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A general description of the overall project, introducing the reader to principle design issues.
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Forth Year Project Theme - Why is Sweden Nervous?
Unit 21 has based this years work in Sweden. I have chosen to look at the chilly relationship between Russia and Sweden and why it is making the swedes so 

nervous. Sweden sits outside of the protection of NATO or the Eastern block, however its strategic position between east and west makes it a much desired bed 
fellow. With Russia annexing the Crimea and looking eagerly for its next prey Sweden has leaned closer to NATO, much to the anger of Russia who have been 

making it very clear that their growing relationship will not be tolerated.
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Fig 01. A map of resent  Russian aggressive behavior towards Sweden with NATO countries interjecting.

Fig 02. Russian Submarines spotted in the Swedish archipelago. Fig 03. Russian aircraft acting aggressively.
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The Results of Project One  - Russian Spotting in the Archipelago

Project one concluded with a series of tourist attractions which responded to submarine movement and 
allowed visitors a better view of Russian submarines moving through the archipelago. This allows Sweden to 

Fight Russia’s violation of its waters with the contemporary weapon of public awareness.
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Project Narrative - Current Issue
In the first project i looked at the threat of active Russian submarines. In project two i will be looking at the greater threat posed by Russian nuclear submarines which have been decommis-

sioned. The News articles above highlight the issues of nuclear catastrophic, proliferation and terrorism associated with leaving the decommissioned Russian submarines as they are. Russia seems 
unable or unwilling to deal with the issue themselves.  Powers across the world are looking for a solution to dismantle the submarines without being drawn into dealing with the shady world 

of Russia’s privately owned dock yards. 

Fig 01. UNACKNOWLEDGED TIME BOMB - www.telegraph.co.uk article by Tom Parfitt. Recently attention has been drawn 
to the future nuclear risk of the submarines being left to corrode.

Fig 02. POOR FACILITIES AND REGULATIONS- www.bbc.co.uk article by KULESHOVOLEG.LIVEJOURNAL.COM. 
Submarines are currently stored and dismantled at Russian privately owned dockyards. Safety procedures are not in place and the 
facilities are not inspected by government bodies.

Fig 03.PROLIFERATION AND TERRORISM- www.theguardian.com article by Julian Borger. The lack of security around the 
submarine sites has made it easy for nuclear fuel to be stolen and sold on for use in dirty bombs.
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Project Narrative- Current Issue

It costs roughly 23 million pounds to recycle a Nuclear Submarine. As Russia is reluctant to spend its capital on taking care of its own waste or taking 
responsibility for the potential risk of their behavior, international powers such as China and the US are funding the process. However  logistically and polit-

ically this is a piece-meal process. There are currently 133 Nuclear Submarines waiting to be de-fueled and recycled. 
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Project Narrative - Site

With a fourth year theme centred around the cold relationship between Sweden and Russia, Gotland is the perfect physical site to explore military anxieties. Gotland’s position in the Baltic divides east 
from west making it strategically extremely important. It played an important part in allied invasive strategy during WW2. During the Cold War Sweden kept the military presence on the island very 

high. Today it is unarmed, and with international relationships weakening both NATO and the Russian state have their eye on future occupation. 
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Project Narrative - Site

Above are details of the island which will inform the design of the dismantling facility and 
determine the schemes site. 

15 km

10 mi

15 km

10 mi

0 1  S I T E * This area of the island is the least inhabited. Due to the nature of the facility having it in 
an unpopulated area of the island is beneficial for safety procedure in the case of evacua-
tion. 

* The site is a naturally formed peninsula which penetrates into deeper waters and points 
towards the north east. This will prevent Russian vessels having a close look at Swedish 
shores on approach. 

0 2  N E W  5 0 0 M  Q U A Y * Currently the largest ships visiting the island are unable to dock in the port due to the 
shallowness of the shores.  Currently they are forced to cast anchor away from shore and 
transfer loads and passengers into smaller vessels, hence why the new quay is over 500m in 
length. This information directly effects the length of my structure  which must take 
into account the geological form of the island.

* The new quay will also play a part in the re-militarization of the island. Military vessels 
and supplies will pass through.

* All supplies to the island will pass through this new quay. - This may play a significant 
part in the construction strategy.

0 3  C U R R E N T  A F F A I R S * For centuries Gotland has played a significant role to Swedens security. It is on the fron-
tier of the Baltic Sea making it vulnerable to attack from many angles with the potential to 
play a serious strategic position in accessing the East or the West. 
* The northern end of the island ( containing a number of military facilities) was tradition-
ally off limits to foreigners  until the end of the cold war.
* Gotland was demilitarized at the end of the Cold War and her equipment naively sold 
off.  In the last year, with tensions between Russia, Nato and Sweden becoming extremely 
cold fears of occupation have grown and troops have been mobilized.  If the building can 
create a neutral point of conversation between Russia and Sweden, then its location on 
the island will work towards its security. This will be an important talking point in the 
procurement process.

0 4  T O U R I S M  -  E X I S T I N G  R E S O R T *  Gotland is the biggest tourist destination for Swedish visitors.

* Hundreds of thousands visit the island every year.

*  Sudersand is the Largest Resort with a variety of accommodation types and outside 
leisure facilities spread over a large curving bay. 
 My chosen site faces Sundersand, thus providing a resort to the lesser explored eastern 
coast. 
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Submarine Details - Submarine Form

Above are details of a Typhoon class submarine. It shows the essential compartments and gives and idea of potential forms that could be extracted from its car-
cass. All nuclear submarines have their reactor compartment next to the aft section ( back end containing propeller equipment) and living apartment towards the  
middle.  
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1. Outer

2. 533mm forward torpedo tubes

3. Pressure Hull (forward)

4. Stowable Forward Hydroplanes

5. Forward Escape Hatches

6. Torpedo Compartment Pressure Hull

7. Sonar Compartment

8. 20 x R-39 Ballistic Missile Tubes

9. Control Room

10. Escape Capsules

11. Retractable Devices

12. Fin

13. Radio Room

14. Reactor Compartment

15. Hanger Doors for Towed Communication Buoy

16. Protrusions to Prevent Ice Damaging the Propellers

17. Turbine Compartment

18. Machine Compartment

19. Hydrodynamic Vortex Smoothing Protrusions

20. Vertical Stabilizer

21. Rudders

22. Ducted Propeller

23. Aft Hydroplanes

24. Sonar

25. Stowable Thrusters

26. Missile Compartment

27. Crew Compartment

28.  2 x OK-650 Nuclear Reactors

29. Propeller Shaft

30. Horizontal Stabilizer

31. Pressure Hull (forward)

32. Main Pressure Hull (starboard)

33. Main Pressure Hull (port)

34. Pressure Hull (fin)

35. Pressure Hull (aft)

36. Rapid Dive Tank

R u s s i a n  T y p h o o n  C l a s s  S u b m a r i n e

5



D I V I N G

S U B M E R G E D

S U B M E R G E D

R I S I N G

S U R F A C E D

H I G H 

P R E S S U R E 

A I R

L O W

 P R E S S U R E 

A I R

The Ballast tanks are opened and water enters 
the tanks

The ballast tanks makes the sub less buoyant, 
and it dives.

Compressed gas is released into the ballast 
tanks

The compressed air displaces the water back 
into the ocean and makes the sub more 

buoyant

S U R F A C E D

A

B

C

D

E

F

F O R T H  Y E A R  -  D R  -  S E C T I O N  O N E

Submarine Details - Submarine Ballast System

Submarines rise and fall using a ballast system. This submarine is built with an inner and outer steel skin, the space between is the ballast. The ballast is filled with 
water or pressurized air depending on the required movement. Typically submarines have a ballast which wraps round the whole of the vessel however there are a 
few examples where the ballast tanks sit on the wings. 

Fig 01. Operating the ballast tanks

Fig 02. Ballast tanks wrapped round

6
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Submarine Details - Initial Dismantlement
Before a nuclear submarine can be dismantled the reactor must be safely removed. This is called Initial Dismantling and often happens at a separate facility to the 
rest of the procedure due to safety requirements.  Reactor Compartments can be drained of nuclear fuel and the section dismantled and stored separately or the 
section can be cut away at the bulkheads, sealed and removed whole - as above. The later reduces contamination risks but does mean you have to deal with a very 
large element.
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The Nuclear Fuel is contained within the RPV.

The RC houses the RPV. It is designed to prevent radia-
tion from escaping, protecting the crew inside the sub-
marine and the environment outside. The RC makes up 

the central section of  all nuclear submarine classes.

Reactor Pressure 
Vessel

Bulkhead Reactor Compartment T h e  T y p h o o n  C l a s s  i s  t h e  o n l y  s u b m a r i n e  c l a s s  t o  h a v e 
t w o  r e a c t o r s  a n d  t h u s  t w o  r e a c t o r  c o m p a r t m e n t s

R u s s i a n  T y p h o o n  C l a s s  S u b m a r i n e  w i t h  R e a c t o r  C o m p a r t m e n t s  R e m o v e d
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Submarine Details -Reactor Radiation

The above diagram explains the levels of radiation exposure from the reactor, it gives a good 
indication of the operational strategies i will have to put in place to keep the occupants safe.

N u c l e a r  R e a c t o r  o f  a  T y p h o o n  c l a s s  S u b m a r i n e

N U C L E A R  F U E L
H i g h l y  R a d i o  A c t i v e

When a nuclear submarine is decommissioned it is drained of 
fuel and spent-fuel before it can undergo initial dismantling.

I N T E R M E D I A T E  L E V E L 
W A S T E  ( I L W )

M e d i u m  l e v e l s  o f  R a d i a t i o n

Radioactivity levels exceeding the upper boundaries for LLW. 
ILW from de-fueled submarines comes mainly from components 

that were close to the fuel.

L O W  L E V E L  W A S T E  ( L L W )
V e r y  L o w  L e v e l s  o f  R a d i a t i o n

Items with very low radiation include ventilation ducting, 
drains, pipework, protective clothing and equipment that comes 

into contact with radioactive materials.
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S h i p  R e c y c l i n g I n i t i a l  D i s m a n t l i n g

Established Disposal 
Routes For Hazard-

ous Waste

Recycle Material

Intermediate Level 
Waste

Low Level Waste and 
Very Low Level Waste

Established Disposal 
Routes

Interim Storage for 
Intermediate Level 

Waste

Geological Disposal 
Facility

90%5%4%

Non-Radioactive Hazardous 
Materials (1250 tonnes)

Steel and Other recyclable 
materials (22500 tonnes)

ILW (250 tonnes)

LLW (1000 tonnes)

1%

B a s e d  o n  a  2 5 0 0 0  To n n e  T y p h o o n  C l a s s  s u b m a r i n e

M a i n  N o n - R a d i a t i v e 
H a z a r d o u s  M a t e r i a l s M a i n  R e c y c l a b l e  M a t e r i a l s

High Purity Copper Wire 
(100 tonnes) 

Steel Plate  (12000 tonnes)
Used to construct the hull from 10 to 
40mm thick.

Oils

Asbestos

Heavy metals

Lubricants

Copper Alloys (220 tonnes)
Used for pipe work, valves and taps 
exposed to seawater.

Titanium (850 tonnes)

F O R T H  Y E A R  -  D R  -  S E C T I O N  T H R E E

Submarine Details - Schematic of Recycling and Removal Routes

The majority of a submarine is recyclable. Hazardous and radioactive material must be appropriately removed 
and stored.
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r e a c t o r s  w h i c h  p r o d u c e d  t h e  s a m e  a m o u n t 

o f  e n e r g y  a s  t h e  T r a f a l g a r  C l a s s  s u b m a -

r i n e s  c u r r e n t l y  o p e r a t i n g  i n  t h e  R o y a l 

N a v y .

1  x  U S S R  D e c o m m i s s i o n e d  H o t e l  C l a s s  S u b m a r i n e

T h e  f i r s t  R u s s i a n  n u c l e a r  s u b m a r i n e 

C l a s s .

Equivalent Power

175m

24,000 tonnes

100m

4900 tonnes

114

5500 tonnes

F O R T H  Y E A R  -  D R  -  S E C T I O N  O N E

Submarine Details - Potential Electricity Production

The submarines will arrive with their nuclear load intact. Some of the submarines were decommissioned because of their age but many Russian submarines were 
abandoned because of a lack of  crew to man them and left to rust. Subsequently there is often a considerable amount of  unspent fuel still left. These reactors 

could be used to power the facility or particular activities within the scheme.

1 0
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Project Goals and  Design Strategy

The project combines the unit brief of the Swedish Stuga with an industrial process reflective 
of my years research and study. The Process will produce facilities typical of the Swedish 

leisure principles.

1 2

0 1  R E L A T I O N S H I P S

A  scheme to act as a neutral and positive ol-
ive branch to Russia,  providing the facilities 
for the pageantry of a military hand over.

0 2  T O U R I S M
Gotland is Sweden’s holiday island. The 
Islands main source of income has become 
the tourist trade as industrial processes have  
dwindled. By using the facility as a themed 
resort for learning and leisure, it will fund 
the dismantling process.

0 3  N U C L E A R  E N E R G Y
Gotland is Europe ‘s test bed for new energy 
strategies. To reflect its culture of innovative 
energy solutions i will propose running 
the resorts industrial and leisure facilities 
using the remaining nuclear energy in the 
submarines.

0 4  D I S M A N T L I N G
The process of dismantling requires the 
building to incorporate heavy duty dockside 
equipment, good access for transport and 
must have to facilities and procedures in 
place to deal with the removal of the nucle-
ar, hazardous and recyclable materials.

0 5  R E A S S E M B L E
the recyclable materials can be cut and 
reconfigured to design spaces, accommoda-
tion and leisure facilities for the resort. Ever 
expanding like Gotlands tourist trade.

0 6  S t r a t e g y

The industrial process of the project will 
run in a beam like fashion along a partially 
submerged dry dock. The Structural system 
for these processes will tie back to the struc-
ture of the dock. Hazardous and nuclear 
waste will be removed via a transport route 
through the facility. 

