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Executive summary

On 16 September 2021, the Australian Government announced that it would acquire a nuclear-powered submarine 
(SSN) capability with support from the UK and the US as the first measure of business under the AUKUS technology 
sharing partnership. At the same time, it announced that it had established the Nuclear-Powered Submarine 
Taskforce, which would devote 18 months to determining the ‘optimal pathway’ to establishing this new capability.

The taskforce has its work cut out for it, and the signing of an initial nuclear information sharing agreement only 
two months after AUKUS was announced suggests things are moving fast. Nevertheless this new enterprise will be 
a massive undertaking and probably the largest and most complex endeavour Australia has embarked upon. The 
challenges, costs and risks will be enormous. It’s likely to be at least two decades and tens of billions of dollars in 
sunk costs before Australia has a useful nuclear-powered military capability.

Many commentators have suggested that the work of the taskforce is primarily about making a recommendation 
on the choice of submarine—either the US Virginia class or the UK Astute class. That’s misleading on two counts. 
First, the most important decision isn’t so much about the submarine, but about the strategic partner most able 
to work with us on our new SSN capability. Second, Australia will need to make many choices—about the strategic 
partner, about the submarine design, about the build strategy, about schedule, and more. Those choices will involve 
hard prioritisation decisions about what’s most important. Is it capability, schedule, Australian industry content, or 
something else?

This report examines the decision space available to the government.

The most important decision is the choice of our primary strategic partner. While both the US and the UK will need 
to provide us with assistance regardless of which submarine design we choose, there’s no point picking a boat if 
its parent nation doesn’t have the capacity to assist us with all of the fundamental inputs to capability needed to 
deliver military effects, or its industrial base doesn’t have the capacity to deliver. While we shouldn’t pre-empt the 
work of the taskforce, initial analysis suggests that the US has more capacity to assist us.

Even once we choose a partner, we still have some difficult choices about the submarine design. Do we prioritise 
schedule and build our partner’s current design, with the result that we’re left with an orphaned and outdated fleet? 
Do we wait to get into step with our partner’s next class, exacerbating the risk of a capability gap? Or do we start 
with the current design and transition later to the partner’s future design, with the result that we have multiple 
classes of boat in our small fleet?

Another area of choice is the amount of modification we do to the design. While some modifications will be 
necessary due to Australia’s regulatory and safety regimes—unless we recognise our partner’s regulatory 
approaches as fit for purpose and accommodate ours to theirs—others will be discretionary. Every effort must be 
made to limit the changes, whether they’re motivated by capability or Australian industry content, as every change 
drives cost and schedule risk regardless of how well intentioned it is.
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A fundamental choice is the build strategy. The government has stated that the SSNs will be built in Adelaide; 
however, it hasn’t committed to a continuous build. A continuous-build approach (one driven by a schedule 
designed to replace the first boat after around 30 years with no break in production) is appealing to Australian 
industry and current and future workers but would face many challenges—boats would be delivered on an 
inefficient three- or even four-year drumbeat, driving up cost and increasing the capability gap. Alternatively, 
an ‘economic’ approach that focused on the most efficient possible approach would deliver capability faster but 
require massive annual spending and produce the prospect of a ‘valley of death’ at the end of production. Either 
approach replicates a nuclear-submarine production capability in Australia as our own sovereign cottage-industry 
version of what the UK and the US already have.

Underpinning all of those choices is the issue of schedule. We’re facing the looming spectre of a submarine capability 
gap as the Collins-class fleet ages out. The government’s stated schedule, delivering at least the first boat by the late 
2030s, is feasible, if optimistic, if we build all the boats in Australia. But that may be too late to avoid a capability gap.

An alternative that could accelerate delivery would be to open up the aperture of what ‘built in Adelaide’ should look 
like. One approach we consider is to build the initial boats overseas to accelerate delivery but also to train Australian 
workers on a mature production line to avoid a ‘cold start’ to local production.

But there are also options that approach this enterprise as the embodiment of our AUKUS and alliance partnerships 
rather than as a large, but traditional, construction project. This could involve a ‘JSF’ (Joint Strike Fighter) approach 
of feeding components into a joint submarine enterprise that Australia enters with our primary enterprise partner. 
Such a joint enterprise would span more than just construction and enable Australia to be a ‘first line’ sustainment 
hub for our AUKUS partners’ submarines as well as for our own. When we consider that just the maintenance of 
Australia’s SSNs will be likely to require more workforce than the Attack-class build and Collins-class full-cycle 
dockings combined, there are ways to deliver submarines faster, sustain sovereign capability, contribute to our 
partnerships and still create jobs that don’t involve assembling submarines here.

And this can’t be stated clearly or often enough: successful transition isn’t just about delivering boats but all of the 
elements of the capability. So, the choice of boat and build approaches aren’t just matters of capability or industry 
but must be informed by broader inputs to capability. Perhaps the most important of those is the challenge of how 
the Navy ramps up its uniformed workforce; solving that problem is just as crucial as delivering boats on time. Again, 
AUKUS has much to offer here.

Finally, we’ve provided an estimate of the cost of the enterprise. Such an exercise is inherently hazardous at this 
stage of the process, with so many assumptions still open and untested. The government has been open in stating 
that the SSN program will cost more than the Attack-class program, which would have cost around $56–57 billion in 
current-day constant dollars.

We agree: at an absolute minimum, an eight-boat SSN program will cost around $70 billion constant (or $116 billion 
in out-turned dollars, which account for inflation).

However, it’s highly likely that it will cost substantially more once the cost drivers are more clearly understood. 
Those include both the US and UK moving to bigger submarine designs, our choice of build strategy, and the 
broader support system and infrastructure needed to operate nuclear submarines. To channel Donald Rumsfeld, 
there are things we know we don’t know, and things we don’t know we don’t know; both will drive up the estimate.



Introduction

On 16 September 2021, the Australian Government announced that it would acquire a nuclear-powered submarine 
(SSN) capability with support from the UK and the US as the first measure under the AUKUS technology sharing 
partnership. This will be a massive undertaking and probably the largest and most complex endeavour Australia 
has embarked upon. The challenges, costs and risks will be enormous. It’s likely that it will be at least two decades 
before Australia has any useful SSN capability if we follow a traditional acquisition approach.

In order to chart this long, difficult journey, the government also announced the establishment of the 
Nuclear-Powered Submarine Taskforce to make recommendations on the optimal path. The signing of an initial 
nuclear information sharing agreement between the partners only two months after AUKUS was announced 
suggests that the taskforce is moving fast and all three partners are open to new approaches. Nevertheless, 
the taskforce has a mammoth task ahead of it.

This paper explores the issues that the taskforce will need to address in order to set Australia on the path to success. 
While the broader AUKUS announcement and the decision’s impact on Australia’s relationship with France are both 
significant issues, they’re beyond the scope of this paper, which is presented in the following parts.

Before embarking on such a long and expensive journey that presents a massive opportunity cost, it’s important 
to confirm whether it’s the right capability to pursue in the first place. Chapter 1 looks at the advantages of nuclear 
submarines over conventional submarines. Ultimately, they come down to the SSN’s essentially infinite supply 
of energy.

Chapter 2 examines the two core decisions for the government: its primary strategic partner, including the partner’s 
commercial team, and the submarine. Those choices are of course deeply interdependent, but it’s crucial to 
remember that the task is much broader than choosing a submarine; there’s no point picking a suitable submarine 
if we don’t have a partner who can help us design, build, operate and sustain the boats and develop all the other 
elements needed to produce an effective military capability.

Many factors are interrelated here. Some decisions will be determined by previous ones and, in turn, shape later 
ones. Overall, we attempt to sketch out the decision space available to the government and the trade-offs involved 
in choosing a particular solution.

In Chapter 3, we examine the construction strategy. The government has stated that it’s ‘committed to maximising 
Australian industry participation in this program’. What’s the best way to do that? And does that automatically mean 
signing up to a ‘continuous-build’ approach that drags out delivery and decreases efficiency? Or even a traditional 
‘local-build’ approach? We look at four possible approaches.

In Chapter 4, we look beyond the submarine to consider the broad range of ‘fundamental inputs to capability’ 
needed to deliver an effective military capability. The taskforce will need to develop a solid understanding of those 
requirements, not just because the submarines will be ineffective without them, but because different requirements 
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for different submarine designs (such as workforce, infrastructure and training) could be key discriminators in the 
selection of the boat itself. Those fundamental inputs will also be major cost drivers and need to be identified in 
order to fully understand the cost of this undertaking.

In Chapter 5, we briefly look at the schedule for the program. The government has already indicated that it’s likely 
to be the late 2030s at the earliest before we have any operationally useful SSN capability. Almost immediately, 
commentators proposed approaches that they believed would deliver capability sooner. The taskforce has also 
indicated that it’s looking at ways to bring the introduction of capability forward. In this chapter, we both examine 
what the schedule looks like if Australia does things ‘by the book’ as a more or less traditional Australian-based 
procurement and construction program and consider what options there might be to accelerate the schedule by 
doing things differently.

In Chapter 6, we look at the cost involved in acquiring an SSN capability. Since cost estimation is highly assumption 
dependent and many key assumptions are still open, it’s impossible to develop a reliable point estimate. Moreover, 
the full overhead of operating the capability in terms of training, safety and regulatory structures is yet to be 
defined. It’s possible, however, to make a broad (but admittedly incomplete) estimate of the cost based on some key 
variables, such as the size of the submarine and the build strategy. Therefore, we provide a cost band to cover the 
substantial uncertainties in the program. The government has already said that the SSN program will cost more than 
the cancelled Attack-class program would have; depending on the assumptions, it could cost substantially more.



Chapter 1: Is the 
decision the right one?

What decisions have been taken?
The government’s announcement
On 16 September 2021, the leaders of Australia, the US and the UK announced an extraordinary agreement called 
AUKUS. The intent of AUKUS is to enhance cooperation on and access to a range of militarily relevant technologies. 
However, the leaders of the three countries stated that the first order of business for AUKUS was developing an 
Australian SSN capability.

The Prime Minister’s statement made the following commitments:1

• the acquisition of at least eight nuclear-powered submarines

• ‘Build the nuclear-powered submarines in South Australia, maximising the use of Australian workers’

• cancellation of the contract with Naval Group to build the Attack-class conventional submarines

• with ASC Pty Ltd, the establishment of a new Sovereign Shipbuilding Talent Pool2

• three commitments that ensured the Australian Labor Party’s support for the program:

– a commitment that Australia wouldn’t acquire nuclear weapons

– an assurance that Australia would continue to meet its nuclear nonproliferation commitments

– a commitment to not use the program to introduce civil nuclear power generation in Australia

• the creation of the Nuclear-Powered Submarine Taskforce (the taskforce) to work with the US and UK for 
18 months to create a master plan for the ‘optimal’ path to this new capability.3

In a subsequent press conference with the Secretary of the Department of Defence and the Chief of the Defence 
Force, the Prime Minister confirmed many of these points and also stated that the build in Adelaide will commence 
‘within the decade’—presumably by 2030.4

The opposition’s perspective
Perhaps as extraordinary as the surprise announcement was the Australian Labor Party’s support for it. 
The leader of the opposition stated that Labor had laid down the three conditions listed above for its support 
and the Prime Minister had agreed to them.5 This broad political agreement will be critical to the long-term 
success of this program.

Not surprisingly, the Australian Greens have not supported the SSN program.6
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Why has the government chosen this path?
Changed strategic circumstances
The main drivers for the decision are the changed strategic circumstances that have increased both Australia’s 
need for the SSN capability and our partners’ willingness to provide nuclear technologies. This is undoubtedly the 
strongest argument. The Australian Government has assessed that the risks and uncertainties associated with 
China’s continued aggression towards and coercion of its neighbours warrant taking the significant political and 
economic risks associated with this decision. It sees nuclear-powered submarines as a significant deterrent, given 
their clear superiority over conventional submarines (except in a small number of circumstances).7

The question, then, is: why didn’t the government go down this path in the first place when it first conducted a 
competitive evaluation process for Australia’s future submarine capability? The government has argued that, while 
nuclear submarines provide significantly superior capability, it wasn’t previously possible to acquire them. It has 
stated that two key changes have occurred that now allow it to realise this capability.

Technology changes
The first involves changes in technology. The government has stated that the development of nuclear reactors 
that are fuelled for life means that Australia doesn’t need a domestic civil nuclear industry to operate nuclear 
submarines. Reactors that are fuelled for the life of the boats eliminate the need for Australia to have an enrichment 
or refuelling capability.

We should note two points about that statement.

First, such reactors have been in service for some decades. The first US Virginia-class submarine was commissioned 
with its S9G nuclear reactor in October 2004. Indeed, the US has been building SSNs that have fuelled-for-life 
reactors since the second flight of the Los Angeles class in the 1980s. Nor does the UK’s Astute class, first 
commissioned in 2010, require refuelling. In short, such technology is very mature (see the appendix for a 
discussion of different reactor technologies).

Second, while Australia may not need an enrichment or refuelling capability or a civil nuclear power industry, we’ll 
still need a nuclear industry to maintain and sustain nuclear submarines operating out of Australian facilities. Any 
enterprise that’s operating and maintaining nuclear reactors in a safe and well-regulated manner is by definition an 
industry, even if deeper tasks—such as constructing, fuelling and decommissioning nuclear reactors—take place 
elsewhere.8 It’s important to acknowledge that Australia already has a nuclear industry, even if it doesn’t generate 
nuclear power. One of the key tasks for the taskforce is to identify what the nuclear industry necessary to support 
the submarines looks like and how we can build on our existing nuclear industry to get there.9

Access to technology
The second change is the willingness of Australia’s partners to provide this technology. Previously, there were 
serious questions about whether they would provide it to Australia even if we asked.10 That has changed with the 
shifting balance of power in the Indo-Pacific, and assisting Australia in the acquisition of SSNs has now become 
the first order of business of the tripartite AUKUS arrangement. While it isn’t entirely clear what our partners have 
agreed to provide, Defence Department officials are confident it includes not just underlying nuclear science and 
technology, but access to complete nuclear submarine designs and their components up to and including nuclear 
reactors. The three nations have now signed an information access agreement to support the taskforce’s work.11
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Failures in the Attack-class program
At the time of the announcement, the government stated that the performance of Naval Group wasn’t a factor in 
the cancellation of the Attack-class project. The key factor was a change in the government’s requirements for its 
submarine capability: only SSNs could provide the capability required. That said, there had been growing signs of 
concern in the government about progress on the Attack program. Since the cancellation, in response to France’s 
claims of Australian duplicity, the government’s narrative has changed; the Prime Minister has stated that the 
government informed the French Government that it was unhappy with the schedule, cost and capability to be 
delivered.12 It’s very likely that the decision was helped by a growing realisation that it was costing too much and 
taking too long to deliver a diesel–electric submarine. In the larger scheme of things, however, the performance of 
Naval Group in delivering the Attack class is irrelevant if the government’s view is that only SSNs can provide the 
capability it requires.13

What makes nuclear submarines so good?
To provide a simple answer to this question, we assess conventional14 and nuclear submarines against the following 
broad categories (we examine safety issues in another section):

• endurance / time on station

• sustained speed

• armaments

• stealth

• available power

• littoral operations.

Endurance / time on station
Nuclear submarines are characterised by high endurance and have an unmatched capacity to stay deployed. That is, 
they can transit faster and stay on station longer than conventional submarines while remaining submerged.

The RAN’s Collins-class submarine has an endurance of around 50 days, with a steaming range of between 9,000 and 
11,500 nautical miles (at 6.5 knots), depending on the amount of time it uses its diesel generators. What does that 
mean in practice?

If, for example, the submarine’s mission were to go on patrol in the South China Sea (roughly 3,500 nautical miles 
from its base at HMAS Stirling in Western Australia), it would take nearly 20 days to get there and then another 
20 days to return, allowing 11 days on patrol. During that time, the submarine would need to break the surface 
multiple times to recharge its batteries, exposing it to detection from ships, submarines, aircraft and satellites due 
to its increased radar, noise and heat signatures.

In comparison, a nuclear submarine (with an indicative endurance of 90 days and speed of 20 knots) would take 
around seven days to reach the area of operations and require another seven days to return, allowing 75 days on 
patrol. That’s 600% more time on station for a single mission. At no time would the submarine need to break the 
surface. Additionally, the submarine could rapidly relocate to another area of operations if necessary, providing 
flexibility for the ADF and uncertainty for its adversaries.15

The discrepancy grows the further away from base the submarines are operating. Ultimately, a conventional 
submarine can’t operate in North Asia without relying on intermediate refuelling, resupply and potentially crew 
change-out, which requires a reliably friendly port to stage through. An SSN can operate independently throughout 
the Indo-Pacific.16 This analysis is consistent with that of the Center for Strategic and Budgetary Assessments and 
The Heritage Foundation, illustrated in Figure 1.
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Figure 1:  Comparison of SSN and conventional submarine presence in the Indo-Pacific from HMAS Stirling

Source: Map re-drawn from the report by Brent Sadler, AUKUS: US Navy nuclear-powered forward presence key to Australian nuclear 
submarine and China deterrence, The Heritage Foundation, 12 October 2021, online.

Sustained speed
Running on batteries, a conventional submarine will be able to sustain high speeds (say, around 18 knots) for some 
hours before the commanding officer would need to start thinking about where it might safely recharge its batteries. 
Recharging requires the submarine to ‘snorkel’, placing an inlet tube above the water and running its diesel engines. 
This is relatively noisy, may take some hours and exposes the submarine to detection. Generally, the submarine will 
need to withdraw from its patrol location to do this.

Conventional submarines are best at patrolling in an area where they can proceed at very low speeds (4 knots) to 
catch their prey or to quietly gather intelligence. Typically, they’ll be deployed either to a strategically important 
location for intelligence gathering or to lie in wait at known choke-points.

Nuclear submarines are also capable of gathering intelligence and waiting at choke-points, but because of their 
sustainable speed they’re capable of more. A nuclear submarine can sustain high speeds for long periods. It’s 
reasonable to expect a nuclear attack submarine to be capable of transiting at 20–25 knots if required, although 
there will be a range of trade-offs involving its noise signature, machinery impacts and crew requirements.

