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Executive Summary
Background
Despite currently lacking an aquaculture industry of economic significance, the Regional
Investment Blueprints for both the Pilbara and Gascoyne Regions of Western Australia
reference the development of such an industry as an opportunity for growth and diversification
in those regional economies.
Pursuant to this identified opportunity, the Regional Development Commissions of the Pilbara
and Gascoyne Regions have collaborated with the Western Australian Department of
Fisheries, in its capacity as the lead Western Australian agency for the development of
aquaculture in State waters, to undertake a study exploring the viability of marine aquaculture
along the Pilbara-Gascoyne coast. The Department of Fisheries determined that aquaculture
operations producing edible oyster and marine finfish are the most likely to demonstrate
technical and economic feasibility, and identified areas of the Pilbara-Gascoyne marine
estate that are, prima facie, suitable for aquaculture operations. This study is an analysis of the
economic and technical feasibility of a marine finfish aquaculture operation on the PilbaraGascoyne coast and should be read on conjunction with the associated market study.
Currently, the main marine finfish aquaculture sectors in Australia are the Tasmanian Atlantic
Salmon and South Australian Bluefin Tuna Sectors, which produce GVP of approximately $500
million and $120 million per annum respectively. In addition approximately 1,200 tonnes of
Barramundi are produced from a single operation off the Kimberley coast of Western Australia,
there is some production of Yellowtail Kingfish in South Australia and trials pertaining to that
species in Geraldton, Western Australia, as well as plans to conduct trials in New South Wales.

Pilbara-Gascoyne Species Selection
The Department of Fisheries proposed the following three finfish species be explored as
possible species that could be produced from a marine finfish operation in the PilbaraGascoyne Region:




Yellowfin Tuna (Thunnus albacares)
Greater Amberjack (Seriola dumerili)
Mahi Mahi (Coryphaena hippurus)

The analysis in this study indicates that because of either poor likelihood of hatchery supply of
fingerlings in the foreseeable future, unsuitable behaviour characteristics for sea cage
production and/or adverse market circumstances, none of these species are likely to be
technical and/or economically viable in the Pilbara-Gascoyne Region. The species that
demonstrates the least obstacles in this regard is arguably the Greater Amberjack.
It was agreed with the Department of Fisheries that this study would base its modelling on a
generic species that demonstrates aquaculture production characteristics similar to the
Greater Amberjack.

Site Selection – Gascoyne Coast off Bernier Island
It must be stressed that all possible sites identified in this study are susceptible to frequent
adverse metocean conditions associated with tropical cyclone activity, rendering the
location at best uncompetitive with respect to hosting marine finfish operations.
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The site deemed most suitable is an identified body of water off the north east coast of Bernier
Island, 36.5 kilometres from Carnarvon. This site is illustrated in the figure below.

Economic Viability
The base-case modelling undertaken for the purpose of providing an indication as to the
economic viability of marine finfish farming in the Pilbara-Gascoyne Region suggests that an
operation producing 10,000 tonne per annum is unlikely to be investment attractive, with
break-even cash flow not achieved until Year 9 and the project delivering an Internal Rate of
Return of 15.3 percent, not allowing for any risk of additional capital investment required to
remediate tropical cyclone damage, or loss of production that would likely occur as a result
of such an event.
While the base case modelling under similar assumptions to the 10,000 tonne model suggests
that a 25,000 tonne operation would deliver more favourable economics (breakeven cash
flow by Year 6 and an Internal Rate of Return of 29 percent), for the following reasons this initial
assessment should be treated with extreme caution:
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It is highly likely that capital investment assumptions used in the model are optimistically
low;
It is highly likely that operating expenditure assumptions used in the base case model
are optimistically low;
The rapid rate of project scale-up modelled is unrealistic; and
The un-insured likely impact of a catastrophic tropical cyclone event would have a
significant detrimental impact on the returns generated by the project.

At the end of the day by virtue of the unfavourable metocean conditions (frequency and
severity of tropical cyclone related weather), lack of existing infrastructure, remoteness, lack
of specific species production advantage and absence of provenance on which a marketing
advantage can be based, the Pilbara-Gascoyne Region is not likely to be competitive with
other regions with respect to the establishment of marine finfish farming operations.
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1.

Introduction

1.1.

Background to this Study

The Pilbara Development Commission and Gascoyne Development Commissions are two of
nine regional development commissions in Western Australia established and empowered
under the Regional Development Commissions (WA) Act 1993. The basic role of all
development commissions is to promote and, to some extent, coordinate aspects of
economic development in their respective regions. The specific functions and roles of
development commissions are prescribed by the Regional Development Commissions (WA)
Act 1993 and are summarised in Table 1 below.
Functions







Role



Maximise job creation and improve career
opportunities in the region;
Develop and broaden the regional economy;
Identify infrastructure services to promote
economic and social development of the
region;
Provide information and advice to promote
business development within the region; and
Seek to ensure that the standard of and
access to government services in the regions
is comparable to the Perth metropolitan area.










Promote the region
Facilitate coordination between relevant
statutory bodies and State Government
agencies
Cooperate with representatives of industry
and commerce, employer and employee
organisations,
education
and
training
institutions and other sections of the
community within the region
Identify the opportunities for investment in the
region and encourage that investment
Identify the infrastructure needs of the region
and encourage the provision of that
infrastructure in the region
Cooperate with departments of the public
service of the State and Commonwealth and
other agencies, instrumentalities and statutory
bodies of the State and the Commonwealth
in order to promote equitable delivery of
services within the region; and
Cooperate with local governments in order to
promote equitable delivery of services

TABLE 1 – FUNCTIONS AND ROLES OF DEVELOPMENT C OMMISSIONS
Primarily as the result of the combination of development funding that has been made
available by virtue of the Royalties for Regions (WA) Act 2009, as well as a subsequent review
of the functions and roles of Regional Development Commissions 1, the Regional Development
Commissions have in recent years been specifically charged with the development and
custodianship of the Regional Investment Blueprints. The Regional Investment Blueprints are
plans for investment in transformative strategies, priority actions and opportunities for driving
growth in each of the regions.
Both the Gascoyne and Pilbara Regional Investment Blueprints identify, among other things,
the development of an aquaculture industry in their respective regions as a major opportunity
for economic growth and diversification. Examples of references to aquaculture in these
Blueprints is summarised in Table 2 below.

Government of Western Australia (2010), Structuring Regional Development for the Future: A
Review of the Functions and Responsibilities of Regional Development Commissions
1
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Regional
Investment
Blueprint
Pilbara

Example Reference to Aquaculture Development Objectives

‘[develop] a suite of Common Use Facilities, hubs or centres of excellence across the region
supporting manufacture, the mineral and energy industries, agriculture and aquaculture
and infrastructure projects’
‘[develop] land and tenure frameworks supporting agriculture and aquaculture (onshore
and offshore) development]
‘[process that results in the] identification of agriculture and aquaculture species suited to
the Pilbara’
‘[develop] algae based aquaculture producers exporting
pharmaceuticals to local, national and international markets’

Gascoyne

nutraceuticals

and

‘Aquaculture represents a significant opportunity for the Region’
‘[The] coastal orientation of the Region supports emerging aquaculture-based seafood
production’
‘Actioning of the comparative advantage of the Gascoyne Region in food production via
the attraction of domestic and international investment in aquaculture production’

TABLE 2 – REFERENCES TO THE DEVELOPMENT OF AN A QUACULTURE INDUSTRY IN THE PILBARA AND GASCOYNE
R EGIONAL INVESTMENT B LUEPRINTS
It is worth noting that the Kimberley, Mid West, Wheatbelt, South West, Great Southern and
Goldfields-Esperance Regional Investment Blueprints (i.e. eight out of the nine Regional
Investment Blueprints) also reference aquaculture as an important future industry.
Currently, the Western Australian aquaculture industry as a whole generates approximately
A$75 million of product. Approximately A$60 million (80 percent) of this value is attributable to
the Pinctada maxima pearling sector which is located primarily in the Kimberley Region.
Furthermore, of the approximately A$15 million of value produced from the non-pearl (primarily
seafood) sectors of the Western Australian Aquaculture industry, approximately 50 percent is
attributable to a single barramundi operation in the Kimberley Region of Western Australia.
While there are significant prospects for aquaculture in the Mid West, South West and Great
Southern Regions borne out by relatively new projects and intended future aquaculture
development zones, these projects do not currently make as significant contribution to industry
output.
Aquaculture production in the Pilbara and Gascoyne Regions is currently negligible, confined
primarily to the production of small volumes of non-Pinctada maxima pearls.
In order to pursue the recommendations of their respective Regional Investment Blueprints, the
Gascoyne and Pilbara Development Commissions have collaborated with the Western
Australian Department of Fisheries as the lead government agency for the development and
regulation of aquaculture in Western Australia to undertake a preliminary study investigating
the feasibility of marine based aquaculture in the Gascoyne and Pilbara Regions.
The Department of Fisheries, in agreement with the Gascoyne and Pilbara Development
Commissions, identified two sectors of marine aquaculture that are prima facie potentially
technically and economically viable in the waters off these two regions:

7

AUSTRALIAN VENTURE CONSULTANTS PTY LTD



Edible oyster production based on native species of oysters such as the native oyster
(Ostrea angasi), rock oyster (Saccostrea cucullata), tropical blacklip oyster
(Saccostrea echinata) and coral oyster (Saccostrea scyphophilla); and/or



Marine finfish production based on native finfish species such as Yellowtail Kingfish
(Thunnus albacares), Amberjack (Seriola dumerili) or Mahi Mahi (Coryphaena
hippurus)

The Department of Fisheries has also identified bodies of water along the coast of the
Gascoyne and Pilbara Regions which could, prima facie, be the subject of aquaculture
development zones should economic and technical viability be demonstrated.
As a component of the study, the Department of Fisheries has engaged Australian Venture
Consultants to undertake the following preliminary studies:


Market Analysis
A study based on a ‘desktop’ and some limited primary research that is designed to
assess the domestic and global markets for the abovementioned species and if
appropriate, form the basis of an investment attraction strategy for aquaculture in the
region.



Investigation into the Technical and Economic Viability of Edible Oyster Aquaculture in
the Pilbara and Gascoyne Regions
A desktop Pre-feasibility study into the economic and technical viability of a
hypothetical edible oyster operation at a location determined to be prima facie
optimal for edible oyster production along the Gascoyne and Pilbara coastlines.



Investigation into the Technical and Economic Viability of Marine Finfish Aquaculture in
the Pilbara and Gascoyne Regions
A desktop pre-feasibility study into the economic and technical viability of a
hypothetical marine finfish operation at a location determined to be prima facie
optimal for marine finfish production along the Gascoyne and Pilbara coastlines.

This document reports on the study into the technical and economic viability of marine finfish
aquaculture in the Pilbara and Gascoyne Regions and should be read in conjunction with the
market analysis.

1.2.

Marine Finfish Production in Australia

The two main marine finfish sectors of the Australian aquaculture industry are the Tasmanian
Atlantic salmon sector in Tasmania and the Bluefin Tuna sector in South Australia. The Tasmania
Atlantic Salmon industry is by far the largest aquaculture sector in Australia with a GVP of
approximately A$500 million per annum, accounting for approximately 50 percent of the GVP
of the Australian aquaculture industry. The South Australian Bluefin Tuna sector is the second
largest sector of the Australian aquaculture industry accounting for approximately A$120
million in GVP.
Commercial marine finfish operations in Yellowtail Kingfish also exist in South Australia and in
Barramundi in the Kimberley Region of Western Australia. Barramundi has also historically been
produced from a sea-cage operation off the coast of the Tiwi Islands in the Northern Territory,
and Yellowtail Kingfish from a sea-cage operations in Jurien Bay, Western Australia. The Tiwi
Island operation suffered a catastrophic failure as the result the impact of a Tropical Cyclone
and the Jurien Bay operation suffered a similar fate as the result of a fish health issue.
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Trials to produce Yellowtail Kingfish are also currently underway in Geraldton, with a view to
developing larger scale operations in the Abrolhos Islands.
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2.

Species Analysis

2.1.

Species of interest

For the purposes of this high-level analysis, and in accordance with the terms of reference, no
specific finfish species has been selected to be farmed. Rather, a generic pelagic finfish
species will be utilised for modelling, taking into account the main features of the finfish
naturally occurring in the study area, and which are of prima facie commercial interest. The
species that have been identified are Yellowfin Tuna, Greater Amberjack and Mahi Mahi.
These species and their characteristics as far as they pertain to being suitable to aquaculture
are discussed in the following subsections.

2.1.1.