I n d u s t r y  L i n e a r

Tourist facilities and activities built from 
the recycled submarines will come off of 
the main structure of the dry dock creating 
a visible distinction between process and 
leisure.

T o u r i s m  S c a t t e r e d

Fig 01-05. Project Goals

Fig 06. Strategy to Achieve Goals

0 10 30 4

0 5
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 Proposal - Submerged Viewing - Basic Structural Strategy

Several different structural strategies are used for different parts of the building. This is the first part of the Building to greet the Submarines entering the facility 
and will sit outside of the dry dock. The submarine floats awaiting processing. It is important to regularly inspect the submarines still carrying a nuclear load. By  

designing a structure that straddled the submarine it can be inspected without removing it from the water.

Fig 01. Plan View

Fig 02. Sectional View

K E Y

S t e e l  P l a t e  s t r u c t u r e  w i t h 
S c r e e d

B a l a s t  Ta n k S t a i n l e s s  S t e e l  c a b l e s  a n d 
s u p p o r t s

T i e s  t o  S t a t i c  S t r u c t u r e C a s t  A c r y l i c  S c r e e n

Fig 07. Cast Acrylic in Aquari-
um Use.

Fig 04. Cross section of subma-
rine showing ballast tank.

Fig 03. Light weight strong 
steel plate deck.

Fig 05. Stainless steel cable 
Used in tension structures.

Fig 06. The Tie back to the 
main structure is a nod to the 
design of Baltic vessels which 
moor nose on due to the shal-
low rocky shores.
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 Proposal - Submerged Viewing - Basic Structural Principles

Several different structural strategies are used for different parts of the building. This is the first part of the Building to greet the Submarines entering the facility 
and will sit outside of the dry dock. The submarine floats awaiting processing. It is important to regularly inspect the submarines still carrying a nuclear load. By  

designing a structure that straddled the submarine it can be inspected without removing it from the water.

1  A C H I E V I N G  E Q U I L I B R I U M
A
* The two structures will not simply sit perched on the sides of the submarine. To prevent them sliding 
off there will have to be a tension element between the two. This can take the form of Stainless Steel/ 
galvanized cabling  of 20-40mm in diameter. 
* If  W1 does not equal W2 ( for example the person load of one building is greater than the other) 
then the equilibrium will be thrown out. To counteract this change, the two structures would need to 
be tied back to a secondary structure.
B
* In contrast to the previous theory it is recommended that equilibrium cannot be achieved with tension 
cables and tying back to a stable structure. 
* The potential of the submarines ballast tanks to achieve the exact water level is called into question. 
For the first proposed system to work the exact weight required to sink the submarine to the required 
level would have to be achieved by the two structures. Over sinking would flood the walkways and un-
der-sinking would not create the visual effect for viewing the submarine.
*It is also argued that the two structures natural buoyancy would cause them to float off of their plinths.
* To take responsibility off of the submarine and  to prevent the two structures from bobbing above 
the required level is it suggested that each structure have its own ballast tank allowing the spaces to be 
adjusted accordingly. 

2  T Y I N G  T H E  S T R U C T U R E  B A C K
* Tying the two buildings back to a static structure should prevent tipping if the weights of 
W1 and W2 fall out of equilibrium.
* Although the tie would prevent dipping of the structure it will not account for shifts in 
the horizontal plain. To prevent this shift a second tie is suggested.

3  C R E A T I N G  A  S T I F F  L I G H T  S P I N E

* Although the ties to the static structure will prevent turning it will not prevent the struc-
ture from bending. To prevent a bend the tied structure would need to take any force ( such 
as sea serges) which may encourage a bend. However a strong heavy structure would be too 
much load on the submarine to maintain buoyancy above the water. to combat this two 
options are suggested:
- Screed, steel plate and beams
- Screed and space structure made of steel plates 1m deep for a span of 20m.

4  S U B M E R G E D  G L A Z I N G
* The Glazed Panels across the submerged structure if made of glass would require mullions 
regularly to improve strength and due to limitations in the size of glazed panes. The glass 
would also need to be made up of several laminated layers, this would be expensive and 
heavy.
* An alternative to a Glass panel would be acrylic. Acrylic screens can be cast to design. The 
thickness required would need to be in excess of 100mm.

W 1 W 2

T

S S

Basic Principle 

W 1 W 2

SS

T

Applied Principle 

Structures Ballast Tanks

Submarine

Single Tie Double Tie

See Model: On model there is a single tie. if you look closely you can see how it pulls to the side as 
a result.

No Tie and Uneven Weight

Tied to structure

W 1

W 2

W 1 W 2

Heavy Option

Light weight Option
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E N T E R I N G
B e f o r e  t h e  s u b m a r i n e  e n t e r s  t h e  f a c i l i t y

When the facility is awaiting a submarine, or are aware of 
one approaching the galleries ballast tanks will be emptied. 
The galleries will rise, thus bringing the promenade to the 
higher level. This allows space for the tower of the subma-

rine to pass the clamp supporting arms.

S U B M A R I N E  D O C K E D
T h e  s u b m a r i n e  i s  o n  v i e w

When the submarine is docked the galleries ballast tanks 
are filled until they lower to the required depth to make 
contact with the submarine. Here the public can walk 
along the submerged submarine it can also be checked 

while it awaits the reactor facility. 

P A S S I N G  T H R O U G H
T h e  s u b m a r i n e  p a s s e s  t h r o u g h  t o  t h e  r e a c t o r 

f a c i l i t y

When the submarine is ready to be processed the galleries 
rise and the submarine passes through into the dry dock 
which is then drained for collars to be welded to the aft 

section.

F O R T H  Y E A R  -  D R  -  S E C T I O N  O N E

Design Strategy - Submerged Viewing Galleries

This is the first point of contact between a submarine and the facility. Here the submarine can be seen by the eager crowds but it can also be checked over to 
identify class of submarine and to identify potential damage which may mean it is removed prematurely from the water.

1 5
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Section of Initial Docking Station
KEY

Public promenade under canopy.

0 1 Viewing galleries straddling submarine.

0 2

Start of dry dock.0 4

0 1

Static structure with lecture theatre and cafe.0 3

0 1

0 2 0 3
0 4
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Plan Elevation of Initial Docking Station
KEY

0 1 Viewing galleries straddling submarine.

Start of dry dock.0 3
Static structure with lecture theatre and cafe.0 2

0 1

0 2

0 3

0 2
0 1
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Details of Initial Docking Station

KEY

View looking through docking station.0 1

0 40 3

0 2

0 1
View into gallery and cafe spaces.0 2

View looking across dry dock.0 3

View looking towards structure from sea.0 4
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 Proposal - Initial Dismantling- Basic Structural Strategy

Several different structural strategies are used for different parts of the building. At this point the reactor is removed from the submarine for the main disman-
tling. In order to do this the Submarine must be removed from the water. By turning this into a vertical process the submarine can be exhibited in a sculptural 

fashion whilst being worked on it parallel.

Fig 01. Sectional View

K E Y

D R Y  D O C K S q u a r e  S e c t i o n  S t e e l
(  P r i m a r y  S t r u c t u r e )

S u b m a r i n e  C o l l a r S e c o n d a r y  S t r u c t u r e  I n t e r -
g r a d e d  i n t o  F a c a d e  B u i l d u p

Fig 03. Primary Structure 
suspending submarine inspired 
by Crane Vessels used to place 
wind turbines at sea.

Fig 02. Concrete dry dock Fig 04. The concept of holding 
the submarine in place whilst 
its nose end floats, means the 
drydock would not need to deal 
with a point load. The concept 
is inspired by bottles floating 
in water

Fig 05. The Truss system tying 
the two floor plates will be 
integrated into the Cladding 
system.
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 Proposal - Submerged Viewing - Basic Structural Principles

Several different structural strategies are used for different parts of the building. This is the first part of the Building to greet the Submarines entering the facility 
and will sit outside of the dry dock. The submarine floats awaiting processing. It is important to regularly inspect the submarines still carrying a nuclear load. By  

designing a structure that straddled the submarine it can be inspected without removing it from the water.

1  S U B M A R I N E  B U O Y A N C Y  P O T E N T I A L
A
* I am currently proposing to have a very small portion of the submarine submerged with the hope 
that it will be enough to support the greater portion. This is unrealistic and in reality it is likely to be 
50% plus which would need to be submerged to maintain a vertical position. This  would need to be 
calculated and relevant experiments would be required.
* Alternatively the weight could be distributed between this system, the crane and the collar prevent-
ing the submarine from twisting.

B
* I am currently proposing to have a very small portion of the submarine submerged with the hope that 
it will be enough to support the greater portion. This is unrealistic and in reality it is likely to be 50% 
plus which would need to be submerged to maintain a vertical position. This  would need to be calcu-
lated and relevant experiments would be required.
* Alternatively the weight could be distributed between this system, the crane and the collar preventing 
the submarine from twisting.

2  S T R U C T U R A L  S U P P O R T  F R O M  T H E  C O L L A R
A
* The collar as it currently stands could not act as a structural support as the small surface 
area would damage the sheet steel of the outer and potentially inner hull. If penetrated this 
would sink the Submarine and buckle the collar mechanism leading to a catastrophic failure 
of the system.
* To prevent this a deeper collar is recommended to increase surface area. A tapered collar 
will also wedge the submarine in securing itself.

B
* It is argued that the strength of the submarine - as it is hit by waves and withstands rapid 
dives- would be able to take the force of turning around a pivot point without compression 
or snapping the hull in half. To reduce stress it is recommended that this pivot point and 
collar is changed to a mid point along the submarines length. This mechanism would be 
activated by large turning mechanisms in the side of the dry dock.
* It is also argued that if the collar and the bottom of the dry dock is taking the full weight 
of the submarine, strengthening of the dry-dock construction may be required.

3  C R A N E  S Y S T E M

A
 * The long element is in a state of compression. This means it can simply sit on the dry 
dock where required. A plate detail may be required to tie it however it will not move before 
of the compression.
* The back end of the system will wall to pull itself  up, to prevent this a horizontal member 
tying it back to the vertical element and a secondary element diagonal to ground.
* The crane system can be square section (as per the model). this would be welded sheet 
steel 600x600.

B
* A larger square section is recommended in excess of  1mx1m.
* Compression in the main elements means they can sit/slot into the dry dock construction.
* The back ends needs to follow the horizontal element to ground to prevent it tipping up.
* It is argued that the space support by the crane structure is not supported by the floor 
plates alone and that trusses would be required. I argued that these trusses could be achieved 
by incorporating them into the cladding design.

What i would Like to happen 
in a perfect world.

The reality.The amount of submarine which is 
fully out of the water when ballast 

tanks are empty.  - Principle bursting 
my bubble.
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 Design Strategy - Collar Mechanism and Dry Dock

To get the submarine into a vertical position to remove the reactor i propose a system of crane, collar and dry dock to lift and support it.

S U B M A R I N E  M O V E S  I N T O  D R Y  D O C K

P O S I T I O N  O N E
S u b m a r i n e  e n t e r s  t h e  d r y  d o c k

The dry dock is filled and the submarine enters in the direction 
of the collar system.

P O S I T I O N  T W O
S u b m a r i n e  l o c k s  i n t o  c o l l a r

As the submarine moves forward it makes contact with a plate 
which is pushed back thus lifting the collar around the neck of 

the submarine.

P O S I T I O N  T H R E E
S u b m a r i n e  i s  l i f t e d  i n t o  f i n a l  p o s i t i o n

The crane system pivots the submarine into a vertical position 
wit the collar preventing twisting as it is lifted. When the subma-

rine is secured the primary dry dock is drained, leaving the 
submarine floating in the secondary dry dock.

P R I M A R Y  D R Y  D O C K

S E C O N D A R Y  D R Y  D O C K
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Design Strategy - Reactor Removal Facility

The reactor facility must have the space to cut out and remove the reactor compartment. The reactor will be at a high level due to the position of the reactor in 
the submarine, therefore to remove it from the facility it must be lowered on to a vehicle at road level. 

L O A D I N G  B A Y
L o a d i n g  t h e  R e a c t o r  f o r  R e m o v a l

From this point the submarine is loaded onto suitable transport 
to be taken to a Geological Disposal Facility.

R E A C T O R  L E V E L
I n i t i a l  D i s m a n t l i n g  F a c i l i t y

It is on this level that the reactor will be accessed for power 
and then removed and prepared for transport. There are public 

viewing galleries to the sides.

R O O F  L E V E L
A c c e s s  t o  t h e  C r a n e  S y s t e m

The roof level is the highest public accessible point in the 
scheme.  From here the whole resort will be visible as well 
as the aft section of the vertical submarine. As part of the 
recycling process the aft section will move over the roof to 

be dismantled further along.

P U B L I C  P R O M E N A D E
B e s t  V i e w  o f  t h e  V e r t i c a l  S u b m a r i n e

The promenade will stretch the length of the facility. In this 
position the public will be given a good view of the mid section 

of the submarine.

2 0
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Section of Reactor Removal Facility
KEY

The main building surrounds the reactor compartment of the submarine when it is lifted into the vertical position. Within this large industrial space the reactor can be plugged in to power the 
resort. After it’s remaining nuclear power is spent the cladding can be closed to create a concealed environment to safely remove the compartment for transportation to a secure facility. The main 
building also has viewing platforms for the public.0 1
This is the main pedestrian promenade through the facility. At this point a large viewing platform gives incredible views up and down the length of the suspended submarine.0 2

Upper dry dock to allow the movement of the submarine or parts through the facility.0 4
Lower dry dock and collar mechanism to take the load and to stabilize the submarine in the vertical position.0 5

0 1
0 2

0 3
0 4

0 5

This level allows a vehicle to load the reactor for removal from the site. Which sits lower than the main promenade at this point to accommodate the height of the reactor compartment.0 3
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Elevation of Reactor Removal Facility

KEY
The main building surrounds the reactor compartment of the submarine when it is lifted into the vertical position. Within this large industrial 
space the reactor can be plugged in to power the resort. After it’s remaining nuclear power is spent the cladding can be closed to create a concealed 
environment to safely remove the compartment for transportation to a secure facility. The main building also has viewing platforms for the public.