Consider this scenario. In a time of high strategic tension, a carrier taskforce is detected 2,000 nautical miles from 
Australia transiting towards our region at 18 knots (Figure 2). The taskforce happens to pass through a choke-point, 
where it’s located by our submarine. In the absence of declared hostilities, a conventional submarine might be able 
to shadow the taskforce for less than 24 hours without a high risk of detection. That means that, with a conventional 
submarine, the government or even the commander would need to make a rapid choice between committing to 
an attack, thereby escalating the situation to open hostilities, or losing contact. In contrast, a nuclear submarine 
could shadow the taskforce for as long as deemed necessary. It could continue to observe or commit to an attack 
depending on how the situation evolved.

https://www.heritage.org/defense/report/aukus-us-navy-nuclear-powered-forward-presence-key-australian-nuclear-submarine-and
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Figure 2:  An RN Astute-class submarine with a carrier strike group; nuclear submarines have the submerged speed to 
shadow hostile or escort allied taskforces

Source: UK Ministry of Defence, online.

https://www.defenceimagery.mod.uk/Home/Search?Query=FLEET-20210614-AP0017-199.jpg&Type=Filename
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Armaments
Typically, the number of weapons a submarine can carry is proportional to its overall size. Nuclear submarines can 
be bigger, giving them more weapon-carrying capacity. The Collins class has capacity for 22 weapons (generally, a 
mix of its Mk-48 heavyweight torpedo and the Harpoon anti-ship missile, although it could also carry mines and lay 
them through its torpedo tubes if the ADF had them in inventory). It’s theoretically possible to equip the Collins with 
a strategic strike weapon, such as the Tomahawk land-attack missile (TLAM), that can be launched from a torpedo 
tube (Figure 3). However, such a weapon will eat into the limited armament space available within the submarine for 
core anti-ship and antisubmarine roles. In short, a conventional submarine will have significant capacity constraints 
compared to a nuclear boat.

Figure 3:  The Los Angeles-class SSN USS Annapolis launches a Tomahawk land-attack missile in a test, June 2018

Source: US Navy, online.

The US has provided for a more versatile strike capability by including a module that contains 12 vertical launch 
TLAMs in the first four flights or ‘blocks’ of its Virginia-class SSN. This capability is being extended through the 
provision of another ‘plug’ for Block V submarines that adds a further 28 vertical launch cells for a total of 40. While 
that’s a significant capability enhancement, it comes with an overhead. The Block I–IV Virginias are already around 
115 metres long compared to the Collins class at 77 metres. To accommodate the additional TLAM capabilities, the 
Block V plug adds a further 26 metres for a total of 141 metres. However, the readily available power from the nuclear 
reactor supports the required increase in length and weight (and electricity consumption) of those larger vessels.

Submarines also have the capacity to carry and deploy other capabilities, such as special forces and, increasingly, 
new systems such as uncrewed underwater vessels (UUVs) currently under development (Figure 4). Nuclear 
submarines’ greater size and available power give them advantages in this regard. This provides an element 
of ‘future proofing’ as we move to a future in which militaries will make much greater use of autonomous and 
uncrewed systems.

https://www.flickr.com/photos/56594044@N06/42434187524/
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Figure 4:  The US Navy is seeking to develop a large-displacement UUV as part of its program to enhance nuclear 
submarine capabilities

Source: Xavier Vavasseur, ‘NAVSEA issues draft RFP for submarine-launched “Snakehead” LDUUV’, Naval News, 31 October 2020, online.

Stealth
While there are a number of ways to detect a submarine, one key method is by exploiting the noise it generates. 
Noise is created in one of three ways:

1. internally generated noise (for example, from machinery)

2. externally generated noise (for example, from the propellor or pump jet)

3. induced noise (such as from water flowing over the submerged submarine).

As we understand it, modern nuclear submarines have no particular advantage (or disadvantage) compared with 
conventional submarines in category 2 or 3. Generally, the view has been that there’s a difference in category 1: 
while a conventional submarine is running its diesels to recharge its batteries, it’s particularly vulnerable and clearly 
inferior to a nuclear submarine, but while operating on battery power it’s quieter than its nuclear equivalent.

Historically, the reason for that noise difference has been the requirement for a nuclear submarine to use 
mechanical pumps to pump water through the reactor for both safety and power-generation reasons—even at 
low speeds. The pumps have been a source of noise that’s absent from diesel–electric submarines operating on 
their batteries.

However, more modern reactor designs allow pumpless operation at low speed, using only the natural circulation of 
the coolant water through the reactor core from convection. Advances in and the use of turbo-electric propulsion in 
nuclear submarines also remove the reduction gearing between the steam turbine and the drive shaft—a significant 
source of internally generated noise. Those changes effectively allow modern nuclear submarines to operate as 
quietly as conventional submarines at low speeds (up to 5 knots). The quietness of modern nuclear submarines 
at low speeds can’t be in doubt; in the collision between the British HMS Vanguard and the French Le Triomphant 

https://www.navalnews.com/naval-news/2020/10/navsea-issues-draft-rfp-for-submarine-launched-snakehead-lduuv/
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submarines in 2009, both submarines were undetectable to the other on passive sonar. However, our understanding 
is that a conventional submarine will maintain its noise advantage at higher speeds (noting other limitations 
involving battery life).17

Available power
Surface warships and submarines are continuing to grow in complexity, increasing their demand for electrical 
power. They have more numerous and powerful sensors to track more targets, more accurately, at greater range; 
more weapon systems to engage more targets, at greater range, more lethally; more complex computational 
capabilities to provide and control those functions; more powerful and complex propulsion systems; and increasing 
electrification of ship functions such as the replacement of hydraulics with electric motors or the replacement of the 
periscope with a photonic mast. This has resulted in power demand growing significantly faster than the size of the 
ship. This is true for submarines as well as surface combatants.

The fundamental advantage of an SSN is that the power it can generate dwarfs the capacities of a conventional 
submarine. Table 1 outlines the available peak power and long-term sustainable average power of US and UK SSNs 
and the current Collins-class submarine. These power capacities directly translate into greater capability, whether it 
be the size and power of subsystems or the speed and endurance of the submarine.

Table 1:  Comparison of submarine power capacity

Peak power (MWth)a Peak power (MWe)a Average power (MWe)b

Virginia class 210.0 42.0 17.0 

Astute class 145.0 29.0 11.6 

Collins class 5.2 4.2 0.6

MWth = megawatts-thermal (heat); MWe = megawatts-electric.
a This estimation has been done assuming an 80% power factor for the diesel motors and a 20% power factor for the 

nuclear reactors.
b This estimation has been done assuming a 20% capacity factor for the nuclear power plants over the whole vessel lifetime and a 

50% deployment rate. An indiscretion rate of 15% has been assumed for the Collins-class submarine.
Sources: Various open sources.

Littoral operations
By ‘littoral operations’, we mean military operations conducted close to coastlines. Traditionally, smaller 
conventional submarines have been seen as having key advantages in littoral waters, or, at least, their 
disadvantages are less relevant. Their size allows them to enter shallower or constricted waters. They can hide if 
detected, obviating the need for high sustained speed to escape. In waters near key ports, they can wait for, rather 
than chase, a target. In such environments, a small, cheaper conventional boat can be seen as better value for 
money than an SSN.

However, those relative advantages have been lost, and continue to be lost, as nuclear-powered submarines 
continue to evolve. We’ve already outlined how nuclear submarines have become quieter. The gradual introduction 
of large, sophisticated UUVs will enable larger nuclear submarines to use their great size and power to remain 
further offshore while they deploy UUVs as littoral sensor and weapons platforms from extended ranges.

Nuclear submarines also have greater capacity to carry special forces that can be deployed ashore. That not only 
includes special forces troops, but also technologically sophisticated vessels such as submersibles that can be 
carried externally on the hull of the submarine, and which the troops can then deploy on without the mothership 
needing to surface.
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Future proofing
The size and capacities of SSNs provide a natural future proofing to allow them to adapt over time to changing 
capability requirements. We’ve briefly mentioned UUVs, for which the size of an SSN provides opportunities to 
deploy larger, more powerful and more capable vehicles than conventional submarines. However, there are other 
aspects. The ability of the Virginia-class design to accommodate a roughly 25-metre strike plug in later blocks, 
while retaining the same propulsion system, would be highly unlikely to be achievable in a conventional submarine 
design, which would require a whole new design or the acquisition of other systems to deliver the same effects.

Are nuclear submarines safe to operate?
While nuclear accidents can have significant consequences, naval nuclear reactors have had a very good safety 
record, excluding the early Soviet fleets. There have been no radiological incidents over 50 years of USN nuclear 
reactor operation involving 526 nuclear reactor cores, accumulating over 6,200 reactor years of safe operation.18 
The UK and France have similar safety records while operating nuclear-powered submarines since 1960 and 1967, 
respectively. The only serious nuclear reactor incidents in nuclear-powered submarines have taken place in the 
Soviet Navy, which had 14 reactor accidents between 1960 and 1989.

Modern US and UK nuclear submarine reactors are high performance and robust and are designed for reliability 
and survivability under combat conditions far from friendly ports. They have well-developed and redundant safety 
systems in excess of civilian requirements. There are at least four barriers preventing the release of radioactive 
material: the fuel itself; the sealed reactor primary system; the reactor compartment; and the submarine hull. US 
naval fuel is solid metal, contains the uranium and fission products securely and is rated to battle-shock forces 
in excess of 50 times Earth’s gravity (10 times greater than requirements for civilian reactors).19 The barriers are 
designed to minimise potential hazards to the environment and crew even under the most severe conditions, 
including sinking.20

Those safety measures have prevented the emission of radioactive material even after the sinking and destruction of 
the submarine. Two USN submarines—USS Thresher (SSN-593) and USS Scorpion (SSN-589)—were lost at sea in 1963 
and 1968, respectively, due to factors unrelated to a nuclear accident. Both submarines sank in water exceeding 
their crush depth and were broken up. In both cases, a continuing monitoring and testing program reveals no 
significant leakage of radioactive material into the environment.21

From a general radiation exposure perspective, the exposure of crew members is extremely small, at an average 
of 0.44 millisieverts per year since 1980, which is less than 15% of the public’s natural background exposure. With 
respect to exposure to the environment, the US naval nuclear reactor program has had a minimal impact. An SSN 
releases into the environment far less radioactivity than is naturally occurring in the equivalent volume of seawater 
displaced by the submarine.22

Despite the comparisons made between nuclear submarines and ‘floating Chernobyl’s’, Western submarine reactors 
are fundamentally different from the reactors at Chernobyl, featuring self-regulating power output, well-developed 
safety systems and strong safety culture and protocols, and are operated by highly skilled technical experts. 
Similarly, unlike the Fukushima Daiichi nuclear power plant, modern submarine nuclear reactors possess passive 
cooling and circulation, preventing meltdown on power loss, and maintain active emergency features.23

Of course, nothing is absolutely safe. However, due to rigorous training and safety cultures and robust technologies, 
the USN and Royal Navy have maintained a perfect safety record in submarine nuclear propulsion.
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Is the government’s decision the right one?
As outlined above, there are very good reasons for the Australian Government to pursue an SSN capability. 
It provides a step change in capability that will allow the ADF to project and sustain credible, deterrent force at 
greater distance from Australia, throughout the Indo-Pacific and potentially globally. It will provide the nation 
with greater strategic weight both alone and with our partners and allies. It’s also likely to be a more future-proof 
capability, retaining its effectiveness in the face of developing antisubmarine threats for longer than conventional 
submarines will.

This analysis, however, has compared only nuclear-powered submarines with conventional submarines. Many, 
if not all, of the effects we seek from submarines (such as sinking ships and other submarines) can be delivered by 
other systems, even if they do it in different ways. It’s beyond the scope of this paper to do a complete force design 
activity that weights the costs and benefits of all potential force mixes with and without SSNs. We assume that the 
government and Defence have done this work and will continue to assess both the value and opportunity costs 
presented by SSNs.

It’s one thing to assess whether something’s the right thing to do. It’s another to develop a plan for success. 
And without a robust plan, even the best intentions will come to nought. In the next chapters we look at what 
the Nuclear-Powered Submarine Taskforce will need to consider in developing its plan that will underpin the 
decisions that the government will need to make.



Chapter 2: The choice 
of partner and boat

The government has announced that it has established the Nuclear-Powered Submarine Taskforce, which has begun 
18 months of work to assess the ‘optimal’ pathway for Australia to bring an SSN capability into service. There are key 
questions the taskforce will need to answer by the time it reports, along with some questions that can probably be 
deferred for some years. The key immediate questions are:

• Which nation has the greatest capacity (national and industrial capability) to support Australia in 
developing SSNs?

• What should the strategic agreement governing nuclear cooperation with the US and the UK cover?

• What’s the right construction strategy?

• What are the right commercial arrangements at the Osborne shipyard?

• What specific design approach should be pursued?

• How much change to an existing SSN design is necessary and how much is manageable?

• What legislative or regulatory changes might be needed?

In this chapter, we look at selecting the right strategic partner, commercial team and submarine design.

Which nation has the greatest capacity to support us?
National support
The transition to operating nuclear-powered submarines will be one of the most challenging technical undertakings 
in Australian history. While the reactors will be constructed overseas, they’ll nevertheless be integrated into the 
most advanced submarines in the world, to be built in Adelaide. There are also significant safety and regulatory 
requirements that must be met.

This journey will depend on a primary strategic relationship that will be, firstly, a government-to-government 
relationship. While it’s likely that we’ll have a relationship with both the US and the UK, it’s also likely that one of 
them will play a pre-eminent role, determined by which country supplies the submarine design, so either the US or 
the UK will be the primary partner for Australia’s SSN capability.

Nevertheless, there will be much more to the relationship than the submarine design itself. It will fundamentally 
underpin information and technology sharing and commercial arrangements, as well as providing a range of 
intangible benefits, such as through navy-to-navy relationships and other forms of defence cooperation.

The strategic partner will need to assist us with:

• identifying and developing the broader infrastructure, both nuclear and non-nuclear, needed to sustain the 
boats (which can also provide capacity to sustain AUKUS partners’ submarines using the same facilities and 
local industrial support)
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• designing and establishing our naval and industrial nuclear safety system

• building up our nuclear regulatory system from its current base

• meeting our nonproliferation requirements

• developing a training system for the uniformed and regulatory workforce and meeting our training needs as our 
own system, or a joint training enterprise that serves both our and our partners’ needs, matures

• coaching key members of our military, engineering and scientific communities, particularly in the early days of 
the enterprise

• sharing expertise in the operational employment of the boats.

Also, the primary partner will need to have sufficient industrial capacity to assist Australia in establishing an 
industry that can build and support SSNs without endangering their own national objectives. Ideally, it would be 
prepared and have the capacity to step in and advise if things go wrong—which they will.

Ideally, the partnership will also meet the intent of AUKUS: that is, that the primary partner Australia works with will 
also benefit from the expanded joint submarine enterprise, rather than support for Australia’s SSN program coming 
at a net cost to that partner.

Both the US and the UK face capacity constraints in their nuclear submarine enterprises. The UK enterprise is 
stretched, and fundamental functions such as the disposal of submarines have been in abeyance now for many 
years. The UK is producing only one submarine every three years, so working with us would require it to double the 
output of its nuclear enterprise.24 The USN’s capacity for the construction and maintenance of nuclear submarines is 
also stretched.25

However, the US appears better placed for this role, given the size, depth and capacity of its nuclear submarine 
force, naval nuclear enterprise and private-sector nuclear submarine building industry. The US Naval Nuclear 
Laboratory alone has 8,000 employees developing nuclear propulsion technology, ensuring safety and reliability 
and training sailors on reactors.26 The US has had the capacity to assist the UK in the Astute-class SSN program.

Selecting the right commercial team
The selection of the US or the UK as our primary strategic partner will largely determine the commercial team that 
will deliver the boats. We should avoid attempting to create a Frankenstein’s monster—a blended commercial team 
with a US commercial lead building a UK design, for example. Another lesson from the Attack-class program and 
other international acquisitions Australia has been involved in is that the team benefits from having shared cultures, 
philosophies, processes and tools and long experience in working together. Clear accountability needs to be 
maintained, and the operation of the enterprise needs to be protected from unnecessary commercial conflicts.

While previously Defence had flirted with the idea of developing an indigenous submarine design capability over 
time, clearly the decision to go nuclear has closed that door. We should also avoid approaches that use an Australian 
entity such as ASC as the prime contractor building an overseas design. That doesn’t mean ASC can’t play a role in 
the build, but ultimately the prime contractor has to be the designer of the submarine. Lessons from the Air Warfare 
Destroyer Program reinforce the need to have the designing entity in the middle of delivery and implementation, 
not in a less central contractual relationship.

UK commercial team
In the UK, BAE Systems is the designer and builder of nuclear submarines fitted with reactors provided by Rolls 
Royce. On that basis, it can be assumed that, if the UK were to be chosen as Australia’s primary nuclear-submarine 
partner, BAE would be our primary commercial partner for shipbuilding and Rolls Royce would supply the reactors 
through an appropriate teaming relationship.
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BAE is currently in the final stages of the build of the Astute-class SSNs—a class of seven boats. Five have been 
delivered or launched, and the remaining two are planned for completion by 2026.27 Furthermore, contracts 
have been awarded for initial design work for the replacement to the Astute class, which is termed the Maritime 
Underwater Future Capability, but also more conveniently called SSN(R). To meet the retirement of the first Astute, 
construction of the first SSN(R) would need to start around 2030 to allow its entry into operational service by 2040. 
Noting the time frames involved in submarine design and construction, it’s likely that the UK is already facing 
schedule pressure.

The UK Government has also commenced the construction of the UK’s replacement class of ballistic missile 
submarines (SSBNs) to ensure the continuation of its nuclear deterrent—the Dreadnought class. Deliveries of those 
submarines are planned to occur from the early 2030s.

The UK Astute program experienced a range of problems that resulted in significant delays, including boat 3 being 
some 11 years late, and significant additional costs.28 As part of the UK rectification program, US nuclear-submarine 
designer and builder Electric Boat was called in to provide assistance in the production process.29

The UK is currently committed to 11 nuclear vessels: seven SSNs and four SSBNs.30 If we broadly map the production 
schedule, it has commenced a build on average every 2.5–3 years. The new SSBN started construction in October 
2016. Given an average life of 30 years for nuclear submarines, an overall production rate of one submarine every 
2.7 years is the long-term rate needed to sustain a continuous-build process alternating between the SSN and SSBN 
classes. To date, the UK has achieved a delivery drumbeat of around three years for the Astute class.

BAE Systems has a long history of shipbuilding (and other defence activities) in Australia. It’s the designer building 
the Australian Hunter-class frigate in Adelaide and consequently has a sound understanding of Australian workforce 
issues, labour relations and the regulatory environment, just as the Australian Defence Department has a strong 
working knowledge of BAE approaches.

US commercial team
The key manufacturers of the USN’s nuclear boats are:

• General Dynamics Electric Boat (aka Electric Boat or EB)—designer, shared construction, final assembly

• Huntington Ingalls Industries—shared construction

• BWX Technologies—nuclear reactors.