Yellowfin tuna

Widely distributed and commercially produced primarily by means of wild-catch, Yellowfin
Tuna (Thunnus albacares) is found across most of the sub-tropical coastline of Australia. Prolific
spawners, their high value and demand as a sashimi-grade fish species has led to significant
attempts to perfect closed-loop aquaculture of this species. However, to date, bar some
experimental success, all hatchery production has had a 100% mortality rate within months of
transfer to sea cages2. In addition, the high speed exhibited by the species combined with
demonstrated skittish behaviour, renders the species vulnerable to injury in both hatchery and
sea cage environments.
Existing commercial aquaculture of this species follows a standard ‘ranching’ model, whereby
wild-caught juveniles are purse-seined and grown in sea cages until market weight is reached.
The yellowfin tuna is illustrated in Figure 13 below.

F IGURE 1– Y ELLOWFIN T UNA

Advances in Tuna Aquaculture: From Hatchery to Market (2015), ed. Benetti, D et al. Published
Academic Press.
3 UN FAO Aquaculture Photo Library
2
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Aquaculture Production Parameters
Table 3 below summarises key aquaculture parameters for yellowfin tuna4.
Tolerance
pH

~8.75

Salinity (ppt)

33-37

Temperature (Celsius)

15-30

Stocking density

<4kg/m3
Best growth with trash fish, some pellet
feed avail.

Feed type

Feed conversion rate

18.3 average

First year growth

~5kg

Average ongoing growth

~7.5kg/year

Feed additives

0.5-1.5% vitamin additives by food weight

Common maximum size

100kg / 120cm

Common maximum age

7 years

TABLE 3 – BIOLOGICAL A QUACULTURE PARAMETERS FOR Y ELLOWFIN TUNA

2.1.2.

Greater amberjack

With a significant distribution, Greater Amberjack (Seriola dumerili) has a long history of
commercial wild-catch production, particularly in Europe, Japan and North America. In
particular, rising popularity as a sashimi fish in the Japanese market has seen production
increase significantly worldwide. Recent developments in hatchery techniques have seen a
number of closed-loop pilot projects with some success in the Mediterranean, in particular in
Spain, Greece, Malta and Italy. The species is characterised by fast growth rates and generally
high post-fingerling survival, attracting significant commercial interest as an aquaculture
prospect. Of the species assessed, Greater Amberjack demonstrates perhaps the greatest
potential for marine aquaculture in the Region.
The greater amberjack is illustrated in Figure 25.

Ibid; Wexler, J.B et al (2003) Tank culture of yellowfin tuna, Thunnus albacares: developing a
spawning population for research purposes. Aquaculture 220: 327-353; Thunnus albacores, in
Atlas of Living Australia, available http://bie.ala.org.au; growth data derived from Zhu, G. et
al (2011) Growth and mortality rates of yellowfin tuna, Thunnus albacores (Perciformes:
Scombridae, in the eastern and central Pacific Ocean. Zoologia 28 (2): 199-206
5 Unknown, image sourced Florida Fish and Wildlife Conservation Commission, no attribution.
4
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F IGURE 2 – GREATER A MBERJACK

Aquaculture Production Parameters
Error! Reference source not found. below summarises key aquaculture production parameters
or greater amberjack6.
Tolerance
pH

~8.75

Salinity (ppt)

34-38

Temperature (Celsius)

21-30

Stocking density

<8kg/m3
Best growth with trash fish,
pellet feed avail.

Feed type

Feed conversion rate

2.1 average

First year growth

~2kg

Average ongoing growth

2kg/year
0.5-1.5% vitamin additives
by food weight

Feed additives

Common maximum size

60kg/150cm

Common maximum age

17 years

TABLE 4 – BIOLOGICAL FEATURES OF AMBERJACK

Anon, Cultured Aquatic Species Information Programme: Seriola dumerili, for UN FAO Fisheries
and Aquaculture Department, available www.fao.org/fishery; Yilmaz, E., Şereflişan, H. (2011)
Offshore Farming of the Mediterranean Amberjack (Seriola dumerili) in the Northeast
Mediterranean. Israeli Journal of Aquaculture 63: 575; Fernandez-Montero, A. et al (2014) Stress
response of Greater amberjack (Seriola dumerili): plasma and skin mucus cortisol response to
handling and stocking density; Seriola dumerili, in Atlas of Living Australia, available
http://bie.ala.org.au; growth data derived from Laidley, C.W., Shields, R.J (2004) Amberjack
culture – progresses at Oceanic Institute. Published Hawai’i Pacific University Oceanic Institute
Feb 2004, available www.oceanicinstitute.org
6
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2.1.3.

Mahi mahi (Coryphaena hippurus)

Popular as a game fish, Mahi Mahi (Coryphaena hippurus), are a swift marine predator
species. They are amongst the fastest-growing and fastest reproducing pelagic species,
reaching sexual maturity at 4 to 5 months and spawning year-round at body lengths of only
20cm7. With a swimming speed of up to 50 knots (92.6kph) and high larval mortality, mahi mahi
is usually commercially fished as by-catch of tuna or swordfish longlining, although traditional
harpoon fishing is still practiced in Hawaii and other Pacific islands. From an aquaculture
perspective, while nursery culture remains problematic and requires significant infrastructure,
growth rates are rapid, with fish attaining 2kg weight in six months and 5kg in 12 months 8. The
main challenge with producing Mahi Mahi by aquaculture means is the aggressive behaviour
that the species exhibits.
The Mahi Mahi is illustrated in Figure 3 below9.

F IGURE 3 – MAHI MAHI

Aquaculture Production Parameters
Table 5 summarises key aquaculture production parameters for Mahi Mahi10.

Anon, Species Fact Sheets: Coryphaena hippurus, for UN FAO Fisheries and Aquaculture
Department, available www.fao.org/fishery
8 Benetti, D.D (2001) Aquaculture of pelagic fish IV: is mahi mahi aquaculture feasible?. Tropical
Marine Fish Farming April 2001, journal of Global Aquaculture Alliance, published
www.gaalliance.org
9 Unknown, image sourced Cape Ann Planet newspaper published 30 October 2015, no
attribution.
10 Species Fact Sheets: Coryphaena hippurus, op cit, Aquaculture of pelagic fish IV, ibid;
Coryphaena hippurus, in Atlas of Living Australia, available http://bie.ala.org.au
7
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Tolerance
pH

~8.75

Salinity (ppt)

34-38

Temperature (Celsius)

22-30

Stocking density

???

Feed type

Moist pellets

Feed conversion rate

2-3

First year growth

???

Average ongoing growth

???

Common maximum size

18kg/120cm

Common maximum age

4 years

TABLE 5 – BIOLOGICAL FEATURES OF MAHI MAHI

2.1.4.

Species Selection

While none of the species identified are ideally suited for the purposes of the study, by virtue
of the fact juveniles can currently be produced from hatchery and favourable aquaculture
production parameters, the Greater Amberjack arguably poses the greatest potential for the
Region. As such, production parameters similar to those of the Greater Amberjack will be used
in the baseline modelling.

2.2.

Fish Health Issues

Because none of the species identified are farmed extensively there is limited knowledge as
to common fish-health issues that would need to be managed in an aquaculture operation,
let alone those that might be specific to Pilbara-Gascoyne coast. Almost certainly, parasite
management practices such as hydrogen peroxide bathing will be required, as well as
periodic anti-biotic treatments to manage bacterial infections that are typical of all marine
finfish operations.
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3.

Potential aquaculture sites

3.1.

Methodology

The Australian coastline, extending some nearly 36,000km, is poorly understood and relatively
under-observed in comparison to other nations. For the most part, monitoring and research
activity is restricted to areas of economic significance, with scattered government-backed
research and monitoring stations distributed at perceived key locations, or where sufficient
population density exists to support such activities.
The Western Australian coastline, the longest of any Australian state at 12,889km, is similarly
under-observed, likely as a result of the large stretches of uninhabited coastline of no particular
economic significance. In the case of the Pilbara-Gascoyne Region, publically available data
is minimal relative to that generated by the offshore oil and gas industry in the region and its
service providers. For example, on behalf of mostly oil and gas companies and primarily
Woodside, RPS Metocean has real-time data collection facilities deployed in 13 locations
collecting real-time data in the Pilbara ocean area. Its longitudinal and contemporary
databases contain various data, albeit mostly wind and wave data, pertaining to
approximately 1,000 locations in the region.11
As a result, and for the purposes of this high-level analysis, it has been necessary to rely on
aggregate and averaged data. Further, some data sets do not contain all necessary data to
properly assess aquaculture potential for the species under review, and where this is the case
the deficiency has been highlighted.
In assessing site suitability, this study has sourced from the Western Australian Department of
Fisheries a list of potential sites for review. All of the initial potential sites fall within the following
broad zones:



The sheltered waters of Shark Bay and the coastline around Carnarvon, on the
Gascoyne Coast; and
The coastal waters between the North-West Cape and Onslow.

The suitability of these sites for marine finfish aquaculture is discussed in detail in Sections 0, 0
and 3.5.

3.2.

Tropical Cyclones and Related Activity

3.2.1.

Tropical Cyclones

Regardless of whether sites that, on the basis of key parameters such as depth, current, water
quality and nutrient loading, are suited to marine finfish farming can be identified along the
Gascoyne and Pilbara coasts, the prevalence of tropical cyclone and tropical cyclone
related weather activity renders the entire coastline generally unsuitable for marine
aquaculture. This is because the inevitability of extreme weather events present very significant
risk to equipment, operations and livestock.
Tropical cyclones in the Pilbara are frequent and often severe, with 75 percent of all severe
tropical cyclones crossing the Australian coast occurring in the Pilbara Region. The Pilbara
Australian Venture Consultants (2014), Pilbara Regional Observing System for Predictions and
Enhanced Research: Concept Study, Western Australian Marine Science Institution
11
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Region experiences an average of approximately five tropical cyclones per season, with an
average of two tropical cyclones crossing the coast, one of which is likely to be a severe
tropical cyclone. Figure 412 below illustrates the pathway and intensity of tropical cyclones that
crossed the Australian coast between 1970 and 2009.

F IGURE 4 – PATHWAY AND INTENSITY OF TROPICAL CYCLONES C ROSSING THE AUSTRALIAN COASTLINE (1970
TO 2009)
As illustrated in Figure 4 above, the Pilbara coast is exposed to a higher frequency of sever
tropical cyclones than the Gascoyne coast.
The economic impact of tropical cyclones is generally very significant, but differs across
industries. For example, in 2015, Tropical Cyclone Olwyn had a well-documented catastrophic
impact on the banana industry along the northern coast, but anecdotally the fishing industry
also has yet to recover13.
For the following reasons Tropical Cyclones are a major risk to marine aquaculture operations:


Damage to or loss of Offshore Infrastructure
Strong winds, waves, currents and tides associated with Tropical Cyclones have the
ability to cause catastrophic damage to sea cages and other offshore infrastructure
resulting in devastating loss of both equipment and stock. Such an event resulted in

Haig et al (2013) IN: Pattiaratchi, C. (2013), An Overview of the Oceanography of Northern
Australia
13 See eg Edwards, T (2016) Remembering the devastation a year on from Cyclone Olwyn.
Published 14 March 2016, ABC Rural Online/WA Country Hour.
12
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the destruction of a barramundi sea cage operation in the Tiwi Islands off the Northern
Territory coast when king tides associated with a tropical cyclone caused stocked
cages to break their moorings.


Stock damage
Large waves, currents and tides associated with tropical cyclones can cause fish to
be crushed against the sides of sea cages causing mechanical damage to stock
resulting in poor saleability, immediate death or death as a result of injury induced
subsequent infection.



Denial of access
Operator access to offshore infrastructure will be impossible during the time of impact
of the tropical cyclone, as well as several days before and after the cyclone due to
prohibitive weather associated with the cyclone. Denial of access for extended
periods during critical windows in the operating cycle can result in suboptimal
operational outcomes and/or stock loss.



Water quality
The extreme metocean conditions associated with tropical cyclones cause severe
disturbance and mixing of the water column and benthic environment, leading to
dramatic changes in water quality at the aquaculture site. Along the North-West
region, tropical cyclones contribute 20-40% of total wet season rainfall over a period
of no more than a few days, resulting in fresh-water flooding and extreme runoff 14.
Combined with storm surge tides of up to 4.9m and violent and erratic wave action,
water quality and chemistry can change rapidly and significantly15. This can result in
immediate or subsequent fish health issues.