0 1

This is the main pedestrian promenade through the facility. At this point a large viewing platform gives incredible views up and down the length 
of the suspended submarine.0 2
Upper dry dock to allow the movement of the submarine or parts through the facility.0 3
Lower dry dock and collar mechanism to take the load and to stabilize the submarine in the vertical position.0 4

0 1
0 2

0 3

0 4
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Plan Elevation of Reactor Removal Facility
KEY

Counter weights supporting primary structure in suspending submarine.0 1
Vehicle access under reactor facility.0 2
Stair access to the roof.0 3
Submarine position.0 4
Main dry dock.0 5

0 1

0 1
0 2

0 3

0 3
0 4 0 5
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Details of Reactor Removal Facility

KEY

View through the length of the reactor facility showing the main working floor 
plate, submarine and public promenade.

0 1

0 40 3

0 2

0 1
View into main body of the reactor facility, showing the public viewing platforms.0 2

View of stair case from roof to viewing platform. Cladding detail in the distance.0 3

Public Promenade, main viewing area for submarine.0 4
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 Design Strategy - The Aft Facilities and Facility Entrance

The area of the scheme allows access in and out of the facility as well as providing leisure facilities for the visitors in the recycled submarine elements.

R E A C T O R
T h e  R e a c t o r  C o m p a r t m e n t  L e a v i n g  S i t e

The reactor compartment continues its path through the facility 
to be taken to a designated  secure storage site.

I T E M S
P i e c e s  o r  A r t i f a c t s  R e m o v e d 

There may be pieces of submarine or particular artifacts which 
are not fully dismantled. These may be displayed in the exhibit-

ing space at dry dock level or pass straight through and up out of 
the facility to a new home.

2 1



A F T
R e c y c l i n g  t h e  A f t  S e c t i o n

The Aft section of the submarine is placed into special turbine 
clamps so that hot water can be passed through the ballasts 

heating the spaces within and generating electricity.

2 2
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Section of Aft Facilities

KEY
Vehicle access to reactor facility.0 1
Reception and changing rooms.0 2
Entrance lobby and dry dock level display.0 3
Pedestrian access to facility.0 4

0 1

0 3

0 2

0 4
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Section of Aft Facilities

KEY
Bridge system holding Aft sections and containing the turbine 
generators

0 1

Pedestrian access to facility.0 2

Vehicle access to reactor facility.0 3

Stairs from entrance lobby display to reception and changing 
rooms.

0 4

0 1

0 1
0 2

0 3
0 4
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Plan Elevation of Aft Facilities

KEY
Discharge pools for reactor water cleaned of radiation.0 1
Facilities such as saunas made from the Aft section of submarines.0 2
Public Promenade.0 3
Vehicle route reactor removal from site.0 4

0 1

0 1

0 2

0 3

0 3

0 4
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Plan Elevation of Aft Facilities

KEY
Discharge pools for reactor water cleaned of radiation.0 1
Facilities such as saunas made from the Aft section of submarines.0 2
Public Promenade.0 3
Vehicle route reactor removal from site.0 4

0 30 2

0 50 4

0 1
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02 Building Construction

A Detailed Analysis of the Significant Structural Details, Construction Processes and Ele-
ment Development within the Project
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Material Specification 

Due to the specialist nature of the project i will be using some unusual materials. Above are a 
list of materials, qualities, disadvantages and notes on manufacturing and construction where 
appropriate. 

A .  L O N G  L I F E  S P A N
S t r u c t u r a l  F r a m e s  a n d  F o u n d a t i o n s

P U R P O S E :
Used to create the dry dock on which the majori-
ty of  the steel structures sit upon.

M A N U F A C T U R I N G / C O N S T R U C T I O N :
Cementa brand cement manufactured in Slite

B .  M E D I U M  L I F E  S P A N
R e c y c l e d  m a t e r i a l s ,  c l a d d i n g ,  i n t e r n a l  f i t  o u t s

C .  S H O R T  L I F E  S P A N
R e c y c l e d  m a t e r i a l s  u s e d  i n  s p e c i f i c  p l a c e s ,  s a c r i f i -

c i a l  e l e m e n t s .  T o  b e  r e c y c l e d .

0 1 .  R e i n f o r c e d  C o n c r e t e 0 1 .  T e m p o r a r y  S h e e t  P i l -
i n g

0 5 .  S t a i n l e s s  S t e e l

0 3 .  C a s t  A c r y l i c

0 2 .  A u t o  A e r a t e d  C o n c r e t e
( A A C )

0 9 .  E t h y l e n e  T e t r a f l u o r o -
e t h y l e n e  ( E T F E )

0 6 .  G l a s s  R e i n f o r c e d 
P l a s t i c  ( G R P )

0 4 .  P o l y e t h e r  E t h e r  K e -
t o n e  ( P E E K )

0 7 .  S u b m a r i n e  S e c t i o n s
(  S t e e l )

P U R P O S E :
Used along the top of the submerged galleries to 
give lateral strength against twisting and to reduce 
weight to aid flotation.

A D V A N T A G E S :
It is fire resistant, a thermal insulator and mold 
resistant.

M A N U F A C T U R I N G / C O N S T R U C T I O N :
Manufactured by Swedish firm Siporex.
300-400 pre-cast elements.

P U R P O S E :
Used structurally in the submerging galleries. 
Will will need to take a considerable force.

A D V A N T A G E S :
Unlike glass acrylic can take a significant force 
acting upon it over a large uninterrupted area. 
Acrylic is clearer than glass and considerably 
lighter. It has better thermal qualities and scratch-
es can be polished out meaning it is less likely to 
need replacing in the case of cosmetic damage 
from public use.

D I S A D V A N T A G E S :
The size of the panels will make them difficult to 
transport to the site and will take a considerable 
team to manoeuvre and secure.

M A N U F A C T U R I N G / C O N S T R U C T I O N :
A 4m x 20m area will require a minimum thick-
ness of 100mm.

P U R P O S E :
Piping and Turbine elements exposed to contam-
inated water.

A D V A N T A G E S :
Excellent mechanical and chemical resistance. 
Resistant to brittleness from ultra violet  and 
Gamma exposure.

D I S A D V A N T A G E S :

High Price.

M A N U F A C T U R I N G / C O N S T R U C T I O N :
Not traditionally a shape-memory polymer, how-
ever advances for orthopedic surgery has allowed 
the development of shape memory behavior. 
Tubing for the reactor water can now sit in the 
wind or exposed to waves with the flexibility to 
absorb forces.

P U R P O S E :
Stainless Steel is used for mechanical and struc-
tural purposes where there is exposure to water.
Some of the stainless steel used may be recovered 
from the submarine recycling process.
* Tension cables
* Submerged gallery structure and pining.
* Submarine Collar

D I S A D V A N T A G E S :
Due to the marine environment and contact 
with industrial processes it is likely that corrosion 
would be accelerated - Stainless steel cables will 
need replacing every decade.

P U R P O S E :
GRP will be used for the main panel of  the 
mechanical cladding panel.

A D V A N T A G E S :
It has a good weight to strength ration, it is corro-
sion and water resistant so it will not be harmed 
by sea water exposure. 

It is also non-conductive which will prevent cold 
bridging where it is tied back to the slab.

P U R P O S E :
ETFE will be used as an inflatable cushion 
around the suspended submarine around the 
upper and lower structural slabs of the reactor 
removal facility. It will also be used as the folding 
material of the cladding around the same facility.

A D V A N T A G E S :
It has excellent high-energy radiation resistance 
properties and is regularly used in the nuclear 
industry.

D I S A D V A N T A G E S :
Although ETFE is the strongest fluorine-based 
plastic it is prone to puncturing when formed as 
an inflatable, therefore i predict it needing regular 
replacements on a by-yearly bases.

P U R P O S E :
Recycled steel will be used to create structures 
within the scheme.
A D V A N T A G E S :
Cut down on costs, and allow the facility grow 
with time as more submarines are processed.

D I S A D V A N T A G E S :
The quality of the steel may differ considerably, so 
time will have to be taken to access it. Time will 
also be spent processing the steel for re use.

0 8 .  S t r u c t u r a l  S t e e l
(  S h e e t  a n d  p r o f i l e )

P U R P O S E :
Primary structure built upon dry dock and ballast 
tanks to gallery floats.

D I S A D V A N T A G E S :
Due to its exposure to coastal waters and winds 
the steel will begin to pit very quickly.  To protect 
the steel work it will need to be galvanized before 
construction or painted regularly throughout the 
life of the scheme.

M A N U F A C T U R I N G / C O N S T R U C T I O N :
Steel will be sourced from the Swedish firm 
SSAB. 

1 0 .  S e c r e t  M a t e r i a l s !

?
P U R P O S E :
If the Russians insist on constructing parts of the 
facility it is likely they will bring prefabricated 
elements and some other materials themselves.

D I S A D V A N T A G E S :
The quality of these materials and manufacturing 
can not be checked by the managing contractor.

2 3



F O R T H  Y E A R  -  D R  -  S E C T I O N  T W O

Material Sourcing

Above are maps illustrating the sourcing of materials and their journey to site. Luckily 
because of gotlands predominately lime stone formation excavated rock from site can be 
processed and returned as cement. Making th supply chain very quick.

15 km

10 mi

S O U R C I N G  M A P S

A .  I M M E D I A T E  L O C A L I T Y
( I S L A N D  O F  G O T L A N D )

 

If materials cannot be sourced on Gotland they 
will be found within Sweden. This isn’t necessar-
ily to reduce the carbon foot print of the project, 
but to appease the Swedish government who will 
be gifting the site to the US/Russian clients in 
exchanged for diplomatic and economic advan-
tages.

B .  N A T I O N A L L Y
( S W E D E N )

 

The Submarines themselves and the elements 
under-seen by the Russian contractor will be the 
only materials to be sourced internationally.
For more information about this please see 
section four.

C .  I N T E R N A T I O N A L L Y

 

0 1

0 7

* Gotland is made up of a sequence of sedimen-
tary rocks, predominately limestone because of 
this local mined resource Gotland’s main heavy 
industry is cement production. 

* Due to Gotlands geological formation, cargo 
ships ( which sit deep in the water) can not 
approach the island. As a result there is currently 
only one pier long enough for cargo ships to 
dock and unload. Therefore all initial imported 
materials will pass through the pier at Visby. 
When the primary construction of the scheme 
has taken place it can be used to dock and unload 
shipments.

I N I T I A L  
I M P O R T 
P I E R

L A T E R  
I M P O R T 
P I E R

2 0 k m

1
5

m

5 0 0 m

7 5 0 k m
0 4

4
5

5
k

m

1 0
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F O R T H  Y E A R  -  D R  -  S E C T I O N  T W O

Construction Sequence for Dry Dock
The facility sits over a large area, the majority submerged in the Baltic. Due to the formation of the island this water stays shallow very far out from the shore 
line The dry dock must extend 150m from the shore to achieve the depths to bring in the submarines.  There is also large veins of limestone in the area and part 
of the dry dock will need to be blasted out of the rock. Working out at sea and blasting from rock are time consuming programs. to reduce time i have proposed 
placing temporary sheet piles to keep water back and construct both areas simultaneously so that post pile contractors will only need to come for one period.

C o n s t r u c t i o n  w i l l  b e  s p l i t  i n t o  t w o 

s e q u e n c e s .  W a t e r  c o n s t r u c t i o n  a n d 

l a n d  c o n s t r u c t i o n .  T e m p o r a r y  p i l i n g 

w i l l  b e  p l a c e d  a r o u n d  t h e  s h o r e  t o 

a l l o w  t h e s e  s e q u e n c e s  t o  h a p p e n  s i -

m u l t a n e o u s l y .

A  t e m p o r a r y  m o v a b l e  g a n t r y  w i t h 

b a i l e r  a n d  c h i s e l  i s  e r e c t e d .  A s  t h e 

p i l e - g r i d  i s  c o n s t r u c t e d  t h e  g a n t r y 

m o v e s  f u r t h e r  o u t .  T h e  p i l e s  b r o u g h t 

u p  t o  s u p p o r t  t h e  g a n t r y  a r e  s a c r i -

f i c i a l  a n d  w i l l  b e  r e m o v e d  w h e n  t h e 

a r e a  i s  w a t e r  t i g h t .

A u g e r e d  p i l e s  a r e  u s e d  i n  w a t e r . 

T h i s  w a y  t h e  d r i l l  r e a c h e s  t h e  r e -

q u i r e d  d e p t h ,  s l i d e s  d o w n  r e i n f o r c e -

m e n t  a n d  f i l l s  t h e  c a v i t y  w i t h  c o n -

c r e t e  a s  i t  d r a w s  o u t .  O n  e x i t i n g  t h e 

d r i l l  s t o p s  e v e r y  f e w  m e t r e s  t o  a l l o w 

f o r  d r y i n g .  T h e  c o n c r e t e  i s  w a t e r -

p r o o f  a n d  f a s t  s e t t i n g .

T h e  l a n d  a r e a  i s  d r a i n e d 
o f  a n y  w a t e r .  T h e n  t h e 

s i t e  i s  e x c a v a t e d  o r 
v e i n s  o f  l i m e s t o n e  a r e 
i d e n t i f i e d  a n d  b l a s t e d 
o u t  t o  c r e a t e  a n  e v e n 

l e v e l .

H o l e s  a r e  d r i l l e d  i n t o 
t h e  s o i l  a n d  s t o n e  t o  a 

d e p t h  o f  3 0 m . 