We assume that, if the Australian government were to select a US design, Electric Boat would become the prime 
contractor and BWX Technologies would deliver the nuclear reactors. There may be some interest in including 
Huntington Ingalls Industries in the teaming arrangements, but that might dilute accountability and is unlikely to be 
necessary except for the firm being a subcontractor supplying components or expertise.

The US is currently building the Virginia-class SSN. The submarines are built in what the USN refers to as ‘blocks’ 
(aka ‘flights’ or ‘tranches’). All vessels within a block are identical, and each block incorporates moderate design 
changes from earlier blocks. Blocks I through IV of the Virginia class were all very similar, but with a range of 
evolutionary improvements made to their sensors and shape. A key change occurred with Block V, in which a 
large plug (around 26 metres long) was included to house 28 vertically launched Tomahawk missiles (for a total of 
40 missiles).

The Virginia-class program originally saw average unit costs rise by around 27% against its original forecast, 
although since about 2005 costs have been fairly consistent.31 Despite that cost growth, schedule slippage for the 
lead boat’s initial operating capability was only four months. It’s now taking only 6–7 years to construct a boat, 
while the UK’s Astute program is taking around 10 years to complete one. Both the Virginia and the Astute 
production times now seem stable.32
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The US currently operates 54 SSNs and 14 SSBNs and intends to move to a future fleet of 66 to 72 SSNs and 
12 SSBNs. It has increased SSN production to a rate of two per year but may need to increase that in order to 
achieve its desired minimum 66 SSN target.33

Meanwhile, the US has also begun construction of its Columbia-class SSBN, and the delivery of the first vessel is 
planned for around 2027. So, while the US nuclear submarine enterprise is large, its construction is currently at 
capacity and will need to grow to meet the USN’s requirements, let alone Australia’s. Analysis has indicated that 
that will be possible, given significant investment—and Australia’s requirements are accompanied by significant 
investment. We should also note that the USN’s submarine maintenance capacity is stretched, suggesting that, 
while it can help, it can’t do everything for us, and Australia will need to invest heavily in our own deep maintenance 
base. In order to be a ‘net win’ for our AUKUS partners, that maintenance capability could be scaled to be capable of 
sustaining their submarines deploying into the Indian Ocean, for example.

The USN is now considering its requirements for the submarine after the Virginia class, currently termed SSN(X), 
as well as the industrial base needed to build and operate it.34 Overall, the submarine is expected to be more 
capable, but consequently larger and more expensive. Cost estimates vary between US$5.8 billion and $6.2 billion 
per boat in current dollars, compared to $3.4 billion per boat for the current Virginia class (an increase of between 
70% and 80%).35 This class is currently planned to commence construction in 2034 and begin delivery in the early 
2040s. We should note that, while the first Virginia was broadly delivered on schedule, historically the first of class 
in complex shipbuilding programs hasn’t been, particularly if it’s substantially different from the class it’s replacing. 
It’s possible that, in the light of the pressures on the US defence budget, the USN may continue to evolve the Virginia 
rather than commit to an extremely expensive new design.

What should the strategic agreement with our partners cover?
Technology and information sharing
Work on the nuclear submarine will include some of the most sensitive technologies and capabilities in the defence 
environment. The success of this program will rely on the collaboration of the partner governments, directly sharing 
information as well as empowering their commercial partners to share knowledge and capability.

On 22 November, the government announced that it had signed the Exchange of Naval Nuclear Propulsion 
Information Agreement with the US and the UK (Figure 5). Defence Minister Peter Dutton stated that the agreement 
will enable the information sharing that will ‘support Australia in completing the 18 months of intensive and 
comprehensive examination of the requirements underpinning the delivery of nuclear-powered submarines’. 
The agreement will also allow Australian personnel to access ‘training and education from their UK and US 
counterparts, necessary for learning how to safely and effectively build, operate and support nuclear-powered 
submarines’.36
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Figure 5:  Minister for Defence Peter Dutton signs the Exchange of Naval Nuclear Propulsion Information Agreement 
with the US and the UK, 22 November 2021, as a first step in what will need to be a comprehensive partnership 
agreement

Source: Defence image library, online.

That’s a vital first step to support the work of the Nuclear-Powered Submarine Taskforce. The signing of an 
information sharing agreement on such a sensitive area of technology only two months after AUKUS was announced 
suggests both that the taskforce is moving fast and that all three partners are open to new approaches.

The agreement’s supporting documentation states that it ‘is only intended to facilitate the sharing of naval nuclear 
propulsion information. A subsequent agreement would need to be negotiated to support transfers of equipment, 
materials or technology related to nuclear naval propulsion.’

There’s an obvious, proven template for that subsequent, more comprehensive agreement. Collaboration between 
the US and the UK is facilitated by an agreement covering their cooperation on the use of atomic energy for mutual 
defence purposes, originally signed in 1958 but renewed on an ongoing basis, which is currently set to expire at 
the end of 2024. Such an agreement, either a tripartite agreement or separate bilateral agreements, will be key 
elements to this program.

Disposal of the submarines and management of high-level radioactive waste
However, there are two additional key issues that should be addressed in any agreement due to Australia’s position 
as a non-nuclear-weapons nation:

• the management of high-level radioactive waste

• additional procedures to address the 1968 Nuclear Non-Proliferation Treaty.

The high-level radioactive waste produced from a nuclear submarine program consists of two key components: 
the spent nuclear reactor fuel and the reactor compartment and associated components of the primary reactor 
circuit. The submarines being considered by Australia have lifetime cores of weapons-grade enriched uranium 
(WGEU) fuel: that is, they don’t need to be refuelled during their lifetimes. This means that all of the high-level 
waste produced needs to be dealt with only at the end of the life of the vessel, when it’s decommissioned.

https://images.defence.gov.au/assets/Home/Search?Query=20211122adf8654564_4670.jpg&Type=Filename
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Fortunately, dumping vessels and their reactors at sea is now prohibited, but responsible disposal is a difficult and 
expensive task and requires substantial industrial capacity and infrastructure. These are highly specialised activities 
and cost tens of millions of dollars per vessel.

The USN has disposed of more than 120 nuclear-powered surface vessels and submarines. Its standard approach 
is as follows. After a submarine is decommissioned, it’s defuelled and the spent fuel is placed into a robust sealed 
container (with walls of 10–12 inches of stainless steel) for transport and then placed into dry cask storage at the 
Idaho National Laboratory. The entire reactor compartment of the submarine is then removed from the hull and 
stored at the US Department of Energy’s Hanford Nuclear Reservation (Figure 6).

Figure 6:  US naval reactor compartment packages in Trench 94 at Hanford Nuclear Reservation, Washington

Source: US Navy, online.

Australia has no experience with or ability to handle or store such high-level waste. Additionally, the spent WGEU 
reactor fuel is still highly enriched and would be an extreme nuclear nonproliferation risk if Australia were to 
manage that waste (see below). That would require significantly increased International Atomic Energy Agency 
(IAEA) oversight obligations. Therefore, Australia shouldn’t be responsible for the long-term storage of the spent 
reactor fuel. The fuel should be returned to the providing nation under an agreement based on the fact that the 
partner nation has in place the necessary capacities for its storage or reprocessing.

https://en.wikipedia.org/wiki/United_States_naval_reactors#/media/File:Naval_Reactor_Compartment_Packages_in_Trench_94_at_Hanford,_WA.png
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Furthermore, removing the fuel here would require highly specialised elements of a domestic nuclear industry, 
undermining one of the government’s key arguments for acquiring submarines fuelled with highly enriched uranium 
(HEU) rather than low enriched uranium (LEU) in the first place. Therefore, the entire submarine should be returned 
to the partner nation for the removal of the fuel. For the same reasons, our partner should also be responsible for 
disposing of the reactor; it would make little sense to return the defuelled submarine with its reactor to Australia 
when we don’t have the industrial or storage capacity to remove and store the decommissioned reactor. Australia 
should, of course, commit to funding those activities. That means we’ll also be taking on an enduring liability to 
contribute to the management of nuclear waste.

So, while we won’t be disposing of our SSNs until the late 2060s, it should be a high priority for the taskforce to 
secure a commitment from our partner nation that it will dispose of our submarines, including their reactors and 
fuel, once they’re decommissioned.

If we don’t secure that commitment up front, we run the risk of repeating the experience of the UK, which hasn’t 
fully disposed of any of its 20 retired nuclear-powered submarines and their reactors (Figure 7). In fact, the UK hasn’t 
been able to defuel any of its submarines since 2004, when the UK nuclear regulator closed down the Ministry of 
Defence’s defuelling facility, so nine of those submarines are still fuelled. The project to establish a new facility has 
been repeatedly delayed, has experienced significant cost increases and won’t start operation for several years. 
Moreover, the UK Government’s geological storage facility that will receive intermediate-level submarine-related 
waste, such as the reactor pressure vessel, isn’t expected to be available until the 2050s. Overall, the Ministry of 
Defence has a £7.5 billion liability for maintaining and disposing of its out-of-service submarines.37

Figure 7:  Nine of the UK’s 20 decommissioned RN nuclear-powered submarines, Devonport, UK

Source: Google Earth.
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In short, disposing of our submarines and their reactors and fuels ourselves would require substantial industrial 
and storage capacity and complicate the nonproliferation aspects of the program (discussed below). While the UK’s 
capacity to dispose of nuclear submarines may have improved by 2060, it’s had difficulty maintaining that capability 
with a small force and industrial base.

Nuclear nonproliferation
Australia is a signatory to the Treaty on the Non-Proliferation of Nuclear Weapons (the Non-Proliferation Treaty, 
NPT) and is a member of the IAEA and the Nuclear Suppliers Group. The government has stated that Australia will 
adhere to its nonproliferation obligations, and the opposition has stated that this is a condition for its support for 
the SSN program.

Under the NPT, non-nuclear-weapon states may not pursue nuclear weapons and must accept safeguards:

… as set forth in an agreement to be negotiated and concluded with the International Atomic Energy Agency 
in accordance with the Statute of the International Atomic Energy Agency and the Agency’s safeguards system, 
for the exclusive purpose of verification of the fulfilment of its obligations assumed under this Treaty with 
a view to preventing diversion of nuclear energy from peaceful uses to nuclear weapons or other nuclear 
explosive devices.38

Australia has met its obligations under the NPT. For example, when Australia moved away from HEU fuel for our 
research reactor in 2006, the subsequent removal of the HEU fuel was conducted under IAEA safeguards.

The use of WGEU by the US and the UK in their submarine reactors isn’t a significant proliferation risk, as they’re 
already nuclear-weapon states. However, the export of WGEU to Australia will create some unique issues for the 
NPT, given that Australia is a non-nuclear-weapon state. At this stage, the only other nation developing nuclear 
submarines that doesn’t possess a nuclear weapon is Brazil, but it’s expected to use LEU. Regardless of the 
Australian Government’s declared intentions, once Australia possesses WGEU, the breakout time to develop and 
construct nuclear weapons would be less than a year if a simple nuclear-weapon design were pursued. For context, 
the amount of WGEU in each Virginia-class submarine’s reactor could make between five and seven nuclear 
weapons more powerful than that dropped on Hiroshima.

While there’s some debate about whether the use of naval nuclear reactors qualifies as a peaceful or non-peaceful 
use, the use of nuclear material by a non-nuclear-weapon state for ‘non-peaceful purposes’ is permitted under the 
NPT, provided it isn’t used for the production of nuclear weapons. This is governed by paragraph 14 of the IAEA’s 
INFCIRC/153, which contains the rules established by the IAEA’s board of governors for the inspection and reporting 
system that upholds nonproliferation safeguards.39 In fact, according to scholars, paragraph 14 was specifically 
included to allow non-nuclear-weapon states to acquire naval nuclear propulsion. The paragraph allows a state to 
make an arrangement with the IAEA for the withdrawal of nuclear material from the usual IAEA safeguards for the 
period of time it’s being used in a non-peaceful purpose, such as powering a nuclear submarine’s reactor.40 While 
paragraph 14 has yet to be used, Canada investigated its use for a possible nuclear submarine program in the late 
1980s. Similarly, Australia enquired about the process of using paragraph 14 in 1978.41

Presumably, Australia will enact paragraph 14 to acquire the WGEU fuel in the SSNs’ reactors and negotiate the 
arrangements under which Australia will receive and hold it with the IAEA. John Carlson has noted that withdrawal 
from the usual safeguards doesn’t mean withdrawal from any and all safeguards. Paragraph 14 essentially 
acknowledges the difficulty of applying the usual inspection regime in the case of SSNs (boats may be at sea for long 
periods and not accessible, highly classified technologies need to be protected, and so on), but a range of robust 
safeguards can still be implemented. Overall, Carlson assesses the proliferation risk in the case of Australia as low 
because the fuel will be sealed in the reactor and any diversion would result in noticeable damage to the submarine 
hull and reactor.
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Nevertheless, to fully meet our obligations and demonstrate our commitment to being a responsible stakeholder, 
Australia will need to work through these issues with the IAEA board of governors to establish the most robust 
arrangements possible. This would also require the involvement and agreement of the US or the UK as the supplier, 
which would need to be comfortable that any inspection regime protected its technology.

Moreover, paragraph 14 states that the usual safeguards ‘shall again apply as soon as the nuclear material is 
reintroduced into a peaceful nuclear activity,’ which in this case would be once its use in a naval reactor is complete. 
While the paragraph doesn’t explicitly state that this means the supplying nation would be obliged to take the 
nuclear material back, that’s much more consistent with nonproliferation principles than for a non-nuclear-weapon 
state such as Australia to remain in possession of it. Therefore, Australia should secure the agreement of the 
supplying nation to take it back. As discussed above, this has significant implications for the disposal of the fuel, 
reactors and submarines.

Australia’s potential enactment of paragraph 14 has already raised significant interest across the globe as a 
precedent for other nations seeking a similar capability. That’s another reason why Australia should set another 
precedent and enact the most robust arrangements possible.

Broad outline of the elements of the strategic agreements
Much of the work of the Nuclear-Powered Submarine Taskforce will be to identify the matters to be included in the 
agreements. The following is an indicative minimum list:

• Exchange of information related to:
– planning
– operations
– safety management
– training
– research and development
– industrial requirements
– essential technical drawing
– data to support the safe and effective operation of the submarines

• Transfer of nuclear propulsion plant and materials, including:
– nuclear reactors and their HEU fuel
– any related technologies necessary for the safe and effective operation of the propulsion system
– parts required for repair and maintenance

• Personnel
– provision of specialised military and civilian personnel who may be needed to support Australia
– cooperative arrangements that provide opportunities for Australian uniformed, industrial and regulatory 

workforce to train in the partner country, including serving on its SSNs or working in its nuclear facilities

• Indemnities
– indemnification of the supplying country for any liabilities related to nuclear reactors or fuel provided to 

Australia

• Industrial participation
– agreement for the lead industry partner to undertake all necessary work within Australia
– agreement to share industrial and classified information with suitably qualified Australian industry partners

• NPT protocols
– agreement to Australia having sufficient access to the reactors and HEU to support transparency and allow us 

to meet our NPT commitments (that is, Australia can’t outsource its obligations and accountability)

• Disposal
– agreement to take back and dispose of all nuclear materials provided by the source nation (which is likely to 

require the partner country to take back the entire submarine).
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Choosing the submarine design
The likely contenders
The choice of submarine design will be informed by a number of factors. Defence officials have stated that Australia 
doesn’t want its own unique design and that Australia’s SSN will be as close a copy as possible of the US or UK boat 
that will be the ‘reference ship’ design. That certainly makes sense, but the answer to the question of what that 
design should be isn’t straightforward. While some commentators have presented the decision as a choice between 
the Astute and the Virginia, matters aren’t that simple.

The UK is completing the build of the Astute class and has commenced the process of designing the Astute’s 
replacement, currently termed the SSN(R). The US continues to evolve the Virginia class and is also starting to 
prepare for its next-generation SSN, currently termed the SSN(X). Table 2 shows where the US and UK SSN programs 
are likely to be at the end of the decade, which is the point at which the government has indicated that Australia’s 
SSN program would commence construction.

Table 2:  Potential status of US and UK SSN programs by 2030

Country Program Characteristics Likely status by 2030 Comments

UK Astute class 7,000 tonnes
97 m x 10 m
98 crew

Completion currently 
planned for 2026

Could form the basis of a first batch, but the UK 
design team is likely to be fully committed to the 
SSN(R) and SSBN programs, leaving little capacity to 
implement necessary design changes for Australia.

SSN(R)/MUFC Unknown, but 
reportedly larger than 
the Astute

Advanced design In the light of the time frames required for 
submarine design, it’s highly unlikely that the SSN(R) 
will be ready to commence build either in the UK 
or Australia.

US Virginia class 
Block IV

7,100 tonnes
115 m x 10.4 m
135 crew

All Block IV boats will have 
completed construction

The US will no longer be building this block.

Virginia class 
Block V

9,230 tonnes
140.5 m x 10.4 m
135 crew

In construction but no more 
new builds commencing

It’s likely that the USN will have moved on to Block VI 
for its new builds by 2030. Nevertheless, picking 
Block V as the reference ship for Australia’s SSN 
would allow for non-discretionary modifications 
to be incorporated in time to start construction 
by 2030.

Virginia class 
Block VI

Probably as per 
Block V, but with 
improved stealth and 
other capabilitiesa

In construction from the 
mid-2020s

It may be feasible for this block to be the reference 
ship, but there’s a risk that non-discretionary design 
work couldn’t be undertaken in time.

SSN(X) Unknown, but likely to 
be larger than Virginia 
Class Block VI

Mid to advanced design The US is aiming to start construction in the early 
2030s, so an Australian program wouldn’t be ready 
for construction by the end of this decade.

a On the Block VI Virginia, see Megan Eckstein, ‘Navy new Virginia Block VI Virginia attack boat will inform SSN(X)’, USNI News, 
20 November 2020, online.

Source: Various open sources.

If the government wants to begin construction by the end of this decade, that would in all probability be too early 
for the UK SSN(R) design and the US SSN(X) design. However, it’s highly likely that a design based on the Virginia 
class would be achievable for a build commencing before the end of 2030, although which block would be the most 
appropriate will require careful study. The Astute class will have ended production in the UK, raising complications 
about the viability of the Astute as the reference ship.

https://news.usni.org/2020/11/20/navy-new-virginia-block-vi-virginia-attack-boat-will-inform-ssnx
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Single-batch versus multiple-batch build
A key decision will be whether to build all submarines as a single batch with the same design or to build multiple 
batches with different designs. While it may be preferable to adhere to a single design rather than build two different 
classes of boats, the viability of that will be heavily influenced by what the strategic partner’s own SSN program is 
doing, because aligning with that will produce less complexity and fewer unique complications.