Damage to shore-side Infrastructure
Tropical cyclones are often associated with storm surges that potentially place shoreside infrastructure associated with the operation at risk. Furthermore, Tropical cyclones
and other major storm events often stir up nutrients in the Pilbara marine environment
that otherwise lie dormant on the seafloor. As these nutrients are exposed to the high
levels of solar radiation in the Pilbara, significant algal blooms often eventuate,
sometimes resulting in negative impacts on fisheries and coastal areas. In early 2013,
an algal bloom the size of Tasmania was reported as a result of Tropical Cyclone Rusty.

The impacts of extreme metocean conditions on marine aquaculture operations can be
somewhat mitigated by robust engineering of mooring systems and cages, submersible cages
and automated feeders that negate the need to attend the cages for feeding purposes.
However, they are not able to eliminate risk and result in significantly higher project capital
investment that will likely render the operation either economically unviable or uncompetitive.

3.2.2.

Squalls

Squalls are high wind, wave and current events that escalate in intensity and travel very
rapidly. Driven by strong convection, they can occur in conjunction with tropical cyclones or
independently.

McBride, J.L (2012) The estimated cost of tropical cyclone impacts in Western Australia.
Technical report for The Indian Ocean Climate Initiative/Bureau of Meteorology, available
www.ioci.org.au
15 ibid
14
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A recent squall approximately 30 kilometres north of Onslow saw near calm conditions
escalate to a swell of two metres and wind speed of 75 kilometres per hour (40 knots) in a
matter of hours. Such events place marine aquaculture infrastructure and operations at risk.

3.3.

Zone 1: Shark Bay-Carnarvon

Located between latitudes approximately -24.4 and -25.4, Zone 1 includes two sites. Site 1 Bernier Island is just offshore from the north-east tip of Bernier Island, while Site 2 - Dirk Hartog
Island sits further south in Denham Sound. The precise location of Sites 1 and 2 are illustrated in
Figure 5 below.

F IGURE 5 – SITES WITHIN ZONE 1: SHARK BAY /CARNARVON
The entirety of the Shark Bay region is a declared World Heritage Area (WHA), and the majority
is protected as Marine Reserve No.7 (Shark Bay Marine Park)16 (SBMP).

Governed by the Shark Bay World Heritage Property Strategic Plan 2008-2020, McCluskey, P.
for Department of Environment and Conservation/Department of the Environment, Water,
16
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3.3.1.

Geography and location

Site 1 – Bernier Island
Site 1, almost circular at 13.6km in diameter and just under 15,000ha, is located 1.5km offshore
from Bernier Island at the closest point. The site is 36.5km ENE from Carnarvon and lies in water
with a depth range of 25 to 30 metres.
Of note is that this site lies within the very northern edge of the WHA, but is some 25 kilometres
from the closest boundary of the SBMP.

Site 2 – Dirk Hartog Island
Site 2 is irregularly shaped but roughly triangular, with sides of 8.5km, 6.3km and 10.4km. The
site lies immediately to the east of Sandy Point on Dirk Hartog Island, 8 km from the shore at the
closest point, in water of approximately 30 metres of depth.
An internal carve-out of roughly 1.5km by 700m is assumed to be for the purposes of
safeguarding the wreck of the Macquarie (sunk 1878). The total area is some 3,187 ha,
however given the irregular nature of the eastern boundary and this carve-out the workable
area is some 1,500ha in a triangle with side roughly 4.8/6.2/7.3km. The impact of the carve-out
on operational effectiveness requires further assessment.
This site is also within the boundary of the WHA but outside the area of the SBMP. However,
unlike site 1, it lies immediately adjacent to the SBMP and particularly the Sandy Point
Sanctuary Zone (SPSZ).

3.3.2.

Temperature Profile

Zone 1 is characterised by average water temperatures between 21-24 degrees, trending
upwards in recent years from historical averages. Minima range from 19.3-22.7, maxima 22.426.8; seasonal averages are spring (Sep-Nov) – 21.4; summer (Dec-Feb) – 23.2, autumn (MarMay) – 24.1; winter (Jun-Aug) – 22.117.
More granular temperature data for each of the proposed sites or clusters is not available. The
figures used in these averages are sourced from a CSIRO research station situated on the
northern tip of the South Passage into Shark Bay, and hence may be affected by tidal flow into
and out of the bay. Sea surface temperature data for the region derived from satellite
observances18 approximately corresponds with this temperature range. However, sea surface
temperatures will differ from temperatures further down in the water table. Anecdotally, and
in line with usual expectations, temperatures within the bay itself are slightly warmer yearround, and warmer again in shallower water.
For the purposes of this high-level analysis, it is assumed that the temperature range for site 1 is
21-24 degrees, while site 2 is assumed to be 22-26 degrees.

Heritage and the Arts; Shark Bay Marine Reserves Management Plan 1996-2006, Management
Plan No.34, Department of Conservation and Land Management/National Parks and Nature
Conservation Authority, available www.dpaw.wa.gov.au
17 Anon, Shark Bay – South Passage, in Regional Oceanography – Coastal Ocean
Temperatures off WA, CSIRO Marine Research division, available www.marine.csiro.au
18 See eg IMOS – Integrated Marine Observing System, available https://imos.adon.org.au
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3.3.3.

Salinity Profile

Shark Bay is renowned internationally as one of the few naturally-occurring hyper-saline marine
ecosystems, with salinity gradually increasing further south and reaching a maximum in
Hamelin Pool. This is particularly relevant as, generally, the waters off coastal Western Australia
exhibit lower salinity than is normal for ocean water, with the Leeuwin Current forcing warm,
lower-salinity water from the tropics southwards.
This salinity concentrating effect occurs as ocean water flowing south into the bays becomes
trapped behind a number of sandbanks and sills stabilised by rich seagrass meadows.
Combined with low freshwater input (rain/river output) and shallow waters, evaporation
concentrates the seawater. As a result, in the extreme south of the region at Hamelin Pool
salinity reaches levels of 70ppt, double that of regular ocean water, while further up the coast
into Monkey Mia and Denham Sound salinity levels are around 40-50ppt19. Salinity levels are
tidally influenced, and will vary depending on seasonal strength of the Leeuwin Current and
inland rainfall20.
Site 1 is located in an area of average salinity at about 34-35ppt21. At some distance from the
coast it does not see much seasonal variation.
Site 2 is in an area slightly higher than average salinity at about 38-40ppt, with salinity slightly
varying seasonally but overall fairly stable22.

3.3.4.

pH

The prevailing pH throughout Zone 1 is approximately 8.1, with no significant changes observed
throughout the region23.

3.3.5.

Other metocean – swell and climactic conditions

As a protected bay, the Shark Bay region generally sees gentle swell. However, the outer
islands and inner channels can see heavier seas with a swell of around 2 to 3m, consistently to
the south-west following the Leeuwin Current24. As such, both sites may see reasonably choppy
seas, which may complicate service vessel access and present occupational health and
safety issues.

Anon, Shark Bay’s Hypersaline Waters in World Heritage Area Fact Sheet, Department of
Environment and Conservation, available www.sharkbay.com.au; Collins, L. Intertidal and
Subtidal Microbialites in the Shark Bay World Heritage Area (2012) presented at Research and
conservation:
Western
Australia’s
microbialites,
October
2012,
available
www.dpaw.wa.gov.au
20
Anon, Living with the Leewin Current in In Depth May 2012, published
http://marinewaters.fish.wa.gov.au
21 Logan, B.W. Cebulski, D.E (1970) Sedimentary Environments of Shark Bay, Western Australia.
Memoirs of the American Association of Petroleum Geologists 13: 1-37
22 ibid
23 McConchie, D.M. Lawrance, L.M (1991) The origin of high cadmium loads in some bivalve
molluscs from Shark Bay, Western Australia: A new mechanism for cadmium uptake by filter
feeding organisms. Archives of Environmental Contamination and Toxicology 21(2): 303-310;
historically Davies, G.R (1970) Carbonate-Bank Sedimentation, Eastern Shark Bay, Western
Australia. American Association of Petroleum Geologists Bulletin 54: 223
24 Carnarvon to Kalbari, Elders Weather Service, available www.eldersweather.com.au
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Further, as with large parts of the northern coastline, the Carnarvon region is prone to periods
of high wind speed, with both 9:00AM and 3:00PM averages of around 28kph, generally in a
south-easterly direction, but with gusts usually around 40 to 45kph, sometimes reaching
65kph25. Access to floating sea cages during periods of high wind creates some technical and
occupational health and safety challenges, and service operations will need to be carried out
during periods of lower activity.

3.3.6.

Existing uses of the Marine Estate

The Shark Bay area is utilised extensively by the recreational fishing sector and is the focus of a
significant commercial prawn fishery and other smaller commercial fisheries. As a recognised
WHA and internationally promoted for wildlife and eco-tourism, particularly through the
dolphin interaction area at Monkey Mia, the area also has significant cultural and ecological
significance. Three native title claims currently exist over the Shark Bay area – the Malgana
People, Nanda People and Gnulli People’s Applications.
Recreational use of the bay and surrounding islands is continuous throughout the year, with
snorkelling, scuba diving, boating, yachting, water sports and swimming commonplace. Areas
set aside for recreation in which no commercial fishery operations are allowed are Little
Lagoon just north of Denham, the area surrounding the dolphin interaction area at Monkey
Mia, and Dubaut Inlet south of Monkey Mia.

Natural environment
Both proposed sites lie outside the boundary of the SBMP (although within the WHA), and as
such commercial aquaculture operations would be permitted with appropriate licenses from
Department of Fisheries, subject to an impact assessment from the Environmental Protection
Authority (EPA). However, it should be noted that site 2 is extremely close to an area of
particular concern, which may pose additional risks or require the imposition of more stringent
environmental or operational restrictions in order to secure project approval.
Site 2
As identified above, Site 2 abuts the border of the SBMP and in particular the SPSZ. The SPSZ is
designed to protect an extremely fragile and rare example of coral-based communities within
the SBMP, including large reef-fish not found elsewhere within the Bay. Given the inherent
difficulties in restricting the impact of aquaculture operations to the specific area of
operations, and in particular the nutrient load output of finfish aquaculture, a commercial
operation carried out in this area may be subject to additional restrictions or be found entirely
unacceptable by the EPA.
In particular, it should be noted that the Management Plan identifies specific concerns in
regards to fishing and boating operations in this area. Motorised water sports are prohibited
throughout the SPSZ, as is anchoring, which may complicate operations. Further, an objective
of the SPSZ is to serve as baseline representative community to monitor the impacts of other
commercial and recreational activities elsewhere in the park. This would make aquaculture
operations likely to have an impact on water quality, such as sea cage operations, particularly
problematic.

Carnarvon, Western Australia Daily Weather Observations, Bureau of Meteorology, available
www.bom.gov.au
25
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Existing commercial operations
The major commercial operations of note within the region include Shark Bay Salt and the
scallop and prawn fisheries.
Shark Bay Salt
Shark Bay Salt Pty Ltd26 (SBS), a wholly owned subsidiary of Mitsui & Co Ltd, has operated a
significant industrial scale solar salt operation at Useless Loop since the 1970s. The site produces
approximately 1.3 million tonnes of salt per year, and operates a 24/7 ship-loading facility with
a capacity of approximately 22,000 tonnes per day 27, mostly intended for export to East and
South-East Asia.
As an on-shore solar salt operation using land-based evaporation ponds, SBS’ processes are
unlikely to significantly alter the marine environment through industrial or saline discharge to
the extent that would impact upon an aquaculture operation. This is particularly so as the
closest potential site – site 2 - is some 50m away up Denham Sound. While the usual passage
of freight vessels out of the SBS loading facilities passes close to this site, it is not anticipated
that this would pose any particular danger to a finfish aquaculture operation.
Some concerns remain with the proximity of international vessels loading at the Useless Loop
site. As highlighted above, finfish species are subject to some high-mortality pathogens that
spread easily through commercial aquaculture operations. A chance therefore remains that
site 2 may be at greater risk than other potential sites of incidences of introduced pathogens.
Scallop and prawn fisheries
Commercial scallop and prawn trawling operations have operated continuously since the
1970s in Shark Bay. Both industries are heavily regulated as a result of stock depletion concerns
that began in the 1980s, with vessel monitoring, gear restrictions, capped boat numbers, and
both temporal and spatial limitations on catch. Generally, prawn trawling maintains steady
catch and fishing effort year on year, while scallop fishery production varies depending on
local stock levels, maintaining several ‘fall back’ sites further north up the coast.
The extent to which these fisheries would impact a finfish aquaculture operation is unknown
but potentially large. Both sites are in areas open to both scallop and prawn fishery, and are
located squarely within the areas most heavily trawled.28 Should an aquaculture license be
granted for a finfish farm in either of the proposed license areas trawlers would not be able to
work the area and the potential for trawling operations to affect water quality at the lease
would need to be considered. The trawling gear used – otter trawls with a ground-chain29 can contribute to greater water turbidity and potentially anoxic events 30, both of which are
known to negatively impact on finfish growth and survival.

