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STUDY I NTO THE DEVELOPMENT OF 
SK I LLS REQU I RED FOR AUSTRAL I A ’ S  
FUTURE SUBMAR INE PROGRAM

TERMS OF REFERENCE 

1> AUTHORISATION 

1.1 The Minister for Defence and Minister for 
Defence Materiel have commissioned this 
study to develop a plan that will produce the 
skills across Defence and Australian industry 
required to successfully deliver the Future 
Submarine Project.

2> PURPOSE>

2.1> The purpose of these Terms of Reference 
is to specify the scope of the study into the 
development of skills to successfully deliver 
the Future Submarine Project.

3> CONTEXT>

3.1 The Future Submarine Project is a major 
national undertaking and is of a scale, 
complexity and duration never before 
experienced in Australia. About 2,000 workers 
will be directly employed in the construction 
of the submarines, while two or three 
thousand more will be working in the industry 
supply chain to support the project.

3.2 The skills needed will include systems 
design, naval architecture, propulsion and 
combat system engineering, production 
engineering, project planning and control, 
production scheduling, material procurement, 
risk management, budget control, financial 
accounting, contract management, systems 
integration, and trade skills such as welder, 
boilermaker, and electrician.

3.3> These skills will be generated from 
experience in designing and constructing 

other warships for the Navy, as well as from 
the various education and training programs 
available to people in Defence and industry, 
including trade apprenticeships.

4> OBJECTIVES>

4.1> The purpose of the study will be to design a 
unified plan for naval shipbuilding projects, 
education and training programs and 
other actions that will sustain and grow 
the competence and proficiency of the 
Australian shipbuilding industry so that 
it can successfully deliver the Future 
Submarine Project.

4.2> The broad objectives for this study are to:

4.2.1> determine the type of skills required 
to successfully deliver the Future 
Submarine Project;

4.2.2 determine the size and profile of the 
workforce required to successfully deliver 
the Future Submarine Project;

4.2.3 determine the current capacity and capability 
of the Australian shipbuilding industry, in 
terms of skills and workforce;

4.2.4 determine the current productivity of the 
Australian shipbuilding industry and establish 
comparable international benchmarks;

4.2.5 analyse the naval shipbuilding projects 
currently in the Defence Capability Plan and 
calculate the effect these projects will have 
on growth of the capacity and capability of the 
Australian shipbuilding industry;

4.2.6 analyse current education and training 
programs, including apprenticeships, and 
calculate the effect these programs will 
have on growth of the capacity and capability 
of the Australian shipbuilding industry;

4.2.7> propose alternate scenarios for  
sequencing Defence projects that will  
better deliver the capacity and capability 
required to successfully deliver the Future 
Submarine Project;

4.2.8 propose improvements to the education  
and training programs that will better  
deliver the capacity and capability required;

4.2.9> propose other actions required to deliver the 
capacity and capability, including industry 
productivity, required to successfully deliver 
the Future Submarine Project; and

4.2.10 propose a management arrangement  
within Defence, particularly the DMO,  
for the ongoing management of a  
sustainable naval shipbuilding program.

5> METHOD>OF>CONDUCT>

5.1> The review will be managed by the CEO DMO 
and the review team led by General Manager 
Programs, DMO.

5.2> There will be an Expert Industry Panel 
Chaired by David Mortimer AO and 
comprise representatives of the DMO, 
Navy, DIISRTE, Skills Australia, unions, 
the CEOs of the four principal Australian 
naval shipbuilding companies; ASC, Austal, 
BAE Systems and Forgacs Engineering and 
the CEOs of the principal naval systems 
integration companies: Lockheed Martin, 
Raytheon, Boeing, Thales, Saab Systems 
and BAE Systems.

5.3 The review will naturally consult widely, 
capturing input from all levels of the 
Australian shipbuilding industry including the 
manufacturing sector as well as platform and 
combat system designers. The review will 
engage with industry associations, unions, 
companies currently involved in shipbuilding 
as well as those that may wish to become 
involved in the shipbuilding industry.