If we choose the UK as our strategic partner, there appear to be three broad options:

•  Use the Astute as the single reference design. While the Astute class is mature, the UK will have completed 
construction by the time Australia starts construction. This raises potential challenges. For example, because 
the UK’s SSBN and SSN(R) programs are using a new, larger reactor, it mightn’t be possible to build the older 
reactor. It also means that the UK and Australian programs will be nearly a generation out of alignment. By the 
time our first boat enters service, the first UK boat will be approaching retirement. The first Astute commenced 
construction in 2001. The first Australian boat could enter service nearly 40 years later. In a continuous-build 
approach, the last Australian boat could enter service around 2060—after the last UK Astute had retired—and 
serve to 2090. In short, this approach would be likely to lead to Australia having an orphan fleet of submarines 
after the parent navy has retired the class and moved its industrial base to support new classes of submarine.

•  Use the SSN(R) as the single reference design. This would provide a more modern design and allow Australia 
to stay in sync with the UK and avoid the orphan-fleet problem. However, based on the SSN(R) program 
schedule, it appears unlikely that the reference ship will be ready to build by the end of this decade, so the 
Australian version would begin construction after that. It appears unlikely that this would meet the government’s 
goal of starting construction by the end of this decade or having a boat in service by the late 2030s, since the 
build of each UK SSN is currently taking around 10 years.

•  Start with Astute and move to SSN(R). This could allow construction to start by the end of the decade (noting 
the challenges of the Astute having completed production). Once the SSN(R) design were mature, we could shift 
production to it. However, operating a small fleet of two different designs would come with significant overhead 
and two different supply chains, including the SSN(R) having a different reactor from the Astute.

With the US, the options are broadly the same, although there’s potentially more choice about which Virginia block 
to use:

•  Use the Virginia class as the single reference design. Again, starting construction by 2030 using a design 
based on a Virginia block (indicatively Block V, but perhaps Block VI) is likely to be achievable, but faces the 
same orphan-fleet problems if we continue to build Virginias after the US has moved on to the SSN(X). Those 
difficulties mightn’t be as severe as with the Astute, since it’s likely that the USN will continue to build and 
operate Virginias for longer.

•  Use the SSN(X) as the single reference design. Waiting for the SSN(X) as the single design would mean that the 
program couldn’t meet the government’s schedule goals. We should also note that, since the USN is aiming for 
a significant increase in size and capability in the SSN(X), early US Government cost estimates suggest that it 
will cost around US$6 billion each in current dollars compared to around US$3.4 billion for the Block V Virginia. 
That’s a very substantial increase, and greater sustainment costs are likely, too.

•  Start with Virginia and move to SSN(X). This could allow the government to meet its schedule goal, but it 
creates the overhead of operating a split fleet that would be exacerbated by the greater cost of the SSN(X). 
As with two UK designs, this would involve two different supply chains.

In summary, without an understanding of the government’s and Defence’s hierarchy of priorities, there’s currently 
no clear stand-out option, and all the options require trade-offs between schedule, cost and long-term alignment 
with the parent navy.
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Differences between US and UK designs
While we need to remember that, ultimately, we’re selecting a strategic partner that can support us in developing 
and operating an SSN capability, there’s no getting around the fact that submarines are a key part of the capability. 
Therefore, the design itself needs to be carefully considered and may ultimately tip the taskforce’s recommendation 
in favour of one strategic partner and its commercial team.

We can reasonably assume that all US and UK designs will have extremely capable sensor suites and combat 
management systems, highly lethal weapons, very quiet acoustic signatures and extremely reliable propulsion 
systems. The differences between them in those areas are highly classified, and we won’t go into the hearsay and 
speculation that’s proffered about their relative performance. All will share the substantial advantages common to 
SSNs over conventional boats. It’s also likely that they’ll continue to enjoy a technological advantage over Chinese 
submarines for some time.

One key difference, however, is that US SSNs are generally larger than UK SSNs. In the 1970s, UK SSNs were about 
4,400 tonnes, while US SSNs were approximately 6,000 tonnes. The difference has decreased with the current 
generation: the Astute is about 7,000 tonnes compared to the first four blocks of the Virginia class at around 
7,100 tonnes. However, Block V, which has recently started construction, will be close to 10,000 tonnes, reclaiming 
the USN’s size advantage.

Details about the SSN(R) and SSN(X) are scanty, but it appears that both will continue the upwards growth path. 
For example, they may both share the larger reactors used by their navies’ new SSBNs, providing more power but 
also requiring a larger diameter and consequently larger overall size. Again, it looks like the future US design will be 
larger than the UK’s, as the USN seeks to develop what it’s terming an ‘apex predator’, carrying more weapons and 
more capable uncrewed and autonomous systems.42

US submarines also have larger crew sizes than UK submarines. The Virginia has around 130 crew, while the Astute 
has around 95. The growth in the RAN’s submariner arm will be substantial, potentially from 900 today to more 
than 3,000.43 The smaller crew size offered by British designs could be a key discriminator in the RAN being able to 
develop a sustainable capability.

Larger size brings other costs. That includes cost of the boat itself (there’s a clear correlation between submarine 
tonnage and cost), but other costs include shipyard requirements and wharf space. It’s currently unclear whether 
the shipyard at Osborne could support the blocks, megablocks and superblocks necessary to build the Block V 
Virginia or, indeed, the future SSN(X), if Australia chooses to do that level of construction domestically. There are 
also potential issues involving Australian support infrastructure and our capacity to maintain the vessels, although 
in the larger strategic picture it makes sense for Australian submarine facilities to be able to operate with and 
sustain not just Australian submarines but those of our AUKUS—and Quad—partners, so the scaling of facilities and 
at least ‘first line’ maintenance and sustainment is a larger issue than one determined just by the number and size of 
the Australian SSNs.
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What design changes will be required?
Nobody wants our own unique design—but we’ll get it nonetheless if we aren’t careful. Maintaining alignment with 
the strategic partner as far as possible is crucial, and we need to adopt the approach of being a joint submarine 
enterprise partner with either the UK or US as the key design principle for the whole program. Nevertheless, it’s 
simply not possible to have a completely off-the-shelf design, as no design can be directly transferred from an 
overseas yard to Osborne.

Essential changes
There will be a range of design changes that, for a range of reasons, can’t be avoided but can be minimised, 
including the following:

•  Revising designs to meet Australian legislative, regulatory or safety requirements. The current SSNs were 
designed to meet standards in the US and the UK, which may be similar but not identical to ours. Additionally, 
standards change over time, so some standards that were acceptable at the time the US or the UK completed 
its designs might no longer be acceptable today. Our choices here are to make design changes to what are 
clearly successful designs that, combined with UK and US regulatory approaches, produce very safe and 
militarily effective submarines, or to change Australian legislative and regulatory approaches and standards to 
recognise the US or UK approaches as fit for purpose and operate accordingly. This second path seems more 
sensible, given that safety and effectiveness are proven outcomes from both the UK and US systems for nuclear 
submarines. Changes to their approaches may in fact introduce safety and effectiveness risks.

•  Equipment obsolescence. Depending on the design selected, some equipment might no longer be 
manufactured and therefore will need to be replaced with equipment of similar form and fit. This issue becomes 
more important for the Australian submarines the earlier the chosen design is retired by the parent navy, so it’s 
likely to be a bigger issue with the Astute, as construction will have ended before Australian boat construction 
begins and the UK’s industrial base will be transitioning from Astute production to the UK SSBN and future SSN.

•  Unique Australian essential equipment. Unique essential equipment includes communications and 
cryptography so that the submarine can communicate securely with other Australian assets. There are also 
systems that the Navy might strongly prefer, but it will be important to assess whether they truly are essential. 
For example, the Collins class currently uses the US AN/BYG-1 combat management system and the torpedo 
used in the Virginia class, and Australia participates in a cooperative program to conduct spiral upgrades of 
them. However, the Astute uses a different combat management system and torpedo. The RAN may strongly 
prefer to retain the US versions even if Australia selects a UK submarine design. It will be important to carefully 
consider such changes, which have the potential to increase cost, schedule and risk and result in a unique, 
orphan design.

Changes driven by differences in shipyards
If the government pursues local assembly, there will be a range of changes to the design and production drawings 
that reflect the differences between the configuration and capability of the shipyard at Osborne (Figure 8) and 
those in the UK and US. Fortunately, Australia will be able to start the SSN shipyard with a fairly blank canvas. 
Osborne won’t have produced a submarine for around a quarter of a century by the time construction starts. Little 
infrastructure was completed for the Attack class before the program was cancelled, leaving large areas of empty 
space. There will be some limitations to what can be done; the new shipyard will need to work around the Collins 
full-cycle docking shed (which the government has announced will remain at Osborne), and building concrete pads 
that can support 10,000+ tonne submarines on sand could be difficult. However, it would appear that we can align 
the new facilities at Osborne to match the partner nation’s shipyard, minimising the extent of changes needed to the 
submarine’s design. Again, this is a key issue that the taskforce will need to confirm.
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Figure 8:  Osborne naval shipyard

Note: The submarine precinct is to the right of the large ship lift. The large building (arrow) behind the submarine is the full-cycle 
docking facility, which the government has said is to remain. Therefore, the SSN shipyard will need to be built around it.
Source: Australian Naval Infrastructure, online.

It may well be that we have a somewhat different problem. Since we’re largely starting with a blank sheet, we can 
build a highly automated, state-of-the-art shipyard. Submarine designs and production processes optimised for 
existing UK or US shipyards might not in fact be the most efficient or cost-effective. The choice may come down 
to replicating the primary partner’s current approach in the interests of starting construction as soon as possible 
or spending a little more time and money to modify the design so that it can be produced more quickly and 
cost-effectively in a more modern shipyard.

Changes to increase Australian content
As the government has made a commitment to ‘maximise Australian industry participation’ in the program, there’s 
likely to be pressure to produce subsystems and components here.44 Without disciplined management, that has the 
potential to increase cost, schedule and risk.

Each change, no matter how meritorious, is likely to lead to design changes (including simple changes such as 
mounting screws and accommodation of weight differences). Therefore, each new component will need to be 
carefully assessed from industry, capability, cost and schedule perspectives.

One way of mitigating those risks is to produce components to the primary partner’s domestic designs, under 
licence or industrial partnership, instead of seeking unique Australian components. Ideally, a joint submarine 
enterprise approach with the chosen primary partner would look more like the JSF program, in which components 
produced in Australia are able to be used in the primary partner’s submarines as well as the Australian boats, 
instead of unique Australian components for a unique small fleet of eight Australian submarines.

↓

https://www.facebook.com/photo/?fbid=191646302543923&set=pb.100067965398798.-2207520000..
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The government has committed to ‘maximising Australian industry participation in this program’.45 There are 
different ways to maximise Australian industry participation, and there are some defining choices to be made.

Similarly, there are key decisions to be made about the build rate if the government still wants to pursue a 
local-build approach after the taskforce’s analysis is available to it. The Attack-class program was based on the 
construction of 12 submarines in Adelaide through a continuous-build program that was intended to deliver 
boats on a drumbeat that was timed to replace the first boat once the 12th boat was delivered. That meant there 
would be an approximately two-year delivery drumbeat. Ultimately, this meant that the government assessed 
that a continuous-build cycle designed around constant industrial demand and the preservation of jobs in future 
decades was a higher priority than the rapid delivery of military capability. That approach made less sense once the 
government published its 2020 Defence Strategic Update than it did at the time Naval Group was selected for the 
Attack-class program in 2016. The government will need to determine what’s a higher priority this time around— 
and in the light of its public statement on our strategic environment it’s hard to argue that that can be anything 
other than getting an effective SSN capability in place as rapidly as possible.

The broad options
At this stage, the government has made no public commitment to a continuous build, only a commitment to an 
Adelaide build, maximising the use of Australian workers. Consequently, at least two strategies exist that could be 
pursued fully consistently with the government’s commitment and another two that meet the intent of substantial 
Australian content, although not all construction would be done in Australia:

• a continuous build

• an economic build

• a kickstarted continuous build

• a joint submarine enterprise.

For each option, we’ve illustrated the likely total number of Australian submarines (Collins and SSN) in service at 
any point in time and those available, as well as the ramp-up in workforce requirements. Unless otherwise stated, 
we assume that construction of the first domestically built submarine commences around 2030 and that it will take 
10 years to enter service. Our workforce assumptions are discussed in more detail below. The analysis is based on a 
submarine of around 7,000 tonnes—the next generation of US and UK submarines is likely to be bigger.
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Approach 1: Continuous build
A continuous build would see eight submarines built at a pace that supports the government’s earlier commitment 
to continuous shipbuilding, which was a foundation for the Attack-class program’s approach. Construction would 
be timed so that it flowed into the subsequent program without any interruption, and the first boat of follow-on 
program would be delivered in time to replace the first SSN. It’s not clear whether this is a viable approach. The 
design life of an SSNs is about 30 years, so an eight-submarine build would require a delivery drumbeat of nearly 
four years. A 10-submarine build would probably be the barest minimum fleet size that could support continuous 
build, resulting in a three-year drumbeat. That’s similar to what the UK’s nuclear submarine program has achieved 
with 11 vessels between its SSN and SSBN fleets. However, to achieve optimal efficiencies and learning, a total 
number of 15 could be required to allow a two-year drumbeat.

Benefits
A continuous build would allow Australia to continue to develop its heavy industry capabilities and advanced 
manufacturing capabilities. It’s likely to provide the greatest opportunity for Australian industrial components 
to be injected into the design over time. It would provide key insights into the details of the design and improved 
capacities for Australia to maximise the industrial and operational benefits of this new capability. It would also 
provide a constant, predictable and manageable workflow and therefore industrial workforce requirement.

Disadvantages
It’s likely to be highly inefficient and therefore costly to build submarines slowly over such an extended period. 
Additionally, given the likely design controls sitting with a foreign nation, it’s difficult to assess how later vessels 
will continue to be produced when the parent navy has moved on to a new design with different equipment types, 
suppliers and the like. A batch approach that updates the design might address this, but the changes in design might 
be so significant that they would require significant changes to the yard, construction process and supply chains.

Risks
Due to the slow delivery schedule, the total size of the submarine fleet may fall to as low as three boats as Collins 
boats reach their life of type before SSNs enter service (Figure 9). It will be difficult to maintain a viable submarine 
capability with that number of submarines, particularly in training and retaining an adequate uniformed workforce. 
The best case is that Australia wouldn’t have an SSN capability until the late 2040s, since at least three boats are 
needed to be able to deploy one.

It may be difficult to maintain configuration management with the parent navy, which would have moved on to new 
designs or at least new blocks of the design. That might result in Australia effectively (and unintentionally) becoming 
the parent navy, but perhaps without all the requisite design and manufacturing skills. For example, if Australia built 
SSNs on a three-year drumbeat, the eighth boat wouldn’t arrive until around 2060 and would serve until 2090, 
which is potentially 30 years after the UK has retired the last Astute and 20 years after the US has retired the last 
Virginia. A four-year drumbeat exacerbates this. This creates risks associated with the viability of industry partners, 
the workforce and associated expertise.

Also, due to the slow delivery drumbeat, it’s likely that no (or very little) learning would occur between vessels if 
only eight boats were pursued. RAND Corporation’s analysis of the UK submarine-building program highlighted the 
risks and costs associated with a three-year drumbeat and suggested that a maximum drumbeat of 24 months be 
adopted.46 Again, a four-year drumbeat would exacerbate this.
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Continuous build: overview of transition and industry
Figures 9 to 13 assume a program of eight boats built over roughly 30 years.

Figure 9:  Continuous build—estimate of total submarines in service

Note: Figure shows total number of commissioned submarines, regardless of whether they’re available for service. Figure assumes all 
six Collins undergo life-of-type extensions (LOTEs) and are retired 10 years later.

Figure 10:  Continuous build—estimate of total submarines available

Note: Figure shows total number of submarines not in deep maintenance and available for training, exercises and operations or 
undergoing regular maintenance. Figure assumes that all six Collins undergo LOTEs and are retired 10 years later.
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Figure 11:  Continuous build—estimate of total military workforce

Note: Numbers assume Virginia class (ca. 130 crew) and 3:1 ratio of total workforce to submarine crews to provide a sustainable 
workforce model. ‘No retreat’ number assumes submariners aren’t laid off when boats aren’t available. Modelling relies on a 
just-in-time workforce model that probably doesn’t represent the real world (that is, the increased workforce will be required 
sooner than depicted here).

Figure 12:  Continuous build—estimate of average annual military workforce growth, by decade
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Figure 13:  Continuous build—Osborne construction workforce estimate, high and low ranges

Approach 2: Economic build
In an economic build, Australia would build all submarines in the most efficient manner possible domestically—
either as a single block or in two blocks aligned with the parent navy’s program. Submarines would be likely to be 
delivered every 18–24 months.

Because the last submarine would be delivered 10–15 years after the first, well before it was time to replace the first, 
this approach wouldn’t continue the government’s previous commitment to a continuous build of the Attack class. 
Therefore, a more sophisticated whole-of-Navy demand-driven approach would be needed to support broader 
shipbuilding efficiencies, allowing production to switch from submarines to surface ships or unmanned vessels and 
potentially back again. This would require improved coordination between the government, Defence and industry 
as well as the publication of a reliable long-term shipbuilding plan to support planning for shifts in production.

Benefits
This is likely to be significantly less costly than a continuous-build approach due to a more efficient build process. 
If timed properly to synchronise with the overseas partner’s program schedule, this approach would allow Australia 
to more easily maintain submarine configuration with the parent navy and therefore leverage whole-of-life 
capability improvements and cost-efficiencies.

From the capability perspective, it would allow the ageing Collins class to be retired sooner than the slower 
drumbeat of a continuous-build approach, as SSNs would enter service faster (even if the program had the same 
delivery schedule for the first boat). This would provide a faster boost to capability than the continuous-build 
approach. Moreover, the total submarine fleet would never fall below five boats (Figure 14).
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Disadvantages
This approach may provide less opportunity to involve Australian industry, given that the rapid schedule would 
reduce the time available to develop, certify and integrate Australian industry suppliers and their components.

Risks
This approach could negatively affect a range of industries that had been built up by the construction program 
unless they could successfully transition to sustainment or surface warship construction. The end of construction 
would significantly affect the submarine workforce, and by extension the broader naval shipbuilding workforce, 
unless the shipbuilding plan could reassign workforce to other programs. That said, that ramp-down won’t occur 
until the 2050s—a time at which strategic circumstances and shipbuilding requirements are difficult to predict at 
this point.

Also, the faster entry into service of the SSN fleet with the boats’ larger crews would require a significantly faster 
ramp-up in the Navy’s submarine workforce.