ACN 008 759 500; Level 16 Exchange Tower, 2 The Esplanade, Perth WA 6000
Figures published by Shark Bay Salt.
28 Anon (2014) Shark Bay Prawn Managed Fishery Harvest Strategy 2014-2019. Department of
Fisheries, Fisheries Management Paper No.267/2014; Kangas, M. et al (2011) Stock Assessment
for the Shark Bay Scallop Fishery. Department of Fisheries, Fisheries Research Report
No.226/2011.
29 Kangas, M et al (2006) Shark Bay Prawn Fishery. Department of Fisheries, ESD Report Series
No.3/2006
30 Kaiser, M.J., Spencer, E.B. (1996) The effects of beam trawl on infaunal communities in
different habitats. Journal of Animal Ecology 65: 348-358; Kaiser, M.J. et al (1998) Changes in
26
27
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Against this, the gear restrictions in place prevent prawn trawlers from using gear at the heavier
end of the scale, reducing (although not removing) the water quality impact. Further, the
prawn fishery is only open during parts of the year.
Further, the presence of a large and established close-shore marine fishing industry in the
region does offer some positives for a potential aquaculture operation. Existing industry creates
a concentration of skills, and expertise, provides some existing local infrastructure, as well as
community familiarity with operating requirements and labour inputs. While finfish farming will
obviously have different operational and skills requirements to scallop or prawn fishery
operations, it is likely that there will be some complementarity in marine maintenance services,
supply-chains and vessel operations.
In summary, the existing commercial fishery in the region may be in conflict with a marine finfish
operation, which may require further study before a final investment decision could be made.
Both sites are within areas extensively fished, and while restricted to certain times of year, these
operations have the potential to conflict with a proposed marine finfish aquaculture
operations.

3.3.7.

Terrestrial environment

As the WHA encompasses not only the waters of Shark Bay protected by the SBMP but also
surrounding terrestrial areas and the islands of the bay, these areas are subject to the Shark
Bay Terrestrial Reserves and Proposed Reserve Additions Management Plan31. Any aquaculture
operation will require at least some shore-based facilities, with the extent of these facilities
depending on the chosen method of operations.
While there are obvious benefits to siting shore-side facilities close to the on-water farming
operations, the large areas set aside for terrestrial reserves may complicate this, posing some
degree of commercial impost.
In particular, the closest land mass for each proposed site – Dirk Hartog and Bernier Islands are protected, Dirk Hartog as a national park and Bernier Island as a nature reserve. As such it
is unlikely that shore—based facilities will be permitted in either case, with the Management
Plan specifically restricting land-based aquaculture operations to areas outside the gazetted
reserves.
Aquaculture operations at either site are therefore likely to need to be served from regional
centres outside the SBMP or associated terrestrial reserves. For both sites this would involve a
roughly 80km round trip – Site 1 is 36km away from the closest township, Carnarvon, while Site
2 is 42km from Denham. As such, neither site offers a clear advantage from a land-base
perspective.

megafaunal benthic communities in different habitats after trawling disturbance. ICES Journal
of Marine Science 55: 353-361
31
(2012) Management Plan No.75, Department of Conservation and Land
Management/National
Parks
and
Nature
Conservation
Authority,
available
www.dpaw.wa.gov.au
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3.3.8.

Minerals and resources tenements

The majority of Zone 1 is free from mining and resources exploitation (unsurprisingly given its
heritage status), and no current exploitation or exploration licenses are in place over either
site.

3.4.

Zone 2: Onslow

Located between latitudes approximately -21.18 and -21.47, Zone 2 includes two sites. Site 1
lies to the north-east of Thevenard Island, while Site 2 lies just south of the Murion Islands. These
zones are illustrated in Figure 6 below.

F IGURE 6 – SITES WITHIN ZONE 2: ONSLOW (IMAGE ORIENTATION NE - SW)
The significant features of Zone 2 are the large number of resources projects either operating
in the area or currently under exploration/development (see below at section 3.4.7), and the
frequent extreme weather events in the region.
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3.4.1.

Geography and location

Zone 2 contains two potential sites.

Site 1 – Thevenard Island
Site 1 is located roughly 7km north-west of Thevenard Island and 32km north-west of Onlsow. It
is a roughly rectangular site, with dimensions of13.6km X 7.1km and a total area of 8,556ha.
The depth of waters at the site is approximately 15m.

Site 2 – South Murion Island
Site 2 is located 26km north-east of the town of Exmouth, and approximately 2.7km due south
of South Murion Island. It is a circular site with a diameter of approximately 2.5km and a total
area of 572ha. Water depth at the site is approximately 20m.
Anecdotally, a finfish aquaculture operation requires at least 800ha of total area to achieve
adequate economies of scale, including teh necessary area to moor work or feed barges and
carry out routine farming operations. As such, this site is likely to be too small for a finfish
aquaculture operation.

3.4.2.

Temperature Profile

Zone 2 is characterised by highly variable water temperatures, with a range of over 13
degrees. Average water temperatures are between 20-29 degrees, but vary from year to year
due to a range of factors, most notably the strength of the Leeuwin Current. Minima range
from 17.0 to 29.7 and maxima range from 21.0 to 30.2. Seasonal averages are 22.83 in spring
(Sep-Nov), 28.3 in summer (Dec-Feb), 26.3 in autumn (Mar-May), and 19.9 in winter (Jun-Aug)32.
Sea surface temperature data for the region derived from satellite observances 33
approximately corresponds with this temperature range.
Anecdotally, deep water sites will accord with the observances above, while coastal sites will
be 1-2 degrees warmer during all months. For the purposes of this high-level analysis, it is
assumed that the temperature range for both sites is 20-29 degrees.

3.4.3.

Salinity Profile

In the midst of the Leeuwin Current, Zone 2 is characterised by a slightly lower level of salinity
than is normal for seawater. For example, although varying slightly with changes to the current,
salinity was approximately 34.8ppt for the period 2011-201334. Extreme weather events can also
have a significant impact on water salinity (see below at 3.4.5).

Anon, Exmouth Gulf, in Regional Oceanography – Coastal Ocean Temperatures off WA,
CSIRO Marine Research division, available www.marine.csiro.au
33 See eg IMOS – Integrated Marine Observing System, available https://imos.adon.org.au
34
Anon, Salinity, Carbon, Alkalinity, Oxygen and Nutrients dataset, available
http://imos.aodn.org.au
32
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3.4.4.

pH

The prevailing pH throughout Zone 2 is approximately 8 35, with no significant changes observed
throughout the region. Strong flow from the Leeuwin Current stabilises pH, keeping levels
generally steady year round.

3.4.5.

Other metocean – rainfall and extreme weather events

Zone 2 sits on the boundary of the North Cast/Gascyone Coast bioregions. Rainfall in the region
is extremely low, creating minimal runoff 36. Of more concern is the regularity with which
extreme weather events occur in the region.
As discussed in Section 3.2, the entire coastline that is the subject of this study is highly prone
to tropical cyclones and related adverse weather conditions. Onslow is considered to be the
most ‘cyclone-prone’ area of the Western Australian coast, with on average one tropical
cyclone affecting the town every two years37. Further, as the Onslow coastline is low-lying and
extremely susceptible to flooding, even those cyclones which do not make landfall typically
have a significant impact on the region38. Typically, cyclones affecting Onslow form over
warmer ocean waters to the north and flow south-west down the coastline. Those that do
make landfall tend to do so slightly to the north of Onslow and then stay close to the coastline
as they proceed southward. As a result, both sites in Region 2 are located within the most likely
pathway for potential tropical cyclones39.

3.4.6.

Existing uses of the Marine Estate

Natural environment
Unlike Zone 1, Zone 2 does not contain any declared marine parks or other wildlife
conservation areas. While some threatened species do occur in the general area, such as
dugongs, sea turtles and sea snakes, and some parts of the coastline exhibit at-risk ecological
communities including mangroves, neither site appears to be within an area of specific
concern40.
Native title claims are able to be prosecuted over much of the area, with potential native title
extinguished by land grants. However, Site 2 falls within the Gnulli People’s Application.

Terrestrial environment
Unlike Zone 1, both proposed sites in Zone 2 are within an approximately 30km radius of a major
township, either Onslow or Exmouth, and as such it is likely that any shore-based facilities could
be situated within a townsite. However, as noted above, extreme weather events are
At assumed average of 27 degrees – derived from Salinity, Carbon etc, ibid.
Brunskill, G.J. et al (2001) Geochemistry and particle size of surface sediments of Exmouth
Gulf, Northwest Shelf, Australia. Continental Shelf Research 21(2): 157-201 ; Penn, J.W., Caputi,
N. (1986) Spawning stock-recruitment relationships and environmental influences on the brown
tiger prawn (Penaeus esculentus) fishery in Exmouth Gulf, Western Australia. Australian Journal
of Marine and Freshwater Research 37: 491-505
37 Tropical cyclones affecting Onslow, Bureau of Meteorology, available www.bom.gov.au
38 2015-2016 Australian tropical season outlook, Bureau of Meteorology, available
www.bom.gov.au
39 Tropical cyclones affecting Onslow, op cit
40 See eg Priority Ecological Communities for Western Australia (ver.23), Department of Parks
and Wildlife, available www.dpaw.wa.gov.au
35
36
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common occurrences, and therefore any shore-based infrastructure would require significant
storm-proofing and to be tolerant of storm surges and potential flooding, imposing additional
capital requirements.
While this high-level summary is not intended to provide a complete business plan pathway,
there may be some difficulties with land zoning and development within the Onslow townsite,
complicating the potential use of Site 1. Of approximately 600ha of land zoned for industrial
use within the townsite, almost all is utilised. The Shire of Ashburton is broadly supportive of
additional industry within the town, however the current Onslow Townsite Strategy sees more
of the Onslow townsite transition back to rural land, with major developments taking up land
at the new Ashburton North Strategic Industrial Area (ANSIA) south-west of the townsite41.
Further, the WA Planning Commission notes that much of the land within the Onslow townsite
is locked up in planning, heritage and environmental disputes and so is not immediately
available for use42.

Existing commercial operations
The major commercial operations of note within Zone 2 include the Onslow Salt Project and
the prawn fishery.
Shark Bay Salt - Onslow
Shark Bay Salt also operates a solar salt operation at Onslow (see above at 3.3.6). Operating
since the 1990s and wholly owned by Mitsui Ltd since 2006, the Onslow site produces
approximately 2.5 million tonnes of salt per annum, with berthing facilities for 50,000 tonne ships.
As such, the potential biosecurity issues identified above are also relevant to Zone 2. As the
prevailing current flows southwards and westwards along the coastline, Site 1 is unlikely to be
at any significant risk, however Site 2 may be more susceptible to potential introduced
pathogens.
Onslow prawn fishery
Commercial prawn trawling operations have operated continuously since the 1960s in the
Exmouth Gulf and off the coast at Onslow. As with the Shark Bay prawn fishery, prawning is
heavily regulated as a result of stock depletion concerns since the 1980s. The main species
targeted are the western king prawn, banana prawn and brown tiger prawn, but unlike the
Shark Bay fishery no significant limits are imposed on bycatch, and as a result other species
taken include crayfish, swimmer crabs, some finfish species and other invertebrates and
bivalves, including scallops.
Site 1 falls within the licensed prawn fishery area 43. As a less protected area of the fishery the
only significant operational restrictions are a limit on the maximum size of trawl permitted (total
headrope length 29.27m). However, the current state of the prawn fishery in the permitted
area appears to be completely defunct, with the Fisheries Department reporting negligible

Onslow – Regional HotSpots Land Supply Update (2011), Western Australian Planning
Commissions/Department of Planning.
42 Ibid
43 Onslow Prawn Limited Entry Fishery Notice 1991 (Notice no.477) made pursuant to Fisheries
Act 1905 (WA)
41
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catch levels since 201444. As a result, there does not appear to be any significant prospect of
commercial prawning operations having an impact upon either site.

3.4.7.

Competing uses – resources projects and exploration

As noted above, Zone 2 is chiefly characterised by the extensive oil and gas operations in the
region, principally Chevron’s Wheatstone, Barrow Island and Gorgon LNG projects, BHP’s
Macedon processing plant, as well as maritime activities associated with the new industrial
zone of the Ashburton North Strategic Industrial Area.
While neither Site 1 nor Site 2 intersect with any existing resources projects, the presence of
significant industrial operations in the waters near both presents some risks that will need to be
managed.