5.4 The review will examine shipbuilding projects 
now underway and those described in the 
Defence Capability Plan (DCP). The naval 
shipbuilding projects in the DCP encompass 
landing craft, supply and support ships, 
offshore combatant vessels and frigates, 
along with the future submarines. Other 
future shipbuilding activity in Australia might 
include a major modification of existing ships 
and submarines to extend their service life. 
The naval shipbuilding program should be 
configured to grow industry’s capability and 
capacity so that it can proficiently deliver the 
largest and most complex of all the upcoming 
projects, the Future Submarine Project.

5.5> The review will assess the need for skilled 
workers for the Future Submarine Project. 
Discussions will be held with various tertiary 
institutions on the development of courses 
to develop skills specific to shipbuilding. 
The review will also discuss with companies 
and vocational institutions the role of 
apprenticeships, temporary visas or skilled 
migration in boosting the number of skilled 
workers. An assessment will also be made 
of skills funding programs offered by Federal 
and State governments.

5.6 The review team will also involve companies 
with expertise in specific aspects of 
shipbuilding, such as productivity 
benchmarking, to assist in its analysis.

6> TIMING>

6.1 The review will commence in May 2012, 
with work to establish the detailed scope of 
the tasking. Consultation with the interested 
parties, that is tertiary institutions, state 
governments and industry groups, will 
take place in June and July.

6.2> The review will present a report for 
Government consideration by the end  
of the year.
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S H I P Y A R D  W O R K F O R C E  S C E N A R I O S

The workforce scenarios presented here are 
representations of the workforce numbers that may 
be required by shipyards to build the types of ships 
that have been proposed in the 2009 Defence White 
Paper and the Defence Capability Plan 2011 and 2012. 

A formula has been developed by First Marine 
International to compare the amount of work required 
to construct different vessels. There are two major 
variables: the first is a ship’s gross tonnage (GT) figure 
which is a measure of the ship’s internal volume. It is 
not the same as a ship’s displacement or dead weight. 
The second is the ‘CGT coefficient’ that represents 
the complexity of the vessel design and allows a 
comparison to be made across different types of 
vessels: a tanker, while large, is a relatively simple 
design and so will have a much lower CGT coefficient 
compared to a modern complex warship. Multiplying 

the Gross Tonnage by the CGT coefficient produces a 
figure for Compensated Gross Tonnage (CGT) and it 
is this figure that allows a comparison of the relative 
amount of work required to build different vessels. 
See figure C.1 below and Craggs, et al 2004 for a 
detailed description of the methodology.

CGT coefficients are based on typical commercial 
contracts which require little external oversight 
but naval design and construction projects require 
the shipbuilder to commit proportionately more 
management, technical and administrative  
resources as the customer requires the shipbuilder 
to adopt practices for warships not required in 
commercial shipbuilding. This additional effort  
needs to be taken into account so the CGT  
coefficient is adjusted accordingly with a  
correction called the customer factor. 

The estimates of ship dimensions, gross tonnage 
figures, CGT coefficients and customer factors made 
by First Marine International and used in developing 
these workforce scenarios are shown in figure C.2.

___

F igure C . 1 :  CGT Compar ison

___

F i gure C . 2 :  Mar i t ime Projects under 
Cons i derat i on

N o . E s t i m at e d  d i m e n s i o n s

S E A  1 0 0 0 
S u b m a r i n e s

12 Length: c 80 m
GT: over 800
CGT coefficient: 55
Customer Factor: 1.15
CGT: over 51,000 

S E A  1 1 8 0 
O f f s h o r e 
P at r o l

20 Length: c 90 m
GT: over 3,300
CGT coefficient: 9
Customer Factor 1.1
CGT: over 32,000 

S E A  1 6 5 4 
S u p p ly  V e s s e l s

2 Length: c 170 m
GT: over 16,000
CGT coefficient: 2.5
Customer Factor 1.07
CGT: over 43,000 

S E A  5 0 0 0  
F r i g at e s *

8 Length: c 150 m
GT: over 7,000
CGT coefficient: 7.6
Customer Factor 1.1
CGT: over 62,000 

J P 2 0 4 8  P h  5  
H e a v y  L a n d i n g  
C r a f t

6 Length: c 65 m
GT: over 2,000
CGT coefficient: 2.68
Customer Factor 1.07
CGT: over 5,000 

I c e b r e a k e r 1 Length: c 90 m
GT: over 4,000
CGT coefficient: 2.8
Customer Factor 1.07
CGT: over 11,000 