Economic build: overview of transition and industry
Figures 14 to 18 assume a build of eight SSNs delivered on a two-year drumbeat starting in 2040.

Figure 14:  Economic build—estimate of total submarines in service

Note: Figure shows total number of commissioned submarines, regardless of whether they’re available for service. Figure assumes all 
six Collins undergo LOTEs and are retired 10 years later.
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Figure 15:  Economic build—estimate of total submarines available

Note: Figure shows total number of submarines not in deep maintenance and available for training, exercises and operations or 
undergoing regular maintenance. Figure assumes that all six Collins undergo LOTEs and are retired 10 years later.

Figure 16:  Economic build—estimate of total military workforce

Note: Numbers assume Virginia class (ca. 130 crew) and 3:1 ratio of total workforce to submarine crews to provide a sustainable 
workforce model. ‘No retreat’ number assumes that submariners aren’t laid off when boats aren’t available. Modelling relies on a 
just-in-time workforce model that probably doesn’t represent the real world (that is, the increased workforce will be required sooner 
than depicted here).
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Figure 17:  Economic build—estimate of average annual military workforce growth, by decade

Figure 18:  Economic build—Osborne construction workforce estimate, high and low ranges
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Approach 3: Kickstarted continuous build
A kickstarted continuous build would be the same as the continuous build but would involve the first submarine 
being wholly built overseas, the second being built partially overseas but integrated in Australia, and follow-on 
boats being built in Australia. In order to maintain the government’s commitment to build eight submarines in 
Australia, it may be necessary to enter into a contract for the construction of the first eight submarines as described 
here, with an option, subject to the performance of Australian industry, for a further two boats for a total of 10.

It’s difficult to define the schedule for this approach, as it depends on when Australia could get access to a 
production slot in the partner nation’s program for our first boats. It might not be possible to acquire the Astute 
this way due the UK’s own capacity constraints. If the USN were to make one of its own production slots available 
to Australia, then the first submarine could be delivered as early as 2030, the second submarine in the mid- to late 
2030s and the first locally built boat in early 2040. This would require several things to happen: a rapid decision by 
the Australian Government; the availability of production slots in the parent nation (possibly involving the diversion 
of a submarine planned for the primary partner’s navy to Australia); and rapid development of the enabling systems 
to support the operation of the boat once it’s delivered.

Benefits
Deliberately staggering the SSN delivery would allow time for Australian industry to gear up to the challenges of the 
new construction program by providing time for shipyard development and allowing a staged growth in industrial 
workforce skills. In particular, Australian workers could train overseas on the first two boats.

From a capability perspective, it would allow for the earlier introduction of the first boats. This would also allow for 
a staged approach to expand the operational workforce; that is, nuclear-qualified submariners would be required 
sooner but, overall, the ramp-up would be more measured. Early delivery of SSNs would also mitigate to some 
degree the capability risks associated with the Collins fleet ageing out. While an interim force of only one or two 
boats isn’t likely to provide a robust SSN capability by itself, it would at least allow for training and the development 
of a solid understanding of what’s needed to sustain this capability in Australia.

Disadvantages
This approach still has many of the disadvantages outlined for a continuous build. There’s a greater chance that the 
first two boats will differ significantly from the follow-on boats if the parent navy has moved on to a new block or 
configuration by the time local construction starts and would therefore introduce long-term sustainment issues.

Risks
Depending on the drumbeat adopted for boats 3 to 10, this approach still retains many of the risks associated with 
continuous build. And a continuous build probably wouldn’t be viable with only six boats built in Australia, so it 
would require a total fleet of 10 or more, at significant cost.

It might also be perceived as being inconsistent with the government’s commitment to an Adelaide build, could 
encounter local and political opposition and could provoke criticism and opposition from domestic stakeholders 
expecting to benefit from local submarine construction. Clarity on the drivers for the decision, with sufficient depth 
and coverage of the elements that this report analyses, may help manage such criticism. The obvious imperative of 
increasing Australia’s security through earlier delivery of nuclear submarines would be part of the reasoning.
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Kickstarted continuous build: overview of transition and industry
Figures 19 to 23 assume that the first boat is built overseas and delivered in 2030, the second boat is built partly 
overseas and partly in Australia and delivered in 2034, and the remaining eight boats are built in Australia and 
delivered from 2040 on a three-year drumbeat. Early delivery requires an early ramp-up of the uniformed workforce.

Figure 19:  Kickstarted continuous build—estimate of total submarines in service

Note: Figure shows total number of commissioned submarines, regardless of whether they’re available for service. Figure assumes all 
six Collins undergo LOTEs and are retired 10 years later.

Figure 20:  Kickstarted continuous build—estimate of total submarines available

Note: Figure shows total number of submarines not in deep maintenance and available for training, exercises and operations or 
undergoing regular maintenance. Figure assumes all six Collins undergo LOTEs and are retired 10 years later.
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Figure 21:  Kickstarted continuous build—estimate of total military workforce

Note: Numbers assume 10 Virginia-class submarines (ca. 130 crew) and 3:1 ratio of total workforce to submarine crews to provide a 
sustainable workforce model. ‘No retreat’ number assumes submariners aren’t laid off when boats aren’t available. Modelling relies on 
a just-in-time workforce model that probably doesn’t represent the real world (that is, the increased workforce will be required sooner 
than depicted here).

Figure 22:  Kickstarted continuous build—estimate of average annual military workforce growth, by decade



43Chapter 3: What’s the right construction strategy?

Figure 23:  Kickstarted continuous build—Osborne construction workforce estimate, high and low ranges

Approach 4: Joint submarine enterprise
Rather than build eight submarines, Osborne would work as part of a combined production and sustainment 
enterprise including Australia and the primary partner’s design and industrial base. Australian involvement would 
be through building specific components for submarines being constructed for the parent navy as well as Australia’s 
boats through sustaining the joint submarine fleet. Manufacturing could include complete subsystems and not 
merely components. Those elements would then be shipped to the US or UK for final assembly as part of the partner 
country’s build program. This might be considered to be a ‘JSF program on steroids’.

To protect Australian industry interests, a minimum value contribution might be established that equated to the 
work that Australia would have undertaken in Australia if a domestic construction program had been selected. 
The yard would be sold to the prime contractor, but with suitable sovereign-risk controls in place.

Australia would receive its completed submarine from either the US or UK yards. The schedule considerations for 
the early boats would be similar to those under Approach 3 and would depend on the availability of a production 
slot in the parent navy’s program. In the figures below, we’ve assumed a 2030 delivery for the first.

While this option wouldn’t build submarines in Australia, it could be consist with the government’s commitment to 
‘maximise the use of Australian workers’ depending on how it was implemented. We have included this option to 
provide an alternative that addresses multiple challenges in approaches involving the local production of a small 
number of nuclear submarines that remain in service for many years.

Benefits
This would involve participation in a continuous-build program with a larger primary partner and provide ongoing 
opportunities in the sustainment and maintenance programs of a significantly larger combined submarine fleet. 
It would allow Australian industry to contribute to whole-of-life activities for the combined fleet through parts 
manufacturing and support arrangements, resulting in long-term stability for the Australian submarine industry.
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This approach also includes Australia becoming a regional operating and sustainment hub for the combined fleet, 
and so aligns with the logic of increased US and UK use of Australian facilities. That’s not a trivial economic issue, 
given that sustainment historically absorbs around two-thirds of the total program costs of Defence capability 
programs (counting only the spend on sustaining Australian platforms, not the partner’s systems too); production 
makes up only the other third. As we discuss below, the deep maintenance of Australia’s SSNs alone is likely to 
require more workforce than the build of the Attack class and Collins-class full-cycle dockings combined.

It would also allow for the early delivery of boats from an existing production enterprise, with Australian industry 
granted ‘payback’ workshare on later boats once it had tooled up and met the enterprise program’s standards and 
requirements. The rate of delivery could potentially be aligned to fit the ramp-up of the uniformed workforce and 
the retirement of the Collins class.

The logic of this approach is well understood from other cooperative programs that Defence has entered into with 
the US—most obviously the JSF, which has involved Australia’s contribution of components into a larger production 
system. Other aircraft programs such as the Growler have some similar parallels beyond production, demonstrating 
that joining a larger enterprise allows training and sustainment to be managed this same way, with Australian 
requirements ‘piggybacking’ onto US or UK systems and Australian skills and resources contributing to the success 
of the joint program, to the benefit of both Australia and the primary partner.

One simple observation here is that, in the case of advanced military aircraft, it has made no sense to choose a 
design being produced and operated in a partner nation and then seek to do a limited domestic production run 
here in Australia by creating a small, mirrored version of the originating partner’s existing production system. With 
the JSF, in particular, Australia has chosen to be more than a customer and less than a sovereign producer. Instead, 
we’ve become a contributing partner in a larger enterprise—including being a sustainment hub for regional JSF 
operators. Applying this logic to nuclear submarines leads to the joint enterprise approach, and has the clear benefit 
that it works and delivers military advantage.

Disadvantages
Work would most likely be for lower technology/production activities, at least initially, and provide fewer spillover 
benefits to broader industry. The overall approach is likely to be heavily skewed towards Australian subsidiaries 
of US and UK companies and accredited subcontractors, and those firms already involved in the partner nation’s 
submarine programs would be in the most advantageous position. Some of those disadvantages could be mitigated 
by Australian investment in UK or US submarine enterprise firms, if a deeper joint submarine enterprise can be 
negotiated at the government level, which seems to be consistent with the leadership intent for AUKUS.

Risks
The overseas partner (the US or the UK) that owned the design would be likely to be unwilling to become dependent 
on the supply of components from Australia if it thought that put its own sovereign capability at risk. Australian 
industry would need to demonstrate that it is an absolutely reliable supplier; and that would be likely to require an 
incremental, trust-building approach. It’s also likely to mean that the conceptual approach would be for Australian 
suppliers to be supplementary suppliers to the primary partner’s existing arrangements. In some ways, the current 
US approach of sharing production between yards is about redundancy of supply and production, so this would add 
more resilience in a similar way, in the case of the US, and build some industrial resilience, in the case of the UK.

Currently, there are substantial obstacles, including explicit legal prohibitions in the US on using certain 
overseas-produced components. The US Government’s Title 10 USC 8679 states that ‘no vessel to be constructed 
for any of the armed forces, and no major component of the hull or superstructure of any such vessel, may be 
constructed in a foreign shipyard’—except with presidential authorisation.47 There would need to be many 
commercial and congressional stakeholders who support changes here for this approach to be feasible. 
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But, again, the logic of AUKUS is about pooling technical capacity among the partner nations for their collective 
benefit in the face of a systemic challenge from China that can’t be faced alone, and legislative obstacles can be 
changed by legislation. AUKUS is meant to be an obstacle-busting, outcomes-focused approach at the national 
leadership level.

Once Australian companies are legally permitted to compete for work in foreign domestic programs, they may need 
quotas to protect their ‘share’, since US and UK political and industry interests are likely to make it difficult to inject 
Australian industry into what they regard as their workshare. However, changing this situation could be an early 
agenda item for AUKUS, particularly if the Australian Government were to decide that this is the best long-term 
approach to developing Australian industry capability.

Finally, at least in the early stages, the government might need to subsidise industry to make it sufficiently 
competitive with the mature foreign submarine industry. Arguably, the premiums for domestic builds of various 
Defence platforms are already a form of subsidy, but we’ve seen Australian industry compete successfully 
and cost-effectively for workshare in a range of cooperative programs, such as the JSF and the Evolved Sea 
Sparrow Missile.

Joint submarine enterprise: overview of transition and industry
Figures 24 to 28 model a ‘best case’ scenario of first delivery around 2030 and subsequent deliveries on a two-year 
drumbeat. That rate of delivery of submarines also requires a rapid, potentially unviable, ramp-up of the uniformed 
workforce. The trick would be to find the sweet spot to match deliveries with the workforce.

Figure 24:  Joint submarine enterprise—estimate of total submarines in service

Note: Figure shows total number of commissioned submarines, regardless of whether they’re available for service. Figure assumes all 
six Collins undergo LOTEs and are retired 10 years later.
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Figure 25:  Joint submarine enterprise—estimate of total submarines available

Note: Figure shows total number of submarines not in deep maintenance and available for training, exercises and operations or 
undergoing regular maintenance. Figure assumes Collins are retired 10 years after completing LOTEs.

Figure 26:  Joint submarine enterprise—estimate of total military workforce

Note: Numbers assume Virginia class (ca. 130 crew) and 3:1 ratio of total workforce to submarine crews to provide a sustainable 
workforce model. ‘No retreat’ number assumes that submariners aren’t laid off when boats aren’t available. Modelling relies on a 
just-in-time workforce model that probably doesn’t represent the real world (that is, the increased workforce will be required sooner 
than depicted here).
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Figure 27:  Joint submarine enterprise—estimate of average annual military workforce growth, by decade

Figure 28:  Joint submarine enterprise—Osborne construction workforce estimate, high and low ranges

It’s difficult to present an estimate of the Osborne construction workforce for the joint submarine enterprise 
approach, as the workforce requirement isn’t determined by the submarine delivery schedule. Rather, the number 
of workers would be dependent on the workshare achieved by Australian industry. Moreover, much of that work 
could be performed in places other than Osborne.

However, the total number of workers in this approach could be very large, particularly if it involves undertaking 
some sustainment activities for the partner navy’s submarines. Maintenance alone could require well over 3,000 
workers just for the Australian SSNs. Moreover, the early delivery of boats from an overseas shipyard would allow 
this workforce to be stood up earlier than if boats were built here on a slower schedule. More analysis is required, 
but a well-planned transition could allow the transition of workforce from the last Collins full-cycle docking (ending 
in 2038) to the first SSN deep-maintenance docking.



Chapter 4: The 
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capability

So far, we’ve looked at the choice of boat, how it will be built, and the crucial strategic and commercial partnerships 
that will underpin both. While it’s natural to focus on the boat, it’s only one of the elements that’s necessary to 
deliver an effective military capability. In fact, it’s only one of nine.

The Defence organisation identifies nine fundamental inputs to capability (FICs). They’re much broader than the 
equipment itself (which is ‘major systems’ in Defence’s terminology). The FICs are:

• organisation

• command and management

• personnel

• collective training

• major systems

• facilities and training areas

• supplies

• support

• industry.

Capability projects in Defence are responsible for developing plans to deliver nine FICs. The Nuclear-Powered 
Submarine Taskforce probably won’t have time to develop detailed plans for all of them, but it will certainly need to 
understand them and assess how, or indeed whether, they can be delivered.

Moreover, the requirements for particular FICs may play a significant role in the selection of the boat, reinforcing 
the need for deep early engagement with them. For example, the smaller crew required for UK designs could be a 
significant point in their favour. Alternatively, factors such as the larger US industrial base and support system and 
the fact that the USN is training for similar environments and threats as the RAN is likely to favour the selection of a 
US design and the use of the US training system and operational concepts.

We won’t review all the FICs but will highlight some key issues that the taskforce will need to address.

What changes need to occur at Osborne?
Construction and deep-maintenance infrastructure
Since the 2016 Defence White Paper, industry has been one of the FICs, reinforcing the need for effective industrial 
capability to deliver and sustain military capability. A key element of industrial capability under any of the 
Australian-build options will be the submarine shipyard. Whichever submarine design is chosen will have a 
significant impact on both construction and sustainment infrastructure at Osborne. The construction shipyard 
will need to be:
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• upgraded to manage the nuclear reactor and ensure its safe operation until the submarine is handed over to 
the Navy

• upgraded to handle larger, heavier, longer and wider units.

While the taskforce can defer a significant number of decisions about the precise design of Osborne until after a 
submarine is selected, it’s critical that it has a good understanding of the feasibility of upgrading Osborne to be able 
to build nuclear submarines to inform the selection of the submarine design.

Issues that need to be answered early include:

• What’s the capacity of the land to support the specific unit, blocks, megablocks and superblocks?

• Is there sufficient space to manage two to four submarines under construction at any one time at various stages 
of construction?

• Can the precinct accommodate deep maintenance, both of the Collins class, for which life-of-type extension 
(LOTE) work will continue until 2038, and at some future point the SSNs?

Similarly, there are significant questions about maintenance that the taskforce will need to answer. For example, 
there’s the basic question of how deep maintenance will be conducted. The USN currently puts its submarines into 
dry dock for all deep-maintenance activities (Figure 29), but there’s only one dry dock large enough in Australia—
and it’s in the middle of Sydney. Would the current Australian approach of lifting the boat out of the water still be 
viable, or will we need to build new dry docks in Adelaide?

Figure 29:  The USS Chicago enters a dry dock at Pearl Harbor, Hawaii, for deep maintenance

Source: US Navy, online.

https://www.flickr.com/photos/56594044@N06/50368177472/
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The answers to those questions may shape the submarine design Australia is able to pursue if, for example, the 
precinct is unable to accommodate the simultaneous build and deep maintenance of 10,000+ tonne submarines.

However, there are also key questions that will need to be deferred until after a design and builder are selected. 
That includes trade-offs between how much Osborne should change to build the desired design and how much the 
design or its construction method should change to fit Osborne. Ultimately, the detailed requirements and design 
work to update Osborne need the full engagement of the selected builder.

Low-level radioactive waste
We’ve discussed high-level radioactive waste, which is controlled under the NPT. However, low-level radioactive 
waste is also produced as a function of operations and maintenance. The reactor coolant water accumulates trace 
amounts of radioactive corrosion and wear products from contact with reactor surfaces. In the US nuclear program, 
the coolant water is intensively filtered to remove contaminants and returned to reactor circulation or is evaporated; 
it isn’t returned to the environment.

Solid waste consists of contaminated rags, plastic bags, paper, filters, ion exchange resin and other scrap materials. 
In the US nuclear naval program, it’s typically packed into sealed containers and buried in low-level radioactive 
disposal sites. Australia has significant experience in handling radioactive waste of this kind, as thousands of cubic 
metres is currently stored in Australia, including radioactive medical waste. However, we currently lack a national 
low-level radioactive waste repository, and waste is accumulating at sites such as Lucas Heights.

The current US nuclear naval propulsion program produces less than 10,000 cubic feet (less than 300 cubic metres) 
of low-level nuclear waste per year from around 80 operational nuclear vessels (less than 4 cubic metres per vessel 
per year).48

In summary, we expect that Australia will need to manage up to 32 cubic metres of low-level radioactive waste 
per year, such as contaminated rags, plastic bags and filters, produced continuously during normal operations 
and maintenance. This type of waste is generally at or below the level produced in hospitals. Australia is well 
accustomed to disposing of similar waste—or at least placing it in long-term storage (noting that we don’t currently 
have a national repository and sites such as Lucas Heights are running out of space). According to the Australian 
Radiation Protection and Nuclear Safety Agency (ARPANSA), Australia currently produces about 40 cubic metres of 
low-level radioactive waste per year.49 Waste from nuclear submarines would therefore nearly double that volume.

