was 
recorded in Posidonia coriacea leaf and shoot densities 
from year to year at both reference and potential impact 
sites, and leaf and shoot densities at the potential impact 
sites were generally higher than at the reference sites, 
possibly reflecting low-level nutrient enhanced growth.   
 
The results of the studies discussed above suggest that a 
loss of seagrass or changes in seagrass health in the area 
surrounding the pipeline is unlikely. 
 
Changes in the distribution of benthic habitats in a 
3,150 ha study area surrounding the Ocean Reef outlets 
was investigated in 2004 using the examination of high 
resolution aerial imagery captured in 2002 and 2004 
(Oceanica 2004).  No changes in the distribution of losses 
or gains in vegetated habitat within the study area were 
related to the operation of the outlet.  Therefore it is highly 
unlikely that a broad-scale change in habitat distribution 
will occur following the construction and operation of the 
ocean outlet. 

A summary of the risk to benthic habitat from the 
operation of the ocean outlet is presented in Table 
4.4. 

4.1.7.3 Management Strategy  
The method of pipeline placement and anchoring 
will greatly affect the direct losses of benthic 
habitat which occur, with tunnelling of the pipeline 
likely to cause minimal loss of habitat.  The 
operation of the Alkimos ocean outlet will result in 
elevated nutrient concentrations in the local area, 
although marked environmental effects are not 
expected.  The design and location of the diffusers 
will determine the area of seabed, and the habitat 
types, influenced by elevated nutrient 
concentrations. 
 
 
 
 
 
 
 
 

 
Table 4.4  Potential risks to benthic habitat from operation of the Alkimos ocean outlet 

Issue Process Impact Mitigating Factors 
Direct loss of BPPH Modification of habitats if 

outlet laid on the surface 
and trench dug through reef 
features. 

Modification of 1.96 ha of 
seabed, including 0.99 ha 
of vegetated habitat (0.05% 
of vegetated habitat within 
BPPH management unit). 

Outlet path will be selected to 
minimise impacts. 
 
Back-filling of trench and presence 
of pipe would counter some of the 
loss of hard substrate.   

Change in macroalgal 
community 
 
 
 
 
 
 
 

Increased nutrient input into 
nearshore waters. 
 
 
 
 

Potential increase in 
abundance of ‘nuisance’ 
green algae.  Possible 
increase in cover of 
microphytobenthos 
films/mats on nearby sand 
habitats. 
 
 

TWW treated to high level to 
minimise nutrients. 
 
Discharge to dispersive 
environment. 
 
No evidence of community shift at 
reef sites surrounding the Ocean 
Reef Ocean Outfall.  

Decrease in seagrass 
health 
 

Increased nutrient input into 
nearshore waters. 

Increased growth of 
epiphytic algal species on 
seagrass leaves, and 
decreases in shoot/leaf 
density. 
 

No observed increase in epiphytic 
algal cover on seagrasses in the 
vicinity of the Ocean Reef ocean 
outlets. However, effects may be 
seagrass-species dependent.  
No impact on seagrass health 
close  to Ocean Reef Ocean 
Outlets. 

Change in habitat 
distribution 

Change in habitat 
distribution caused by 
changes in nutrient input. 

Loss of seagrass habitat 
due to nutrient effects. 

No marked losses of vegetated 
habitat in the vicinity of the Ocean 
Reef ocean outlets between 2002 
and 2004. 
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4.1.8 Sediment Quality  

4.1.8.1 Environmental Standards and 
Objectives 

The EPA has developed Environmental Quality 
Objectives (EQO) for the Perth coastal environment 
including contaminants in sediments (EPA 2000). 
These EQO’s guide management decisions by 
describing desired environmental values that such 
decisions should maintain. The proposed Alkimos 
ocean outlet falls within a zone designated for High 
Level Ecosystem Protection (E2) under this scheme.  It 
is likely that the approval process for the Alkimos 
ocean outlet will entail some moderation of the level of 
ecosystem protection in the initial dilution zone of the 
outlet. In addition to the moderation of ecological 
protection, social values of swimming and seafood 
collection are also likely to be excluded from a buffer 
zone surrounding each outlet.  This “buffer” zone will 
be developed for the Alkimos ocean outlet during the 
approval process in consultation with the EPA, using 
available information on the likely spatial extents and 
magnitude of impacts to the local marine environment. 
 

While it is the intention of the EPA to derive numerical 
and/or narrative  Environmental Quality Guidelines 
(EQG) and Environmental Quality Standards (EQS) for 
the Perth coastal waters, at the time of reporting these 
guidelines/standards were under development. As an 
interim measure the ANZECC/ARMCANZ (2000) 
default guidelines and/or Environmental Quality 
Criteria (EQC) developed for Cockburn Sound (EPA 
2005) have often been adopted for sediment quality 
(EPA 2004b; EPA 2004c; EPA 2005).  

4.1.8.2 Assessment of Sediment Quality 
A review of the baseline sediment characteristics 
adjacent to the proposed Alkimos ocean outlet location 
was conducted together with a comparison of these 
characteristics to those of Ocean Reef, where a 
comparable WWTP ocean outlet(s) has been operating 
since 1978.  A total of 24 sediment quality sites were 
sampled adjacent to the proposed Alkimos ocean outlet 
as part of two sampling programmes occurring on 9 
February 2005 and 30 May 2005 (Oceanica 2005a; 
Oceanica 2005b). These sites were samples for 
sediment grain size, nutrients, organic matter, 
carbonates, metals and (on selected samples) pesticides 
and herbicides.  Sampling on the 9 February 2005 was 
focused on assessing the baseline sediment quality of 
the Alkimos region (Oceanica 2005a) where as 
sampling on the 30 May 2005 primarily looked at the 
influence of groundwater infiltration on shoreline and 
nearshore sediments (Oceanica 2005b). 
 

The Ocean Reef ocean outlet is located in a comparable 
oceanographic setting to the proposed Alkimos ocean 
outlet, to be constructed approximately 17km to the 
north shoreline. The ecological and physicochemical 
impacts from the Ocean Reef ocean outlet are routinely 
monitored and assessed as part of licensing 

requirements of the Beenyup WWTP and the Water 
Corporations’ environmental management activities.   
 

The following studies were conducted in either fully or 
in part to allow for assessment of the likely impacts of 
operation of the proposed Alkimos ocean outlet on the 
adjacent marine sediment quality: 
• Sediment Survey. Report No. 439/1 (Oceanica 

2005a); 
• An evaluation of the impacts of groundwater 

infiltration on marine sediments. Report No. 439/2 
(Oceanica 2005b); 

• Alkimos Current and Waves Measurement Study. 
Report C10658/3710/RO (Fugro 2005); 

• Benthic Habitat Mapping and Infauna Survey. 
Report No. 438/1 (Oceanica 2005c); 

• Alkimos WWTP hydrodynamic modelling of 
outlet discharge (WorleyParsons 2005); and 

• Hydrological investigation at the proposed 
Alkimos WWTP site. Report 236.38/04/1 
(Rockwater 2004); 

 

The assessment of the likely impacts on marine 
sediment quality from the proposed Alkimos ocean 
outlet has been focused on the comparison of existing 
sediment quality at Alkimos with that adjacent to the 
Water Corporations currently operating Ocean Reef 
ocean outlet. 
 

Table 4.5 displays selected sediment quality parameters 
for sites in the Alkimos ocean outlet and Ocean Reef 
ocean outlet coastal “strip”.  The sites selected for 
representing the offshore Perth coastal sediments are 
from between 5km south of the Ocean Reef ocean 
outlet to 17km north of the Ocean Reef ocean outlet 
(the proposed Alkimos ocean outlet location).   
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Table 4.5  Comparison of selected sediment quality parameters in the vicinity of the proposed Alkimos ocean 
outlet and the existing ocean reef WWTP ocean outlets 

Site Distance from 
outlet1 

Carbonate2,3 
(% dry wt) 

Organic matter 
(LOI %w/w) TKN (mg.N/g) TP (mg.P/g) Cadmium4 

(mg/kg) 
Alkimos (Offshore 3)5 17.4km North 70.1 3.0 0.2 0.45 0.08 
Alkimos (Nearshore 4)5 17.1km North 66.2 3.4 0.2 0.44 0.07 
Alkimos Shoreline (GS-
S3)6 

16.8km North 53.3 3.0 0.1 0.32 0.07 

Mindarie 2400W7 9.5km North 79.25 3.4 (±0.1) Not avail. Not avail. <0.1 
Ocean Reef (OR15)8 8.9km North 3.0 0.3 0.05 0.018 Not avail. 
OR250N9 0.25km  North 80.6 (±3.8) 4.2 (±0.3) Not avail. Not avail. 0.05 (±0.03) 
OROO7,10 0 km 74.83 3.3 (±0.4) 0.18 0.25 <0.1 
OR108 0.6km West 78.5 3.0 0.25 0.37 Not avail. 
OR410 5km South 80.3 2.4 0.27 0.37 Not avail. 

Notes: 
• Distance and direction from the Ocean Reef WWTP ocean outlet, operational since 1978; 
• Calculated from weight loss on ignition between 550 oC and 1000 oC [LOI x (100/44)]; 
• Figures in brackets represent 1 standard deviation (Oceanica 2005a); 
• Metal selected as generally indicative of anthropogenic pollution, PLOOM monitoring of the Water Corporation ocean outlets in Perth coastal waters has not 

identified significant metal pollution of marine sediments (e.g. DALSE 2004); 
• Taken from Alkimos sediment survey, February 2005 (Oceanica 2005a); 
• Taken from Alkimos groundwater / sediment investigation (Oceanica 2005b); 
• Taken from ‘PLOOM Metals and Pesticides Survey 2000’ (SKM 2000); 
• Taken from ‘PCWS – Sediment Nutrient Processes’ (Rosich 1994). Data from March 1994 used as it is most comparable seasonally to the February 2005 

Alkimos survey (Oceanica 2005a);  
• Taken from ‘PLOOM 3.2 2003/2004 Metals and pesticide surveys…’ (DALSE 2004); and 
• Taken from ‘PCWS – Sediment Nutrient Processes’ (Rosich 1994). Data from November 1993 used as February 1994 data not available for this site.  
 
 

4.1.8.3 Potential Issues and Impacts 
Table 4.6 presents the potential risks from the operation of 
the Alkimos ocean outlet to the sediment quality of the 
surrounding area.  Studies of sediment quality conducted 
for the PLOOM programme suggest that current ocean 
outlets operated by the Water Corporation at Sepia 
Depression, Swanbourne and Ocean Reef have not 
unacceptably impacted sediment quality adjacent to the 
outlets.  The exposed physical oceanographic setting of the 
Alkimos ocean outlet, together with the coarse, calcareous 
sediment characteristics of the area, are likely to aid in the 
dispersal and further mitigation of any potential sediment 
quality impacts from the Alkimos ocean outlet.   

4.1.8.4 Management Strategy 
The primary management strategy to ensure the 
maintenance of environmental (sediment) quality 
objectives at Alkimos is the effective dilution and dispersal 
of the secondary treated wastewater in the coastal waters.  
Prior to discharge, the treated wastewater will contain 
elevated concentrations of nutrients, metals, pesticides and 
organic materials relative to the receiving coastal 
environment (Oceanica 2005d) however the effective 
dilution and dispersal of these materials above the diffuser 
mitigates potential environmental impacts on the 
sediments.  
 
In addition to the mitigating factors (e.g. energetic, 
dispersive environment with coarse sediments) several 
aspects of the ocean outlet design and management will 
reduce the risk of adverse impacts on sediment quality to 
negligible levels.  The wastewater undergoes a high level 
of treatment before being discharged to the environment 
and as such contains very low levels of particulates and 
contaminants relative to untreated wastewater; in addition 

the wastewater will not be from industrial sources.  
The buoyancy of the treated wastewater generates 
efficient initial dilution of the wastewater as it rises 
to the surface from the diffuser.  The diffuser is 
specifically designed to maximise the mixing of the 
treated wastewater with the ambient seawater.  The 
buoyancy of the treated wastewater also carries the 
wastewater away from the sediments in the initial 
dilution zone. 
 
Sediment quality in the vicinity of the proposed 
Alkimos ocean outlet will be monitored, assessed 
and reported on through an Environmental 
Monitoring Plan (EMP) designed specifically for 
the Alkimos operation.  The EMP for Alkimos will 
be finalised in consultation with regulatory 
authorities and other stakeholders and will be based 
on the monitoring of perceived risks. A preliminary 
EMP for the Alkimos ocean outlet has proposed 
yearly sediment sampling for various parameters 
including nutrients, toxicants and organic content 
for the initial two years of operation and three-
yearly sampling thereafter. Characterisation of the 
treated wastewater prior to discharge will also be 
used for determination of nutrient, toxicant and 
organic loading to the Alkimos marine environment 
and the assessment of any potential impacts.  
 
Significant experience in the monitoring and 
assessment of treated wastewater ocean outlets has 
been achieved by the Water Corporation over the 
past decades, in particular through the PLOOM 
programme (Oceanica 2005d). 
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Table 4.6  Potential risks to sediment quality from operation of the Alkimos ocean outlet 

Issue Process Potential Risk / Impact Mitigating Factors 
Sediment 
porewater 
dissolved oxygen 
(DO) consumption 

Nutrients and organic 
material supplied by the 
Alkimos ocean outlet 
increases the biomass and 
biological oxygen demand 
at the sediments. 

Change in sediment ecology 
and chemistry. Increased 
release of nutrients 2, metals 
and other toxicants to water 
column if conditions change 
from aerobic to anaerobic. 

Sediments are coarse sands with good supply of DO 
from water column.  No evidence of anoxic conditions 
developing adjacent to existing outlets. The energetic 
marine environment ensures constant sediment 
movement and removal of fine organic fractions. 

Accumulation of 
toxicants in the 
sediments 

Metals, pesticides, 
herbicides and other 
toxicants present in the 
treated wastewater can 
bind to particulates and 
accumulate in the 
sediments. 

Benthic organisms and 
detrital feeders can 
bioaccumulate toxicants with 
deleterious impacts on 
physiology. 

Low concentrations of particulates known to 
preferentially accumulate major toxicants such as clay 
and organics. No evidence of metals or other measured 
toxicants accumulating in sediments adjacent to existing 
outlets. Highly dispersive (energetic) conditions prevents 
accumulation of the finer organic fraction. 

Release of 
nutrients from the 
sediments 

Nutrients bound to 
particulates or released 
into sediment porewaters 
can be released as a 
pulse to the water column 
if the sediments are 
resuspended by wave / 
current action. 

Increased nutrients can 
produce harmful algal 
blooms, increased “weed” 
macrophyte abundance, 
epiphyte abundance and 
increased light attenuation. 

There has not been a significant increase in sediment 
nutrient concentrations from existing outlets.4 Release 
rates of nutrients from Perth coastal sediments are not 
significantly correlated to proximity to WWTP outlets. 

Lowering of 
salinity 

The treated wastewater is 
significantly fresher than 
seawater. As it is released 
from diffusers near the 
seabed a ploom of lower 
salinity water will exist in 
the mixing zone. 

Marine benthic organisms 
are adapted to a seawater 
environment. Lower salinity 
water can stress the 
osmoregulation systems of 
these organisms. 

The treated wastewater is less dense than seawater and 
hence forms a buoyant ploom that does not interact with 
the sediments. “Risers” from the diffuser system elevate 
the wastewater discharge points above the sediments.  

Notes: 
• Sepia Depression, Swanbourne and Ocean Reef (Lord and Hillman 1995; Oceanica 2005c); 
• Up to 350 times more nitrogen was released from Mindarie sediments after 10 days under anaerobic conditions in comparison to aerobic conditions in bench-

top experiments  (Rosich 1994); 
• Several high energy wave events per year are likely to disturb offshore sediments and release a pulse of nutrients to the water column at Ocean Reef (Rosich 

1994); 
• “The close proximity of site SD6 to the Cape Peron outfall did not appear to have any great effect on the nutrient content or release” (Rosich 1994); and 
• The highest nitrogen release rates from bench-top studies were from site OR15, the sample site furthest from a WWTP outlet in the study (Rosich 1994).  
 

4.1.9 Water Quality (Marine) 

4.1.9.1 Environmental Standards and 
Obligations 

The Environmental Protection Authority is implementing 
an Environmental Quality Management Framework for 
Perth’s coastal waters, which is based on identifying 
Environmental Values, establishing and spatially defining 
Environmental Quality Objectives to guide decision-
making and provide goals for management, and 
monitoring and managing to ensure these objectives are 
achieved and/or maintained in the long-term in the areas 
they have been designated (Environmental Protection 
Authority 2000, 2005; Government of Western Australia 
2005).  The approach to developing the framework, 
monitoring protocols and criteria is based on the methods 
provided in ANZECC/ARMCANZ (2000a, 200b). 
 
Four Environmental Values have been identified as 
relevant for Perth’s coastal waters:  
• Ecosystem Health (an ecological value); 
• Fishing and Aquaculture (a social value);  
• Recreation and Aesthetics (a social value); and  

• Industrial Water Supply (a social value) 
(Environmental Protection Authority 2000).   

 
The Environmental Values which apply to the 
coastal waters in the Alkimos Region include: 
Ecosystem Health, Fishing and Aquaculture, 
Recreation and Aesthetics.  The fourth 
Environmental Value, Industrial Water Supply, 
does not apply to the Alkimos Region as there is no 
industry which draws water from the region of the 
outlet.  
Six Environmental Quality Objectives (EQOs), or 
specific management goals for designated areas of 
the environment, have been identified by the 
Environmental Protection Authority to protect these 
Environmental Values (see Table 4.7).   
 
These EQOs include one ecologically-based 
objective which describes the desired level of 
health of the ecosystem (e.g. in terms of limits of 
acceptable change from natural conditions) and five 
socially-based objectives which describe the 
specific human uses to be protected (e.g. 
swimming, boating).  
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The ecological EQO is a fundamental management goal.  
Four levels of ecosystem protection have been defined in 
terms of the limits of acceptable change from natural 
conditions, to allow for the impacts of various levels of 
human-use (see Table 4.7).  The social EQOs are, by 
definition, negotiable and generally derived from a balance 
between existing and future uses after due consideration of 
economic, social and political factors.  

For the five social EQOs, the EQOs are either 
protected or they are not (i.e. the environmental 
quality is either such that it is safe to undertake the 
social activity or it is not).   
 

Table 4.7  Environmental values and their corresponding Environmental Quality Objectives and the levels of 
protection for Perth's coastal waters 

Environmental 
Value (EV) 

Environmental Quality 
Objective (EQO) Description Level of protection 

EQO1:E1 (Level 1) Maintenance of ecosystem 
integrity Total protection – no detectable changes from natural variation 

EQO1:E2 (Level 2) Maintenance of ecosystem 
integrity 

High protection – small changes from natural variation 
allowable 

EQO1:E3 (Level 3) Maintenance of ecosystem 
integrity 

Moderate protection – moderate changes from natural 
variation allowable 

Ecosystem Health 

EQO1:E4 (Level 4) Maintenance of ecosystem 
integrity 

Low protection (mixing zones) – large changes from natural 
variation allowable 

Fishing and 
Aquaculture EQO2 Maintenance of aquatic life 

for human consumption 
Seafood will be safe for human consumption when collected or 
grown in coastal waters except areas designated S2 

EQO3 Maintenance of primary 
contact recreation values 

Primary contact recreation is safe in coastal waters except 
areas designated S3 

EQO4 Maintenance of secondary 
contact recreation values 

Secondary contact recreation is safe in costal waters except 
areas designated S4 

Recreation and 
Aesthetics 

EQO5 Maintenance of aesthetic 
values 

The aesthetic values of coastal waters will be protected except 
in those areas designated S5 

Industrial Water 
Supply EQO6 Maintenance of industrial 

water supply 
Coastal waters will be of suitable quality for industrial water 
supply except in areas designated S6. 

Source: Environmental Protection Authority 2000 
 
• ANZECC/ARMCANZ. 2000a, Australian and New 

Zealand Guidelines for Fresh and Marine Water 
Quality, National Water Quality Management Strategy 
Paper No.4, Australian and New Zealand Environment 
and Conservation Council and Agriculture and 
Resource Management Council of Australia and New 
Zealand, Canberra, ACT. 

• ANZECC/ARMCANZ. 2000b, Australian and New 
Zealand Guidelines for Fresh and Marine Water 
Quality, National Water Quality Management Strategy 
Paper No.7, Australian and New Zealand Environment 
and Conservation Council and Agriculture and 
Resource Management Council of Australia and New 
Zealand, Canberra, ACT. 

• Environmental Protection Authority. 2000, Perth’s 
Coastal Waters: Environmental Values and 
Objectives. The Position of the EPA – a Working 
Document, Environmental Protection Authority, Perth, 
Western Australia. 

• Environmental Protection Authority. 2005, 
Environmental Quality Criteria Reference Document 
for Cockburn Sound (2003-2004). A Supporting 
Document to the State Environmental (Cockburn 

Sound) Policy 2005, Environmental Protection 
Authority Report 20, Perth, Western Australia. 

• Government of Western Australia. 2005, State 
Environmental (Cockburn Sound) Policy 2005, 
Government of Western Australia, Perth, 
Western Australia. 

4.1.9.2 Background 
The Alkimos ocean outlet will initially discharge 
average flows of treated wastewater of up to 
80 ML/d (possibly with staging from an initial 
40 ML/d) at the seabed in approximately 20m of 
water via a 300m long diffuser located between 
3.2km and 3.5km offshore.  The outlet is designed 
to maximise the efficient dilution of the treated 
wastewater.  This is done by spreading the 
discharge out along the diffuser via 100 ports at 3m 
spacing over a distance of 300 m, the direction of 
discharge will also alternate between diffusers (see 
Figure 4.5).  An example of an outlet with a similar 
design constructed in 2001 at Bunbury is shown in 
(see Figure 4.6). 
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Figure 4.5   Concept sketch of Alkimos diffuser 

 

ALKIMOS OCEAN OUTLET: TECHNICAL DATA 
 
DISTANCE FROM SHORE TO DIFFUSER:  3.2 km 
DIFFUSER LENGTH:  300 m 
DEPTH OF DIFFUSER: 20 m 
DIAMETER:  1200 mm 
No. of PORTS:  100 
PORT SPACING:  3 m 
PORT DIAMETER:  100 mm 
AVERAGE INITIAL DILUTION:  200:1 

300 m 

20 m 

3,200 m 
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Figure 4.6  Bunbury ocean outlet, approximately 
12 months after construction showing 
diffuser and pipe 

 
Figure 4.7  Schematic showing fate of treated 

wastewater discharged to ocean under 
calm, long-shore conditions.  A: 
Dilution as wastewater rises from the 
seabed to the surface (Initial dilution). 
B: Dilution as the plume is dispersed 
at the surface (Far-field dilution)  

 
 
Discharge from the seabed, via a diffuser, is an 
effective and energy efficient way of reducing impacts 
as it uses gravity to take the less dense (~1000 kg/m3), 
treated wastewater from the WWTP offshore beneath 
the denser seawater (~1025 kg/m3).  The less dense 
wastewater exits through the diffuser ports and then 
rises through the water column, mixing with the 
seawater at it rises.  It will take less than two minutes 
for this to occur.  By the time the effect of the natural 
buoyancy of freshwater has diminished (the ‘initial 
dilution’), the treated wastewater will be diluted by at 
least 1:200-fold (refer to modelling results in Section 
4.1.9.4).  The effects of wind mixing of the water 
column provides mixing additional to the effect of 
buoyancy and, under strong wind conditions, the 
wastewater plume would not reach the surface and it 
would be completely dissipated and swept downstream 
soon after emerging from the ports.  
 

Figure 4.7 shows a schematic of the mixing process 
during calm conditions with a slight long-shore current.  
It shows the wastewater rising from the diffuser (A) 
and spreading until it reaches the surface, the 
wastewater then mixes under the influence of wind and 
currents (B) until it is indistinguishable from the 
seawater.  The initial rise and dilution of the 
wastewater occurs within 20–30m of the diffuser.  The 
modelling work shows the extent of the plume beyond 
this initial dilution zone. 
 

The discharge treated wastewater to the marine 
environment may have the following impacts on water 
quality: 
• Nutrient effects 

Nitrogen is the nutrient limiting plant growth in 
Perth’s coastal waters (Lord and Hillman 1995) 
and the discharge of treated wastewater from 
ocean outlets creates a localised plume where bio-
available nitrogen concentrations are above those 
typically found in seawater.  Recognising this, 
modern wastewater treatment has a strong focus on 
reducing nitrogen levels and, in the case of 
Alkimos WWTP, nitrogen levels will be reduced 
from around 40-50 mg/L in the primary effluent to 
around 7 mg/L following advanced secondary 
treatment.  However, this still has the potential 
effect of directly promoting phytoplankton growth 
and benthic algal growth.  Phytoplankton, 
epiphytic algae and certain species of benthic algae 
will tend to respond rapidly to the additional 
nutrients compared to seagrasses and benthic 
algae.  This has the potential to create secondary 
impacts such as shading of seagrass due to reduced 
water clarity caused by increased phytoplankton 
growth or increased epiphyte growth.  In addition, 
there may be shifts in assemblage composition in 
phytoplankton or benthic algae due to competition 
from faster growing species.  Seagrasses may also 
respond positively (i.e. have growth enhanced) by 
the addition of small amounts of nutrients. 

• Public health effects 
Although treated to a high level, treated 
wastewater still contains bacteria (from human 
waste) which undiluted constitutes a health risk if 
discharged to waters used for recreation, shellfish 
harvesting or aquaculture.  The combined effects 
of a high level of treatment, dilution, salt water and 
sunlight act to dilute and breakdown the 
concentrations of bacteria to levels found to be 
safe (National Health and Medical Research 
Council 2004). 
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• Metals and organic contaminants 
Treated wastewater contains traces of metals 
(especially copper and zinc from domestic 
plumbing systems) and other substances that can 
be harmful to the marine environment at high 
concentrations (ANZECC/ARMCANZ 2000).  
Ocean outlets in Western Australia rely on the 
initial dilution of the wastewater to ensure that 
environmental quality criteria are met after initial 
dilution if they are not already met in the treated 
wastewater. 
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The marine environment (water and sediment quality) 
at Alkimos is described in detail in Oceanica (2005a, 
2005b, 2005c).  The waters offshore from Alkimos fall 
within the zone currently designated for High Level 
Ecosystem Protection (E2) under the EPA’s draft 
Environmental Quality Objectives (EQOs) for Perth’s 
Coastal Waters (EPA 2000).  The approval process for 
the Alkimos ocean outlet requires modification of the 
level of ecosystem protection in the vicinity of the 
outlet.  The Draft Alkimos Ocean Outlet 
Environmental Management Programme in Appendix 
A describes the management in detail. 

4.1.9.3 Hydrodynamic modelling 
Consulting Environmental Engineers Pty Ltd (CEE) 
and WorleyParsons Ltd undertook hydrodynamic 
modelling of the ocean outlet at Alkimos 
(WorleyParsons 2005, CEE 2005).  This work 
examined the initial dilution and far-field dilution (see 
Figure 4.7) of the wastewater plume (by Worley 
Parsons). 
 
The objectives of hydrodynamic modelling were to: 
• provide feedback into the engineering design to 

ensure that the concept design meets 
environmental requirements (e.g. treated 
wastewater will not reach areas of public activity 
and the greatest possible initial dilution occurs for 
the local environmental conditions). 

• establish the spatial boundaries at which 
ecological, toxicological will be met based on 
ANZECC/ARMCANZ (2000) and current EPA 
draft guidelines (EPA 2005). 

Outline o  modelling program 
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The three-dimensional hydrodynamic modelling study 
was undertaken as a two stage process.  In the first 
stage, a model of the Alkimos marine environment was 
established and calibrated with measured current data 
(Fugro Geos 2005).  This involved: 
• selection of an appropriate model; 
• construction of a model grid using bathymetric 

data; 
• establishment of model boundary, initial and 

forcing conditions; and 
• calibration of the model with field data. 
 
In the second stage, the following tasks were 
undertaken: 
• selection of summer and autumn base weather 

scenarios using available meteorological, water 
temperature and salinity data; 

• introduction into the base model of proposed 
discharge scenarios; and 

• assessment of potential far-field dilution, human 
health impacts and nearshore residence times. 

Model overview 
The Environmental Fluid Dynamics Code (EFDC) 
model has a demonstrated history (WorleyParsons 

2005) of modelling the impacts of discharges in coastal 
regions, and of an ability to model baroclinic 
(baroclinic means that density effects are included) 
mixing and exchanges processes.  The model has been 
widely used in the United States and Western Australia 
for a variety of environmental assessments, and 
importantly, is accepted and used by the US EPA and 
WA EPA.   

Model domain and bathymetry 
The model grid and bathymetry was constructed after a 
review of information from previous modelling of 
Perth’s other wastewater treatment outlets, aerial 
photography and hydrographic data. 
 
The Ocean Reef outlets were selected as providing the 
closest approximation to the likely conditions and 
flows at Alkimos.  To accommodate a similar expected 
plume at Alkimos, and to allow for numerical 
considerations due to boundary effects, a 16km (cross-
shore, “east-west”) by 36km (longshore, “north-south”) 
model domain was used (see Figure 4.8).   
 
The bathymetric data was sourced from hydrographic 
surveys commissioned for the project by the Water 
Corporation.  Additional digitising of unsurveyed reefs 
was undertaken by WorleyParsons from marine charts 
WA 986 and WA 1076.   
 
Once the data had been verified, it was interpolated 
onto a rotated, rectangular and variably spaced grid 
(see Figure 4.9).  The model grid spacing varied from 
500m x 500m down to 50m x 50m in the area around 
the diffuser and reefs.  This choice of spacing 
optimised the number of cells, while providing higher 
resolution around the reefs and diffuser.  The grid was 
optimised by orientating it along the coast to minimise 
excess water cells at the southern end of the grid.   
 
The model was divided into 12 vertical layers, each 
specified as a percentage of the local water depth.  In 
this way the model “follows” the bottom topography, 
resulting in a smooth representation of the system.  The 
actual break-up of model layers is presented in the 
following table, together with some examples of the 
resolution for two typical depths.  Overall the model 
has more than 30,000 cells in the horizontal, and more 
than 350,000 cells in three-dimensional model space. 
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Figure 4.8  Domain modelled 

 
 

Model Boundary Condition  and Forcings 
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In order to run a hydrodynamic model, key input data 
needs to be measured or obtained from literature.  A 
review of earlier studies (Andrews et al. 1983 and Hunter 
1985) found that the current meter data were of unsuitable 
quality for use in validating the model.  As a result, a wave 
and current measurement program was commissioned 
specifically for this project (Fugro Geos 2005) as The 
Fugro Geos work is discussed further in Section 2.4. 
 
A direct specification of the tidal elevation was 
implemented through the prediction of tidal time-series 
based on constituents derived for Two Rocks, the closest 
tidal station to the site. 
 
Table 4.8 summarises the initial conditions for the model 
set-up.  The boundary values for temperature and salinity 
were maintained at these values (constant over depth) 
throughout the simulation. 
 

Table 4.8 Representative initial conditions 

Water Property Summer Autumn 
Temperature 23.0 19.0 
Salinity 36.5 35.3 

 
Wind data was supplied by the Water Corporation 
from a hill-top weather station (Station 100) at 
Alkimos for the period 1 December 2004 to 30 June 
2005.  This data was supplied for use in:  
• model calibration; 
• the summer seasonal modelling scenario 

(December 2004 to February 2005 inclusive); 
and  

• the autumn seasonal modelling scenario 
(March to May 2005 inclusive). 
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Figure 4.9  Model grid. Top: Overall grid. Bottom: detail in region of outlet 
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The Alkimos wind data could not be verified directly 
against a long-term record at the same site to establish 
whether the data recorded in 2004/2005 is 
representative of long-term seasonal trends at the site.  
Consequently, to establish whether the records are 
likely to be representative of long-term trends, analysis 
of 2005 data against longer term records was 
undertaken using data from the Bureau of 
Meteorology’s Swanbourne station.  The analysis 
involved comparison of the total wind speed and 
direction record at Swanbourne between 1999 and 
2005, with the selected months from 2004 and 2005. 
 
In general, the mean wind speed recorded for each of 
the months December to May 2005 is close to the mean 
of all months between 1999 and 2005 (i.e. the mean of 
all January winds compares well to the mean wind 
speed in January 2005).  The maximum difference in 
mean wind speeds was 11% in the comparison of 
March 2005 to all March records.  Therefore, it seems 
reasonable to assume that the mean wind speeds for 
January to May 2005 are generally representative of the 
longer term average conditions. 
 
Other summary statistics also indicated the distribution 
of wind speed records in January to May 2005 around 
the mean is similar to the longer-term record (Worley 
Parsons 2005).  
 
The Alkimos wind data from 1 December 2004 to 28 
February 2005 were used to model summer conditions 
and data from 1 March to 30 May 2005 were used to 
model autumn conditions.  These summer conditions 
were modelled as this is when the greatest human use 
of the coastal water occurs and is also when natural 
loads of nitrogen to coastal waters are least, so 
wastewater loads will pose the greatest potential 
influence.  Autumn is the calmest period of the year 
and when mixing energy is least so the wastewater 
plume will be greatest and so are representative of 
‘worst case’ conditions. 

Model Calibration 
The model was calibrated against current 
measurements from two sites in close proximity to the 
proposed diffuser outlets (see Figure 4.10).  Two 
months of current data at each site were collected by 
Fugro (2005) between 30 April and 26 June 2005.  
Although the sites were less than 2km apart, the current 

measurements represent two different marine 
environments.  Mooring A, at 12m depth was situated 
in a nearshore reef environment while Mooring B, at 
20m depth, was situated in an offshore shelf 
environment.  Mooring A consisted of two Aanderaa 
Recording Current Meters located at depths of 3m and 
9m below mean sea level.  Mooring B consisted of an 
up-ward looking RDI 300 kHz Workhorse Acoustic 
Doppler Current Profiler at a depth of 20m below mean 
sea level.   
 
The model was found to recreate the measured currents 
accurately (WorleyParsons 2005) and therefore was 
found to be suitable for use in predicting the fate of the 
treated wastewater discharge. 

Discharge Scenarios 
The bathymetric, shoreline and land access constraints 
meant that there is only one feasible alignment for the 
ocean outlet (see Figure 4.10).  Two options for outlet 
length were examined: 
• the Inner Option (Point 2 on Figure 4.10) had the 

diffuser starting 1.7km offshore in 11.3m of water, 
which is a configuration similar to that at Ocean 
Reef, Bunbury and Swanbourne; and 

• the Outer Option (Point 1 on Figure 4.10) had the 
diffuser starting 3.2km offshore in 20m of water.   

 
Both options were modelled for Average Dry Weather 
Flow (ADWF) of 40 ML/d and 80 ML/d.  The Inner 
Option was modelled with the aim of assessing 
whether this discharge site could be used without 
unacceptable environmental risks to the reef and 
associated ecosystem.  If the Inner Option could be 
used, the cost savings to the Water Corporation would 
be in the range of $5–10 million.  To convert the 
ADWF to a diurnal discharge suitable for model input, 
the assumption was made that the diurnal variation in 
flows will be similar to patterns experienced at the 
Ocean Reef outlet and that there would be no seasonal 
difference in diurnal variation or ADWF as no 
stormwater or groundwater influence on flow rates is 
expected. The diurnal discharge curve used for 
40 ML/d and 80 ML/d is shown in Figure 4.11.   
 
The discharge is a minimum at around 11:00 am and a 
maximum at 5:00 pm each day. 
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Figure 4.10 Alkimos outlet options: inner option diffuser is at point 2; outer option diffuser is at point 1.  
Current meter locations are shown at a and b 
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Figure 4.11   Diurnal variation in discharge flow rate: ADWF 40 ml/d (0.46m3/s) and ADWF 80 ml/d (0.93 m3/s) 
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The effluent characteristics shown in Table 4.9 were 
used for the modelling and subsequent interpretation.   

Table 4.9   Effluent characteristics for modelling 

Section Four: Environmental Impacts and Management Strategy - Final v.3 - 8 November 2005 

Parameter Value 

Effluent temperature 20°C 
Effluent salinity 0 pss 
Effluent density 1,000 kg/m3 
Nitrogen concentration  7 mg/L (7,000 ug/L) 
Thermo-tolerant coliforms 
(TTC) 

100,000 counts/100 mL 

Enterococci 20,000 counts/100 mL 

4.1.9.4 Assessment  
The full suite of model outputs is provided in 
WorleyParsons (2005) and selected outputs are shown 
here to illustrate the main points of the assessment 
outcomes.  
 
A conservative tracer (meaning a substance that only 
changes concentration due to dilution effects) was used 
as an analogue for the fate of nitrogen released from 
the diffuser.  In a strict sense, inorganic nitrogen is not 
a conservative substance as it is taken up by 
phytoplankton and marine plants, however in the first 
few hours after its release it can be assumed to behave 
conservatively. In a six hour period the wastewater has 
risen to the surface (within two minutes) and will be 

1.1 to 2.2km away from the diffuser (surface ocean 
currents in waters offshore from Alkimos are typically 
5–10 cm/s).  
 
The model was used to estimate the distance it would 
take for the tracer to be diluted to the extent that it 
would meet the WA EPA criteria for a high level of 
ecosystem protection E2 (EPA 2000, EPA 2005).  This 
criteria is met for a naturally occurring substance (such 
as nitrogen) when the concentrations are equal to or 
less than the 80th percentile of the data distribution 
from a suitable reference site (in this case the 
background water quality) for at least 50% of the time.  
The background water quality data showed that the 
median dissolved inorganic nitrogen concentration for 
the sites away from the shoreline was 11 ug/L for all 
data and that the 80th percentile value was 18 ug/L.  If 
the average treated wastewater inorganic nitrogen 
concentration is 7,000 ug/L then a 1,000-fold dilution 
with ambient seawater at 10 ug/L would result in a 
concentration of 18 ug/L in the seawater/wastewater 
mixture which approximates the 80%ile of background 
concentrations, thereby meeting the E2 level of 
protection.  Therefore, the model results for the 
conservative tracer are presented in terms of the 
location of 1:1,000 dilution contour as met for 50% of 
the time. A similar approach was used in the 
assessment of the Bunbury Ocean Outlet (Water 
Corporation 2000).  
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The EPA’s moderate level of protection (E3) is met for 
a naturally occurring substance (such as nitrogen) when 
the concentrations are equal to or less than the 95th 
percentile of the data distribution from a suitable 
reference site (in this case the background water 
quality) for at least 50% of the time.  It was calculated 
that a 230-fold dilution of the wastewater was required 
to achieve this level of protection.   
 
The EPA has set a low level of ecosystem protection 
category (E4) specifically for mixing zones (where the 
initial dilution occurs) around outlets (EPA 2004).  The 
EPA only requires that water quality criteria for bio-
accumulating substances are met within these areas.  
However, all relevant criteria for the adjacent 
ecosystem protection category need to met at the edge 
of the E4 zone. For example, if the boundary is E2/E4, 
then all E2 criteria need to be met at the E2/E4 
boundary.  
 
Although the waters 3.2km offshore from Alkimos are 
neither used for primary contact recreation nor for 
aquaculture or shellfish harvesting, the distribution of 
thermo-tolerant coliforms and faecal enterococci were 
also modelled.  These substances are not only affected 
by dilution, they also decay due to the effects of 
sunlight and saltwater.  The substances were modelled 
with die-off rates established for Australian conditions 
(which varied depending on the time of day) (e.g. 
Kellogg Brown and Root 2004).   

Inner Option 
The Inner Option diffuser is at a depth of 
approximately 10 m. The initial dilution modelling 
found that the dilution due to the rise of the plume from 
the seabed to the surface was around 1:70 for calm 
conditions (currents of 5 cm/s). 
 
The far-field modelling of the Inner Option showed 
that Alkimos Reef to the north (see Figure 4.12) would 
be directly in the path of the plume.  The results for the 
80 ML/d modelling for the Inner Option (see  Figure 
4.13) show that Alkimos Reef would be under the 
influence of elevated (~500-fold dilution) nitrogen 
concentrations for at least 50% of the time.  This would 
be cause for concern as there would most likely be 
measurable changes to the reef ecosystem.  The 
modelling also suggests that there would be similar 
concerns about the risk to public health, as the reef is a 
popular surfing and diving location.  The modelling 
indicates that a 1.7km pipeline (to start of diffuser) 
would not be appropriate at Alkimos. 

Outer Option 
By extending the outlet pipeline to 3.2km (to start of 
diffuser) offshore and into waters 20m deep, there is 

significantly greater initial dilution and CEE (2005) 
found that the initial dilution would be 1:200 under 
calm conditions (currents of 5 cm/s). 
 
Figure 4.14 shows the results for the same ambient 
conditions and wastewater flows as were presented in 
Figure 4.13. The effect of the extra dilution achieved 
through discharging into deeper water is apparent in 
the reduced size of the zone in which a 1:1,000 dilution 
is achieved, while the separation of the 1:1,000 dilution 
contour from Alkimos Reef is of the order of 1.2 km.   
 
Figure 4.15 shows the 80 ML/d nitrogen plume for 
calm autumn conditions, the plume is larger due to 
reduced wind mixing.  This is analogous to a worst 
case nitrogen plume (maximum load and calm 
conditions), yet it will not impact the reef.  
 
Figure 4.16 shows the concentrations of thermo-
tolerant coliforms under worst case conditions (i.e. 
autumn), it can be seen that shellfish harvesting criteria 
(median counts less than 14 cfu/100 mL) will not be 
compromised at the Alkimos Reef.  Because of the 
high level of initial dilution, it was found that primary 
contact criteria would generally be met at the edge of 
the initial dilution zone and that primary contact 
recreation values at the Alkimos Reef would not be 
threatened. 

4.1.9.5 Conclusion 
In summary, the modelling found that: 
• prevailing winds and currents will generally carry 

the plume north (as is the case at Perth’s other 
ocean outlets); 

• discharge to 20m deep water and open ocean 
conditions create a highly dispersive environment 
suitable for maximising the dilution of treated 
wastewater; 

• the initial dilution in 20m deep waters would be 
200-fold under calm conditions; 

• there would be a risk posed to the environment and 
public health if an outlet was sited 1.7km offshore, 
just beyond the line of the Alkimos Reef; 

• a diffuser that ends 3.5km offshore will ensure that 
the reefs offshore of Alkimos maintain a high level 
of ecosystem protection; and 

• there will be no risk to human health values at the 
Alkimos Reef with a 3.5km ocean outlet. 

 
The modelling indicates a 1.7km pipeline to the start 
and the diffuser would not be appropriate at Alkimos. 
Consequently the Water Corporation is proposing a 
3.5km ocean outlet pipe. 
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Figure 4.12 Location of Inner Option relative to the major reef systems at Alkimos 
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Figure 4.13 Inner option: flow 80 ml/d during summer conditions showing the median dilution levels for a 
conservative tracer 

 
Figure 4.14 Outer option: flow 80 ml/d during summer conditions showing the median dilution levels for a 

conservative tracer 
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Figure 4.15 Outer option: flow 80 ml/d during calm autumn conditions showing the median dilution levels for a 
conservative tracer 

 
Figure 4.16 Outer option: flow 80 ml/d during autumn conditions showing median thermo-tolerant coliform 

counts 
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4.1.9.6 Toxicants 
The type of wastewater received by the Alkimos 
WWTP is likely to be of similar quality to that received 
by the Beenyup WWTP and of higher quality than that 
received by the Subiaco and Woodman Point WWTP.  
Therefore, the assessment of the potential impacts of 
toxicants on water quality at Alkimos is based on work 
done on this issue for Perth’s major outlets.  
 

Oceanica (2005) described in detail the levels of 
toxicants in the treated wastewater discharged from 
Perth’s WWTPs in 2004 and undertook whole effluent 
toxicity (WET) testing for all three WWTP discharges.   
 

The risk of contaminants in treated wastewater 
discharged from the Beenyup, Subiaco and Woodman 
Point WWTPs having adverse effects in the marine 
environment was considered to be low due to a 
combination of factors: 
• Perth’s WWTPs are not combined systems (i.e. 

they do not collect domestic wastewater and 
stormwater runoff) which will minimise the 
presence of many contaminants. 

• The wastewater is treated to secondary level using 
an activated sludge process, and the predominant 
form of nitrogen is nitrate rather than ammonia, 
thus there is little risk of direct toxicity due to 
ammonia which is a potential issue if it is the 
predominant form of nitrogen discharged.  There is 
also little risk of direct toxicity due to substances 
largely associated with the particulate matter 
retained by primary and secondary treatment, such 
as sulphide, most metals and organic compounds. 

• The wastewater treated is predominantly domestic 
wastewater which minimises the presence of many 
contaminants.  The quantity of light industrial 
wastewater accepted by the WWTPs is minimal 
(1.5% at Beenyup WWTP, 4.2% at Subiaco 
WWTP, 8.2% at Woodman Point WWTP).  No 
heavy industrial wastewater is accepted by any of 

the WWTPs, and there are strict controls on the 
water quality of the light industrial wastewater 
received by the WWTPs as toxic effluent would 
adversely affect the microbes facilitating the 
activated sludge process. 

• The wastewater is not chlorinated before being 
discharged, thus there is little risk of direct toxicity 
due to monochloramine. 

• The volumes of treated wastewater discharged are 
relatively low, and the initial dilution of the treated 
wastewater in the marine environment is high - at 
least 100-fold dilutions are achieved. 

• Discharge occurs through well designed outlet 
diffusers located at least 1km offshore in open 
coastal environments, in waters at least 10m deep. 

• The wastewater plumes are buoyant and local 
sediments are coarse-grained, calcareous sands 
with little organic matter or clay (which might 
adsorb metals and persistent organics), 
consequently there is little likelihood of bio-
accumulation and/or bio-concentration of 
contaminants in sediments. 

 

A similar low risk of adverse effect will apply at 
Alkimos. 
 

An analysis of a full suite of potential contaminants in 
treated wastewater samples from all three WWTPs was 
undertaken in March 2004.  The results were compared 
against the ANZECC/ARMCANZ (2000) most 
stringent guidelines for contaminants in marine waters. 
It was found that only three analytes (ammonia, copper 
and zinc) exceeded the 99% level of species protection 
for marine waters in the undiluted treated wastewater.  
The results for Beenyup WWTP (which discharges to 
Ocean Reef) and relevant criteria are shown in Table 
4.11. 
 

 

Table 4.10   Potential concentrations of substances in Alkimos treated wastewater in exceedence of 
ANZECC/ARMCANZ (2000) guidelines and the effects of dilution  

ANZECC/ 
ARMCANZ (2000) 

Guideline 
(µg L-1) 

Parameter 
Alkimos 

TWW 
(µg L-1) 

Background 
concentration in 

seawater 
(µg L-1)  

(DoE 2005) 

Concentration 
following 200-fold 

dilution 
(µg L-1) 

Dilutions 
required to 

meet 99% level 
of protection 

criteria 99% level of protection 
Ammonia-A 900 3 7.49 1.8 500 
Copper (Cu) 7.8 0.03 0.07 28.8 0.3 
Zinc (Zn) 60 0.02 0.32 8.6 7 
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The levels of toxicants in treated wastewater from Alkimos 
WWTP will be similar to or less than the levels measured 
from Beenyup WWTP, as the wastewater catchment will 
have similar characteristics and the level of treatment will 
be higher.  The elevated zinc and copper concentrations in 
wastewater come about from the extensive use of these 
metals in WA’s domestic plumbing, while the ammonia 
levels are a result of the human waste.  The contaminants 
that exceeded the guidelines are not substances that the 
EPA considers to be bio-accumulators and as such the 

EPA takes into account the effects of dilution when 
assessing potential environmental impacts.  
 