Once the CGT data has been determined, the 
number of hours required to build a ship can then be 
calculated by multiplying the vessel’s CGT by shipyard 
productivity, described in terms of man-hours 
per CGT. First Marine International has made an 
assessment of the productivity of the major Australian 
shipyards working on the Air Warfare Destroyer 
project, and while productivity is currently low, it is 
expected to improve to a target rate of 80 man hours/
CGT. It was also determined that the shipyards could 
achieve a better productivity rate, based on their 
layout, infrastructure and work practices, and takes 
into account an experienced workforce working with 
a mature ship design, with minimal changes. Core 
(normal) productivity, however, would not be expected 
to be achieved until at least the fourth ship of a 
production run.

To complete the workforce profile for each project, 
the build schedule needs to be determined, with 
estimates made of the length of time required to build 
one vessel as well as the rate at which the ships are 
produced, the keel interval as it is called. It is these 
two variables that produce the production ‘drumbeat’, 
the rate of work in the shipyard. Changing either the 
build time or the keel interval will affect number of 
workers required: a quicker drumbeat will obviously 
require more workers to keep up the pace, while a 
slower rate will need fewer people in the shipyards.

The date when each project starts is based on 
information outlined in the most recent public version 
of the Defence Capability Plan (Defence Capability 
Plan 2012). It provides dates for important milestones 
in each project’s schedule. In terms of production, the 
important ones are the ‘Year of Decision’ (also called 
Second Pass) which gives the final approval for the 
project and the Initial Materiel Release (IMR) date, 
when production has finished, the vessel is launched 
and is available for testing. See figure C.3 over leaf.
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___ 

F i gure C . 3 :  Defence Capab i l i ty  Plan schedules

V e s s e l  t y p e

D e f e n c e  C a p a b i l i t y  P l a n  2 0 1 2  p r o j e c t  s c h e d u l e s  ( F Y )

F i r s t  p a s s 
a p p r o v a l

Y e a r  o F 
D e c i s i o n

I n i t i a l  
M at e r i e l 
R e l e a s e

I n i t i a l 
O p e r at i o n a l 

C a p a b i l i t y

H e a v y  L a n d i n g  C r a f t 2013/14 to 2014/15 2017/18 to 2020/21 2020/21 to 2022/23 2022/23 to 2023/24

F u t u r e  S u b m a r i n e s 2013/14 to 2014/15 2016/17 to 2017/18 2019/20 to 2025/26 2025/26 to 2026/27

O f f s h o r e  P at r o l 2014/15 to 2015/16 2016/17 to 2019/20 2017/18 to 2021/22 2018/19 to 2020/21

S u p p ly  s h i p 2012/13 to 2013/14 2014/15 to 2017/18 2018/19 to 2020/21 2018/19 to 2022/23

F u t u r e  F r i g at e s * 2018/19 to 2020/21 2021/22 to 2023/24 2026/27 to 2028/29 2027/28 to 2029/30

I c e  b r e a k e r Not included in DCP 2012

* Note: the schedule provided in the Defence Capability Plan 2012 for SEA 5000 Future Frigate refers only to Phase 1A of the project, 
the development of a high-power phased array radar demonstrator. The schedule dates used above are from the Defence Capability 
Plan 2011.

8.> The length of the construction phase takes account 
of the time taken to build each vessel and the keel  
to keel interval.

9.> The shipyard workforce numbers calculated in these 
scenarios are for production workers (blue collar) 
and supervisors including production engineers 
(white collar). It does not include the design team, 
combat or platform system engineering staff.

10.> Productivity is calculated as Man-Hours/ 
Compensated Gross Tonnage (Man-Hours/CGT).

11.> The workforce projections have been determined  
on a base productivity level of 80 man-hours/CGT.  
A high level of productivity is assessed at 50 man-
hours/CGT, while a low level of productivity is 110 
man-hours/CGT.

12.> The average shipyard worker works 2000  
hours/year which includes an allowance  
for typical overtime worked.