Commercial arrangements at Osborne
The taskforce might not need to make a recommendation on the ownership of the submarine shipyard at Osborne in 
the next 18 months, but at some point the government will need to consider the yard’s fate. Currently, the shipyard 
is owned by the Australian Government through the company Australian Naval Infrastructure. It was intended for 
the shipyard to remain in government ownership through the Attack-class build. A key reason for that approach 
was to future proof Australia’s freedom of action to choose the submarine after the Attack class as part of creating 
a sovereign design and production capacity. That decision has made the cancellation of the Attack class smoother 
than it might otherwise have been, since the government hasn’t needed to reacquire the shipyard from Naval Group.

However, there’s an alternative to the shipyard staying in the government’s hands now that it has decided to 
proceed down the nuclear path. Since the Prime Minister has stated that we’ll be in a ‘forever partnership’ with 
our submarine supplier, there appears to be little benefit in preserving freedom of action for ‘what comes next’ 
at significant opportunity cost.

Selling the yard to the commercial lead has potential benefits. It would remove government from being its own 
customer. It would allow the commercial lead to make key commercial decisions about the balance of yard upgrades 
versus design changes; for example, there will be questions about whether it’s better to adjust the building process 
to accommodate existing yard infrastructure or whether it’s better to upgrade the yard to accommodate an existing 
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design. A commercial operator is much better positioned than government to assess the cost–benefit trade-off. 
Under a joint submarine enterprise approach, control of the Osborne yard by our strategic partner’s designer/
builder could make the planning of the optimal total submarine enterprise simpler by removing a key commercial 
boundary that may be both a political and commercial obstacle to truly joint production.

Being commercially operated will also allow it greater freedoms concerning workforce management and ensure 
that there’s clear accountability resting with a single entity for the delivery of the submarine capability. It would also 
provide clear incentives to the commercial lead as shipyard owner to seek other work that would provide increased 
industrial outcomes.

If this approach were adopted, the winning company (presumably BAE or Electric Boat) would purchase Australian 
Naval Infrastructure and all its assets from the government. Sovereign controls could be established to allow the 
government to take back control in extraordinary but specified circumstances.

What’s the workforce requirement?
The workforce is the key to the successful implementation of this program no matter what design or build approach 
the government selects. We can broadly separate the workforce into four categories:

• military workforce

• industrial workforce (production)

• industrial workforce (sustainment)

• safety and regulatory workforce.

Military workforce
There are two key highly interrelated challenges for the government to address in developing the Navy’s submarine 
arm. The first is to recruit and retain a much larger number of submariners, and the second is to provide them with 
the necessary skills.

The RAN has achieved significant growth in its submarine workforce in recent years. Currently, it has around 900 
qualified submariners supporting a fleet of six conventional submarines, each with a crew of around 55. The future 
fleet will be at least eight nuclear boats, probably with a crew requirement of between 95 and 135 per boat. If we 
apply the same basic ratios, then the total military workforce requirement ranges from around 2,100 to over 3,000. 
That is, the submarine workforce will need to increase by a further 230% to 330% to support the operation of eight 
nuclear submarines. While the precise rate of increase will be related to the build strategy, which will determine the 
rate at which boats are introduced into service, overall this is an annualised net increase of between 3% and 4% per 
year for about three decades. That growth needs to occur while the force absorbs a separation rate that historically 
has at times been close to 10% per year.50

Whether such an increase is feasible even under the most ideal of conditions is a reasonable question. The taskforce 
will need to make an assessment of what number of submarines is achievable and sustainable in the longer term, 
as that may be a key factor in the selection of the SSN design (US designs have around 35%–40% more crew than 
UK ones).

Measures that could support a much larger number of submariners may include the following, some of which the 
Navy has already been actively pursuing:

• split basing to access the east coast’s population centres (see below)

• agreements with the US and the UK to allow Australian submariners to train on US and UK nuclear boats

• conversely, arrangements to allow US and UK submariners to serve on Australian boats, particularly in the early 
stages of the transition
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• acquisition of a full submarine simulator, not just task simulators; this could potentially be a moored training 
vessel such as the converted SSNs currently used by the USN for training (Figure 30)51

• establishing dedicated training submarines; part of the Collins fleet could transition to this role once SSNs enter 
service as Australia’s frontline capability

• constant review of conditions of service and remuneration to ensure that the submarine arm remains an 
attractive option for young Australians

• review of training needs to ensure that the right skills are taught at the right time

• review of training systems and infrastructure to identify bottlenecks and constraints so that there’s minimal 
downtime between courses or in career progression.

Figure 30:  Conversion of the SSN USS La Jolla to a moored training vessel—a lengthy and costly activity but one that 
may provide substantial training capacity

Source: US Navy, online.

Peter Briggs has written for ASPI already on the issue of the skills SSN crew need to have and the time needed to 
develop those skills, so we won’t repeat that work.52 However, it’s important to acknowledge the long timelines 
needed to develop skills, particularly for the command team and senior sailors.

The extent to which ‘front of boat’ command and operation of the combat system can be separated from ‘back of 
the boat’ work to operate the nuclear reactor and propulsion systems will determine what retraining is needed to 
transfer workforce and skills from the Collins class to nuclear submarines. The fact that the Collins boats use the 
US combat management system and weapons makes it likely that ‘front of boat’ transfer to SSNs is more feasible 
more quickly if the US is the primary partner. It’s likely that some fundamentally new skills requiring deeper training 

https://commons.wikimedia.org/wiki/File:USS_La_Jolla_(SSN-701)_undergoing_conversion_to_Moored_Training_Ship_at_Norfolk_Navy_Yard_in_September_2015.JPG
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and development can’t be fast tracked—reactor operation and maintenance seems a clear example. In that case, 
the early entry into service of Australian submarines (such as under the kickstarted or joint enterprise approaches 
discussed in Chapter 3) would seem to require co-crewing or temporary transfers of UK or US personnel to the 
Australian submarine arm.

The taskforce will need to develop a good understanding of those skills and the timelines needed to develop them in 
order to develop a broad plan to introduce the SSN capability. The plan will need to determine:

• the overall schedule needed to develop the skills in order to introduce the capability (there’s no point delivering 
boats if there’s no crew for them)

• the training infrastructure needed (simulators, training submarines, a moored training vessel and so on)

• the maximum feasible throughput of Australia’s training system, which could influence the selection of the 
submarine design

• the extent to which Australia can rely on its strategic partners to accommodate Australians in their existing 
training pipelines.

Industrial workforce (production)
While it’s difficult to assess what total industrial workforce might be required, we can nevertheless make a 
broad assessment of relative sizes. Based on an analysis of likely compensated gross tonnage, US Government 
Accountability Office figures and earlier industry workforce information, we’ve assessed the likely hours of touch 
labour (defined as production labour that can be reasonably and consistently related directly to a unit of work being 
manufactured, processed or tested, also termed hands-on labour effort)53 for the first submarine built in Australia 
as follows:

• Attack (for reference):  5.0 million to 6.4 million hours

• Virginia Block IV:  7.5 million to 9.5 million hours

• Virginia Block V+:  9.7 million to 12.3 million hours

• Astute:   7.4 million to 9.4 million hours.

While each of the SSNs will require more labour than the smaller Attack-class boats, there will be a smaller number 
of boats. The government has suggested ‘at least eight’, compared to the 12 Attack-class boats. Our modelling 
assumes eight.

Figure 31 shows an estimate of the upper and lower bounds of a broad estimate of labour at Osborne compared to 
our estimate for the Attack-class submarine, assuming a continuous-build program (build approach 1, discussed in 
Chapter 3) starting around 2030.
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Figure 31:  Osborne workforce requirements, comparing Attack-class and continuous SSN builds

Source: Authors’ analysis.

Apart from the start-up (because the Attack-class build was scheduled to start earlier), the Attack-class industrial 
labour requirement would have been broadly similar to the lower end of our bands. On this basis, there might not 
be a significantly greater demand for labour than under the previous plan. Note that this analysis doesn’t include 
significant labour from other businesses involved in producing equipment and other like services outside the 
Osborne yard.

If we examine the economic-build approach (build approach 2), the story is significantly different. There would be a 
substantial increase in demand over and above the Attack-class program, creating significantly more pressure under 
this approach (Figure 32).
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Figure 32:  Construction workforce requirements, comparing Attack-class and economic SSN builds

Source: Authors’ analysis.

In summary, a slower, continuous build should be more achievable from a workforce perspective, while an 
economically paced build may place significant strain on Australian industry capacities as well as cause significant 
workforce dislocation as production ends.

Under all scenarios, the construction and maintenance workforce will need increased capability to deal not only 
with the nuclear reactors, but with the construction of larger vessels than originally envisaged. It’s unclear at this 
stage whether a substantial injection of new equipment will be required, but it’s likely. Additionally, workers will 
need to understand the challenges of handling low-level nuclear waste and ensure that the correct procedures and 
systems for doing so are in place.

Skills in managing the nuclear aspects should be deliverable through the prime contractor and the insertion of 
skilled and knowledgeable managers and senior tradespeople at Osborne. The contract needs to establish clear 
accountabilities for these issues.

Industrial workforce (sustainment)
A key part of the industrial workforce is the sustainment workforce. It’s been stated many times that the 
organisations, people and skills needed for the sustainment of major systems aren’t the same as those needed for 
initial builds. In the US, for example, shipyards that perform deep maintenance on SSNs are completely separate 
from those that build the boats. Not preparing adequately for sustainment was one of the reasons why Collins-class 
submarine availability crashed in the early 2010s. We haven’t yet done any detailed modelling for the maintenance 
workforce required to support the SSN capability, but intuitively this would be significantly larger than that required 
for the Collins. Size alone will drive this, before we account for greater complexity and nuclear overheads.

The relatively limited publicly available data confirms this. The final Coles review of Collins-class sustainment 
assessed the improvements delivered by the review’s reforms: ‘Previously, approximately 1,150,000 work hours 
were required in each 3.3 year [full-cycle docking]. Through several investments and productivity improvements 
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approximately 780,000 man hours are now planned over slightly less than a two-year period.’ Full-cycle dockings are 
conducted every 10 years, last two years and perform deep maintenance and install capability improvements.54

As a point of comparison, a recent US Congressional Budget Office report examined extended docking selected 
restricted availabilities (EDSRAs) for Virginia-class submarines. According to the office, EDSRAs ‘are large 
maintenance events that generally last many months and occur every six years. EDSRAs include maintenance, 
repairs, and upgrades. The submarine is put into dry dock to enable work on the hull, propulsion, and other 
systems.’ The five EDSRAs that had been performed to March 2021 averaged 760 days (a little over two years) 
and took 290,068 days of labour.55

If we convert the Collins full-cycle docking (FCD) labour requirement of 780,000 hours to around 100,000 days, 
we can see that a Virginia-class deep-maintenance activity takes nearly three times as much effort as a Collins FCD. 
In short, substantially more workers than the 600 currently involved in performing FCDs will be required. In fact, 
the number could be more than would have been needed for Collins FCDs and the Attack-class construction 
workforce combined.

Depending on the usage and upkeep cycle for the SSN design we choose, it’s possible that the sustainment 
workforce requirement could be even greater. Currently, a Collins boat spends three of every 12 years out of the 
water in deep maintenance (a two-year FCD and a one-year mid-cycle docking). Not only will the SSN fleet have 33% 
more boats, but, if its usage and upkeep cycle requires more frequent deep maintenance, that will also drive up the 
workforce requirement.

It’s possible that the deep-maintenance workforce requirement could be so great that it will absorb Australia’s 
industrial capacity. If it comes down to a choice between applying workforce to construction or to sustainment, 
from a sovereign capability perspective, the priority must be the latter.

Granted, we’re probably 25 years away from the first deep-maintenance activity on an Australian SSN, but it will be 
important for the taskforce to understand the maintenance requirements of the potential solutions. A significant 
difference between submarine options, or a significant difference in the strategic partner’s ability to support us, 
could be a key discriminator for the path we take.

A related issue to manage in the long transition to the future SSN force is the gap between the last Collins FCD and 
the first deep-maintenance activity on the SSNs. The former will be completed by 2038; the latter might not start for 
a decade after that if our first boat is delivered around 2040. Preserving our submarine deep-maintenance capability 
over that interval will be key to ensuring that we have a viable SSN capability.

The joint submarine enterprise approach potentially offers a way to manage this transition. If the first SSN were 
delivered in 2030, it would be due for deep maintenance around the time that the last Collins FCD is completed in 
2038, allowing workforce to transition as well as providing the Collins workforce confidence that they have assured 
work after the Collins class retires.

Safety and regulator workforce
Currently, Australia has one working nuclear reactor (Figure 33). This program will introduce at least another 
eight, plus at least two primary sites where nuclear material will be handled and managed (the shipyard and the 
submarine base). The regulatory workforce will need to be expanded and gain skills in the methods and approaches 
being used in the host country to support the safe introduction and management of those nuclear assets. Peter 
Briggs has discussed these requirements in some detail.56
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Figure 33:  Currently, ANSTO’s OPAL reactor is Australia’s only reactor; with at least eight more reactors on the way in 
at least two new locations, our safety and regulatory workforce will need to grow

Source: Australian Nuclear Science and Technology Organisation (ANSTO), online.

The taskforce will need to produce a plan to develop that workforce on a schedule that supports the introduction of 
the submarines. Again, there’s no point delivering submarines if their safe operation can’t be assured.

It’s envisaged that staff would be trained alongside military personnel in key aspects of the operation of the 
submarines as well as other aspects associated with the safe operation of nuclear designated facilities. Key 
personnel would be likely to gain experience overseas (in the partner nation’s equivalent organisation) as well as 
the potential employment, through exchange postings, of personnel from the partner country to support the rapid 
expansion and additional training of the regulator team.

https://www.ansto.gov.au/research/facilities/opal-multi-purpose-reactor
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Where should the submarines be based?
It will be important for the taskforce to determine in its initial 18 months what infrastructure will be needed to 
operate the SSN capability, as establishing that infrastructure will be a major cost and schedule driver. The new 
submarines will undoubtably be longer than the Collins class, which may create issues for wharfage. However, 
docking space is only one element of the necessary infrastructure. A range of land-based test and training facilities 
will be needed.

However, a decision on where the submarines should be based could be deferred, although preferably not 
indefinitely. The fleet of eight nuclear submarines could either all be based at HMAS Stirling near Perth on the west 
coast or split between there and a new east coast base.

A joint submarine enterprise approach with a primary partner (either the UK or the US) would make the scale of the 
operating, maintenance and sustainment facilities and infrastructure larger than that required for eight Australian 
submarines. That fits with the logic of the force posture cooperation already occurring between the Australian and 
US militaries under the Gillard-era Force Posture Initiative as well as with the ambitions to deepen and expand 
that cooperation announced at the 2021 AUSMIN meeting, around the AUKUS announcement and in the Biden 
administration’s now competed Global Posture Review.

Ultimately, the government will need to determine what those facilities are, whether Stirling has the capacity to host 
them, and whether the benefits of a second base outweigh the costs.

There are strong arguments for basing all the submarines out of HMAS Stirling:

•  Reduced infrastructure costs. The need for specialist facilities to support nuclear submarines, particularly for 
protection in the event of an accident, and the management of low-risk nuclear waste would be reduced by the 
use of a single location.

•  Greater security. HMAS Stirling is on an island and therefore relatively remote, so it can be better guarded in 
peacetime and war.

•  SSNs can cover both oceans from one base. The speed and range of nuclear submarines make them more able 
than conventional submarines to be deployed to the east coast in a timely manner, reducing to some degree the 
strategic need for an east coast base. The AUKUS partners’ ability to operate more quickly, for longer, into the 
Indian Ocean by using the Stirling base is also relevant (Figure 34).

•  Lack of good east coast options. All good options have already been taken by ports or have been protected 
(for example, Jervis Bay). Defence has conducted numerous studies on east coast submarine basing locations 
and all have come to different conclusions, suggesting that there’s no clear stand-out candidate.

•  Reduced political pressure. Compared to HMAS Stirling, any base on the east coast is likely to be in an area 
that’s significantly more densely populated, creating political pressure. The usual contenders are Sydney, 
Brisbane, Newcastle and Wollongong.
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Figure 34:  The USN’s Virginia-class SSN USS Hawaii visits Western Australia; SSNs can fit at HMAS Stirling— 
but infrastructure is more than just wharves

Source: Defence image library, online.

However, there are also reasons to consider a split fleet:

•  Improved recruitment. Recruitment is a key issue for the submarine fleet. Because a significant proportion of 
sailors come from the east coast, recruitment and retention are likely to be improved through basing on both 
coasts. Moreover, without accessing the large population centres on the east coast, it’s difficult to see how the 
RAN could generate a submariner force that’s likely to be two and a half times the size of the current force.

•  Improved collective training. The ready availability of submarines on both coasts would allow greater 
opportunity for realistic taskforce training exercises and antisubmarine exercises, particularly with the naval 
helicopter force at Nowra and surface combatants in Sydney Harbour.

•  No single point of failure. It may be easier for an adversary to target the base rather than destroy the boats at 
sea. A second base would provide redundancy in case one were disabled.

https://images.defence.gov.au/assets/Home/Search?Query=20141110ran8107930_139.jpg&Type=Filename
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What legislative changes are needed?
Defence acquisition projects must conduct legal reviews of new weapons. The SSN program will raise legal issues 
beyond any presented by previous projects. Currently, nuclear power and some nuclear industries are forbidden 
in Australia under federal law. Two main pieces of federal legislation—the Australian Radiation Protection and 
Nuclear Safety Act 1998 and the Environment Protection and Biodiversity Conservation Act 1999—forbid the approval, 
licensing, construction and operation of a nuclear-fuel fabrication plant, a nuclear power plant, an enrichment 
plant or a reprocessing facility. There’s also a range of other legislation, including state and territory legislation, 
that regulates nuclear and radiation-related activities. Additional restrictions in state laws include the prohibition 
of a nuclear waste storage facility in South Australia and the prohibition of the construction or operation of a nuclear 
reactor in Victoria.

ARPANSA is the government organisation tasked by law to regulate the nuclear industry and safety in Australia on 
the federal level. ARPANSA is represented in the Nuclear-Powered Submarine Taskforce. Different bodies in each 
state are then empowered by state legislation to handle nuclear operations and safety on the state level.

Since the government’s intent is to import sealed reactors from the partner country and presumably return them 
once submarines are decommissioned to avoid the need for fuel fabrication and reprocessing facilities in Australia, 
that will reduce the need for legislative changes.