F
ully subm

erged
P

articipially subm
erged

D
ry land

M
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R
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R
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S
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Q
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E
N

C
E

LA
N

D
 C

O
N

S
T

R
U

C
T

IO
N

 S
E

Q
U

E
N

C
E

S h o r e  L i n e

T h e  d r y  d o c k  s p a n s  a l -
m o s t  t h e  e n t i r e  f a c i l i t y . 
P a r t  o f  i t  i n l a n d  a n d  t h e 
r e s t  o u t  a t  s e a  t o  a l l o w 

t h e  s u b m a r i n e s  t o 
m a n o e u v r e  i n .
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T e m p o r a r y  s h e e t  p i l i n g  i s  c o n s t r u c t -

e d  w e l l  o u t s i d e  o f  t h e  p e r i m e t e r  o f 

t h e  f u t u r e  d r y  d o c k .  T h i s  a d d i t i o n -

a l  s p a c e  w i l l  a l l o w  f o r  m a c h i n e r y  i n 

t h e  c o n s t r u c t i o n  o f  t h e  d o c k  w a l l s 

b u t  a l s o  p r e m e d i t a t e s  t h e  c h a n c e  o f 

u n e x p e c t e d  h y d r o s t a t i c  p r e s s u r e s  s o 

t h a t  a d d i t i o n a l  p r e s s u r e  r e l i e f  h o l e s .

W h e n  t h e  s h e e t  p i l i n g  i s  e n t i r e l y 

a r o u n d  t h e  s u b m e r g e d  a r e a  t h e  w a -

t e r  c a n  b e  p u m p e d  o u t  a n d  t h e  f r o n t 

f a c e  r e m o v e d  s o  t h a t  t h e  b u i l d  u p 

s t a g e  a n d  d r y  d o c k  w a l l s  c a n  s t a r t 

c o n s t r u c t i o n .

0 1 .  I n s i d e  d r y 
d o c k
0 2 .  C o n c r e t e  r e -
i n f o r c e d  d r y  d o c k 
w a l l s
0 3 .  E a r t h
0 4 .  P i l e
0 5 .  P i l e  c a p

W h e n  a l l  t h e  p i l e s  a r e  i n  p l a c e  a n d 

t h e  a r e a  d r a i n e d  t h e  e x c a v a t e d  r o c k 

i s  u s e d  t o  c r e a t e  a  h a r d c o r e  l a y e r 

b e t w e e n  t h e  p i l e  c a p s .  A f t e r  t h a t 

p r e  f a b r i c a t e d  b e a m s  a r e  l a i d  a c r o s s 

t h e  p i l e  c a p s .  R e i n f o r c e d  c o n c r e t e 

i s  t h e n  p o u r e d  i n s i t u  b e t w e e n  t h e 

b e a m s .

K e y  D r y  D o c k  D e t a i l

0102

03 04

0506

0807

091011

0 6 .  C r u s h e d  s t o n e 
h a r d c o r e
0 7 .  C o n c r e t e  r a f t
0 8 .  B e a m
0 9 .  W a t e r p r o o f 
m e m b r a n e
1 0 .  S c r e e d
1 1 .  P r e s s u r e  r e -
l e a s e  h o l e s

07

08

06

05

04

T h e  h o l e s  a r e  t h e n  r e -
i n f o r c e d  a n d  i t  i s  f i l l e d 

w i t h  c o n c r e t e .
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F O R T H  Y E A R  -  D R  -  S E C T I O N  T W O

Detailed Structural Strategy - Foundation, Wind Bracing  & Load Baring

The Reactor facility is the most structurally challenging part of the building. Above is a break down of that structure which accommodates the movement and 
load of the submarine. I have also proposed a series of robust joints to support it in its task and to account for additional forces from coastal wind.

T R U S S  S Y S T E M
T w o  t r u s s  s y s t e m s  h o l d i n g  h a n d s

There are two substantial gaps in the centre of the facility’s floor 
plates. This is for the submarine to stand within, and to remove 
the reactor.  Therefore the truss system is based on two separate 
truss systems. The removal of the inside face of the truss systems 
should destabilize them, however the bridge truss between the 

two turns it into a single functioning system. T R U S S  S Y S T E M  O N E

T R U S S  S Y S T E M  T W O

B R I D G E  T R U S S

P R I M A R Y  S T R U C T U R E
T r a n s f e r r i n g  t h e  l o a d  o f  t h e  s u b m a r i n e

The square section primary structure reflects the huge hollow 
steel structures of dock yard industrial cranes. This huge struc-

ture lifts and holds the submarine in place as well as holding the 
structural system for the reactor facility (truss system). 

D r y  D o c k
S t r u c t u r e s  s i t t i n g  i n  a  b a t h  t u b

Most of the facility sits within the dry dock for emergency 
hosing to be carried out in a secure area but also to avoid dealing 
with the lime stone beneath. The steels can sit on top of the dry 
dock and due to the design of the steel work all force acting on 

the dry dock will be compression . 

F 1
F 2

S 1
S 2

S 3

S 4

S 5

S 6

S 7
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01. 1250 x 1250 square section steel
02. L Plate steel brace with 24 mm nuts and bolts
03.  Steel square beam connection
04. 500mm steel pins

K e y  F o u n d a t i o n  D e t a i l  O n e

01

02

03

04

05

0607

05. Steel pile for concrete with 70mm pin diameter
06.Reinforced Concrete block  ( with site sourced 
blasted limestone aggregate
07. In-situ set concrete

01

02

03

04

05

06

07

01. Steel I beam 640x640 with 14mm web
02. Steel I beam connection
03.  L Plate steel brace with 24 mm nuts and bolts
04. 500mm steel pins

K e y  F o u n d a t i o n  D e t a i l  T w o
05. Steel pile for concrete with 70mm pin diameter
06.Reinforced Concrete block  ( with site sourced 
blasted limestone aggregate
07. In-situ set concrete

01. 50mm dimension stainless steel tension cable
02. Tension rod head
03.  Secured plate to tension cable system
04. 640mm I beam in vertical truss system

K e y  S t r u c t u r e  D e t a i l  T w o

01

02

03

04

07

06

04

01
02

02

03

04 0504

04

06

05

05

01. 1250mm square section steel
02. 640mm I beam in horizontal truss system
03. Tension rod head
04. 50mm dimension stainless steel diagonal 
tension cable 

K e y  S t r u c t u r e  D e t a i l  T h r e e

01

07

02

02

03

04

05

06

K e y  S t r u c t u r e  D e t a i l  F o u r
05. 640mm I beam in horizontal truss system
06. L plate steel brace with 24 mm nuts and bolts
07. 1250mm square section steel

05. 50mm dimension stainless steel vertical 
tension cable 
06. Secured plate to tension cable system
07.  L plate steel brace with 24 mm nuts and bolts

01. 50mm dimension stainless steel diagonal 
tension cable 
02.  640mm I beam in vertical truss system
03. Tension rod head

04. Specially cast steel drum to allow the cladding 
system to pass through.
05. Within the drum is a chamber to allow bolts 
to be secured without interrupting the central 
rotation.
06. Specially curved L plate steel brace with 24mm 
nuts nd bolts

01. 1250mm square section steel
02. Connection plate welded to the top of square 
section

K e y  S t r u c t u r e  D e t a i l  F i v e

01

02

01. 1250mm square section steel
02. Square steel connector to support weld in areas  
transferring load 

K e y  S t r u c t u r e  D e t a i l  S i x

0102

03

04

05

06

K e y  S t r u c t u r e  D e t a i l  S e v e n
03.  Securing bracket
04. Expanding inner fixing

01. 1250mm square section steel
02. 750mm diameter steel tube for submarine 
crane
03. Extrusion of tube into flat bar connection

04. Substantial L plate steel brace with 24 mm 
nuts and bolts
05. Securing plate
06. Rubber cap to square section to gain access to 
securing plate for tube replacement.

01.  640mm I beam in bridge truss system
02.  L plate steel brace with 24 mm nuts and bolts
03.  Stiffener plate

K e y  S t r u c t u r e  D e t a i l  O n e

01

01

02

03

01

03

04

02

02

01

01

01

01

01

01

01



Panel fully extended. Panel fully closed.

Framework to 
control direction-
al movement.

Arm and fastening 
along seam line of 
material.

Armoured 
plates.

F O R T H  Y E A R  -  D R  -  S E C T I O N  O N E

Cladding Development - Reactive Cladding Concept

To clad the reactor facility i am proposing an active facade which opens and closes to provide 
‘armour’ from the process inside. When the panel is open the reactor is being removed 
inside.

Fig 01. Elevation View

Fig 02.Close Up View

Fig 03.Illustration of panel movement.
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F O R T H  Y E A R  -  D R  -  S E C T I O N  T W O

Cladding Development - Reactive Cladding Mechanism Development

The opening sheet is inspired by an origami game. To achieve this motion i had to develop 
a mechanism to sit behind. The mechanism has a centre of motion which simultaneously 
opens and closes four arms which push and pull the corners of the folded sheet.

Mechanism  fully extended.

Mechanism fully contracted.

Centre of motion - Point of 
connection with Arduino 
motor.

Wings are set into rotation by 
the Arduino Motor.

As the wings rotate they pull 
the arms down towards the 
centre of motion.

Mechanism fully extended showing ar-
moured elements in red.

As the mechanism begins to close the 
armour begins to fold in.

When the mechanism is fully contracted 
the armour has fully folded in and is not 

visible from above.

Origami paper game operates on 
four sides.

Origami sheet folds away elements.
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F O R T H  Y E A R  -  D R  -  S E C T I O N  T W O

Cladding Development - Reactive Cladding Programming

I learnt to program an arduino to control the motor operating the mechanism. I used range 
detectors to make the mechanism respond to movement and to program the degree of turn 
so that the arms are not over strained.

# i n c l u d e  <  S e r v o . h >

S e r v o  m y s e r v o ;

c o n s t  i n t  L i n  =  1 0 ,  R i n  =  1 2 ,  L o u t  =  1 1 ,  R o u t  =  1 3 ,  s e r v  =  9 ;  / / s e t t i n g  s e n -

s o r  p i n s  a n d  s e r v o  p i n

/ /  e s t a b l i s h  v a r i a b l e s  f o r  d u r a t i o n

/ /  a n d  t h e  d i s t a n c e  r e s u l t  i n  i n c h e s 

l o n g  R d u r a t i o n ,  L d u r a t i o n ,  R i n c h e s ,  L i n c h e s ;

i n t  t h r e s h o l d  =  1 0 ;  / / S e n s o r  t h r e s h o l d  i n  i n c h e s

i n t  a n g l e  =  8 0 ;  / / I n i t i a l  a n g l e

b o o l e a n  d e b u g  =  f a l s e ;  / / S e r i a l  c o m m u n i c a t i o n  f o r  d e b u g i n g .  S e t  t o  t r u e 

f o r  s e r i a l  c o m m u n i c a t i o n .

v o i d  s e t u p ( )  { 

/ /  i n i t i a l i z e  s e r i a l  c o m m u n i c a t i o n : 

i f  ( d e b u g ) 

{

 S e r i a l . b e g i n ( 9 6 0 0 ) ; 

}  m y s e r v o . a t t a c h ( 9 ) ;  / / a t t a c h  s e r v o  t o  p i n  9 

}

v o i d  l o o p ( ) 

{ 

/ / M o s t  o f  t h e  s e n s o r  c o d e  h a s  b e e n  t a k e n  f r o m  D a v i d  M e l l i s ’ s  P I N G  s e n s o r 

c o d e  / / I  m o d i f i e d  i t  f o r  a  4  p i n  s e n s o r  a s  o p p s e d  t o  t h e  3  p i n  s e n s o r  / /  G i v e 

a  s h o r t  L O W  p u l s e  b e f o r e h a n d  t o  e n s u r e  a  c l e a n  H I G H  p u l s e :

 

p i n M o d e ( R o u t ,  O U T P U T ) ; 

d i g i t a l W r i t e ( R o u t ,  L O W ) ; 

d e l a y M i c r o s e c o n d s ( 2 ) ; 

d i g i t a l W r i t e ( R o u t ,  H I G H ) ; 

d e l a y M i c r o s e c o n d s ( 5 ) ; 

d i g i t a l W r i t e ( R o u t ,  L O W ) ;

This part of the code is where you tell the Arduino what 
you want it to do. This program is repeated constantly, 
hense ‘LOOP’. 

When modifying existing code there is often references 
written to acknowledge the original developer of the code. 
This does not effect the code itself.

The first line digitalwrite(Rout, LOW) is telling the 
micro-controller to turn down the voltage to the out-
put - therefore turning it off. digitalwrite(Rout, HIGH) 
is instructing the arduino to put the voltage up thus 
activating the servo. 

This states that the following code is to command the 
actions of the servo.

I N P U T  /  S E N S O R :

U l t r a s o n i c  R a n g e  D e t e c t o r s

O U T P U T  /  S E R V O :

R o t a t i o n a l  M o t o r

S E N S O R  A N D 

S E R V O  P I N S

This part identifies the pin numbers for the Sensors and 
servos which will be active.

Delay in activating high voltage.

Delay in turning off.

D
O

W
N

L
O

A
D

 T
O

 A
R

D
U

IN
O

A R D U I N O  C O D E :

C
O

D
E

:  N
A

M
IN

G
 A

N
D

 P
A

R
A

M
E

T
E

R
S

C
O

D
E

:  S
E

T
T

IN
G

 A
C

T
IO

N
B

O
A

R
D

: S
E

T
 U

P

This sets the range of  movement to be acknowledged by 
the sensor.

This code limits the rotation of the Servo to 80 degrees. 
- Due to the nature of the design an angle in excess of 90 
degrees would snap the mechanism. At 90 degrees there is 
a likelihood of the mechanism becoming trapped . by put-
ting the angle at 80 degrees it allows the cladding element 
to fully open and close without risk to the mechanism.
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F O R T H  Y E A R  -  D R  -  S E C T I O N  T W O

Cladding Development: Reactive Cladding Test

I combined the mechanism with the arduino to produce a functioning panel. I then made 
a few more and set them up in a synchronized movement. I learnt from this that the arms 
needed to be ridged and tightly secured into the main frame to get maximum movement.