Table 4.11 shows that the guidelines for the highest 
level of protection will be easily met after a 200-
fold initial dilution and that, at worst, a less than 
29-fold dilution would be required before the EQG 
for copper was exceeded.  This means that all E2 
criteria for contaminants will be met at the edge of 
the initial mixing zone. 
 

 

Table 4.11 Potential toxicity of the treated wastewater for Beenyup WWTP and Alkimos WWTP at the edge of 
the initial mixing zone 

WWTP Initial Dilution of TWW with 
seawater Total toxicity of the Mixture(1) Trigger toxicity 

Value 

Beenyup 140-fold 0.367 1.0 
Alkimos 200-fold 0.290 1.0 

Notes:  1. Total toxicity of mixture = [ammonia]/guideline + [copper]/guideline + [zinc]/guideline 
 
The potential for toxicity of treated wastewater to 
marine organisms was examined at the edge of the 
initial mixing zone.  The potential toxicity was 
assessed as per the ANZECC/ARMCANZ (2000) 
Guidelines, based on the additive effects of ammonia, 
copper and zinc, which are the three contaminants 
identified as most likely to cause toxicity effects.  The 
results for Beenyup and Alkimos are shown in Table 
4.10.  The calculated total toxicity of the mixtures was, 
for both cases, well below the ANZECC/ARMCANZ 
(2000) Guideline trigger value of 1.0, with the 
additional dilution at Alkimos further reducing the 
potential toxicity. 
 
Whole Effluent Toxicity (WET) tests have recently 
been performed on treated wastewater from all of 
Perth’s WWTPs.  These tests examine the effects 
directly on organisms that may be sensitive to the 
contaminants of concern.  It was found that the 
wastewater was of low toxicity with no more than 10-
fold dilution required to attain observable no-effects 
concentrations.  However, given that the initial dilution 
that the treated wastewater undergoes is greater than 
100-fold, the potential for toxic effects outside the 
mixing zone is extremely low at all three ocean outlets.  
Further, there is a considerable safety margin built into 
this assessment, in that the WET tests involving 48-96 
hours continuous exposure indicated no effect on 
marine organisms at 10-100% treated wastewater, 
while the ocean outlets achieve dilutions of 0.4-0.7% 
treated wastewater within several minutes of discharge.  
In no case was there any toxicity observed at the test 
concentrations representing the dilutions achieved at 
the edge of the outlet mixing zones.   
 
The results also showed that secondary treated 
wastewater from Perth’s WWTPs is less toxic than 

treated wastewater from WWTPs employing secondary 
treatment in Sydney and South Australia (Oceanica 
2005). 

Proposed Management Zones 
The results above allow proposed management zones 
to be generated for the Alkimos ocean outlet Outer 
Option.  The WA Department of Health is responsible 
for managing public health in WA’s marine waters.  
This relates specifically to the protection of seafood 
and primary and secondary contact activities.  There is 
no shellfish harvesting or primary contact recreation in 
the vicinity of the outlet as such there is no need to set 
boundaries to manage to meet shellfish harvesting or 
primary contact criteria. 
 
Because of the different factors of interest, 
management zones should be broken down into the 
following categories: 
• Nutrient effects; and 
• Toxicant effects.  
 
The extent of the nutrient related effects is summarised 
in Table 4.12 which provides the distance from the 
centreline of the diffuser to the point at which the 
wastewater achieves a dilution of 1,000-fold 50% of 
the time.  It can be seen that the autumn conditions 
(selected to represent calm conditions) generate the 
largest size plume, while summer conditions are 
typically affected by sea breezes which tend to promote 
more rapid mixing.  On this basis, the maximum 
dimensions of the area in which nutrient effects may be 
likely to occur are 2000m north, 400m south, 850m 
west and 650m east.   
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Table 4.12 Extent of 1:1000 median dilution contour for the 3.5km Alkimos outlet  

Distance (m) Scenario 
North South West East 

Summer 40ML/d 600 100 250 150 
Autumn 40 ML/d 950 200 450 300 
Summer 80 ML/d 1350 150 450 350 
Autumn 80 ML/d 2000 400 850 650 

 
 
Figure 4.17 shows the management zones for nutrient 
related impacts in relation to the diffuser and the 
Alkimos region (recalling that in this case nitrogen is 
the nutrient of concern as it is the nutrient limiting 
growth).  All E2 nutrient related criteria are expected to 
be met at the edge of the rectangular area shown.  The 
area inside the rectangle does not have a defined level 
of protection as the management is entirely based on 
meeting E2 criteria at the boundary. 
It is important to reiterate that a nutrient criteria based 
on the concentration of inorganic nitrogen will be more 
meaningful than one based on concentrations of 
chlorophyll-a (a measure of phytoplankton biomass) as 
used in managing water quality in Cockburn Sound 
(EPA 2005).  The area around the outlet is dominated 
by large scale currents (usually northward flowing) and 
there is a lag between the introduction of nitrogen and 
its uptake and metabolised by phytoplankton, so by the 
time there is a measurable response in chlorophyll-a 
concentration, the water containing the phytoplankton 
is likely to have  been swept downstream.  As such, 
criteria based on chlorophyll-a concentrations are 
largely meaningless for managing outlets in the open 
ocean.     

Figure 4.18 shows the management zones for toxicants 
in relation to the diffuser and the Alkimos region.  
Outside of the mixing zone (E4), all E2 ecosystem 
criteria for toxicants are met.  There is a limit to how 
far away from a diffuser a buoyant plume can reach the 
surface.  As current speed increases, the plume moves 
further away from the line of the diffuser, beyond a 
certain speed the plume will not reach the surface 
before being be mixed through the water column.  In 
20m of water, a buoyant plume will generally not reach 
the surface more than 20m away from the line of the 
diffuser.  To ensure a margin for safety, the mixing 
zone for other outlets (e.g. Bunbury and Sepia 
Depression) has been set as the region bounded by a 
line 100m distant from the diffuser in plan view.  For 
consistency, the same size mixing zone has been 
proposed for the Alkimos outlet. 
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Figure 4.17 Proposed management zones for Alkimos Ocean Outlet: nutrients 

\ 
Figure 4.18 Proposed management zones for Alkimos Ocean Outlet: toxicants 
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4.2 Air Quality 

4.2.1 Odour Emissions 

4.2.1.1 Environmental Standards and 
Objectives 

To ensure that odour emissions do not adversely affect 
environmental values or the health, welfare and 
amenity of people and land-uses and meet statutory 
requirements and acceptable standards by: 
• Ensuring that the siting and design of the AWWTP 

are chosen to minimise the odour impacts from the 
plant on surrounding residential and recreational 
land-uses as far as practicable, using best practice 
odour emission control design and operation. 

• Ensuring the provision of an adequate odour 
amenity buffer zone and permitting only 
compatible land-uses within the buffer, through 
Water Corporation ownership and control of the 
buffer. 

 
The Alkimos region will constitute a large urban 
catchment to the north and northeast of Perth, thus 
wastewater will travel in the sewers for hours before it 
reaches the treatment plant.  Biological activity in 
sewage decomposes the organic constituents, 
generating odorous gas.   
 
Hence, the wastewater arriving at the AWWTP will be 
odorous.  Every sewage treatment plant receives 
odorous wastewater and releases odour at times 
(Consulting Environmental Engineers (CEE) 2004). 
Uncontrolled, this could lead to a high rate of emission 
of odours from the treatment plant.  Odours emitted 
from the AWWTP, unmanaged, would have the 
potential to adversely impact on the amenity of 
occupants and users of land surrounding the plant. 
 
The following measures will be adopted to minimise 
the emission of odours and their impact on the 
community: 
• Design and construction of the collection system to 

minimise odour generation prior to arrival at the 
plant (gravity sewers); 

• Design, construction and operation of treatment 
plant to minimise odour release; 

• Collection and scrubbing of odorous gases 
liberated within the plant enclosures; and 

• Provision of a buffer zone appropriate to the 
particular site and plant. 

The AWWTP will incorporate odour control as the 
plant develops in stages. Odorous processes will be 
covered to contain and permit extraction of odorous 
gas.  The extracted gas will be treated in chemical 
and/or biological scrubbing systems and, in the longer 
term, the treated gas released via a stack(s) suitably 
sized for the purpose, probably over 50m in height.  
The size, number and location of scrubbers, soil bed 
filters and discharge stacks will be determined to 

ensure that the AWWTP complies with target 
emissions. 
 
At the design ultimate capacity of 160ML/d, the 
predicted average odour emission at ground level is 
27,000 Odour Units per second (OU/s), which is the 
sum of residual odour leakage from the covered tanks 
as a result of minor leaks, pressure variations under the 
covers due to wind effects, inspections to enable plant 
operations and maintenance activities (CEE 2004).  
This represents a very high level of odour containment, 
and is a lower release of odour than expected from the 
much smaller Subiaco WWTP after the 2004 upgrade 
to control odour at that plant (CEE 2004). 
 
Relevant standards and guidelines include:  
• EPA Guidelines No.47 – Assessment of Odour 

Impacts from New Proposals, March 2002. 
(Withdrawn and replaced by Interim Guidance on 
Odour as a Relevant Factor). 

• DoE Guideline ‘Odour Methodology Guideline’, 
Department of Environmental Protection, Perth, 
Western Australia, March 2002. 

 
Having regard to this guidance and the Corporations 
experience at major metropolitan plants, the following 
justification is provided for the odour criteria proposed: 
 
In 1996 the Water Corporation undertook an odour 
impact assessment for the Subiaco WWTP (CH2MHill 
March 1997). This comprised an odour audit, 
dispersion modelling and validation of the modelling 
results using odour complaints records for 1996. The 
results indicated that the majority of the complaints 
came from areas where odour concentrations exceeded 
5 OU (99.5% frequency, 3 minute averaging). On this 
basis an acceptable odour level of 5 OU was 
recommended. It should be noted that wind data from 
the Hope Valley wind station (1990, 1991) was used in 
the modelling. 
 
In 2001 the Water Corporation undertook a further 
assessment for the Subiaco plant (CEE June 2001). The 
240 odour complaints received in 1999/2000 along 
with a community survey of residents around the plant 
were used to calibrate the model. Modelling was 
completed using wind data from Swanbourne, Perth 
Airport and Kwinana. A similar but slightly more 
conservative odour criterion (5 OU, 99.9%, 60-minute) 
was adopted. 
 
In 2003, a comparison was made between odour 
concerns as reported by the community in a telephone 
survey and predicted odour levels for the area around 
the Woodman Point WWTP. Again the 5 OU odour 
criterion (99.9%, 60-minute) is the odour level that 
represents the boundary of odour complaints or 
concerns, and corresponds to a ‘distinct odour’. 
 
It should be noted that the 5 OU odour criterion 
recommended by the Water Corporation (99.9%, 60-
minute) has evolved from modelling using wind data at 
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sites that are relatively flat. The Subiaco and Beenyup 
plants are perhaps located in more sheltered areas 
although Woodman Point is an exposed site. 
 
The use of wind data collected from sheltered stations 
(such as the Valley site at Alkimos) is likely to add an 
additional conservative factor when adopting the 5 OU, 
99.9%, 60-minute criteria. The proposed buffer zone 
for the Alkimos plant considers wind patterns at both 
the hill and the valley sites. 
 
In summary, based on comparison of odour model 
predictions and community complaints around the 
Subiaco, Beenyup and Woodman Point treatment 
plants, it was found that 5 OU at the 60-minute 
averaging period corresponds to the outer extent of 
odour concerns. Thus the 5 OU level at 60-minute 
averaging is adopted as the “distinct” level of odour 
and used in this planning study as the odour criterion 
for definition of the necessary buffer zone. 
 
Consequently the environmental objective for odour 
reduction at the Alkimos WWTP is to ensure that the 5 
Odour Unit contour (99.9 percentile, 1-hour averaging, 
Australian Standard threshold certainty Odour Unit), 
predicted using the specific odour model developed to 
simulate conditions at the Alkimos WWTP, falls within 
the recommended zone. 
 
The odour control works will be designed to reduce 
total ultimate plant odour emissions from the AWWTP 
from an estimated 800,000-1,000,000 OU/s to less than 
27,000 OU/s at ground level. 
 
These targets represent substantial reductions at 
ultimate flows to less than 3% of ground level 
emissions.  

4.2.1.2 Odour Modelling 

Wind Data 
Following consultation with CSIRO, the Corporation 
developed an extensive meteorological monitoring 
program for the revised plant site (site B), including 
establishment of three monitoring stations to provide 
comprehensive local meteorological data representative 
of the dune valley and crest conditions (two 
commissioned in March 2002 and the third in May 
2003).  The on-site meteorological monitoring has 
continued and a total of three years of data has been 
obtained. 
 
While site wind data was not collected at Site A, it is 
apparent that Site A is closer to the ocean and more 
exposed to regional winds, so that conditions there are 
less critical than those at Site B. 
 
Work undertaken to predict odour impacts at the 
Alkimos plant involved: 
• Measurement of winds and meteorological 

conditions at Alkimos; 

• Development of an Emissions Inventory for the 
Future Alkimos plant; 

• Odour modelling, using the procedure 
recommended by DoE; and 

• Study of potential effects of ponding in an 
excavated basin at Alkimos (Site B). 

 
Odour modelling was carried out using the latest 
version of the Ausplume model, and following DOE 
procedures.   The model parameters were as follows: 
• Odour emissions from the inventory for the plant; 
• Plant geometry: Water Corporation plan of the 

proposed plant; 
• Wind files: Alkimos hill site and Alkimos valley 

site; 
• Roughness: 0.4m (for rolling rural/residential land 

use); 
• Topography: terrain with terrace between plant site 

and the ocean;  
• Grid: 200m grid (for 1.5km radius around 

proposed plant); 
• Averaging time: 1 hour and 3 minutes; and 
• Frequency of events: 99.9 % (9th highest event per 

year) and 99.5 %. 
 
The odour model is used to calculate the position of the 
5 OU contour (at 99.9 percentile frequency and 1-hour 
averaging, as described above).   For convenience in 
comparing and assessing the results, the 3 OU, 5 OU, 
10 OU, 20 OU and 40 OU contours were plotted for 
each scenario modelled. 
 
At Site A, the zone in which a distinct odour (5 OU or 
more) could occur for 8 hours or more per year was 
predicted to extend 600m to the west of the plant 
boundary, 600m to the north, 500m to the east and 
450m to the south (CEE 2005).  These predicted 
distances are the basis for the recommended buffer 
zone for the plant at Site A.  Note that a significant part 
of the recommended buffer zone extends offshore and 
hence does not involve any commitment of land. 
 
At Site B, the zone in which a distinct odour (5 OU or 
more) could occur for 8 hours or more per year was 
predicted to extend 600m to the west of the plant 
boundary, 600m to the north, 500m to the east and 
450m to the south (CEE 2005).  These predicted 
distances are the basis for the recommended buffer 
zone for the plant at Site B, subject to the discussion on 
odour ponding below. 

Assessment and/or Results 
Results Of Odour Modelling 
In January 2004, CEE (CEE 2004) provided the 
Corporation with an assessment of the necessary buffer 
zone based on the accumulated on-site meteorological 
measurements, having regard to the conceptual plant 
layout and experience of odour management issues 
around other large treatment plants in the Perth region.  
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This report used the on-site (Site B) meteorological 
information for odour modelling to update a June 2002 
report, which utilised remote wind data.  
 
The January 2004 report recommends a 600m buffer 
based on AUSPLUME modelling calibrated from 
complaint data at other metropolitan WWTPs.  This 
recommendation requires some additional 
interpretation for the following reasons: 
• AUSPLUME is a conservative straight line 

Gaussian plume model.  Thus it is assumed that 
the results of modelling for Site B can also be used 
for Site A.  

• AUSPLUME does not account for odour ponding 
(see below).  This phenomenon requires additional 
consideration at Alkimos for those locations where 
ponding can occur (Site B). 

 
During odour management investigations conducted to 
date, awareness has arisen that the siting of the 
AWWTP within the basin at Site B creates conditions 
under which odour may pond and accumulate in the 
basin during low wind, atmospheric inversion 
conditions.  The accumulated odour-laden air would 
then be flushed from the basin when wind speeds 
increased and/or the inversion breaks.  Such conditions 
and the potential odour impact is not adequately 
reflected by the normal dispersion modelling upon 
which the buffer zone dimension is  established. 
 
CSIRO was engaged to investigate the extent of 
potential odour ponding at Alkimos and to advise on 
the implications for providing an appropriate buffer 
zone.  CSIRO confirmed (Borgas 2004a) that odour 
ponding is a phenomenon at Alkimos and that in worst 
cases, odorous air could accumulate for extended 
periods. Consequently a large volume of odorous air 
could flush from the site in a very short period, thus 
being more severe than assumed in the existing 
AUSPLUME dispersion modelling.  The implications 
of this were further investigated and CSIRO’s 
conclusions (Borgas 2004b; Borgas 2005) are that in 
low entrainment conditions, pond concentrations and 
volumes could grow far greater than previously 
assumed for normal conditions.  CSIRO predicted 
significant detectable odour and possible nuisance 
downwind beyond the previously modelled buffer 
zone. 
 
For Site B, with the AWWTP in a depression, the 
CSIRO study has shown that the buffer needs to be 
extended to the west and north-west to account for 
ponding events.  
 
CEE has undertaken an assessment of the relationship 
between the AUSPLUME modelling, and the CSIRO 
ponding model, and the implications for the buffer at 
Site B (CEE 2005).  
 
The conclusions from this assessment are: 
• there is a high risk and significant consequence of 

ponding at Alkimos Site B; 

• excavation to deepen the basin for the plant will 
increase the number of ponding events; 

• ponding increases the peak odour concentrations 
downwind of the basin, over relatively short time 
intervals; and  

• there is no simple engineering solution to the 
ponding problem. 

 
Accordingly, it is considered that ponding: 
• will lead to a 40 per cent increase in odour levels 

downwind of a treatment plant built within a basin, 
and 

• site B will require an 800m wide buffer zone to the 
west and north-west of the plant. 

 
The Corporation will complete investigations on the 
impact of odour ponding and receive a consolidated 
report and recommendations from CEE.  This will 
follow further discussions with DoE on the 
methodology adopted by CEE to interpret the 
additional effect of ponding at Site B. 
 
The proposed odour buffers for both Site A and Site B 
are shown on Figure 4.19. The use of Site A results in 
the commercial and retail node and associated urban 
development proposed within the south west corner of 
the buffer not being able to be built as planned. This 
will significantly impact on the regional beach 
development proposed in the area and, in addition, 
reduce the amenity of the beach as a regional focal 
point. A lesser developed beach front (i.e. kiosks, surf 
clubs, etcetera) within the Site A buffer would remain 
compatible. The beach itself will be suitable for 
recreational use for both Site A and B. 

4.2.1.3 Potential Issues and Impacts 
The AWWTP will be engineered to a very high 
standard with respect to odour control. However, it 
must be recognised that, as with any 
biological/chemical process that relies on mechanical 
and electrical equipment, there is always a risk of 
failure. It should be noted that the odour modelling has 
been conducted assuming normal operating modes. 
 
Reduction in performance can occur in various 
circumstances: 
• Overloading of odour scrubbers due to plant 

failure or upset as a result of illegal dumping of 
industrial waste into the reticulation system); and 

• Power failure. 
 
Conservative estimates have been made of odour 
emissions for odour modelling and the proposed buffer 
zone for Sites A and B (see Figure 4.19).  The 
proposed buffer zones provides the necessary 
protection for residential areas  
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4.2.1.4 Management Strategy 
The management strategy is to provide best practice 
with respect to the design, construction commissioning 
and operation of the AWWTP.  
 
For the odour control of the works, the following 
general aspects are proposed: 
• The level of odour control will be increased as the 

AWWTP is developed over time. It is expected 
that the plant will be partially covered for the 
initial stage, stage 1, and fully covered for future 
stages in order to limit ground level odour 
emissions to 27,000 OU/s. Odour extraction rates 
shall be conservatively sized to prevent the 
uncontrolled release of fugitive odours; 

• Covers on tanks and connecting channels will have 
access hatches for operations and monitoring 
purposes.  The covers will be designed to minimise 
odour leakage and ensure negative pressure under 
the covers during normal operation; 

• Some covers will be removable to allow 
maintenance access. For a major maintenance 
activity that may impact odour sensitive areas, 
process tanks will be drained and flushed with 
reclaimed water prior to removing the covers.  The 
covers will be replaced before bringing the tank 
back into service; 

• Odorous air will be extracted from beneath the 
covers and conveyed to scrubbers in fibreglass 
reinforced plastic ducts.  Air velocities in the ducts 
will be limited to limit noise generation.  A system 
of dampers at each extraction point will control the 
amount of air extracted.  This will also enable 
more air to be extracted from an area where access 
hatches or a small part of the cover system is 
removed for inspection or minor maintenance; 

• Key mechanical equipment such as extraction fans, 
odour scrubbers, chemical pumps will be installed 
with 100% standby capacity; 

• Secure power supplies to be provided; 
• Mainstream process design shall minimise 

equipment under odour covers where possible; 
• Planned maintenance requiring odour cover 

removal shall be scheduled and Work Instructions 
developed to minimise odour release; 

• Unplanned maintenance requiring cover removal 
shall be undertaken to minimise odour release; and 

• Operations and maintenance staff shall be fully 
qualified and trained as appropriate. 

Stage 1 Odour Control Works 
The Stage 1 Odour Control Works comprise of the 
works listed below: 
• Cover the inlet channels; 
• Cover the screening and grit removal equipment, 

tanks and channels; 
• Provide covered storage bins for washed and 

dewatered grit and screenings; 

• Cover the non-aerobic parts of the secondary 
process (for example anaerobic/anoxic selectors 
will be covered for both Site A and Site B); 

• Cover the aerobic parts of the secondary process 
(Site B); 

• Provide ducts to collect air from beneath covers 
and transfer it to odour scrubbers (chemical and/or 
biological scrubbers will be utilised); and  

• Utilise processes with long aerobic sludge ages.  
 
Note that, for Stage 1, the odour control for 
requirements for Site A will be less than at Site B, 
depending upon urban zoning and modification of 
topography to the north of the plant. 

Ultimate Stage Odour Control Works 
All odorous processes will be covered, vented to odour 
scrubbers and the scrubber output discharged through 
vent stacks similar to those recently installed at 
Subiaco and Beenyup WWTPs. 

4.2.2 Greenhouse gas emissions 

4.2.2.1 Environmental Standards And 
Objectives 

The objectives for the Project include: 
• minimising emissions to as low as reasonably 

practicable on an ongoing basis; and 
• mitigating greenhouse gas emissions in accordance 

with the Framework Convention on Climate 
Change 1992, and in accordance with established 
Commonwealth and State policies including EPA 
Interim Guidance No 12. 

 
Relevant EPA Guidance Statements, Position 
Statements and other regulatory guidelines include the 
following: 
• Environmental Protection Act; 
• United Nations Framework Convention on Climate 

Change, 1992; 
• Western Australian State Greenhouse Strategy 

(WA Greenhouse Task Force 2004); and 
• EPA Guidance Statement No. 12 (Minimising 

Greenhouse Gases, 2002). 
Emissions from the AWWTP at full capacity have been 
determined (see Table 4.1.3). 

4.2.2.2 Potential issues  
The emissions of carbon dioxide (CO2) from fossil fuel 
combustion are increasing the concentration of CO2 in 
the global atmosphere, which influences the global 
climate via the enhanced greenhouse effect.  Other 
Greenhouse Gases (GHGs) include methane (CH4), 
nitrous oxide (N2O) and fluorinated gases, which also 
influence the enhanced greenhouse 
effect. 
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The international response to climate change took 
shape with the development of the United Nations 
Framework Convention on Climate Change (1992).  
The Kyoto Protocol officially came into effect on 16 
February 2005 after Russia signalled its intent to 
participate in late 2004. Australia is a signatory to the 
Kyoto Protocol, but has not yet ratified it. 

4.2.2.3 Management Strategy 
The Water Corporation is committed to undertaking an 
ongoing monitoring and reporting program to measure 
emissions for all of its assets.  This will also include a 

periodic assessment to review opportunities to further 
improve energy efficiency and reduce greenhouse gas 
emissions over time.  The assessment for AWWTP 
indicates that the net impact on domestic greenhouse 
gas emission will be minor.  It can be concluded, 
therefore, that the proposed AWWTP satisfies the 
environmental objective stated in EPA Guidance No.12 
to ‘ensure that potential greenhouse emissions are 
adequately addressed and best available technologies 
are used in Western Australia to minimise Western 
Australia’s GHG emissions. 
 

Table 4.13  CO2e (tonne) emissions from the Alkimos WWTP at full capacity (160ML/day) 

Full capacity 
Volume 
WWT 

(ML/yr) 

Electricity Use 
Required per 
annum (kWh) 

BioGas Electricity 
Generation (kWh) (40% of 

electrical requirements 
recovered from gas 

engines) 

Electricity 
required minus 

the energy 
recovered (kWh) 

Emission 
Factor (kg 

CO2e/MWh) 
CO2e (tonne) 

Alkimos 
(160ML/d) 58560 25,000,000 10,000,000 15,000,000 1.053 15,795 

 

4.3 Other Environmental Factors 

4.3.1 Noise 

4.3.1.1 Environmental Standards and 
Objectives 

The relevant legislation and standards include: 
• Environmental Protection (Noise) Regulations 

1997; 
• EPA Draft Guidance Statement No. 8 

(Environmental Noise, 1998); and 
• EPA Draft Statement No. 14 (Version 3 – Road 

and Rail Transportation Noise, 2000). 
 
The objectives for the AWWTP are: 
• ensure that noise emissions, both individually and 

cumulatively, do not adversely impact on the 
amenity of nearby residents by meeting statutory 
requirements and appropriate criteria; 

• ensure that the noise received (from the 
construction operation) at the neighbouring 
residences is within the prescribed standards of the 
Environmental Protection (Noise) Regulations 
1997 (the Noise Regulations); and 

• ensure that noise emissions from truck movements 
to and from the work site will comply with the 
EPA’s Draft Statement No. 14 (Version 3) - Road 
and Rail Transportation Noise, with the relevant 
section being 5.3 “Criteria for proposed increase in 
road or rail traffic”.  

4.3.1.2 Potential issues and impacts 
The AWWTP is located approximately 40km to the 
north of Perth in the currently undeveloped area of 
Alkimos, between the suburbs of Mindarie, Butler and 
Jindalee to the south and the township of Yanchep and 

Two Rocks to the north.  The horticultural area of 
Carabooda is located to the east of the proposed site.   
 
The nearest residences to the Project Area currently are 
located on Romeo Road, approximately 3.5km from 
the proposed site.  The construction phase will 
generally be Monday to Saturday during normal 
daytime hours. However, due to the remote location of 
the site, Sunday and after hours work may be 
undertaken and so the disturbance to the local 
residences will be minimal.  
 
It is anticipated that there will be drill and blast 
operations for the excavation of site B. Blasting times 
will be notified to the local residents and horticultural 
premises and blasting will be carried out on a strictly 
controlled timetable in accordance with State 
legislation. 

4.3.1.3 Management strategy 
All operations on site during the construction phase 
will comply with the Environmental Protection (Noise) 
Regulations 1997 and the EPA’s draft statement no. 14 
– Road and Rail Transportation Noise. 
 
The Water Corporation will ensure that all unnecessary 
noise emissions are kept to a minimum. 

4.3.2 Vibration 

4.3.2.1 Environmental Standards and 
Objectives 

The objectives for the project are To protect the 
amenity of nearby residents from vibration impacts 
resulting from activities associated with the proposal 
by ensuring that vibration levels meet statutory 
requirements and acceptable standards. 
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The relevant standard for vibration is Australian 
Standard AS2187.2-1993. 

4.3.2.2 Potential issues and impacts 
Vibration as an environmental impact has the potential 
to disturb soil structure and building foundations. 
 
Vibration will be generated by blasting and 
earthmoving and the movement of vehicles within the 
construction area and on transport routes.  This impact 
however, is considered to be minimal as the site is 
away from the urban development and haul routes will 
be constructed to access the site from Wanneroo Road. 
 
The intensity of vibration decreases with increasing 
distance from the source.  As the project is at least 
3.5km from the closest residence, vibration generated 
by the construction activities is unlikely to be 
perceptible at the residence.  Vibration from transport 
vehicles is also deemed to be negligible, as the access 
roads will be relatively remote from the surrounding 
residences. 
 
It is possible that some residents may hear the blasting 
operations however these will be designed to create 
minimum noise and vibration. Experience gathered in 
the Butler and Jindalee developments to the south of 
the proposed site indicate that some residents 200m 
away from the blast site are unaware of when the blast 
is carried out.  The blasts will be designed to provide 
maximum rock shattering with minimum heave and 
therefore emanated noise.  By utilising multiple 
detonators the resulting blast is a series of very small 
blasts rather than a single large blast. 

4.3.2.3 Management strategy 
Management of the construction activities will be 
undertaken in accordance with Water Corporation’s 
standard operating procedures and quality procedures. 
 
Working manuals that will include specific 
management strategies and procedures addressing 
significant environmental issues.  They will be 
developed during detailed project design, in 
consultation with the specialist consultants. 

4.3.3 Solid Waste (Biosolids) 

4.3.3.1 Environmental Standards And 
Objectives 

• Relevant DoE wastewater treatment plant Part V 
Environmental licence conditions. 

• Western Australian Guidelines for Direct Land 
Application of Biosolids and Biosolids Products 
(Feb 2002). 

• Applicable Service Agreements with Water 
Corporation Divisions, Regions and Branches. 

4.3.3.2 Potential Issues and Impacts 
• Public health risks 

• Environmental harm 

4.3.3.3 Management Strategy 
Biosolids produced at the AWWTP will be trucked 
from site and disposed and/or reused in accordance 
with the above standards and requirements. 
 
Water Corporation will monitor and manage the reuse 
and disposal of biosolids according to its standard 
operating procedures and quality management system.  
This involves: 
• sampling and analysis of biosolids; 
• controlling the despatch of biosolids and batch 

tracking; 
• sampling and analysis of composted biosolids 

products; 
• assessing proposals for land application of 

biosolids; and 
• managing the land application of biosolids. 

4.4 Social 

4.4.1 Aboriginal Heritage 

4.4.1.1 Environmental Standards and 
Objectives 

The objectives for the Alkimos project in relation to 
Aboriginal Heritage are to: 
• ensure that the proposal complies with policies and 

statutory requirements; and 
• ensure that changes to the biological and physical 

environment resulting from the project are kept to 
a minimum so as not to do adversely affect the 
cultural associations of the area. 

 
The relevant legislation and standards are: 
• Aboriginal Heritage Act; and 
• EPA Guidance Statement No. 41 (Assessment of 

Aboriginal Heritage, 2004). 

4.4.1.2 Potential Impacts and Issues 
Subject to receiving the necessary approvals, some 
Aboriginal heritage sites may be disturbed.  While the 
Water Corporation will endeavour to avoid Aboriginal 
heritage sites where practicable, a number of the 
identified Aboriginal heritage sites will need to be 
either disturbed or actively managed in order for the 
Alkimos WWTP project to proceed. 

4.4.1.3 Management Strategy 
The Water Corporation will meet its objectives under 
the Aboriginal Heritage Act to the satisfaction of the 
DIA.  
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4.4.2 European Heritage 

4.4.2.1 Environmental Standards and 
Objectives 

The EPA objective for European Heritage is to ensure 
that changes to the biophysical environment do not 
adversely affect historical and cultural associations, 
and complies with relevant heritage legislation. 

4.4.2.2 Potential Impacts and Issues 
Disturbance of European Heritage sites. 

4.4.2.3 Management Strategy 
The Water Corporation will take cognisance of any 
requirements related to the listing of European heritage 
sites. 
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4.4.3 Health and Safety 

4.4.3.1 Environmental Standards and 
Objectives 

The objective is to protect the health and safety of the 
public and employees throughout the construction and 
operating stages of the project: 
 
The legislation and guidelines relevant to public health 
and safety are: 
• Occupational Safety & Health Act 1984 (WA). 
• Dangerous Goods (Transport) Act 1998. 
• Dangerous Goods Safety Act 2004. 
• Explosives and Dangerous Goods Act 1961. 

4.4.3.2 Potential Issues and Impacts  
The following are the potential issues and impacts for 
the construction and operation of a WWTP and ocean 
outfall: 

Construction 
• Construction sites create safety risks for members 

of the public as well as the workers; 
• Access to the construction site by public; 
• Traffic management at junction of existing roads 

and new site entrance(s) - minor - undertaken in 
accordance with the MRWA Traffic Management 
for Works on Roads Code of Practice by persons 
trained to MRWA requirements. 

• Potential hazards on site (chemical, physical, 
mechanical); 

• Excessive noise levels; 
• Electrical hazards; and 
• Excessive dust or smoke during blasting, 

excavation and the clearing of land. 

Operation Of The Plant 
• Operational WWTPs can create safety risks for 

members of the public as well as the workers; 
• Potential hazards on site (chemical, physical, 

mechanical); 

• Traffic management at junction of existing roads 
and new site entrance(s) - minor - undertaken in 
accordance with the MRWA Traffic Management 
for Works on Roads Code of Practice by persons 
trained to MRWA requirements. 

• Access to the WWTP site by public; 
• Excessive noise levels; 
• Electrical hazards; 
• Health issues associated with exposure to 

excessive odour or air quality issues from the 
plant; and 

• Health issues due to exposure to raw sewage and 
chemical spills; and 

Construction And Operation O  The Ocean Outfall f
• Safety risks for members of the public as well as 

the workers, during the construction and operation 
of the ocean outfall; 

• Traffic management at junction of existing roads 
and new site entrance(s) - minor - undertaken in 
accordance with the MRWA Traffic Management 
for Works on Roads Code of Practice by persons 
trained to MRWA requirements. 

• Access to the WWTP site by public; 
• Excessive noise levels; and 
• Potential hazards on site (chemical, physical, 

mechanical); 

4.4.3.3 Management Strategy 
Apply the Water Corporation's 'Public Safety at 
Construction Sites Standard' which exceed regulatory 
requirements.  This standard provides for an 
assessment of risk to the public shall be conducted for 
all construction work undertaken by the Corporation 
and its contractors.   
 
Means of excluding the public from site, or protecting 
the public who may enter the site shall be described in 
a relevant Job Safety Analysis, Safe Work Procedures, 
or Safety & Health Management Plan (and in a Traffic 
Management Plan where applicable).  
 
The Water Corporation will inform the public of 
construction activities and timing of significant events 
through local media. 
 
The management of onsite and offsite traffic at the 
junction of existing roads and at the site entrance will 
be undertaken in accordance with the MRWA Traffic 
Management for Works on Roads Code of Practice by 
persons trained to MRWA requirements. 
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4.5 Summary of Environmental Factors and Management 
The Environmental Protection Authority (EPA) has identified the following environmental factors (Table ES.1) and their objectives to be met, for the Alkimos project. The potential 
impacts, proposed environmental management and predicted outcomes for these factors are included. 

Table 4.14  Summary of Environmental Factors and Management 

Environmental 
Factor 

EPA Objective Existing Environment Potential Impact Environmental Management Predicted Outcome 

Principles of Environmental Protection 
Precautionary 
Principle 

• To avoid serious or irreversible 
damage to the environment; and 

• To assess a risk-weighted 
consequence of proposed options. 

Sites A and B are located in an 
area of high ecological 
biodiversity and geoheritage 
significance. Site A is located 
predominantly on undefined 
geological units of Quindalup 
Dunes over Spearwood Dunes 
surrounded by the second (Q3) 
phase of the Quindalup system. 
Site B is located further east 
and higher in the landscape at 
the intersection of the second 
(Q3) and third phases (Q2) of 
the Quindalup geological 
sequences. 

Site A will have limited impact 
on the dune system. The 
works associated with Site B 
will interrupt the interface 
between the second (Q3) and 
third phases (Q2) of the 
Quindalup Dune system and 
the linkages between the 
vegetation associations 
dependent upon them. 
 
 

The Water Corporation will, as far 
as practicable, minimise the 
ecological footprint of its 
development, and offer to the 
conservation estate areas 
identified as of high ecological 
value within its buffer zone to 
augment/complement those 
identified in the MRS amendment. 
 

Geoheritage and 
ecological associations 
will be significantly 
impacted by both sites.  
Site A offers greater 
conservation opportunities 
in maintaining continuity of 
the geoheritage phases 
and their associated 
ecological communities 
associated with Q1, Q3 
and Q4. Site B offers 
conservation opportunities 
in maintaining continuity of 
the geoheritage phases 
and their associated 
ecological communities 
associated with Q1, Q2 
and Q3 to a lesser extent. 
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Environmental 
Factor 

EPA Objective Existing Environment Potential Impact Environmental Management Predicted Outcome 

  The AWWTP will be in 
reasonable proximity to housing 
and urban development 
consistent with the Metropolitan 
Region Scheme. 

Housing and community 
activity, particularly to the 
west, may be exposed to 
visual amenity and odour 
impacts. The use of Site A 
results in the commercial and 
retail node and associated 
urban development proposed 
within the south west corner 
of the buffer not being able to 
be built as planned. This will 
significantly impact on the 
regional beach development 
proposed in the area and, in 
addition, reduce the amenity 
of the beach as a regional 
focal point. A lesser 
developed beach front (i.e. 
kiosks, surf clubs, etcetera) 
within the Site A buffer would 
remain compatible. The 
beach itself will be suitable for 
recreational use for both Site 
A and B. 

The Water Corporation will 
establish, maintain and manage a 
buffer around the AWWTP. 

Site B offers the 
opportunity for housing 
and commercial 
development to the west 
of the site in closer 
proximity to the coast. 
This would enable the 
proposed regional beach 
development proposed in 
the area. 
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Environmental 
Factor 

EPA Objective Existing Environment Potential Impact Environmental Management Predicted Outcome 

Intergenerational 
Equity 

• To ensure that the health, diversity 
and productivity of the environment 
is maintained or enhanced for the 
benefit of future generations. 

The Alkimos region is one of 
high biodiversity and ecological 
function. 
 
 
 
The AWWTP will be 
infrastructure with a large 
footprint and high energy 
demands in relatively close 
proximity to residential 
development 

The construction of the 
AWWTP and the associated 
ocean outlet will require the 
clearing 21.5 ha for Site A or 
30.4 ha for Site B (Table 4.2, 
launch site 1B). 
High energy consumption, 
greenhouse gas emissions 
and odour impacts, growing 
into the future as the plant 
capacity expands 
 

The Water Corporation will, as far 
as practicable, minimise the 
ecological footprint of its 
development. 
 
 
The Water Corporation will: 
• reduce long term energy 

consumption through gravity 
conveyancing and TWW 
disposal to the ocean; 

• reclaim and reuse 
wastewater as far as 
practicable; and 

• build the wastewater system 
to achieve the lowest whole 
of life cost by reducing 
dependence on energy 
consumption and make 
provision for the recovery of 
energy from the treatment 
process. 

The environmental health, 
diversity and productivity 
of the area will be 
significantly altered by the 
urban development and 
the AWWTP. The buffer 
offers some limited 
opportunity (in an Island 
Biogeographical sense) 
for maintenance of the 
ecological systems for 
future generations. 
Energy consumption and 
resultant emissions will 
be as low as reasonably 
practicable. 

Conservation of 
Biodiversity and 
Ecological Integrity 

• To conserve biological diversity 
and ecological integrity. 

The Alkimos region is one of 
high biodiversity and ecological 
function supporting Priority 
Three flora species and a 
number of reptiles, birds and 
mammals of conservation 
significance. (see Flora ans 
Fauna, below) 

The construction of the 
AWWTP and the associated 
ocean outlet will require the 
clearing 21.5 ha for Site A or 
30.4 ha for Site B (Table 4.2, 
launch site 1B) and the 
removal in part or full flora 
and vegetation systems and 
fauna habitat 

The Water Corporation will, as far 
as practicable, minimise the 
ecological footprint of its 
development, and offer to the 
conservation estate areas 
identified as of high ecological 
value within its buffer zone to 
augment/complement those 
identified in the MRS amendment. 

The biological diversity 
and ecological integrity of 
the Alkimos area will be 
significantly disrupted by 
the urban development 
and the AWWTP. The 
buffer offers some limited 
opportunity e) for 
conservation of the 
ecological systems for 
future generations. 
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Environmental 
Factor 

EPA Objective Existing Environment Potential Impact Environmental Management Predicted Outcome 

Valuation, pricing and 
Incentives 

• To ensure environmental factors 
have been included in the 
valuation of assets and services; 

• To ensure that the “polluter pays” 
principle is applied in the 
containment, avoidance or 
abatement of pollution; 

• To ensure the users of goods and 
services (including the use of 
natural resources and assets) pay 
for the full life cycle costs of their 
provision; and 

• To ensure that the achievement of 
environmental goals be pursued in 
the most cost effective manner. 

Competing values of urban 
development and 
environmental protection in the 
Northwest Corridor exist. 
Although  the Alkimos region is 
one of high biodiversity and 
ecological function, it equally is 
of high value for development 
to provide for social and 
economic vibrancy. 

Some of the disrupted  
environmental values will be 
off-set by community benefit 
and economic vibrancy in the 
region. 

The balance between 
environmental values and 
development of the Alkimos 
region will be determined by the 
MRS Amendment 1029/33 
 
The Water Corporation: 
• has undertaken a whole of life 

economic assessment of the 
AWWTP as part of its Capital 
Investment Program. 

• routinely funds the installation 
of new, pollution prevention 
technologies for WWTP 
systems, and clean-up and 
repair of incidents as they 
occur;  

• applies the tariffs for provision 
of wastewater treatment 
services as set by 
Government; 

• will locate, design and install 
the wastewater treatment and 
conveyancing system 
according to best industry 
standards. 

The attainment of 
environmental goals 
through site selection, 
design, construction and 
operation of the WWTP 
will be as cost effective as 
possible in the context of 
the MRS amendment. 
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Environmental 
Factor 

EPA Objective Existing Environment Potential Impact Environmental Management Predicted Outcome 

Waste Minimisation • To take all reasonable and 
practicable measures to minimise 
the generation of waste and its 
discharge to the environment. 

Sewage volumes to the 
AWWTP are population based. 
Real opportunities do not exist 
for the Water Corporation to 
control the volume. However 
opportunities exist for 
wastewater and biosolids re-
use, and energy recovery, 
dependent upon regulatory and 
policy settings and magnitude 
of scale of the plant 

Failure to explore and 
implement waste recovery 
and reuse will put an 
increasing burden upon the 
receiving environment 
(ocean, air-shed and land)in 
the context of diminishing 
space and social 
acceptability.  

The Water Corporation will: 
• undertake several pilot 

projects (e.g. Managed 
Aquifer Recharge) to assess 
the viability a of re-use 
opportunities and implement 
them as soon as the technical, 
environmental, public health, 
political and societal 
acceptability is established. 

• manage and monitor the 
reuse of Bio-solids in 
accordance with the Western 
Australian Guidelines for 
Direct Land Application of Bio-
solids and Bio-solids Products 
as required by Part V 
Environmental Licences; 

• reclaim biogas for electricity 
generation as the scale of the 
plant increases. 

Reduction in TWW to the 
ocean with 
commensurate reduction 
in demand on the 
integrated water supply 
system. 
Reduction of biosolids to 
landfill. 
Reduction in biogas 
emissions. 
Reduction in energy 
demand from third parties 

Section Four: Environmental Impacts and Management Strategy - Final v.3 - 8 November 2005 
Page 55 of 60 



Alkimos Wastewater Treatment Plant - Public Environmental Review 

Environmental 
Factor 

EPA Objective Existing Environment Potential Impact Environmental Management Predicted Outcome 

Biophysical 
Flora and Vegetation 
(terrestrial) 

• To maintain the abundance, 
diversity, geographic distribution 
and productivity of flora and 
vegetation communities.  

 

The Alkimos region is one of 
high biodiversity and ecological 
function supporting Priority 
Three flora species including:  
• Astroloma microcalyx; 
• Conostylis pauciflora; 
• Sarcozona bicarinata; 
• Hibbertia spicata; and  
• Stylidium maritimum 
Twelve Floristic Community 
Types are inferred, including 
FCT 26a 
Four vegetation units on 
Limestone might be considered 
significant because they are 
poorly represented locally or 
regionally being: 
• Frankenia pauciflora Very 

Low to Low Shrubland; 
• Melaleuca huegelii-

M.systena Low Shrubland 
to Open Low Heath; 

• Melaleuca huegelii-
Dryandra sessilis Open 
Low Heath; 

• Melaleuca huegelii-
M.systena-Dryandra 
sessilis Open Heath to 
Low Shrubland 

The construction of the 
AWWTP and the associated 
ocean outlet will require the 
clearing 21.5 ha for Site A or 
30.4 ha for Site B (Table 4.2, 
launch site 1B) 
 

The AWWTP at Site A is not 
expected to have any impact on 
the Priority Three species as both 
are common and widespread in 
the locality. At Site B no priority 
species are affected, however 
loss of a unique Nuytsia 
florabunda Closed Low Heath 
and Banksia and Xanthorrhoea 
Low Woodlands may remove 
important habitat (see Fauna 
below)  
 

Conservation of flora and 
vegetation values and 
linkages are considered a 
key Relevant 
Environmental Factors for 
assessment in the PER. 
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Environmental 
Factor 

EPA Objective Existing Environment Potential Impact Environmental Management Predicted Outcome 

Fauna (terrestrial) • To maintain the abundance, 
diversity, geographic distribution 
and productivity of fauna at 
species and ecosystem levels. 

 

The Alkimos region is one of 
high biodiversity and ecological 
function possibly supporting a 
number of reptiles, birds and 
mammals of conservation 
significance. 
Reptiles include: 
• are the carpet python 

(Level 1), 
• the black striped snake 

(Level 2), and  
• seven other reptiles (Level 

3) 
Birds include:  
• Carnaby’s Black Cockatoo 

(Level 1) potentially 
triggering the EPBC Act; 
and 

• Peregrine Falcon 
(Schedule 4). 

Mammals include: 
• possibility of the Chudich 

being present as a 
vagrant (Level 1); 

• Western Brush Wallaby 
(Level 2, Priority 4); and 

• Quenda (Level 2, Priority 
5) 

The construction of the 
AWWTP and the associated 
ocean outlet will require the 
clearing 21.5 ha for Site A or 
30.4 ha for Site B (Table 4.2, 
launch site 1B). Both Sites 
will result in the reduction or 
loss of potentially important 
habitat. Of particular concern 
is the reduction or loss of 
habitat for species of 
Conservation Value Level 1. 
 