Biosecurity and fish health
Most obviously, the presence of large numbers of oil and gas projects pose the risk of a
catastrophic oil spill or other large-scale environmental incident. Whilst highly unlikely, should
such an event occur it could result in an extended period of denial of access to the site, fish
health issues, mortalities and/or market challenges.
Additionally, the higher frequency of international shipping traffic in the region presents the risk
of introduced pathogens. The risk of such an event is higher for Zone 2 than for Zone 1, with a
greater volume of shipping in closer proximity to the proposed sites.

Thevenard Island decommissioning
Several offshore fields – Saladin, Crest, Cowle, Yammadery, Roller and Skate - jointly operated
by Chevron, Santos, and ExxonMobil and located close to Sites 1 and 2 ceased production in
2014. Having unsuccessfully tried to sell the facilities, Chevron and partners are now proposing
to decommission the 22 offshore platforms and shore-based facilities on Thevenard Island,
including storage tanks, tanker loading terminal and seafloor and subsea pipelines 45. As a
result, significant works are expected to be carried out on the island and in the surrounding
area, involving jack up rigs, construction vessels with crane, and movable workover rig, and to
continue for approximately two years46.
During this period the risk of any environmental contamination, spill or leak is heightened, and
the works themselves carry a risk of altering water quality through seafloor disturbance or
polluting events. There exists a slight possibility that proposed Site 2, located to the north-west
of Thevenard Island, may see some works disruption and traffic complicating any marine finfish
operation in the area.

3.5.

Summary and site assessment

A RANGE OF DIFFERENT FACTORS NEED TO BE CONSIDERED IN SELECTING THE SITE WITH THE BEST PROSPECTS FOR
A POTENTIAL AQUACULTURE OPERATION , DESCRIBED ABOVE AND SUMMARISED IN

Anon, Commercial Fishing Management, North Coast Bioregion – Onslow prawn, available
www.fish.wa.gov.au
45 Wilkinson, R. (2015) Chevron group plans decommissioning of Thevenard Island facilities.
Published April 16 2015, Oil and Gas Journal.
46 Ibid
44
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Table 6 below. In short, of the proposed sites it seems Site 1 in Zone 1 is likely the best option.

Biophysical

Other metocean

Environment

Other uses

Zone 1
-

Site 1

21-24˚ C/35ppt/8.1 pH

Some risk of
choppy seas, high
winds.

Within WHA but not
within SBMP.

Native title claims,
site within area
regularly fished for
prawns and scallops.

-

Site 2

22-26˚ C/39ppt/8.1 pH

Some risk of
choppy seas, high
winds.

Within WHA and
SBMP, adjacent to
SPSZ, farming ops
problematic to
conserve. purposes.

Native title claims,
site within area
regularly fished for
prawns and scallops.

Zone 2
-

Site 1

20-29˚ C/34ppt/8.0 pH

High cyclone risk.

No significant
concerns.

Area open to
prawning but no
current ops.
Background risk of
env. contam. from
resources projects.

-

Site 2

20-29˚ C/34ppt/8.0 pH.
Site too small for finfish
aquaculture.

High cyclone risk.

Seasonal influx of
fresh water.

Area open to
prawning but no
current ops.
Background risk of
env. contam. from
resources projects.

TABLE 6 – SITE SELECTION SUMMARY MATRIX
On this basis, Site 1 – Bernier Island, in Zone 1 and illustrated below in Figure 7, has been selected
as the most likely potential aquaculture site.
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F IGURE 7 – Z ONE 1: SITE 1 – B ERNIER I SLAND
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4.

Operating cycle

4.1.

Overview

The operating cycle of a finfish aquaculture operation is well established, having been refined
by decades of industry practice. A generic finfish sea cage operation involves the following
key production phases:


Fingerling acquisition
Juvenile fish are either sourced from the wild, produced in a proprietary hatchery or
acquired from a third party operated hatchery. As per the terms of reference, it is
assumed in the modelling that is the subject of this study that fingerlings of the chosen
species will be acquired from a commercial hatchery.



Nursery
In most cases, fingerlings produced from a hatchery are too small, are not adequately
biologically robust to survive in a sea-cage environment and/or will not be able to
source the nutrients they require from a sea cage environment. As such, fingerlings
generally spend time in a tank-based nursery environment prior to being transferred to
a grow-out facility.



Grow-out
Fingerlings are introduced to sea cages at minimum viable size. Grow-out periods vary
depending on the species and final desired market size, however are rarely less than
12 months.



Harvest
Fish are progressively harvested from the cages over a period of some months. This
includes:
o Grading operations to harvest fast growing individuals as soon as desired
market weight is reached, and
o

4.2.

Stock thinning, to improve biosecurity, maintain optimum stocking density and
reduce the chances of a mass mortality event destroying an entire production
run.

Nursery and juvenile development

AS noted above, no commercial fingering supply for any of the three representative finfish
species the subject of this study currently exists.
Typically, hatchery fingerlings of marine finfish species are supplied at between 1 and 5 grams
(2-3cm total length), and fingerlings are considered fit to be put to sea in general production
at between 8 and 15 grams47 (5-10cm total length). As such, a nursery process will be required
to raise fingerlings for between 3 and 14g/2 and 8cm of growth. For purely marine species with
no fresh- or brackish-water tolerance, this process typically occurs in shore-based nursery
holding tanks.

47

Fielder,D.S., Heasman, M.P. (2011) Hatchery Manual for the production of Australian Bass, Mulloway
and Yellowtail Kingfish. Published Industry & Investment NSW; Partridge, G. et al (2003) Hatchery Manual
for the Production of Snapper (Pagrus auratus) and Black Bream (Acanthopagrus butcheri). Published
South Metropolitan College of TAFE Aquaculture Development Unit.
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4.2.1.

Shore-based facilities

Obviously, the design of any nursery system will depend on the type of fish ultimately stocked
into it. Strongly cannibalistic species such as Yellowfin Tuna will require lower stocking densities
and more frequent grading, while fast-maturing and highly active species like Mahi Mahi will
require larger tanks with measures designed to reduce wall strikes.
Importantly, it is assumed that any fingerlings received from hatchery will be weaned onto
either small trash fish or pellet feed, in accordance with general practice. If this is not the case,
extensive algal and rotifer cultivation areas will be required to ensure a continual supply of
food to pre-weaned fingerlings, increasing capital and ongoing costs greatly.
D-ended nursery tanks, illustrated in Figure 848 below, are usually constructed of fibreglass or
sometimes poured concrete. Dimensions vary, but typically are approximately 12-13 cubic
metres, and usually around 1 metre deep. Tanks are usually installed inside warehouses, with
some species (typically those usually found lower in the water column) benefitting from shade
cloth being fitted over the tanks to reduce light input. As fingerlings are usually still developing
adult feeding behaviours, tank walls are typically dark in colour to assist in resolving food
against the water current, while tank bottoms are usually light-coloured to assist staff in spotting
deceased or stressed individuals and assessing the need for tank cleaning49.

F IGURE 8– D-END TANKS WITH CENTRAL MONITOR AND AUTOMATIC FEEDER ( TOP ), DIAGRAMMATIC
REPRESENTATION ( BOTTOM)

48
49

Top image credit UN FAO Aquacultural photo library.
Fielder; Partridge; Hatchery Manuals, op cit
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For particularly active species, an oxygen aerator may be required. The constantly circulating
current encourages high activity and growth rates in the stocked fingerlings, while the central
partition ensures that there are no ‘dead spots’ of low current flow, which have the potential
to become anoxic and contribute to slow growth or fingerling mortality. Further, the tank is to
a large extent self-cleaning, as waste products will be pushed to the sides and may be easily
removed with a minimum of disturbance to the stocked fish. To reduce labour inputs, an
automatic feeder is usually fitted to the tank, programmed to distribute either pellet food or
pre-chopped trash fish at regular intervals, typically around every 15 minutes. The feeder is
usually stocked with no more than 80 to 85 percent of the day’s rations of food, with the
remainder hand-fed by an attendant to allow fish feeding behaviour to be gauged.
Water input is generally drawn from ocean intakes, which requires careful site selection to
ensure the high water standards required. Usually some intake filtration will be deployed to
minimise biosecurity risks, with UV and particulate filtering. In some cases fully recirculating
systems may be deployed where local water conditions are sub-optimal or where the nursery
is sited at some distance from the lease area, which has the advantage of ensuring optimum
water conditions but carries very high ongoing costs and power requirements. More complex
systems will also carry greater technical skills requirements, increasing staffing costs.
The length of time fingerlings will need to be nurseried for will depend on the species and the
total growth required. In general, nursery periods of around 30 to 45 days would be expected.

4.3.

Grow-out

Once fingerlings have attained a suitable size they may be put to sea in sea cages, where
they will remain until harvest.

4.3.1.

Sea cages

Sea cages, illustrated below in Figure 950 are available in a range of sizes, shapes and designs
to suit particular fish species. Typically, cages suitable for marine finfish operations of
commercial scale will be circular in design between 60-120m in diameter, and are moored,
anchored or otherwise secured to the sea floor. Depth of cage will vary depending on species
and the ocean environment, however most installations will aim to have at least 2 metres of
clearance between the bottom of the cage and the sea floor.

50

UN FAO Aquacultural photo library.
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F IGURE 9 – S MALL SPECIES SEA CAGES
Generally, start-up aquaculture operations will commence operations with smaller cages of
between 40-60 metres diameter, 10 metres depth, transitioning to larger sea cages as
operations scale up and become cashflow positive. Larger cages may still be served by a
single employee on a single feed boat, and therefore productivity per employee improves.
However, they carry significantly greater capital costs, making it uneconomic for small farms.
Smaller cages will therefore have a total capacity of between 12,000 and 28,000 cubic metres,
while larger cages may have a capacity of up to 115,000 m3 at a constant 10m of depth. The
number of fish to be stocked will depend on the species, however may be derived from the
desired size at harvest combined with the species-specific optimum stocking density above.
As an example, yellowfin tuna have an optimal stocking density of no more than 4kg per cubic
metre. For a 40m diameter sea cage, with assumed internal volume of 12,000 m3, this gives a
maximum biomass of 48,000 kg, or 48 tonnes. At a desired size at harvest of say 5kg, this gives
a total maximum stocking number of 9,600 individuals. The same cage stocked with amberjack
would be able to hold double that at 19,200 individuals, assuming the same desired market
weight.
Given the wide range of possible species, any commercial operator will need to consider
carefully the optimum cage size and number to best suit their market strategy. Further, the
operations strategy and desired tempo will also inform the size and number of sea cages.

4.3.2.

Grow-out process and fish husbandry

As noted above, the specific operational profile and tempo of a fish farm will depend greatly
on the species being grown. However, some broad generalisations may be made.
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Daily feeding
The daily operational requirements for a fish farm are primarily stock feeding, which occurs
usually twice daily. Employees rostered on will generally sleep on a combined
accommodation and food storage barge, unless the farming operation is located close to
shore, from which food is transferred to a feed/work boat. The barge will also usually host a
generator and solar panels to provide power to food fridges, work lights or other on-farm
machinery. Depending on the size of the cages, feed is introduced either by hand or by
blower, usually twice daily but varying by species.
In operations of very large scale using dry feed pneumatic feed delivery systems may be used,
allowing further labour input savings. Feedlines from a central hopper allow pellet food to be
introduced to cages as and when required, without the need for a work boat, and may even
be automated to reduce labour requirements even further. However, such systems are
generally unsuitable for live or moist pellet feeds, and carry a significant capital cost.