9v Servo 
(motor).

Panel guiding 
motor and wing 
movement.

Panel guiding 
movement. 

Wings .Arms and clips 
to the creased 
material.

Armoured 
plates.

Cable allowing mul-
tiple connections to 
the Arduino.

Breadboard. Arduino mother-
board.

Ultrasonic Range 
Detectors.

Battery pack.
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F O R T H  Y E A R  -  D R  -  S E C T I O N  T W O

Cladding Development - Reactive Cladding Insitu

Here i have brought together the development of the steel primary structure with the mechanism. To allow for the mechanism to pass from an internal motor to 
the external arms the truss system and glazing strategy have had to be thought through carefully to maintain stability and a thermal line.

01. 1250mm square steel
02. Screed finish
03. Prefabricated Concrete slab 
04. Insulation and Waterproof membrane
05. External metal panel
06. Mechanism panel tie to structure
07. Trough in mechanism to hold glazing foot
08. Insulation surrounding motor
09. Motor
10.  Steel Drum supporting mechanism and truss 
systems
11. Rotating shaft inside rubber grommet allows 
mechanism to rotate in glazing

K e y  3 D  S e c t i o n
12. Central mechanism arms.
13. ETFE folding sheet.

03

01

02

04 05 06

Fig 01. 3d Section

Fig 02. Interval view looking towards cladding and defused light from ETFE sheet Fig 03. Internal view looking at truss and square steel system

07
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F O R T H  Y E A R  -  D R  -  G E N E R A L  A R R A N G E M E N T

Short Section �rough Reactor

1:100

F O R T H  Y E A R  -  D R  -  S E C T I O N  T W O

Cladding Development and Structural Strategy - Section Through Reactor facility

B

A

C

01

02

0304

05

06

07

08

K e y  S e c t i o n
01. Submarine
02. Welded support to crane
03. ETFE collar

04. Roof level
05. Cladding mechanism
06. Raised walkway

07. Main floor
08. Public promenade

Thermal line
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A   K e y  E T F E  R o o f  D e t a i l
A. Submarine covered in mollusks
B. ETFE cushion
C. Hinged cap to allow over inflation
D. Clamp holding ETFE
E. Waterproof screed
F. Insulation
G. Waterproof membrane
H. 1250mm steel square section
I. Auto-aerated pre-fabricated concrete slab
J. 640mm I beam horizontal truss system
K. Pressurized air tube to ETFE cushion
L. Structural support to ETFE system
M. Drainage Trench

A
B

C D E F G H I J

K L M

Physical movement

Water drainage route

Air movement

B   K e y  C l a d d i n g  M e c h a n i s m  D e t a i l
A. Folding semi-transparent ETFE sheet
B. Mechanism guiding sheet
C. Mechanism arm
D. Central turning element in mechanism
E. Rotating shaft inside rubber grommet allows mechanism to rotate 
in glazing
F. Double Glazing
G. Steel Drum supporting mechanism and truss systems
H. 640mm I beam
I. Aluminum sheet with tread
J. Insulation
K. Waterproof membrane
L. 20mm metal sheet
M. Male/female connection between motor and mechanism
N. Motor
O. Glass balustrade

Physical movementA

B C D E

F

G

H

I J K

L M N

O

C   K e y  F l o o r i n g  D e t a i l
A. Waterproof screed
B. Pre fabricated concrete slab
C. 640mm steel I beam
D. Insulation
E. Waterproof membrane
F. Metal panel
G. Steel Drum supporting mechanism and truss systems
H. 640mm I beam
I.  L plate steel brace with 24 mm nuts and bolts
J. 1250mm steel I beam
K. Mechanism tie to structure
L. Glazing frame held by mechanism panel
M. Double glazing
N. Motor

A B C

D E F G

H I

C

J K L

M
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1. High Purity Copper Wire 
* Mass = 60000 kg
* Volume = 26 m³
* Density = 2308 kg/m³

3. Steel Plate
* Mass =5320000 kg
* Volume = 886 m³
* Density = 7901 kg/m³

4. Copper Alloys
* Mass = 120000 kg
* Volume = 53 m³
* Density = 2264 kg/m³

2. Titanium
* Mass = 500000 kg
* Volume = 111 m³
* Density = 4505 kg/m³

M a t e r i a l  M a s s  C a t a l o g u e
T y p i c a l  f o r  1 0 0 m  S u b m a r i n e

F O R T H  Y E A R  -  D R  -  S E C T I O N  T W O

Vertical Submarine - Calculating Buoyancy Potential in Secondary Dry dock
The submarine makes contact with the reactor facility in the vertical position. To achieve this i propose using a crane, a structural collar and buoyancy. I have 
calculated the buoyancy force from the dry dock i am proposing to establish if it can be held by buoyancy alone, if not how much load would the other elements 
need to share.  If i increase the dry dock considerably so that the majority of the submarine is submerged the buoyancy will take the entire load. However this will 
loose the required design effect.

Buoyant Force= Densityfluid  x VolumeDisplaced Fluid  x Gravitational Constant

FB= pF   VF    g
=1022x850x9.81
= 7258694 N
=Buoyant force due to displaced Sea water.

Taking F=ma we can calculate the weight of an object that can be supported by this upward, buoyant force.

m=7.26 x106
          9.81
   =740061kg or 740 Metric Tonnes. This is the amount of weight that can be supported by the submerged section of the 
submarine.

To calculate whether the submarine will float with these proportions the weight of the submarine needs to be less than the 
buoyant force.

To calculate the overall weight of a typical 100m submarine i took the volume of each element ( stated in the UK Govern-
ments Dismantling Program documentation) and calculated each materials weight using average densities as tabulated to 
the left.

Weightsub = Mass x Acceleration
                = 6000000 x 9.81
                =5.89x 107 N

Buoyant Force =7.26 x106 N < Weightsub= 5.89x 107 N
With its current proportions the submarine will not float according to the concept design. A significantly larger proportion 
of the submarine will be submerged.
At a minimum:

Buoyant Force = Weight

Therefore to find the volume of submerged submarine required we must enter the elements into the original Buoyancy force 
equation with the submarines weight as the Buoyant Force.

FB = VF    
pF g

Volume of Displaced Fluid = 5.89x 107 N/ (1022x9.81) =5875 m³ ( an additional 5151 m³ to be submerged) 

v =  r2 h
5151 = 62 x h
h=45.5m
Therefore if an additional length of 45.5m of the submarine is submerged it will float in a stable 
condition.

B u o y a n t  F o r c e  C a l c u l a t i o n s
T y p i c a l  f o r  1 0 0 m  S u b m a r i n e

5. Displaced Water ( Baltic Sea)
* Mass = 740061 kg
* Volume =724 m³
* Density = 1022kg/m³

1 2 m

1
9

.2
m

Treating the shape of the submerged section of the submarine as a cone, the  
volume calculation will be: 

V= πr2 (h/3)
= π27.04(19.3/3)

=724 m³

D i s p l a c e d  W a t e r  C a l c u l a t i o n
T y p i c a l  f o r  1 0 0 m  S u b m a r i n e

Total Mass = 6000000 kg
Total Volume = 9862 m³
Average Density = 4244.5kg/m³

1 2 m

1
9

.2
m

4
5

.5
m

G R A V I T Y

B U O Y A N C Y

D
E

N
S

IT
Y

 
o

b
je

c
t

M A S S o b j e c t

D e n s i t y f l u i d

B a s i c  B u o y a n c y 
P r i n c i p l e s
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F O R T H  Y E A R  -  D R  -  S E C T I O N  T W O

Vertical Submarine - Force Diagram
3 8

K e y
01. Buoyant force acting upwards canceling out 740 metric tonnes of the submarines weight.
02. Load transferred to collar wings and then to shelves in the dry dock
03. Load from crane passes down through diagonal steel to dry dock.

01

02

03

04

04. Load passing down crane cable Buoyancy

Force
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4 0

K e y  R e a c t o r  S e c t i o n
A. Submarine as it comes along in the horizontal position
B. Cupped guide
C. Over flow drainage

A

B

C

K e y  C o l l a r  D e t a i l  A

01. Submarine
02. Rubber interface between submarine and steel collar
Reinforced thick steel collar
03. Steel Collar

D

E

FC

D. Foot and push plate
E. Hydrostatic pressure release valve
F. Retractable floor

01 02 03 04

05

06 07 08

09

10 11

04. Centre point of pivot therefore a thick still tube
05. Retractable floor space frame
06. Secondary dry dock over flow
07. Large Trough drain

08. Membrane and screed finish to concrete
09. Retractable floor motor well above over flow
10. Primary dry dock level
11. Submarine guide

12

12. Collar clip

F O R T H  Y E A R  -  D R  -  S E C T I O N  T W O

Collar Mechanism in  Situ with Dry Dock System

A

The mechanism works simultaneously with the dry dock. Working in section it became clear that over flows would be 
required to handled displaced water  from the submarine and collar entering.





F O R T H  Y E A R  -  D R  -  S E C T I O N  T H R E E

03 Building Performance

Passive and active performance systems to allow the occupation and running of the disman-
tling resort.



10 m

27 m

F O R T H  Y E A R  -  D R  -  S E C T I O N  T H R E E

Anatomical Details of the Aft Section

I will be using dismantled elements of the submarines to make facilities for the resort. Above are the details of an ‘Aft’. This is the end section of the submarine 
where the ballast terminates and the propeller and it mechanics are housed. I propose using this section as sauna.

1. Floor System

2. Reduction Gear

3. Aft Pressure Dome

T h e  A f t  S e c t i o n
13. Starboard Stern Plane

14. Port Stern Plane

4. Ballast Tan

5. Anchor Equipment

6. Encased Shaft

7. Secondary Propulsion Motor

8. Top Rudder

9. Bottom Rudder

10. Propeller Shaft

11. Propeller

12. Fat Line Towed Array Cable

4 1
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Fig 01. An Aft section in transit
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Aft Saunas Heating Strategy

I propose using the aft sections to make spaces heated by pumping hot water generated by 
the reactor through the ballast. The hot water passes through a series of spaces such as saunas   
before being discharged into open water.

Pressurizer

Control Rod Motors

Reactor

Shielded Bulkhead

Main Coolant Pump

Pump Motor 
Generator

Motor 
Condenser

Battery

Propeller

Thrust Block

Electric Propulsion 
MotorClutch

Reduction 
Gearing

Main 
Turbine

Main 
Engine 
Throttle

Turbo 
Generator

Steam 
Generator
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Educational Facilities Dismantling Process Accommodation

Leisure Facilities
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Aft Turbine Electricity Generator 

I have decided to develop the process by taking water directly from the reactor and using it to turn turbines around the afts support structure. These turbines will 
generate the electricity for the project. By using steam it will also allow me to separate radiation from the water before it is discharged.

01. Discharge pool in the 
distance

02.Public decking

3. Aft Section in position

04. Hot Reactor Waste water 
Pumped into Turbine

05. Structural collar to Aft 
and turbine

06. Turbine outer drum

7. Lower Speed Shaft

8. Fixed Blade

9. Rotating Blade

A f t  T u r b i n e  K e y
10. Route of steam as it 
passes through  and turns 
blades

11. High speed shaft and 
support to cable structure

12. Generator

13. Electricity generated 
traveling through site.

14. Gear box transferring 
movement from shaft to shaft
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Filtration and Strategic path of Reactor Waste Water

Above is a schematic explaining the route and the filtration of the reactors waste water as it 
passes through the system.

A

B

C

Fig A. Pipe work passing through lower level to illuminate 
site entrance.

Fig B. Pipe work moves up to promenade level. Fig C. Purified water discharged into open water.

R a d i o a c t i v e 
E f f l u e n t

F i l t r a t i o n

E v a p o r a t i o n

M o n i t o r i n g

C o m p a c t e d 
R e s i d u e

S t o r a g e

N a t u r a l  E n v i r o n m e n t

01. Entrance to site.

02. Retractable road to allow re-
moval of the reactor material from 
above and removal of submarine 
parts from the dry dock lower 
section.

03. Stairs to promenade level.

S T R A T E G Y  P L A N  K E Y

04. The water with Cheren-
kov Radiation illuminates the 
promenade.

05. Contaminated water begin-
ning evaporation cleansing.

06. path of electricity produced by 
turbine and generator system.

07. Cleaned water discharged 
into open water.

08. Contamination seperated by 
steam is removed from site.

0 1

0 2

0 30 3

0 5

0 4

0 6

0 7

0 8

E v a p o r a t i o n  C o m -
b i n e d  W i t h  T u r b i n e 

T u r n i n g 

Fig 02. Diagram showing the methods of cleansing radioactive waste water

Fig 03. The effect of Cherenkov Radiation 

C

C

C

C

Fig 04. Diagram of Pipe

Fig 01. Plan of facility showing radiation cleansing and 
electric generator strategy

W a s t e  w a t e r  f r o m  s u b m a r i n e 
r e a c t o r

R a d i o a c t i v e  w a s t e  r e m o v e d 
f r o m  s i t e

Cherenkov Radiation 
is a harmless light radi-
ation produced by the  
radioactive particle. It is 
the light equivalent of a 
sonic boom. The charged 
particle is moving faster 
than light through the 
medium (water).

PEEK Plastic
 (See Material specifica-
tion for details) Absorbs 
and reflects radiation 

Gamma Radiation
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Radiation Reduction and Evacuation Strategies

The reactor removal building in the centre of the facility is by far the most dangerous part of the dismantling process and must have a series of physical 
lines of defense and a clear emergency program. Defense is built into the design of the building. Thick Structural build up, Large ceiling cavities for 
lead curtains and the use of ETFE in the cladding and submarine cushion minimize the likelihood of radiation escaping.