 
 
 
 

The Corporation recognises the 
potential to minimise the 
necessary project impact on 
fauna and habitat, and to 
contribute to regional protection 
of fauna through its management 
planning for buffer zone land it 
will control.    The Corporation is 
also proposing to conserve bush 
areas of Banksia woodland and 
the Dryandra sessilis thickets that 
are known to be feeding grounds 
for Carnaby’s Cockatoo, a 
protected fauna species where 
practicable.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Conservation of fauna 
habitat and linkages to 
the maximum extent 
possible in the context of 
the MRS amendment. 
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Environmental 
Factor 

EPA Objective Existing Environment Potential Impact Environmental Management Predicted Outcome 

Geophysical 
Geo-heritage To minimise impact on identified 

geoheritage values and their associated 
flora and fauna communities within the 
buffer of the AWWTP and augment any 
conservation values identified within the 
Metropolitan Region Scheme. 

The coastal dune formations in 
the Alkimos area have been 
identified as having national 
and world geo-heritage 
significance. The WWTP at 
Site A or B, the ocean outlet 
assembly and launch facility, 
infiltration ponds, site 
excavation spoil disposal, and 
the associated infrastructure 
have the potential to adversely 
impact on the dune system 
landform.  

Site A will have limited impact 
on the dune system. The 
works associated with Site B 
will interrupt the interface 
between the second (Q3) and 
third phases (Q2) of the 
Quindalup Dune system and 
the linkages between the 
vegetation associations 
dependent upon them. 
 
 
 
 
 

Management of the respective 
odour buffer zones offers an 
opportunity to conserve portions 
of the nested parabolic dune 
system.  
 

Geoheritage and 
ecological associations 
will be significantly 
impacted by both sites.  
Site A offers greater 
conservation 
opportunities in 
maintaining continuity of 
the geoheritage phases 
and their associated 
ecological communities 
associated with Q1, Q3 
and Q4. 
Site B offers conservation 
opportunities in 
maintaining continuity of 
the geoheritage phases 
and their associated 
ecological communities 
associated with Q1, Q2 
and Q3 to a lesser extent. 
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Environmental 
Factor 

EPA Objective Existing Environment Potential Impact Environmental Management Predicted Outcome 

Marine Environment 
Marine ecosystem 
(Sediment, benthic 
habitat and water 
column). 

• To maintain the abundance, 
diversity, geographic distribution 
and productivity of the marine 
ecosystem around the Alkimos 
Ocean Outlet. 

 

The Alkimos coastal 
environment consists of sandy 
beaches, exposed reef 
structures lying within a 
relatively stable coastline with 
parallel reef structures in a 
reasonably remote area of the 
coastline. 

Construction of the pipeline, 
and discharge of treated 
wastewater has the potential 
to elevated nutrients, toxins 
and bacteria in proximity to 
the outlet and hence 
increased productivity of the 
benthic habitat, algae and 
phytoplankton within the 
vicinity of the affected areas. 
Possible loss of marine 
habitat due to the 
construction of the ocean 
outlet depending upon option 
taken (i.e. tunnelling). 
Adverse impact on water 
quality and the long term 
“health” of benthic habitats.  
Possible breaches in the 
social values identified for the 
coastal waters in the Alkimos 
region. 
 

The Water Corporation  will 
develop the Alkimos Marine 
Monitoring and Management Plan 
which will : 
• identify environmental values 

to be met; 
• establish and spatially define 

EQOs; 
• define the levels of 

protection for ecosystem 
health; 

• specify monitoring and 
management regimes to 
ensure the EQOs are met; 

• specify surveys , their 
frequency and parameters 
for investigation; 

• specify reporting and review 
procedures and frequency; 
and 

• intervention strategies to 
manage upset or non-
compliant conditions. 

The Water Corporation will 
identify and maintain 
management zones for nutrients 
and toxicants around the AOO. 
The Water Corporation will 
operate the AWWTP such that all 
nutrient and toxicant related 
criteria are met. 

All E2 nutrient related 
criteria will be met at the 
boundary of the 
Management Zone 
(Figure 4.17). 
 
All E2 toxicant criteria will 
be met will be met at the 
boundary of the Mixing 
Zone for toxicants (figure 
4.18) 
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Environmental 
Factor 

EPA Objective Existing Environment Potential Impact Environmental Management Predicted Outcome 

Pollution Management 
Air quality (odour) To ensure that odour emissions do not 

adversely affect environmental values 
or the health, welfare and amenity of 
people and land-uses 
 

The AWWTP will be located 
within the Alkimos Dune 
system.  At Site A, modelling 
suggests an odour buffer of 
600m will be sufficient. 
Similarly, at Site B an odour 
buffer of 600 m, supplemented 
wit an extra 200m to the west 
and north-west to take into 
account the odour “ponding” 
phenomenon are required 

Wastewater arriving at the 
AWWTP will be odorous.  
Uncontrolled, this could lead 
to a high rate of emission of 
odours from the treatment 
plant.  Odours emitted from 
the AWWTP, unmanaged, 
would have the potential to 
adversely impact on the 
amenity of occupants and 
users of land surrounding the 
plant. 
 

The Water Corporation will  
manage odours from the WWTP 
by: 
• siting and designing the 

AWWTP to minimise the 
odour impacts from the plant 
on surrounding land-uses as 
far as practicable, using best 
practice odour emission 
control design and operation; 

• delineating and managing an 
odour buffer zone and 
permitting only compatible 
land-uses within the buffer, 
through Water Corporation 
ownership and control of the 
buffer; and 

• achieving agreed odour 
criteria within the odour buffer.  

Extent and distribution of 
odour and the resultant 
size and shape of an 
amenity buffer will ensure 
no unacceptable odour 
exposures. 
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5 Consultation 
5.1 Introduction 
The EPA objectives for social surroundings are to: 
• ensure that the community is adequately informed 

on the potential environmental impacts of the 
social amenity of the area and how these will be 
managed; and  

• ensure that appropriate mechanisms are established 
to address any community concerns regarding 
environmental impacts arising from operation of 
the facility. 

 
In order to meet the stated objectives, the Water 
Corporation has developed and implemented a detailed 
consultation process for the Alkimos project that 
involves: 
• long term planning and consultation;  and 
• consultation during the PER preparation. 

Long Term Planning and Consultation 
In 1991, the Water Corporation conducted two major 
studies into water recycling and ocean disposal of 
treated wastewater that formed the basis of its Perth to 
Mandurah Wastewater 2040 Strategy.   
 
In conjunction with these studies, a community 
consultation program also took place to ensure that the 
community was given the opportunity to raise issues or 
concerns regarding all wastewater treatment practices 
and disposal. 
 
The consultation was conducted from October 1993 to 
March 1995 and resulted in a set of minimum criteria 
that all Water Corporation wastewater systems must 
satisfy. 
 
The Wastewater 2040 Strategy was subsequently 
referred to the EPA for comment and the Water 
Corporation has since used the Strategy as a blueprint 
for developing Perth’s wastewater system.  The 
Strategy was published in July 1995 by the Minister for 
Water Resources. 
 
The proposed AWWTP was identified and endorsed 
throughout the consultation process.  The Strategy 
specifies that the plant would not be needed prior to 
2000 and outlines it would be developed in stages with 
initial disposal to onsite soakage basins.  The 
possibility of water recycling was identified along with 
the need for an ocean outlet.    

5.2 Consultation  
Stakeholder planning and consultation for the Alkimos 
project prior to 15 July 2004 (when the referral 
document was submitted to the Environmental 
Protection Authority) consisted of: 
• the development of a stakeholder communication 

plan, which recognised that the proposed AWWTP 

may be sited at a location currently remote from 
development, but in the path of urbanisation over 
the next decade.  The Water Corporation sought to 
keep stakeholders informed of its plans and 
address any concerns and opportunities; 

• consultation with planning authorities (Department 
for Planning and Infrastructure); 
owners/developers of surrounding land (LandCorp 
and Eglinton Estates); City of Wanneroo (officers 
and elected members); and the local member of the 
Legislative Assembly, Dianne Guise; 

• consultation with developers to achieve a better 
planning outcome, including the potential 
relocation of the AWWTP; and 

• consultation with stakeholders identified below. 

5.2.1 Identification of Stakeholders 
More than 55 stakeholders were identified for the 
Alkimos Project.  They included:   
• Australian Anglers Association (WA Division); 
• Bobbyjo’s Bed and Breakfast; 
• Bowman Bishaw Gorham; 
• Brighton Estate Residents Association; 
• Chamber of Commerce and Industry (WA); 
• City of Wanneroo; 
• Conservation Council of Western Australia; 
• Department for Planning and Infrastructure; 
• Department of Conservation and Land 

Management; 
• Department of Environment; 
• Environmental Protection Authority; 
• Department of Health; 
• Department of Industry and Resources;  
• Eglinton Estates; 
• Australian Marine Conservation Society; 
• Clean Ocean Foundation Inc; 
• Coastal Heritage Association; 
• Environment Centre of WA; 
• Environmental Defenders Office (WA); 
• Greening Australia (WA); 
• Lake Neerabup Rural Group; 
• Marine and Coastal Community Network; 
• Mindarie Keys Coastcare Association; 
• Quinns Rocks Environmental Group Inc; 
• Two Rocks – Yanchep Region Environmental 

Group; 
• Urban Bushland Council (WA); 
• WWF Australia; 
• Estates Development Company; 
• Friends of Burns Beach Bushland; 
• Joondalup Coastcare; 
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• Mindarie Heights and Neighbours Community 
Association; 

• Mindarie Quinns Rocks Surf Club; 
• Mindarie Ratepayers and Residents Association; 
• Mullaloo Surf Lifesaving Association; 
• Quinns Rocks Fishing Club; 
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• Surfing Western Australia; 
• Surfrider Foundation Limited (Australia); 
• Two Rocks – Yanchep Residents Association; 
• Two Rocks Tight Liners Fishing Club; 
• Northern Corridor Developments; 
• Pentland Bay Syndicate; 
• Planning Institute of Australia; 
• Quinns Rocks Community and Residents 

Association; 
• Roberts Day; 
• Satterley Property Group; 
• Tim Auret; 
• Tourism and Residents Advocacy Group; 
• Two Rocks Wider Horizons Action Group; 
• Urban Development Institute of Australia (WA); 
• WA Four Wheel Drive Association; 
• Wanneroo Business Association; 
• Wanneroo Ratepayers and Residents Association; 
• WR Carpenter Properties P/L; 
• Yanchep Sun City Pty Ltd (Tokyu Corporation); 

and 
• Yanchep Surf Lifesaving Association.  
 
Other key stakeholders not listed are the local 
community, politicians and the media.   
 
A full list of stakeholder groups and key contacts is 
included in Table 5.1. 

5.2.2 Dissemination of Information 
and Identification of Issues 

The Water Corporation developed and implemented a 
comprehensive consultation and communication 
program with the identified stakeholder groups during 
the PER preparation.  Information was disseminated 
and issues were identified and resolved through a 
number of channels including: 

Ongoing Liaison and Discussion w th S akeholder 
Groups 

i t

f

As outlined in detail in Table 5.1. 

Face to Face Meetings, Briefings and Presentations 
to Key Stakeholders 
As outlined in detail in Table 5.1. 
 
The Water Corporation also actively participated in the 
DPI planning forums at which regional developers 

have been present, such as the Alkimos Eglinton 
District Structure Planning Workshops in 2004 and 
2005. 
 
Letters of invitation to attend a personal briefing were 
sent to key environment groups in July 2005.  

Project In ormation Brochures 
The Water Corporation developed and circulated a 10-
page overview document outlining the Alkimos Project 
in July 2004.  This document was printed and 
distributed to all stakeholders and was available on the 
Water Corporation website. Revisions to the document 
were undertaken in May, June and July 2005.  

Project Newsletters  
A project newsletter was drafted and circulated to all 
stakeholders and local residents in June 2005.  A 
second newsletter was prepared and circulated in 
September 2005.  The newsletters were distributed via 
mail, and in person at meetings, public information 
forums and shopping centre displays.  

Shopping Centre Displays 
The Water Corporation developed a 3.5 metre x 1.5 
metre public display to inform the local community 
and general public about the project.  This information 
display was erected and staffed at Currambine 
Marketplace from 7-11 June 2005, Ocean Keys 
Shopping Centre (Clarkson) from 13-18 June 2005 and 
at the Lakeside Joondalup Shopping Centre from 20-26 
June 2005.   

Public Information Forums  
Two community information forums were hosted by 
the Water Corporation: 
• 16 November 2004 – at the Waterfront in 

Mindarie.  Invitations were sent to 46 community 
and environment groups and, following the 
presentation, emails were sent offering further 
presentations and information. 

• 8 August 2005 – at the Joondalup Reception 
Centre in Joondalup.  Invitations were sent to 90 
residents who had expressed interest in attending 
an information forum on feedback forms.  Twenty-
two people attended the event.  Information 
circulated at the forum was forwarded to two other 
groups who were unable to attend. 

Feedback Forms  
Feedback forms were distributed at the shopping centre 
displays in June 2005, with 214 local residents 
requesting further information.  Forty of these people 
asked specific questions, while the remaining 174 
expressed an interest in attending information sessions 
and/or receiving the Alkimos newsletter.  

Website 
The Water Corporation maintained a comprehensive 
project website 
(at www.watercorporation.com.au/alkimos) which 
contained: 
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• general project information; 
• proposed timelines; 
• environmental documents;  
• community presentations; 
• project brochures and newsletters; and 
• an email feedback facility.  

Advertising 
Advertisements appeared in the Wanneroo Times and 
Joondalup/Wanneroo Community News to raise 
awareness and encourage community involvement in 
the project during the period May – August, 2005. 

Market Research 
The Water Corporation obtained community feedback 
via market research (see Appendix D).  The research 
was conducted from 5-23 August 2005 to measure and 
understand community attitudes and expectations 
towards: 
• the overall Alkimos development; 
• the location of the wastewater treatment plant; 
• odour acceptability; 
• water recycling and reuse opportunities; and 
• usage of the buffer zone. 
 
A two-stage methodology was adopted to gauge 
opinions before and after information about the 
development was provided.  Stage 1 involved the 
recruitment of a random sample of 300 northern 
suburbs residents.  Telephone interviewing was used to 
contact and recruit residents living in coastal and 
inland suburbs in Perth’s north west corridor.  
Residents were asked questions up-front about the 
Alkimos proposal.   
 
A summary document regarding the Alkimos 
development was then mailed to these residents and, 
after allowing a few days for participants to review the 
information, the sample group was re-contacted by 
telephone for Stage 2 of the interviewing process. 
 
Data was weighted by region, age and gender to 
accurately reflect the actual population of Perth’s 
northern corridor.  The sample was comprised of 
residents living within the proposed catchment 
boundary.   
 
Key findings showed that: 
• awareness of the Alkimos development is 

relatively low (31 per cent) with residents in 
coastal suburbs slightly more likely than those in 
inland suburbs to have heard of the proposal; 

• support for the development is high; 
• 55 per cent initially supporting the development; 
• 83 per cent providing support after having 

reviewing information about the proposal; 

• regardless of whether they had reviewed the 
information, 10 per cent of residents did not 
support the development; and 

• once informed, support for the development is 
equally strong for both coastal and inland 
residents. 

5.2.3 Feedback on Stakeholder Issues 
Queries raised by the general community were, broadly 
speaking, focused on the: 
• buffer zone and potential for odour; 
• need for a coastal location for the plant;  
• need for an ocean outlet; and 
• potential for re-use. 
 
These are expanded further in Section 5.2 of this 
document. 
 
The findings of the research also indicated that: 
• The key reasons provided by residents for 

supporting the development is that it will service 
the needs of the growing population and help with 
the water shortage. 

• The key reasons provided by residents for not 
supporting the development were the perception 
that there will be negative environmental impact 
on the ocean and sand dunes, as well as the 
emission of odours. 

• After reading the information provided, the vast 
majority of residents felt they understood the 
reasons for the development itself (89 per cent) 
and the proposed coastal location (92 per cent). 

• Odour is a key concern for some residents and 
there is an expectation that any odours will at least 
be minimised – with 29 per cent believing that the 
development should only proceed if there will be 
no odour impact. 

• Strong support exists for the usage of the buffer 
zone around the WWTP.  Support for various 
possible uses of the buffer zone is high, especially 
in regard to a conservation precinct (96 per cent), 
parklands (89 per cent), a technology or marine 
research facility (87 per cent) or sporting fields 
and facilities (78 per cent). 

• Most residents support the ocean discharge 
concept with 93 per cent agreeing that treated 
waste water should be discharged into the ocean if 
necessary, but that all water recycling 
opportunities should be pursued where possible. 

• Support for various water recycling and reuse 
initiatives is high, with the exception of potable 
reuse. 

5.2.4 Proponent’s Response To 
Issues 

In response to issues raised by stakeholders and the 
wider community, the Water Corporation: 
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• provided detailed information in a 10-page 
overview document about the proposed locations 
for the plant, water recycling, the need for an 
ocean outlet and the buffer zone;  

• outlined buffer and re-use opportunities in 
community newsletters;  

• developed a “Q&A document” with details as to 
why the plant should be located on the coast, re-
use potential, plant location and the preservation of 
coastal areas; 

• provided direct responses to questions posed by 
members of the community at information sessions 
and shopping centre displays;  

• provided information and direct responses to other 
stakeholder groups on an ongoing basis; and 

• provided detailed information on the Alkimos 
Project website. 

 
Evidence suggests that the Corporation’s information 
materials were useful in raising community 
understanding of the project and issues raised by the 
community.  Fifty-five per cent initial support for the 
development rose to 83 per cent support after 
information was reviewed. 
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Table 5-1  Alkimos WWTP - Summary of  Stakeholder Consultation 

Audience 
(Groups Consulted  
And Key Contacts) 

Channels Contact History Comments/Issues Stakeholder Manager 

GOVERNMENT 
LandCorp 
 
Level 3, Wesfarmers House 
40 The Esplanade 
Perth   WA   6000 
(Locked Bag 5 
Perth Business Centre WA 6849) 
Ph:  9482 7499 
Fax:  9481 0861  
 
Primary contacts: 
Bruce Low, LandCorp Divisional 
Manager 
Tasio Cokis –Consultant and Project 
Manager, Woodsome Management 
Pty Ltd   
 
Secondary contacts: 
Frank Mara - Finance 
Roy Webley- Engineer 
Cossill and Webley 
Graham Meredith – Consulting Town 
Planner 
Mario Claudio – Project Manager 
John Yeates – Business Manager, 
Environment section 
Mike Maloney – General Manager, 
Operations 
Barbara Gdowski – LandCorp 

Ongoing liaison and 
discussions 
Meetings 
Presentations 
Workshops 
Newsletters 
 

June 2001 – Relocation Agreement between 
LandCorp, Water Corporation and Eglinton 
Estate signed.  Monthly working meetings ran 
from the end of 2001 to date.   
 
28 November 2003 – Working meeting at which 
Water Corporation presented outcome of 
assessment of Site 2A, 2B, 3, and 4. 
 
22 December 2003 – large Water Corporation 
and LandCorp contingents at meeting to 
communicate IPB Planning document outcomes 
and the potential for 700-900m buffers. 
 
January 2004 – North West Corridor Workshop 
Attendees: 
A number of developers 
Politicians 
City of Wanneroo 
LandCorp  
Water Corporation 
 
19 March 2004 – DPI Steering Committee first 
meeting to review sites A-D.  Water Corporation 
and developers attended. Regular meetings to 
date.  
 

LandCorp, Eglinton Estates and Water 
Corporation have agreed to develop Site B but 
retain Site A as a fallback position if Site B 
proves not to be viable. 
 

Peter Moore 
Peter Verschuer 
 
John Longley 
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Alkimos Wastewater Treatment Plant - Public Environmental Review 

Audience 
(Groups Consulted  
And Key Contacts) 

Channels Contact History Comments/Issues Stakeholder Manager 

Department for Planning and 
Infrastructure 
 
469 Wellington Street 
Perth  WA  6000 
Ph:  9264 7777 
Fax:  9264 7566 
 
Steve Goldie – Executive Director, 
Statutory Services; Project Director; 
Chair of the DPI Steering Committee 
Paul Frewer – Executive Director, 
Integrated Planning 
Angela Clare – Project Officer 

Ongoing liaison and 
discussions 
Meetings 
Presentations 
Workshops 
Newsletters 
 

DPI District Structure Planning Committee 
meetings from late-February 2004 to date. 
 

Expediting an MRS Amendment to relocate 
Marmion Avenue and the AWWTP and other 
elements in the Northwest Corridor. 
 

Peter Verschuer 
Ross Montgomery 
Michael Parker 
John Longley 
 

Department of Health Invitations to 
presentations 

Invited to PLOOM presentation – 19 May 2005 Health impact of ocean outlet discharge.  

Department of Environment 
 
Level 8, Westralia Square Building  
141 St Georges Terrace  
Perth  WA  6000 
Ph:  9222 7000  
Fax:  9222 7099  
  
Gary Williams – Senior Environmental 
Officer 
Ken Rayner – Air Quality Management 
Branch 

Ongoing liaison and 
discussions 
Meetings 
Invitations to 
presentations 
Newsletters 
 
 
 
 

Several meetings regarding odour modelling, 
and the size of the buffer and climate station 
requirements. 
 
Meetings to discuss the implication of a range of 
issues, e.g. vegetation. 
 
Invited to PLOOM presentation – 19 May 2005  
 
Site meetings to look at project impact. 

Buffer areas and odour guidelines are primary 
issues. 
 

Murray French 
Andrew Baker 
Brendan Toohey 
Ian Wallis (buffer consultant) 
 

Environmental Protection Authority 
 
Main office:  
Level 8, Westralia Square 
141 St George's Terrace  
Perth  WA  6000  
Ph:  9222 7000  
Fax:  9222 7155  
 
Web:  www.epa.wa.gov.au  
 
Dr Wally Cox – Chairman  

Presentations 
Newsletters 
 
 
 

29 April 2004 - Steve Goldie (DPI) presented a 
verbal briefing to Wally Cox and EPA staff.  
Richard Forrest attended. 
 
Invited to PLOOM presentation – 19 May 2005 
 
Site meetings to look at project impact. 

EPA very firm on environmental aspects of the 
various sites. 
 
EPA requires vegetation survey to be 
conducted.  Possible MRS Amendment 
implications as a result. 
 
EPA support WC commencing Section 38 
referral with consideration of an alternative 
option (Site A). 
 

Andrew Baker 
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Audience 
(Groups Consulted  
And Key Contacts) 

Channels Contact History Comments/Issues Stakeholder Manager 

Department of Conservation 
and Land Management  
 
Head Office 
Hackett Drive 
Crawley   WA  6009 
Ph:  9442 0300 
Fax:  9386 1578 
 
Marine Branch 
47 Henry Street 
Fremantle  WA  6161 
Ph:  9336 0100 
Fax:  9430 5408 
 
Keiran McNamara–Exec. Director 
Tim Grubba – Marine Branch 

Invitations to 
presentations and 
personal briefings 
Newsletters 
 

Invited to PLOOM presentation – 19 May 2005 
 
Letter of invitation for personal briefing – 12 July 
2005 
 

   Andrew Baker

Department of Industry and Resources 
Dumas House 
2 Havelock St 
West Perth   WA  6005  
Ph:  9222 5156 
Fax:  9222 3862 

Meetings 
Newsletters 
 

Attended meeting on 17 May 2004 facilitated by 
DPI.   

   Peter Verschuer
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Alkimos Wastewater Treatment Plant - Public Environmental Review 

Audience 
(Groups Consulted  
And Key Contacts) 

Channels Contact History Comments/Issues Stakeholder Manager 

City of Wanneroo 
 
23 Dundebar Road 
Wanneroo WA 6065 
(Locked Bag 1 Wanneroo WA 6946) 
Ph:  9405 5000 
Fax:  9405 5499 
 
Primary contacts: 
Charles Johnson, Chief Executive 
Officer 
Dennis Blair, Director Technical 
Services 
Paul Sanders, Town Planner 
 
Secondary contacts: 
Mayor Jon Kelly JP  
Roman Zagwocki, Director –  Planning 
and Development 
Fiona Bentley, Director – Community 
Development 
Councillors 
Cr Sam Salpietro (Deputy Mayor), 
Central Ward 
Cr Frank Cvitan, Central Ward 
Cr Tracey Roberts, Coastal Ward 
(Alkimos) 
Cr Ian Goodenough, Coastal Ward 
(Alkimos) 
Cr Louise McNamara, North Ward 
(surrounding areas) 
Cr Terry Loftus, North Ward 
(Surrounding areas) 
Cr Rudi Steffens CD, Hester Ward 
(surrounding areas) 
Cr John Stewart PSM, Hester Ward 
(surrounding areas) 
Cr Dot Newton, Wanneroo Ward  
Cr Glynis Monks, Wanneroo Ward  
Cr Brett Treby, Alexander Ward 
Cr Mark Pearson, Alexander Ward 

Meetings 
Informal discussions 
Information sessions 
Presentations 
Newsletters 
Invitation for 
personal briefing 
 
 

City of Wanneroo has attended the Steering 
Committee meetings and sub-group meeting. 
 
Informal discussions with CEO. 
 
Water Corporation  presented to Councillors on 
10 November 2004.  General support and a 
focus on water recycling. 
 
Councillors  invited to information session on 16 
November 2004.  Follow-up letter. 
 
CEO invited to PLOOM presentation – 19 May 
2005 
 
Letter of invitation for personal briefing – 12 July 
2005 
 
 
 
24 May 2005 – meeting to update the City 
regarding latest alignment for main sewer and 
impact at construction site at Tollesbury Avenue. 
 
Water Corporation presentation to Council – 18 
October 2005. 
 

Issues include: 
Prefer rapid decision-making process. 
Employment – the Council's primary concern.  
They are aiming for 60 percent local 
employment in the area and Site A and B may 
impact on coastal nodes that could otherwise be 
used for high-density development, bringing 
employment opportunities to the area. 
Compatible use of land around the WWTP to 
increase employment opportunities. 
 
Concerns that beach use may be limited if Site 
A chosen. 
 
  

John Longley 
Ross Montgomery 
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Alkimos Wastewater Treatment Plant - Public Environmental Review 

Audience 
(Groups Consulted  
And Key Contacts) 

Channels Contact History Comments/Issues Stakeholder Manager 

PLANNERS AND DEVELOPERS 
Tim Auret 
Land Planning Consultant 
(Ex-DPI) 

Ongoing liaison 
Meetings 
Newsletters 
 

Engaged by the Water Corporation for advice 
and to work on the financial aspects of the Triple 
Bottom Line (TBL) assessment as part of the 
environmental assessment. 
 
Also attended the North West Corridor 
Workshop. 

Viability of regional centre at Alkimos has been 
reviewed. 

Ross Montgomery 

Roberts Day  
(Town Planning Consultants) 
Ph:  9321 8688 
Fax:  9321 8588 
 
 
Erwin Roberts  
 
Bowman Bishaw Gorham 
Ph:  9382 4744 
Fax:  9382 1177 
 
Martin Bowman 
Kirsten Bennetts 

Ongoing liaison 
Newsletters 
 
 
 
 
 
 
Workshop  

Engaged to assist in the preparation of the TBL 
assessment for environmental approval under 
Section 38.  This will also provide information for 
the DPI Steering Committee. 
 
More vegetation diversity at A and B. 
 
Attended workshop on TBL analysis for site 
selection. 
 

Currently believes that town centre is in 
approximately right location along coast.  
WWTP and other planning aspects can be 
moved around, so all site options are generally 
viable. 

Phil Pickering 
Frank Kroll 
Ross Montgomery 
Phil Pickering 

Eglinton Estate 
 
Suite 5, 20 Altona St 
West Perth  WA  6005 
Ph:  9321 4433 
Fax:  9322 3206 
 
Damian Moloney 
(Director of Eglinton Estate's parent 
company, Alkimos Development Pty Ltd) 

Meetings 
Newsletters 
 

Eglinton Estate is part of the Alkimos Relocation 
Agreement and regularly attends Lot 101 
Steering Committee meetings. 

As for LandCorp 
 

Peter Verschuer 

Yanchep Sun City Ltd 
(Subsidiary of Tokyu Corporation) 
 
Level 9, QV1 Building 
250 St Georges Terrace 
Perth WA 6000 
Ph:  9481 0670 
Fax:  9481 0926 
Susan Mills 
Andrew Hagen 

Workshops 
Newsletters 

Attended North West Corridor Workshop. Keen to resolve WWTP location. 
 
More interested in Marmion Ave extension being 
finalised. 

Peter Verschuer 
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Alkimos Wastewater Treatment Plant - Public Environmental Review 

Audience 
(Groups Consulted  
And Key Contacts) 

Channels Contact History Comments/Issues Stakeholder Manager 

WR Carpenter Properties Pty Ltd 
15th Floor, 28 The Esplanade 
Perth  WA  6000 
Ph:  9261 2878 
Fax:  9321 1506 
 
Mark Collins – Project Manager Mob:  
0409 101 526 
mark.collins@thegriffingroup.com.au  
 
Masterplan Town Planning Consultants 
77 Thomas Street 
Subiaco  WA  6008 
(PO Box 77  
Subiaco  WA  6904) 
Ph:  9381 5577 
Fax:  9381 4888 
 
Scott Kerr – Town Planner  
Mob:  0415 178 556 
Email:  scott@masterplanwa.com  

Meeting 
Newsletters 
 

Not part of Relocation Agreement. 
 
Regular attendee of DPI district Structure 
Planning Committee meetings. 
 
 
 
 
 

Keen to see a decision made about WWTP site 
location to not delay their project. 
 
 

 

Northern Corridor Developments 
 
Suite 3 Ground Floor 
44 Kings Park Road 
West Perth  WA  6005 
Ph:  9226 2812 
Fax:  9226 2814 
 
(Owns land south of Romeo Road within 
advertised MRS area)  
 
Norm Kinair – (part landowner) 
Geoff Lewis – Town Planner 

Discussions 
Newsletters 
 

Informal discussions. 
 
Attended North West Corridor Workshop. 

No concerns regarding Site A or Site B 
selection. Concerned if WWTP was located 
further east. 
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Alkimos Wastewater Treatment Plant - Public Environmental Review 

Audience 
(Groups Consulted  
And Key Contacts) 

Channels Contact History Comments/Issues Stakeholder Manager 

Satterley Property Group 
(Substantial land ownership further 
south) 
 
18 Bowman Street 
South Perth  WA  6151 
Ph:  9368 9000 
Fax:  9368 9001 
 
Sandy Biagioni – Project Manager 

Discussions 
Newsletters 
 

Informal discussions on site selection. 
 
Regular meetings regarding Quinns main sewer 
alignment. 

Seem comfortable with Site B.    

Estates Development Company 
(Jindalee area) 
 
49 Hampden Road 
Nedlands  WA   
Ph:  9389 8222 
Fax:  9389 9301 
 
James Blitz 
Mark Zoller 

Meetings 
Newsletters 
 
 

Regular meetings May 2005 to date regarding 
Quinns mains sewer route selection. 
 

Concerned about Quinns main sewer. 
 
 
 

Mike Blucki 

STATE INDUSTRY GROUPS 
Chamber of Commerce and Industry 
(WA) 
 
Ph:  9365 7555 
Fax:  9365 7550 
 
180 Hay Street 
East Perth  WA  6004 
John Langoulant – Chief Executive 
Officer 
Dr Ray Wills 

Newsletters 
 
Meetings 
 

Meetings to discuss Alkimos WWTP proposal in 
relation to coastal planning strategy. 

-   John Longley

Planning Institute of Australia 
 
PO Box 625  
South Perth  WA  6951 
Ph:  9367 2599 
Fax:  9367 9599 
 
David Caddy – President  

Newsletters 
 

Not contacted.  John Longley 

 
 
 

Section Five: Consultation - Final v.3 - 8 November 2005 
Page 13 of 24 



Alkimos Wastewater Treatment Plant - Public Environmental Review 

Audience 
(Groups Consulted  
And Key Contacts) 

Channels Contact History Comments/Issues Stakeholder Manager 

STATE ENVIRONMENT GROUPS 
The Clean Ocean Foundation Inc. 
 
Ph:  (03) 5973 6788 
Fax:  (03) 5973 6799 
Email:  info@cleanocean.org  
Web:  www.cleanocean.org  
 
Angus Smith – National Campaign 
Manager 
Peter Smith - President 

Newsletters 
Invitation to personal 
briefing 
 

Letter of invitation for personal briefing – 12 July 
2005 
 
 

   Andrew Baker

Marine and Coastal Community 
Network 
 
2 Delhi St 
West Perth WA 6005 
Ph:  9420 7206 
Fax:  9486 8718 
Email:  wa@mccn.org.au
 
Edwina Davies Ward – Coordinator 

Invitations to 
information sessions 
and personal 
briefings 
Letters 
Newsletters 
 
 
 
  

Invited to information session on 16 November 
2004. 
 
Follow-up letter. 
 
Invited to PLOOM presentation 19 May 2005 
and follow up letter. 
 
Letter of invitation for personal briefing – 12 July 
2005 

   Andrew Baker

Conservation Council of Western 
Australia  
 
City West Lotteries House 
2 Delhi Street  
West Perth WA 6005 
Ph:  9420 7266   
Fax:  9420 7273 
 
Jon Kaub – Water Policy Officer 
jon.kaub@conservationwa.asn.au
 
Chris Tallentire 

Discussions 
Briefings 
Invitations to 
information sessions 
and personal 
briefings 
Letters 
Presentations 
Newsletters  
 

Phone discussions and meetings over an 
extended period. 
 
Invited to information session on 16 November 
2004.  Follow-up letter. 
 
Invited to PLOOM presentation on 19 May 2005 
and follow up letter. 
 
Letter of invitation for personal briefing – 12 July 
2005 
 

Likely to support Site A or B as it fits better with 
the Council's ethos of sustainability.   
 
Opposed to the general concept of a large 
WWTP – would prefer to see the consideration 
of smaller treatment plants. 
 
Also opposed to ocean discharge. 
 

Andrew Baker 

Section Five: Consultation - Final v.3 - 8 November 2005 
Page 14 of 24 

mailto:info@cleanocean.org
http://www.cleanocean.org/
mailto:wa@mccn.org.au
http://www.mccn.org.au/wa/default.asp?page=staff
mailto:jon.kaub@conservationwa.asn.au


Alkimos Wastewater Treatment Plant - Public Environmental Review 

Audience 
(Groups Consulted  
And Key Contacts) 

Channels Contact History Comments/Issues Stakeholder Manager 

World Wildlife Fund Australia 
 
Panda Cottage  
Herdsman Lake, Flynn St, Wembley 
WA 6014  
 
Ph:  9387 6444 
Fax:  9387 6180 
 
Richard McLellan – Regional Manager 
James Duggie - Conservation Officer 

Invitations to 
information sessions 
and personal 
briefings 
Letters 
Presentations  
Newsletter 
 

Invited to information session on 16 November 
2004. 
 
Follow-up letter. 
 
Invited to PLOOM presentation on 19 May 2005. 
 
Letter of invitation for personal briefing – 12 July 
2005 
 

   Andrew Baker

Wetlands Conservation Society 
 
Phil Jennings 

Invitation to personal 
briefing 

Letter of invitation for personal briefing – 12 July 
2005 
 

   Andrew Baker

Urban Bushland Council (WA) 
 
PO Box 326 
West Perth  WA  6872 
Ph:  9420 7207 
Fax:  9420 7208 
Email:  ubc@iinet.net.au  
 
Mary Gray – President 

Invitations to 
information sessions 
and personal 
briefings 
Letters 
Newsletters 
 
 

Invited to information session on 16 November 
2004. 
 
Follow-up letter. 
 
Letter of invitation for personal briefing – 12 July 
2005 
 

   Andrew Baker

Environmental Defenders Office (WA) 
 
Level 2, Kings New Office Tower 
533 Hay Street 
Perth  WA  6000 
Ph:  9221 3030 
Fax:  9221 3070 
Email:  mashton.edowa@edo.org.au  
 
Rick Fletcher 
Leigh Simpkin – Principal Solicitor 
Marilyn Ashton – Coordinator 

Invitations to 
information sessions 
and personal 
briefings 
Letters 
Newsletter 
 

Invited to information session on 16 November 
2004. 
 
Follow-up letter. 
 
Letter of invitation for personal briefing – 12 July 
2005 
 

   Andrew Baker

Australian Marine Conservation 
Society (WA) 
 
City West Lotteries House 
2 Delhi Street 
West Perth  WA  6005 
Email:  amcswa@iinet.net.au  
Dennis Beros 

Invitations to 
information sessions 
Letters 
Newsletters 
Invitation to personal 
briefing 
 

Invited to information session on 16 November 
2004. 
 
Follow-up letter. 
 
Letter of invitation for personal briefing – 12 July 
2005 
 

   Andrew Baker
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Alkimos Wastewater Treatment Plant - Public Environmental Review 

Audience 
(Groups Consulted  
And Key Contacts) 

Channels Contact History Comments/Issues Stakeholder Manager 

Coastal Heritage Association 
 
42 Hale Street 
North Beach  WA  6020  

Newsletters 
Invitation to personal 
briefing 
 

Letter of invitation for personal briefing – 12 July 
2005 
 

   Andrew Baker

Friends of Craigie Bushland Invitation to personal 
briefing 

Letter of invitation for personal briefing – 12 July 
2005 

   Andrew Baker

Environment Centre of WA 
 
PO Box 7375 
Cloisters Square  WA  6850 
Email:  ecwa@ecwa.asn.au  

Newsletters 
Invitation to personal 
briefing 
 

Letter of invitation for personal briefing – 12 July 
2005 
 

   Andrew Baker

Greening Australia (WA) 
 
10-12 The Terrace 
Fremantle  WA  6160 
Ph:  9335 8933 
Fax:  9335 9203 
Email:  lbrook@gawa.org.au  
 
Lynda Brooks – Business 
Development and Marketing Manager 

Invitations to 
information sessions 
and personal 
briefings 
Letters 
Newsletters 
 

Invited to information session on 16 November 
2004. 
 
Follow-up letter. 
 
Letter of invitation for personal briefing – 12 July 
2005 
 

   Andrew Baker

RESIDENT GROUPS 
Brighton Estate Residents Association 
Inc 
 
22 Kingsbridge Blvd 
Butler  WA  6036 
Ph: 08 9562 0422 
Fax: 9562 0433 
 
Brian Butterworth – President  
Ph: 9562 1142 
Fax: 9562 0742 
Email: 
butterworth@brightontown.com.au  
 
Lorraine Davies – Vice President  
Ph: 9562 1564 
Email: davies1@brightontown.com.au  

Information sessions 
 

Attended information session on 16 November 
2004. 
 
 

   John Longley
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Audience 
(Groups Consulted  
And Key Contacts) 

Channels Contact History Comments/Issues Stakeholder Manager 

Macquarie Heights and Neighbours 
Community Association Inc 
 
45 Chartwell Bend, Hocking  WA 6065 
Ph: 0417 983 644 
Fax: 08 9385 9263 
 
Anita Palmer – Secretary 
Phone: 0417 983 644 
Fax: 9385 9263 
Email: anita@starlight.net.au  
 
Leonie Crewe – Treasurer  
Email: leonie@absaus.com.au  
 
Geoff Newman 

Information sessions 
Newsletters 
 

Attended information session on 16 November 
2004. 
 

   John Longley

Mindarie Ratepayers and Residents 
Association 
 
Eric Couzens – President  
Ph: 9407 7114 
Fax: as above 
Email: ecouzens@iinet.net.au  
 
Ken Tasker - Secretary 
Ph: 9407 8148 
Fax: 9407 8148 
Email: kentasker@netfactory.com.au  
 
John Mayer 

Information sessions 
Newsletters 
 

Attended information session on 16 November 
2004. 
 
 

   John Longley
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Audience 
(Groups Consulted  
And Key Contacts) 

Channels Contact History Comments/Issues Stakeholder Manager 

Quinns Rocks Community and 
Recreation Association (Inc) 
 
PO Box 17 
QUINNS ROCKS  WA  6030 
Ph: 08 9305 1653 
Fax: 08 9305 1653 
 
David Feint – Chair  
Ph: 9305 1653 
Fax: 93051653 
Email: feinty@bigpond.com.au  
 
Barbara Arthur – Vice Chair  
Ph: 9305 1450 

Invitations to 
information sessions 
Letters 
Newsletters 
 

Invited to information session on 16 November 
2004. 
 
Follow-up letter. 
 

   John Longley

Two Rocks – Yanchep Residents 
Association 
 
PO Box 45 
Two Rocks  WA  6037 
Ph:  9561 2110 
Email:  brooksie@iinet.net.au  
 
Peter Brookes – President 
Laura Gray 

Information sessions 
Letters 
Presentation 
Newsletters 
 

Attended information session on 16 November 
2004. 
 
Presentation 21 May 2005. 

   John Longley

Two Rocks Wider Horizons Action 
Group 
 
Roselin Humphries - Coordinator 
Ph: 95615658 
Email: rhumphries@vtown.com.au  
 
Gaye Kearney - Coordinator 
Ph: 9561 5658 
Email: sophie21@bigpond.com.au  

Invitations to 
information sessions 
Letters 
Newsletters 
 

Invited to information session on 16 November 
2004. 
 
Follow-up letter. 
 

   John Longley
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Audience 
(Groups Consulted  
And Key Contacts) 

Channels Contact History Comments/Issues Stakeholder Manager 

Wanneroo Ratepayers and Residents 
Association 
 
PO Box 527 
WANNEROO WA 6065 
Ph: 9405 2824 
Fax: 9405 2824 
 
Dot Newton - President 
Ph: 9405 2824 
Fax: 94052824 
Email: dotder@bigpond.com.au  
 
Colin Hird – Vice President 
Phone: 9405 2203 

Invitations to 
information sessions 
Letters 
Newsletters 
 

Invited to information session on 16 November 
2004. 
 
Follow-up letter. 
 

   John Longley

COMMUNITY GROUPS 
Australian Anglers Association (WA 
Division) 
 
PO Box 2200  
Marmion  WA  6020 
Ph:  9403 7383 
Email:  aaawa@iinet.net.au  
Web:  www.aaawa.iinet.net.au  
 
Terry Fuller 

Newsletters 
Invitations to 
information sessions 
 

Invited to information session on 16 November 
2004. 
 
Follow-up letter. 

   John Longley

Bobbyjo’s Bed and Breakfast 
 
Jo Holdings 
 

Newsletters 
Invitations to 
information sessions 

Invited to information session on 16 November 
2004. 
 
Follow-up letter. 

   John Longley

Joondalup Coastcare 
 
Marilyn and Ken Zakrevski 
Ph:  9401 3574 

Newsletters 
Discussions 
 

19 November 2004 – discussion with John 
Longley. 
 
 

Very keen to see a larger than 20 per cent target 
for water reuse at Alkimos. 
 

John Longley 

Lake Neerabup Rural Group 
 
Keith Melville 
 

Newsletters 
Invitations to 
information sessions 
 

Invited to information session on 16 November 
2004. 
 
Follow-up letter. 

   John Longley
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Audience 
(Groups Consulted  
And Key Contacts) 

Channels Contact History Comments/Issues Stakeholder Manager 

Mindarie Keys Coastcare Association 
 
Brendon Ashby 
Ph:  9407 7700 
 
Kevin Noscow 
Ph:  0419 912 165 

Newsletters 
Invitation for 
personal briefing 
 

Letter of invitation for personal briefing – 12 July 
2005 
 

 Andrew Baker  

Mullaloo Surf Lifesaving 
 
Oceanside Promenade 
Mullaloo  WA  6025 
(PO Box 119 
Hillarys  WA  6923) 
Ph:  9307 7766 
Fax:  9307 7769 
Web:  www.mullaloosurf.com.au  
 
Steve Dargie – President  
Email:  dargis@iinet.net.au

 Newsletters 
Invitations to 
information sessions 
 

Attended information session on 16 November 
2004.   
 
 

Interested in water recycling opportunities. John Longley 

Mindarie – Quinns Rocks Surf Club  
 
Neville Hogan 

Newsletters 
Invitations to 
information sessions 
 

Invited to information session on 16 November 
2004. 
 
Follow-up letter. 

   John Longley

Quinns Rocks Environmental Group 
Inc 
 
PO Box 27 
Quinns Rocks   WA   6030  
Ph:  9305 9575 
 
David Wake 
Renate Zelinova 

Newsletters 
Invitations to 
information sessions 
and personal 
briefings 
 

Attended information session on 16 November 
2004. 
 
Follow-up emails with Michael Waite on 22 
November 2004. 
 
Letter of invitation for personal briefing – 12 July 
2005 
 

   Andrew Baker

Quinns Rocks Fishing Club 
 
Ph:  9306 3379  
PO Box 22 
Quinns Rocks  WA  6030   
 
Richard Lee - Secretary 

Newsletters 
Invitations to 
information sessions 
 
 

Invited to information session on 16 November 
2004. 
Follow-up letter. 

   John Longley
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Audience 
(Groups Consulted  
And Key Contacts) 

Channels Contact History Comments/Issues Stakeholder Manager 

Surfing Western Australia 
 
Carpark No. 2 
360 West Coast Drive  
Trigg   WA  6029 
(PO Box 382   
North Beach  WA  6920) 
Ph:  9448 0004 
Fax:  9447 0309 
Email:  info@surfingwa.com.au  
Web:  www.surfingaustralia.com  
 
Gary Vaughan – President  
Mark Lane – General Manager  

Newsletters 
Invitations to 
information sessions 
 

Invited to information session on 16 November 
2004. 
 
Follow-up letter. 
 

   John Longley

Tourism and Residents Advocacy 
Group 
 
Bev Phillips 

Newsletters 
Invitations to 
information sessions 

Invited to information session on 16 November 
2004. 
 
Follow-up letter. 

  

Two Rocks Tight Liners Fishing Club 
 
c/o Post Office 
Two Rocks  WA  6037  
Ph:  9561 5627 
 
Ph:  9561 2506 
 
Eric Decampo – Presiden 

Newsletters 
Invitations to 
information sessions 
 

Invited to information session on 16 November 
2004. 
 
Follow-up letter. 

   John Longley

Two Rocks – Yanchep Region 
Environmental Group 
 
7 Valkyrie Place 
(PO Box 46) 
Two Rocks  WA  6037 
Ph:  9561 5303 
 
Martina Thomas – President  
Email:  
martina.Thomas@bigpond.com.au  
Lloyd Collard 

Newsletters 
Invitations to 
information sessions 
Overview document 
 

Invited to information session on 16 November 
2004. 
 
Follow-up letter. 
 
Letter of invitation for personal briefing – 12 July 
2005 
 
Overview document and newsletter forwarded 
by mail 9 August 2005. 

   Andrew Baker
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Audience 
(Groups Consulted  
And Key Contacts) 

Channels Contact History Comments/Issues Stakeholder Manager 

Wanneroo Business Association 
 
23 Dundebar Rad 
Wanneroo  WA   
PO Box 1192 
Wangara  WA  6947 
Ph:  9206 3888 
Fax:  9206 3899 
Email:  info@wanneroobusiness.com  
Web:  www.wanneroobusiness.com  
 
Bob Fawcett – Executive Officer 

Newsletters 
Invitations to 
information sessions 
 

Invited to information session on 16 November 
2004. 
 
Follow-up letter. 