Nevertheless, because nuclear power plants are prohibited, the government will need to determine whether a 
nuclear submarine reactor counts as a power plant (it does produce electricity, unlike a research reactor) and, 
if so, the relevant laws will have to be changed. If Australia were to commit to the training of nuclear-submarine 
personnel, engineers and technicians with a land-based submarine test reactor, or a submarine converted to 
a moored training vessel, the same investigation would have to occur and the consequences would have to be 
determined. Australia currently operates the OPAL research reactor at Lucas Heights, so not all reactors are 
necessarily considered to be power plants.

Depending on the particulars of the nuclear submarine program and any associated government and military 
bodies for the design, safety and oversight of the nuclear components of the program, new legislation may have to 
be passed to establish those bodies or empower existing bodies to fulfil their functions.

Workplace health and safety standards and other regulatory requirements may need to be changed to recognise 
approaches used by the primary partner for its nuclear submarines in order to avoid unique Australian design 
changes that flow from unique Australian regulatory requirements.

What additional capabilities are required within Defence?
Defence and ARPANSA already have experience in managing port visits by nuclear-powered submarines. The 
taskforce will need to determine whether new institutions are required or existing ones are to be expanded for 
Defence to safely incorporate nuclear submarines into its force structure. However, the taskforce should also 
make recommendations on whether those functions are best held within Defence (to ensure focus and in-house 
subject-matter expertise) or outside of Defence (to ensure independence and accountability). The following are 
indicative of the kinds of functions the taskforce will need to consider.

An ADF nuclear regulator
The Defence Department might benefit from having an internal regulator that works with ARPANSA to ensure that 
Defence’s nuclear sites, assets and associated industry partners comply with requirements, manage risks and waste 
appropriately and look to continually improve safety capabilities. This would extend to the transportation, storage 
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and disposal of Defence nuclear material. The ADF nuclear regulator would provide stronger and more direct focus 
on Defence regulatory issues, while having ready access to classified information and more hands-on capacity to 
support ARPANSA in its work with Defence.

An inspector-general of nuclear safety
Nuclear safety will be a key issue and may warrant having an internal body that can independently investigate issues 
raised about nuclear safety. Such investigations might be triggered by a ‘whistleblower’ or by any concern that may 
be below the threshold to warrant ARPANSA’s involvement. Such an organisation could provide improved assurance 
that Defence is implementing its nuclear responsibilities in a sound manner. It would also provide another avenue of 
advice and support to Defence leadership in managing this critical capability.

Enhancements to the Defence Science and Technology Group
It’s important that Defence also maintains a solid scientific advisory capability on nuclear issues. This would be 
likely to best be held in the Defence Science and Technology Group to support the Chief Defence Scientist’s role 
of scientific adviser to the Chief of the Defence Force and the Secretary of the Defence Department. Alongside the 
expansion of the Navy, a modest investment in nuclear physicists would be warranted to support different aspects 
of nuclear operational and safety matters.
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The schedule context
We don’t have endless time. Looming behind considerations of the transition to the SSN capability stands the 
spectre of a growing capability gap. We may have already reached the point at which it’s impossible to avoid a 
serious and potentially enduring decrease in submarine capability. The high-level schedule presented in Figure 35 
suggests that, even if everything goes well in the transition, the Collins-class submarines will be well into their 40s 
by the time they’re replaced, raising questions about their military relevance or capacity to generate the larger 
workforce needed for the new fleet. Therefore, consideration of schedule is absolutely central to the work of the 
Nuclear-Powered Submarine Taskforce.57

The government has stated that it’s seeking to start construction by the end of this decade and that it’s aiming to 
have the first SSN ‘in the water’ by the late 2030s. The leader of the opposition has referred to a date of 2040. The 
head of the submarine taskforce has stated that the late 2030s is a conservative estimate and he’s aiming to bring 
the date forward as much as possible to achieve delivery of ‘at least’ one submarine before 2040. It’s not surprising 
that there’s a lack of consistency about the schedule—there are lots of unknowns. Moreover, the term ‘in the water’ 
is extremely imprecise: it could refer to launch, the start of sea trials, commissioning, or certification as ready for 
operations. Those milestones can span some time; in the case of HMS Astute, there was around six years between 
its launch and it being ready for operations.

Despite the uncertainties, in the light of a ‘conspiracy of optimism’ that plagues defence acquisition projects both 
here and abroad, it’s important to make a realistic assessment of how long it will take to construct the first nuclear 
submarine under any Australian-build path. Without that, any transition plan involving an Australian build that 
proposes to ensure the continuity of Australia’s submarine capability is merely wishful thinking. In particular, we 
need to understand how long the ageing Collins fleet needs to keep operating in order to prepare appropriately.58 
We’re already seeing considerable pressure from commentators for Defence to set time frames for the SSN program 
that are very optimistic for any approach to an Australian build.

This analysis simply explores the rough timelines at a high level to establish a reasonable expectation of what 
might be achievable. We also suggest some possibilities for accelerating the delivery of submarines. We caution, 
again, against focusing exclusively on the schedule to produce the boats themselves, as all FICs will be necessary 
to generate a useful military capability.

Time to delivery
Time to start of construction
The role of the taskforce is to identify the ‘optimal pathway to bring the SSN capability into service’. According to 
Defence, that also includes making a recommendation on the design Australia will acquire. We assume, then, that 
the government will be in a position to select its preferred design and construction approach at the beginning of 
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2023 (roughly 18 months after commissioning the taskforce). We might consider that to be second-pass approval, 
in Defence parlance. While that’s still a long way from getting into a contract for submarines, it should allow work to 
start on the design and the FICs.

The question is: how long does it take from the government making a decision until the start of construction? There 
are many variables, but the Air Warfare Destroyer Program (SEA 4000) shares many similar features with the future 
submarine—for example, the chosen vessel was largely an off-the-shelf design built in Australia but with a range of 
modifications to meet Australian requirements and standards. The government gave second-pass approval for the 
program in June 2007, and the first vessel was laid down in September 2012.59 Some design work had been done 
before second pass as part of the selection competition, and some components began construction before the 
vessel was laid down, but, broadly, it took 62 months to get from the decision to the beginning of construction. 
We can round that to five years.

The Hunter-class frigate can also provide a comparison. It received second-pass approval in June 2018, but the 
reference ship it was based on wasn’t a mature design. Moreover, the government required five substantial design 
modifications. As a result, the start of construction has moved further into the future and is now expected in 
mid-2024; that is, around six years after second pass, even after risk reduction work was done in the selection 
competition. It’s a salient lesson about choosing a design that has yet to be produced—and about the consequences 
of modifying a design to meet unique Australian requirements.

When drawing lessons from surface ships, it’s important to recognise that submarines are more complex. The 
government announced that it had selected Naval Group’s Attack-class submarine in April 2016, and five years later 
construction hadn’t commenced. It’s unclear how much longer it would have taken to commence, but a 2025 start 
date wouldn’t have been unrealistic. Therefore, it would have been at least eight years from second pass. While 
we can argue about whether the Attack class’s pedigree, derived from an SSN, made it a new design or merely a 
modified one, it was by no means an off-the-shelf design. However, the challenges with the Attack-class program 
weren’t just about completing the design work; the program seems to have experienced ongoing commercial 
tension between the federal government and Naval Group.

It would be naive to think that an Australian-build approach for our SSN program won’t experience similar issues. 
We’ve noted above that design changes will be needed without legislative and regulatory changes, and that 
obsolescence issues are likely to involve design changes in any case. Moreover, while our AUKUS partners may be 
actively supporting us, the commercial team we’ll work with will be no less focused than Naval Group on achieving 
good commercial outcomes for its shareholders.

Key factors already outlined in this paper that could significantly affect start-up include:

• the maturity of the design selected, or, put another way, the extent of required changes to what’s likely to be 
mature reference design

• the capacity of the lead commercial partner to carry out those design changes and create a detailed design that 
can be built at Osborne while still meeting the requirements of its primary customer

• the capacity of the lead commercial partner to establish a submarine construction program in Australia from 
what’s essentially a cold start

• the ability of Australia’s shipbuilding industry to generate the necessary workforce

• the amount of infrastructure work required for Osborne to handle substantially larger and heavier submarines 
than the Collins and Attack classes

• the extent to which Australian industry content is mandated

• the willingness of the Australian Government to commence some work overseas (other than the reactors)

• the government’s ability to establish the appropriate legislative, regulatory and safety frameworks to allow 
what’s to all intents and purposes a nuclear industry to begin in Australia.
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Our view is that around 2030 is a feasible time for the submarine program to commence construction, which is seven 
years after government agreement to a design. That date could plausibly move forward by a year (for example, if 
Australia were to make only minimal design changes and the Osborne site were well suited to the SSN build), but it 
could also be pushed back by several years, for example by seeking substantial design changes or by commercial or 
government-to-government negotiation difficulties, as we saw with the Attack-class program.

Construction time
As we’ve mentioned, construction time for the Astute and Virginia classes varies quite significantly. The first of class 
for the Astute took 114 months (laid down to commissioning), while the first of class for the Virginia took 61 months. 
The USN is planning on around 72 months for Block V Virginia boats. Australia is closer to the UK in shipbuilding 
experience than the US, and it could reasonably be argued that, comparatively, Australia is behind the UK.60 The 
Attack-class program was planning on around seven to eight years from the start of construction to commissioning 
in 2032.

Consequently, we would expect the first build in Australia to take at least as long as in the UK; that is, about 10 years. 
From a 2030 start of construction, that would take us to around 2040. It’s possible that that time could be reduced 
marginally for the first of the class with substantial assistance from our strategic partner. It’s also plausible that this 
date could slip by three years. Completing the test and evaluation program necessary to declare initial operational 
capability would be likely to require two more years.

In short, the broad time frames stated by the government to start construction and deliver the first boat appear 
reasonable, based on the stated assumptions (such as an Australian build). They’re optimistic, however, if they’re 
referring to initial operational capability rather than an earlier milestone, such as commissioning.

Delivery drumbeat
One aspect of schedule that doesn’t get as much attention as the delivery of the first boat is the rate at which 
subsequent boats are delivered, or the drumbeat. Generally, militaries prefer a faster drumbeat in order to get 
the new capability into service faster and to avoid the overhead of operating different, overlapping fleets. An 
economically efficient drumbeat tends to be faster—slow delivery means longer schedules, which impose several 
cost penalties due to inefficiencies and cost escalation. However, other factors may drive slower delivery. Slower 
delivery means lower annual cash flow, as less work is being done each year (even if the total cost is greater), 
allowing Defence to spread out the spending and avoid dramatic peaks in its investment plan.

But the main driver of a slower drumbeat in the context of Australian shipbuilding is the quest for ‘continuous’ 
naval shipbuilding. With a relatively small fleet, scheduling construction so that the final boat in a build program 
is delivered just before it’s time to replace the first boat (in order to ensure no gaps in production) means that the 
drumbeat will be very slow. One of the main criticisms of both the Attack-class program and Australia’s surface 
combatant program is that continuous build drives a slow drumbeat of around two years. That drives up costs 
and means that legacy vessels have to be kept in service much longer than planned, potentially to the point that 
they’re obsolete.

A continuous Australian SSN build will be very difficult to establish. With a fleet of eight boats having a design life of 
around 30 years, the drumbeat would be at least three years and potentially close to four. That would present the 
following disadvantages:

• An inefficient build means additional cost.

• The Collins fleet will be retiring at a rate of one boat every two years, meaning that the Collins class would be 
‘ageing out’ much faster than SSNs arrive, potentially resulting in capability and uniformed workforce gaps.

• It would be difficult to remain in alignment with the parent navy. For example, the USN moves to a new block of 
the Virginia design every five years or so, meaning that Australia’s SSNs could be a mix of different blocks.
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Different priorities result in different drumbeats. The USN is seeking new capability as fast and efficiently as 
possible, driven by the strategic need to respond to an aggressive China, so each of the two American SSN shipyards 
is producing one new boat per year. The UK is trying to maintain a continuous nuclear submarine design and 
build capability based on a combined fleet of 11 nuclear boats (seven SSNs and four SSBNs), which results in a 
three-year drumbeat.

Australia has choice in this matter, and we aren’t aware that the government has yet made a commitment to a 
continuous SSN build. If the government’s priority is rapid delivery to meet military need rather than continuous 
shipbuilding, it’s likely that we could achieve a faster drumbeat than three or four years. After a slow start, Australia 
achieved a one-year drumbeat in both the Collins-class submarine and Anzac-class frigate programs. Neither of 
those was seeking to be a continuous program; rather, the priority was for rapid, efficient delivery. Achieving a 
one-year drumbeat with SSNs would be likely to be difficult in the light of their size and complexity, but we don’t 
need to resign ourselves to a three- or four-year drumbeat.

This is an area in which the choice of our strategic partner is likely to matter. For example, the UK currently produces 
one reactor every three years for its own program. Supplying an Australian-build program with a reactor on a 
three-year drumbeat would already represent a doubling of output; a faster Australian drumbeat would put even 
more pressure on the UK’s industrial capacity. In contrast, the US is producing three per year (two for SSNs and one 
for SSBNs). It’s reasonable to assume that it has greater ability to increase production to supply Australia with a 
reactor every two years or so. There would probably be similar issues for other key systems.

Are there ways to speed up delivery?
The taskforce is quite rightly looking at opportunities to bring forward the program’s schedule. The easiest way 
to do that would be to build offshore, either through a kickstarted approach or the joint submarine enterprise 
approach. It would be difficult to speed up an Australian build, but there are potential avenues for the taskforce to 
explore. We’ve already stressed the importance of limiting changes from the reference design as far as possible. 
Some additional measures include the following.

Workforce measures
The following workforce measures could accelerate construction and mitigate the challenges associated with a 
‘cold start’:

• Import an initial heavy influx of experienced overseas supervisors and some technical workers to assist the 
Australian workforce in rapidly gaining experience on the design.

• Provide key Australian workers with the opportunity to work overseas in the commercial partner’s shipyard 
before the start of construction here.

• Commence construction on other domestic shipbuilding projects in the near term to build local workforce and 
supplier capacity that can transition to the SSN program. In essence, this would regard the SSN workforce as 
part of a larger, flexible industrial ecosystem rather than seeing submarines as a hermetically sealed enterprise 
separate from the broader shipbuilding system.61

Technical measures
A range of technical measures could reduce schedule risk:

• Align the production process as closely as possible to that used in the parent shipyard. This would not only allow 
a smoother transition from the decision to the build by reducing the design changes caused by adapting the 
reference design to an Australian shipyard, but also ensure that foreign management and workers can more 
quickly grasp and resolve issues that will occur from time to time in the yard.
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• Establish quality standards and independently verified quality-control systems. Australian naval shipbuilding 
has had significant historical difficulties in management and quality control in the construction of vessels. The 
Collins submarine construction was plagued by a well-documented series of quality-control issues.62 The Air 
Warfare Destroyer Program was also replete with quality-management problems until they were addressed. 
Problems included the immaturity of design diagrams, poor-quality block construction and subcontractors not 
being sufficiently ready to commence the implementation of significant elements of the program.63

• Maintain clear accountability for all aspects of the program. A governance audit should be conducted before final 
contract signature.

Adjusting the relative priority of the schedule and local industry
Simply put, the fastest way to introduce this capability into Australia would be to acquire the boats directly from 
either the US or the UK. That appears to be politically unacceptable but may be the most effective approach from 
both a capability and an industrial perspective. Our Approach 3 (kickstarted continuous build) is a hybrid one. 
As we’ve explained, the first boat would be constructed overseas, while the second would be consolidated in 
Australia (with some blocks potentially built in Australia), and the following six or more boats would be fully built 
in Australia (excluding the reactors).

That approach could potentially deliver a nuclear submarine by the early 2030s (if the US were selected) or 2035 
(if the UK were selected), but there are many questions the taskforce would need to resolve to determine whether 
it’s feasible. For example, the US would need to give up a Virginia production slot to Australia at a time when 
it’s seeking to increase its own force. In the case of the UK, the taskforce would need to determine whether the 
UK still has the capacity to produce the Astute class’s PWR2 reactor or build more Astutes at the same time as 
Dreadnought SSBNs.64

While this approach could deliver military capability sooner, it could also reduce industrial risks in Australia. It would 
provide increased time for Australian industry to prepare for the significant challenges that undoubtably lie ahead. 
Jobs could be created for Australian workers by involving a relatively large number of Australians in the build of the 
first two boats overseas. Moreover, the government could acquire a further two vessels to maintain its commitment 
to build eight boats in Australia. While that would increase the cost, it would provide a more sustainable basis for a 
continuous-build program, should the government adopt this approach.

The joint enterprise approach has the same advantage of early submarine delivery (subject to the same partner 
constraints) but goes further than an offshore build by involving an Australian contribution to combined fleet 
production for Australia’s and the primary partner’s needs. It has overall program-level risk-mitigating benefits as 
well as larger sustainment and maintenance benefits because work to support partner submarines operating out of 
Australian facilities would be scaled to meet joint needs.

Acquiring second-hand boats
Many commentators have suggested that Australia should acquire (through either purchase or lease) second-hand 
US or UK SSNs as an interim capability, both to introduce SSNs into service earlier and to bridge a likely capability 
gap. The government has indicated that it’s open to this approach. One of us has examined this possibility 
previously.65 While it isn’t impossible, the fundamental problem is that neither the US nor the UK has serviceable 
surplus boats that those nations don’t require.

The RN’s older Trafalgar-class boats are retiring at ages of well over 30 years and would require substantial refits as 
well as refuelling. It isn’t clear that the UK still has the ability to conduct a refuelling of the older PWR1 reactors used 
in the class. Moreover, the UK’s industrial base has moved on to sustaining the Astute class. And, with only seven 
Astutes planned, the UK doesn’t have enough to give one up to Australia.
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The situation is similar in the US but perhaps not quite as severe. The USN wants to increase the number of its SSNs 
to meet the threat from China, but its older Los Angeles-class boats are retiring faster than new Virginias are being 
launched. To plug that gap, it’s planning on overhauling and refuelling a number of Los Angeles boats, starting with 
the youngest ones, which presumably are in the best condition (although the youngest is already 35 years old). 
Therefore, providing Australia with SSNs quickly would require the US to give up extremely valuable assets that are 
in short supply.

In short, this is an issue that the taskforce should examine, but on initial examination there isn’t an obvious way 
forward to acquire second-hand boats in usable condition unless the US gives up boats that it was intending to 
use itself.