K e y  R a d i a t i o n  P a t h  S e c t i o n
01. Point of radiation leak
02. FIRST LINE OF DEFENSE - ETFE Cushion 
03. SECOND LINE OF DENSE -  Lead Curtain

01

02 02

02 02

03 030405 04 05

0606

0606

04. THIRD LINE OF DEFENSE - Lead Curtain
05. FOURTH LINE OF DEFENSE - ETFE Unfolded Facade Screen
06. FIFTH LINE OF DEFENSE -  Thick Steal and Concrete Buildup

A

B

C

K e y  R a d i a t i o n  D e t a i l  A
As part of radiation containment strategy water cannons are used to fire at the external envelope. 
These large trench drains collect the water and safety take it into the Dry dock. The contaminated 
water is then filtered and returned to the water table. The ETFE cushion absorbs and reflects high 
energy particles, it is used to seal and protect the space around the structure and submarine interface.

K e y  R a d i a t i o n  D e t a i l  B
As soon as the alarm is raised Lead curtains will unravel from the ceiling void to protect the exit 
route.

K e y  R a d i a t i o n  D e t a i l  C
The joins between the glazing and the mechanism could be considered radiation weak. As an 
additional line of defense another lead curtain will fall on the outer side of emergency exit routes.

Path of Radiation

K e y  E v a c u a t i o n  P a t h  S e c t i o n Path of evacuation
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Floated Gallery - Ballast system, Ventilation and Waterproofing

The galleries are the first port of call within the facility for submarines. Here a submarine can 
be parked and viewed whilst others are processed. These pages explain the ballast, water-
proofing, insulation and ventilation strategies. 

F O R T H  Y E A R  -  D R  -  G E N E R A L  A R R A N G E M E N T

Short Section �rough Gallery Floats

1:50

F O R T H  Y E A R  -  D R  -  G E N E R A L  A R R A N G E M E N T

Short Section �rough Gallery Floats

1:50

01. Submarine
02. Viewing galleries
03. Bottom ballast tank
04. Wing ballasts for stability
05. Ridged Space frame for lateral stability
06. Structural column
07. Pole pin and collar guiding vertical 
movement and helping to stabilize lateral 
movement.
08. Ventilation system
09. Ventilation system top cap
10. Rod head and plate welded to I beam to 
support tension cables
11. Valve system between wing and bottom 
ballasts
12. Pipe work and pump bringing water in 
and out of ballast compartments
13. Thick rubber contact
14. 300m I beam arm

K e y  F l o a t  S e c t i o n

01

02

   Fig 01. Floating Gallery - Ballast and Column Section 

   Fig 02. Zoom in of Gallery Structure Across Ballast Tanks

02

03 03

04040404

05 05

06 06

0707

08
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13

14

Ballast water route

Waterproof Line

Thermal Line

AB

C
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A. 300mm I beam secured to square section 
and sheet steel/drainage membrane composite
B. Insulation capping
C. Waterproof membrane

A   K e y  V e n t  D e t a i l

B   K e y  R o o f  S t r u c t u r e  D e t a i l

A

B

C

D

E

FG

Waterproo f  membranes 
bonded

D. Insulation
E. Ventilation shaft attached to I beam.
F.  Intake or Exhaust system (depending 
on column location) attached to suspended 

G. Ceiling Detail for ventilation system

O

A B C

D

E F G

HI

J

K

L M N

A. Balustrade
B. 100mm Waterproof Screed
C. Membrane
D. Void former

E. Waterproof Membrane
F. 20mm Sheet Steel
G. Galvanized steel space frame
H. Steel and drainage composite laid to falls

I. Weep hole to allow drainage into the 
Drainage cavity
J. Weld pint between the Ballast tank and 
20mm sheet steel to prevent bolting into the 
ballast and compromising the tank

K. 200mm steel square section
L. Cavity drainage.
M. Insulation
N. Suspended ceiling
O. Ballast Tank

C   K e y  F l o o r  S t r u c t u r e  D e t a i l
A. Water
B. Valve between Wing Ballast and 
bottom ballast
C. Thin metal wall finish

C

D

BA

FE

G H I J K

L M

D. Metal skirting
E. 300mm I beam arm to submarine clamp
F. Bottom ballast tank
G. Screed finish

H. Membrane
I. Insulation
J. Waterproof membrane
K. 20mm and cavity drain composite

L. Steel build up to ballast tank
M. Welding between ballast and 
20mm sheet steel to prevent bolting
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   Fig 02. Detail Section of Collar and 

01. Piles
02. Pile cap
03. Sea bed
04. Bolted plate
05. Large tube steel
06. Connection between lower struc-
tural steel and lubricated pin steel
07. Lubricated pin steel.
08. Collar with lubricated rubber 
interface.
09. 300mm I beam supporting collar.
10. Upper public promenade.
11. 100mm acrylic glazing

F i g  0 2 .  K e y
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   Fig 03. Glazing Detail

A. 100m cast acrylic screen
B. Capping plate
C. Acrylic frame
D. Waterproof membrane
E. 200mm square section steel

F i g  0 3 .  K e y

Waterproo f  membranes 
bonded
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04  Building Delivery

An analysis of the procurement of the scheme following environmental and diplomatic 
requirements





F O R T H  Y E A R  -  D R  -  S E C T I O N  F O U R

The Key Players- Obligations and Interests

Above is an examination of those involved in financing, accommodating and supplying the 
scheme. These needs effect each procurement strategy. Unlike most projects where the proj-
ect requirements are clearly listed, here it will be a case of demand and diplomacy. 

N U N N - L U G A R 
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D i s m a n t l e  f o r m e r  s o v i e t 

u n i o n  w e a p o n s  o f  m a s s  d e -

s t r u c t i o n  a n d  a s s o c i a t e d  i n -

f r a s t r u c t u r e .

C o n s o l i d a t e  a n d  s e c u r e  F S U , 

W M D  a n d  r e l a t e d  t e c h n o l o -

g i e s  a n d  m a t e r i a l s .

I n c r e a s e  T r a n s p a r e n c y  a n d 

e n c o u r a g e  h i g h e r  s t a n d a r d s 

o f  c o n d u c t  i n  a d h e r e n c e 

t o  n u c l e a r  a g r e e m e n t s  a n d 

n o n - p r o l i f e r a t i o n  a c t i v i t y .

S u p p o r t  D e f e n s e  a n d  m i l i t a r y 

c o o p e r a t i o n  w i t h  t h e  o b j e c -

t i v e  o f  p r e v e n t i n g  p r o l i f e r -

a t i o n .

P l e d g e  t o  t h e  L o n d o n  D u m p -

i n g  C o n v e n t i o n  w h i c h  f o r b i d s 

d u m p i n g  o f  r a d i o a c t i v e  w a s t e 

a t  s e a  a n d  s i n k i n g  s u b m a -

r i n e s  -  w h i c h  w e r e  b o t h  c o m -

m o n  s o v i e t  p r a c t i c e .

K e e p i n g  M i l i t a r y  S e c r e t s .  P r e v i o u s  i n t e r -

n a t i o n a l  f u n d i n g  t o  d i s m a n t l e  w i t h i n  R u s s i a 

c o u l d  n o t  b e  o v e r s e e n  b y  f o r e i g n  a g e n c i e s 

d u e  t o  t h e  m i l i t a r y  s e n s i t i v i t y  o f  t h e  R u s -

s i a n  d o c k y a r d s .  R u s s i a n  w o r k e r s  w e r e  n o t 

t r a i n e d  t o  u s e  s e n t  e q u i p m e n t ,  a n d  f u n d s 

w e r e  l a u n d e r e d  b y  t h e  d o c k y a r d  o w n e r s . 

A s  m o s t  R u s s i a n  m i l i t a r y  f a c i l i t i e s  w e r e 

p r i v a t i z e d .

T h e  f o r m e r  S o v i e t  U n i o n  p r o d u c e d  2 4 4 

n u c l e a r  s u b m a r i n e s .  N e a r l y  1 8 0  o f  t h e s e 

h a v e  b e e n  d e c o m m i s s i o n e d ,  a l t h o u g h  m a n y 

h a d  n o t  r e a c h e d  t h e  e n d  o f  t h e i r  s e r v i c e 

l i v e s .  R u s s i a  s i m p l y  c o u l d  n o t  a f f o r d  t o 

p a y  f o r  c r e w s  a n d  s e r v i c i n g  t o  k e e p  t h e m 

o p e r a t i o n a l .  T h e  s o v i e t  s y s t e m  p l a c e d  i t ’ s 

m a i n  e m p h a s i s  o n  m i l i t a r y  p r o d u c t i o n .  T h e y 

h a d  n o t  p l a n n e d  f o r  a  p e a c e f u l  e n d  t o  t h e 

c o l d  w a r .

T h e r e  i s  s e r i o u s  r i s k  o f  t h e f t  o r 

d i v e r s i o n  o f  r e a c t o r  f u e l .  a 

n u m b e r  o f  i n c i d e n t s  h a v e  a l r e a d y  o c c u r r e d 

d u e  t o  t h e  p o o r  s e c u r i t y  m e a s u r e s  a r o u n d 

d o c k y a r d s  a n d  a  l a c k  o f  a  c e n t r a l i z e d 

s y s t e m  f o r  t h e  s t o r a g e  o f  s p e n t  f u e l .  W i t h 

t h e  i n c r e a s e d  i n t e r n a t i o n a l  t e n s i o n s  i t  i s 

v u l n e r a b l e  t o  t e r r o r i s t  a c t i v i t y .

S w e d e n  h a s  r e c e n t l y  b e e n  p l a y i n g  a  t e n s e 

s e e - s a w  g a m e  w i t h  R u s s i a  a n d  N a t o .  A s 

R u s s i a  h a s  b e h a v e d  w i t h  i n c r e a s e d  a g g r e s -

s i o n  t o w a r d s  i t s  s u r r o u n d i n g  s t a t e s  S w e d e n 

h a s  r e a l i z e d  t h e  w e a k n e s s  o f  i t s  m i l i t a r y 

a n d  h a s  s u b s e q u e n t l y  s t r e n g t h e n e d  i t s  t i e s 

w i t h  N A T O ,  b r i n g i n g  f u r t h e r  a g g r e s s i o n 

f r o m  R u s s i a .  S w e d e n  w i l l  b e  l o o k i n g  f o r  a n 

o p p o r t u n i t y  t o  p l a y  a  n e u t r a l  p a r t y  b e t w e e n 

a n y  N A T O / R u s s i a n  a c t i v i t y  g i v i n g  i t  t h e 

o p p o r t u n i t y  t o  n e g o t i a t e  s o m e  g u a r a n -

t e e s  a g a i n s t  f u t u r e  t h r e a t  o r 

o c c u p a t i o n  a n d  m a i n t a i n  i t s  i n d i v i d -

u a l i s m .

G o t l a n d ,  t h e  p r o p o s e d  s i t e  o f  t h e  D i s m a n -

t l i n g  f a c i l i t y  h a s  b e e n  o f  s t r a t e g i c  i n t e r e s t 

i n  t i m e s  o f  w a r  t o  b o t h  t h e  e a s t  a n d  t h e 

w e s t .  W i t h  i n c r e a s e d  h o s t i l i t i e s  b o t h  R u s -

s i a  a n d  N A T O  a r e  i n t e r e s t e d  i n  o c c u p y i n g 

t h e  S w e d i s h  i s l a n d .  S w e d e n  i s  a t t e m p t i n g 

t o  r e - m i l i t a r i z e  b u t  a r e  f a c i n g  t r e a t s  f r o m 

R u s s i a .  T h e  s e n s i t i v i t y  o f  t h e  p r o p o s e d 

p r o j e c t  w o u l d  g i v e  S w e d e n  a n  u n d e n i -

a b l e  r e a s o n  t o  r e -  m i l i t a r i z e  t h e 

a r e a  w i t h o u t  t h r e a t .

T h e  i s l a n d  i s  t h e  k e y  h o l i d a y 

d e s t i n a t i o n  f o r  S w e d e s .  T h e 

f a c i l i t y  o f f e r s  t h e  o p p o r t u n i -

t y  t o  b r i n g  m o r e  t o u r i s t  m o n -

e y  t o  t h e  i s l a n d .

T h e  c o n s t r u c t i o n ,  o p e r a t i o n -

a l  a n d  m a i n t e n a n c e  p e r s o n -

a l  r e q u i r e d  f o r  a  f a c i l i t y  o f 

t h i s  s i z e  w i l l  b r i n g  r e g u l a r 

e m p l o y m e n t  t o  a  n u m b e r  o f 

s e c t o r s .
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The facility must be able to perform the entire task of 
dismantling a submarine.
* Reactor removal.
*Hazardous waste removal.
*Hull break down and recycling.

D I S M A N T L E

* The facility must be designed with anti-terrorism mea-
sures. Such as a bollards preventing vehicle approach.
* Single point of entry and exit.
* Clearly defined public and private areas.

S E C U R E / D E F E N S E

The facility must have the public, educational and diplo-
matic facilities to act as a hub for the education of nuclear 
power and WMD.

T R A N S P A R E N C Y

Some information regarding the submarines is consid-
ered  Military Secrets by the RAF. Therefore elements 
of the design will have to be handled by a Russian team 
under the direct control of the RAF. These will include;
* Collar Design to secondary dry Dock.
* Collar Design to ETFE cushions.
* The height at which the Reactor facility is constructed.
* The dimensions of the Aft holders.
* The positioning of the floated galleries.

M I L I T A R Y  S E C R E T S

Due to the complexity of the design and the restricted 
information the US would like to move forwards with a 
Management Contract. The management agency must 
be American and operate directly under the  leadership 
of the CTR Program.  

F O R M  O F  C O N T R A C T
Due to the secret nature of some elements of the design, 
the RAF insists on Russian contractors and subcontrac-
tors to work on these elements.

M I L I T A R Y  S E C R E T S

Areas will have to be checked for radiation and structur-
al failure daily throughout the life of the facility. 