   John Longley

WA Four Wheel Drive Association 
State Office 
PO Box 6029 
East Perth  WA  6892 
Ph:  9370 1540 
Web:  www.wa4wda.com.au
 
Wanneroo Wanderers 4WD Club 
PO Box 414 
Wanneroo  WA  6065 
 
Northside 4WD Club 
PO Box 121 
Hillarys  WA  6025 
 
Greg Bremner – Chairman 
chairman@wa4wda.com.au
 
Mike Albert – President 
ns4wd@pacific.net.au  
0411 236 862 
 
Terry Machin – PR Officer 
pr@wa4wda.com.au  
 
Michael Clode – Environmental Officer 
landmanager@wa4wda.com.au

Newsletters 
Information sessions 
 

Attended information session on 16 November 
2004. 
 

   John Longley
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Audience 
(Groups Consulted  
And Key Contacts) 

Channels Contact History Comments/Issues Stakeholder Manager 

POLITICIANS 
Hon Dr Geoff Gallop MLA 
Premier; Minister for Water Resources 
 
John Kobelke MLA 
Minister assisting Minister for Water 
Resources 

 Previous Minister Nick Griffiths -  
Signed Relocation Agreement in September 
2001. 
 

   Lindsay Lowes

Hon Alannah MacTiernan MLA, 
Minister for Planning and Infrastructure 
 
Ministerial Office :  
13th Floor, Dumas House 
2 Havelock Street, 
West Perth WA 6005 
Ph: 9213 6400 
Fax: 9213 6401 
 mailto: 
Electorate Office:  
Unit 11, 2756 Albany Hwy 
Kelmscott WA 6111 
Ph: (08) 9495 4877 
Fax: (08) 9495 4866 
Email: amactier@mp.wa.gov.au

 Not contacted.  Lindsay Lowes 

Hon Judy Edwards MLA, 
Minister for the Environment 
 
Ministerial Office :  
29th Floor, Allendale Square 
77 St George's Terrace 
Perth WA 6000 
Ph: 9220 5050 
Fax: 9221 4665 
 mailto: 
Electorate Office:  
PO Box 147 
Maylands WA 6931 
Ph: (08) 9370 3550 
Fax: (08) 9272 4291 
Email: maylands@mp.wa.gov.au  

 Not contacted.  Lindsay Lowes 
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Audience 
(Groups Consulted  
And Key Contacts) 

Channels Contact History Comments/Issues Stakeholder Manager 

Mrs Dianne Guise MLA, 
Member for Wanneroo 
ALP  
 
Electorate Office:  
Unit B 
915 Wanneroo Rd 
Wanneroo WA 6065 
Ph: 9405 1244 
Fax: 9405 1399 
Email: dguise@mp.wa.gov.au  
 

Workshops 
Briefings 
 

Attended North West Corridor Workshop. 
 
Attended DPI meeting on 17 May 2004 with 
Simon Skevington. 
 
Invited to information session on 16 November 
2004. 
 
Briefed by John Longley and John Steynjes on 
15 November 2004.  Interested in recycling 
opportunities. 
 
Briefed by John Longley and John Steyntjes – 
20 May 2005 

Focus on Marmion Ave decision – wants 
Marmion Ave to run through the Northern 
Corridor by December 2005.   
 
Keen to see site resolved. Keen to maximise 
water re-use. 
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6 Specific Environmental 
Factors - Site A 

• odour control extraction and scrubbing plants, with 
discharge via vent stacks. 

Treatment Processes –Odour Control 
Treatment processes will be covered, and odorous air 
ducted to odour scrubbers.  The level of odour control 
will be determined by the need to keep odour emissions 
below the ‘odour budget’ for the WWTP, as 
determined by dispersion modelling.  The limiting 
odour emission for the AWWTP is based on the need 
to comply with odour criteria set for the plant, 
specifically the allowable odour criterion at the plant 
buffer. 

6.1 Introduction 
The Water Corporation is seeking approval for a 
WWTP at Site A and Site B. To enable the EPA to 
report on both sites, this section focuses on specific 
environmental factors relevant to Site A. Factors that 
are common to Site A and B (for example, marine 
related issues) have been addressed in Section 4. 
Factors specific to site B are addressed separately in 
Section 7. 

Staging 
The first stage is for an installed capacity of 10 ML/d.  6.2 Scope of Proposal  

The proposal involves the construction, operation and 
maintenance of a WWTP at Alkimos, to be developed 
in stages up to an operational capacity of 160 ML/day 
beyond 2050. It involves the associated treated waste 
water disposal strategy via an ocean outlet, with future 
opportunities for wastewater re-use. 

Nominal plant layouts of the ultimate (160ML/d) 
AWWTP are shown on Plan 5 (for Site A) (see 
Appendix B).   
 
The AWWTP will initially be based on advanced 
versions of the activated sludge process and developed 
in stages over the next 50-100 years.  Current inflow 
projections have been used to develop the following 
staging strategy, shown in Table 6.1. 

 
Site A is located between 300 to 1000 metres from the 
Alkimos shoreline behind the foredunes. The review of 
Site A is being conducted under assessment number 
1582. Construction Methods 
 Construction methods will follow current industry 

practice. A Construction management plan (including 
all environmental and risk management measures) will 
be developed and incorporated into the Water 
Corporation’s standard operating procedures and 
quality management system. 

Associated with the WWTP, the Water Corporation is 
proposing to construct an ocean outlet.  

6.2.1 Treatment Processes 
The development of the AWWTP will be in stages, 
ahead of the forecast demand.  The following processes 
are envisaged, although it must be recognised that 
wastewater treatment technology and potentially the 
site layout are likely to evolve with process advances 
as the facility develops: 

Excavation of WWTP 
The excavation at Site A comprises a balanced cut to 
fill of 180,000 cubic metres (i.e. eart is redistributed 
within the site). Early geotechnical investigations show 
that the material to be excavated is primarily sand. 
Some rock may be encountered at the base of the SBR 
tanks. 

• screening and grit removal tanks at the eastern end 
of the site; 

• primary sedimentation tanks; 
 • secondary treatment by an advanced version of 

activated sludge (for example by Sequencing 
Batch Reactors (SBR)or other process 
configuration designed to maximise nitrogen 
removal); 

The site will be levelled using scrapers. 
 
 

• sludge thickening; 
• sludge digesters (anaerobic digestion when 

primary treatment installed); 
• gas engines for energy recovery (when primary 

treatment installed); 
• digested sludge storage tanks; 
• a sludge dewatering building, wherein sludge is 

dewatered using centrifuges (as at the Subiaco, 
Beenyup and Woodman Point treatment plants); 

• treated wastewater balancing lagoons; 
• outlet flume, in the west of the site;  
• water reclamation plant; 
• product-water tank(s); and 
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Table 6.1  AWWTP Notional Staging - Baseline Treatment 

Year Average 
daily 
flow 

(ML/d) 

Installed 
Capacity 

(ML/d) 

Description Of Liquid Process Treated Wastewater 
Quality As Annual 

Mean, (mg/L) 

Sludge Treatment 

2009 /10 6 
 

10 
 

STAGE 1: 
Inlet works (temporary). 
Extended aeration activated 
sludge. 

SS < 20 
BOD < 30 
TN < 7 
TP<10 

Sludge thickening. 
Aerobic digestion. 
Sludge dewatering. 
Cake to beneficial use. 

2020 10 40 STAGE 2: 
Inlet works (permanent). 
Extended aeration. 

SS < 20 
BOD < 30 
TN < 8 
TP<10 

As above 

2030 40 60 STAGE 3: 
Expansion of above processes. 
Possible introduction of primary 
treatment step to recover raw 
sludge for energy recovery and 
reduce energy consumption in 
activated sludge process. 

As above, except for TN 
which will increase to 
15mg/L if primary step 
introduced. 

As above for biological 
sludge. 
Possible introduction of 
anaerobic digestion for 
raw primary sludge. 
Possible introduction of 
energy recovery. 

2040 60 80 STAGE 4: 
Expansion of above processes. 
 

As above, except for TN 
which will increase to 
15mg/L if primary step 
introduced. 

As above for biological 
sludge. 
Probable introduction of 
anaerobic digestion for 
raw primary sludge. 
Probable introduction of 
energy recovery. 

2050 80 120 STAGE 5: 
Expansion of above processes 
assumed. 
Primary treatment. 
Activated sludge. 

SS < 20 
BOD < 30 
TN < 15 
TP<10 

Sludge thickening. 
Anaerobic digestion. 
Sludge dewatering. 
Energy recovery. 

Ultimate 120 160 Expansion of above processes 
assumed. 

To be determined. To be determined 

 
 

6.3 Key Characteristics 
The AWWTP development will be staged in modules, 
ahead of demand forecast to be placed upon it.  It must 
be recognised that wastewater treatment technology 
and potentially the site layout is likely to evolve over 
the life of this facility as it develops.  
 
The notional staging is identified in the Key 
Characteristics Table Site A (see Table 6.2). Estimates 
of the staged demand are based on current population 
growth projections (Auret 2004). 
 
 

Section Six: Specific Environmental Factors - Final v.3 - 8 November 2005 
Page 4 of 16 



Alkimos Wastewater Treatment Plant - Public Environmental Review 

Table 6.2  Key Characteristics Table Site A 

Characteristic Site A 
Indicative life of project Staged Capacity to be implemented for both sites as follows: 

Indicative Timing Installed Capacity (ML/d) of inflow 
2009/10  10 
2020  40 
2030  60 
2040  80 
2050  120 
Beyond 2050  160 

Treatment process Wastewater will be treated to an advanced secondary standard based upon the 
activated sludge process similar to that recently constructed at Woodman Point 
WWTP, achieving a high degree of nitrogen removal.  Additional treatment 
processes will be utilised to make the treated wastewater “fit for purpose” for 
disposal and re-use opportunities as and when they become available/viable. 
Odours will  be vented via an approximately 50m tall stack. 

Treated wastewater quality  
(annual average) 
BOD1 (mg/L) 
Suspended solids (ss) (mg/L) 
Total nitrogen (TN) (mg/L) 
Total phosphorus (TP) (mg/L) 
Thermo-tolerant coliforms (cfu/100ml) 

 
2009 
20 
20 
7 
12 
105

 
2020 
20 
20 
8 
12 
105

 
2030 
20 
20 
9 
12 
105

 
2040 
20 
20 
10 
12 
105

 
2050 
20 
20 
15 
12 
105

Beyond 
2050 
20 
20 
15 
12 
105

Treated wastewater disposal 
 
Ocean outlet 
 
 
 
Dilutions  

 
 
Discharge up to 40ML/d advanced secondary treated wastewater beyond 2009.  
Duplication of the outlet may be required in the future, dependent upon availability 
of other disposal/reuse options at that time. 
 
The average dilution of the wastewater stream in the ocean will be at least 1:300 
with the dilution being above 1:200  99% of the time within 100m of the AWWTP 
Ocean Outlet diffuser. 

Toxicant concentrations Projected loads and flows will result in toxicant concentrations meeting the 
ANZECC & ARMCANZ 80% species protection guideline values for bio-
accumulating toxicants within 100m of the AWWTP Ocean Outlet diffuser and 
meeting the ANZECC & ARMCANZ 99% species protection guideline values for 
bio-accumulating toxicants beyond 100m from the AWWTP Ocean Outlet diffuser. 

Water reclamation and re-use 
Managed aquifer recharge (MAR) 
 
 
 
Ocean outlet  
 

 
Up to 75% of the volume of treated wastewater from the AWWTP can be reclaimed 
through advanced treatment technologies such as Reverse Osmosis (RO) (up to 
120 ML/d). 
 
The remaining 25% (up to 40ML/d) of the volume of the treated wastewater, 
containing the excess treated wastewater from the AWWTP and the concentrate 
from the advanced treatment technologies utilised will require disposal to the 
ocean. 

Power requirements 3 MW (ultimate) 
Power source Western Power grid 
Volume of excavation 180,000 cubic metres 
Clearing of vegetation required 
WWTP site (including batters) 
Ocean outlet launch site 1B 2
Access roads in buffer 
Haul roads in buffer 
Quinns sewer within buffer of WWTP 
Total  

 
15ha 
6.6ha 
0.8ha 
0.0ha 
0.85ha 
23.2ha 

Odour buffer 600m. Majority of western portion of buffer located over ocean.  No housing 
planned to the west of the site. 

1 biological oxygen demand # there may be potential to reduce the buffer to the south east to 450m 
2 preferred launch site 
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6.4 Key Environmental Issues, 
Impacts and Management 

6.4.1 Land Systems and Land Form 
(Geoheritage) 

6.4.1.1 Existing Environment 
Geoheritage is the complex expression of the 
geological and geographical landforms and the 
historical development of all ecological systems upon 
them. The Alkimos region is one of many sites that 
have been identified (see Section 3.3.7) in the Perth 
and south-western area of Western Australia that 
represent valued and irreplaceable standards which 
according to T C Lemmon, R D Gee, W R Morgan and 
C R Elkington, (1979), should be protected against the 
pressures of urban, industrial and rural development. 

Site A and Geoheri age n the Alkimos Region. 

Section Six: Specific Environmental Factors - Final v.3 - 8 November 2005 

t i
The area where the Water Corporation proposes to 
locate the AWWTP is located in the final stage in the 
series of coastal landforms, being a sequence of more 
recent parabolic dunes perched on an older limestone 
plateau.  The dunes were formed by progressive 
erosion of the cuspate foreland and the resultant sand 
was driven inland by strong south-westerly winds, 
which have moderated over geological time scales.  
 
The system is a parabolic dune feature two kilometres 
(km) wide, extending inland for four km. Three 
individual dune types occur within this feature;  
1. parallel dunes; 
2. parabolic dunes; and  
3. blow-outs.  

 
W. McArthur delineated the geomorphic structures and 
boundaries in the Alkimos dune complex (see T C 
Lemmon, R D Gee, W R Morgan and C R Elkington).  
Lemmon et al (1979) identified the complex as 
consisting of four phases of the Quindalup Dunes 
overlying the siliceous Spearwood Dunes of the 
Pleistocene age. All phases are uniquely defined by 
their profile shape, stability, vegetation type and cover, 
and soil development.  
 
The proposed site A is located predominantly on 
undefined geological units of Quindalup Dunes over 
Spearwood Dunes (Qs, Qp and Ss on Figure 6.1) in a 
hollow behind the youngest phase of the geological 
sequence (Q4). Q4 consists of small, restricted dunes 
with steep (250 to 330) slopes partially covered (20%) 
by coastal heath vegetation and virtually no organic 
layer estimated to be aged probably no more than 200 
years old. The site is surrounded by the second phase 
(Q3 on Figure 6.1) of the Quindalup Dune system. This 
represents one of the intermediate phases, consisting of 
steep slopes and a smooth profile, having 
approximately 70% vegetation cover, being virtually 
stable and approximately 1600 years old. 

6.4.1.2 Environmental Objectives and 
Standards 

As far as practicable, this proposal aims to conserve the 
geoheritage values of the Alkimos region, and augment 
any conservation values identified within the 
Metropolitan Region Scheme Amendment No. 1029/33 
(WAPC 2005). 

Relevant References and Standards  
T C Lemmon, R D Gee, W R Morgan and C R 

Elkington, 1979. Important Geological Sites in the 
Perth and Southwestern Area of Western Australia 
- a report on their scientific significance and future 
protection. Geological Society of Australia 
Western Australian Division, October 1979. 

 
WAPC, 2005. Metropolitan Region Scheme 

Amendment No. 1029/33 Alkimos – Eglinton 
(Revised with modification). Western Australian 
Planning Commission : Perth 

6.4.1.3 Potential Impact and Issues 
The AWWTP would be built nestling within the 
parabolic dune system (Figure 6.1) with limited 
excavation from a natural elevation of 10m to 15m 
AHD to achieve a finished of between 4m and 11m 
AHD. This is necessary to facilitate the gravity flows 
to and from the plant. The excavation will have limited 
impact on the dune system. It will necessitate a cut and 
fill excavation of approximately 180,000 cubic metres. 

6.4.1.4 Management Strategy 
The odour buffer zone surrounding the proposed site 
offers a unique opportunity for conservation of a 
substantial portion of the geoheritage values in the 
Alkimos cuspate forelands and nested parabolic dune 
system, and the vegetation associations dependent upon 
them. The buffer zone would enable partial 
conservation of three of the four geological/ecological 
phases (Q1, Q3 and Q4) and enable the maintenance of 
linkages between them. The AWWTP would be built 
over a Spearwood limestone enclave containing a 
Priority 3 species (Sarcozona bicarinata) which is 
widely distributed elsewhere within the buffer zone of 
the AWWTP, and thus can be adequately protected. 
Such conservation could be augmented by the 
conservation portions of the Bush Forever site 397 to 
the north and west and the interface between the Q3/Q2 
phases to the east to complement the conservation of 
the Geoheritage values of the region, if deemed 
desirable. 
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Figure 6.1  Relationship between the Proposed Site A and Geoheritage Landforms 
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6.4.2 Flora and Vegetation 

6.4.2.1 Existing Environment 

Vege ation Units t
A flora and vegetation survey for the project area was 
undertaken by Syrinx (2005). Six vegetation units, 
including cleared, were defined and mapped for Site A. 
These vegetation units are listed in Table 6.3 along 
with the abbreviations used as symbols for them. 

Section Six: Specific Environmental Factors - Final v.3 - 8 November 2005 

Table 6.3 Occurrences of Vegetation Units and 
Condition in Site A 

(Table 6.3 lists the area, in hectares, of clearing required for Site A.  
It also lists the vegetation units and vegetation condition ratings, as 
abbreviations, and the sites and areas in which they occur, and, for 
each WWTP and launch site, estimates are given of the percentage of 
the site’s vegetation provided by each component vegetation unit and 
condition rating.) 

 WWTP Site A A Buffer 
AREA  (ha): 15 - 
VEGETATION UNITS 
Quindalup System 
C (Cleared) 25 x 
Strand  x 
Q4 Dunes 
Fp  x 
SgSc  x 
Q1-3 Dunes, Qp,Qs 
Ac  x 
Ar (Q) 10 x 
AsMs 30  
Eg (Q)  [x] 
EgMs  [x] 
Lg  x 
Ms >10 x 
MsLm 15 x 
Ms/MsLm  x 
MsOaLm  x 
Nf  ‘shrubs’  x 
X  x 
Spearwood Limestone (and Sand) in Quindalup System 
Ds (Q)  x 
DsMs  x 
Mch  x 
MhDs  [x] 
Mhs (Q)  x 
MhsDs <10  
Spearwood System 
Ar (S)  [x] 
Eg (S)  x 
X  x 
Limestone 
Ds (S)  [x] 
McDs  x 
Mhcs  x 
MhsAt  x 
VEGETATION CONDITION 
G-VG 15  
G 20  
G-D 40  
CD 25  

Clearings and two extensive units cover the flat to 
rolling parts of Site A. The two units are Acacia 
saligna - Melaleuca systena Shrubland (AsMs) and 

Melaleuca systena Low Shrubland to Shrubland (Ms). 
There are relatively small representations of Melaleuca 
systena Open Low Heath over Lomandra maritima 
Herbland (MsLm), Acacia rostellifera Heaths (Ar), on 
slopes and crests of dunes, and of Melaleuca huegelii - 
M. systena - Dryandra sessilis Open Heath to Low 
Shrubland (MhsDs), on the limestone hill near the 
centre of Site A. 

Signi cant Flora fi
The significant flora recorded in Site A is listed in 
Table 6.4. 

Table 6.4  Significant Flora in Site A 

Locations/Sites 
Taxa 

Significance & 
other Codes Site A A 

Buffer 
Astroloma microcalyx P3,s        ls - x 
Conostylis pauciflora 
ssp. Euryrhipis 
(/ pauciflora) 

P3(4),p,s x x 

Diplopeltis huegelii lt - ? 
Frankenia pauciflora ls - x 
Grevillea preissii lt x x 
Hibbertia spicata subsp. 
leptotheca P3,p,s,e - x 

Lechenaultia linarioides p x x 
Lepidium rotundum ls - ? 
Leptorhynchos scaber tk - x 
Leucophyta brownii ls - x 
Melaleuca cardiophylla r,s - x 
Olax benthamiana ls - x 
Petrophile serruriae 
ssp. nov. (with pink 
flowers) 

p,s,r - ? 

Pimelea calcicola s ? x 
Sarcozona bicarinata P3,p,s x x 
Stylidium maritimum P3,p,s - ? 
Thomasia triphylla ls - ? 
Trymaium ledifolium 
var. ledifolium lt - x 

 
Notes: 
•  ‘ls’ indicates that the taxon appears to be locally (in the 

Alkimos-Eglinton area) very rare (only one stand recorded) or 
rare and is therefore considered to be locally significant.  One 
species, Astroloma microcalyx, has an additional significance 
code; it is a Priority Three species. 

• ‘lt’ indicates that the taxon is not listed in Table 13 of Bush 
Forever (2000) but is listed in descriptions of Bush Forever 
sites, as a limestone taxon. 

• ‘tk’ indicates that Leptorhynchos scaber is listed by Trudgen 
and Keighery (1990a) as a species of particular interest, 
because it was poorly collected in the Perth Region, but it is not 
listed in Bush Forever (2000). 

 

The two Priority Three flora recorded are Conostylis 
pauciflora, which is on slopes of dunes, and Sarcozona 
bicarinata, a few plants of which are on the crest of the 
limestone hill.  
 

One or two other species of flora listed as significant 
were also recorded on the limestone hill, the limestone 
taxa Grevillea preissii and, possibly, Pimelea 
calcicola. 
 

No plant taxon listed as Threatened pursuant to 
Schedule 1 of the EPBC Act was recorded in Site A. In 
addition, no plant taxon gazetted as declared rare flora 
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(DRF) under the Wildlife Conservation Act was found 
there or is likely to occur there. 
 

A relatively small population of the Priority Three 
species Sarcozona bicarinata is on the crest of the 
limestone hill near the centre of Site A, and the Priority 
Three species Conostylis pauciflora is on slopes of 
dunes around the periphery of Site A. 

6.4.2.2 Environmental Objectives and 
Standards 

Project objectives include: 
• minimising the impacts on the abundance, species 

diversity, geographic distribution and productivity 
of vegetation units; 

• protecting DRF taxa, if any are subsequently found 
in the Project Area, consistent with the provisions 
of the Wildlife Conservation Act; 

• protecting flora listed under the Schedules of the 
EPBC Act, if any are subsequently found in the 
Project Area; and 

• protecting flora of other conservation significance 
(e.g. undescribed taxa, range extensions, outliers, 
ends of ranges and locally significant). 

 

Relevant legislation and standards include: 
• the Environment Protection and Biodiversity 

Conservation Act (EPBC ) 1999; 
• the Wildlife Conservation Act 1950; 
• EPA Position Statement No. 2 (Environmental 

Protection of Native Vegetation in Western 
Australia, 2000); 

• EPA Position Statement No. 3 (Terrestrial 
Biological Surveys as an Element of Biodiversity 
Protection in Western Australia, 2002);  

• EPA Guidance Statement No. 51 (Terrestrial Flora 
Surveys for Environmental Impact Assessment in 
Western Australia, 2004); and 

• EPA Draft Guidance Statement No. 33 
(Environmental Guidance for Planning and 
Development: for Testing and Review, 2005). 

6.4.2.3 Potential Issues and Impacts  
Approximately 15ha would be cleared of vegetation in 
Site A. 
 

The Project is not expected to have any significant 
impact on the priority three species, as both species are 
common and widespread. 

6.4.2.4 Management Strategy 
The Management issues, strategy and commitments 
will be presented in the draft Vegetation and Flora 
Management Plan.  

6.4.3 Terrestrial Fauna 

6.4.3.1 Existing Environment 
The Alkimos project area is located on the northern 
outskirts of Perth and includes coastal and near coastal 
environments that have not been cleared but have been 
subject to a variety of impacts since European 
settlement, including grazing, altered fire regimes and 
introduced species.  The project area is at the southern 
extent of largely intact natural environments that lie 
north of Perth. 
 

A fauna assessment for the proposal was conducted by 
Bamford Consulting Ecologists (Bamford 2005). 
 

Given the site is close to Perth, the vertebrate fauna is 
well documented in a regional sense.  The majority of 
the fauna species present in the Alkimos project area 
are extinct in suburban Perth, so the area represents the 
southern limit of the distribution of many species in the 
region.   
 

The environment and fauna habitats for Site A are 
strongly influenced by dunal systems that are of most 
recent origin close to the coast.  The vegetation of Site 
A and its respective buffer can broadly be described as 
coastal heathlands and woodlands overlying Quindalup 
and Spearwood dune systems.  Near coastal localities 
were dominated by heath with gullies of Acacia and 
Scaevola, with interior localities supporting climax 
banksia and Eucalyptus todtiana woodland with dense 
heaths of Dryandra sessilis.  Much of the area has been 
recently burnt and there was generally a high level of 
weed invasion by Briza maxima, geranium and other 
weeds.  Numerous four-wheel drive tracks cross the 
area.   

6.4.3.2 Site A and its Associated Buffer 

Proposed WWTP Site A 
This lies entirely within Alkimos Lot 101 and supports 
generally degraded heaths on dunes and broad swales.  
Weed invasion and degradation are particularly high in 
the broad swales.  Some Tuart trees (Eucalyptus 
gomphocephala) are located beyond and to the south of 
the plant.  In terms of fauna biodiversity and habitat 
destruction the clearing of land proposed for the 
WWTP at Site A is of relatively low significance as the 
proposed site sits within a swale of cleared, mostly 
degraded land with some rocky limestone outcrops 
with low heath which is surrounded by stabilised 
tertiary dunes known as habitat three. (see Section 
3.3.4).  

Site A Buffer 
The 600m buffer of Site A takes in almost all of Lot 
101 and encompasses a range of habitats from beach 
and foredunes in a bushforever zone, tertiary dunes of 
the Quindalup system which accounts for the majority 
of the Site A buffer (approximately 70%), heath with 
outcropping limestone the next largest habitat 
(approximately 20%) that is represented in the area and 
a small area of banksia woodlands on Spearwood sands 
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in the north-east.  Levels of degradation and weed 
invasion in the Quindalup system are higher within this 
buffer zone than to the north and south. 

Fauna Associated With Habitats Found Within Site 
A And Its Respective Buf er f
For an explanation of the fauna found within the above 
habitats (1-5) and their conservation significance see 
Section 3.1. 

6.4.3.3 Environmental Objectives and 
Standards 

With respect to fauna, the environmental objectives are 
to:   
• define the habitat type/s present within the study 

area; 
• identify the possible vertebrate fauna species that 

either may occur or were recorded in the study 
area; 

• identify threatened fauna species that may occur in 
the study area; 

• minimise the possible impacts of development 
upon fauna species and their habitats; and 

• to minimise the impacts and preserve regional 
biodiversity.   

 

Of particular significance are species listed under the 
WA Wildlife Conservation Act (1950), the EPBC Act 
(1999), as priority by CALM, and considered as 
regionally significant, such as birds that have declined 
in the Perth area (Dell and Banyard 2000).  Details on 
levels of significance are provided in the Bamford 
(2005) report in the Appendix.  EPA Guidance 
Statement No. 56 (EPA 2004) provides advice on 
survey work on fauna required for environmental 
impact assessment. 

6.4.3.4 Potential Impacts and Issues  
The major impact will be the loss of vertebrate fauna 
habitat caused by the clearing of land, which is 
expected to result in the localised loss of vertebrates 
that are too small or immobile to relocate to unaffected 
areas. While many of the birds, larger mammals and 
reptiles will be able to relocate and avoid the impact of 
clearing and construction of infrastructure, there may 
be some territorial conflicts associated with 
competition for food resources, shelter and breeding 
sites.  It is expected that these conflicts would be 
resolved over time and naturally stabilise.  However, it 
must be noted that the majority of the fauna species 
present in the Alkimos project area are extinct in 
suburban Perth, so the area represents the southern 
limit of the distribution of many species in the region.   
 
Habitat loss in the buffer odour zone for Site A is 
generally of low value for fauna as it is predominately 
covered by Habitat 3 which is likely to support far 
fewer species than Habitat 4 and particularly Habitat 5.  
However, rare and patchy elements of some habitats, 
such as dryandra thickets and limestone outcrops 
within Habitat 4, and Tuart groves within Habitat 3, are 

important because they support species that might not 
otherwise be present, and because they are small in 
extent. For example, there may be one mammal species 
(the White-tailed Dunnart) and several reptile species 
(notably L. lineopunctulata) that may be restricted or 
largely restricted to this habitat, but the extent of this 
habitat needs to be considered when assessing its 
significance as it is the most widespread habitat with 
the Alkimos project.   
 

The clearing of land in Site A and its respective buffer 
and the chosen launch site are aligned in a east to west 
direction and therefore cross the generally north-south 
alignment of habitats, particularly near the coast, 
causing some fragmentation of the coastal habitats 
which may affect habitat linkages and hence the 
movement of wildlife and in particular lead to the 
isolation of fauna populations south of the proposed 
developments.  
 

The clearing of land not listed in the Key Characteristic 
Table for Site A i.e. potential land uses within the 
buffer zone of Site A, have not yet been determined 
and as a consequence the impact of clearing land 
within other habitats such as Habitat 4, and 5 cannot be 
discussed in detail until the Water Corporation has 
conducted further land use planning for the buffer 
zone. For Launch Site 1B, a portion of Habitat 4 will 
be cleared. This will have an adverse impact on the 
environment as habitat 4 is an important habitat for 
particular species or groups of species.  For example, 
areas of heath with exposed limestone support 
restricted populations of several reptile species and the 
Carpet Python, D. sessilis thickets are important 
foraging habitat for the endangered Carnaby’s 
Cockatoo and a range of nectarivorous species, and 
acacia shrublands provide shelter for a number of 
locally significant species.  Tuart trees may be 
important in providing roosting sites for some bird and 
mammal species, while Grass Trees that are a 
component of Habitat 4 almost certainly provide 
shelter for reptiles and some mammals.   
 

Habitat areas 1 and 2 will only be minimally disturbed 
as piping for the ocean outlet will be micro-tunnelled 
under the limestone cliffs of Habitat 2 and the trench 
needed for the laying of the pipe on the beach or 
Habitat 1 will be filled in with beach sand, once the 
ocean outlet pipe is secured in the trench. 

6.4.3.5 Management Strategy 
Although some habitat loss will be inevitable 
mitigation strategies include the potential to plan 
development so that some wildlife conservation within 
the future urban landscape is possible.  If some of the 
buffer zone around the AWWTP were retained with 
native vegetation from different habitat types it would 
provide a linkage for the fauna to surrounding areas.  In 
this respect, retention of habitat on north-south and 
east-west alignments is important, as it retains 
connectivity within and across habitats. For example, 
keep the impact area narrow from north to south and if 
possible link the habitats from the coast to those to the 
east along the different dune systems (youngest to 
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oldest) to reduce disruption of fauna movement 
between different habitats.   
 

The Water Corporation recognises this potential and is 
aware of the high ecological and geoheritage values 
attributed to the Alkimos area and, if feasible the Water 
Corporation’s environmental policy, the Water 
Corporation will conserve fauna habitat linkages within 
the buffer zone area, but it is noted that Water 
Corporation has not yet determined the land uses for 
the buffer zones of either Site A or B.  
 

The draft Vertebrate Fauna Management Plan will be 
finalised with consideration of comments received 
during the public review period of the PER and in 
consultation with relevant stakeholders.  The Proponent 
will implement these Management Plans during the 
construction and operational phases of the project. 

6.4.4 Air Quality 

6.4.4.1 Environmental Objectives and 
Standards  

Objec ives 

Section Six: Specific Environmental Factors - Final v.3 - 8 November 2005 
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The Water Corporation seeks to ensure that odour 
emissions do not adversely affect environmental values 
or the health, welfare and amenity of people and land-
uses near the wastewater treatment/water reclamation 
plant. 
 

This section should be read in conjunction with Section 
4.2 

6.4.4.2 Existing Environment 
The proposal involves a wastewater treatment plant 
that will be constructed in stages but ultimately handle 
a flow of 160 ML/d.   Wastewater will come to the 
plant from a large urban catchment to the north and 
northwest of Perth.  The plant at Site A will be 
constructed near ground level about 300m inland.  The 
wastewater will have a long travel time in the sewers 
and be very odorous when it reaches the Alkimos plant.   
 
Work undertaken to predict odour impacts at the 
Alkimos plant involved: 
• measurement of winds and meteorological 

conditions at Alkimos; 
• development of an Emissions Inventory for the 

Future Alkimos plant; and 
• odour modelling, using the procedure 

recommended by the DoE. 

Odour Modelling 
Odour modelling was carried out using the latest 
version of the Ausplume model, and following DoE 
procedures.   The model parameters were as follows: 
• Odour emissions from the inventory for the plant; 
• Plant geometry: Water Corporation plan of the 

proposed plant; 
• Wind files: Alkimos hill site and Alkimos valley 

site; 

• Roughness: 0.4m (for rolling rural/residential land 
use); 

• Topography: terrain with terrace between plant site 
and the ocean;  

• Grid: 200m grid (for 1.5km radius around 
proposed plant); 

• Averaging time: 1 hour and 3 minutes; and 
• Frequency of events 99.9 % (9th highest event per 

year) and 99.5 %. 
 

The odour model was used to calculate the position of 
the 5 OU contour (at 99.9 percentile frequency and 1-
hour averaging, as described above).  For convenience 
in comparing and assessing the results, the 3 OU, 5 
OU, 10 OU, 20 OU and 40 OU contours were plotted 
for each scenario modelled. 

Results 
At Site A (see Plan 3, Appendix B), the proposed 
treatment plant would be 300 to 700m inland from the 
coast.   The zone in which it is predicted that a distinct 
odour could occur from 8 hours or more per year was 
calculated on the following basis: 
• Ausplume model, as described above, at 60-minute 

averaging time; 
• wind measurements from a site at Alkimos at 1km 

inland; 
• fully covered plant, with best practice odour 

control; 
• plant at ground level, with land sloping down to 

the coast. 
 

Using the approach, the 5 OU contour is predicted to 
extend 600m to the west of the plant boundary, 600m 
to the north, 500m to the east and 450m to the south 
(CEE 2005).  These predicted distances are the basis 
for the recommended buffer zone of 600m for the plant 
at Site A, as shown on Plan 9 (see Appendix B).   Note 
that a significant part of the recommended buffer zone 
extends offshore and hence does not involve any 
commitment of land. As modelling has shown that the 
distance to the west of the AWWTP is more critical, it 
is expected that compliance with odour criteria will be 
easily met at Site A. 

6.4.4.3 Potential Issues and Impacts  
The release of a relatively small quantity of odour is an 
inevitable consequence of having a WWTP. This odour 
is transported and dispersed by the prevailing winds at 
the site. 
 

Beyond the defined buffer zone, there should not be 
any detectable odour from the wastewater treatment 
plant under normal operations of the plant.  Within the 
buffer zone, there will be detectable odour, with the 
frequency of detection (in terms of events per year and 
the strength of the odour increasing with distance from 
the outer edge of the buffer zone to the plant 
boundary).   
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Odour levels during the day are significantly lower 
than during the night as the winds are stronger with 
higher dispersion rates. Thus the plant at Site A is not 
expected to cause detectable odour levels on the beach 
during the day. However odour levels during the 
evening will exceed the 5 OU criterion for more than 8 
hours per year within the defined buffer zone.   
 

The land within the buffer zone can be used for a wide 
range of compatible land uses (for example, golf 
courses, gardens, recycling facilities, solid waste 
transfer stations, geoheritage conservation, electrical 
substations, animal welfare facilities, community 
composting, recreation, conservation) so the land in the 
buffer zone is used effectively for the benefit of the 
community. 
 

Site A would constrain the development of a 
commercial and retail node and associated urban 
development proposed within the south-west corner of 
the buffer. 

6.4.4.4 Management Strategy 
The Water Corporation will manage odours at a 
treatment plant at Site A by: 
• Including best practice odour control in the design 

of the treatment plant.  This will include covers on 
all treatment units, collection of gases from 
beneath the covers, effective scrubbing units, 
backup treatment and scrubbing units to maximise 
operations and 50-metre tall stacks to discharge the 
gases after scrubbing.  The odour controls will be 
equal to those recently installed at the Subiaco and 
Beenyup WWTPs.   

• Operating the Alkimos plant to limit the release of 
fugitive odours and leakage, with appropriate 
computer-controlled monitoring and operating 
systems, fully trained operations personnel and 
maintenance procedures designed to minimise the 
release of odours. The Corporation has set a target 
of controlling odours so the residual leakage from 
all factors does not exceed 27,000 OUs in normal 
operations. This corresponds to 97% efficiency in 
the capture of odours; and 

• Achieving a buffer zone, based on modelling, 
around the plant to prevent incompatible land uses 
(eg, residential development) too close to the 
treatment plant, with Water Corporation ownership 
and control of the buffer.  The provision of an 
odour buffer to separate sensitive land uses from 
the Alkimos treatment plant is entirely consistent 
with state planning and environmental policy. 

6.4.5 Visual Amenity 

6.4.5.1 Existing Environment 
A view-shed analysis has been undertaken for the 
proposal by digitally superimposing a scaled and GIS 
rectified rendition of the final plant into photographs of 
the current topography, viewed from locations from 
five points of the compass.  Figure 6.2 shows the 
viewpoints for Site A.  

 
Note: Because the visibility of the plant is so low when viewed from 
the viewpoints, the ‘after’ renditions have been zoomed to enhance 
the view. 
 
The plant and vent stack are not visible from Location 
1, which is located on the beachfront where highly 
desirable recreational activities will take place. 
 

Approximately the upper half of the vent stack will be 
visible in the middle distance, when viewed from 
Location 2.  Similarly, the stack will be partially visible 
in the near to far distance when viewed from Locations 
3, 4 and 5.  

6.4.5.2 Environmental Objectives and 
Standards  

Objec ive
To evaluate the visual impact and adopt measures as 
far as practicable to reduce those impacts on the 
surrounding environment. 

Standards 
• EPA, 2005. Environmental Guidance for Planning 

and Development.  Guidance Statement No 33 Part 
D. EPA: Perth WA 

• Environmental Protection Act 1986.  

6.4.5.3 Potential Issues and Impacts 
Potential issues and impacts include the following: 
• the  WWTP will be visible to a varying extent in 

the landscape and within the vista from urban and 
coastal areas; 

• the gas vent stack will be approximately 15-20m 
above the ridge of the highest dune surrounding 
the WWTP;  

• approximately, 180,000 cubic metres of soil will 
be cut from the swale floor  (not the surrounding 
dunes) and redeposited to fill in the hollows in 
order to provide a flat floor surface for the WWTP; 
and 

6.4.5.4 Management Strategy 
• Site A is located within a natural valley, and is 

therefore substantially concealed from line of 
sight, with the exception of the upper portion of 
the vent stack. 

• No residences will be located to the west of the 
site, so direct line of sight from outside the buffer 
zone will have minimal visual impact. 

• Architectural design features will be applied to the 
WWTP having regard to functionality and 
aesthetics when viewed by visitors overlooking the 
plant from within the surrounding buffer zone.  
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Figure 6.2  View Points for Site A 
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View-point Before After 

 

 

 

 

Location 1 

  

Location 2 
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View-point Before After 

 

 

 

 

Location 3 

  

 

 

 

 

Location 4 
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View-point Before After 

 

 

Location 5 
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7 Specific Environmental 
Factors - Site B 

7.1 Introduction 
The Water Corporation is seeking approval for a 
WWTP at Site A and Site B. To enable the EPA to 
report on both sites, this section focuses on specific 
environmental factors relevant to Site B. Factors that 
are common to Site A and B (for example, marine 
related issues) have been addressed in Section 4.  
Factors specific to site A have been addressed in 
Section 6. 

7.2 Scope of Proposal 
The site B proposal involves the construction, 
operation and maintenance of a WWTP at Alkimos, to 
be developed in stages up to an operational capacity of 
160 ML/day beyond 2050. It involves the associated 
treated wastewater disposal strategy via an ocean 
outlet, with future opportunities for wastewater re-use. 
 
Site B is located between 1200 and 1800 metres from 
the coast at a reduced level (RL) between 15-40m in 
the landscape. The review of Site B is being conducted 
under assessment number 1529. 
 
Associated with the WWTP, the Water Corporation is 
proposing to construct an ocean outlet.  

7.2.1 Treatment Processes 
The development of the AWWTP will be in stages, 
ahead of the forecast demand.  The following processes 
are envisaged, although it must be recognised that 
wastewater treatment technology and potentially the 
site layout are likely to evolve with process advances 
as the facility develops: 
• screening and grit removal tanks at the eastern end 

of the site; 
• primary sedimentation tanks; 
• secondary treatment by an advanced version of 

activated sludge (for example by Sequencing 
Batch Reactors (SBR) or other process 
configuration designed to maximise nitrogen 
removal); 

• sludge thickening; 
• sludge digesters (anaerobic digestion when 

primary treatment installed); 
• gas engines for energy recovery (when primary 

treatment installed); 
• digested sludge storage tanks; 
• a sludge dewatering building, wherein sludge is 

dewatered using centrifuges (as at the Subiaco, 
Beenyup and Woodman Point treatment plants); 

• treated wastewater balancing lagoons; 
• outlet flume, in the west of the site;  
• water reclamation plant; 
• product-water tank(s); and 

• odour control extraction and scrubbing plants, with 
discharge via vent stacks. 

Treatment Processes –Odour Control 
Treatment processes will be covered, and odorous air 
ducted to odour scrubbers.  The level of odour control 
will be determined by the need to keep odour emissions 
below the ‘odour budget’ for the WWTP, as 
determined by dispersion modelling.  The limiting 
odour emission for the AWWTP is based on the need 
to comply with odour criteria set for the plant, 
specifically the allowable odour criterion at the plant 
buffer. 

Staging 
The first stage is for an installed capacity of 10 ML/d.  
 
Plant layouts of the ultimate (160ML/d) AWWTP are 
shown on Plan 6 (for Site B) (see Appendix B).   
 
The AWWTP will be based on advanced versions of 
the activated sludge process and developed in stages 
over the next 50-100 years.  Current inflow projections 
have been used to develop the following staging 
strategy, shown in Table 7.1. 

Construction Methods 
Construction methods will follow current industry 
practice. A construction management plan (including 
all environmental and risk management measures) will 
be developed and incorporated into the Water 
Corporation’s standard operating procedures and 
quality management system. 

Excavation of WWTP 
To locate the WWTP at Site B and maintain the gravity 
solution, the level at Site B generally needs to be at RL 
11 mAHD and down to RL 4 mAHD in certain areas. 
To achieve this, the area at Site B will need to be 
excavated to these levels. This will involve the 
excavation of 3 million cubic metres of rock and sand. 
Initial geotechnical investigation has shown that there 
is an approximate split of 50:50 sand and rock with up 
to 20% of the rock being sufficiently hard to require 
drill and blast techniques for removal. 
 
The excavation could take up to 15 months to complete 
and the extent of the excavation is shown on the site 
layout plan for Site B. At the eastern end of the site, the 
depth of cut will be approximately 30m. Within the 
central area of the proposed WWTP site, the level will 
be taken down to AHD 4 mAHD to accommodate the 
Sequence Batch Reactors. 
 
The side slopes of the excavation will be cut to a batter  
slope no steeper than 1:3 and revegetated where 
possible.  Revegetation may be difficult where 
limestone exists. 
 
The site will be enclosed by a security fence at least 
1.8m in height and the fence will be located at the top 
of any excavation. 
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The site will be excavated using dozers with rippers, 
excavators, scrapers, articulated and rigid dump trucks 
and drill and blast rigs. 

Spoil Disposal of Excavated Material 
The spoil arising from the excavation is proposed to be 
spread within Lot 102 in areas which will be specified 
and managed by the developers. 
 

The spoil will be transported from Site B, along 
temporary haul roads to the various locations.  
 
The spoil will only be tipped outside the proposed 
Water Corporation’s landholding, i.e. outside the buffer 
zone. The spoil will be placed in accordance with the 
specification provided by the developers. 
 

 

Table 7.1  AWWTP Notional Staging - Baseline Treatment 

Year Average 
daily 
flow 

(ML/d) 

Installed 
Capacity 

(ML/d) 

Description Of Liquid Process Treated Wastewater 
Quality As Annual 

Mean, (mg/L) 

Sludge Treatment 

2009 /10 6 
 

10 
 

STAGE 1: 
Inlet works (temporary). 
Extended aeration activated 
sludge. 

SS < 20 
BOD < 30 
TN < 7 
TP<10 

Sludge thickening. 
Aerobic digestion. 
Sludge dewatering. 
Cake to beneficial use. 

2020 10 40 STAGE 2: 
Inlet works (permanent). 
Extended aeration. 

SS < 20 
BOD < 30 
TN < 8 
TP<10 

As above 

2030 40 60 STAGE 3: 
Expansion of above processes. 
Possible introduction of primary 
treatment step to recover raw 
sludge for energy recovery and 
reduce energy consumption in 
activated sludge process. 

As above, except for TN 
which will increase to 
15mg/L if primary step 
introduced. 

As above for biological 
sludge. 
Possible introduction of 
anaerobic digestion for 
raw primary sludge. 
Possible introduction of 
energy recovery. 

2040 60 80 STAGE 4: 
Expansion of above processes. 
 

As above, except for TN 
which will increase to 
15mg/L if primary step 
introduced. 

As above for biological 
sludge. 
Probable introduction of 
anaerobic digestion for 
raw primary sludge. 
Probable introduction of 
energy recovery. 

2050 80 120 STAGE 5: 
Expansion of above processes 
assumed. 
Primary treatment. 
Activated sludge. 

SS < 20 
BOD < 30 
TN < 15 
TP<10 

Sludge thickening. 
Anaerobic digestion. 
Sludge dewatering. 
Energy recovery. 
 

Ultimate 120 160 Expansion of above processes 
assumed. 

To be determined. To be determined 

 

7.3 Key Characteristics 
The AWWTP development will be staged in modules, 
ahead of demand forecast to be placed upon it.  It must 
be recognised that wastewater treatment technology 
and potentially the site layout are likely to evolve over 
the life of this facility as it develops.  
 
The notional staging is identified in the Key 
Characteristics Table of Site B (see Table 7.2). 
Estimates of the staged demand are based on current 
population growth projections (Auret 2004). 
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Table 7.2  Key Characteristics Table Site B 

Characteristic Site B 
Indicative life of project Staged Capacity to be implemented for both sites as follows: 

Indicative Timing Installed Capacity (ML/d) of inflow 
2009/10  10 
2020  40 
2030  60 
2040  80 
2050  120 
Beyond 2050  160 

Treatment process Wastewater will be treated to an advanced secondary standard based upon the 
activated sludge process similar to that recently constructed at Woodman Point 
WWTP, achieving a high degree of nitrogen removal.  Additional treatment 
processes will be utilised to make the treated wastewater “fit for purpose” for 
disposal and re-use opportunities as and when they become available/viable. 
Odours will  be vented via an approximately 50m tall stack. 