Husbandry practices
Finfish health practices include periodic chemical dosing to control a wide range of common
parasitic organisms prevalent amongst fish, and, where required by particular species, more
specific measures such as freshwater bathing in salmon farming.
Aquaculture operations are rarely totally disease-free, and as stock cannot be separated from
the general water table quarantine measures are rarely effective. Further, the high
concentration of stock, far above what would occur in all but the densest fish schools, means
that diseases and parasites may rapidly spread through the population. As such, operations
generally target a threshold level of parasitism and disease-causing organisms, aiming to keep
stock as healthy as possible while acknowledging that a certain amount of disease-related
mortality is inevitable.
Operational practices are, as above, species-dependent, but will therefore usually include
monthly or bi-monthly in-cage chemical dosing, combined with detailed observational
practices informing more specific interventions as and when required.
In addition to regular dosing, general cleanliness of on-water hardware and cages can
contribute significantly to lowering disease and mortality rates. As with any object suspended
in the water column, sea cages are prone to biological fouling. Cages used for high-energy
apex predator species are particularly prone to fouling due to the high nutrient loads
introduced to the water from required high volume feed inputs and corresponding excreta.
High levels of fouling can become a significant commercial impost through reduced water
flow, depleted oxygen levels, high levels of ammonia, nitrate and nitrates, all of which reduce
fish activity (and therefore growth rates) and are a major cause of mortality events.
Offshore blue-water sites are less prone to fouling, but during spring and summer in times of
higher temperatures can still become completely clogged by algae, hydroids, shellfish and
other fouling organisms in as little as four weeks51. Traditionally biofouling was controlled by
fouling-retardant net mesh, typically doped with high levels of copper and then painted with
biological control agents, and regular net cleaning by divers, which required personnel with a
high degree of technical expertise and attracted significant labour costs. In particularly large
Anon (2006) In-situ net cleaning system in aquaculture: FP6-SME 32788, for European Union
Community
Research
and
Development
Information
Service.
Available
http://cordis.europa.eu
51
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operations the use of divers could become uneconomic, requiring shore-based facilities for
net washing and cleaning. Further, the environmental impact of biological retardants used
were often considered high.
More recent developments in aquaculture technology have seen the use of automatic
submersible net cleaners, which may be operated by remote from work boats. Using usually a
combination of high-pressure jets and manual scrubbers, such cleaners are significantly faster
than divers, capable of cleaning 2-3,000 square metres of netting per hour. While capital costs
are high, the savings on labour inputs allows for a more regular schedule of cage cleaning,
promoting fish health and growth.

Grading and progressive harvesting
In any farming operation, some individuals will exhibit faster growth rates than others. In a highdensity aquaculture operation, where a chance always exists of a total mortality event, it is
often desirable to harvest stock at the earliest opportunity resulting in a practice of progressive
harvesting. Further, the maximum biomass capacity of a sea cage imposes limits on the
number of individuals of a certain size. As such, progressive harvesting will allow the remaining
stock to attain a larger size, meaning the profit per individual fish harvested increases over time
while food inputs remain constant.
Grading is usually accomplished through a combination of direct observation, both from divers
and surface personnel on work boats, combined with regular stock sampling. Stock may be
either netted (using hand-nets or purse-seins), or line-fished to accomplish this. Sampling
frequency will vary across species and operations, reflecting the degree of confidence
operators have in their underlying growth assumptions and the observations of farm workers.

4.4.

Harvesting

As above, harvesting of finfish tends to be progressive over several months, but will be informed
by the market at that particular time as to different desired stock weights and purpose (retail
fishmongery, banquet fish, export, etc). While variable by species, generally the fastest growth
of fish species occurs during the first year of life. Market prices differ by species but in general
terms, price per kg tends to see steady increases at the lower end of the scale, but tips over
into diminishing returns at higher weights. Therefore, for aquaculture operations of scale it is
usually more efficient to harvest stock as soon as possible after reaping the benefits of their
initial growth spurt. Harvest cycles accordingly tend to be yearly, with progressive harvesting
commencing at about 10 months and final stock harvest no later than 14-15 months.

Harvest method
The exact method of harvesting will depend on the species of fish and the size at which they
are to be harvested. Usual methods range from cinching the netting tight and pulling it to the
surface with a barge-mounted crane, inserting dividers into the cage and then decreasing
those section until fish are penned, purse-seining, hand-netting and in some cases electrofishing. With particularly large specimens such as tuna, fish may be crowded into a smaller area
of the cage and hand-caught by professional divers, as illustrated below in Figure 1052 below

52

UN FAO Aquacultural photo library
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F IGURE 10 – FISH HARVESTING
Once out of the water, high-value fish are usually graded to determine whether they are
suitable for market. Unlike low-value mass-market farmed fish species, the profit attainable per
individual usually militates against discarding below-size individuals as a consequence of
indiscriminate harvesting techniques. Figure 11 below illustrates the process of manual stock
transfer.

F IGURE 11 – MANUAL STOCK TRANSFER
Depending on fish size, species and harvest volume, grading may be achieved by handmeasuring against yardsticks, weighing measured numbers of individuals or automatic sorters
and graders mounted on work boats. Significant capital investments may be required at this
stage to achieve efficient harvesting, while other operations rely on seasonal intakes of
labourers to assist over harvest time.
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Once on the boat and sorted, harvest practices differ by market preference. Typically, large
finfish in Australia are sold bled and HOG (‘Head-on gutted’). This processing may take place
either on-water or back at shore, depending on location and operator preference, however
disposal of fish blood and guts is typically easier offshore (environmental restrictions allowing).
Further, optimum meat condition is attained by bleeding and gutting fish as soon as possible
after harvest.
Fish are therefore usually stunned by a percussive strike to the head, bled through the gills or
the ventral zone, then gutted and immediately iced before being transferred to shore. Onshore activities will depend on the species and market preference, but usually operators will
tend to store fish product for as little time as possible before on-selling or handing off to
distributors.
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5.

Economic Assessment

The modelling contained in this Section is designed to provide a preliminary assessment as to
the likely economic viability of marine finfish farming in the Pilbara-Gascoyne Region based on
the following production parameters:



An operation progressively scaling to production of 10,000 tonne of marine finfish per
annum; and
An operation progressively scaling to production of 25,000 tonne of marine finfish per
annum.

It should be noted that particularly the production of 25,000 tonnes per annum is a very large
scale of operation. For example, in 2015, the largest aquaculture company in Australia, Huon
Aquaculture Group, produced a total of 16,500 tonnes of Atlantic Salmon from multiple
operations in Tasmania. Furthermore, Atlantic Salmon is a species for which there is
considerable global experience, and even in this context it took Huon 17 years to reach this
level of total production from multiple independent operations. As such, the notion that
productions volumes approaching 25,000 tonne could be reached by a single operation
based on an unknown species at a site that is exposed to the metocean risk associated with
the Pilbara-Gascoyne Region within the timeframe suggested by the modelling in this section
is unrealistically ambitious, if not fanciful.
It also needs to be stressed that because marine finfish models are sensitive to so many
economic and natural variables, they are notoriously unreliable when those variables are
characterised by significant uncertainty, as is the case in this modelling exercise.
The site on which the modelling is based is that which has been identified as the preferred site
in Section 3.5 above, being just off the northeast coast of Bernier Island, approximately 36.5
kilometres steaming distance from Carnarvon.
The initial project Terms of Reference required the financial modelling to be based on Yellowfin
tuna production. However, as discussed in 2.1.4 of this paper, there are significant, quite
possibly insurmountable, challenges to producing Yellowfin tuna fingerlings using hatchery
technology, and in light of the somewhat unique agribusiness characteristics associated with
Yellowfin tuna, it was decided that this was not a suitable species to base the modelling on.
While Mahi Mahi can be produced in a hatchery environment, its aggressive nature renders it
problematic in grow-out systems.
Of the three species assessed, it would appear that the greatest confidence can be placed
in hatchery production and grow-out of Greater Amberjack, given its aquaculture history in
the Mediterranean and current production in Asia. This species also arguably demonstrates
the most attractive market dynamics (see the Marketing Study), albeit it is difficult to envisage
how the Pilbara-Gascoyne Region would be competitive from an agribusiness or market
perspective in the production of Greater Amberjack.
While there is some historical and contemporary aquaculture production of Amberjack
species, there is limited information pertaining to its production parameters available in the
public domain. Obviously there is no such information pertaining to the production of the
species in an operating environment similar to that being assessed by this study.
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As such, it was agreed with the client that the economic modelling would be based on a
‘generic’ finfish species, demonstrating production characteristics similar to the Greater
Amberjack. This will at least provide some basis on which a generic assessment of the
economic viability of marine finfish farming in the Pilbara-Gascoyne Region can be based.
Other contextual assumptions that underpin the modelling are as follows:







Capital equipment and process design is based on what has been determined, where
possible, to be the minimum level of engineering and operating systems specification
that will be required to withstand metocean conditions that are characteristic of the
region;
The enterprise is transparent to the extent that all key costs are truly accounted for;
It is assumed that the project is able to access an adequate area of quay-line at
Carnarvon Boat Harbour, as well as adequate industrial land directly adjacent to that
area of quay line;
And it is assumed that as a result of the environmental sensitivity of Bernier Island the
operation will not be able to establish a land base on Bernier Island.

The model is designed to test the sensitivity of the financial viability of the operation to all major
variables in a marine finfish farm. The level of materiality in the model is appropriate given the
nature of this study (a preliminary assessment based on a hypothetical operation) and
assumptions pertaining to specific variables have, where possible, been validated to an extent
that is reasonable given the nature of the study.
The outputs of the modelling in this draft of the study report represent the base case. It is
expected that once the draft has been reviewed, the partners in the project will provide a list
of variables they would like the sensitivity of the model tested against.

5.1.

Economic Viability of a 10,000 Tonne per Annum
Finfish Operation

5.1.1.

Model Assumptions

Pre-project Development Costs
Because it is assumed that the project has access to adequate shore-side quay-line and
adjacent light industrial zoned land, potential costs associated with civil, jetty and other
project headworks have not been provided for in the model.
The main pre-development costs associated with the project are studies and trials that are
required for various regulatory approvals and licenses, and to inform a final investment
decision by the project proponent (i.e. commercial feasibility studies). Given, the dynamic
nature of the ocean environment in the region, the close proximity of sensitive ecosystems and
the high input nature of the proposed operations, it is likely that environmental approvals
processes will be rigorous, requiring significant investment in monitoring and studies to support
proponent submissions required by the application processes.
Because the production site is offshore and the shore-side operations will be on land that is
already zoned for light industrial use, it is assumed that Aboriginal heritage surveys will not be
required.
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Pre-Project Development Studies
Prior to attaining regulatory approval for, as well as investor confidence in the project, the
following studies will likely be required:


Metocean Study
A detailed understanding of the metocean conditions that can be expected at the
site is required to determine design specifications for marine production infrastructure,
the likely impact that metocean conditions might have on livestock performance and
the likely impact the production systems might have on the local marine ecology. This
will be based on secondary data in the first instance and will almost certainly require
the acquisition of some primary data by installing metocean monitoring equipment at
the site.



Water Quality Study
A detailed understanding of the variation in water quality that can be expected at the
site is required to determine the likely impact of water quality on livestock performance
and vis-a-versa. This will be based on secondary data in the first instance and will almost
certainly require the acquisition of some primary data by installing water quality
measurement equipment at the site. It will be important to understand the impact of
the rapid introduction of large volumes of freshwater to the site and benthic
disturbance associated with tropical cyclone activity on water quality.



Environmental Studies and Surveys
A literature review and biodiversity surveys will be required to identify marine and
biodiversity in and around the project area and to understand ecosystems that will be
affected by the project by virtue of their connectivity with the project site. This will
inform the Environmental Impact Assessment necessary to support project approvals,
as well the environmental management and monitoring conditions that will be
associated with any approval from the Environmental Protection Authority.



Commercial Trials
A small scale marine finfish production system will need to be established at the site to
demonstrate the technical feasibility of growing the specific species at the site, to
provide data for environmental studies and to inform the commercial feasibility studies
as to key economic variables such as grow-out time and operational procedures. This
will likely take the form initially of a single, small cage operation, scaling to several
cages in the second year.



Commercial Feasibility Studies
Prior to committing a significant investment in the abovementioned studies, a project
specific pre-feasibility study will be undertaken to a degree of materiality that is
designed to identify sensitivity to key variables, as well as any critical threats to the
financial viability of the specific project. The purpose of the pre-feasibility study is to
inform a decision to commit the investment necessary to progress the studies. Once
the abovementioned studies are adequately progressed, a ‘bankable’ feasibility study
will be required to inform a final investment decision on the project and to underpin
any external equity or debt financing that might be required.