C O N S T A N T  I N S P E C T I O N

Only RAF cleared personnel can be in direct contact 
with the removal of a reactor to maintain potential 
secrets.

Those working of the general dismantling of the subma-
rine  will need to be vetted and processed by the RAF.

Security entrances and checks should be set up at appro-
priate points to prevent the entrance of unauthorized 
persons and to prevent people taking materials from site.

S E C U R I T Y  C L E A R A N C E  A N D  Z O N I N G

All persons working on the site must be trained to 
respond to emergency situations.

A rapid respond team must be available at all times to 
deal with a worst case scenario regarding Radiation leaks. 

It would also be preferred if military personnel from 
the neutral party were at hand to help in the scenario of 
failure, aggression or terrorist activity.

R I S K  A S S E S S M E N T S  A N D  E M E R G E N -

C Y  P R O C E D U R E

?
?

?

The submarines will be towed or driven to the facility. 
Therefore submarine entrance into the facility must be 
deep enough for this procedure and accommodate a 
margin of error in the placing of the submarine into the 
facility.

S U B M A R I N E  H A N D L I N G

As the project deals with a nuclear load the construction 
at each stage must be of the best quality.  Work will be 
regular tested and overseen to accomplish a high level.

Q U A L I T Y  A N D  T E S T I N G  A T  E A C H 

S T A G E

Russia would insist on bringing in agents to ‘sweep’ 
the site for bugs and cameras before the phase of work 
began.

S E C U R I T Y  S W E E P

Whilst Russian contractors are on site, the RAF insists 
that the site is cleared of Swedish and American persons 
and those acting on behalf of these bodies. Therefore a 
system for off site management and quality checks will 
have to be devised.

O F F  S I T E  M A N A G E M E N T

Maintenance will have to be carried out regularly includ-
ing weld checks and painting of the primary structure 
which is exposed to coastal winds and salt. 

S T R U C T U R A L  I N S P E C T I O N  A N D 

M A I N T E N A N C E

To maintain secrecy authorized personnel will be 
responsible for the removal and the containing 
of nuclear waste. The waste will be handed over 
ready for storage and sealed. 

R E M O V A L  O F  N U C L E A R  W A S T E

The Maintenance and replacement of any ele-
ments involved with classified areas of the design 
will be carried out by authorized personnel. 
General maintenance will include:

* Regularly replacing the ETFE cushions.
* Replacing rubber to the dry dock collar.
* Oiling and tightening the collar and retracting 
floors.

M A I N T E N A N C E  O F  A R E A S  O F 

C L A S S I F I E D  D E S I G N



S M F A  &  S M D  -  D E M A N D S R E S O L U T I O N

The exact location of the facility must limit Russian 
Ships contact with the coast line of Gotland. The facility 
should be designed to limit visuals of the shore and be 
positioned so that ships/submarines never travel down 
or view the north west side of the island ( area 

C O A S T  L I N E  S E C U R I T Y

Supplies from Russian contractors and the contractors 
themselves will not be allowed to dock or receive im-
ports from the Port of Visby. They will only be allowed 
to dock and transport load from the site.

S U P P L Y  A N D  I M P O R T  F R O M  R U S S I A

Any Russian workers or inspectors will not be allowed to 
leave the area of the facility.

F O R E I G N  W O R K F O R C E

Where construction does not involve sensitive Russian 
information, Sweden expects contractors, subcontrac-
tors and suppliers to be sourced locally or from within 
Sweden.

N O N - C E N S O R E D  C O N S T R U C T I O N

The Swedish armed forces insist on escorting all Russian vessels in 
Swedish territory and economic waters.  Russian Submarines and 
their support vessels with be escorted into and out of the facility. The 
size and models of the submarines and support vessels, and the exact 
number of personnel, their names and their ranks or profession must be 
disclosed in advance of any movement. 

N A V A L  E S C O R T  O F  A L L  S U B M A R I N E S  A N D 

S U P P O R T  V E S S E L S

All available positions not requiring authorization must first be adver-
tised to the existing residents of the island and then to other Swedish 
nationals.

L O C A L  W O R K F O R C E

0 1

1 5

M I L I T A R Y  Z O N E

O u t  o f  B o u n d s  t o 
F o r e i g n  N a t i o n a l s

S t  P e t e r s b u r g

If elements of the design are to remain secret the primary 
team must design in flexibility so that the missing 
dimensions are accounted for. For example;

The Collar

The Primary team must develop a structural system 
where the mid section can flex to achieve the required 
width for the submarine.
The primary team can develop classified elements to 
a certain degree working of the stats for a generalized 
submarine type. These design intent drawings can then 
be sent to the Russian team for classified adaptations 
and the production of working drawings. This way the 
CTR Program can be assured that the most appropriate 
systems are used. 

D E S I G N I N G  W I T H  F L E X I B I L I T Y

All Russian nationals working in the facility must live on or within 3 
km of the facility. Foreign nationals cannot enter the north west side of 
the island or Faro to the north.
All foreign nationals must carry documentation at all times. 
The Swedish armed forces reserve the right to arrest, interrogate and 
either deport or imprison those who fail to uphold the rules.

F O R E I G N  W O R K  F O R C E

Due to the risks associated with the facility the SAF and the SMoD 
insist on a military presence on the island and an end to current threats 
of aggression from Russia if they do so.

R E -  M I L I T A R I Z A T I O N

Maintenance of unauthorized areas should be for filled by 
local services. These will include;

* Decorating
* Cleaning
* Window Cleaning
* The Spraying and de-scaling of the dry dock.

G E N E R A L  M A I N T E N A N C E

?

The facility will be located on the eastern coastline 
between Kraklingbo and katthammarsvik on a naturally 
occurring peninsula.  The peninsula is angled towards 
North east and would prevent Russian vessels from 
having a view of the coast line closer than 2km.

S I T E  L O C A T I O N

As the Russians are unwilling to let 
other members of the project onto the 
site whilst they are in their phase of 
construction management will have 
to be carried out via satellite imagery.  
Equipment and personnel will need to be 
colour coded and numbered to identify area 
of work and profession. Satellite has a zoom limit 
of 25cm. Therefore contractual arrangements will be 
required for the transfer of responsibility for areas unidentifi-
able by satellite to the Russian appointed contractor.

O f f  S i t e  M a n a g e m e n t

The SMoD is only willing to allow Russian vessels to 
dock directly onto the facility. Due to the form of the 
island this will not be possible until initial construction 

of the Concrete dry dock has been 
completed. There fore to 

accommodate this demand 
and that of secrecy from 

the Russian bodies the 
phasing will go as 

follows;

Phase 1 - Ground 
Works.
Phase 2 - Dry 
dock Construc-
tion.

Phase 3 - Primary 
Steel Structure.

Phase 4 - Confidential 
Russian Elements

Phase 5 - Cladding and 
Phase 6 - Finishes.

C O N S T R U C T I O N  P H A S I N G

When the submarines are brought to 
site they will be accompanied by a vessel 
which will transport the submarine crew 
home or will be towing the submarine. 
When these vessels are within 25km of 
the island they will be met by SAF vessels 
who will escort them to site and make 
sure that the vessels stay within the agreed 
route of approach which will be marked 
by Buoys.

P R O C E D U R E  O F  S U B M A -

R I N E  D E L I V E R Y
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C T R  P R O G R A M
F i n a n c e  a n d  D e s i g n  S e c u r i t y

C o n s u l t a n t s C o n s u l t a n t s

M a n a g e m e n t  C o n t r a c t o r

S u b  C o n t r a c t o r 

a n d  s u p p l i e r

S u b  C o n t r a c t o r 

a n d  s u p p l i e r

F O R T H  Y E A R  -  D R  -  S E C T I O N  F O U R

Contractual Management Procurement Strategy

The decision of contract type comes down to Time, Cost and Quality. Emphasis on one of these criteria will have a detrimental effect upon 
the others. Quality is the most important factor to this project because of the huge potential damage associated with failure in the design and 
construction. A Quality level of  management is essential when dealing with complex system of political and facility requirements.

C o n t r a c t u a l  R e l a t i o n s h i p s
A d a p t i n g  a  T y p i c a l  M a n a g e m e n t s  C o n t r a c t  f o r  a  C o m p l e x  I n t e r n a -

t i o n a l  S i t u a t i o n

The contractual relationship in a management contract is between the client and the management contractor. In this case where levels 
of quality and secrecy are required a relationship between the client and each works contractor, this will take the form of collateral 

agreements.

S M F A  &  S M D
S i t e  a n d  N e u t r a l  P a r t y

M I N A T O M  &  R A F
M i l i t a r y  S e c u r i t y

C o n t r a c t  f o r

 S e r v i c e s

M
A

N
A

G
M

E
N

T
 C

O
N

T
R

A
C

TM
A

N
A

G
M
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N
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N

T
R

A
C

T

C o n t r a c t  f o r

 S e r v i c e s

W o r k s  C o n t r a c t W o r k s  C o n t r a c t

C
o
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te
ra

l 
A

g
re
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m

e
n

ts

C
o

lla
te

ra
l A

g
re

e
m

e
n

ts

D r y  D o c k

S t e e l  S t r u c t u r e

M a i n  C o l l a r

E T F E  C u s h i o n

A f t  S y s t e m

F l o a t  H o l d e r s

C l a d d i n g  S y s t e m
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F O R T H  Y E A R  -  D R  -  S E C T I O N  T H R E E

Plan of Work Stages and the Architects Role

Due to the nature of the project a typical plan of work has been adapted to account for the 
secondary design team.

P l a n  o f  W o r k  S t a g e s
T h e  d i a g r a m  b e l o w  s h o w s  t h e  w o r k  s t a g e s  o f  t h e  a r c h i t e c t  i n  r e l a -

t i o n  t o  t h e  o v e r a l l  p r o g r a m  s t a g e s 

The contractual relationship in a management contract is between the client and the management contractor. In this case where levels 
of quality and secrecy are required a relationship between the client and each works contractor, this will take the form of collateral 

agreements.

P R E - D E S I G N D E S I G N P R E - C O N S T R U C T I O N C O N S T R U C T I O N

C O N S U L T A N T S  /  S P E C I A L I S T S  W O R K S  /   M A N A G E M E N T  C O N T R A C T O R

 W O R K S  C O N T R A C T O R S

U S E

2
C  &  D

5
J

6
E  &  F  &  G

0
1
2
3
4
5
6
7
8
9

S t r a t e g i c  d e f i n i t i o n .

P r e p a r a t i o n  a n d  b r i e f .

O u t l i n e  a n d  d e t a i l e d  p r o p o s a l s .

A p p o i n t m e n t  o f  M a n a g e m e n t  C o n t r a c t o r  a n d  a g r e e m e n t  o n  R u s s i a n  b a s e d  c o n t r a c t o r .

F i n a l  p r o p o s a l s  a n d  p r o d u c t i o n  i n f o r m a t i o n .

M o b i l i z a t i o n .

P r o d u c t i o n  i n f o r m a t i o n  a n d  c o o r d i n a t i o n  o f  w o r k s  p a c k a g e s .

T e n d e r  a c t i o n  a n d  a d j u s t m e n t s  ( c o n t i n u i n g  p r o c e s s ) .

C o n s t r u c t i o n  t o  p r a c t i c a l  c o m p l e t i o n .

T e s t  U s e .

0  &  1
A  &  B

A
B
C
D
E
F
G
H
I
J
K
L

A p p r a i s a l

D e s i g n  B r i e f

C o n c e p t

D e s i g n  D e v e l o p m e n t

T e c h n i c a l  D e s i g n

P r o d u c t i o n  i n f o r m a t i o n

T e n d e r  d o c u m e n t a t i o n

T e n d e r  d o c u m e n t a t i o n

T e n d e r  a c t i o n

M o b i l i z a t i o n

C o n s t r u c t i o n  t o  p r a c t i c a l  c o m p l e t i o n

P o s t  p r a c t i c a l  c o m p l e t i o n

3
H

4
E  &  F

4
E  &  F

6
E  &  F  &  G

7
H

6
E  &  F  &  G

6
E  &  F  &  G

8  K

8  K

9
L

=  R u s s i a n  /  U S  c o l l a b o r a t e =  U S  O p e r a t i o n  O n l y =  R u s s i a n  O p e r a t i o n  O n l y

N a r r a t i v e  E x p l a n a t i o n  K e y
B e l o w  s t a t e s  t h e  r e a s o n s  f o r  v a r i a t i o n s  f r o m  t h e  t y p i c a l  S t a g e s 

o f  w o r k

2

3

4

5 6 7

1

1 T h e  n a t u r e  o f  t h e  p r o j e c t  i s  n o t  t y p i c a l ,  C o n s u l t a n t s ,  s p e c i a l i s t  w o r k s  a n d  a  m a n a g e m e n t  c o n t r a c t o r  w o u l d  b e  b r o u g h t  i n  a t  t h e  s t a r t  o f  t h e 

p r o j e c t  t o  a d v i s e  o n  i s s u e s  d u r i n g  t h e  d i p l o m a t i c  p e r i o d  b e t w e e n  t h e  t h r e e  n a t i o n s  r e s p e c t i v e  b o d i e s  o f  i n t e r e s t .

2 T h e  D e s i g n  b r i e f  w o u l d  b e  a  c o l l a b o r a t e d  e f f o r t  b e t w e e n  t h e  U S  a n d  R u s s i a n  b o d i e s  t o  d e t e r m i n e  o p e r a t i o n a l  r e q u i r e m e n t s  a n d  q u a l i t y .

3 A  M a n a g e m e n t  C o n t r a c t  i s  d e c i d e d  a s  t h e  b e s t  m e t h o d  t o  c o m p l e t e  t h e  p r o j e c t  h o w e v e r  b e c a u s e  o f  t h e  c l a s s i f i e d  s t a t u s  o f  m u c h  o f  t h e  s u b -

m a r i n e  i n f o r m a t i o n  a  s e c o n d a r y  t e a m  u n d e r  R u s s i a n  a u t h o r i t y  i s  r e q u i r e d  t o  d e v e l o p  c e r t a i n  t e c h n i c a l  d e s i g n s  a n d  t o  c o n s t r u c t .