Treated wastewater quality  
(annual average) 
BOD1 (mg/L) 
Suspended solids (ss) (mg/L) 
Total nitrogen (TN) (mg/L) 
Total phosphorus (TP) (mg/L) 
Thermo-tolerant coliforms (cfu/100ml) 

 
2009 
20 
20 
7 
12 
105

 
2020 
20 
20 
8 
12 
105

 
2030 
20 
20 
9 
12 
105

 
2040 
20 
20 
10 
12 
105

 
2050 
20 
20 
15 
12 
105

Beyond 
2050 
20 
20 
15 
12 
105

Treated wastewater disposal 
 
Ocean outlet 
 
 
 
 
Dilutions  

 
 
Discharge up to 40ML/d advanced secondary treated wastewater beyond 2009.  
Duplication of the outlet may be required in the future, dependent upon availability 
of other disposal/reuse options at that time. 
 
The average dilution of the wastewater stream in the ocean will be at least 1:300 
with the dilution being above 1:200  99% of the time within 100m of the AWWTP 
Ocean Outlet diffuser. 

Toxicant concentrations Projected loads and flows will result in toxicant concentrations meeting the 
ANZECC & ARMCANZ 80% species protection guideline values for bio-
accumulating toxicants within 100m of the AWWTP Ocean Outlet diffuser and 
meeting the ANZECC & ARMCANZ 99% species protection guideline values for 
bio-accumulating toxicants beyond 100m from the AWWTP Ocean Outlet diffuser. 

Water reclamation and re-use 
Managed aquifer recharge (MAR) 
 
 
 
Ocean outlet  
(up to 40ML/d) 

 
Up to 75% of the volume of treated wastewater from the AWWTP can be reclaimed 
through advanced treatment technologies such as Reverse Osmosis (RO) (up to 
120ml/day). 
 
The remaining 25% (up to 40ML/d) of the volume of the treated wastewater, 
containing the excess treated wastewater from the AWWTP and the concentrate 
from the advanced treatment technologies utilised will require disposal to the ocean. 

Power requirements 3 MW (ultimate) 
Power source Western Power grid 
Volume of excavation 3,000,000 cubic metres 
Clearing of vegetation required 
WWTP site (including batters) 
Ocean outlet launch site 1B 2
Access roads in buffer 
Haul roads in buffer 
Quinns sewer route within buffer of WWTP 
Total  

 
19ha 
6.6ha 
0.7ha 
1.3ha 
0.6ha 
28.2ha 

Odour buffer Minimum of 600m to the north, east and south; 800m to the north west and west 
due to the “ponding” phenomenon.3   

1 biological oxygen demand # there may be potential to reduce the buffer to the south east to 450m 
2 preferred launch site 
3 there may be potential to reduce the buffer to the south east to 450m and depending upon possible engineering solutions, the 800m to 600m 
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7.4 Key Environmental Issues,  
Impacts and Management 

7.4.1 Land Systems and Land Form 
(Geoheritage) 

7.4.1.1 Existing Environment 
Geoheritage is the complex expression of the 
geological and geographical landforms and the 
historical development of all ecological systems upon 
them. The Alkimos region is one of many sites that 
have been identified (See Section 3.1.8 )in the Perth 
and south-western area of Western Australia that 
represent valued and irreplaceable standards which 
according to T C Lemmon, R D Gee, W R Morgan and 
C R Elkington, (1979), should be protected against the 
pressures of urban, industrial and rural development. 

Site B and Geoheritage in the Alkimos Region 
The area where the Water Corporation proposes to 
locate the AWWTP Site B is located in the final stage 
in the series of coastal landforms, being a sequence of 
more recent parabolic dunes perched on an older 
limestone plateau.  The dunes were formed by 
progressive erosion of the cuspate foreland and the 
resultant sand was driven inland by strong south-
westerly winds, which have moderated over geological 
time scales.  
 
The system is a parabolic dune feature two kilometres 
(km) wide, extending inland for four km. Three 
individual dune types occur within this feature:  
1. parallel dunes; 
2.  parabolic dunes; and  
3. blow-outs.  
 
W. McArthur delineated the geomorphic structures and 
boundaries in the Alkimos dune complex in T C 
Lemmon, R D Gee, W R Morgan and C R Elkington, 
1979.  Lemmon et al identified the complex as 
consisting of four phases of the Quindalup Dunes 
overlying the siliceous Spearwood Dunes of the 
Pleistocene age. All phases are uniquely defined by 
their profile shape, stability, vegetation type and cover, 
and soil development.  
 
The proposed Site B is located higher in the landscape 
to the east of the alternately proposed Site A. It is 
situated on the area of intersection of the second (Q3) 
and third phases (Q2) of the Quindalup Dunes 
sequence. The site is surrounded by the second phase 
(Q3 on Figure 7.1) of the system. This represents one 
of the intermediate phases consisting of steep slopes 
and a smooth profile, having approximately 70% 
vegetation cover being virtually stable and 
approximately 1600 years old. The third phase (Q2), 
extending further east is a significant landform feature 
which also represents an intermediate phase. It has 
steep slopes, a ‘humpy’ profile, has approximately 70% 

vegetation cover, and would become active if 
disturbed. 

7.4.1.2 Environmental Objectives and 
Standards 

As far as practicable, this proposal aims to conserve the 
geoheritage values of the Alkimos region, and augment 
any conservation values identified within the 
Metropolitan Region Scheme Amendment No. 1029/33 
(WAPC 2005). 

Relevant References and Standards  
T C Lemmon, R D Gee, W R Morgan and C R 

Elkington, 1979. Important Geological Sites in the 
Perth and South-western Area of Western 
Australia - a report on their scientific significance 
and future protection. Geological Society of 
Australia Western Australian Division, October 
1979. 

 
WAPC, 2005. Metropolitan Region Scheme 

Amendment No. 1029/33 Alkimos – Eglinton 
(Revised with modification). Western Australian 
Planning Commission : Perth 

7.4.1.3 Potential Impact and Issues 
The AWWTP would be built high within the parabolic 
dune system with significant excavation from a natural 
elevation of 15m to 40m AHD to the finished RL of 
4m and 11m AHD necessary to facilitate the gravity 
flows to and from the plant. The excavation would 
have a relatively high impact on the dune system.  The 
excavation will be up to 30m deep in places, requiring 
large batters to ensure stabilisation of the site, and the 
removal of around 3,000,000 cubic metres of material. 
The works will interrupt the interface between second 
phase (Q3) fretted parabolic dune system and the third 
(Q2) phase and the linkages between the vegetation 
associations dependent upon it. 

7.4.1.4 Management Strategy 
The buffer zone would enable the opportunity to 
conserve some of the near coastal complexes in the 
oldest phase (Q1) and second phase (Q3) of the 
Alkimos cuspate forelands and nested parabolic dune 
system. It also offers the opportunity to partially 
augment the Bush Forever Site 397 to the north, but 
offers little or no opportunity to achieve a contiguous 
linkage between all phases, causing a discontinuity in  
the relationship at the Q2/Q3 intersection, and not 
encompassing the youngest phase (Q4) of the Alkimos 
system. 
 

Section Seven: Specific Environmental Factors - Final v.3 - 8 November 2005 
Page 6 of 20 



Alkimos Wastewater Treatment Plant - Public Environmental Review 

Section Seven: Specific Environmental Factors - Final v.3 - 8 November 2005 
Page 7 of 20 

Figure 7.1  Relationship between the Proposed Site B and Geoheritage Landforms 
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7.4.2 Flora and Vegetation 

7.4.2.1 Existing Environment 

Vege ation Units 
A flora and vegetation survey for the project area was 
undertaken by Syrinx 2005. These vegetation units are 
listed in Table 7.3 along with the abbreviations used as 
symbols for them. 

Table 7.3 Occurrences of Vegetation Units and 
Condition in Site B 

(Table 7.3 lists the area, in hectares, of clearing required for Site A.  
It also lists the vegetation units and vegetation condition ratings, as 
abbreviations, and the sites and areas in which they occur, and, for 
each WWTP and launch site, estimates are given of the percentage of 
the site’s vegetation provided by each component  vegetation unit 
and condition rating.) 
 

 WWTP Site B B Buffer 
AREA  (ha): 19 - 
VEGETATION UNITS  
Quindalup System 
C (Cleared) >10 x 
Q1-3 Dunes, Qp,Qs 
Ac <5 x 
As <5 x 
AsJF  [x] 
AsMs  x 
Ba/AsMs  x 
Ba/C  x 
Eg (Q)  [x] 
EgMs  [x] 
Ms 30 x 
MsLm >40 x 
Nf  ‘trees’  x 
Nf ‘shrubs’ <5  
Spearwood Limestone (and Sand) in Quindalup System 
Ds (Q)  x 
DsBa  x 
DsCq.Ap  x 
DsMs <5 x 
MhsDs  x 
Spearwood System 
Sand 
Ar (S)  x 
Ba <5 x 
Bam  x 
BamEt  x 
Ba/X <10 x 
Hh <5 x 
MsLm/Hh <5 x 
X <5 [x] 
Limestone 
Ds (S) <5 x 
Mhcs  [x] 
VEGETATION CONDITION 
VG-G 10  
G-VG 40  
G  5 
CD 10  

 

Fifteen vegetation units, including cleared, were 
defined and mapped for Site B. Nine of them are in the 
Quindalup Dune System, and the other six are in the 
Spearwood Dune System.  
 
Over 80% of Site B is in the Quindalup Dune System; 
the remainder, in the eastern part of Site B, is in the 
Spearwood Dune System. The clearings and two 
extensive units that cover Site B are in the Quindalup 
System. One of the units is on the site’s flat to rolling 
parts, and the other is on the slopes and crests of its 
dunes. The former unit is Melaleuca systena Low 
Shrubland to Shrubland (Ms). The latter unit is 
Melaleuca systena Open Low Heath over Lomandra 
maritima Herbland (MsLm). There are also small areas 
on the dunes of Acacia saligna Scrubs to Heaths (As), 
Acacia rostellifera Heaths (Ar), Acacia cochlearis 
Closed Heath to Open Heath (Ac) and Nuytsia 
floribunda Closed Low Heath and Open Low 
Woodland (Nf: there are five small trees in the 
woodland part). Some stands of Ar, As and Ac are 
unmapped.  
 
The Site B part of the limestone hill that is on the 
southern end of the western boundary of Site B has 
Dryandra sessilis - Melaleuca systena Open Heath to 
Open Low Heath (DsMs). 
 
Small areas of six vegetation units are in the 
Spearwood Dune System part of Site B. These units are 
Banksia attenuata Low Woodland to Open Low 
Woodland (Ba), Banksia attenuata Low Woodland to 
Open Low Woodland and Xanthorrhoea preissii 
Shrubland to Low Shrubland (Ba/X), Dryandra sessilis 
Open to Closed Heath to Scrubs (Ds), Hibbertia 
hypericoides Open Low Heath (Hh, with Calothamnus 
quadrifidus), Melaleuca systena Open Low Heath over 
Lomandra maritima Herbland and Hibbertia 
hypericoides Open Low Heath (MsLm/Hh) and 
Xanthorrhoea preissii Shrubland to Low Shrubland 
(X). 
 
The Nuytsia floribunda Closed Low Heath (Nf) is on 
the top of a small conical dune in the south central part 
of Site B. It is the only population of this unit found 
during the study or recorded in Alkimos or Eglinton. 

Signi cant Flora fi
The significant flora recorded in Site B are listed in 
Table 7.4. The two Priority Three flora recorded there 
are Conostylis pauciflora, which is on slopes of dunes, 
and, possibly, Sarcozona bicarinata. A few plants of 
the Sarcozona are on the crest of the limestone hill on 
the eastern boundary, and some may be inside Site B. 
The non-Priority significant Lechenaultia linarioides 
was found at several locations in Site B. 
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Table 7.4  Significant Flora in Site B 

Section Seven: Specific Environmental Factors - Final v.3 - 8 November 2005 

Locations/Sites 
Taxa 

Significance & 
other Codes Site B B 

Buffer 
Conostylis 
pauciflora ssp. 
Euryrhipis 
 (/ pauciflora) 

P3(4),p,s x x 

Eucalyptus 
decipiens mallee 
form 

M x ? 

Grevillea preissii Lt ? - 
Lechenaultia 
linarioides P x x 

Pimelea calcicola S - ? 
Sarcozona 
bicarinata P3,p,s x x 

 
Notes: 
•  ‘ls’ indicates that the taxon appears to be locally (in the 

Alkimos-Eglinton area) very rare (only one stand recorded) or 
rare and is therefore considered to be locally significant.  One 
species, Astroloma microcalyx, has an additional significance 
code; it is a Priority Three species. 

• ‘lt’ indicates that the taxon is not listed in Table 13 of Bush 
Forever (2000) but is listed in descriptions of Bush Forever 
sites, as a limestone taxon. 

• ‘tk’ indicates that Leptorhynchos scaber is listed by Trudgen 
and Keighery (1990a) as a species of particular interest, 
because it was poorly collected in the Perth Region, but it is not 
listed in Bush Forever (2000). 

7.4.2.2 Environmental Objectives and 
Standards 

Project objectives include: 
• minimising the impacts on the abundance, species 

diversity, geographic distribution and productivity 
of vegetation units; 

• protecting DRF taxa, if any are subsequently found 
in the Project Area, consistent with the provisions 
of the Wildlife Conservation Act; 

• protecting flora listed under the Schedules of the 
EPBC Act, if any are subsequently found in the 
Project Area; and 

• protecting flora of other conservation significance 
(e.g. undescribed taxa, range extensions, outliers, 
ends of ranges and locally significant). 

 
Relevant legislation and standards include: 
• the EPBC  Act 1999; 
• the Wildlife Conservation Act 1950; 
• EPA Position Statement No. 2 (Environmental 

Protection of Native Vegetation in Western 
Australia, 2000); 

• EPA Position Statement No. 3 (Terrestrial 
Biological Surveys as an Element of Biodiversity 
Protection in Western Australia, 2002);  

• EPA Guidance Statement No. 51 (Terrestrial Flora 
Surveys for Environmental Impact Assessment in 
Western Australia, 2004); and 

• EPA Draft Guidance Statement No. 33 
(Environmental Guidance for Planning and 
Development: for Testing and Review, 2005). 

7.4.2.3 Potential Issues and Impacts  
Approximately 19ha would be cleared of vegetation in 
Site B.  The Project is not expected to have any 
significant impact on the priority three species, as both 
species are common and widespread. 

7.4.2.4 Management Strategy 
The Management issues, strategy and commitments 
will be presented in the draft Vegetation and Flora 
Management Plan.  

7.4.3 Terrestrial Fauna 

7.4.3.1 Existing Environment 
The Alkimos project area is located on the northern 
outskirts of Perth and includes coastal and near coastal 
environments that have not been cleared but have been 
subject to a variety of impacts since European 
settlement, including grazing, altered fire regimes and 
introduced species.  The project area is at the southern 
extent of largely intact natural environments that lie 
north of Perth. 
 

A fauna assessment for the proposal was conducted by 
Bamford Consulting Ecologists (Bamford 2005). 
 

Given the site is close to Perth, the vertebrate fauna is 
well documented in a regional sense.  The majority of 
the fauna species present in the Alkimos project area 
are extinct in suburban Perth, so the area represents the 
southern limit of the distribution of many species in the 
region.  The invertebrate fauna is much less well 
documented than the vertebrate fauna, but some 
records of significant (threatened) invertebrate species 
are available. 

7.4.3.2 Site B and its Associated Buffer 

Proposed WWTP Site B 
Site B is located partially in Lot 101 and Lot 102 and 
supports generally degraded heaths with 
burnt/Acacia/shrubland to 1m high. The topography 
consists of weathered tertiary dunes and broad swales. 
 

The environment and fauna habitats for Site B are 
strongly influenced by dunal systems that are of most 
recent origin close to the coast.  The vegetation of Site 
B and its respective buffer can broadly be described as 
coastal heathlands and woodlands overlying Quindalup 
and Spearwood dune systems.  Near coastal localities 
were dominated by heath with gullies of Acacia and 
Scaevola, with interior localities supporting climax 
Banksia and Eucalyptus todtiana woodland with dense 
heaths of Dryandra sessilis.  Much of the area has been 
recently burnt and there was generally a high level of 
weed invasion by Briza maxima, geranium and other 
weeds.  Numerous four-wheel drive tracks cross the 
area.   

Site B Buffer 
At 600m the buffer for Site B overlaps extensively with 
that of Site A. It includes large areas of Quindalup 
dunes with moderately degraded vegetation, but 
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includes most of the grove of Tuarts (Bamford 2005). 
Almost half this buffer zone incorporates Banksia 
woodlands north of the site. 
 
The extended buffer (800m) to the west takes in Tuarts 
not included in the 600m buffer, but much of the 
additional area consists of Quindalup tertiary dunes 
with moderately degraded vegetation. 

Fauna Associated With Habitats Found Within Site 
B And Its Respective Buffer 
For an explanation of the fauna found within the above 
habitats (1-5) and their conservation significance (see 
Section 3.1). 

7.4.3.3 Environmental Objectives and 
Standards 

With respect to fauna, the environmental objectives are 
to:   
• define the habitat type/s present within the study 

area; 
• identify the possible vertebrate fauna species that 

either may occur or were recorded in the study 
area; 

• identify threatened fauna species that may occur in 
the study area; 

• minimise the possible impacts of development 
upon fauna species and their habitats; and 

• to minimise the impacts and preserve regional 
biodiversity.   

 
Of particular significance are species listed under the 
WA Wildlife Conservation Act (1950), the EPBC Act 
(1999), as priority by CALM, and considered as 
regionally significant, such as birds that have declined 
in the Perth area (Dell and Banyard 2000).  Details on 
levels of significance are provided in the Bamford 
(2005) report in the Appendix.  EPA Guidance 
Statement No. 56 (EPA 2004) provides advice on 
survey work on fauna required for environmental 
impact assessment. 

7.4.3.4 Potential Impacts and Issues  
The major impact will be the loss of vertebrate fauna 
habitat caused by the clearing of land, which is 
expected to result in the localized loss of vertebrates 
that are too small or immobile to relocate to unaffected 
areas. While many of the birds, larger mammals and 
reptiles will be able to relocate and avoid the impact of 
clearing and construction of infrastructure, there may 
be some territorial conflicts associated with 
competition for food resources, shelter and breeding 
sites. It is expected that these conflicts would be 
resolved over time and naturally stabilize. However, it 
must be noted that the majority of the fauna species 
present in the Alkimos project area are extinct in 
suburban Perth, so the area represents the southern 
limit of the distribution of many species in the region. 

Habitat loss in the buffer odour zone for Site B is 
generally of high value for fauna. Site B and its 
associated buffer has large areas of land covered by 
Habitats 4 and 5, which are in good to excellent 
condition. These two habitats are far more likely to 
support more species than the other habitats (1-3). The 
Banksia woodlands that occupy small areas in the east, 
support most species, but areas of heath with exposed 
limestone, D. sessilis thickets and Acacia shrublands 
are important for particular species or groups of 
species, in particular: 
• areas of heath with exposed limestone support 

restricted populations of several reptile species and 
the Carpet Python; 

• D. sessilis thickets are important foraging habitat 
for the Endangered Carnaby’s Cockatoo and a 
range of nectarivorous species, and Acacia 
shrublands provide shelter for a number of locally 
significant species; 

• Tuart trees may be important in providing roosting 
sites for some bird and mammal species such as 
the White Tailed Dunnart;  

• Grass trees that are a component of Habitat 4 
almost certainly provide shelter for reptiles and 
some mammals. 

 
In addition to the short term and local impacts of the 
proposed development, impacts upon species of 
Conservation Significance Level 1 and cumulative 
impacts with respect to future developments in the 
region need to be considered. Among species of 
conservation significance, only Carnaby’s Cockatoo 
may trigger the EPBC Act because of impacts upon 
foraging habitat (Banksia woodland and D. sessilis 
thickets) and therefore the habitats of 4 and 5 found 
predominately within the Site B buffer are extremely 
important in terms of conservation. 
 
The clearing and excavation of land in Site B and its 
respective buffer for the WWTP is aligned in an east to 
west direction and therefore crosses the generally 
north-south alignment of habitats, particularly near the 
coast, causing some fragmentation of the coastal 
habitats which may affect habitat linkages and hence 
the movement of wildlife and in particular lead to the 
isolation of fauna populations south of the proposed 
developments. 
 
The clearing of land not listed in the key 
Characteristics Table for Site B (i.e. potential land uses 
within the buffer zone of Site B) have not yet been 
determined and as a consequence the impact of clearing 
land cannot be discussed in detail until the Water 
Corporation has conducted further land use planning 
that may be suitable for the buffer zone. However, if 
launch Site 1A and to a lesser extent 1B, a portion of 
habitat 4 will be cleared. This will have and adverse 
impact on the environment as habitat 4 is an important 
habitat for particular species or groups of species. For 
example, areas of heath with exposed limestone 
support restricted population of several reptile species 
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and the Carpet Python, D. sessilis thickets are 
important foraging habitat for the Endangered 
Carnaby’s Cockatoo and a range of nectarivorous 
species, and Acacia shrublands provide shelter for a 
number of locally significant species. Tuart trees may 
be important in providing roosting sites for some bird 
and mammal species, while Grass Trees that are a 
component of Habitat 4 almost certainly provide 
shelter for reptiles and some mammals. 
 
Whichever launch site is chosen for Site B, habitat 
areas 1 and 2 will only be minimally disturbed as 
piping for the ocean outlet will be micro-tunneled 
under the limestone cliffs of Habitat 2 and the trench 
needed for the laying of the pipe on the beach or 
Habitat 1 will be filled in with beach sand, once the 
ocean outlet pipe is secured in the trench. 

7.4.3.5 Management Strategy 
Although some habitat loss will be inevitable, 
mitigation strategies include the potential to plan 
development so that some wildlife conservation within 
the future urban landscape is possible.  If some of the 
buffer zone around the AWWTP were retained with 
native vegetation from different habitat types it would 
provide a linkage for the fauna to surrounding areas.  In 
this respect, retention of habitat on north-south and 
east-west alignments is important, as it retains 
connectivity within and across habitats. For example, 
keep the impact area narrow from north to south and if 
possible link the habitats from the coast to those to the 
east along the different dune systems (youngest to 
oldest) to reduce disruption of fauna movement 
between different habitats.   
 
The buffer zone will not be considered as sterilisation 
of land-uses. Rather, the buffer offers opportunities for 
compatible land-uses such as golf courses, recreation 
parks, etc., or the conservation of ecological and 
geoheritage values with land-uses such as 
interpretation centres, bush walks, etc. 
 
The draft Vertebrate Fauna Management Plan will be 
finalised with consideration of comments received 
during the public review period of the PER and in 
consultation with relevant stakeholders.  The Proponent 
will implement these Management Plans during the 
construction and operational phases of the project. 

7.4.4 Air Quality 

7.4.4.1 Environmental Objectives and 
Standards  

Objec ives 
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t
This section needs to be read in conjunction with 
Section 4.2 
 
The Water Corporation seeks to ensure that odour 
emissions do not adversely affect environmental values 
or the health, welfare and amenity of people and land-

uses near the wastewater treatment/water reclamation 
plant. 

7.4.4.2 Existing Environment 
The proposal involves a wastewater treatment plant 
that will be constructed in stages but ultimately handle 
a flow of 160 ML/d.   Wastewater will come to the 
plant from a large urban catchment to the north and 
northwest of Perth.  The wastewater will have a long 
travel time in the sewers and be very odorous when it 
reaches the Alkimos plant.   
 
Work undertaken to predict odour impacts at the 
Alkimos plant involved: 
• measurement of winds and meteorological 

conditions at Alkimos; 
• development of an emissions inventory for the 

future Alkimos plant; 
• odour modelling, using the procedure 

recommended by the DoE; and 
• study of potential effects of ponding in excavated 

basin at Alkimos. 

Odour Modelling 
Odour modelling was carried out using the latest 
version of the Ausplume model, and following DoE 
procedures.   The model parameters were as follows: 
• Odour emissions from the inventory for the plant; 
• Plant geometry: Water Corporation plan of the 

proposed plant; 
• Wind files: Alkimos hill site and Alkimos valley 

site; 
• Roughness: 0.4m (for rolling rural/residential land 

use); 
• Topography: terrain with terrace between plant site 

and the ocean;  
• Grid: 200m grid (for 1.5km radius around 

proposed plant); 
• Averaging time: 1 hour and 3 minutes; and 
• Frequency of events 99.9 % (9th highest event per 

year) and 99.5 %. 
 
The odour model was used to calculate the position of 
the 5 OU contour (at 99.9 percentile frequency and 1-
hour averaging, as described above).  For convenience 
in comparing and assessing the results, the 3 OU, 5 
OU, 10 OU, 20 OU and 40 OU contours were plotted 
for each scenario modelled. 

Results 
At Site B, the zone in which it is predicted that a 
distinct odour (5 OU or more) could occur for 8 hours 
or more per year was predicted to extend 600m to the 
west of the plant boundary, 600m to the north, 500m to 
the east and 450m to the south (CEE 2005). These 
predicted distances are the basis for the recommended 
buffer zone for the plant at Site B. 
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In January 2004, CEE (CEE 2004) provided the 
Corporation with an assessment of the necessary buffer 
zone based on the accumulated on-site meteorological 
measurements, having regard to the conceptual plant 
layout and experience of odour management issues 
around other large treatment plants in the Perth region.  
This report used the on-site (Site B) meteorological 
information for odour modelling to update a June 2002 
report, which utilised remote wind data.  
 
The January 2004 report recommends a 600m buffer 
based on AUSPLUME modelling calibrated from 
complaint data at other metropolitan WWTPs.  This 
recommendation requires some additional 
interpretation for the following reasons: 
 
• AUSPLUME is basically a straight line Gaussian 

plume.  Thus it is assumed that the results of 
modelling for Site B can also be used for Site A.  

• AUSPLUME does not account for odour ponding 
(see below).  This phenomenon requires additional 
consideration for Site B. 

 
During odour management investigations conducted to 
date, awareness has arisen that the siting of the 
AWWTP within a deep basin at Site B creates 
conditions under which odour may pond and 
accumulate in the basin during low wind, atmospheric 
inversion conditions.  The accumulated odour-laden air 
would then be flushed from the basin when wind 
speeds increase and/or the inversion breaks up.  Such 
conditions and the potential odour impact is not 
adequately reflected by the normal dispersion 
modelling upon which the buffer zone dimension is 
established. 
 
CSIRO were engaged to investigate the extent of 
potential odour ponding at Alkimos and to advise on 
the implications for providing an appropriate buffer 
zone.  CSIRO confirmed (Borgas 2004a) that odour 
ponding is a real phenomenon at Alkimos and that in 
worst cases, odorous air could accumulate for extended 
periods. Consequently a large volume of odourous air 
could flush from the site in a very short period, thus 
being more severe than assumed in the existing 
AUSPLUME dispersion modelling.  The implications 
of this were further investigated and CSIRO’s 
conclusions (Borgas 2004b; Borgas 2005) are that in 
low entrainment conditions, pond concentrations and 
volumes could grow far greater than previously 
assumed for normal conditions.  CSIRO predicted 
significant detectable odour and possible nuisance 
downwind beyond the previously modelled buffer 
zone. 
 
For Site B, with the AWWTP in a depression, the 
CSIRO study has shown that the buffer needs to be 
extended 800m to the west and north-west to account 
for ponding events.  
 
CEE has undertaken an assessment of the relationship 
between the AUSPLUME modelling, and the CSIRO 

ponding model, and the implications for the buffer at 
Site B (CEE 2005).  
 
The conclusion from this assessment are: 
• that there is a high risk and significant 

consequence of ponding at Alkimos Site B;  
• excavation to deepen the basin for the plant will 

increase the number of ponding events; 
• ponding increases the peak odour concentrations 

downwind of the basin, over relatively short time 
intervals; and  

• there is no simple engineering solution to the 
ponding problem. 

 
In summary, it is considered that ponding: 
• Will lead to a 40 per cent increase in odour levels 

downwind of a treatment plant built within a basin, 
and 

• Site B will require a 800m wide buffer zone to the 
west and north-west of the plant to meet 
acceptable odour standards. 

 
The Corporation will complete investigations on the 
impact of odour ponding and receive a consolidated 
report and recommendations from CEE.  This will 
follow further discussions with DoE on the 
methodology adopted by CEE to interpret the 
additional effect of ponding at Site B. 
 
The proposed odour buffer for Site B are shown on 
Plan 9 (see Appendix B). 

7.4.4.3 Potential Issues and Impacts 
Beyond the defined buffer zone, there should not be 
any detectable odour from the wastewater treatment 
plant under normal operations of the plant. Within the 
buffer zone, there will be detectable odour, with the 
frequency of detection (in terms of events per year and 
the strength of the odour increasing with distance from 
the outer edge of the buffer zone towards the plant 
boundary). 
 
Use of the beach during the day would not be affected 
by the treatment plant or the location of the buffer 
zone. 
 
The land within the buffer sone can be used for a wide 
range of compatible land uses (for example, golf 
courses, gardens, recycling facilities, solid waste 
transfer stations, geoheritage conservation, electrical 
substations, animal welfare facilities, community 
composting, recreation, conservation) so the land in the 
buffer zone is used effectively for the benefit of the 
community. 
 
Buffer zones are a practical and widely adopted 
solution to a real planning issue. For example, buffer 
zones are recognised for airports, industry, quarries, 
agricultural activities, refineries, chemical industries 
and sewage treatment plants. 
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7.4.4.4 Management Strategy 
The Water Corporation will manage odours at a 
treatment plant at Site B by: 
• Including best practice odour control in the design 

of the treatment plant.  This will include covers on 
all treatment units, collection of gases from 
beneath the covers, effective scrubbing units, 
backup treatment and scrubbing units to maximise 
operations and tall stacks to discharge the gases 
after scrubbing.  The odour controls will be equal 
to those recently installed at the Subiaco and 
Beenyup WWTPs.   

• Operating the Alkimos plant to limit the release of 
fugitive odours and leakage, with appropriate 
computer-controlled monitoring and operating 
systems, fully trained operations personnel and 
maintenance procedures designed to minimise the 
release of odours; and 

• Providing a buffer zone around the plant to prevent 
incompatible land uses (eg, residential 
development) near the treatment plant, with Water 
Corporation ownership and control of the buffer.  
The recommended buffer zone for a plant at Site B 
is substantially larger than for a plant at Site A. 
The provision of an odour buffer to separate 
sensitive land uses from the Alkimos treatment 
plant is entirely consistent with state planning and 
environmental policy. 

7.4.5 Visual Amenity 

7.4.5.1 Existing Environment 
A view-shed analysis has been undertaken for the 
proposal by digitally superimposing a scaled and GIS 
rectified rendition of the final plant into photographs of 
the current topography, viewed from six locations. 
Figure 7.2 shows the viewpoints for Site B. Unlike Site 
A, site B will see urban development between the 
WWTP and the coast. Location 6 has been included to 
represent the view-shed from that development. 
 
Note: Because the visibility of the plant is low when viewed from 
viewpoints 3,4 and 5, the ‘after’ renditions have been zoomed to 
enhance the view. 
 
The plant and vent stack are not visible from Location 
1, which is located on the beachfront where highly 
desirable recreational activities will take place. 
 
The batter will be visible in the middle distance to the 
north-east, as the batter necessary to stabilise the 
excavation will be denuded of vegetation. The upper 
half of the vent stack will be visible in the middle 
distance, when viewed from Location 2. 
 
Similarly, excavation and stack will be visible in the 
middle distance when viewed from Location 3. 
 
The vent stack will be partially visible in the far 
distance when viewed from Location 4. 
 

The wastewater treatment plant and the excavation will 
not be visible when viewed from Location 5. 
 
The batter and stabilisation of the excavation on the 
northern, eastern and southern dunes surrounding Site 
B will be highly visible when viewed from Location 6, 
within the proposed urban development area. 

7.4.5.2 Environmental Objectives and 
Standards  

Objec ive
To evaluate the visual impact and adopt measures as 
far as practicable to reduce those impacts on the 
surrounding environment. 

Standards 
• EPA, 2005. Environmental Guidance for Planning 

and Development.  Guidance Statement No 33 Part 
D. EPA: Perth WA 

• Environmental Protection Act 1986.  

7.4.5.3 Potential Issues and Impacts 
Potential issues and impacts include the following: 
• the  WWTP will be visible to a varying extent in 

the landscape and within the vista from urban and 
coastal areas; 

• the vent stack will be approximately 15-20m above 
the ridge of the highest dune surrounding the 
WWTP;  

• excavation of approximately 3 million cubic 
metres of soil and rock creating a footprint of 19 
hectares of disturbed landform to achieve the 
required 14 hectare site for the WWTP; and 

• soil and rock from the surrounding dunes will be 
blasted, excavated, and then deposited off-site at 
spoil disposal sites. The visual impact of this spoil 
has not been considered in the view-shed analysis 
below. 

7.4.5.4 Management Strategy 
Site B is within a natural valley and would have an 
excavated basin, therefore partially concealed from 
horizontal sight-lines. Architectural design features 
will be applied to the WWTP having regard to 
functionality and aesthetics when viewed from within 
the surrounding buffer zone. 
 
The batters will be rehabilitated to the extent 
practicable. However much of the excavation will be in 
limestone, and as such will remain visible on batters. 
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Figure 7.2  View Points for Site B 
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Figure 7.3  View location points for Site B 

View-point Before After 
 
 
 
 

Location 1 
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View-point Before After 
 Location 2 
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View-point Before After 
 
 
 
 

Location 3 
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View-point Before After 
 
 
 
 

Location 4 
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View-point Before After 
 
 

Location 5 
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View-point Before After 
 
 

Location 6 
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8 Environmental 
Management 

8.1 Proponent’s Commitments 
The Water Corporation has made commitments to 
implement or undertake v'arious activities to ensure 
that any environmental impacts associated with the 
project are manageable. Table 8.1 summarises the 
commitments and their objectives.  
 
The actions specified in Table 8.1 become binding on 
the Water Corporation under the Ministerial Conditions 
of Approval. 
 
Within these commitments, a number of management 
plans are identified, collectively providing the suite of 
documentation underpinning the Water Corporation’s 
management of the AWWTP, its buffer and the 
Alkimos Ocean Outlet. 

8.2 Management Plans and 
Procedures 

The Water Corporation will develop the following 
management plans to specify the actions necessary to 
effectively manage the AWWTP: 
• Vegetation and Flora Management Plan; 
• Fauna Management Plan; and 
• Marine Monitoring and Management Plan. 
 
To complete the Environmental Management suite, 
other monitoring and reporting procedures will be 
developed as part of the Water Corporation’s standard 
operating procedures within its Quality Management 
System. These include: 
• Construction management; 
• Biosolids management; 
• GHG emissions reporting; 
• Odour monitoring and reporting; 
• Community engagement; and 
• Complaint/response register. 

8.3 Alkimos Ocean Outlet 
Marine Monitoring and 
Management Plan 

The Alkimos Ocean Outlet Marine Monitoring and 
Management Plan (AOOMMP) is based on identifying 
Environmental Values, establishing and spatially 
defining Environmental Quality Objectives 
(management goals) and the level of protection for 
ecosystem health (high, moderate or low) for marine 
waters in the vicinity of the Alkimos Ocean Outlet, and 
monitoring and managing to ensure the Environmental 
Quality Objectives are achieved and/or maintained in 
the long-term in the areas they have been designated.  
Environmental Quality Criteria will be set as 
benchmarks for monitoring, specifically to identify 

when and where the Environmental Quality Objectives 
are being met or not. 
 
The preliminary Alkimos Ocean Outlet Marine 
Monitoring and Management Plan for the discharge of 
treated wastewater from the Alkimos Wastewater 
Treatment Plant into the marine environment of the 
Alkimos Region is attached at Appendix A. 
 
Components of the preliminary Alkimos Ocean Outlet 
Marine Monitoring and Management Plan are 
summarised below, along with the proposed key 
parameters that will be monitored and the proposed 
frequency of sampling.  Selected environmental quality 
indicators will be measured through the monitoring 
programme and will be compared against the 
appropriate Environmental Quality Criteria. 
 
The proposed Alkimos Ocean Outlet Marine 
Monitoring Plan is underpinned by a quality 
assurance/quality control programme to ensure 
consistency in field and laboratory procedures and to 
ensure that data collected are scientifically valid, 
comparable and adequate to meet the monitoring 
programme objectives. 
 
The results, interpretations and recommendations of the 
Alkimos Ocean Outlet Marine Monitoring and 
Management Plan will be reported annually to the 
DOE and key stakeholders.  Results will be interpreted 
with reference to relevant national, state and site-
specific guidelines.  Where appropriate, annual 
reporting will include a ‘report card’ style format.  
 
All components of the Alkimos Ocean Outlet Marine 
Monitoring and Management Plan will be regularly 
reviewed to ensure that meaningful results are 
obtained, that the objectives are still appropriate and 
the programme is appropriate to the nature and 
magnitude of present and predicted impacts.   
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8.4 Summary of Environmental Management Commitments 
Table 8.1  Summary of Proponents Commitments for AWWTP Proposal 

Summary of Proponents Commitments for AWWTP Proposal - Principles of Environmental Protection 
Topic Objective Actions Timing Advice 

Precautionary 
Principle 

• To avoid serious or irreversible 
damage to the environment; 
and 

• To assess a risk-weighted 
consequence of proposed 
options. 

1. The Water Corporation will undertake the following measures to address the precautionary 
principle: 
• provide a sustainability assessment and comparative analysis of the WWTP site options; 
• design construct and operate the plant using best industry practice; 
• ensure, as far as practicable, failure modes in the conveyancing and treatment system “fail 

safe”; 
• prepare management plans for key environmental factors where appropriate; 
• monitor review and report operational and environmental performance; and 
• revise standard operating procedures and quality management systems and management 

plans in line with the findings of such reviews. 

During design, 
construction and 
operation. 

Water 
Corporation, EPA 

Intergenerational 
Equity 

• To ensure that the health, 
diversity and productivity of the 
environment is maintained or 
enhanced for the benefit of 
future generations. 

2. The Water Corporation will: 
• reduce long term energy consumption through gravity conveyancing and TWW disposal to 

the ocean; 
• reclaim and reuse wastewater as far as practicable; and 
• build the wastewater system to achieve the lowest whole of life cost by reducing dependence 

on energy consumption and make provision for the recovery of energy from the treatment 
process.  

During design, 
construction and operation 

Water Corporation 

Valuation, 
pricing and 
Incentives 

• To ensure environmental factors 
have been included in the 
valuation of assets and 
services; 

• To ensure that the “polluter 
pays” principle is applied in the 
containment, avoidance or 
abatement of pollution; 

• To ensure the users of goods 
and services (including the use 
of natural resources and assets) 
pay for the full life cycle costs of 
their provision; and 

• To ensure that the achievement 
of environmental goals be 
pursued in the most cost 
effective manner. 

3. The Water Corporation: 
• has undertaken a whole of life economic assessment of the AWWTP as part of its Capital 

Investment Program. 
• routinely funds the installation of new, pollution prevention technologies for WWTP systems 

as they emerge, and clean-up and repair of incidents as they occur;  
• applies the tariffs for provision of wastewater treatment services as set by Government; 
• will locate, design and install the wastewater treatment and conveyancing system according 

to best industry standards. 

During design, 
construction and 
operation. 

Water Corporation 
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Summary of Proponents Commitments for AWWTP Proposal - Principles of Environmental Protection 
Topic Objective Actions Timing Advice 

Waste 
Minimisation 

• To take all reasonable and 
practicable measures to 
minimise the generation of 
waste and its discharge to the 
environment. 

4. The Water Corporation will: 
• undertake several pilot projects (e.g. Managed Aquifer Recharge) to assess the viability a of 

re-use opportunities and implement them as soon as the technical, environmental, public 
health, political and societal acceptability is established. 

• manage and monitor the reuse of Biosolids in accordance with the Western Australian 
Guidelines for Direct Land Application of Biosolids and Biosolids Products as required by 
Part V Environmental Licences. 

Ongoing   EPA, DoE,
HDWA, Water 
Corporation 

Conservation of 
Biodiversity and 
Ecological 
Integrity 

• To conserve biological diversity 
and ecological integrity. 

5. The Water Corporation will, to the extent practicable, conserve high value floral  communities and 
associations and their fauna habitats within the buffer zone of the AWWTP. 

6. The Water Corporation will prepare a Vegetation and Flora Management Plan and a Fauna 
Management Plan addressing: 
• topsoil and vegetation mulch management; 
• prevention of the destruction of any of the four species of Priority Flora recorded in the 

project area; 
• protection of high value fauna habitat; 
• collection of provenance seed to be used in subsequent rehabilitation; 
• management of weeds; 
• controlling vehicular and public access; 
• fire management ; and  
• rehabilitation of high value disturbed land.  

 
7. The Water Corporation will prepare a Marine Monitoring and Management Plan for the Alkimos 

Ocean Outlet addressing the: 
• monitoring of  biota, sediment and water quality; 
• management and mitigation strategies derived from a risk based assessment of the 

monitoring necessary to maintain acceptable environmental performance, and 
• report findings periodically to relevant stakeholders. 

 
The monitoring and management plans identified above are dealt with in more detail in the 
Environmental Management section below. 

During construction and 
operation 

EPA, CALM and 
Water Corporation 
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Summary of Proponents Commitments for AWWTP Proposal – Environmental Management - Marine 
Topic Objective Actions Timing Advice 

• To ensure the marine 
environment is protected. 

8. The Water Corporation will prepare and implement an Alkimos Marine Monitoring and 
Management Plan. 

Prior to commencement of 
discharge to the marine 
environment at Alkimos. 

EPA 
DoE 

• To ensure consistency in field 
and laboratory procedures; and 

• To ensure that data collected 
are scientifically valid, 
comparable and adequate to 
meet the monitoring programme 
objectives. 

9. The results, interpretations and recommendations of the Alkimos Ocean Outlet Marine Monitoring 
and Management Plan will be reported annually to the Department of Environment and key 
stakeholders.  Results will be interpreted with reference to relevant national, state and site-specific 
guidelines.  Where appropriate, annual reporting will include a ‘report card’ style format.  

10. All components of the Alkimos Ocean Outlet Marine Monitoring and Management Plan will be 
regularly reviewed to ensure that meaningful results are obtained, that the objectives are still 
appropriate and the programme is appropriate to the nature and magnitude of present and 
predicted impacts.   

Annually or triggered by 
events or trend in data. 

EPA 
DoE 
 
 
 

• To monitor for treated 
wastewater characterisation, 
and respond to potentially 
significant impacts to marine 
flora and fauna from discharges 
from AOO. 

11. The following indicators will be reported:: 
• Physical-chemical characteristics 
• Bacteria 
• Nutrient 
• Metals             
• Surfactants 
• Pesticides and herbicides 
• Organics 

 
• 6-monthly 
• 6-monthly 
• 6-monthly 
• Annually 
• 6-monthly 
• 3 yearly 
• 3 yearly 

EPA 
DoE 
 
 
 

• To undertake initial dilution 
modelling and calculation of 
near-field dilutions. 

12. Determine the near-field behaviour of treated wastewater plume and near-field dilutions. At least annually.  EPA
DOE 

• To undertake ecotoxicological 
tests. 

13. Undertake chronic toxicity tests on a suite of 5 test species of marine organisms representing at 
least 4 different taxonomic groups and covering 3 trophic levels. 

Once within 12 months of 
commencement of 
discharge of treated 
wastewater and following 
any significant change in 
operations or exceedence 
of toxicant trigger levels. 

EPA 
DoE 
 

• To undertake water 
quality monitoring. 

14. Conduct water quality surveys to monitor: 
• Nutrients 
• Primary Productivity 
• Bacteria 

One summer (Dec.-March) 
synoptic  survey per 
annum. 
Four seasonal surveys per 
annum. 

EPA 
DoE 
 

• To undertake 
phytoplankton monitoring. 

15. Undertake water quality surveys to monitor: 
• Presence and abundance potentially toxic phytoplankton species  
• Phytoplankton cell count 

Four seasonal surveys per 
annum. 

EPA 
DoE 

Alkimos Marine 
Monitoring and 
Management 
Plan 

• To undertake 
periphyton monitoring.  

16. Undertake periphyton monitoring to determine periphyton growth (as measured by chlorophyll-a, b 
and c content). 

Annually (summer) EPA 
DoE 
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Summary of Proponents Commitments for AWWTP Proposal – Environmental Management - Marine 
Topic Objective Actions Timing Advice 

• To undertake sediment quality 
monitoring.  

17. Undertake sediment quality monitoring to determine: 
• Grain-size distribution 
• Nutrients 
• Total organic carbon 
• Organic matter content 
• Carbonate content 
• Metals 
• Pesticides and herbicides 
• Organics 

Five yearly, with the first 
survey within 12-18 
months of commencement 
of operations. 
 
 

EPA 
DoE 
 

• To undertake sentinel mussel 
monitoring. 

18. Undertake sentinel mussel monitoring to determine biological uptake of: 
• Metals 
• Pesticides and herbicides 
• Organics 

Five yearly, with the first 
survey with 12-18 months 
of commencement of 
operations. 

EPA 
DoE 
 

• To protect the marine 
ecosystems. 

19. In the event that the EPA’s high protection Environmental Quality Criteria are exceeded in the 
water designated as requiring high protection, specific investigations will be conducted in 
consultation with the DoE into the risk presented by it to ecological processes and any measures 
necessary to mitigate those risks. 

During operation. EPA Marine 
Environmental 
Values 

• To determine the toxicity of 
TWW on marine biota. 

20. Undertake Whole Effluent Toxicity (WET) testing generally following the principles contained in the 
USEPA, APHA and ASTM protocols in accordance with the protocols set out in 
ANZECC/ARMCANZ (2000), once initially and following any significant change to operations. 

During operation. EPA 
DoE 

• To prepare and implement a 
Monitoring and Management 
Plan. 

21. Sampling, analysis and interpretation will be undertaken to quickly detect any emerging issues and 
management control processes will be quickly implemented to resolve the issue. The management 
plan will be developed in accordance with: 
• Manual of Standard Operating Procedures (SOP)  
• An approved monitoring and management programme consistent with EQMF 
• Coastal Water Study and PLOOM program 
• ‘Environmental Quality Management Framework’ (EQMF) 

Before operation. EPA 
DoE 

• To develop draft Environmental 
Quality Criteria (EQC) for 
waters adjacent to the proposed 
Alkimos Ocean Outlet. 

22. The Water Corporation will undertake comparison of  the water quality parameters with the 
appropriate ANZECC/ARMCANZ (2000) Guidelines for fresh and Marine Water Quality and the 
Revised Environmental Quality Criteria Reference Document (Cockburn Sound), Environmental 
Protection Authority (2004) 

During Operation EPA 
DoE 

• To develop and delineate zones 
of protection. 

23. The Water Corporation will identify the environmental values that are to be protected in the 
nearshore waters surrounding the outlet and in cooperation with the EPA determine the spatial 
designation of the environmental values i.e. low, medium and high protection zones, which will be 
used to underpin the interpretation of the ecological consequences of the proposal. 

Before and During  
Operation 

EPA 
DoE 

Marine 
Management 
and Monitoring 

• To protect the marine 
ecosystem. 

24. The Water Corporation will monitor nitrogen concentrations (as ammonia and nitrate+nitrite) at the 
marine water quality monitoring sites. 