The Scenar i os

A selection of possible shipyard workforce scenarios 
is presented in this section. Given the number of 
variables, it would be impossible to present every 
permutation here. Projects can be brought forward or 
postponed; it may be decided that some ships could 
be built wholly overseas or as a hybrid local/offshore 
program; construction programs may be accelerated 
or lengthened by changing either the build schedule 
for the vessel or the keel interval between ships. 
Capability requirements for certain vessels may 
change. An experienced workforce will become  
more productive and efficient.

One change to any shipbuilding project will vary 
the overall shipyard numbers needed to complete 
the projects, and as seen in these scenarios, a 
combination of changes can produce dramatic  
effects in workforce requirements. 

The scenarios are presented as a set to give an 
indication of the sorts of changes that might be 
possible. The scenarios are deliberately not presented 
with an extensive analysis of the advantages or 
disadvantages of each or any indication of specific 
preferred options. 

In general terms, the objective of such a 
rearrangement is to optimise the pattern of work 
for the industry in order to improve proficiency and 
increase productivity: independently considering 
all the major skill sub-groups in the systems 
architecting, production engineering, and production 
workforces. An example of the sort of profile that 
moves towards that goal is scenario 16. This scenario 
features staggered project start dates, longer build 
programs and longer keel intervals that promote 
skills development, facilities investment, more 
stable and sustainable workforces, opportunity to 
grow experience, and so on. This in turn improves 
workforce proficiency and productivity, develops 
better anticipation and avoidance of problems and 
ultimately lower costs and more reliable schedules. 
The scenarios do not show the ‘learning curve’ effect 
on productivity levels that that would come from a 
long term rolling build program.

Assumpt ions 

The scenarios shown here are based on the following 
assumptions:

1.> The AWD, LHD and Cape class workforce profiles 
are based on actual data and workforce projections. 
Workforce profiles for future projects are based on 
the typical shipbuilding project profiles.

2.> The scenarios presented show the total workforce 
numbers required for projects in the Defence 
Capability Plan and selected other Government 
shipbuilding projects. This analysis does not infer 
that all such work will be done in Australia. 

3.> The vessels will be built to either an existing or 
Australianised Military Off-The-Shelf (MOTS) design. 
If a new design was being considered, much more 
time between Second Pass and start of construction 
will be required.

4.> Gross Tonnage figures are estimates made by  
First Marine International based on current naval 
vessels that fit the general description of the 
capabilities outlined in the Defence White Paper 
2009 and the Defence Capability Plan 2012.

5.> Values for the CGT Coefficients and  
Customer Factors are based on advice  
from First Marine International.

6.> Important decision dates for the maritime projects 
are based on the Defence Capability Plan, the 2011 
version for Scenario 1 and the 2012 public version 
for the scenarios after that. It is assumed that 
decisions will be made early in the range listed.

7.> One year from the Second Pass decision date 
has been allowed for production engineering and 
other start up activities before start of fabrication. 
Experience shows that more than one year may  
be required.
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SCENAR I O  1 :  Defence Capab i l i ty  Plan 20 1 1
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f u t u r e  f r i g at e s

s t r at e g i c  s e a l i f t

H E A V Y  L A N D I N G  C R A F T C A P E  C L A S S  P A T R O L  B O A T S

f u t u r e  s u b m a r i n e s

O C V s

S U P P LY  S H I P

Basel i ne assumpt ions :

Target productivity of 80 man-hours/CGT. 

Air>Warfare>Destroyer/Landing>Helicopter>Dock:>Production schedule as of May 2011.

Cape>Class>Patrol>Boats: Production starts 2011, 18 months build per boat, three month keel interval.

Future>Frigates: Second Pass 2022; Production starts 2023; fi ve years build per ship, one year keel interval.

Heavy>Landing>Craft>(LCH): Second Pass 2017; Production starts 2018; two years build per vessel, 
six month keel interval.

Future>Submarines: Second Pass 2017; Production starts 2018; six years build per boat, one year keel interval.

Offshore>Combatant>Vessels: Second Pass 2018; Production starts 2019; two years build per vessel, 
six month keel interval.

Supply>ship: Second Pass 2016; Production starts 2017; three year build schedule.

Strategic>Sealift: Second Pass 2019, Production starts 2020; three year build schedule.