Transition scenarios
There are many conceivable transition scenarios—far too many to depict here. The following figures present two to 
illustrate some key points. Figure 35 shows what could be the most optimistic schedule based on local construction: 
an economic build with a delivery drumbeat of two years and the first boat entering service in 2040. Figure 36 shows 
a very different approach: a joint submarine enterprise that secures access to overseas production slots, resulting in 
the first SSN entering service in 2030. This is admittedly optimistic but illustrates what could potentially be achieved 
with some out-of-the-box thinking and ambitious decision-making.

Figure 35 indicates that a local build would result in a fall in overall submarine numbers that couldn’t be recovered 
for a decade (around 2050), even if all Collins boats go through LOTEs. That will affect the RAN’s ability to generate 
uniformed workforce. Moreover, it doesn’t generate a critical mass of SSNs (three or more) until the middle of the 
2040s. Mitigating this requires each Collins to go through a second LOTE—something that might not be technically 
feasible and would keep the boats in service into their 50s at a time by which the government has said conventional 
boats will be obsolete. The full eight-boat capability wouldn’t delivered until the mid-2050s—that’s if local industry 
could sustain a two-year drumbeat of 10,000-tonne submarines. If it can’t, then the capability gap would be 
exacerbated as Collins boats retire faster than SSNs enter service.

Figure 36 indicates that delivery from 2030 would immediately generate a larger number of submarines, even if only 
four Collins boats were to undergo LOTEs. Moreover, a critical mass of SSNs would be achieved before 2040, and the 
full capability would be delivered by 2047. If more Collins boats were needed, for example as a training fleet, the final 
two could be put through LOTEs. The key constraint in this approach may well be Australia’s ability to generate the 
necessary FICs to support the boats as they’re delivered. Aligning submarine deliveries to the development of the 
FICs will be essential.
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Chapter 6: Cost

We’ve undertaken a very high-level indicative cost estimate for the nuclear submarine program. At this stage of the 
program, any cost estimation is an extremely assumption-rich activity, and the estimate can change dramatically as 
assumptions change.

As a point of comparison, Defence’s estimate for the Attack-class program, consisting of 12 4,500–5,000-tonne 
conventional submarines, was ‘less than $50 billion’ constant 2016 dollars.66 Constant dollars are real dollars that 
don’t take inflation into account. Once we adjust that amount to 2021 terms, the constant dollar amount for the 
Attack program is around $56–57 billion. Defence also provided an ‘out-turned’ cost that takes inflation into account 
and can be regarded as the actual cash that would have been paid over the life of the program. Over the past several 
years, that number ranged from roughly $80 billion to $90 billion, depending on the value of the Australian dollar. 
We should also note that, consistent with Defence’s policy, the Attack-class estimate included more than just the 
equipment and covered the entire capability, including facilities, training systems, intellectual property, spares for 
the first years of operation, and so on.

Acquisition cost estimate
The top-level number
Many estimates are possible, depending on the assumptions one uses. Rather than providing numerous estimates, 
we provide one based on what we’ve described as the economic-build approach for eight submarines constructed in 
Adelaide. We provide a low range for a 7,000-tonne submarine (around the size of the Astute class) and a high range 
for a 10,000-tonne submarine (the size of a Block V Virginia). Table 3 is in constant 2021 dollars (that is, it’s analogous 
with a $56–57 billion number for the Attack class).
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Table 3:  Cost estimate for an economic build, A$ million (constant)

Area Expected cost

Low High

Designa 2,951 3,298

Subtotal 2,951 3,298

Construction (including hull, mechanical and electrical equipment and propulsion) 33,128 37,021

Electronics (excluding integrated management system) 4,907 5,483

Propulsion (including nuclear reactors) 7,226 8,076

Other 1,489 1,664

Subtotal 46,749 52,243

Test and evaluation and documentation 2,407 2,690

Support equipment 566 633

Initial spares 2,973 3,323

Training 1,699 1,899

Management 2,973 3,323

Subtotal 10,618 11,866

Total 60,318 67,408

Contingency (i.e. uncertainty provision) 10,153 11,346

Total estimate 70,472 78,754

a Design charges include not only design activities required to support changes that have been outlined previously in this paper, 
but also the designer’s regular support of the construction process.

In out-turned dollars, the economic-build approach would cost between $116 billion and $129 billion. Because the 
continuous-build approach draws out construction in a less efficient way, the constant cost would be between 
$77 billion and $87 billion. Moreover, since the longer schedule of a continuous build would give the out-turning 
more time to take effect, the out-turned cost would be between $153 billion and $171 billion.

Assumptions and cost drivers
This estimate was developed on the basis of the following assumptions. As they change over time, the estimate 
will also change:

•  Eight nuclear submarines. The government has indicated only ‘at least eight submarines’. Should the 
government decide to acquire more submarines, that would increase the cost. A larger number of submarines 
would probably be needed to support a continuous build.

•  The cost band covers a size range between 7,000 tonnes and 10,000 tonnes. Future generations of SSNs 
are likely to be larger. Since there’s a fairly direct correlation between size and cost, the cost could increase 
substantially if Australia were to move to a larger boat.

•  Economic build with a two-year delivery drumbeat. A continuous build would substantially increase 
the estimate by drawing out construction inefficiently; the 2020 Force Structure Plan acknowledges that a 
continuous-build approach was a key reason for the estimated cost of the future frigate program increasing from 
$30 billion to $45 billion.

•  Local construction. The estimate above assumes local construction. An overseas build would be likely to reduce 
the cost due to a range of factors, such as the use of mature production lines, economies of scale and lower 
wage rates.

•  Production of the reactors in the US. There’s no alternative to an overseas build of the reactors, but because 
there’s no precedent for an overseas build and local integration, there’s significant cost uncertainty.
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•  Around 15% contingency. The estimate includes an uncertainty provision. Fifteen per cent would be high for an 
off-the-shelf acquisition of an existing design, but there are still many unknown factors in this program.

•  Incomplete understanding of the FICs. Due to uncertainty about the support systems needed to sustain the 
SSNs, the estimate excludes infrastructure costs. Therefore, it isn’t a perfect analogy to the Attack-class costs.

Costing the FICs
Australian defence capability projects have to include the cost of the FICs necessary to generate military capability. 
That includes much more than the cost of the equipment itself. This is the main reason why the cost of Australian 
projects appears to be significantly greater than the cost of overseas acquisitions. If a US Virginia-class submarine 
costs US$3.4 billion, the total cost of an Australian program based on the Virginia class will be much greater than 
US$3.4 billion times eight converted to Australian dollars. That’s because the total system needed to generate the 
capability costs much more than the submarines themselves.

A rule of thumb is that the total program cost is around 50% more than just the cost of equipment, but when 
projects deliver a generational leap in capability, or a fundamentally different kind of capability, the total cost 
could be 100% more. For example, Defence has told Senate estimates hearings that only around half the cost of the 
$17 billion F-35A Joint Strike Fighter program is for the aircraft themselves.

One reason for that is that, in cases of fundamentally new and different capabilities, very little of the existing 
support system can be reused, whether that be facilities, simulators, training systems, logistics systems or any other 
FIC. Also, new capabilities are generally more complex, and that carries over into their support systems—and SSNs 
are about the most complex systems on the planet.

Moving from the Collins class to SSNs will be both a generational leap in capability and a shift to a significantly 
different kind of capability. Therefore, it’s reasonable to assume that the cost of the FICs will be substantial. It will 
be a high priority for the taskforce to understand the complete support system needed in order to develop a robust 
understanding of the total cost.

Once those cost drivers are fully understood, it’s entirely possible that our estimate could significantly exceed the 
current $70–79 billion (constant). Put another way, in the estimate above, elements other than the platform itself are 
only around 15% of the total. That would be a remarkably low percentage if it were to remain at that level.

Cash flow
Public attention tends to focus on eye-watering total acquisition costs, but Defence, like any other business, 
needs to understand its annual cash flow. In particular, it needs to understand what percentage of its annual 
budget, and more specifically its acquisition budget, will be consumed by the SSN program. The greater the 
percentage, the more other capabilities will be displaced. Moreover, the more of Defence’s investment budget that’s 
locked into long-term ‘megaprojects’ such as SSNs, the less flexibility it has to adjust to changing circumstances. 
Those changing circumstances are of course difficult to predict, but could include things such as rapidly accelerating 
threats, emerging technologies that pose risks and opportunities, or reduced defence budgets.

Defence’s Naval Shipbuilding Plan was already locking in a large percentage of its acquisition budget—probably 
at least 25% of its annual spend and possibly as much as 30%. The biggest element of that was the Attack-class 
program, which would have been likely to have hit at least $1.5 billion and potentially as much as $2 billion per year 
(in current dollars) by the second half of this decade. The SSN program will need more than that.

How much more depends not just on the total cost, but also on the construction strategy that the government 
adopts. Broadly, an economic-build approach would deliver the boats faster, compressing the duration of the 
spend, resulting in a higher peak in spending. A continuous-build approach would draw out the spend, resulting in 
lower but prolonged annual cash flow—and a higher overall spend due to the inefficient build rate (Figure 37)



73Chapter 6: Cost

Figure 37:  Expected annual cash flow of the SSN program, economic build and continuous build (A$ million, constant)

Source: Authors’ analysis.

Operating costs
Sustainment costs are another element that tends to get overlooked in public discourse, although Defence devotes 
considerable attention to understanding them. No doubt this is an area that the taskforce will be looking at.

Because of the uncertainties about the FICs, in particular the systems and personnel needed to operate, maintain, 
repair and regulate the nuclear elements of the SSN capability, we haven’t yet conducted a detailed estimate of 
the sustainment costs. However, ASPI recently compared the annual cost of the mature Attack-class capability 
to the cost of our current submarine capability.67 ASPI’s estimate for the direct cost of the Collins class is around 
$1.2 billion, comprising around $670 million for sustainment, $225 million for Navy workforce and $300 million 
for capability upgrades (noting that Defence regards the last category as an acquisition cost, not an operating or 
sustainment cost).

Since the Attack class was to comprise twice as many boats as the Collins class, each of 40%–50% greater size 
and with a larger crew, it’s reasonable to conclude that its operating cost would have been around three times as 
much. That’s before we take the greater complexity of the Attack class into account. So, in current dollar terms, the 
operating cost would have been at least $3 billion once the full capability was mature and in service.

Again, by analogy, the operating cost of an SSN capability would be at least as much, since it would need to address:

• a larger total uniformed workforce, particularly if the Virginia class were chosen

• a larger total tonnage, particularly if submarine designs continue to grow

• greater complexity and capacity for new kinds of weapons, greater numbers of weapons, new kinds of 
deployable uncrewed and autonomous systems, special forces capabilities such as submersibles, and so on

• the overhead of safely operating and regulating nuclear submarines, which may require entirely new or at least 
substantially enlarged organisations both inside Defence and in other parts of government.

That’s the cost. The value in terms of strategic and military effects is a separate issue. But, since the government has 
decided to go down the nuclear-powered path, it has in effect decided that an SSN capability represents value for 
money. The job of the taskforce is to identify a path that minimises the cost while maximising the value.



Appendix: Low-
enriched versus highly 
enriched uranium

Australia has chosen to use naval reactors that are fuelled by highly enriched uranium (HEU) rather than 
low-enriched uranium (LEU). This appendix explains the difference between them and whether LEU is an 
option for Australia’s submarines.

Definitions of LEU and HEU
In nature, the uranium atom (which has 92 protons) can be found in three different forms: uranium-238 
(146 neutrons), uranium-235 (143 neutrons) and uranium 234 (142 neutrons). Roughly 99.3% of all naturally occurring 
uranium is U-238. U-235 makes up most of the remaining proportion of naturally occurring uranium, or around 0.7%. 
It’s U-235 that’s fissile, and the enrichment process is designed to increase the proportion of U-235 in the uranium 
fuel or material.

The International Atomic Energy Agency (IAEA) defines HEU as being 20% or more U-235, and consequently LEU 
is below that proportion.68 This definition is based on the feasibility of using uranium of a particular enrichment 
level to produce a nuclear weapon. The amount of fissionable material that would be required to make a nuclear 
bomb with LEU is so large that it would be impractical to build one. For example, the Little Boy bomb dropped on 
Hiroshima contained 64 kilograms of HEU, producing an explosive yield equivalent to around 15 kilotons of TNT. 
To produce the same explosive effect, some 1,000 kilograms of LEU enriched to 15% would be required.

Weapons-grade enriched uranium is considered to be enriched to around 90% U-235.
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Use in submarine propulsion
Figure 38 gives a picture of the typical levels of enrichment and their uses. The greatest use of HEU globally is for 
naval reactors.

Figure 38:  Uranium enrichment grades and their uses

HEU = highly enriched uranium; LEU = low-enriched uranium; WGU = weapons-grade uranium.
Source: Various open sources. For naval enrichments, see George M Moore, Cervando A Banuelos, Thomas T Gray, Replacing highly 
enriched uranium in naval reactors, NTI, March 2016, online. The OPAL enrichment figure is from ANSTO, online.

Of the six countries that currently operate nuclear submarine fleets (the US, the UK, France, Russia, China, India), 
four (the US, the UK, Russia, India) use HEU at varying levels of enrichment, whereas France uses LEU and China 
is presumed to use LEU. French submarine reactors’ LEU has a similar level of enrichment to the uranium used in 
civilian power plants (~5% U-235), although the fuel is different. In contrast, the US and UK navies use very highly 
enriched uranium—in fact, it’s enriched to weapons grade (~93% U-235). Brazil, the seventh country to develop a 
nuclear submarine, is expected to use LEU but hasn’t precluded the use of HEU. As a comparison, Australia’s OPAL 
reactor uses LEU of just below 20% U-235.

The demanding conditions required of nuclear submarine reactors (long lifetime, small size and excess reactivity) 
select for the use of HEU. For a given power requirement, an HEU reactor can be smaller, lighter and quieter than an 
equivalent reactor powered by LEU, can last longer without refuelling, or both. USN HEU reactors can be very small, 
with the core only <1 metre x <1 metre in a cylindrical layout, and most of the volume and weight of the reactor 
system are in the shielding to protect naval personnel.69 The USN designs its HEU reactor cores to last the service life 
of the vessel without refuelling—around 35 years in the case of the Virginia-class submarines. The RN’s Astute-class 
submarine is also fuelled with weapons-grade HEU and has at least a 25-year core lifetime.

HEU reactors produce higher power for their size and have demonstrated that they can last for the life of the 
vessel but, from an operations perspective, both HEU and LEU can be used to power successful and capable 
submarines. It’s possible to achieve similar performance with LEU compared to HEU if refuelling is included in the 
design. The French Navy’s new Barracuda-class SSN is a 5,300-tonne submerged displacement boat powered by a 
150 MWth nuclear reactor on a 10-year refuelling cycle using ~5% U-235 LEU fuel. The US Virginia-class boats have 
a 7,900–10,200-tonne submerged displacement and a ~210 MWth ~93% U-235 HEU reactor with a service life of 
~35 years without refuelling. While French submarine reactors require refuelling, that’s built into the design, so the 
process is relatively straightforward.

https://www.nti.org/wp-content/uploads/2016/03/Replacing_HEU_in_Naval_Reactors_Report_FINAL.pdf
https://www.ansto.gov.au/research/facilities/opal-multi-purpose-reactor
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French submarine design includes at least two key innovations to accommodate the use of LEU fuel. The first is a 
different fuel type called ‘caramel fuel’, which increases the total uranium loading in the reactor core and thus limits 
the size increase of the core when using LEU fuel instead of HEU. The second is integrating the steam generator into 
the reactor pressure vessel, again saving space from the increased core size with LEU fuel.

The future
While HEU offers performance advantages, those must be balanced against substantial disadvantages. The main 
ones are the proliferation issues associated with it. The HEU used in naval reactors is weapons grade and can be 
relatively simply employed in a weapon. Therefore, HEU is subject to extremely strict control regimes. Generally, 
countries have been moving away from using HEU wherever possible to reduce proliferation risks. For example, 
Australia replaced the HIFAR reactor at Lucas Heights, which used HEU, with the OPAL reactor, which uses LEU. Also, 
the US ceased production of HEU in 1992 and only has enough stockpiled to meet its naval nuclear propulsion needs 
until 2060.70

Consequently, many researchers, nonproliferation organisations and advocates, and others have called for the US 
to move to the use of LEU in its naval reactors. The US Congress has commissioned studies into the possibility of 
using LEU in naval reactors. An initial report by the US National Nuclear Security Administration to Congress in 2014 
concluded that ‘while it may be feasible to replace HEU fuel with LEU fuel in current US Naval reactor plants, it is not 
economical or practical to do so.’71 A subsequent report by that organisation in 2016 stated:

An LEU-fueled submarine with this fuel is expected to require at least one refueling, or the reactor (and hull) 
would need to be increased in size correspondingly. Both of these options increase lifecycle and operating 
costs, occupational radiation exposure, and the volume of spent nuclear fuel produced. For these reasons, an 
LEU-fueled submarine reactor is a larger challenge which would not be addressed until experience could be 
gained during the development of an LEU-fueled aircraft carrier reactor. Therefore the deployment plan and 
costs discussed in the remainder of this report are focused on delivering an LEU-fueled aircraft carrier.72

Elsewhere, the report states that developing an LEU-fuelled submarine reactor could take a 
20–30-year commitment.

While a range of parties have urged the US administration to actively pursue an LEU solution (including one call 
by former senior officials noting the proliferation risk of supplying Australia with HEU-fuelled reactors), neither 
the administration nor Congress has yet committed to or funded its development. With the USN planning to start 
construction of the SSN(X) in the early 2030s, it appears almost certain that its next-generation submarine will 
be HEU fuelled, probably powered by the HEU reactor on the new Ohio-class SSBN.73 And, with the UK’s future 
SSN likely to be powered by the PWR3 HEU reactor being installed on its new SSBNs, it’s virtually inevitable that, 
whatever SSN design Australia chooses, it will be HEU fuelled.
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Acronyms and 
abbreviations

ADF Australian Defence Force
ANSTO Australian Nuclear Science and Technology Organisation
ARPANSA Australian Radiation Protection and Nuclear Safety Agency
EDSRAs extended docking selected restricted availabilities
FCD full-cycle docking
FIC fundamental input to capability
HEU highly enriched uranium
IAEA International Atomic Energy Agency
JSF Joint Strike Fighter
LEU low-enriched uranium
LOTE life-of-type extension
NPT Treaty on the Non-Proliferation of Nuclear Weapons
RAN Royal Australian Navy
RN Royal Navy
SSBN ship, submersible, ballistic, nuclear (nuclear-powered ballistic missile submarine)
SSN ship, submersible, nuclear (nuclear-powered fast-attack submarine)
TLAM Tomahawk land-attack missile
USN US Navy
UUV uncrewed underwater vehicle
WGEU weapons-grade enriched uranium
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