During Operation EPA 
DoE 
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Summary of Proponents Commitments for AWWTP Proposal – Environmental Management - Terrestrial 
Topic Objective Actions Timing Advice 

Terrestrial Flora 
and Fauna 

• To minimise the impacts on the 
abundance, species diversity, 
geographic distribution and 
productivity of vegetation units; 

• To minimise the possible 
impacts of development upon 
fauna species and their habitats 
and preserve regional 
biodiversity. 

25. The Water Corporation will prepare a Vegetation and Flora Management Plan and a Fauna 
Management Plan addressing: 
• topsoil and vegetation mulch management; 
• prevention of the destruction of any of the four species of Priority Flora recorded in the 

project area; 
• protection of high value fauna habitat; 
• collection of provenance seed to be used in subsequent rehabilitation; 
• management of weeds; 
• controlling vehicular and public access; 
• fire management ; and  
• rehabilitation of high value disturbed land. 

Before Construction 
Phase 

EPA 
DoE 
CALM 

Geoheritage • To minimise impact on identified 
geoheritage values and their 
associated flora and fauna 
communities within the buffer of 
the AWWTP and augment any 
conservation values identified 
within the Metropolitan Region 
Scheme. 

26. The Water Corporation will, as far as practicable,  
• conserve the geoheritage values within the AWWTP buffer; and  
• augment any conservation values identified within the Metropolitan Region Scheme.  

During construction and 
operation 

EPA, CALM 

Greenhouse 
Gases (GHG) 

• To minimise energy 
consumption 

• To minimise GHG emissions to 
as low as reasonably 
practicable.  

27. The Water Corporation will: 
• install a gravity wastewater system to minimise energy consumption from pumping; 
• reduce methane emissions and site energy requirements by recovering biogas to generate 

electricity as is practicable given the chosen treatment technologies, as economies of scale 
make this viable in the future; 

• assess and report GHG emissions to the Australian Greenhouse Office (AGO) and State 
Authorities.  This will also include a periodic assessment to review opportunities to further 
improve energy efficiency and reduce greenhouse gas emissions over time.   

During operation AGO, Dept 
Premier and 
Cabinet 
Greenhouse 
Office 

Biosolids 
 

• To reuse biosolids for 
agricultural and horticultural 
purposes. 

28. The Water Corporation will: 
• reuse bio-solids in accordance with the Western Australian Guidelines for Direct Land 

Application of Biosolids and Biosolids Products as required by Part V environmental licences 

Prior to and during 
construction and during 
ongoing operations 

DoE 
HDWA 

Odour 
 

• To minimise odour emissions; 
• To segregate recipients from 

odour sources; and 
• To protect  the health, welfare 

and amenity of people and land-
uses in proximity to the 
AWWTP.  

29. The Water Corporation will  manage odours from the WWTP by: 
• siting and designing the AWWTP to minimise the odour impacts from the plant on 

surrounding land-uses as far as practicable, using best practice odour emission control 
design and operation; 

• delineating and managing an odour buffer zone and permitting only compatible land-uses 
within the buffer, through Water Corporation ownership and control of the buffer; and 

• achieving agreed odour criteria within the odour buffer.  

During operation DoE 
EPA 
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Summary of Proponents Commitments for AWWTP Proposal – Environmental Management - Social 
Topic Objective Actions Timing Advice 

Community 
Engagement 

• To ensure that the public and 
relevant stakeholders have open 
access to information regarding 
the environmental performance 
of the AWWTP and Alkimos 
Ocean Outlet; and 

• To provide a mechanism to 
address any significant issues 
arising form stakeholders 

30. To incorporate into the Water Corporation’s Customer Service Program  a community engagement 
plan to: 
• address awareness and understanding of the project; 
• ensure that reports on AWWTP environmental performance are readily available to the 

public; 
• ensure that the results of the  monitoring are readily available to the public; and 
• provide a complaints/response process to address matters arising from the project in 

accordance with the Water Corporation’s Corporate Environmental Management System. 

During Environmental 
Impact Assessment 
period. 

EPA 
Stakeholders 
 

Aboriginal 
Heritage 

• To comply with the provisions of 
the Aboriginal Heritage Act 
(AHA). 

31. The Water Corporation will undertake appropriate liaison and surveys with the relevant Aboriginal 
groups, anthropologists to the satisfaction of the Department of Indigenous Affairs. 

Prior to Construction DIA 
EPA 
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Section Ten 
Glossary 

 
Acronym Description 
µg/L Micrograms Per Litre 
AHD Australian Height Datum 
ANZECC Australian and New Zealand Environmental and 

Conservation Council 
AOO Alkimos Ocean Outlet 
ARMCANZ Agriculture and Resource Management Council 

of Australia and New Zealand 
AWWTP Alkimos Wastewater Treatment Plant 
BOD Biological Oxygen Demand 
BPPH Benthic Primary Producer Habitat 
CALM Department of Conservation and Land 

Management 
CEE Consulting Environmental Engineers 
cfu Colony forming units 
Corporation Water Corporation (Western Australia) 
CSIRO Commonwealth Scientific & Industrial Research 

Organisation 
Developers LandCorp and Eglinton Estates P/L 
DIA Department of Indigenous Affairs 
DIN Dissolved Inorganic Nitrogen 
DLI Department of Land Information 
DMA Decision Making Authority 
DoE Department Of Environment (Western Australia) 
DPI Department for Planning and Infrastructure 
E2, E3, E4 The high, moderate and low level of protection 

EQOs respectively  
EIA Environmental Impact Assessment 
EP(Act) Environmental Protection (Act) 
EPA Environmental Protection Authority 
EPBC (Act) Environmental Protection and Biodiversity 

Conservation (Act) 
EQMF Environmental Quality Management Framework 
EQO Environmental Quality Objective 
FCT Floristic Community Type 
g grams 
GHG Green House Gas 
ha Hectare 
HDWA Health Department of Western Australia 
IDEA Intermittent Decant Extended Aeration 
kL/d Kilolitres Per Day (Thousand Litres Per Day) 
km kilometre 
m Metre 
m3 Cubic Metre 
MAR Managed Aquifer Recharge 
mg Milligram 
mg/L Milligrams Per Litre (Thousandths Of A Gram 

Per Litre) 
ML/d Megalitres Per Day (Million Litres Per Day) 
MRPC Metropolitan Regional Planning Commission 
MRS Metropolitan Region Scheme 
MW Megawatts 
OU Odour Units 
OU/s Odour Units per second 
PCWS Perth Coastal Waters Study 
PER Public Environmental Review 
PLOOM Perth Long Term Ocean Outlet Monitoring  
RL Reduced Level 
RO Reverse Osmosis 
s Second 

Acronym Description 
SS Suspended Solids 
TKN Total Kjeldahl Nitrogen 
TN Total Nitrogen 
TP Total Phosphorus 
TWW Treated Wastewater 
WAPC Western Australian Planning Commission 
WET Whole Effluent Toxicity 
WSD Water Supply Development  
WTP Water Treatment Plant 
WWTP Wastewater Treatment Plant 
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Executive Summary 
The Water Corporation is required to implement an Environmental Quality Management 
Framework to underpin the management of the Alkimos Ocean Outlet and the discharge of 
treated wastewater to the marine environment of the Alkimos Region.  This Environmental 
Quality Management Framework is based on identifying Environmental Values, establishing 
and spatially defining Environmental Quality Objectives (management goals) and the level of 
protection for ecosystem health (high, moderate or low) for marine waters in the vicinity of 
the Alkimos Ocean Outlet, and monitoring and managing to ensure the Environmental 
Quality Objectives are achieved and/or maintained in the long-term in the areas they have 
been designated.  Environmental Quality Criteria will be set as benchmarks for monitoring, 
specifically to identify when and where the Environmental Quality Objectives are being met 
or not. 
 
This document represents the preliminary Alkimos Ocean Outlet Marine Monitoring and 
Management Plan for the discharge of treated wastewater from the Alkimos Wastewater 
Treatment Plant into the marine environment of the Alkimos Region.  The objective of the 
Alkimos Ocean Outlet Marine Monitoring and Management Plan is to ensure that agreed 
ecological and social Environmental Values for the marine environment of the Alkimos 
Region around the outlet are maintained.   
 
The core components of the preliminary Alkimos Ocean Outlet Marine Monitoring and 
Management Plan are summarised below, along with the proposed key parameters that will be 
monitored and the proposed frequency of sampling.  Selected environmental quality 
indicators will be measured through the monitoring programme and will be compared against 
the appropriate Environmental Quality Criteria. 
 
Core components of the Preliminary Alkimos Ocean Outlet Marine Monitoring and Management 
Plan 

Monitoring Activity Indicators Monitored Monitoring Frequency 

Treated Wastewater 
Characterisation  

• Physical-chemical characteristics 

• Bacteria 
• Nutrients 

• Major Ions/Elements 
• Surfactants  
• Metals 

• Pesticides and herbicides 
• Organics 

• 6-monthly 

• 6-monthly 
• 6-monthly 

• 6-monthly  
• 6-monthly 
• Annually 

• 3-yearly 
• 3-yearly 

Initial Dilution Modelling 
and Calculation of Near-
field Dilutions  

Near-field behaviour of treated wastewater 
plume and near-field dilutions At least annually 

Ecotoxicological Tests  

Chronic toxicity tests on a suite of 5 test 
species of marine organisms representing at 
least 4 different taxonomic groups and 
covering 3 trophic levels 

Within 12 months of 
commencement of discharge of 

treated wastewater 

Water Quality Monitoring  
• Nutrients 
• Primary Productivity 

• Bacteria 

Annual (summer) synoptic 
surveys 

+ 
Seasonal (quarterly) surveys 

Phytoplankton Monitoring  
• Presence and abundance of potentially 

toxic phytoplankton species  
• Phytoplankton cell count 

Seasonal (quarterly) surveys 

Periphyton Monitoring  Periphyton growth as measured by 
chlorophyll-a, b and c content Annually (summer) 
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Sediment Quality 
Monitoring  

• Grain-size distribution 

• Nutrients 
• Total organic carbon 
• Organic matter content 

• Carbonate content 
• Metals 

• Pesticides and herbicides 
• Organics 

Five yearly, with the first survey 
within 12-18 months of 

commencement of operations. 

Sentinel Mussel 
Monitoring  

• Metals 
• Pesticides and herbicides 

• Organics 

Five yearly, with the first survey 
within 12-18 months of 

commencement of operations. 

 
The proposed Alkimos Ocean Outlet Marine Monitoring Plan is underpinned by a quality 
assurance/quality control programme to ensure consistency in field and laboratory procedures 
and to ensure that data collected are scientifically valid, comparable and adequate to meet the 
monitoring programme objectives. 
 
The results, interpretations and recommendations of the Alkimos Ocean Outlet Marine 
Monitoring and Management Plan will be reported annually to the Department of 
Environment and key stakeholders.  Results will be interpreted with reference to relevant 
national, state and site-specific guidelines.  Where appropriate, annual reporting will include a 
‘report card’ style format.  
 
All components of the Alkimos Ocean Outlet Marine Monitoring and Management Plan will 
be regularly reviewed to ensure that meaningful results are obtained, that the objectives are 
still appropriate and the programme is appropriate to the nature and magnitude of present and 
predicted impacts.   

-o0o- 
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1. Introduction 
This document is presented as the preliminary Marine Monitoring and Management 
Plan for the Alkimos Ocean Outlet, and forms a component of the Alkimos 
Operations Environmental Management Plan (EMP).  As a component of the Water 
Corporation’s Environmental Management Commitments in relation to the discharge 
of treated wastewater to the Alkimos Region, the Water Corporation is proposing to 
develop and implement a programme to monitor and manage the influence of the 
discharge of treated wastewater on the marine environment in terms of nutrients, 
microbial pathogens and potential contaminants (metals and organic substances).  
The objective of the Alkimos Ocean Outlet Marine Monitoring and Management 
Plan is to ensure that agreed ecological and social Environmental Values for the 
marine waters of the Alkimos Region around the outlet are maintained.   
 
The Alkimos Ocean Outlet Marine Monitoring and Management Plan includes: 
 
• The monitoring and evaluation of the environmental effects of discharging 

treated wastewater into the Alkimos Region; 
• Long-term Environmental Quality Objectives and their spatial application 

consistent with the Environmental Protection Authority’s Environmental 
Quality Objectives as described in the publication “Perth’s Coastal Waters, 
Environmental Values and Objectives, 2000” (Environmental Protection 
Authority 2000);  

• A programme to achieve long-term Environmental Quality Objectives through 
short to medium-term targets; 

• Draft site-specific “trigger” levels for further investigations (Environmental 
Quality Guidelines);  

• Draft site-specific “trigger” levels for remedial and/or preventative actions to 
protect the water quality and the environment of the Alkimos Region 
(Environmental Quality Standards);  

• Proposed management actions to be taken in the event that Environmental 
Quality Guidelines or Environmental Quality Standards are exceeded; 

• Reporting procedures to regulatory authorities and stakeholders; and 
• Quality Assurance/Quality Control procedures for the monitoring programme. 
 
The Water Corporation’s objective in developing and implementing the Marine 
Monitoring and Management Plan for the Alkimos Ocean Outlet is to measure the 
performance of the Alkimos Ocean Outlet discharging to the marine environment to: 

 
• Ensure the integrity of the marine environment around the ocean outlet is 

maintained; 
• Ensure that impacts upon locally significant marine flora and fauna 

communities are avoided; 
• Maintain marine water and sediment quality consistent with agreed 

Environment Quality Objectives and Environmental Quality Criteria; and 
• Ensure that Environmental Quality Criteria are achieved at defined zones. 
 
The Marine Monitoring and Management Plan for the Alkimos Ocean Outlet has 
been developed using the framework set out in the State Environmental (Cockburn 
Sound) Policy 2005 (Environmental Protection Authority 2005a; Government of 
Western Australia 2005), as instructed by the Environmental Protection Authority.  
This includes the derivation of the nutrient related Environmental Quality Criteria: 
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chlorophyll-a and light attenuation, algal growth potential and phytoplankton 
biomass for protecting the marine ecosystem from the effects of physical and 
chemical stressors.  It is important to note that the management of an outlet in an 
open ocean environment is very different to the management of the sheltered waters 
of Cockburn Sound which receives contaminants from both point and diffuse 
sources.  Experience with the Perth Long-term Ocean Outlet Monitoring (PLOOM) 
Programme suggests that there is no straightforward mechanism for managing ocean 
outlets in open ocean receiving environments on the basis of establishing guidelines 
and boundaries for chlorophyll-a.  General practice has been to manage the nutrient 
related impacts of ocean outlets on the basis of placing a maximum on nutrient loads 
based on ecological investigations and specifying minimum initial dilutions and 
therefore maximum contaminant concentrations, and establishing the extent of 
influence of the outlet.  This approach has been adopted throughout the PLOOM and 
Perth Coastal Waters Studies, and it is difficult to envisage an approach that is more 
practical and technically defensible than this. 
 
The monitoring programme, identification  and review of the Environmental Quality 
Objectives, Environmental Quality Criteria, Environmental Quality Guidelines and 
Environmental Quality Standards, as well as the associated measurement and 
interpretation protocols, will be developed through a collaborative approach 
involving the Environmental Protection Authority, the Department of Environment 
and the Department of Conservation and Land Management (for ecosystem health 
objectives and criteria), the Department of Health (for public health objectives and 
criteria), other key stakeholders as appropriate and the Water Corporation.  This is 
the approach that has been adopted under the Ocean Reef Memorandum of 
Understanding and the SDOOL Ocean Monitoring Programme, and a similar 
approach is proposed for the Alkimos Ocean Outlet. 

1.1 Studies Undertaken Prior to Construction and Operation of 
the Proposed Wastewater Treatment Plant 
The Water Corporation has commissioned a number of studies in the Alkimos 
Region to enable characterisation of the marine environment prior to construction 
and operation of the proposed Alkimos Wastewater Treatment Plant and associated 
ocean outlet.  These studies included: 
 
1. Oceanographic Measurements (Fugro GEOS 2005). 
2. Hydrodynamic Modelling (WorleyParsons 2005). 
3. Benthic Habitat Mapping and Infauna Survey (Oceanica 2005a). 
4. Sediment Characterisation (Oceanica 2005b, 2005c). 
5. Water Quality Characterisation (Oceanica 2005d). 
6. Phytoplankton Surveys (Oceanica 2005e). 
 
The Alkimos Marine Studies Programme was intended to provide information for the 
marine environmental impact assessment for inclusion in the Public Environmental 
Review (PER), rather than to establish baseline monitoring conditions.  The suite of 
studies will provide valuable information to support the development of the Baseline 
Monitoring Programme which will be designed and implemented prior to the 
commissioning of the Wastewater Treatment Plant.   
 
 
 



 
2. Environmental Values and Environmental Quality 

Objectives 

2.1 Environmental Values 
The Environmental Protection Authority is implementing an Environmental Quality 
Management Framework for Perth’s coastal waters, which is based on identifying 
Environmental Values, establishing and spatially defining Environmental Quality 
Objectives to guide decision-making and provide goals for management, and 
monitoring and managing to ensure these objectives are achieved and/or maintained 
in the long-term in the areas they have been designated (Environmental Protection 
Authority 2000, 2005a; Government of Western Australia 2005).   
 
Four Environmental Values have been identified as relevant for Perth’s coastal 
waters:  
 
• Ecosystem Health (an ecological value); 
• Fishing and Aquaculture (a social value);  
• Recreation and Aesthetics (a social value); and  
• Industrial Water Supply (a social value) (Environmental Protection Authority 

2000).   
 
The Environmental Values which apply to the coastal waters in the Alkimos Region 
include: Ecosystem Health, Fishing and Aquaculture, Recreation and Aesthetics.  
The fourth Environmental Value, Industrial Water Supply, does not apply to the 
Alkimos Region as there is no industry which draws water from the region of the 
outlet.  
 
Six Environmental Quality Objectives (EQOs), or specific management goals for 
designated areas of the environment, have been identified by the Environmental 
Protection Authority to protect these Environmental Values (Table 2.1).  These 
EQOs include one ecologically-based objective which describes the desired level of 
health of the ecosystem (e.g. in terms of limits of acceptable change from natural 
conditions) and five socially-based objectives which describe the specific human 
uses to be protected (e.g. swimming, boating).  The ecological EQO is a fundamental 
management goal.  Four levels of ecosystem protection have been defined in terms of 
the limits of acceptable change from natural conditions, to allow for the impacts of 
various levels of human-use (Table 2.1).  The social EQOs are, by definition, 
negotiable and generally derived from a balance between existing and future uses 
after due consideration of economic, social and political factors.  For the five social 
EQOs, the EQOs are either protected or they are not (i.e. the environmental quality is 
either such that it is safe to undertake the social activity or it is not).   

Table 2.1 Environmental Values and their corresponding Environmental Quality 
Objectives and the levels of protection for Perth’s coastal waters (Environmental 
Protection Authority 2000) 

Environmental 
Value (EV) 

Environmental Quality 
Objective (EQO) Description Level of protection 

EQO1:E1 (Level 1) Maintenance of 
ecosystem integrity 

Total protection – no 
detectable changes from 
natural variation 

Ecosystem 
Health 

EQO1:E2 (Level 2) Maintenance of 
ecosystem integrity 

High protection – small 
changes from natural 
variation allowable 
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Environmental 

Value (EV) 
Environmental Quality 

Objective (EQO) Description Level of protection 

EQO1:E3 (Level 3) Maintenance of 
ecosystem integrity 

Moderate protection – 
moderate changes from 
natural variation 
allowable 

EQO1:E4 (Level 4) Maintenance of 
ecosystem integrity 

Low protection (mixing 
zones) – large changes 
from natural variation 
allowable 

Fishing and 
Aquaculture EQO2 

Maintenance of 
aquatic life for human 
consumption 

Seafood will be safe for 
human consumption 
when collected or grown 
in coastal waters except 
areas designated S2 

EQO3 
Maintenance of 
primary contact 
recreation values 

Primary contact 
recreation is safe in 
coastal waters except 
areas designated S3 

EQO4 
Maintenance of 
secondary contact 
recreation values 

Secondary contact 
recreation is safe in 
costal waters except 
areas designated S4 

Recreation and 
Aesthetics 

EQO5 Maintenance of 
aesthetic values 

The aesthetic values of 
coastal waters will be 
protected except in those 
areas designated S5 

Industrial Water 
Supply EQO6 

Maintenance of 
industrial water 
supply 

Coastal waters will be of 
suitable quality for 
industrial water supply 
except in areas 
designated S6. 

 

2.2 Environmental Quality Objectives in the Vicinity of the Outlet 
Figure 2.1

Figure 2.1

 and  illustrate the proposed Environmental Quality Objective 
designations to zones around the Alkimos Ocean Outlet.  The zones and associated 
Environmental Quality Criteria will be confirmed on the basis of the Baseline 
Monitoring Programme to be undertaken prior to commissioning of the Alkimos 
Wastewater Treatment Plant and will be subject to further review, in consultation 
with the Department of Environment, as additional monitoring information is 
available (Section 3.2.3).  

Figure 2.2

 
 shows the management zones for nutrient related impacts in relation to the 

diffuser and the Alkimos region (recalling that in this case nitrogen is the nutrient of 
concern as it is the nutrient limiting growth).  All E2 nutrient related criteria are 
expected to be met at the edge of the rectangular area shown.  The area inside the 
rectangle does not have a defined level of protection as the management is entirely 
based on meeting E2 criteria at the boundary. 
 
It is important to reiterate that a nutrient criteria based on the concentration of 
inorganic nitrogen will be more meaningful than one based on concentrations of 
chlorophyll-a (a measure of phytoplankton biomass) as used in managing water 
quality in Cockburn Sound (EPA 2005).  The area around the outlet is dominated by 
large scale currents (usually northward flowing) and there is a lag between the 
introduction of nitrogen and its uptake and metabolised by phytoplankton, so by the 
time there is a measurable response in chlorophyll-a concentration, the water 
containing the phytoplankton is likely to have  been swept downstream.  As such, 
criteria based on chlorophyll-a concentrations are largely meaningless for managing 
outlets in the open ocean.  
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Figure 2.2 shows the management zones for toxicants in relation to the diffuser and 
the Alkimos region.  Outside of the mixing zone (E4), all E2 ecosystem criteria for 
toxicants are met.  There is a limit to how far away from a diffuser a buoyant plume 
can reach the surface.  As current speed increases, the plume moves further away 
from the line of the diffuser, beyond a certain speed the plume will not reach the 
surface before being be mixed through the water column.  In 20 m of water, a 
buoyant plume will generally not reach the surface more than 20 m away from the 
line of the diffuser.  To ensure a margin for safety, the mixing zone for other outlets 
(e.g. Bunbury and Sepia Depression) has been set as the region bounded by a line 
100 m distant from the diffuser in plan view.  For consistency, the same size mixing 
zone has been proposed for the Alkimos outlet. 
 

Figure 2.1 Proposed levels of protection of the marine ecosystem around the 
Alkimos Ocean Outlet from the effects of physical and chemical stressors 
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Figure 2.2 Proposed levels of protection of the marine ecosystem around the 
Alkimos Ocean Outlet from the effects of toxicants 

Figure 2.2

The proposed Environmental Quality Objectives are: 
 
• EQO1:E2 (high protection) outside the boundary shown on Figure 2.1;  
• EQO1:E4 (low protection) within 100 m of any point on the diffuser (see 

)—this is consistent with the approach adopted elsewhere by the 
Environmental Protection Authority where areas around outlets are designated 
a low level of ecological protection (Government of Western Australia 2004; 
Environmental Protection Authority 2005a); 

• EQO2 (aquatic life for human consumption) will not be affected by the 
outlet—public health impacts relating to harvesting of wild shellfish are not 
considered to be an issue because there are no shellfish near the outlet and 
therefore no shellfish harvesting;  

• EQO3 (primary contact recreation) will not be affected by the outlet—public 
health impacts relating to primary (whole-body) contact recreation are not 
considered to be an issue because there is no recreational use of the waters 
3 km offshore from Alkimos1; and 

• EQO4 (secondary contact recreation), EQO5 (aesthetic values) and EQO6 
(industrial water supply) will not be affected by the presence of the outlet. 

 
For each Environmental Quality Objective, a set of Environmental Quality Criteria 
are established which represent the environmental quality benchmarks against which 
environmental quality and the performance of environmental management can be 
measured (Section 1). 

                                                 
1 National Health and Medical Research Council (2005) Guidelines for Managing Risks in 
Recreational Water identify the first step in the framework for microbial quality assessment of 
recreational waters is the question “Is the water body used for contact recreation?”.  If the response is 
“No”, the water-body should remain unclassified, to be reassessed if usage changes. 
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3. Environmental Quality Criteria 

3.1 Environmental Protection Authority Approach 
To establish the level of compliance with identified Environmental Quality 
Objectives, there needs to be agreed “trigger values” against which monitoring 
results can be compared (Environmental Protection Authority 2005a).  If the trigger 
values are exceeded then various actions are implemented depending on the nature of 
the exceedance.  These trigger values are known as the Environmental Quality 
Criteria.  Environmental Quality Criteria are the quantitative benchmarks for 
monitoring used to guide and assess the results of monitoring programmes, 
specifically to identify when and where Environmental Quality Objectives are being 
met or not met.  There are two types of Environmental Quality Criteria:  
 
• Environmental Quality Guidelines—quantitative, investigative triggers which 

signify low risk of an environmental effect if they are met, and trigger further 
investigations if an exceedance occurs; and  

• Environmental Quality Standards—management triggers based on multiple 
lines of evidence, which if exceeded signify that the Environmental Quality 
Objective is not being met and that a management response is required.   

 
In summary, routine monitoring is undertaken and the results checked against the 
Environmental Quality Criteria.  The conceptual framework for applying the 
Environmental Quality Criteria is shown in Figure 3.1.  If monitored values are 
below the Environmental Quality Guidelines, then the Environmental Quality 
Objectives are considered to be met and the Environmental Values protected.  
Routine monitoring continues.  If an Environmental Quality Guideline is exceeded 
there is considered to be an increased risk that the associated Environmental Quality 
Objective may not be achieved, identifying the need for a more comprehensive 
assessment against the Environmental Quality Standard.  This involves a risk-based 
approach that considers multiple lines of evidence and integrates more refined 
measures of the surrogate indicators with more direct measures of the Environment 
Quality Objective (Environmental Protection Authority 2005a).  If an Environmental 
Quality Standard is exceeded, it is considered that there is a significant risk that the 
associated Environmental Quality Objective has not been achieved, investigation of 
the cause is needed and an adaptive management response is triggered if the 
exceedance continues.  
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Figure 3.1 Conceptual figure illustrating the relationship between the two types of 
Environmental Quality Criteria with the associated environmental condition.  The 
figure illustrates that the intensity of management response triggered by exceeding 
an Environmental Quality Criteria depends on which type of Environmental Quality 
Criteria has been exceeded, which in turn reflects the level of risk of whether there is 
an environmental problem (source: Environmental Protection Authority 2005a) 

The Environmental Protection Authority has defined Environmental Quality Criteria 
specifically for Cockburn Sound, to enable assessment of whether or not the 
environmental quality meets the objectives that have been set for it in the State 
Environmental (Cockburn Sound) Policy 2005 (Government of Western Australia 
2005; Environmental Protection Authority 2005a).  Draft Environmental Quality 
Criteria for protecting the marine ecosystem around the Alkimos Ocean Outlet from 
the effects of physical and chemical stressors, against which monitoring data will be 
compared, will be developed using data collected from appropriately located 
references sites around the ocean outlet.  The draft Environmental Quality Criteria 
will be developed in accordance with the approaches used for deriving 
Environmental Quality Criteria for Cockburn Sound (i.e. not the Cockburn Sound 
Environmental Quality Criteria per se).  In selecting appropriate reference sites for 
deriving Environmental Quality Criteria for physical and chemical stressors, the 
intent is for the reference sites to be as similar as possible to the water-body being 
managed in terms of physical setting, hydrodynamics and biology, but as far as 
possible these sites should be unaffected by anthropogenic influences 
(Environmental Protection Authority 2005a). 
 
The approach adopted by the Environmental Protection Authority (Environmental 
Protection Authority 2005a, b) for comparing monitoring data with the 
Environmental Quality Criteria and determining when a significant change has 
occurred, is: 
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• For most toxicants and bacteriological indicators the 95th-percentile of the 
monitoring data is compared with the Environmental Quality Criteria;  

• For toxicants in sediments the Interim Sediment Quality Guideline-low (ISQG-
low) guideline low trigger levels; 

• For nutrients and physical-chemical stressors (e.g. dissolved oxygen, light 
attenuation coefficient, salinity) in high ecological protection areas (E2), the 
median of the test-site data from the defined area of interest is compared with 
the 80th-percentile (and/or the 20th-percentile if a lower limit is required 
depending on the stressor under consideration) of the measured distribution of 
the potential stressor at the reference site(s); and 

• For the areas located around the outlet that have been designated a low level of 
ecological protection (E4), only the Environmental Quality Guidelines for 
toxicants identified as having the potential to adversely bioaccumulate apply.  
These Environmental Quality Guidelines are the default 80% species 
protection guideline trigger values from the ANZECC/ARMCANZ (2000a) 
Guidelines. 

3.2 Site-Specific Environmental Quality Criteria 
The information from the Alkimos Marine Studies Programme and the Baseline 
Monitoring Programme (Section 1.1) will provide valuable data for the purpose of 
developing draft Environmental Quality Criteria for the Alkimos Ocean Outlet 
Environmental Quality Management Framework.  In the future the Environmental 
Quality Criteria will be refined as more data becomes available (Section 3.2.3). 

3.2.1 Draft Environmental Quality Guidelines 
The approach to deriving the draft Environmental Quality Guidelines developed by 
the Environmental Protection Authority (2005a, b) will be applied.  The narrative 
draft Environmental Quality Guidelines are presented in Table 3.1 and Table 3.2.  
These Environmental Quality Guidelines will act as trigger values when measured 
beyond the respective boundaries (see Figure 2.1 and Figure 2.2). 

Table 3.1 Draft Environmental Quality Guidelines for the E2 Zone (protecting the 
marine ecosystem around the ocean outlet from the effects of physical and chemical 
stressors) (see ) Figure 2.1

Parameter Draft Environmental Quality Guideline 

Nutrient Enrichment 

Ambient value(1) of the defined area(2) during the non river-flow 
period(3) is not to exceed: 
• Chlorophyll-a: 80%ile of reference site data 
• Light attenuation: 80%ile of reference site data 

Algal Growth Potential – as 
measured by periphyton 
growth on artificial collectors 

Ambient value of the defined area during the non river-flow period is 
not to exceed: 
• 2 m depth: 80%ile of reference site data 
• 4 m depth: 80%ile of reference site data 
• 8 m depth: 80%ile of reference site data 

Phytoplankton Biomass 

(a) Ambient value for phytoplankton biomass measured as 
chlorophyll-a is not to exceed 3 times median chlorophyll-a 
concentration of reference sites, on any occasion during the 
non river-flow period 

(b) Phytoplankton biomass measured as chlorophyll-a at any site 
does not exceed 3 times median chlorophyll-a concentration of 
reference sites, on 25% or more occasions during the non 
river-flow period 
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Parameter Draft Environmental Quality Guideline 

Dissolved Oxygen 
Concentration 

Ambient value for dissolved oxygen in bottom waters (0-0.5 m 
above the sediment surface) is greater than 90% saturation at any 
site for a defined period of not more than four weeks 

Salinity 
Median salinity (0.5 m below the water surface) at an individual site 
over any period not to deviate beyond the 20th and 80th-percentile of 
the natural salinity range over the same period 

Notes: 
1. Ambient Value = median value of individual sample data for a defined area. 
2. Defined Area = area to be characterised for environmental quality against pre-determined Environmental Quality 

Objectives and levels of ecological protection. 
3. Non River-flow Period = period December-March inclusive, when river and estuarine flows are weak. 

Table 3.2 Draft Environmental Quality Guidelines for the E2 Zone (protecting the 
marine ecosystem around the ocean outlet from the effects of toxicants) (see 

) 
Figure 

2.2

Parameter Draft Environmental Quality Guideline 

Contaminants in Sediments 
Concentrations of contaminants in sediments not to exceed 
ANZECC/ARMCANZ (2000a) Interim Sediment Quality Guideline-low values 

Contaminants in Sentinel 
Mussels 

95th-percentile concentrations of contaminants in mussels not to exceed 
trigger values derived from reference sites 

 
In the event that monitoring determines that Environmental Quality Guidelines are 
exceeded, the cause of the exceedance will be investigated.  Investigations may 
include one or more of the following actions: 
 
• Investigation of reference site data to establish whether there has been a 

regional increase in the value; 
• Examination of site records to establish whether any surface slicks or other 

unusual local anomalies were observed; 
• Examination of weather records to establish the range of conditions prior to 

sampling;  
• Examination of the wastewater treatment plant operations for the days 

immediately prior to sampling, to establish whether the plant was operating 
normally;  

• Examination of laboratory and sampling quality assurance procedures to ensure 
that results are not spurious due to laboratory or sampling errors; and/or 

• If required (in consultation with the Department of Environment), undertake 
additional sampling to assist in identifying whether the exceedance is persisting 
and whether it is a result of the operation of the outlet. 

3.2.2 Draft Environmental Quality Standards 
The Environmental Quality Standards are not designed to establish whether the outlet 
is impacting water quality (this is the function of the Environmental Quality 
Guidelines), but whether the outlet is having an unacceptable impact on the marine 
environment beyond the E2 boundary (where an EQO1:E2 level of protection 
applies) (see Figure 2.1). 
 
The narrative draft Environmental Quality Standards are presented in Table 3.3. 
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Table 3.3 Draft Environmental Quality Standards for the E2 Zone (protecting the 
marine ecosystem around the ocean outlet from the effects of physical and chemical 
stressors) 

Parameter Draft Environmental Quality Standard 

Phytoplankton Biomass 

(a) Ambient value for phytoplankton biomass measured as 
chlorophyll-a is not to exceed 3 times median chlorophyll-a 
concentration of reference sites, on more than one occasion 
during the non river-flow period and in two consecutive years 

(b) Phytoplankton biomass measured as chlorophyll-a at any site 
does not exceed 3 times median chlorophyll-a concentration of 
reference sites, on 25% or more occasions during the non river-
flow period and in two consecutive years 

Dissolved Oxygen 
Concentration 

(a) Ambient value for dissolved oxygen in bottom waters (0-0.5 m 
above the sediment surface) is greater than 60% saturation at 
any site for a defined period of not more than four weeks 

(b) No deaths of marine organisms resulting from deoxygenation 

 
In the event that monitoring determines that Environmental Quality Standards are 
exceeded, similar investigations will be implemented to those outlined for 
exceedance of Environmental Quality Guidelines (Section 3.2.1).  If subsequent 
investigative studies determine that the operation of the wastewater treatment plant is 
resulting in an ongoing exceedance of the Environmental Quality Standards, then 
appropriate management measures will be implemented.  These measures may take 
the form of some or all of the following actions: 
 
• Detailed investigation to confirm significance and extent of impact with 

recommendations for future management, to be reviewed by the Department of 
Environment and an independent technical reviewer with subsequent 
implementation of agreed management actions; and/or 

• Review of wastewater treatment plant operations with recommendations to 
improve water quality from the outlet with subsequent implementation of 
agreed management actions. 

3.2.3 Revision of Criteria 
As the Alkimos Ocean Outlet Marine Monitoring and Management Plan progresses, 
additional reference data will be generated, enabling the Environmental Quality 
Criteria to be refined in accordance with the protocols set out in the State 
Environmental (Cockburn Sound) Policy 2005 (Government of Western Australia 
2005) and the Environmental Quality Criteria Reference Document for Cockburn 
Sound (2003-2004) (Environmental Protection Authority 2005a).  The nutrient 
related Environmental Quality Criteria will be updated annually to incorporate the 
results of the previous year’s reference site monitoring data.  This will help guard 
against the Environmental Quality Criteria being triggered because of regional-scale 
effects rather than the effects associated with the discharge of treated wastewater 
(e.g. unusually favourable weather conditions for phytoplankton growth), while also 
ensuring that Environmental Quality Criteria are not biased by unusual regional-scale 
effects (Environmental Protection Authority 2005a). 
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4. Proposed Environmental Monitoring Programme for 
the Alkimos Ocean Outlet 

4.1 Introduction 
An essential step in the development of the Environmental Quality Management 
Framework is the implementation of appropriate monitoring programmes to provide 
data for measuring environmental performance against the Environmental Quality 
Criteria.  The selection of environmental quality indicators to be monitored as part of 
the Alkimos Ocean Outlet Marine Monitoring and Management Plan was based on 
the framework set out in the State Environmental (Cockburn Sound) Policy 2005 
(Environmental Protection Authority 2005a; Government of western Australia 2005),  
an assessment of the potential threats to achieving the Environmental Quality 
Objectives and knowledge of the cause-effect pathways acquired from the Perth 
Coastal Waters Study (Lord & Hillman 1995), the Perth Long-term Ocean Outlet 
Monitoring (PLOOM) Programme (e.g. Oceanica 2005f) and the Bunbury Ocean 
Outfall Monitoring Programme (e.g. Oceanica 2005g).   
 
The key issues associated with the discharge of treated wastewater into the marine 
environment are: 
 
• Nutrients—potential for increased growth of marine plants (e.g. 

phytoplankton, macroalgae) with potential effects on ecosystem health and 
public health; 

• Microbial Pathogens—potential for public health issues (e.g. faecal bacteria 
and viruses); and 

• Metals and organic contaminants (e.g. pesticides, hydrocarbons)—
potential for bioaccumulation or direct toxic effects on the marine environment 
with potential effects on ecosystem health and public health. 

 
The Environmental Protection Authority (2005a) recommends that monitoring 
should be conducted at two levels: 
 
1. Monitoring of the contaminant source to provide information on contaminant 

inputs. 
2. Monitoring of the quality of the ambient environment, with environmental 

quality assessments relying primarily on integrative measures of exposure such 
as sediment and biota quality, phytoplankton, and the health of key 
components of the ecosystem. 

Both of these levels of monitoring will be undertaken as part of the Alkimos Ocean 
Outlet Marine Monitoring and Management Plan to provide a comprehensive 
understanding of the performance of the ocean outlet and the nature and impact of 
the treated wastewater discharges to the marine environment in the Alkimos Region. 
 
The core components of the preliminary Alkimos Ocean Outlet Marine Monitoring 
and Management Plan are summarised in Table 4.1, along with the proposed key 
parameters that will be monitored and the proposed frequency of sampling.  Selected 
environmental quality indicators will be measured through the monitoring 
programme and will be compared against the appropriate Environmental Quality 
Criteria. 
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Table 4.1 Core components of the proposed Alkimos Ocean Outlet Marine 
Monitoring and Management Plan 

Monitoring Activity Indicators Monitored Monitoring Frequency 

Treated Wastewater 
Characterisation 
(Section 4.2) 

• Physical-chemical characteristics 

• Bacteria 
• Nutrients 

• Major Ions/Elements 
• Surfactants  

• Metals 
• Pesticides and herbicides 
• Organics 

• 6-monthly 

• 6-monthly 
• 6-monthly 

• 6-monthly  
• 6-monthly 

• Annually 
• 3-yearly 
• 3-yearly 

Initial Dilution Modelling 
and Calculation of Near-
field Dilutions (Section 4.3) 

Near-field behaviour of treated 
wastewater plume and near-field 
dilutions 

At least annually 

Ecotoxicological Tests 
(Section 4.4) 

Chronic toxicity tests on a suite of 5 
test species of marine organisms 
representing at least 4 different 
taxonomic groups and covering 3 
trophic levels 

Within 12 months of 
commencement of discharge 

of treated wastewater 

Water Quality Monitoring 
(Section 4.5) 

• Nutrients 

• Primary Productivity 
• Bacteria 

Annual (summer) synoptic 
surveys 

+ 
Seasonal (quarterly) surveys 

Phytoplankton Monitoring  
(Section 4.6) 

• Presence and abundance of 
potentially toxic phytoplankton 
species  

• Phytoplankton cell count 

Seasonal (quarterly) surveys 

Periphyton Monitoring 
(Section 4.7) 

Periphyton growth as measured by 
chlorophyll-a, b and c content Annually (summer) 

Sediment Quality 
Monitoring (Section 4.8) 

• Grain-size distribution 
• Nutrients 
• Total organic carbon 

• Organic matter content 
• Carbonate content 

• Metals 
• Pesticides and herbicides 

• Organics 

Five yearly, with the first 
survey within 12-18 months 

of commencement of 
operations. 

Sentinel Mussel Monitoring 
(Section 4.9) 

• Metals 

• Pesticides and herbicides 
• Organics 

Five yearly, with the first 
survey within 12-18 months 

of commencement of 
operations. 

 
Final details of the site selection and frequency of sampling, the parameters to be 
monitored will be confirmed in consultation with the Department of Environment. 

4.2 Treated Wastewater Characterisation 

4.2.1 Background 
Comprehensive characterisation of the treated wastewater discharged from the 
Alkimos Wastewater Treatment Plant to the marine environment, in conjunction with 
initial dilution modelling and calculation of minimum initial dilutions (Section 4.3), 
will provide the principal indication as to the likely concentration of contaminants in 
the marine environment around the ocean outlet.   
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4.2.2 Methods 
Four replicate treated wastewater samples will be collected from the Alkimos 
Wastewater Treatment Plant.  The samples will be representative of the treated 
wastewater prior to discharge to the marine environment in the Alkimos Region.  
The treated wastewater samples will be collected in laboratory-supplied containers, 
immediately stored in the dark on ice and transported to the laboratory within 
24 hours of sampling. 
 
It is proposed that the treated wastewater samples will be analysed for the following 
suite of parameters: 
 
• Physical-chemical characteristics: Total Suspended Solids (TSS), Total 

Dissolved Solids (TDS), Conductivity, Salinity, pH, Biochemical Oxygen 
Demand (BOD), Chemical Oxygen Demand (COD), total alkalinity, turbidity 
(NTU); 

• Bacteria: Thermo-tolerant coliforms, Faecal streptococci as enterococci; 
• Nutrients: Ammonium nitrogen, Nitrate and nitrite nitrogen, Total nitrogen, 

Ortho-phosphate, Total phosphorus, Silicate;  
• Major Ions/Elements: Br, Ca, Cl, total residual chlorine, monochloramine, 

CN, F, Fe, K, Mg, Na, SO4, total sulphide; 
• Metals: Ag, Al, As, B, Ba, Cd, Co, Cr, Cu, Hg, Mg, Mn, Mo, Pb, Ni, Se, V, 

Zn;  
• Surfactants: MBAS;  
• Pesticides and herbicides: organochlorine pesticides, organophosphate 

pesticides, triazine herbicides—including Chlorpyrifos, Dieldrin, Atrazine, 
Aldrin, Chlordane, DDT, Heptachlor, Lindane, HCB, Simazine, 2,4-
Dichlorophenoxyacetic Acid); and 

• Organics: polychlorinated biphenyls (and others e.g. polycyclic aromatic 
hydrocarbons [naphthalene, anthracene, phenanthrene, fluoranthene], phenol, 
nonyl phenol). 

 
Standard laboratory analytical procedures will be employed throughout and 
laboratories with NATA-accredited methods (or laboratories with demonstrated 
QA/QC procedures in place) will undertake the analyses. 
 
In addition, the average daily flow from the wastewater treatment plant will be 
recorded for the sampling period.  

4.2.3 Sampling Frequency 
Treated wastewater samples will be collected every six months (January and July) 
and analysed for: physical-chemical characteristics, bacteria, nutrients, major 
ions/elements and surfactants.  Every year (January) samples will also be analysed 
for metals and every three years (in January) samples will also be analysed for 
pesticides, herbicides and organics   
 
All sampling will be undertaken concurrently with the seasonal water quality 
monitoring surveys (Section 4.5). 

4.2.4 Evaluation Criteria 
The results from the treated wastewater characterisation, in conjunction with initial 
dilution modelling (Section 4.3), will be used to establish whether the appropriate 
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ANZECC/ARMCANZ (2000a) Guidelines for toxicants are met at the edge of the E4 
zone (see Figure 2.2) following initial dilution of the constituents. 

4.2.5 Reporting 
The Water Corporation will report the results annually to the Department of 
Environment where performance within the ANZECC/ARMCANZ (2000a) 
Guidelines is being achieved (Section 1).  In the event that a guideline “trigger level” 
is exceeded, the Water Corporation will report the matter to the Department of 
Environment within one month of determining that the exceedance has occurred and 
initiate further investigation in accordance with the framework in the 
ANZECC/ARMCANZ (2000a) Guidelines.  Appropriate mitigation strategies will be 
implemented if required. 

4.3 Initial Dilution Modelling and Calculation of Near-Field 
Dilutions 

4.3.1 Background 
Initial dilution modelling (using numerical plume dispersion models) will be used to 
model near-field behaviour2 of the treated wastewater plume and to identify the 
zones of initial dilution around the Alkimos Ocean Outlet.  

4.3.2 Methods 

Initial Dilution Modelling 
Initial dilution modelling (using well credentialed plume dispersion models such as 
CORMIX or VPLUMES) will be used to model the near-field dilution of the treated 
wastewater plume.  The models will be set up to represent the outlet diffuser and 
discharge characteristics, as well as to capture simple features of the environment 
such as the depth at the point of discharge and the ambient flow conditions at the 
time of the water quality sampling (Section 4.5).   

Calculation of Near-field Dilutions 
Minimum initial dilutions of the treated wastewater plume will be calculated from 
field measurements of water quality parameters and water column structure 
(Section 4.5). 

4.3.3 Sampling Frequency 
Initial dilution modelling and calculation of near-field dilutions will be undertaken in 
conjunction with the summer seasonal water quality survey and the collection and 
analysis of treated wastewater samples (Section 4.2.3).   

4.3.4 Evaluation Criteria 
Minimum initial dilutions, and the area within which these dilutions occur, will be 
utilised in combination with the results from treated wastewater characterisation 
(Section 4.2) to establish whether the appropriate ANZECC/ARMCANZ (2000a) 
Guidelines are met at the edge of the E4 zone (see Figure 2.2) following initial 
dilution of the constituents (see Section 4.2.4). 

                                                 
2 This is the behaviour of the plume in the region where the plume first jets into the surrounding 
waters and then rises (in the case of positively buoyant plumes), mixing with the surrounding water as 
it rises. 
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4.3.5 Reporting 
The Water Corporation will report the results annually to the Department of 
Environment (Section 1). 

4.4 Ecotoxicological Tests 

4.4.1 Background 
Chemical testing to characterise wastewater involves detailed chemical analysis to 
identify the concentrations of individual constituents, which can then by referred 
back to the ANZECC/ARMCANZ (2000a) Guidelines which define acceptable 
concentrations of toxicants.  However, this relies on toxicity data for individual 
chemicals, and does not therefore measure or account for the additive, synergistic, 
antagonistic or independent effects between toxicants, nor is the bioavailability of 
toxicants in the wastewater assessed.  It is also difficult to ensure that all the potential 
contaminants in wastewater (where there may be thousands of constituents) are fully 
identified.   
 