Given the scale of the operation, the dynamic ocean environment and the environmental
sensitivity of the region, it is likely that the abovementioned studies and trials will require a
significantly longer period than that which has been assumed in this base case model.
Furthermore, it is not possible to predict the likely cost associated with these studies and trials
with any degree of confidence based on the knowledge at hand.
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Project Approvals and Licensing
A number of regulatory approvals and licenses from State Government agencies, as well as
most likely the local government, will be required to give effect to the project. These approvals
will require the proponents to make prescribed submissions to these agencies that are
informed by the aforementioned studies. At the very least, the project will require approval
from the Environmental Protection Authority, and the issue of an aquaculture license and lease
from the Department of Fisheries.
Table 7 below summarises the assumptions pertaining to the pre-project development costs.
Pre-project Development Cost

Assumption

Basis of Assumption

Studies
Metocean study

$500,000

Estimate

Water quality study

$150,000

Estimate

Environmental surveys

$750,000

Estimate

$2,500,000

Estimate

Pre-feasibility study

$80,000

Estimate

Feasibility study

$150,000

Estimate

Commercial trials

Sub-total Studies

$4,130,000
Project Approvals and Licensing

Environmental Protection Authority

$100,000

Estimate

Local Government

$50,000

Estimate

Aquaculture Lease Application

$2,000

Department of Fisheries

$500

Department of Fisheries

Aquaculture License Application
Sub-total Approvals and Licensing
TOTAL

$152,500
$4,282,500

TABLE 7 – 10,000 TONNE MODEL PRE PROJECT DEVELOPMENT COST ASSUMPTIONS
As illustrated in Figure 12 below, it is anticipated that all costs associated with studies,
approvals, aquaculture licenses and leases will be incurred in the first two years. This is most
likely a very optimistic assumption.
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$3,000,000
$2,500,000
$2,000,000
$1,500,000
$1,000,000
$500,000
$-

Studies

Approvals

License and Lease Applications

F IGURE 12 – 10,000 T ONNE M ODEL – S TUDY , APPROVALS , LICENSE AND L EASE APPLICATION C OSTS

Buildings and Equipment
The model assumes that the project operates from a site at the Carnarvon Boat Harbour that
includes 800 square metres of quay-line area and an adjacent 1,200 square metre light
industrial site. The model assumes that these lands are leased and that the project invests in
the construction of shore-side infrastructure that is adequate to support the operation.
Buildings and Equipment
The model assumes that the project will construct a storage and workshop shed, nursery shed,
office and cool room on the site, as well as incur the cost of the fit-out of these facilities. It is
also assumed that the facilities will be connected to the electricity grid and supported by a
back-up diesel generator. They will also be connected to water mains. All buildings are
constructed to a standard to withstand cyclone related weather conditions.
Cargo Handling Equipment
The model assumes that the following cargo handling equipment will be required to support
onshore operations:





Crane truck for loading and unloading equipment, feed, and fish to and from the
service vessels;
Forklift for moving bins and pallet cargo around the site;
General purpose utility vehicle;
Refrigerated truck for delivering product to market.

Fish Handling and Feeding Equipment
It is assumed that a fish processing table and bulk bin system is installed on site and that
pneumatic fish feeders and euthanasia equipment are installed on each of the operating
vessels.
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Operating Vessel
The model assumes that the operations are supported by two service vessels in the form of
used ~50 foot ex-cray fishing vessels. While it is feasible that the operation could be supported
by a single vessel, for purposes of improved operational efficiency and redundancy, the use
of two vessels is deemed a better option.
Other Equipment
A provision has been made in the model for workshop tools.
Table 8 below summarises the model assumptions pertaining to buildings and equipment.

Cost Item

Assumption

Basis of Assumption

Buildings
Concrete slabs

$220,000

2,000 square metres at $110 per square
metre

Storage and workshop shed

$100,000

Shed's Online (864 square metres by 6
metres
high
colourbond)
http://www.shedsonline.com.au/ - NB
quote based on n2 wind rating, but
needs to be c3.

Nursery shed

$100,000

Estimate

Office

$25,000

Estimate

Cool room

$50,000

Estimate

Grid Connection

$2,000

Estimate

Fit-out

$15,000

Estimate

Sub-total Buildings

$512,000
Cargo Handling Equipment

Crane Truck

$80,900

2016 Fuso 815 Canter with crane
(http://www.constructionsales.com.au

Forklift

$10,000

Toyota
Electric
2.5
(http://www.purchasing.com

Utility Vehicle

$41,490

Toyota Hilux 4X4 SR 2 Single-cab Trayback (http://www.caradvice.com.au

Refrigerated Truck

$74,995

2016 Hino 616 Auto Scully RSV 2 tonne
(http://www.trucksales.com.au/

Sub-total
Equipment

Cargo

Handling

$207,385
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Cost Item

Assumption

Basis of Assumption

Fish Handling and Feeding Equipment
Pneumatic feeders

$12,000

Estimate

Euthanasia equipment

$5,000

Estimate

Fish processing table

$1,000

Estimate

Bulk bins

$3,000

Estimate

Sub-total Fish Handling
Feeding Equipment

and

$21,000

Other Equipment
Workshop Tools
Work boats

Back-up generator

$10,000
$1,200,000

$11,900

Sub-total Other Equipment

$1,221,900

Total Building and Equipment
Cost

$1,962,285

Estimate
Approximate average price of $600,000
(www.boatsonline.com.au)
Genesys Prime Generator - 50KVA

TABLE 8 – 10,000 TONNE MODEL – BUILDINGS AND EQUIPMENT
It is anticipated that building and equipment costs will be incurred in Year 3 of the project. This
is illustrated in Figure 13 below.
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F IGURE 13 – 10,000 T ONNE M ODEL – BUILDING AND E QUIPMENT COSTS

Nursery and Grow-out Infrastructure
The model assumes that an onshore nursery similar to that described in Section 4.2.1 will be
installed at the site at Carnarvon Boat Harbour. The model assumes that the nursery will be
constructed to the specifications required to nurture the number fingerlings that are necessary
to support full scale production from the outset. It is assumed that a system based on 20 tentonne tanks will be required. It is also assumed that the nursery is able to source seawater supply
from a marine bore, rather than an ocean intake system. While this assumption substantially
reduces the cost associated with the nursery operations, there is no basis to assume that a
marine bore is technically feasible at the site.
The grow-out infrastructure represents the most significant cost associated with the project. The
grow-out infrastructure is comprised of cage rings, cage netting, predator nets and mooring
systems. The relatively high energy environment together with frequent exposure to tropical
cyclone related metocean conditions means that this system requires very robust engineering
specifications. For the purposes of this study it is assumed that cage systems similar to the new
Fortress Pen systems53 currently being developed and deployed by Huon Aquaculture is a
reasonable basis for this model. However, it should be stressed that even this system may prove
inadequately robust to withstand the extreme conditions that are frequently characteristic of
the region.
The current design of the Fortress Pen System is based on cages of 76m diameter and total
volume of 91,000 cubic metres.
Table 9 below summarises the assumptions used in the model with respect to the capital cost
of the nursery and grow-out infrastructure.

53

Huon Aquaculture (https://www.huonaqua.com.au/about/farm/new-pens/)
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Item

Quantity

Unit Price

Total

Basis of
Assumption

Nursery
Seawater bore

1

$500,000

$500,000

Estimate

10t nursery tanks

20

$4,000

$80,000

Estimate

Pumps, plumbing &
Oxygen Generator

$100,000

$100,000

Estimate

Control system

$20,000

$20,000

Estimate

$700,000

Estimate

$7,150,000

Estimate
rigged)

Total Nursery
Grow-out
Fortress Sea Cages

13

$550,000

Total grow-out
Total Nursery
Grow-out
Infrastructure

(fully

$7,150,000
and

$7, 850,000

TABLE 9 – 10,000 TONNE MODEL – NURSERY AND GROW- OUT SYSTEM C OSTS
The model assumes that juvenile fish spend approximately 1.5 months in the nursery before
they are transferred to the grow-out system. The capital expenditure associated with the growout system is staged according to the modelled scale-up of production over years 4, 5, 6, 7
and 8, with the required investment in the grow-out system for each year’s target production
put into effect the year prior to that production target.
The model assumes that significant investment in repairs and maintenance (equivalent to 10
percent of the sea cage value per annum) negates the need for any substantial sustaining
capital investment. However, it needs to be stressed that a severe tropical cyclone event
could result in the need for a full re-investment in the grow-out infrastructure at any stage
during the project’s life. If such an event is not insurable, this would prove catastrophic.
The timing of expenditure associated with establishing adequate nursery and grow-out
infrastructure for the operation is illustrated in Figure 14 below.
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F IGURE 14 – 10,000 T ONNE M ODEL – NURSERY AND GROW -OUT SYSTEM COSTS

Total Project Capital Expenditure
Table 10 below summarises the total capital cost required to commence production and
achieve the production target of 10,000 tonnes per annum.
Capital Expenditure Item

Amount

Pre-project studies approvals and licenses

$4,282,500

Buildings and equipment

$1,962,285

Nursery and grow-out infrastructure

$7, 850,000

Total project capital expenditure

$14,094,785

TABLE 10 – 10,000 TONNE M ODEL – T OTAL PROJECT CAPITAL EXPENDITURE
As illustrated in Figure 1554 below, the model assumes that all capital expenditure is incurred
over the first seven years of the project.

Note that this does not include other pre-production expenses such as salaries that are
capitalised in the final cashflow.
54
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F IGURE 15 – 10,000 T ONNE M ODEL – CAPITAL EXPENDITURE

Production Schedule and Sales Forecasts
Scale-up and Fingerling Requirements
The model assumes that the first fingerlings are introduced to the grow-out system in Year 4,
following the completion of the construction of shore-side facilities and the first stage of
installation of the grow-out system. The model assumes a mortality rate of 20 percent in the
nursery and 15 percent in the grow-out system. Fingerlings are acquired from the hatchery at
5 grams and transferred to the grow-out system at 10 grams, spending 1.5 months in the
nursery. The model assumes the fish take 9 months to reach 1.0 kilograms, 12 months to reach
1.5 kilograms and 15 months to reach 2.5 kilograms, being the maximum harvest size.
In order to achieve the target production of approximately 10,000 tonnes per annum, the
model assumes that the project scales from 340 tonnes in Year 4, 1,900 tonnes in Year 5, 6,600
tonnes in Year 6, 8,000 tonnes in Year 7 and 9,700 tonnes in Year 8. This production scale-up
profile requires the introduction of 500,000 juveniles in Year 4, 2,500,000 in Year 5, 5,000,000 in
Year 6 and 8,750,000 for each year thereafter.
Product Portfolio
Table 11below summarises the model assumptions pertaining to product specifications.
Product

Average Size and Weight

Plate size fish

1.0 kilograms

Fillet size fish

1.5 kilograms

Banquet/Cutlet size fish

2.5 kilograms

TABLE 11 – 10,000 TONNE PRODUCT SPECIFICATIONS
Table 12 below summarises the portion of the harvest comprised of the products specified in
Table 11 above.
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Product

Portion of Total Harvest

Plate size

25.0%

Fillet size

50.0%

Banquet/cutlet size

25.0%

TABLE 12 – FISH P RODUCT COMPOSITION AT HARVEST
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Figure 16 below summarises the modelled production profile.
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F IGURE 16 – 10,000 T ONNE M ODEL – PRODUCTION PROFILE
Sales Forecasts
The model assumes that product is sold at farm-gate at the prices listed in Table 13 below.
Product

Farm-gate price (per dozen)

Plate fish

$8.50

Fillet Fish

$9.00

Banquet/Cutlet fish

$10.0

TABLE 13 – 10,000 TONNE M ODEL – PRODUCT PRICES
Figure 17 below illustrates expected sales revenue.
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F IGURE 17 – 10,000 T ONNE M ODEL – F ORECAST SALES REVENUE

Human Resources
The model assumes that the operation will be staffed by the roles outlined in Table 14 below.
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Position

Base Salary

General Manager

$200,000

Financial Manager

$160,000

Marketing and Sales Manager

$120,000

Farm Supervisor

$110,000

Technician 1

$90,000

Technician 2

$90,000

Coxswain 1

$75,000

Coxswain 2

$75,000

Senior Farm Hand 1

$60,000

Senior Farm Hand 2

$60,000

Junior Farm Hand 1

$45,000

Junior Farm Hand 2

$45,000

Junior Farm Hand 3

$45,000

Junior Farm Hand 4

$45,000

Junior Farm Hand 5

$45,000

Junior Farm Hand 6

$45,000

Diver 1

$80,000

Diver 2

$80,000

Processing Supervisor

$45,000

Processing Worker 1

$35,000

Processing Worker 2

$35,000

Processing Worker 3

$35,000

Processing Worker 4

$35,000

Processing Worker 5

$35,000

Senior Maintenance Worker

$45,000

Junior Maintenance Worker

$35,000

Unskilled Labour

$50,000

Total Base Payroll

$1,820,000

Total Payroll

$2,165,800

TABLE 14 – 10,000 TONNE M ODEL – REMUNERATION S CHEDULE
Staffing requirements are staggered in accordance with the scale-up of production. Figure 18
illustrates the projected employment costs over the modelled life of the project.
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F IGURE 18 – 10,000 T ONNE M ODEL – E MPLOYMENT COSTS

Juvenile, Feed and Fish Health Costs
The model assumes that 5 gram fingerlings are acquired from a third party hatchery at a cost
of $2.50 per fingerling. The model also assumes that fingerlings demonstrate a FCR of 1.1:1,
achieving a growth rate of 0.11 grams per day. The cost of nursery feed is assumed to be $2.50
per kilogram.
The model assumes that the FCR at grow-out averages 2.1:1 and that the fish achieve an
average growth rate of 166 grams per month. The cost of feed is assumed to be $3.00 per
kilogram.
The model assumes that at grow-out, feed additives including antibiotics are applied at an
average rate of 1 percent of feed volume at a cost of A$1.00/kg and that the cost of peroxide
bathing averages $0.01 per kilogram over the life of the project.
The projected feed and fish health costs is illustrated in Figure 19 below.
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F IGURE 19 – 10,000 T ONNE M ODEL – FEED AND FISH HEALTH COSTS

Other Operating Costs
Other operating costs include diesel fuel, electricity, water, ICT stationary, annual land and
quayside lease costs, aquaculture license and lease costs, packaging, general repairs and
maintenance, legal, insurance and accounting costs. Given the exposure of particularly the
grow-out infrastructure to tropical cyclone related metocean conditions, it is uncertain as to
whether the provision made for the insurance or repairs and maintenance is reasonable.
Figure 20 below summarises other operating cost forecasts over the life of the project.
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5.1.2.