SCENAR IO  2 :  Defence Capab i l i ty  Plan 20 12
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A W D / L H D

f u t u r e  f r i g at e s

H E A V Y  L A N D I N G  C R A F T

C A P E  C L A S S  P A T R O L  B O A T S

f u t u r e  s u b m a r i n e s

O C V s

S U P P LY  S H I P

BASEL INE ASSUMPT IONS :

Target productivity of 80 man-hours/CGT.

Air>Warfare>Destroyer/Landing>Helicopter>Dock: Production schedule as of May 2011.

Cape>Class>Patrol>Boats: Production starts 2011, 18 months build per boat, six month keel interval.

Future>Frigates:>Second Pass 2022; Production starts 2023; fi ve years build per ship, one year keel interval.

Heavy>Landing>Craft>(LCH): Second Pass 2018; Production starts 2019; two years build per vessel, 
six month keel interval.

Future>Submarines: Second Pass 2017; Production starts 2018; six years build per boat, one year keel interval.

Offshore>Combatant>Vessels:>Second Pass 2017; Production starts 2018; two years build per vessel, 
six month keel interval.

Supply>ships:>Second Pass 2015; Production starts 2016; three years build per ship, 2 year keel interval.
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SCENAR I O  3 :  Defence Capab i l i ty  Plan 20 12 ;  effect of h i gh  product i v i ty
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C A P E  C L A S S  P A T R O L  B O A T S

f u t u r e  s u b m a r i n e s

CHANGES :

Same as Scenario 2, except for:

High productivity of 50 man-hours/CGT.

SCENAR IO  4 :  Defence Capab i l i ty  Plan 20 12 ;  effect of low product i v i ty
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S U P P LY  S H I P

C A P E  C L A S S  P A T R O L  B O A T S

f u t u r e  s u b m a r i n e s

CHANGES :

Same as Scenario 2, except for:

Low productivity of 110 man-hours/CGT.



F u t u r e  S u b m a r i n e  I n d u s t r y  S k i l l s  P l a np a g e  1 6 9  / /  p a g e  1 6 8F u t u r e  S u b m a r i n e  I n d u s t r y  S k i l l s  P l a n

SCENAR I O  5 :  Defence Capab i l i ty  Plan 20 12 ;  rebasel i ned AWD schedule
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CHANGES :

Same as Scenario 2, except for:

Air>Warfare>Destroyer/Landing>Helicopter>Dock: Rebaselined AWD Production schedule as announced 
September 2012. Six years build per ship, one and a half year keel interval.

This represents the current forecasted schedule for the acquisition of Defence maritime projects.

SCENAR IO  6 :  Defence Capab i l i ty  Plan 20 12 ;  roll i ng  bu i ld  program for 
future submar ines
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CHANGES :

Same as Scenario 5, except for:

Future>Submarines: Second Pass 2017; Production starts 2018; six years build per boat, two year keel interval.
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SCENAR I O  7 :  Defence Capab i l i ty  Plan 20 12 ;  connected bu i ld 
program for future fr i gates w ith 18  month keel i nterval
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CHANGES :

Same as Scenario 5, except for: 

Future>Frigates:>Based on the Air Warfare Destroyer hull and built as a connected program. 
Production starts 2016; six years build per ship, one and a half year keel interval.

SCENAR IO  8 :  Defence Capab i l i ty  Plan 20 12 ;  connected bu i ld 
program for future fr i gates w ith two year keel i nterval
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f u t u r e  s u b m a r i n e s

CHANGES :

Same as Scenario 7, except for: 

Future>Frigates:>Based on the Air Warfare Destroyer hull and produced in a rolling build program. 
Production starts 2016; six years build per ship, two year keel interval.
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SCENAR I O  9 :  Defence Capab i l i ty  Plan 20 12 ;  connected bu i ld  program 
for future fr i gates w ith two year keel i nterval ,  roll i ng  bu i ld  for 
future submar ines
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CHANGES :

Same as Scenario 8, except for:

Future>Submarines:>Second Pass 2017; Production starts 2018; six years build per boat, two year keel interval.