Whole-Effluent-Toxicity (WET) testing (or Direct Toxicity Assessment [DTA]) 
provides an integrated measure of the aggregate toxic effect of a test sample.  WET 
tests are laboratory experiments that measure biological effects (e.g. growth, 
survival, reproduction) of different concentrations of a test sample on organisms of a 
particular test species and age (e.g. gamete, larva, juvenile, adult).  Observations are 
made at predetermined exposure periods (e.g. 1-hour, 48-hours, 96-hours).  At the 
end of the test period, the responses of the test organisms are used to estimate the 
effects of the test sample, either in absolute terms or relative terms (i.e. the effects of 
an effluent in receiving waters).   
 
Under the protocols established by the ANZECC/ARMCANZ (2000a) Guidelines 
the highest level of confidence in an assessment of potential impacts from 
contaminants is afforded to those projects where Whole-Effluent-Toxicity testing is 
undertaken on the effluent. 

4.4.2 Methods 
The ANZECC/ARMCANZ (2000a) Guidelines recommended approach for WET 
tests to confirm the effluent dilution required to be protective of the marine 
environment with ‘high reliability’, requires chronic toxicity tests on a suite of five 
test species of marine organisms representing at least four different taxonomic 
groups, and covering three trophic levels (i.e. an alga, an invertebrate herbivore such 
as a zooplankton species, and a predator such as a fish).  Examples of the tests that 
may be undertaken include: 
 
• Microtox (Vibrio fischeri) 15 minute EC50 test; 
• 72 hour algal (Nitzschia sp.) EC50 growth test; 
• 10 day copepod (Gladioferens imparipes) reproduction test; 
• 7 day larval fish (Pagrus auratus) growth test; 
• 1 hour sea urchin (Heliocidaris tuberculata) EC50 fertilisation test; and 
• 48 hour doughboy scallop (Mimachlamys asperrima) EC50 larval development 

test. 
Note that where available, the preference will be to use relevant local species for the 
ecotoxicological tests. 
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The NOEC3 values generated from the tests will be used to obtain reliable guidelines 
as to what (if any) type of impacts may occur outside the mixing zone. 
 
Standard laboratory analytical procedures will be employed throughout.  Currently 
there are no laboratories in Australia that have NATA accreditation for every toxicity 
test performed, tests will only be undertaken at laboratories with appropriate QA/QC 
and test performance standards in place. 

4.4.3 Sampling Frequency 
One suite of WET tests will be undertaken within one year of commencement of the 
discharge of treated wastewater from the ocean outlet. 

4.4.4 Reporting 
The results and ecotoxicological interpretation of the WET tests will be presented to 
the Department of Environment as part of the first year Alkimos Ocean Outlet 
Marine Monitoring and Management Plan annual reporting requirements (Section 1). 

4.5 Water Quality Monitoring Programme 

4.5.1 Background 
The water quality monitoring programme will include three core components: 
 
1. Annual (summer) synoptic surveys to define the extent of influence of the 

treated wastewater plumes and to assess the environmental impacts of treated 
wastewater discharge in relation to water quality and beneficial uses of the 
area, including the level of public health risk associated with the ocean disposal 
of treated wastewater; 

2. Intensive non-river flow (December-March) monitoring to assess the 
performance of the outlet in terms of compliance with the draft Environmental 
Quality Criteria for ecosystem health; and 

3. Seasonal (spring, summer, autumn, winter) monitoring to define temporal 
variations in water quality conditions (both seasonal and inter-annual) in 
coastal waters around the outlet. 

4.5.2 Methods 

Annual (summer) synoptic surveys 
Water samples will be collected from a suite of offshore sites (30-40 sites) located 
within a sampling grid selected for the prevailing flow conditions on the day of the 
survey.  At each site, samples will be collected from the surface (1 m depth) and the 
bottom (approximately 2 m above the seafloor) waters.  Shoreline sites (9-12 sites), 
located along the coast adjacent to the outlet will also be sampled.  Samples will be 
collected from the waist-deep waters at shoreline sites. 
 
Water samples will be analysed for nutrients (total phosphorus, ortho-phosphate, 
total nitrogen, ammonium and nitrate + nitrite), primary production (chlorophyll-a 

                                                 
3 NOEC = greatest concentration of a substance that causes no alteration of morphology, functional 
capacity, growth, development or life-span of the test organism distinguishable from those observed in 
normal (control) organisms of the same species and strain under the same defined conditions of 
exposure. 



 

Oceanica: Water Corporation: Alkimos Ocean Outlet EMP 21 

and phaeophytin) and microbiological indicators (thermo-tolerant coliforms and 
faecal streptococci as enterococci).   

Seasonal (spring, summer, autumn, winter) monitoring 
Biophysical water quality measurements will be collected from four long-term 
seasonal monitoring sites (located approximately 4,000 m south, 1,000 m north, 
4,000 m north and above the diffuser). 
 
At each site, a depth-integrated sample will be collected over the top half of the 
water column.  Water samples will be analysed for nutrients (total phosphorus, ortho-
phosphate, total nitrogen, ammonium and nitrate + nitrite) and primary production 
(chlorophyll-a and phaeophytin). 
 
The following water column measurements will be obtained in situ at each site:  light 
intensity profile (to provide vertical light attenuation coefficients), salinity depth 
profile, temperature depth profile and dissolved oxygen depth profile.  These 
measurements will be taken using a YSI 6600/YSI 600XL multi-parameter water 
quality sensor (or similar) lowered through the water column at each site.  Secchi 
disc depth will also be measured. 
 
On each seasonal water quality monitoring occasion, a surface drogue will be 
deployed immediately over the centre of the operational diffuser.  The time and 
location (using an on-board global positioning system [GPS]) will be recorded.  At 
each of a minimum of four Plume Tracking Sites (T1, T2, T3, T4: Figure 4.1) which 
follow the direction of the water movement established through monitoring of the 
position of the surface drogue, information on water column characteristics will be 
collected (light intensity profile, salinity depth profile, temperature depth profile and 
dissolved oxygen depth profile).  At each site, water samples will be collected from 
the surface (1 m depth) and the bottom (approximately 2 m above the seafloor) 
waters.  Water samples will be analysed for nutrients (total phosphorus, ortho-
phosphate, total nitrogen, ammonium and nitrate + nitrite), primary production 
(chlorophyll-a and phaeophytin) and microbiological indicators (thermo-tolerant 
coliforms and faecal streptococci as enterococci). 
 
Site T1 will be located approximately 100 m downstream of the diffuser, site T2 
approximately 500 m downstream of the diffuser, site T3 approximately 750 m 
downstream of the diffuser and site T4 approximately 1,000 m downstream of the 
diffuser.  The drogue will be recovered after sampling at site T4 and the time and 
location recorded.  Surface drogue tracking provides an accurate estimate of mean 
surface current and direction at the time of sampling, and this information will be 
used in the initial dilution modelling (Section 4.3).  Tracking and recording of the 
true extent of the treated wastewater plume will represent a key basis for any future 
modifications to the Alkimos Ocean Outlet Marine Monitoring and Management 
Plan. 
 
Water quality samples will be collected from four Initial Dilution Sites (D1, D2, D3, 
D4 located along the ‘boil’ region above the diffuser: Figure 4.1).  Samples will be 
collected from the surface (1 m depth) and the near-surface (5 m below the surface) 
waters.  Water samples will be analysed for nutrients (total phosphorus, ortho-
phosphate, total nitrogen, ammonium and nitrate + nitrite) and microbiological 
indicators (thermo-tolerant coliforms and faecal streptococci as enterococci).  This 
information will be used to calculate minimal initial dilutions of the treated 
wastewater plume at the time of sampling (Section 4.3). 
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T4 Tracking Site: T1, etc 

Initial Dilution Site: D1, etc 
‘Plume’ T3

T2

T1

D4, D3, D2, D1 Outlet Pipe 

 

Figure 4.1 Schematic of Initial Dilution and Plume Tracking Sites around the ocean 
outlet 

All field sampling will be in accordance with the Environmental Protection Authority’s 
Manual of Standard Operating Procedures and as prescribed in Australian Standard 
AS/NZS 5667.1:1998 and AS/NZS 5667.9:1998.   
 
Standard laboratory analytical procedures will be employed throughout and 
laboratories with NATA-accredited methods (or laboratories with demonstrated 
QA/QC procedures in place) will undertake the analyses.   

4.5.3 Sampling Frequency 
Synoptic surveys will be undertaken annually in summer. 
 
Seasonal water quality monitoring will be undertaken in spring (October), summer 
(January), autumn (April) and winter (July). 

4.5.4 Evaluation Criteria 
The water quality data will be utilised to address the following: 
 
• Comparison of water quality conditions with the relevant draft Environmental 

Quality Criteria; 
• Spatial variation in water quality conditions as a function of proximity to the 

ocean outlet; and 
• Temporal variations in water quality conditions (both seasonal and inter-

annual). 
 
The biophysical results from the water quality monitoring programme will be 
assessed for compliance against the draft Environmental Quality Guidelines and 
Environmental Quality Standards for protecting the marine ecosystem around the 
outlet from the effects of physical and chemical stressors (see  and 

).  When the Environmental Quality Guidelines are met, routine monitoring will 
be continued.  In the event that an Environmental Quality Guideline is exceeded, 
more intensive investigation is triggered, with ambient quality monitored and 

Table 3.1 Table 
3.3
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assessed against the Environmental Quality Standard.  If the Environmental Quality 
Standard is exceeded, the Water Corporation will initiate a management response to 
reduce contaminant loads and restore environmental quality to comply with the 
Environmental Quality Objectives within specified timeframes.  Comparisons of the 
results from the water quality monitoring programme against the draft Environmental 
Quality Guidelines and Environmental Quality Standards will be in accordance with 
decision schemes consistent with those developed in the Environmental Quality 
Criteria Reference Document for Cockburn Sound (2003-2004) (Environmental 
Protection Authority 2005a) to guide users through each step in the risk-based 
approach for the implementation of the Environmental Quality Criteria. 

4.5.5 Reporting 
The Water Corporation will report the results annually to the Department of 
Environment where performance within the Environmental Quality Guidelines is 
being achieved (Section 1).  In the event that an Environmental Quality Guideline is 
exceeded, the Water Corporation will report the matter to the Department of 
Environment within one month of determining that the exceedance has occurred and 
initiate further investigation. 

4.6 Phytoplankton Monitoring 

4.6.1 Background 
Generally, the organisms that can directly use the nutrients are the first to respond to 
elevated nutrient conditions, with the magnitude of these responses determined by 
the nature of the inputs and by complex interactions between the physical, chemical 
and biological characteristics of the water-body.  Phytoplankton are considered to 
represent a useful indicator of elevated nutrient conditions due to their propensity to 
multiply rapidly under favourable conditions.  Phytoplankton are often used as an 
indicator of environmental health because of their high sensitivity to environmental 
changes and their short life-spans. 
 
Nutrient enrichment may result in: 
 
• Increased phytoplankton growth and increases in cell numbers which can lead 

to the development of algal blooms (including of potentially toxic species), 
with potential implications for the marine food chain; and 

• Changes in phytoplankton community structure (e.g. community composition 
may become biased towards fast-growing species).   

 
Phytoplankton monitoring forms an integral component of both the PLOOM 
Programme and the Bunbury Ocean Outfall Monitoring Programme. 

4.6.2 Methods 
Phytoplankton samples will be collected from six sites located around the outlet and 
four reference sites (located approximately 3,000-4,000 m upstream [i.e. south] of 
the outlet).     
  
At each site, a depth-integrated sample will be collected over the top 8-10 m of the 
water column.  All field sampling will be in accordance with the Environmental 
Protection Authority’s Manual of Standard Operating Procedures. 
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Phytoplankton samples will be analysed using the Utermohl technique, which is a 
standard and internationally recognised technique for phytoplankton sample analysis.  
This has been the technique used since the onset of phytoplankton sampling as part 
of the PLOOM Programme and the Bunbury Ocean Outfall Monitoring Programme.  
Phytoplankton will be identified to species level (where possible) using a variety of 
recent international taxonomic references, to provide information on phytoplankton 
species composition and abundance.     

4.6.3 Sampling Frequency 
Seasonal phytoplankton monitoring will be undertaken in spring (October), summer 
(January), autumn (April) and winter (July). 

4.6.4 Reporting  
Counts of phytoplankton species known to produce toxins which may be 
concentrated in shellfish will be compared against the Western Australian Shellfish 
Quality Assurance Program (WASQAP) Operations Manual guideline trigger 
concentrations for flesh testing (Department of Health & Department of Fisheries 
2004).   
 
The Water Corporation will report the results annually to the Department of 
Environment (Section 1). 

4.7 Periphyton Monitoring 

4.7.1 Background 
Increased concentrations of nutrients resulting from the discharge of treated 
wastewater may favour the growth of ephemeral, or so-called ‘nuisance’ species of 
macroalgae (e.g. Ulva, Cladophora, Enteromorpha), on available hard substrata such 
as reefs.  This may lead to changes in macroalgal communities, with the slower 
growing, structurally complex or long-lived species such as kelps and certain foliose 
red and brown algae being replaced by the faster growing ephemeral species.   
 
The deployment of periphyton collectors provides a temporally integrated measure of 
algal growth potential on artificial surfaces representative of the natural benthic 
habitat which may be found in the vicinity of the outlet.  Periphyton monitoring 
enables an assessment of whether there is an impact at any given depth around an 
outlet and to what spatial extent any effect can be detected.  Using this information it 
is possible to determine the potential effects that treated wastewater may have on 
different benthic habitat types (e.g. reef, limestone pavement, coastal platform) in the 
vicinity of the outlet. 
 
Periphyton monitoring forms an integral component of both the PLOOM Programme 
and the Bunbury Ocean Outfall Monitoring Programme. 

4.7.2 Methods 
Periphyton monitoring will be undertaken at four compliance monitoring sites (two 
located at the edge of the E2 zone [see Figure 2.1] and two located at greater 
distances downstream from the diffuser) and four reference sites (located 
approximately 3,000-4,000 m upstream [i.e. south] of the outlet).   
 
At each site, four periphyton collectors (lightly abraded rigid plastic plates 15 cm x 
15 cm in size) will be deployed at each of three depths (2 m, 4 m and 8 m below the 
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surface) for 30 days over the summer period (January/February).   
 
Periphyton samples will be analysed for chlorophyll-a, b and c content, as a measure 
of periphyton growth and composition.  Standard laboratory analytical procedures 
will be employed throughout.   

4.7.3 Sampling Frequency 
Periphyton monitoring will be undertaken annually over summer (January/February). 

4.7.4 Evaluation Criteria 
The results of the periphyton monitoring programme will be assessed for compliance 
with the draft Environmental Quality Guideline for algal growth potential (see 

).     
Table 

3.1

4.7.5 Reporting 
The Water Corporation will report the results annually to the Department of 
Environment (Section 1).   

4.8 Sediment Quality Monitoring 

4.8.1 Background 
Sediment is an integral part of the benthic habitat around the Alkimos Ocean Outlet.  
Sediments provide an integrated measure of contaminant concentrations over time, 
and contaminants found only in low concentrations in the water column can 
accumulate in sediments to higher levels.  Sediments also represent a potential source 
of bioavailable contaminants to benthic organisms, and thus potentially to the aquatic 
food chain.      
 
The treated wastewater plume is positively buoyant and therefore rises rapidly to the 
surface and dissipates rapidly within the boundary of the mixing zone.  There will 
thus be limited contact of any components of the plume with the sediments before 
considerable dilution has occurred.  Furthermore, sediments around the ocean outlet 
are generally medium to coarse, mobile sands with a low fines content (Oceanica 
2005b) and a low capacity to bind contaminants, thus the potential for the 
accumulation of contaminants in the sediments is considered to be extremely low.   
 
Sediment monitoring is an important tool for detecting contaminants and provides 
supportive information for the treated wastewater characterisation and initial dilution 
modelling, providing data to help evaluate the possible impacts of the outlet 
discharge on sediments. 

4.8.2 Methods 
Sediment samples will be collected from: 
 
• The immediate vicinity of the diffuser (i.e. within the mixing zone); 
• Two sites located at the edge of the E4 zone (see Figure 2.2); and 
• Reference sites located approximately 4,000 m south of the diffuser. 
 
At each site, five replicate surface sediment samples will be collected by ADAS 
commercially qualified divers using 9.5 cm diameter polycarbonate corers 
(according to the procedures set out in Australian Standard AS/NZS 5667.12:1999).  
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Corers will be pre-rinsed with dilute acid, de-ionised water and a suitable solvent.  
The corer will be washed between sampling sites with site water before re-sampling. 
 
Sediment samples will be placed in pre-cleaned glass or polyethylene containers 
supplied by the analytical laboratory (as prescribed in Australian Standard AS/NZS 
5667.12:1999) and kept on ice while in transit to the laboratory. 
 
Each of the replicate samples will be composited from five sub-samples of the top 2-
cm of sediment obtained from the four corners and the centre of a 1 m² quadrat (note 
this is consistent with the method outlined in the Environmental Protection 
Authority’s Manual of Standard Operating Procedures).  The rationale for this 
design is the need to obtain a good estimate of the concentrations within the study 
site, while minimising the sampling variance for trend detection.  Surficial samples 
represent the best sample for detection of change in metal contamination, and are 
also an important part of the sediment profile in terms of biological effects (benthic 
habitat, sediment feeding, water/sediment interactions).  The 2-cm sediment 
sampling depth is also in accordance with the ANZECC/ARMCANZ (2000b) 
sampling guidelines. 
 
The replicate sediment samples from each of the sites will be analysed for: 
 
• Grain-size distribution (laser diffraction and sieving); 
• Nutrients (total nitrogen and total phosphorus); 
• Total organic carbon (organically bound carbon); 
• Organic matter content (loss on ignition at 550°C); 
• Carbonate content (loss on ignition at 1000°C); 
• Metals (Ag, Al, As, B, Ba, Cd, Co, Cr, Cu, Hg, Mg, Mn, Mo, Pb, Ni, Se, V, 

Zn);   
• Pesticides and herbicides (organochlorine pesticides, organophosphate 

pesticides and triazine herbicides); and 
• Organics (e.g. polychlorinated biphenyls). 
 
Standard laboratory analytical procedures will be employed throughout and 
laboratories with NATA-accredited methods (or laboratories with demonstrated 
QA/QC procedures in place) will undertake the analyses. 
 
Metal analysis will be conducted on aqua regia (HCl/HNO3) digest extracts to enable 
comparison with the ANZECC/ARMCANZ (2000a) Guidelines which are based on 
data that have used a strong acid digestion to extract the metal. 

4.8.3 Sampling Frequency 
Sediment quality monitoring will be undertaken in the January/February within 12-
18 months of commencement of treated wastewater discharge.  With subsequent 
surveys at 5-yearly intervals. 

4.8.4 Evaluation Criteria 
The results from the sediment quality monitoring programme will be compared with 
the ANZECC/ARMCANZ (2000a) Interim Sediment Quality Guidelines (ISQG)-low 
“trigger” levels for contaminants in sediments. 
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4.8.5 Reporting 
The Water Corporation will report the results to the Department of Environment as 
part of the Alkimos Ocean Outlet Marine Monitoring and Management Plan annual 
reporting requirements (Section 1).  In the event that an ISQG-low “trigger” level for 
sediment quality is exceeded, the Water Corporation will report the matter to the 
Department of Environment within one month of determining that the exceedance 
has occurred and initiate an investigation in accordance with the framework in the 
ANZECC/ARMCANZ (2000a) Guidelines. 

4.9 Sentinel Mussel Monitoring  

4.9.1 Background 
Obtaining reliable measures of contaminant levels in seawater through direct 
measurement in water samples is problematic because concentrations in the water 
column are generally very low and variable (for example due to water movement) 
and reliable analysis is difficult.  In addition, the concentration of contaminants in the 
water column may not reflect their toxicity because, even at low concentrations, 
plants and animals accumulate many contaminants to toxic levels. 
 
Sedentary, filter-feeding shellfish (such as mussels and oysters) are often used as bio-
monitors.  Filter-feeding shellfish process large amounts of water from a fixed 
location, and have the tendency to accumulate a wide range of contaminants in their 
tissues.  Shellfish therefore provide an integrated measure of the bioavailable portion 
of contaminants in the water column over time at a particular site.  Consequently 
contaminant levels in shellfish provide a good proxy for overall levels in the 
surrounding water column.  For many contaminants, shellfish are good indicators of 
contaminant transfer between the water column and the food web. 

 
The mussel Mytilus edulis has a number of features that make them suitable as bio-
monitors in this type of monitoring programme, including: 
 
• Their biology is well understood; 
• They are inexpensive and easily obtained; 
• They are easy to handle and process; 
• They are ecologically important; and 
• They are frequently used in similar monitoring programmes both nationally 

and internationally. 
 
Deployment of sentinel mussels (bio-monitors) utilising Mytilus edulis of uniform 
size, at sites around the outlet and in the path of the plume, as well as at reference 
sites will be undertaken to detect potential contamination of the marine environment.  
This will include measurement of tissue coliform levels.   
 
Studies of benthic communities in the sediments around the ocean outlet indicate that 
benthic invertebrates occur in low numbers in the Alkimos Region (Oceanica 2005a).  
There are therefore likely to be considerable logistical difficulties associated with the 
collection of different taxonomic groups in sufficient numbers for analyses.  The 
recommended approach is therefore the deployment of sentinel shellfish as a 
surrogate for biological sampling of resident fauna. 
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4.9.2 Methods 
Mussels (Mytilus edulis) of uniform size (60–70 mm in length) will be obtained from 
commercially cultured stocks.  The use of a consistent size of mussel reduces any 
influence of mussel size on bioaccumulation of contaminants. 
 
Mussels will be deployed at: 
 
• Four sites located at the edge of the E4 zone (see Figure 2.2); and 
• Reference sites located approximately 4,000 m south of the diffuser. 

 
At each site, five replicate mussel lines will be deployed by ADAS commercially 
qualified divers.  On each line, mussels will be suspended 2-3 m below the surface 
and 1-2 m above the seafloor.  Approximately 60 mussels will be suspended in mesh 
baskets (Nylex GP 12 mm x 12 mm nylon mesh baskets) at each depth on each of the 
mussel lines at each site. 
 
Mussels will be deployed for a six-week period, with mussels and mesh baskets 
cleaned after three weeks to prevent the accumulation of algal growth which could 
smother and kill the mussels.  After the six-week deployment period, the mussels 
will be retrieved and the number of live mussels recorded.  The live mussels will be 
placed into sterile bags and kept on ice while in transit to the analytical laboratory. 
Samples will be kept frozen until analysis.   
 
Mussels from the same batch deployed on the mussel lines will be stored frozen prior 
to analysis to provide an indication of the initial contaminant load of the mussels. 

 
Mussel tissue will be analysed for the following: 

 
• Metals (Ag, Al, As [inorganic], B, Ba, Cd, Co, Cr, Cu, Hg, Mg, Mn, Mo, Pb, 

Ni, Se, V, Zn);  
• Pesticides and herbicides (organochlorine pesticides, organophosphate 

pesticides and triazine herbicides); and 
• Organics (e.g. polychlorinated biphenyls). 
 
Standard laboratory analytical procedures will be employed throughout and 
laboratories with NATA-accredited methods (or laboratories with demonstrated 
QA/QC procedures in place) will undertake the analyses. 

4.9.3 Sampling Frequency 
Sentinel mussel monitoring will be undertaken in the January/February within 12-18 
months of commencement of treated wastewater discharge.  With subsequent 
deployments at 5-yearly intervals. 

4.9.4 Evaluation Criteria 
Contaminant levels in mussel tissue from mussels deployed at sites located at the E4 
boundary will be compared with the contaminant levels in mussels deployed at the 
reference sites.   
 
It is important to note that the Sentinel Mussel Monitoring has primarily been 
designed to enable assessment of potential for bioaccumulation of contaminants in 
biota around the outlet.  The programme has not been specifically designed to assess 
shellfish quality for public health risk. 
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4.9.5 Reporting 
The Water Corporation will report the results to the Department of Environment as 
part of the Alkimos Ocean Outlet Marine Monitoring and Management Plan annual 
reporting requirements (Section 1).  In the event that the contaminant concentrations 
in mussel tissue at sites located at the E4 boundary are greater then the contaminant 
concentrations of mussels deployed at the reference sites, the Water Corporation will 
report the matter to the Department of Environment within one month of determining 
that the exceedance has occurred and initiate further investigation.   
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5. Quality Assurance/Quality Control 
A quality assurance/quality control programme is an important part of any 
monitoring programme.  Maintaining consistency in field and laboratory procedures 
and ensuring that data collected are scientifically valid, comparable and adequate to 
meet the monitoring programme objectives, will be critical to the success of the 
proposed Alkimos Ocean Outlet Marine Monitoring and Management Plan.  Failure 
to do this may result in real difficulties in differentiating possible trends which may 
be associated with the effects of the discharge of treated wastewater into the marine 
environment in the Alkimos Region. 
 
Quality assurance seeks to ensure that: 
 
1. Standard sample collection, sample processing and analytical techniques are 

applied consistently and correctly. 
2. The numbers of lost, damaged and uncollected samples are minimised. 
3. The integrity of the data is maintained and documented from sample collection 

to entry into the data record. 
4. All data are comparable. 
5. Results can be reproduced. 
 
Quality assurance will be achieved by: 
 
1. Ensuring that standard protocols are developed and implemented for sample 

collection in the field. 
2. Ensuring that standard laboratory protocols are developed and implemented for 

handling, processing and storing samples. 
3. Ensuring that standard protocols are developed and implemented for data 

management. 
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6. Reporting 
The results, interpretations and recommendations of the Alkimos Ocean Outlet 
Marine Monitoring and Management Plan will be reported annually to the 
Department of Environment and key stakeholders.  Results will be interpreted with 
reference to relevant national, state and site-specific guidelines.   
 
All the data collected during the monitoring programme will be presented in the 
report, including any Quality Assurance/Quality Control information.   
 
The reporting will include the development of easy to understand methods of 
reporting on the results of the monitoring programme and the condition of the 
environment around the Alkimos Ocean Outlet for stakeholders and the community.  
Where appropriate this will include a ‘report card’ style format of presentation.  
 



 

Oceanica: Water Corporation: Alkimos Ocean Outlet EMP 35 

7. Programme Review 
All components of the Alkimos Ocean Outlet Marine Monitoring and Management 
Plan will be regularly reviewed to ensure that meaningful results are obtained, that 
the objectives are still appropriate and the programme is appropriate to the nature and 
magnitude of present and predicted impacts.  The programme of environmental 
monitoring needs to be responsive, adaptive and sufficiently flexible to allow 
ongoing changes to be implemented to ensure that the most appropriate programme 
is in place to manage the Alkimos Ocean Outlet. 
 
The Alkimos Ocean Outlet Marine Monitoring and Management Plan, including 
indicators and Environmental Quality Criteria, will be reviewed at completion of the 
first full year of monitoring.  Thereafter the Alkimos Ocean Outlet Marine 
Monitoring and Management Plan will be reviewed at three-yearly intervals, unless 
there is an indication that more frequent review is required.   
 
The review of the Alkimos Ocean Outlet Marine Monitoring and Management Plan 
will be undertaken in consultation with the Department of Environment and key 
stakeholders. 
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EXECUTIVE SUMMARY 

The Water Corporation of Western Australia has commissioned Atteris Pty Ltd to perform a 
construction study for a proposed 2 to 3.5 km ocean outfall in the 700-1400 mm diameter 
range in relation with the development of a new wastewater treatment plant at Alkimos. The 
main objectives of the study have been to assess available construction methods including 
horizontal directional drilling (HDD) and to recommend site data collection programs to 
allow the design of the outfall to be undertaken. 

 

Site Data 

Site data currently at hand is limited to that from an offshore hydrographic survey, a benthic 
habitat survey and onshore topography. Reconnaissance coring is currently underway 
onshore. Some ambient metocean data has been sourced from the public domain. 

Additional geotechnical, geophysical and metocean data, as specified in this report, should 
be collected to support the design work. 

 

Construction Concepts 

An evaluation of available construction methods, including, open cut & lay, HDD and micro-
tunnelling has been performed. Based on estimated high-level construction costs and a 
qualitative risk assessment, open cut & lay appears to be the most technically feasible 
method for the full 700-1400 mm outfall diameter range. A method whereby the first 
approximately 1000-1200 m of the outfall across the beach and the nearshore area is 
installed by HDD, and the remaining offshore section by open cut & lay, also appears to be 
feasible, but only for the smaller end of the outfall diameter range. 

Further work will be required, with input from the results of the proposed site data collection 
programs, to make a final recommendation on the most optimum construction concept. 
Issues that greatly affect feasibility and cost levels of the assessed construction methods 
are: nearshore metocean (ambient and storm) conditions, geotechnical conditions and 
availability of construction equipment. 
The open ocean conditions at the proposed Alkimos site, the pronounced seabed 
bathymetry and geotechnical conditions, and the length / diameter combination of the outfall 
pipeline will require mobilisation of marine equipment not commonly available around 
Australia. 



ALKIMOS WWTP 

OUTFALL CONSTRUCTION STUDY ATTERIS

 

05-007-R-001 Rev. 1   Page 4 of 52 
 
 
 

Securing marine equipment for open cut & lay at favourable contractual conditions for the 
Water Corporation will necessitate development of a tendering and contracting strategy. 

Experience with HDD contractors for these types of crossings is only increasing at a slow 
rate in Australia. Engagement of an HDD contractor will require careful management such 
that assistance can be provided where deemed necessary without reducing contractual 
obligations on the contractor’s part. This may require an untraditional contracting 
arrangement. 

The beach crossing at Alkimos requires specific focus in an open cut & lay construction 
scenario. This environment is particularly visible to the public and prone to accelerated 
erosion during and after construction if not properly managed. This relatively short but 
critical section could be crossed using trenchless technology such as micro-tunnelling. 

 

Pipeline Material 

The choice of pipeline material is greatly dependent on the construction concept. With open 
cut & lay two main choices exist: steel or glass-fibre reinforced plastic (GRP). Both 
materials have been used extensively for ocean outfalls.  

HDPE is normally used in an HDD application, although HDPE is common in smaller, 
shorter length outfalls laid directly on the seabed or within a dredged trench. The downside 
of HDPE is the installation of a long HDPE string and the subsequent stabilisation of the 
pipeline in the difficult ambient metocean conditions at Alkimos. 

 

Design 

The design phase, being the lead-up to construction, is the period where opportunities can 
be created which have the potential to significantly reduce cost. It is also the phase where 
potential construction problems should be foreseen such that measures can be taken to 
eliminate or manage the risks, to avoid cost escalation and schedule slippage. 
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1.0 INTRODUCTION 

1.1 General 

The Water Corporation of Western Australia is planning to build a new wastewater 
treatment plant at Alkimos, north of Perth, to service the future needs of the north-western 
Perth development corridor. 

The wastewater treatment system will include the construction of an ocean outfall to 
discharge excess treated wastewater from the plant into the Indian Ocean. 

It is proposed for the effluent outfall to extend 3500 m from the shoreline and terminate with 
a diffuser section at approximately 20 m water depth. The internal diameter of the pipeline 
will be in the range of 700-1400 mm. A shorter, 2000 m, option is also being considered.  

The Water Corporation has engaged Atteris Pty Ltd to perform a conceptual engineering 
study for the offshore section of the effluent outfall pipeline on the basis of the following 
scope: 

• undertake a preliminary assessment of the available construction methods 
appropriate to the site; 

• examine the suitability of the geology with regard to directional drilling and the 
maximum diameter and length that can be achieved; 

• advise on the feasibility of creating a surface trench through elevated sections of 
seabed where the pipeline can be laid; 

• review available site data and identify which additional data needs to be acquired to 
allow the design of the outfall to be undertaken. 

 

The study does not include such issues as dispersion modelling, environmental, social and 
cultural restraints. 
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1.2 Abbreviations 

GRP  Glass-fibre Reinforced Plastic 

HDD Horizontal Directional Dilling 

HDPE High Density Polyethylene 

Hs Significant Wave Height 

ID Internal Diameter 

LAT Lowest Astronomical Tide 
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2.0 SITE DESCRIPTION 

2.1 General 

The site of the proposed ocean outfall is located 45 km north of Perth in the currently 
undeveloped area of Alkimos. The name Alkimos is derived from the ship wreck that lies a 
few hundred metres offshore and approximately 1 kilometre north of the proposed outfall 
alignment. 

The site is characterised by large undulating dunes which are sparsely vegetated with 
pastoral and native grasses. The elevation of the dunes varies up to 30 m above sea level. 

Historically, the site was used for grazing and remnants of this activity (water tanks and 
troughs) are still evident. The site currently appears to be used by recreational 4WD and 
motorbikes. 

Offshore, the reef is a popular fishing and diving site, with vegetated limestone reefs and 
caves. 
 
 

 
Figure 2.1 

Aerial Overview 

Outfall Alignment 
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Figure 2.2 

Undulating dunes characterise the onshore area. 
 

2.2 Site Visit 

A site visit was undertaken on the 12th August, 2005. The visit was conducted by Mike Bluck 
(Water Corporation), Eric Jas (Atteris) and Dean Campbell (Atteris). 

The purpose of the site visit was to obtain a general impression of the site conditions, 
including geology, geomorphology, and sea state conditions. Attachment 1 provides details 
of the site visit findings.  

 
2.3 Environmental Sensitivity 

2.3.1 Marine 

The Benthic Habitat Mapping and Infauna Survey report by Oceanica (Ref 1) describes the 
marine environment as consisting of limestone low relief reef and high relief reef, scattered 
seagrass meadows and mobile sand patches. The high relief reef exhibits vertical walls and 
overhangs.  

The reef area comprises several habitat types providing an environment for various marine 
vegetation and animal species. 

Outfall Alignment 
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The area offshore of Alkimos is defined as a high protection area and falls under category B 
of the EPA guidance statement 29 (Ref. 1). 

 

2.3.2 Onshore 

The site is vegetated with pastoral grasses, native grasses and small native shrubs 
including Xanthorrhoeaceae (grass trees). Small standings of large Eucalypts and other 
trees can be found close to the site. The site is inhabited by native and introduced species 
of mammals, birds and reptiles. 

Further, more detailed, information regarding the flora and fauna found at Alkimos is located 
on the project website, www.watercorporation.com.au/alkimos 

 

 

Figure 2.3 
Typical Dune Vegetation 

 



ALKIMOS WWTP 

OUTFALL CONSTRUCTION STUDY ATTERIS

 

05-007-R-001 Rev. 1   Page 10 of 52 
 
 
 

 

2.4 Geology 

A preliminary geological model is presented in Attachment 2. Aerial photographs and the 
Yanchep Environmental Geology Map at a scale of 1:50 000, (Department of Planning & 
Infrastructure) form the basis of the geological model. The model should be reviewed based 
on the outcomes of the onshore and offshore geotechnical investigations. 

 

Geological Framework 

The coastline north of Trigg’s trends north-north westerly, and all the former sand dunes 
that are now lithified to limestone and dominate the topography have the same linear trend.  
The five limestone outcrops or dune trend lines on land show the same features as three 
former dune complexes also lithified that are encountered offshore. 

In the vicinity of Burns Beach and Quinns Rocks, to the south of Alkimos there are three 
distinct former dune systems or ‘reefs’ offshore and in the vicinity of the Alkimos line the 
distinction between the two inner reefs becomes somewhat blurred as the inner and middle 
reefs abut one another, while the third or outer reef becomes quite subdued and is not 
topographically as prominent as it is to the south, or to the north for that matter. 

The inner ‘reef’ contains four well known coastal hazards – The Alkimos Reef, Pipidinny 
Reef, Eglinton Rocks and Parmelia Shoal.  The inner reef is made up of the strongest 
limestone of the three, and is the most prominent with peaks and valleys in the general 
linear landform.  Unconsolidated sand is located between the outcropping peaks in the sea 
bed. 

The second or middle reef is generally more subdued than the inner reef at a depth of about 
10 m, and it is most strongly developed north of the Alkimos line in the form of Hugill Reef 
(5 m). 

The outer reef is just noticeable in the area of the Alkimos line with the ridge at a depth of 
15 to 20 m, but to the south and north it rises within 5 m of the water surface, where it is a 
significant hazard. 

The width of the inner reef or lithified dune complex with primary and secondary dunes and 
swales or valleys is about 1.7 km.  The middle reef at a lower level is about 1 km wide, and 
then there is a wide valley or swale with sand infill 1.3 km wide before the outer reef 
remnants in the form of a ridge are encountered.  The outer reef is about 0.6 km wide. 
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Geology 

Onshore, prominent limestone outcrops of the first dune system (The Trigg Dune) belong to 
the youngest of the five lithified eolianite dunes that occur onshore.  All the dune systems 
on land and at sea are collectively known as the Tamala Limestone. 

Above the shoreline the Trigg Limestone Dune ridges are overlain by the Alkimos Dunes 
which consists of Recent limesand.  The Trigg Limestone layer is about 30 m thick of which 
20 m is above water level above the shoreline.  This means that about 10 m is present 
below water level.  Underlying the three reefs offshore the rock type is thought to consist of 
sandy limestone, horizontally layered or bedded.  Borehole information far to the south in 
The Fairway area indicates that this layer may be leached or cavernous limestone with sand 
infill.  The strength of the intact beachrock limestone may be about 0.5 MPa. 

The upper surface of the inner reef will be of caprock which will show as peaks above 
surrounding sand.  The caprock is strong and dense calcium carbonate (calcrete) which 
may be up to 1.5 m thick, but the surface will be uneven from the presence of solution tubes 
or pipes.  The caprock will possibly have an unconfined compressive strength (UCS) of 
about 10 MPa, while the underlying limestone will be about 3 MPa. 

The middle reef is older than the inner reef and it may have a residual caprock layer, in 
parts eroded.  The limestone strength may be about 0.5 – 1 MPa. 

The outer reef will be considerably eroded and leached, the caprock will be locally missing 
in places, and the limestone will have an UCS of about 0.3 – 0.5 MPa. 

The peaks or hard strong pinnacles of the three limestone reefs will appear through 
unconsolidated sand which also fills the shallow swale between the middle and outer reefs.  
The sand layer may be up to 5 m deep in the Inner Reef valleys. 

Underlying the Trigg eolian limestone is the beachrock layer of sandy limestone (Minim 
Cove Limestone) which is up to 20 m thick.  It is underlain by a sand (paleosol) possibly 2 m 
thick and it overlies in turn, Kings Park Shale which is a bedded or layered calcareous shale 
of Early Tertiary age.  The beachrock layer (Minim Cove Limestone) dips at about 0.5 
degree, or a normal beach dip, down to the west. 
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Figure 2.4 
Coastal Limestone Cliffs 

 

Figure 2.5 
Outcropping Rock 
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2.5 Geomorphology 

Erosive action along the coast of Western Australia causes the coastline to transform. The 
coastline and dunes in the vicinity of the site are subject to erosion from wind, rain and 
wave action.  

Coastline regression rates provide information to ensure that during the design life of the 
outfall, the cover over the pipeline will not be completely eroded away. 

Coastline regression rates are not currently available and need to be obtained as part of the 
preliminary design process. 

 

2.6 Climatic 

The climatic conditions are grouped in the following categories: 

• wind; 

• metocean (currents, tides and wave); and, 

• precipitation. 

 

Attachment 3 contains the limited climatic data that has been sourced in the public domain. 

 

2.6.1 Wind 

Bureau of Meteorology data collected from Perth Airport over 60 years (1944-2004) can be 
used as a guide to wind conditions that can be expected at Alkimos. It would be expected 
that the observed wind speeds at Alkimos would be greater than that at Perth airport due to 
the proximity to the coast. 

The attached wind roses illustrate that during the morning period the wind is predominately 
offshore (wind from north-east or east), with the wind direction changing to onshore (winds 
from west or south west) in conjunction with an increase in its speed during the mid 
afternoon. An onshore wind is observed greater than 40% of the time in the afternoons, and 
greater than 60% in the spring and summer. Generally, the onshore wind has a speed of 
between 20-30 km/hr (10-15 knots). 

Autumn and winter have the highest proportion of offshore wind observations in the 
afternoon and also the highest proportion of calm conditions (18% and 20% respectively). 
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2.6.2 Metocean 

Metocean conditions (waves and steady state current) affect the stability of the pipeline 
during installation and during operation; they also can affect the access to the site for 
marine equipment during construction, and the impact of any dredged spoil which is 
temporary parked on the seabed. 

The coastline at Alkimos has a small tidal range and is only subject to one high and one low 
tide per day. 

Limited information is available on local currents although Ref 1 identifies mobile sand beds 
indicating the presence of local currents. 

The Alkimos coastline (and generally Western Australian coastline) is exposed to the long 
period swell generated in the Southern and Indian Oceans. 

The Department of Planning and Infrastructure has some limited wave information collected 
at Mullaloo (18 km south of Alkimos) using a wave rider buoy in approximately 8 metres 
water depth. There is approximately 6 months of data collected during 1974-77. 

Although limited in quantity, this data illustrates what can be expected at the Alkimos: 

• the reefs provide some sheltering from the large ocean swells experienced offshore; 

• the summer months provide the most favourable ambient seastate conditions for 
marine construction works. 

 

The ambient sea state conditions are a major driver in the selection of the construction 
method and floating construction equipment.  

It is recommended that further wave modelling be conducted along the entire proposed 
outfall alignment, to provide greater confidence to the results expressed above. 

 

2.6.3 Precipitation 

Perth receives 70% of its annual average rainfall between May and August. The rainfall 
during this period can be quite intense, and therefore be quite erosive. 

Measures should be taken on site to control runoff from rainfall events to mitigate erosion 
risk during and after construction. 

 
 



ALKIMOS WWTP 

OUTFALL CONSTRUCTION STUDY ATTERIS

 

05-007-R-001 Rev. 1   Page 15 of 52 
 
 
 

3.0 CONSTRUCTION  

3.1 General 

This section presents the techniques which are employed worldwide for the construction of 
long ocean outfalls. Each construction technique is evaluated on its viability in relation to the 
Alkimos site conditions and outfall parameters such as length and pipeline diameter. 

There are three main construction techniques that are used for outfall construction: 

• Open Cut Trenching and Lay (Traditional) 

• Horizontal Directional Drilling  

• Micro-Tunnelling 

 

These three techniques are not necessarily in competition with one another; a combination 
can be used if this provides a cost-effective solution to a particular project. 

 

A potential fourth option would be to build a structure such as a jetty to cross the beach and 
nearshore area in combination with open cut trenching & lay. The outfall pipeline could be 
attached to the jetty structure whilst the jetty would provide the community with a facility for 
mooring and/or fishing. This option has not been assessed in this report. 
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3.2 Open Cut Trenching and Lay 

Concept Description 

Open cut trenching is the traditional method employed for constructing ocean outfalls and 
pipeline shore crossings for other purposes such as oil and gas pipelines. 

The construction concept of this method is based on the following main activities: 

• excavation of trench onshore and across the beach to the low water mark using 
onshore based excavation equipment (across sandy beaches and dunes the 
excavation is sometimes shored using a sheetpiled cofferdam, to limit the 
construction footprint and protect the shoreline from erosion during construction); 

• dredging of trench / seabed preparation offshore using shallow water dredging 
equipment; 

• launching / installation of the pipeline; 

• trench backfill / onshore site restoration. 

 

The technical feasibility of open-cut trenching is mainly driven by the combination of seabed 
geotechnical conditions and ambient metocean conditions present at the site. 

Dredging is normally performed using shallow water dredging equipment, such as a 
backhoe dredge, a clamshell dredge or a cutter suction dredge. A fully subsea operated 
excavator is sometimes used to dredge small volumes of seabed material, but is not very 
cost-effective when larger volumes need to be dredged. It is also not a practical and safe to 
operate a subsea machine on a severely undulating seabed such as is the case at the 
Alkimos reefs. 

 

  

Figure 3.1 
Schematics of Backhoe Dredge, Clamshell Dredge and Cutter Suction Dredge 
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The open-cut trenching method is generally used when the following site conditions exist: 

• nearshore shallow bathymetry and onshore moderate topography (area immediately 
onshore elevated 10 – 15 m maximum above high water level); 

• any geotechnical condition which can readily be excavated and dredged at a 
reasonable effort (rock above a certain strength can be dredged but would have to 
be fragmented by rock breaking or drilling & blasting prior to dredging); 

• as all shallow water dredging equipment work on spuds, ambient seastate not to 
exceed 0.5 – 0.6 m wave height and 4 – 5 seconds wave period for at least 
approximately 50% of the time for a duration of between 4 – 6 months; 

• no severe environmental / social restriction to perform open cut trenching. 

 

Dredging may cause turbidity in the water, depending on the nature of the seabed 
conditions. Turbidity can be minimised by the choice of dredging method. 
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Backhoe Dredge 

A backhoe dredge comprises a hydraulic excavator mounted on a pontoon. Spuds are 
used to pin the pontoon to the seabed for position keeping and to provide anchoring during 
dredging. 

 

 
Figure 3.2 

Large Backhoe Dredge 
 

Typical characteristics of a backhoe dredge are: 

• a large backhoe dredge is capable of directly dredging weak and weathered rock 
(2-3 MPa), and stronger fractured rock; 

• a backhoe dredge can be fitted with a subsea rock breaker in order to pre-fragment 
stronger rock; 
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Figure 3.3 

Backhoe Dredge fitted with rock breaker 
 
 

• large backhoe dredges can dredge in up to 20 - 25 m water depth; 

• the turbidity in the water column from the dredging operations are generally limited 
compared with other dredging methods such as cutter suction dredging; 

• a backhoe dredge has the ability to accurately create a relatively narrow trench to a 
point very close to shore; 

• a backhoe dredge can be an effective tool to assist with pipe installation and trench 
backfill, whilst other dredging vessels generally do not have this flexibility. 
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Clamshell Dredge 

Clamshell dredges are similar to back hoe dredges in that they remove seabed material 
mechanically. The dredging crane also operates from a spudded pontoon. Clamshell 
dredges are commonly used to remove unconsolidated seabed materials and are unable to 
directly dredge any rock. In view of this their use will be ineffective for the Alkimos outfall 
construction, unless the rock is pre-fragmented by blasting. 

 

 

 
Figure 3.4 

Clamshell Dredge 
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Cutter Suction Dredge 

A cutter suction dredge uses a rotating cutter head to fragment seabed material, including 
rock. The cutter head is mounted on the cutter ladder which is fixed to the dredging 
pontoon. As with back hoe and clamshell dredges the pontoon of a cutter suction dredge is 
also pinned to the seabed with spuds for position keeping and to provide anchoring during 
dredging. A powerful pump fitted onboard the dredge is used to hydraulically pump up and 
dispose of the dredged material. 

Cutter suction dredges have the benefit of being high in productivity compared to other 
shallow water dredging vessels. Rock of up to 30-40 MPa can be dredged cost effectively 
with large cutter suction dredges. The main downside however is the relatively deep draft of 
the pontoon (5-6 m) and the consequential need to dredge an 80-150 metre wide access 
channel inshore of the 5-7 m water mark to maintain approximately 1 m under keel 
clearance at all times. 

Large cutter suction dredges are able to work in a seastate of up to 1 m, however this 
equipment is sparse world wide, and is expensive to mobilise and operate. 