Project Cash Flow and Financial Analysis

Project Cash Flow
Figure 21 below summarises the cash-flow of the 10,000 tonne per annum finfish operation over
a 20 year period.
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F IGURE 21 – 10,000 T ONNE M ODEL – PROJECT CASH F LOW
As illustrated in Figure 22 below, based on the assumptions used, the project does not breakeven until Year 9.
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F IGURE 22 – 10,000 T ONNE M ODEL – C LOSING CASH BALANCE
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Internal Rate of Return and Net Present Value
Based on the base case assumptions, the internal rate of return for the project is 15.3 percent.
Table 15 below summarises the Net Present Value of the base case projections at various
discount rates.
Discount Rate

Net Present Value (m)

5%

$17.13

10%

$5.82

15%

$0.26

20%

($2.54)

25%

($3.96)

30%

($4.6)

TABLE 15 – 10,000 TONNE M ODEL – NET PRESENT VALUE
Given that the very significant risk of a catastrophic event associated with tropical cyclone
activity has not been factored into the model and that the base case assumptions pertaining
particularly to capital expenditure and operating costs are likely to be very optimistic, this
analysis indicates that a marine finfish farm operation in the Pilbara-Gascoyne Region
producing 10,000 tonnes a generic marine finfish species is unlikely to represent a competitive
investment.

5.2.

Economic Viability of a 25,000 Tonne Operation

5.2.1.

Model Assumptions

Pre-project Development Costs
The lease area required to support a 25,000 tonne marine finfish operation increases from
approximately 15 hectares in the case of the 10,000 tonne operation modelled in Section 5.1
to approximately 44 hectares. Given that this substantially larger footprint in an open ocean
environment has the potential to increase both the scale of impact on the immediate
environment as well as the extent of ecosystem connectivity, it is assumed that metocean,
water quality and environmental surveys will each be 30 percent more expensive than in the
case of the 10,000 tonne model.
It is also assumed that the commercial trial that is necessary to support the studies and
feasibility assessments will be twice the scale of that required for the 10,000 tonne operation.
It is assumed that commercial feasibility studies will be 50 percent more expensive. All other
pre-project development costs are assumed to be the same as for the 10,000 tonne model.
Table 16 below summarises the pre-project development costs associated with the 25,000
tonne model.
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Pre-project Development Cost

Assumption

Basis of Assumption

Studies
Metocean study

$650,000

Estimate

Water quality study

$195,000

Estimate

Environmental surveys

$975,000

Estimate

$5,000,000

Estimate

Pre-feasibility study

$120,000

Estimate

Feasibility study

$155,000

Estimate

Commercial trials

Sub-total Studies

$7,095,000
Project Approvals and Licensing

Environmental Protection Authority

$100,000

Estimate

Local Government

$50,000

Estimate

Aquaculture Lease Application

$2,000

Department of Fisheries

$500

Department of Fisheries

Aquaculture License Application
Sub-total Approvals and Licensing
TOTAL

$152,500
$7,247,500

TABLE 16 – 25,000 TONNE M ODEL – PRE DEVELOPMENT C OSTS
As with the 10,000 tonne model, it is assumed that all pre-development costs are incurred within
the first two years of the project. This is illustrated in Figure 23 below.
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F IGURE 23 – 25,000 T ONNE M ODEL – PRE -DEVELOPMENT C OSTS

Buildings and Equipment
It is assumed that the 25,000 tonne operation will require 50 percent more quayside and shoreside area than the 10,000 tonne operation, and that the storage and workshop shed will need
to be 50 percent larger, the nursery shed 100 percent larger and cool room 50 percent larger.
It is assumed that an additional pneumatic feeder and set of euthanasia equipment is required
for an additional service vessel.
Table 17 below summarises the building and equipment cost assumptions associated with the
25,000 tonne model.
Cost Item

Assumption

Basis of Assumption

Buildings
Concrete slabs

$275,000

2,500 square metres at $110 per square
metre

Storage and workshop shed

$150,000

Additional 50 percent on Shed's Online
(864 square metres by 6 metres high
colourbond)
http://www.shedsonline.com.au/ - NB
quote based on n2 wind rating, but
needs to be c3.

Nursery shed

$200,000

Estimate

Office

$25,000

Estimate

Cool room

$75,000

Estimate

Grid Connection

$2,000

Estimate
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Cost Item

Assumption

Fit-out

$15,000

Sub-total Buildings

$742,000

Basis of Assumption
Estimate

Cargo Handling Equipment
Crane Truck

$80,900

2016 Fuso 815 Canter with crane
(http://www.constructionsales.com.au

Forklift

$10,000

Toyota
Electric
2.5
(http://www.purchasing.com

Utility Vehicle

$41,490

Toyota Hilux 4X4 SR 2 Single-cab Trayback (http://www.caradvice.com.au

Refrigerated Truck

$74,995

2016 Hino 616 Auto Scully RSV 2 tonne
(http://www.trucksales.com.au/

Sub-total
Equipment

Cargo

Handling

tonne

$207,385

Fish Handling and Feeding Equipment
Pneumatic feeders

$18,000

Estimate

Euthanasia equipment

$7,500

Estimate

Fish processing table

$1,000

Estimate

Bulk bins

$3,000

Estimate

Sub-total Fish Handling
Feeding Equipment

and

$29,500

Other Equipment
Workshop Tools
Work boat

Back-up generator

$10,000
$1,800,000

$11,900

Sub-total Other Equipment

$1,821,900

Total Building and Equipment
Cost

$2,800,785

Estimate
Approximate
average
(www.boatsonline.com.au)

price

Genesys Prime Generator - 50KVA

TABLE 17 – 25,000 TONNE M ODEL – BUILDING AND E QUIPMENT COSTS
As with the 10,000 tonne model, it is assumed that all building and equipment costs are incurred
in Year 3 of the project. This is illustrated in Figure 24 below.
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F IGURE 24 – 25,000 T ONNE M ODEL – BUILDING AND E QUIPMENT COSTS

Nursery and Grow-out Infrastructure
The 25,000 tonne model assumes that all nursery infrastructure is installed in Year 3 and that a
system comprised of 50 ten tonne tanks will be required to nurture an adequate quantity of
juveniles for a 25,000 tonne operation. It is assumed that the investment in nursery pumps,
plumbing and oxygen generators will double over that required for the 10,000 tonne operation,
and that an additional $10,000 will be required for the control system. It is also assumed that
there will be an additional 25 percent cost associated with a larger seawater bore.
As with the 10,000 tonne model, it is assumed that the grow-out system in implemented in
stages with modelled scale-up of production.
Table 18 below summarises the assumptions used in the model with respect to the capital cost
of the nursery and grow-out infrastructure.
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Item

Quantity

Unit Price

Total

Basis of
Assumption

Nursery
Seawater bore

1

$625,000

$500,000

Estimate

10t nursery tanks

50

$4,000

$200,000

Estimate

Pumps, plumbing &
Oxygen Generator

$200,000

$200,000

Estimate

Control system

$30,000

$30,000

Estimate

$930,000

Estimate

$19,250,000

Estimate
rigged)

Total Nursery
Grow-out
Fortress Sea Cages

35

$550,000

Total grow-out
Total Nursery
Grow-out
Infrastructure

(fully

$19,250,000
and

$20, 180,000

TABLE 18 – 25,000 TONNE M ODEL – NURSERY AND GROW -OUT SYSTEMS C OST
Figure 25 below illustrates the timing of capital investment required to establish the nursery and
grow-out system.
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F IGURE 25 – 25,000 T ONNE M ODEL – NURSERY AND GROW -OUT INFRASTRUCTURE INVESTMENT

Total Projected Capital Expenditure
Table 19below summarises the total capital cost required to commence production and
achieve the production target of 25,000 tonnes per annum.
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Capital Expenditure Item

Amount

Pre-project studies approvals and licenses

$7,247,500

Buildings and equipment

$2,800,785

Nursery and grow-out infrastructure

$20,180,000

Total project capital expenditure

$30,228,285

TABLE 19 – 25,000 TONNE M ODEL – T OTAL PROJECT CAPITAL EXPENDITURE
Figure 2655 illustrates the projected timing of the total capital expenditure modelled for the
25,000 tonne operation.
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Production Schedule and Sales Forecast
The 25,000 tonne model assumes the same rate of production scale up, the same product
portfolio and the same harvest ratios as those assumed in the 10,000 tonne model.
Figure 27 below summarises the production profile of the 25,000 tonne operation.

Note that this does not include other pre-production expenses such as salaries that are
capitalised in the final cashflow.
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F IGURE 27 – 25,000 T ONNE M ODEL – PRODUCTION PROFILE

Figure 28 below summarises the sales revenue associated with the 25,000 tonne operation.
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F IGURE 28 – 25,000 T ONNE M ODEL – SALES R EVENUE

Human Resources
As there very few if any precedents for a single 25,000 tonne marine finfish operation in the
world, it is difficult to ascertain with any degree of certainty the precise structure of the
workforce for such an operation. As such, the 25,000 tonne model simply assumes that the
employment cost associated with the 25,000 tonne model will be twice that of the 10,000
tonne model.
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Figure 29 below, summarises the estimated employment cost associated with the 25,000 tonne
model.
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F IGURE 29 – 25,000 T ONNE M ODEL – E STIMATED E MPLOYMENT COSTS

Juvenile, Feed and Fish Health Costs
The 25,000 tonne model assumes that same fingerling costs, FCRs, growth rates, feed costs and
additive consumption rate and cost as the 10,000 tonne model.
The projected feed and fish health cost are illustrated in Figure 30 below.
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F IGURE 30 – 25,000 T ONNE M ODEL – JUVENILE , FEED AND FISH H EALTH C OSTS
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Other Operating Costs
Other operating costs associated with the 25,000 tonne model have been escalated
accordingly. Figure 31 below summarises the operating cost forecasts over the life of the
project.
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F IGURE 31 – 25,000 T ONNE M ODEL – O THER OPERATING C OSTS

5.2.2.

Projected Cash Flow and Financial Analysis

Projected Cash Flow
Figure 32 below summarises the cash-flow of the 25,000 tonne per annum finfish operation over
a 20 year period.
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F IGURE 32 – 25,000 T ONNE M ODEL – CASH FLOW PROJECTION
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As illustrated in Figure 33 below, based on the assumptions used, the project breaks even on a
cash flow basis half way through year 5.
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Internal Rate of Return and Net Present Value
Based on the base case assumptions, the internal rate of return for the project is 29 percent.
Table 20 below, summarises the Net Present Value of the base case projections at various
discount rates.

Discount Rate

Net Present Value (m)

5%

$81.31

10%

$42.15

15%

$21.57

20%

$10.15

25%

$3.54

30%

($0.41)

TABLE 20 – 25,000 TONNE M ODEL – NET PRESENT VALUE
While the base-case modelling assumptions used for the 25,000 tonne operation present a
more investable case than the 10,000 tonne model, this should be treated with extreme
caution for the following reasons:



It is highly likely that capital investment assumptions used in the model are optimistically
low;
It is highly likely that operating expenditure assumptions used in the base case model
are optimistically low;
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The rate of project scale-up is unrealistic; and
The un-insured impact of a catastrophic tropical cyclone event would have a
significant detrimental impact on the returns generated by the project.
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