4 T h i s  i n f o r m a t i o n  i s  p r o d u c e d  i n d e p e n d e n t l y  o n  U S  a f f i l i a t e d  c o n s u l t a n t s .

5 T h e  R u s s i a n  t e a m  w i l l  r e v i e w  t h e  d e v e l o p m e n t  o f  t h e  w i d e r  t e a m  t o  c h e c k  f o r  c l a s h e s .  T h e y  w i l l  r e c o m m e n d  c h a n g e s  w i t h o u t  d i v u l g i n g  c l a s s i -

f i e d  i n f o r m a t i o n .

6 R u s s i a n  a p p o i n t e d  c o n t r a c t o r s  w i l l  c o n s t r u c t  a l l  e l e m e n t s  w h e r e  d e t a i l s  a r e  c l a s s i f i e d .  T h e y  w i l l  d o  s o  w i t h o u t  i n t e r a c t i o n  w i t h  t h e  w i d e r 

t e a m .

7 R u s s i a n  a n d  U S  b o d i e s  c o l l a b o r a t e  w i t h  S w e d i s h  b o d i e s  t o  t e s t  a n d  s i g n  o f f  t h e  f a c i l i t y  f o r  u s e .
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F O R T H  Y E A R  -  D R  -  S E C T I O N  F O U R

Event Tree - Radiation

Above is an ‘Event Tree’ which shows the procedure for the facility in the event of  a radiation incident. Because of the complexity of the project 
i have shown how this procedure would escalate in the event of a minor leak, a major leak, theft and catastrophic failure.

R a d i o a c t i v e  s u b s t a n c e s 
e s c a p e  p r o t e c t i v e  c a s i n g

F i r s t  l i n e  o f  d e f e n s e S e c o n d  L i n e  o f  D e f e n s e T h i r d  L i n e  o f  D e f e n s e

R a d i a t i o n  e x c e e d s 

p e r i m e t e r  o f  f a -

c i l i t y  s a f e t y  z o n e

F o r t h  ( 1 )  L i n e  o f  D e f e n s e

R a d i a t i o n  D e t e c t i o n 
A l a r m s

E T F E  S y s t e m s  O p e n

A

A r m y  b r o u g h t  i n  t o  h e l p 
e f f o r t  a n d  t o  s e c u r e  s i t e

S i r e n  t h r o u g h o u t  G o t -
l a n d  t e l l i n g  p e o p l e  t o  g o 

h o m e  a n d  s t a y  i n d o o r s

N a r r a t i v e  E x p l a n a t i o n
B e l o w  g i v e s  f u r t h e r  i n f o r m a t i o n  a b o u t  t h e  e v e n t  s t a g e s

A E T F E  C u r t a i n s ,  i n f l a t a b l e s  a n d  c l a d d i n g  s y s t e m  a c t i v a t e d .

B D r y  D o c k  i s  c l o s e d .  C o n t a m i n a t e d  w a t e r  r u n  o f f  f r o m  c a n o n s  i n t o  t h e  d r y  d o c k  t o  b e  p u m p e d  i n t o  c o n t a i n e r s  f o r  r a d i a t i o n 

f i l t r a t i o n .

C A l l  p e r s o n s  a n d  o b j e c t s  i n c l u d i n g  v e s s e l s  u n d e r g o  d e c o n t a m i n a t i o n  s h o w e r s  b e f o r e  b e i n g  a l l o w e d  t o  l e a v e  t h e  s e c u r e 

a r e a .  T h e  p r o c e d u r e  i s  r e p e a t e d  o n  t h e  m a i n  l a n d .

D E v e r y  o n e  w i t h i n  t h e  s e c u r i t y  z o n e  i s  s c r e e n e d  a n d  t a k e  d e c o n t a m i n a t i o n  s h o w e r s .  A l l  e q u i p m e n t  i s  s u b j e c t  t o  t h e  s a m e 

p r o c e d u r e .

E R a d i a t i o n  S c r e e n i n g  t h r o u g h o u t  G o t l a n d  o f  s i t e s  a n d  a l l  r e s i d e n t s .  D e c o n t a m i n a t i o n  s h o w e r s  a n d  m a t e r i a l  r e m o v a l  i f 

n e c e s s a r y .

F M a t e r i a l s  s u c h  a s  c l o t h i n g  a n d  E T F E  p l a s t i c  a s  w e l l  a s  e q u i p m e n t  w h i c h  f a i l s  t h e  d e c o n t a m i n a t i o n  p r o c e d u r e  i s  s e a l e d 

a n d  s t o r e d .

G G o t l a n d  i s  a b a n d o n e d ,  v i s i t i n g  t h e  i s l a n d  i s  p r o h i b i t e d .  L i k e  C h e r n o b y l  G o t l a n d  i s  r e c l a i m e d  b y  n a t u r e . . . . . . .  D e c a d e s 

l a t e r  h i p s t e r s  c o m e  t o  t a k e  g e n e r i c  p h o t o g r a p h s  o f  t h e  d e r e l i c t  b u i l d i n g s .  T h a n k f u l l y  t h e y  a r e  e a t e n  b y  t h e  m u t a t e d 

‘ G o t l a n d ’  S h e e p  a n d  t h e  w o r l d  i s  s a v e d  f r o m  t h e  c o f f e e  t a b l e  b o o k ;  ‘ D e r e l i c t  b u i l d i n g s  2 4 3  -  G o t l a n d ” .

H E m e r g e n c y  p r o c e d u r e  i s  r e v i e w e d .  D e s i g n  a n d  s e c u r i t y  a d a p t a t i o n s  a r e  r e v i e w e d  a n d  a p p r o v e d .  A  r e p o r t  o f  t h e  i n c i d e n t 

i s  d e l i v e r e d  t o  t h e  S w e d i s h  P r i m e  M i n s t e r . 

I n  t h e  c a s e  o f  s e r i o u s  i n c i d e n t s  t h i s  r e p o r t  w i l l  b e  p a s s e d  o n  t o  t h e  I n t e r n a t i o n a l  N u c l e a r  e n e r g y  a g e n c y  w h o  w i l l  t a k e 

a c t i o n  i n t e r n a t i o n a l l y  i f  r e q u i r e d  a n  i m p o s e  f i n e s  o n  r e s p o n s i b l e  o r g a n i z a t i o n s  i f  n e c e s s a r y .
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R a d i o a c t i v e  m a t e r i a l 

s t o l e n  f o r  p r o l i f e r a -

t i o n  o r  t e r r o r i s m

F i f t h  L i n e  o f  D e f e n s e S i x t h  L i n e  o f  D e f e n s eF o r t h  L i n e  o f  D e f e n s e

F i f t h  ( 1 )  L i n e  o f  D e f e n s e S i x t h  ( 1 )  L i n e  o f  D e f e n s e S e v e n t h  ( 1 )  L i n e  o f  D e f e n s e

S i x t h  ( 2 )  L i n e  o f  D e f e n s e S e v e n t h  ( 2 )  L i n e  o f  D e f e n s e

W a t e r  c a n n o n  p o i n t e d 
t o w a r d s  b u i l d i n g  t o  c o n -

t a i n  r a d i a t i o n

D r y  D o c k  C l o s e d  T o  c o n -
t a i n  c o n t a m i n a t i o n

B

P o r t  c l o s e d  a n d  N a v y 
b r o u g h t  i n  t o  p a t r o l 

c o a s t  l i n e

E v a c u a t i o n  o f  G o t l a n d

C

G o t l a n d  i s  a b a n d o n e d

G

A l l  p e r s o n s  u n d e r g o  c o n -
t a m i n a t i o n  c h e c k s

D

V i l l e i n s  a p p r e h e n d e d
(  D e a d  o r  a l i v e )  a n d  r a -

d i o a c t i v e  m a t e r i a l  s e -
c u r e d

R a d i a t i o n  S c r e e n i n g

E

S t o r a g e  o f  c o n t a m i n a t e d 
i t e m s

F

R e v i e w .  C h a n g e  a n d  F i n e

H
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F O R T H  Y E A R  -  D R  -  G E N E R A L  A R R A N G E M E N T

Short Section �rough Reactor

1:100

F O R T H  Y E A R  -  D R  -  S E C T I O N  F O U R

Risk Assessment and Architectural Response

 In accordance with Construction Design and Management regulations, A risk assessment has been carried out, these risks have been 
highlighted, dealt within the design or designed out. Above are some of the major architectural responses to potential major hazards.

E x t e r n a l  S p a c e
A r e a s  w i t h o u t  s h e l t e r 

The External features of the facility deal predominately with security. The master plan 
is designed like a conveyor belt from which the submarine is processed with Single 
access from Road and sea. The dry dock can be easily closed to secure it from the 

front end of the process. From the pedestrian / vehicle end flow and ends can be easily  
checked and processed. To get vehicle access to the lower dock building the road must 
retract, this feature doubles up as security to prevent aggressive vehicles approaching 

the reactor facility. The ground is colour coordinated and there is a change in material 
type to distinguished between pedestrian and vehicle routes.

I n t e r n a l
A r e a s  w i t h o u t  a n y  s h e l t e r

Internal spaces are fitted with appropriate fire sprinklers and alarms as-well as fire 
curtains to protect fire escape routes. Due to the scale of the project and the size of 

potential drops all balustrades, internal and external, are 1600mm or above. 

I n d u s t r i a l
A r e a s  w i t h o u t  a n y  s h e l t e r

Being a facility dealing with Nuclear waste it is important that there are multiple lines 
of defense to warn and contain radiation. When the accident happened at Fukushima 
one of the overlooked issues was water used in containing the radiation draining into 
the water table. To prevent this all elements involved in the nuclear part of the facility  
sit inside the dry dock, like an enormous bathtub so that water exposed to radiation 
can be collected and treated. Plastics which absorb and reflect radiation have been 
used to contain the radiation, as-well as steel. Some plastics have a limited life to 

radiation and must be regularly replaced as part of the facility maintenance operation.

W i t h  l a r g e  l o a d  f o r c e s  b e i n g  r e g u -
l a r l y  a p p l i e d  t o  t h e  p r i m a r y  s t r u c -

t u r e ,  i t  i s  i m p o r t a n t  t o  p e r f o r m 
r e g u l a r  c h e c k s .

A  r o a d  f o r  t h e  u s e  o f  s e r v i c e  v e h i c l e s  l e a d s  d i r e c t -

l y  t o  t h e  f e e t  o f  t h e  r e a c t o r  f a c i l i t y ,  T o  l i m i t  t h e 

t h r e a t  o f  v e h i c l e  r e l a t e d  t e r r o r i s t  a c t s  a n d  t h e f t  t h e 

r o a d  a c t s  l i k e  a  d r a w  b r i d g e  a n d  i s  r e t r a c t e d  w h e n 

n o t  i n  u s e . 

T h e  p u b l i c  P r o m e n a d e  l i n e s  t h e  t o p  o f  t h e  d r y  d o c k 

w h i c h  c a n  b e  u p  t o  6 5  m  d e e p .  B e c a u s e  o f  t h e s e 

h e i g h t s  a n d  s t r o n g  c o a s t a l  w i n d s  a l l  b a l u s t r a d e s  a r e 

a b o v e  1 6 0 0 m m .

T o  p r e v e n t  t h e  r i s k  o f  r a d i a t i o n  e m i t t i n g  f r o m  t h e 

c o n t a c t  p o i n t  b e t w e e n  t h e  b u i l d i n g  a n d  t h e  s u b m a -

r i n e  a  E T F E  c u s h i o n  s e a l s  a n y  g a p s  a n d  t h e  c u s h i o n 

m a t e r i a l  a b s o r b s  o r  r e f l e c t s  g a m m a  r a d i a t i o n  p r e -

v e n t i n g  i t  f r o m  r e a c h i n g  t h e  e x t e r n a l  a t m o s p h e r e .

T o  k e e p  t h e  f a c i l i t y  s e c u r e  f r o m 
t e r r o r i s m ,  h o s t i l i t y  o r  t h e f t  t h e r e 
i s  a  s i n g l e  p o i n t  o f  e n t r y  a n d  e x i t 

t o  t h e  f a c i l i t y .

F a c i l i t i e s  r e l a t i n g  t o  t h e  u s e  o r  r e m o v a l  o f  r a d i o a c -

t i v e  m a t e r i a l s  s i t  W I T H I N  t h e  d r y  d o c k .  I n  t h e  e v e n t 

o f  a  r a d i a t i o n  i n c i d e n t  t h e  w a t e r  f r o m  c a n o n s  u s e d 

t o  c o n t a i n  t h e  r a d i a t i o n  i s  c o l l e c t e d  w i t h i n  t h e  d r y 

d o c k  f o r  p r o c e s s i n g ,  p r o t e c t i n g  t h e  c o a s t a l  w a t e r s .

W h e n  t h e  R e a c t o r  f a c i l i t y  i s  i n  u s e  a n d  d u r i n g  e m e r -

g e n c y  s i t u a t i o n s ,  t h e  c l a d d i n g  p a n e l s  o p e n .  T h e 

s h e e t s  o f  E T F E  s h e e t i n g  c o v e r  t h e  g l a z i n g  a n d  a b -

s o r b  o r  r e f l e c t  i n w a r d s  a n y  r a d i a t i o n . 

A l a r m s  a n d  S i r e n s  f i t t e d  t h r o u g h -
o u t  p r o j e c t  f o r  f i r e  a n d  r a d i a t i o n 

e v a c u a t i o n  a n d  i n s t r u c t i o n s .

F i r e  C u r t a i n s  a r e  c o n c e a l e d  w i t h -
i n  t h e  c e i l i n g  s p a c e  a r o u n d  o p e n 
s t a i r  w e l l s  t o  b e  r e l e a s e d  i n  t h e 

c a s e  o f  f i r e .  
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