SCENAR IO  10 :  Defence Capab i l i ty  Plan 20 12 ;  offshore combatants moved 
forward i n  schedule
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CHANGES :

Same as Scenario 5, except for:

Offshore>Combatant>Vessels:>Moved forward three years. Second Pass 2014; Production starts 2015; 
two years build per vessel, nine month keel interval.
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SCENAR I O  1 1 :  Defence Capab i l i ty  Plan 20 12 ;  supply sh i ps  moved forward 
i n  schedule
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CHANGES :

Same as Scenario 5, except for:

Supply>ships: Moved forward one year. Second Pass 2014; Production starts 2015; three years build per ship, 
2 year keel interval.

SCENAR IO  12 :  Defence Capab i l i ty  Plan 20 12 ;  fourth sh i p  added to AWD 
fabr i cat i on  schedule
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CHANGES :

Same as Scenario 5, except for:

Air>Warfare>Destroyer/Landing>Helicopter>Dock:>Rebaselined AWD Production schedule as announced 
September 2012. Fourth AWD added, Production begins 2016, six years build per vessel, one and a half year 
keel interval.
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SCENAR I O  13 :  Defence Capab i l i ty  Plan 20 12 ;  fourth sh i p  added to AWD 
fabr i cat i on  schedule 
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CHANGES :

Same as Scenario 12, except for:

Future>Frigates: Based on the Air Warfare Destroyer hull and produced in a rolling build program. 
Production starts 2016; six years build per ship, two year keel interval.

SCENAR IO  14 :  Defence Capab i l i ty  Plan 20 12 ;  change to capab i l i ty  requ i rements 
for offshore combatants 
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CHANGES :

Same as Scenario 5, except for:

Offshore>Combatant>Vessels: Change from single multi-mission vessel to separate Patrol Boat and Minehunter/
Survey vessels. Patrol Boats: Production starts 2018; one and half years build per vessel, six month keel interval. 
Minehunter/Survey Vessels: Production starts 2025; two years build per vessel, one year keel interval.
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SCENAR I O  15 :  Defence Capab i l i ty  Plan 20 12 ;  change to capab i l i ty  requ i rements 
for offshore combatants and brought forward three years
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CHANGES :

Same as Scenario 14, except for:

Offshore>Combatant>Vessels:>Change from single multi-mission vessel to separate Patrol Boat and Minehunter/
Survey vessels; and bring forward three years. Patrol Boats: Production starts 2015; one and half years build per 
vessel, six month keel interval. Minehunter/Survey Vessels: Production starts 2022; two years build per vessel, 
one year keel interval.

SCENAR IO  16 :  Defence Capab i l i ty  Plan 20 12 ;  capab i l i ty  requ i rements for 
offshore combatants changed and brought forward i n  the schedule , 
connected bu i ld  program for future fr i gates w ith two year keel i nterval , 
roll i ng  bu i ld  for future submar ines
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CHANGES :

Same as Scenario 15, except for:

Future>Submarines:>Second Pass 2017, Production starts 2018; six years build per boat, two year keel interval.

Future>Frigates:>Based on the Air Warfare Destroyer hull and produced in a rolling build program. Production 
starts 2016; six years build per ship, two year keel interval.
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SCENAR I O  17 :  Defence Capab i l i ty  Plan 20 12 ;  capab i l i ty  requ i rements for 
offshore combatants changed and brought forward i n  the schedule ,  fourth 
AWD ,  connected bu i ld  program for future fr i gates w ith two year keel 
i nterval ,  roll i ng  bu i ld  for future submar ines ,  i cebreaker added
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CHANGES :

Same as Scenario 16, except for:

Icebreaker:>Production starts 2015; three years build per ship.

SCENAR IO  18 :  Defence Capab i l i ty  Plan 20 12 ;  capab i l i ty  requ i rements for 
offshore combatants changed and brought forward i n  the schedule , 
fourth AWD ,  connected bu i ld  program for future fr i gates w ith two 
year keel i nterval ,  roll i ng  bu i ld  for future submar ines
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CHANGES :

Same as Scenario 16, except for:

Air>Warfare>Destroyer/Landing>Helicopter>Dock:>Rebaselined AWD Production schedule as announced 
September 2012. Fourth AWD added, Production begins 2016, six years build per vessel, one and a half year 
keel interval.

Future>Frigates:>Based on the Air Warfare Destroyer hull and produced in a rolling build program. 
Production starts 2017; six years build per ship, two year keel interval.
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