Turbidity levels during the dredging operation are much higher compared to backhoe or 
clamshell dredging. 

 

 

Figure 3.5 
Cutter Suction Dredge 
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Figure 3.6 
Typical Cutter Head 

 

 

Rock Fragmentation 

Rock fragmentation may be required in advance of dredging. This can either be performed 
by surface blasting, or by drilling & blasting. Surface blasting requires the placement of 
shape charges onto the seabed. Their detonation should result in fragmentation of the 
seabed such that the fragmented rock can be removed using a backhoe dredge or a 
clamshell dredge. However much of the energy from the detonations is usually lost to the 
surrounding water. Drilling and blasting is a more effective method because the detonations 
are confined inside the seabed material which ensures the maximum amount of energy 
released from the blasts is used to fragment the rock in dredgeable sizes and to the 
required depth. 

Subsea blasting techniques have developed significantly over the years and their 
application in environmentally sensitive areas has become accepted. The main 
environmental risk is related to the impact onto marine mammals and turtles. Procedures 
can be developed to manage this risk. 
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Figure 3.7 
Drilling & Blasting Barge 

 

 

The ultimate choice of dredging method will depend on geotechnical conditions, trench 
design, ambient seastate conditions, environmental impact and availability of equipment at 
the time of construction. 

 

Trench Bottom Alignment 

The undulating nature of the reef at the Alkimos site provides two possible open cut 
designs. 

The trench can be excavated such that its invert level more or less follows the undulation of 
the seafloor along the outfall alignment, and be limited to where it is essentially necessary 
from a seabed roughness and pipeline stability point of view. This minimises the amount of 
dredging required during construction, however, it has implication on the hydraulics by 
introducing high and low points along the pipeline.  
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 Figure 3.8 
Constant Trench Depth 

 
Highpoints in a pipeline will fill with air over time. Large pocket of air trapped in a pipeline 
will reduce the area of flow, increase the energy loss and reduce the flow capacity. Air 
trapped at a series of high point on a pipeline profile will have a cumulative effect and may 
seriously restrict flow. In extreme situation an airlock can form completely blocking the 
pipeline. These highpoints will require a valve to be installed and opened periodically to 
discharge air that may become trapped in the pipeline. The simplest method to operate the 
valves is using divers. 

In addition to the hydraulic aspect, the pipe weight will be less if the pipe carries air. The 
implications are that the pipe may require additional stabilisation to prevent unacceptable 
movement. 

The other design is to have a variable trench depth that allows the pipeline to be laid on 
grade. Trench depths of up to 7-8 m may be required and the duration of the dredging 
works will need to be increased, yet geological conditions indicate that after breaking 
through the caprock, the underlying rock is weaker and consequently easier to dredge. 

 

 Figure 3.9 
Variable Depth Trench 

 

The construction cost will be higher however by comparison these costs may be offset by 
the reduced lifecycle maintenance costs of operating the air release valves periodically. The 
valves will also require maintenance over the life of the outfall. 
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Further, hydraulic analysis should be undertaken together with a dredging assessment 
based on geotechnical data to fully assess the merits of each alternative. 

A variation on the variable trench method could see a shallower trench dredged, with the 
pipeline spanning the low area between the reefs. The pipeline spans will require supporting 
and this can be done by installing concrete pillars or blocks on the seabed. Alternatively 
engineered fill can be placed along the low spots in the alignment, at discrete intervals or 
continuous. However, further analysis must be completed to ensure integrity of the outfall 
system and the environment. 

 

Pipeline Assembly and Installation 

The method of constructing the outfall pipeline is strongly dependent on the pipeline 
material and vice versa. 

As an example, a steel pipeline will be required to be prefabricated onshore (in sections) 
and launched to sea using an offshore pulling spread. Continuous concrete weight coating 
surround is normally used to provide negative buoyancy to the pipeline during installation. 
To overcome elevation difference in the terrain along the pipe launching alignment 
temporary steel tower cans be constructed, as shown in the pictures below. 
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Figure 3.10 

Typical Overview of Pipe String Launching Operation (Several Strings) 
 
 

 
Figure 3.11 

Temporary Tower Supports for 650 mm Pipe String Launching 
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Figure 3.12 

Temporary Tower Supports for 900 mm Pipe String Launching 
 

As an alternative to steel, glass-fibre reinforced plastic (GRP) pipe can be used. GRP pipe 
manufacturers produce special pipe for marine outfalls. The pipe lengths (6 or 12 m each) 
can be lowered into the dredged trench. Divers are then used to make the connections 
underwater. 

Alternatively, GRP jointing technology has advanced to allow GRP to be continuously 
strung as per steel pipeline. Butt-Wrap joints and Locked Bell and Spigot joints are able to 
adequately withstand loads applied during a bottom tow installation. 

In view of the length of the Alkimos outfall and the nature of the seabed, the former method 
would be more suitable. 
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Figure 3.13 
Installation of GRP pipeline 

 

A further alternative to a steel pipeline is High Density Polyethylene (HDPE).  The 
installation of a HDPE pipeline requires the pipe string to be welded onshore, ideally in one 
continuous length. The HDPE pipeline is then launched to sea with concrete weight collars 
and towed to the site. The HDPE pipeline is then filled with water in a controlled manner to 
sink the pipeline into the trench. The weight collars provide negative buoyancy to the HDPE. 

However, launching the pipeline string in a floating mode has the following considerable 
risks in view of the length of the Alkimos outfall and the open ocean conditions: 

• risk of string drifting laterally from the alignment under the wave and current loading; 

• risk of overstressing the pipe material and buckling the pipeline during filling with 
water. 
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Figure 3.14 

Prefabricating HDPE pipeline onshore with concrete weight collars 
 

 

Figure 3.15 
Preparation for the Installation of HDPE Pipeline, Complete with Concrete Collars 
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3.3 Horizontal Directional Drilling 

Concept Description 

Horizontal Directional Drilling (HDD) has been used numerous times successfully to 
construct outfall pipelines. At the other hand many horizontally drilled shore crossings have 
experienced major problems during the construction phase. These unfortunate projects are 
usually the result of the implementation of poor preparation, engineering and construction 
practices.  

This construction concept is based on the following main activities: 

• drilling a pilot hole from onshore to a point offshore, to a diameter of approximately 
250 – 300 mm using a slant drilling rig (Figure 3.1); the pilot hole drilling operation is 
steerable; 

• reaming the pilot hole to a size which can accommodate the pipeline, usually 
between 200 – 400 mm (depending on pipe diameter and geotechnical conditions) 
over and above the pipeline diameter; 

• installation of the pipeline into the reamed borehole by either of the following 
methods (all of these have been applied successfully on pipeline projects 
worldwide): 

o the pre-fabricated pipeline string is installed into the borehole from onshore 
to offshore using either an onshore thrusting rig or an anchored floating 
winch spread; 

o the pipeline string is prefabricated onshore (not necessarily at the site), 
towed out to site and subsequently pulled into the borehole from offshore to 
onshore using the drilling rig. 

o drilling is performed from a jack-up barge, and the pipeline string is pulled 
back into the reamed borehole from the onshore to offshore. 
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Figure 3.16 
Horizontal Directional Drilling Rig 

 

Site conditions, which greatly affect the feasibility of HDD, are: 

• presence of gravel banks, cobbles, fractured rock and/or cavities in the drilling 
trajectory; the drilled and reamed borehole is supported by a drilling fluid only and 
the described ground conditions will cause this fluid to seep away from the borehole, 
with a consequential very high risk of borehole collapse; 

• where onshore topography and nearshore bathymetry requires the drilling length to 
be in excess of approximately 1000 - 1500 metres, depending on ground conditions 
and pipeline (borehole) diameter; drilling lengths of around 2 km for small diameter 
pipelines have been achieved in the recent past when crossing rivers (land-to-land 
drillings), however, drilled pipeline installations across shorelines fit into a category 
of their own because one end of the crossing is located under water, in often hostile 
seastate conditions (large waves and/or strong currents), which reduces achievable 
drilling length. 
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Construction Issues 

The length of the outfall pipeline (approximately 3500 m) exceeds the current length of HDD 
feasibility, in particular considering the large diameter of the pipeline.  

Typical achievable drilling lengths in limestone formations of favourable conditions would 
be: 

• < 800 m for a 1200-1400 mm diameter pipeline; 

• 800-1000 m for a 1000-1200 mm diameter pipeline; 

• 1000-1500 m for a 700 mm diameter pipeline; 

• 1500-1800 m for a 500 mm diameter pipeline; and 

• 1800-2000 m for a diameter pipeline less than 300 mm. 

 

Planning for drilling lengths in excess of these will significantly increase construction risks; 
care should be taken with carrying forward any pipeline diameter in excess of 1000 mm in 
limestone formations. 

The concept of reducing the diameter and increasing the number of pipelines is not 
generally practical. The equivalent flow rate for a single 1000 mm diameter pipe is 
approximately three 600 mm diameter pipelines or eighteen 300 mm pipes. 

Nevertheless, construction concepts utilising HDD technology can still be considered. HDD 
can be used to partially construct the pipeline across the beach and into the inner reef 
(Attachment 4, Option 2) 

The outfall alignment crosses a limestone cliff at the back of the beach. Should open cut be 
adopted, a significant amount of excavation will be required in addition to the environmental 
and aesthetic impact. HDD has the advantage that the pipeline can be installed without 
disturbing the sensitive beach zone.  

The only manner to fully construct the 3500 m Alkimos outfall by HDD would be to split it in 
two or three sections, possibly in combination with installing multiple smaller lines 
(Attachment 4, Option 4) 

A drilling rig would be established on the shore and another drilling rig would be mounted on 
a jack-up barge 1500m offshore, aligned with the rig onshore. Two 1500 m holes could then 
be drilled with the diffuser section constructed traditionally (trenched). 

Once the two holes are drilled the prefabricated HDPE pipeline would be towed offshore 
and pulled back towards the rig into each of the holes. The pipes would be joined with a 
flanged connection. 
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Figure 3.17 
HDD Spread onboard Jack-up Barge 

 

3.4 Micro-Tunnelling 

Concept Description 

Tunnelling techniques have been used successfully to construct large outfalls. An example 
is the Sydney outfall tunnel constructed in the late 1980s, which is several kilometres in 
length and several metres in diameter. Tunnelled outfalls are constructed relatively deep 
(50 – 150 m below seabed level) serving a very large area; they are commonly built in areas 
with a very high population density such as Singapore, San Diego, and Boston. 

Tunnelling the entire 3.5 kilometres at Alkimos will require a design such as the above 
mentioned outfalls, which will come at an exorbitant cost. To contain cost and risk, a smaller 
tunnel (1.5 – 1.8 m in diameter) may be technically feasible provided its length is reduced to 
around 1 km. Local experience with constructing such a tunnel through rock in an offshore 
environment is extremely limited. 

Achievable length using micro-tunnelling typically reduces with decreased pipe diameter. 
For short tunnels (< 100-150 m) man access is not necessarily required to service the 
tunnelling equipment, however for longer length tunnels there is a need to allow for man 
access with consequential requirement to increase the size of the tunnel. 
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Figure 3.18 

Micro-Tunnelling an Ocean Outfall 
 
One particularly challenging aspect of a micro-tunnelling operation with a subsea extremity 
is the recovery of the tunnelling machine upon completion of the crossing. It requires 
dredging a trench within tight tolerances at the planned exit location of the tunnel, and 
subsequent disconnection and recovery of the tunnelling machine using a crane barge. 

 
 

  
 

Figure 3.19 
Recovery of Tunnelling Machine 
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3.5 Beach Crossing 

The beach crossing at Alkimos requires specific focus. This environment is particularly 
visible to the public and prone to accelerated erosion during and after construction if not 
properly managed. A sandy beach can be a mobile environment, and it is common for large 
amounts of sediment to be naturally moved to and from the beach at various times. 

This prominent geomorphology must be considered when detailing design and construction 
methodologies and great care needs be taken when excavating sand dunes and removing 
vegetation. The sand dunes and vegetation are a coastal defence mechanism, and should 
the dunes be breached during the construction appropriate measure should be taken to 
safeguard the integrity of the area. 

The long term geomorphology of the coastal environment must also be taken into account 
by ensuring that the pipeline will remain buried. A pipeline that is exposed can effect the 
movement of sediments along the coast associated with the longshore drift. This can cause 
sediment to build up on one side of the pipeline be removed from the other side. In extreme 
cases the pipeline may become unstable or, worse, start to freespan and fail mechanically 
or though vortex induced vibrations (fatigue). 
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Figure 3.20 
Methods of crossing the beach with a pipeline. 
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3.6 Construction Concept Evaluation 

From the construction techniques presented in the previous section the following four 
potentially viable construction concepts can be considered for the Alkimos outfall 
(Attachment 4). 

• Option 1 – Open cut & lay; 

• Option 2 – HDD in conjunction with open cut and lay; 

• Option 3 – Tunnelling in conjunction with open cut and lay; 

• Option 4 – HDD utilising two drilling rigs. 

 

These four concepts are evaluated on construction cost, their benefits and their downsides. 
The cost figures presented in Attachment 5 are based on high level estimates. It is noted 
that limited site data is available to provide any accuracy to these numbers, however, the 
estimated costs together with the benefits / downsides assessment of each concept does 
provide an initial screening tool. 
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Option 1 – Open Cut & Lay 

Basis: 

• trench invert based on constant pipeline grade; 

• beach and coastal cliff crossing by 100 m tunnel; 

• trench backfill with dredged material supplemented with some engineered backfill. 

 

The cost estimates indicates a similar cost level for steel and GRP pipe material 

 

Benefits Downsides 

• Relatively low construction risk, 
compared to tunnelling and 
HDD. 

• High exposure to seastate 
conditions. 

• Open cut can generally be 
preformed in any ground 
conditions. 

• Visible disturbance due to 
dredging. 

• Feasibility independent of 
diameter and length of pipeline. 

 

• Cost-effective  
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Option 2 – HDD in conjunction with Open Cut & Lay 

Basis: 

• 700 mm diameter HDD based on 1000 m drilled length from shore and 2500 m open 
cut trench section; 

• 1000 mm diameter HDD based on 700 m drilled length from shore and 2800 m open 
cut trench section; 

• a HDPE pipe material for HDD section and GRP pipe material for the open cut 
section; 

• trench invert based on constant pipeline grade; 

• trench backfill with dredged material supplemented with some engineered backfill. 

 

Benefits Downsides 

• Utilise trenchless technology 
through sensitive beach 
crossing. 

• High geotechnical risk 

• HDD construction works are 
much less sensitive to weather 
conditions compared to open-
cut & lay. 

• Limited expertise available 
locally (Australia) for large 
diameter HDD across 
shorelines. 

• Cost-effective for smaller end 
of 700-1000 mm diameter 
range. 

• Cost increases significantly for 
any increase in pipeline 
diameter. 
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Option 3 – Tunnelling in conjunction with Open Cut & Lay 

Basis: 

• 1000 m tunnel from shore in combination with a 2500 m open cut trench section; 

• the minimum diameter of the tunnel is 1.8 m to adequately allow for access to 
maintain downhole equipment; 

• tunnel lined with reinforced concrete pipe and GRP is used as the pipeline material; 

• trench invert based on constant pipeline grade; 

• trench backfill with dredged material supplemented with some engineered backfill. 

 

Benefits Downsides 

• Utilise trenchless technology 
through sensitive beach 
crossing. 

• OH&S risk due to the 
requirement to enter tunnel to 
service pumps and tunnelling 
equipment. 

• High geotechnical risk.  

• Limited expertise available 
locally (Australia) for micro-
tunnelling in rock across 
shorelines 

• Tunnelling construction works 
are much less sensitive to 
weather conditions. 

• High cost 
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Option 4 – HDD utilising two drilling rigs 

Basis: 

• a HDD rig based onshore behind the limestone cliffs; 

• an offshore HDD rig is established 1500 m from the onshore rig; 

• diffuser is installed using open cut technique; 

• 1000 mm diameter case has not been considered technically feasible and therefore 
has not been considered. 

 

Benefits Downsides 

• Utilise trenchless technology 
through sensitive beach 
crossing. 

• Amplification of all risk due to 
the added complexity of 
equipment required. 

• Minimal trenching required. • Availability of equipment. 

 • High geotechnical risk. 

 • Limited expertise available 
locally (Australia) for large 
diameter HDD across 
shorelines and offshore. 

• Very high cost 
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3.7 Evaluation and Conclusions 

A comparison of the four assessed concepts indicates that for a 700 mm diameter outfall 
the open cut & lay concept (steel or GRP), both stand alone and in combination with HDD, 
provides an attractive solution from a cost and risk management point of view at this site. 

HDD becomes unattractive for an increased diameter of the outfall pipeline. This is due to 
the exponential increase of both cost and risk associated with installing larger diameter 
pipelines by HDD. It is also due to the reduction of achievable HDD length with increased 
pipe diameter and consequential increase in the cost for the remaining open cut & lay 
section. 

Micro-tunnelling is unlikely to provide a cost effective solution, except for the crossing of the 
limestone cliff area at the shoreline (approximately 100 m long) in combination with open 
cut & lay. 

Full HDD is not considered cost-effective and its technical feasibility is questionable.  

Reducing the length of the outfall to 2000 m will not impact on these conclusions because 
the differences in construction concepts lie within the first 2000 m from shore. For open cut 
& lay, both stand alone and in combination with HDD, the construction cost will typically be 
around 30% lower for a 2000 m outfall compared to a 3500 m outfall. 

Risk of cost overruns lie in the following major areas: 

• ambient seastate conditions; 

• geotechnical conditions; 

• availability of construction equipment; 

• poor engineering, construction preparation and construction practises. 

 

Cost reduction opportunities exist in the following areas: 

• offshore trench design; 

• shoreline (limestone) cliff crossing; 

• HDD design; 

• diffuser section design; 

• smart engineering. 
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3.8 Construction Equipment 

The open ocean conditions at the proposed Alkimos site, the pronounced seabed 
bathymetry and geotechnical conditions, and the length / diameter combination of the outfall 
pipeline will require mobilisation of marine equipment not commonly available around 
Australia. 

A large backhoe dredge or, alternatively, a large cutter suction dredge may be required to 
cut a trench for the outfall pipeline. There are only a few of these dredges available in 
Australia and securing one at favourable contractual conditions for the Water Corporation 
will necessitate development of a tendering and contracting strategy. 

A clamshell dredge combined with pre-fragmentation blasting may be considered an 
alternative should other appropriate equipment not be available. 

The installation of a steel pipeline will require a pulling capacity offshore of between         
250-350 metric tonnes depending on the pipeline diameter. This is a substantial capacity 
and will most likely require the assembly and mobilisation of a winch pontoon. High pull tugs 
may not be effective in view of the pull capacity required and the length of the pull. 

HDD equipment is generally available. However contractors’ experience with these types of 
crossings is only increasing at a slow rate in Australia. Engagement of an HDD contractor 
will require careful management such that assistance can be provided where deemed 
necessary without reducing contractual obligations on the contractor’s part. This may 
require an untraditional contracting arrangement. 
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4.0 DESIGN 

4.1 General 

The design and construction of the outfall pipeline should follow the following process: 

 

Conceptual Design 
Engineering 

Site Data Collection 
(Site Survey 
Programs) 

Preliminary Design 
Engineering 

Detail Design Engineering 

Tender & 
Award Outfall 
Construction 

 
= Current Phase 

Construction Engineering 
& 

Construction 

 
= Partly Undertaken 

(onshore coring) 
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4.2 Design Data 

The following outfall design data have been communicated to Atteris by the Water 
Corporation. 

 

Table 3.1 
Design Data 

Pipeline ID 700-1400 mm 

Offshore Extremity (Diffuser Section) 20 m (LAT) 

 

4.3 Design Issues  

The following design issues are relevant to this outfall pipeline: 

• shoreline and seabed geomorphology;  

• pipeline material selection and mechanical design; 

• outfall diffuser section design; 

• pipeline protection design; 

• pipeline on-bottom stability design; 

• trench and trench backfill design; and, 

• construction engineering. 

 

4.3.1 Shoreline Geomorphology 

The shoreline at Alkimos is somewhat protected by the presence of the nearshore reefs. 
However, there is an indication that the shoreline the site is subject to erosion and that 
consequently the beach (sand) level is dropping over time. 

It will be required to better understand the rate of coastline regression to ensure that the 
outfall pipeline will not become exposed during its lifetime. This can be achieved by 
performing a shoreline geo-morphological assessment. On the basis of this assessment the 
minimum depth of cover across the shoreline can be determined. 

Methods which can be used are comparison of historical aerial photographs, use of 
simplistic rules (eg Bruun Rule) and the like. 
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There is also a need to ensure that the construction method as well as the permanent 
presence of the outfall pipeline does not have a detrimental impact on the natural geo-
morphological processes occurring at the site.  

Onshore erosion can be accelerated when dune vegetation is removed for construction 
purposes. Revegetation of the site after construction is required to safeguard the 
environment and to protect the outfall pipeline from erosion of its protective cover. 

 

4.3.2 Material Selection and Mechanical Design 

The choice of material for the outfall pipeline is mainly driven by the selected construction 
method. 

Carbon steel is a commonly used material for long ocean outfalls constructed by open cut 
trenching. Steel pipe has the benefit of being a high density and robust material. It is 
standard industry practise to apply a continuous reinforced concrete weight coating to the 
outside of the pipeline to ensure that it is negatively buoyant under water during installation 
and to assist in long term stabilisation of the pipeline on the seafloor. Reinforced concrete 
weight coating can readily be applied to steel pipe in pipeline coating yards in Australia. 

The robustness of steel in combination with concrete coating also provides a level of 
protection against any mishaps that may occur during installation and does not necessarily 
require burial after installation for protection. Steel is also surprisingly flexible over longer 
lengths. 

A downside of using carbon steel is that the material is subject to corrosion. However, 
carbon steel is used extensively for onshore and offshore pipelines and the methods of 
protecting offshore pipelines from corrosion are highly evolved. Section 4.3.4 discusses the 
different commonly used methods of protecting offshore pipelines from corrosion. 

The use of steel pipelines requires a suitable onshore stringing and launching site. 

GRP has been used before as an alternative to steel and may be cost effective in the 
current market of high steel prices. As GRP is installed as individual pipe lengths, GRP 
does not require a stringing and launching site. Suppliers of GRP material have special 
products for ocean outfalls. 

HDPE is commonly used when constructing outfall pipelines by HDD. In large (>700mm ID) 
diameter pipeline HDPE becomes less cost effective because of the need to have a thick 
wall, required to withstand the relatively high installation loads common with long length 
HDD. 

Finally, concrete is normally used for tunnelled outfall sections. 
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Figure 4.1 
Concrete Coated Steel Pipeline Strings for Long Sea Outfall 

 

 

4.3.3 Outfall Diffuser Design 

The design of the outfall diffuser section requires particular focus from both a design and 
construction point of view.  Its design will greatly depend upon the dispersion currents, 
seabed conditions, predicted construction method and pipe material. Upstands are normally 
used, protected by concrete or GRP domes, in a backfilled trench. However, more cost 
effective options may be developed if the extremity of the outfall can be placed on rock. 

 

4.3.4 Pipeline Protection Design 

Corrosion Protection 

It is required when using steel pipelines to apply a corrosion protection coating to the 
pipeline. The external corrosion coating can take the form of asphalt enamel or a similar 
product which is protected by the reinforced concrete which is applied on top of it. The 
requirement for an internal coating will depend on the effluent parameters. This can either 
be an epoxy coating or a cement lining. 
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A secondary form of protection against corrosion of the pipeline is cathodic protection. This 
is usually installed at the interface between the offshore pipeline and the onshore pipeline 
(ground anode bed). Additionally or optionally, aluminium or zinc bracelet anodes can be 
installed around the pipeline at several tens of metres intervals, flush with the concrete 
weight coating surface. 

 

External Impact Protection 

The outfall pipeline may be accidentally impacted externally as a result of third party 
activities such as, commercial vessels (vessel sinking, ship’s anchor impact), and the like. 
There are methods available which allow assessing the need to provide additional 
protection to the pipeline. These methods are based on comparing the effort needed to 
protect the pipeline with the risk (probability x consequence) of damage, considering, cost 
(impact on wastewater treatment plant and repair of the pipeline), human safety, 
environmental impact and reputation. 

Additional protection can be achieved by either burying the pipeline into the seabed along 
its entire length, or by providing a protective cover on top of the pipeline using quarried rock. 

There is no indication of extensive third party marine activity at the site in consideration, and 
therefore unlikely that additional protection to the pipeline will be required. 

 

4.3.5 Pipeline Stability Design 

The outfall pipeline must be designed such that it is stable under the hydrodynamic loading 
conditions which it will experience during its lifetime. For a 40-50 year design life it is 
standard practise to perform stability analyses using 100 year return period loading 
conditions, based on the combination of wave induced and steady state near-bottom current 
velocities. 

The first step will be to define this condition. 

The second step is to perform the analyses considering that the pipeline must be able to be 
installed with reasonable installation loads (to contain the construction costs), and at the 
same time that the pipeline has sufficient on-bottom weight to withstand the design 
hydrodynamic loading conditions. 

Another important issue requiring attention is the stability of the seabed material. Avoiding 
areas of unconsolidated sediments may be the best mitigation. 
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4.3.6 Seabed Preparation and Trench Backfill Requirement 

 

Seabed Preparation 

Seabed preparation includes the excavation and dredging of the trench out to the 20 m 
water depth. 

Trench design defines trench depth, bottom width and side slope angle. These are a 
function of excavation/dredging equipment capable of operating in the site conditions, the 
geotechnical parameters, pipeline installation method, and pipeline stability requirements (in 
the case of no trench backfill). At this stage it is assumed that trench depth will be 2 – 8 m 
and trench width 3 - 5 m. It is expected that trench side slope angles will be between near 
vertical and 45 degrees.  

Depending on the abrasive nature of the rock it may be required to install a bedding layer 
across the trench bottom to protect the pipeline during installation. This can be achieved 
with a 0.3 m thick gravel or crushed rock layer placed in the trench after dredging of the 
trench has been completed. 

 

Trench Backfill 

Trench backfill is required: 

• if there is an unacceptable risk that the pipeline will be lifted out of the trench during 
storm conditions; 

• if an open trench forms a safety hazard to the public or protected fauna and/or to 
protect the pipeline from damage by the public (e.g. across the beach); 

• if there is a requirement to do so for aesthetic reasons. 

 

Trench backfill can be achieved using dredged and excavated material, or, if this material is 
not suitable, using engineered fill, in which case a local source (rock quarry) will need to be 
identified. The latter may be necessary to avoid sand/silty material which can liquefy under 
wave loading, and cause the pipeline to float-up.  
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4.3.7 Construction Engineering 

Construction aspects have to be taken into account throughout any of the design areas. For 
the shore crossing, particular focus should be on the pipeline buoyancy control to achieve 
the optimum between minimising pull load versus maximising pipeline specific gravity to 
achieve pipeline stability in the case of a steel pipeline. 
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5.0 SITE DATA COLLECTION 

5.1 Geophysical and Geotechnical Data Collection 

The following survey programs are suggested. Detailed scopes of works will need to be 
developed with input from survey contractors: 

• offshore shallow seismic survey (reflection or refraction) using a shallow draft survey 
vessel; 

• onshore electric resistivity survey should be considered in view of the carstic nature 
of the limestone rock. This could combined with an onshore seismic survey; 

• coring at selected location onshore such as on the beach and dune area.  
Approximately 2-3 cores taken to a depth of RL-40 m AHD; 

• offshore coring to be undertaken at 200 – 300 m spacings adjacent to the alignment 
to a depth of RL -40 m AHD. A reduction may be made to the coring depth and 
frequency offshore should the option of HDD be discarded. 

 

5.2 Metocean Data Collection 

A metocean study should be performed to determine the design hydrodynamic (wave and 
current) loading as well as the average monthly wave height exceedance and persistence 
data along the ocean outfall alignment. A scope for this study should be developed. 
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1.0 SITE INSPECTION DETAILS 

Date: 12/08/2005 

Time: 8am – 11am 

Weather: Fine and sunny, light north-easterly breeze, strengthening 

Ocean Conditions: Offshore breeze with a swell of 2.5 – 3.0m 

Tide: mid tide, heading out (0.90m @ 2.16am, 0.63m @ 5.37pm, Fremantle). 

Present: Mike Bluck (Water Corporation), Eric Jas (Atteris), Dean Campbell (Atteris) 

 
2.0 PROCEEDINGS 

2.1 General 

The objective of the site visit was to assist in the development of a conceptual engineering 
design for the Alkimos WWTP ocean outfall.  The site visit allowed for a greater 
appreciation of the proposed alignment and the surrounds of the ocean outfall. 

The site was previously used as a grazing area for cattle and remnants of this activity (water 
tanks and troughs) can be seen across the site. 

The site appears to be used regularly by recreational 4WDs and motorbikes. Litter and car 
bodies can be seen throughout the area. 

The purpose of this document is to provide a general commentary of what was observed 
during the site visit. 

 

2.2 Topography 

The site inland of the proposed shore crossing consists of large undulating sand dunes.. 

These dunes are quite tall with some dunes up to 20m high. The proposed ‘stringing site’ for 
the pipeline, should one be required, falls within a hollow between the dunes.  

Facing the shoreline, on the alignment, are significant limestone cliffs. These cliffs are about 
6-12 metres high and form a protective barrier for the dunes from the ocean. The dunes are 
well vegetated. 
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2.3 Flora & Fauna 

The site is generally covered with pastoral grasses, native grasses and small native shrubs. 

There are small standings of large Eucalyptus and other trees within the area surrounding 
the site. 

During the site visit the only fauna that was spotted was most likely an Australian Black 
Shouldered Kite. These birds are commonly found in coastal dune areas. 

It was noted that kangaroos and emus habitat the area, although none were observed. 

 

2.4 Geology 

As mentioned in section 2.2, a limestone cliff formation fronts the beach at this location. The 
exposed limestone has large caverns, and signs of former tree roots within the formation. 
Erosive forces have weathered the limestone significantly. 

These limestone cliffs are significant into providing an indication into the likely limestone 
formation underneath the surface and offshore within the reef. 

Inland from the cliffs the dunes appear to be formed by a thick layer of fine calcareous sand. 

Several hundred metres from the shoreline, isolated areas of caprock outcrops are visable 
at the surface. The caprock appears to be a hard limestone, a similar formation to that 
found in the cliffs. 

Although it was difficult to make detailed observations, it was thought that the offshore reefs 
were likely to be made up of cavernous limestone of varying strengths, as observed in the 
cliffs. 

The geology appears to be consistent with the geological model described by Ray Gordon. 

 

2.5 Offshore conditions 

The nature of the sea and swell conditions were observed during the visit to the Alkimos 
site.   

Waves were breaking along the middle reef, both north and south of the proposed outfall 
location. It was noted that the middle reef provided substantial shelter from the ocean swell 
to the area inshore.  
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A number of exposed reefs and a shipwreck were visible from the shoreline, although not 
on the alignment. 

Given the forecast swell for the morning it was expected that breaking waves would be 
observed at shallow areas offshore, such as the middle reef. 

The tidal range at the site appears to be minimal. 

 

 

3.0 CONCLUSION 

This is a general account of the observations of the site visit. Information gained from this 
site visit and other sources will be used in identifying likely design and construction issues 
for the project. Recommendation of construction options for the outfall will be made in the 
conceptual engineering report. 
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Background and Objectives

With the population continuing to grow in Perth’s northern corridor, well-planned infrastructure is 
required to support the community.  The Water Corporation has responded to this need with its plan 
for significant development in the Alkimos area, including the construction of a Wastewater Treatment 
Plant.  Before the development is approved, the Water Corporation has sought to obtain feedback 
from the community.

Information, opinions and feedback received at a local shopping centre display in June 2005 regarding 
the Alkimos development fed into the design of this quantitative survey.

Research was subsequently conducted to measure and understand community attitudes and 
expectations towards:

The overall Alkimos development

The location of the WWTP

Odour acceptibility

Water recycling and re-use opportunities

Usage of the buffer zone

Findings will ultimately be used in the PER submission.
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Approach

A two-staged methodology was adopted in order to gauge opinions before and after information was 
provided regarding the development. 

Stage 1 involved the recruitment of a random sample of northern suburbs residents to take part in the 
research.  Telephone interviewing was used to contact and recruit residents living in coastal and 
inland suburbs in Perth’s north-west corridor.  Residents were asked questions up-front about the 
Alkimos proposal.

A summary document regarding the Alkimos development was then mailed out to residents 
interviewed in stage 1.

Allowing a few days for participants to review the information, residents were re-contacted by 
telephone for Stage 2 of the interviewing process.

The entire process involved the interviewing of residents between the 5th and 23rd of August 2005.

The final sample was comprised of 300 residents, corresponding to an error rate of +5.6%.
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Sample Composition

Data was weighted by region, age and gender to reflect the actual 
population of Perth’s northern corridor.

Unweighted

Weighted

50

42

50

58

0 50 100

23

33

50

45

27

22

0 50 100

Age

18 - 34 yrs

35 - 54 yrs

55+ yrs

Male

Female

Gender

50

48

50

52

0 50 100

Region

Coastal

Inland

n=300
% of residents
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Sample Composition

The sample was comprised of residents living within the proposed catchment boundary.
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Sample Composition

Those suburbs falling within the catchment boundary are listed in the table below.

Coastal Coastal Inland Inland Inland
Alkimos Jindalee Alexander Heights Hamersley Neerabup

Beldon Kallaroo Ashby Henley Brook Nowergup

Burns Kinross Balga Herne Hill Pearsall

Butler Marmion Ballajura Hocking Ridgewood

Carine Merriwa Banksia Grove Joondalup Sinagra

Clarkson Mindarie Beachboro Kingsley The Vines

Connolly Mullaloo Belhus Kinross Upper Swan

Craigie Ocean Reef Carabooda Koondoola Wangara

Currambine Padbury Carramar Landsdale Wanneroo

Duncraig Quinns Rocks Cullacabardee Madeley Warwick

Eglington Sorrento Edgewater Malaga West Swan

Heathridge Tamala Park Ellenbrook Marangaroo Whiteman

Hillarys Two Rocks Girrawheen Middle Swan Woodvale

Iluka Yanchep (coastal) Greenwood Mirrabooka
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Executive Summary

Key Findings

Awareness of the Alkimos development is relatively low (31% overall), with residents in coastal suburbs 
slightly more likely than those in inland suburbs to have heard of the proposal. 

Support for the development is high, with:

55% initially supporting the development (a further 35% felt they didn’t know enough to say)

83% providing support after having reviewed information regarding the proposal 

Regardless of whether they had reviewed the information, 10% of residents did not support 
the development (stage 1 and stage 2)

Once informed, support for the development is equally strong for both coastal and inland 
residents.

The key reasons provided by residents for supporting the development are that it will service the 
needs of the growing population and help with the water shortage. 

The key reasons provided by residents for not supporting the development is the perception that there 
will be a negative environmental impact on the ocean and sand dunes, as well as the emission of 
odours. 

At the end of the interview, some residents indicated that they would like to receive more 
information regarding the environmental impact.
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Executive Summary

Key Findings

After reading the information provided, the vast majority of residents felt that they understood the 
reasons for:

The development itself (89%)

The proposed coastal location (92%)

Aside from understanding the reasons for the location, 73% of residents agree with the 
coastal location.

Two-thirds (69%) believe that the development should go ahead as planned at the proposed 
location.  However 14% believe that the development should only proceed if a viable inland 
site for the WWTP can be determined.

Odours are a key concern for some residents and there is an expectation that any odours will at least 
be minimised - with 29% believing that the development should only proceed if there will be no odour 
impact.

Strong support exists for the usage of the buffer zone surrounding the WWTP, as well as for various 
water recycling initiatives.
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Stage 1 - Prior to receiving information
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Awareness of the Alkimos Proposal
Q: Have you heard of the proposal to develop
a wastewater treatment plant in the suburb
of Alkimos? Overall

31%

18 – 34 years 35 – 54 years 55+ years

21% 33% 45%By age

MaleCoastal Inland Female

38% 29% 36% 31%By genderBy region

One third of northern corridor residents had heard of the Alkimos proposal prior to receiving 
information.  Older residents and coastal residents are more likely to have heard something.

NB: ‘Overall’ figure is weighted to be reflective of whole region
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What Have Residents Heard?
Q: What have you heard about it? 

Total Sample

%

59

19

10

6

4

4

4

4

0 25 50 75 100

Just that there's going to
be WWTP

Have read articles in the
newspaper

Saw it on television

Have heard it will be like a
desal plant

It will help with the water
shortage

Saw something about it in
a shopping centre

Have heard that some are
objecting to its location

There's going to be new
urban development

n=130 % of northern corridor residents who have heard of it

Awareness of what is actually involved in the development is quite low.

18

6

3

2

1

1

1

1
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Support for the Development

35

19

47

27

38

37

36

24

7

7

5

7

6

10

5

5

3

3

3

4

2

3

5

35

42

29

35

35

40

33

36

20

29

16

27

19

13

23

30

100 50 0 50 100

Overall (n=300)

Coastal (n=150)

Inland (n=150)

Male (n=150)

Female (n=150)

18-34yrs (n=70)

35-54yrs (n=150)

55+yrs (n=80)

Not at all 
supportive

Not very 
supportive

Don’t know 
enough to say

Quite
supportive

Fully 
supportive

Most residents either support the development or feel they don’t know enough about it to say 
either way.  Coastal area residents are more supportive than those in the inland suburbs, who feel 

less well informed to comment. 

Q: From what you know about the Alkimos proposal, how supportive are you towards the development of this treatment 
plant?

Support

%

55

45

54

53

66

% of northern corridor residents

NB: ‘Overall’ figure is weighted to be reflective of whole region

71

62

56
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Stage 2 - After receiving information
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Support for the Development

55% support

35% didn’t know enough to say

Before reading 
the information

83% support

7% didn’t know enough to say

After reading 
the information

After reading some information about the proposed development, support for it increased 
considerably, with more people feeling that they were sufficiently informed to comment.

NB: ‘Overall’ figure is weighted to be reflective of whole region
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Support for the Development
Q: Having read the information regarding the proposed Alkimos Wastewater Treatment Plant and urban development in 

the area, how do you feel about the proposed development?

7

7

7

8

7

4

8

10

8

7

8

7

8

7

9

5

2

2

3

3

1

1

3

1

53

51

53

42

61

59

50

49

30

33

29

40

23

29

30

35

100 50 0 50 100

Overall (n=300)

Coastal (n=150)

Inland (n=150)

Male (n=150)

Female (n=150)

18-34yrs (n=70)

35-54yrs (n=150)

55+yrs (n=80)

Not at all 
supportive

Not very 
supportive

Don’t know 
enough to say

Quite
supportive

Fully 
supportive

Support for the proposed development was higher amongst residents once they read the 
information, regardless of location, age and gender.

Support

%

83

82

84

88

84

% of northern corridor residents

NB: ‘Overall’ figure is weighted to be reflective of whole region

84

82

80
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Why Don’t Residents Support the Development?
Q: Why don’t you support the development?  What areas of concern do you have?

Don't know
7%

Don't 
support

10%

Support
83%

40

37

22

17

16

4

4

3

0 25 50 75 100

I'm concerned about the marine-eco system

Worried about the health risks associated with water
activities

Still don't have enough information about it

There will be environmental damage to the surrounding
areas and sand dunes

There's a risk of odours for residents

Don't trust the government to ensure the quality of
discharged sewerage

It will devalue the area

The risk of spills

n=30 % of northern corridor residents who do not support the development

Many of those who don’t support the development are concerned about the environmental and 
health impacts.
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Why Do Residents Support the Development?
Q: Why do you support the development?  What makes you think it is the right thing to do?

48

46

22

15

13

11

0 25 50 75 100

To support the growing
population

To help the water shortage

The proposed development is
environmentally friendly

The development has been
well planned

The proposed location is
good

The development will benefit
the community

n=248 % of northern corridor residents who support the development

The vast majority support the development as they feel it will support the growing population and 
help with the water shortage.

Don't know
7%

Don't 
support

10%

Support
83%
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Understanding the Reasons for the Development
Q: Based on all you’ve heard and read about the proposed Treatment Plant, do you understand the reasons for its 

development?

10

12

9

8

13

13

9

11

1

1

1

1

65

65

61

56

70

77

63

50

24

23

29

35

17

9

28

39

100 50 0 50 100

Overall (n=298)

Coastal (n=150)

Inland (n=148)

Male (n=150)

Female (n=148)

18-34yrs (n=70)

35-54yrs (n=148)

55+yrs (n=80)

% of northern corridor residents

Not at all well Not very well
Quite
well Very well

Approximately nine out of ten residents feel they understand the reasons for the development.

Understand

%

NB: ‘Overall’ figure represents average for all regions

89

90

87

86

88

91

91

89
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Agreement with Proposed Location
Q: And based on what you have heard and read, do you agree or disagree with the proposed location of the Treatment 

Plant?

17

22

14

16

20

18

18

17

6

4

7

5

5

9

5

3

4

5

5

7

2

3

6

4

57

54

57

51

61

57

56

54

16

15

17

21

12

13

15

22

100 50 0 50 100

Overall (n=300)

Coastal (n=150)

Inland (n=150)

Male (n=150)

Female (n=150)

18-34yrs (n=70)

35-54yrs (n=150)

55+yrs (n=80)

Strongly 
disagree Disagree

Neither / don’t 
know Agree Strongly agree

Just under three quarters of all northern corridor residents agree with the proposed location of the 
Treatment Plant.  Only 10% disagree, with others not being sure.

Agree

%

73

74

73

70

76

% of northern corridor residents

NB: ‘Overall’ figure is weighted to be reflective of whole region

69

72

71
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Understanding of the Proposed Location
Q: Still thinking about its location, do you understand the reasons for the Wastewater Treatment Plant to be situated on 

the coast?

7

6

7

5

8

6

9

4

1

1

1

1

1

1

1

53

51

54

52

53

61

53

44

39

42

38

42

38

33

37

51

100 50 0 50 100

Overall (n=299)

Coastal (n=150)

Inland (n=149)

Male (n=150)

Female (n=149)

18-34yrs (n=70)

35-54yrs (n=150)

55+yrs (n=79)

% of northern corridor residents

Not at all well Not very well
Quite
well Very well

Nearly all residents understand the reasons for the proposed location of the development.

Understand

%

NB: ‘Overall’ figure represents average for all regions

92

92

91

94

93

94

90

95



J4417September 2005 21

How the Water Corporation Should Proceed
Q: So now based on what you know about the area, which of the following statements best describes the way you feel 

the Water Corporation should proceed with the development?

69

14

8

5

4

0 25 50 75 100

Proceed as planned with the
development at the proposed

location

Only proceed with the
development if a viable inland
location can be determined

Proceed as planned with the
development, but do so at
another coastal location

Don't proceed at all

Don't know

n=300 % of northern corridor residents

Two-thirds of residents believe that the Water Corporation should proceed as planned with the 
development at the proposed location, with only 5% believing that the development should not 

proceed at all.

No difference by 
region or 

demographics



J4417September 2005 22

Attitudes towards Ocean Discharge
Q: Do you agree or disagree with the following statements?

93

66

11

0 25 50 75 100

Treated wastewater should
be discharged into the ocean

if necessary, but all water
recycling opportunities should

be pursued where possible

Treated wastewater should
be discharged into the ocean
as it is a safe and practical

approach

Treated wastewater should
not be discharged into the

ocean under any
circumstances

n=300 % of northern corridor residents

Most residents support the ocean discharge concept.

Agree %

No difference by 
region or 

demographics
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Support for Water Recycling and Re-use Initiatives
Q: How do you feel about the following water recycling and water re-use initiatives being incorporated into the 

development of the Alkimos Wastewater Treatment Plant?

98

96

82

80

36

0 25 50 75 100

Industrial re-use

Irrigation of parklands, ovals
and council property

Irrigation of residential land

Aquifer storage and
recovery

Potable re-use

n=300 % of northern corridor residents

Support for various water recycling and re-use initiatives is high, with the exception of potable re-
use.

Support That Initiative %

No difference 
by region or 

demographics
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Acceptability of Odours
Q: If you were living in an area where you may detect odours, how would you feel about noticing odours…

99

82

68

33

18

3

0 25 50 75 100

Never

A few times each year

A couple of times per month

Once a day

Every day at certain times

All the time

n=300 % of northern corridor residents

Two thirds of residents would accept odours being noticed a couple of times per month.  Coastal 
residents are slightly less accepting than inland residents.

Would be acceptable %

Increasing in frequency

While the difference is 
only slight, inland 

residents and younger 
residents are more 
accepting of odours
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How Odours Impact on Support for the Development
Q: How do you feel about the proposed development?

66

29

4

0 25 50 75 100

The development should only
go ahead if odours are

minimised

The development should only
go ahead if there will be zero

impact of odours

Don't proceed at all

n=300 % of northern corridor residents

While most residents support the development, there is an expectation that odours will at least be 
minimised.  29% think it should only go ahead if there are no impact of odours.

No difference 
by region or 

demographics

78% of these residents 
said they support the 

development

63% agree with the 
proposed location
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Usage of Buffer Zone
Q: To add value to the community, this buffer zone could be used for a variety of purposes.  How do you feel about this 

possible usage?
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1
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Overall (n=300)

Coastal (n=150)

Inland (n=150)

Male (n=150)

Female (n=150)

18-34yrs (n=70)

35-54yrs (n=150)

55+yrs (n=80)

Strongly 
disagree Disagree

Neither / don’t 
know Agree Strongly agree

Most are supportive of the buffer zone being used for community purposes.

Agree

%

84

85

85

89

80

% of northern corridor residents

NB: ‘Overall’ figure is weighted to be reflective of whole region
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81
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Possible Land Uses
Q: How do you feel about the following possible uses of the land surrounding the proposed Treatment Plant?

96

89

87

78

74

73

72
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A conservation precinct

Parklands

A technology or marine
research facility

Sporting fields and facilities

Shoreline access to the
beach

Boat and caravan storage

A marine precinct

n=300 % of northern corridor residents

Support for various possible uses of the buffer zone is high, especially in regards to a conservation 
precinct, parklands or a technology or marine research facility.

Agree %

No difference 
by region or 

demographics
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Other Uses of the Buffer Zone
Q: In what other ways do you believe the buffer zone surrounding the proposed Treatment Plant could be used?

85

5

2

2

2

2

1

1
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Couldn't think of any others

Leave it in its natural state

Industrial use

General community use

Motor cycle / bike trails

Walking paths

Golf course

Horse riding

n=300 % of northern corridor residents

The various ways in which the buffer zone could be utilised cover off most uses that residents could 
think of. 
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What Else Do People Want to Know?

45% of residents indicated at the end of the survey that they would like 
to find out more about the Alkimos development.  The main questions 

they asked at the end of the survey are summarised below.

Asked most often

What will be the 
exact location 
and dimensions 

of the site?

What will be the 
environmental 

impact? 

How far out in 
the ocean will 
the waste be 

dumped?

Also asked

What are the 
pros and cons of 

each site?
How much will 

this cost?

Will the waste 
be washed up on 

the beach?

Are there any 
health risks for 

those in the area?
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