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1. Executive summary 
 

This report has been prepared by Fairfield Energy, operator of the Dunlin 
Cluster of fields in the UK North Sea, to consider the possibility of refloating the 
Dunlin Alpha concrete gravity base (CGB) structure.  The refloating operation 
has been considered as part of a possible platform decommissioning 
programme, following cessation of hydrocarbon production from the fields.   

Although the CGB was not originally designed to be removed by refloating the 
structure, the possibility of doing this has been evaluated in detail by 
independent consultants Offshore Design Engineering Ltd (ode).  The 
company’s studies are summarised in Appendices C, D and E.  Based on these 
studies, Fairfield Energy and ode have jointly concluded that refloating the CGB 
is not possible because:  

 The cells in the CGB base must be gas tight and water tight for a 
successful refloat of the CGB. The leak in Leg A prevents this.  The 
leak path is unmapped and irreparable.  

 The CGB cannot be refloated because the CGB is hydrostatically 
unstable and would capsize, even with the whole of the topsides 
removed. Reinstatement of the cells to the configuration used 
during platform installation to regain stability is not possible. 

 For the CGB to float in a stable manner, substantial external 
buoyancy tanks would need to be secured to the CGB, but the size 
of the tanks would be very large. Each corner of the CGB would 
require additional buoyancy of around 75,000m3 to allow the CGB to 
be stable at any draft with the base submerged.  Handling and 
retrofitting buoyancy to the CGB with the mass and size required is 
not a practical offshore marine operation. 

 The force needed to extract the CGB skirts from the seabed, in 
order to raise the CGB, would be large.  There is a high probability 
that the pressure of water required to be injected below the CGB 
base to extract the skirts would not be contained by the surrounding 
soil. In this case separating the CGB from the seabed would not be 
achieved. 

 There are numerous penetrations into the cells and legs which 
would need to be sealed, and new piping systems to be installed, 
involving non-routine operations carrying significant technical and 
safety risks with a high probability of failure.  

 

Fairfield Energy and ode believe that refloating the Dunlin A platform is not 
feasible and therefore platform decommissioning options which involve refloat 
will not be pursued further.  Consequently, no estimate of cost for the operation 
has been made. 
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2. Introduction 

The Dunlin Cluster of fields is located in the UK North Sea, some 500km north-
northeast of Aberdeen, and is operated by Fairfield Energy Limited on behalf of 
itself and MCX, a subsidiary of Mitsubishi Corporation.  Details of the fields and 
the facilities are given in Appendix A. 

The Dunlin Alpha platform, known as Dunlin A, came into operation in 1978 and 
acts as the production hub for the fields.  Dunlin A (shown below) is a concrete 
gravity base (CGB) structure, supporting a steel topsides deck and production 
facilities. 

 

Once an offshore installation has reached the economic end of its life as a 
production facility, it is required to be decommissioned.  The UK has a 
comprehensive regime controlling the decommissioning of offshore oil and gas 
installations, which favours re-use, recycling or final disposal on land of offshore 
facilities.   It should be noted that the Dunlin A CGB was not originally designed 
to be removed by refloating the structure. 

As a reasonable and prudent operator, Fairfield Energy is engaged in 
determining and evaluating its decommissioning commitments.   For the Dunlin 
field, the decommissioning of the Dunlin A CGB is the most significant area of 
decommissioning activity.  For reference, Appendix B describes the seven 
options being considered for decommissioning the CGB. Six of these options 
were presented to stakeholders on 21 January 2010 in Aberdeen, as part of a 
public consultation process; a seventh option was added in July 2011. 

To support the evaluation of these options, this report assesses whether it is 
possible to refloat the platform, as refloating the platform would be a necessary 
first step for two of the seven decommissioning options, namely: 

 Refloat and tow the platform for re-use at another location  
 

 Refloat and tow the platform inshore for deconstruction and onshore 
recycling and disposal of materials 
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Separate reports address the other decommissioning options, which are 
summarised in Appendix B. 

This report evaluates the possibility of refloating the platform, drawing 
conclusions from technical studies conducted for this purpose. The technical 
studies have been carried out by Offshore Design Engineering Ltd (ode), 
recognised in the industry for expertise relating to the decommissioning of 
offshore structures.  Details of the company can be found in Appendix F. 

This report is structured to present a summary of the activities involved if a 
refloat of the CGB were to be attempted (Section 3), followed by a discussion of 
these activities (Section 4), with conclusions drawn about the feasibility of 
achieving a successful refloat operation (Section 5). 

These conclusions are supported by the technical studies conducted by ode, 
which are presented in Appendices C, D and E.  Appendix C describes the 
options for refloating the CGB;   Appendix D assesses the weight, buoyancy 
and hydrostatic stability of the structure; Appendix E explains the challenges 
involved with extracting the steel skirts around the base of the CGB, which are 
embedded into the seabed.  
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3. Refloat procedure concepts 

The Dunlin A CGB weighs approximately 320,000 tonnes, including internal 
equipment and solid ballast in the CGB base, while the topsides weighs a 
further 20,000 tonnes.   The offshore industry’s current maximum heavy lift 
vessel capability is approximately14,000 tonnes. While there are current plans 
to develop lift concepts with up to 40,000 tonnes capacity, which would be 
sufficient to remove the Dunlin A topsides, there are no anticipated plans to 
develop a vessel with sufficient capacity to lift the CGB.  Consequently, the 
Dunlin A CGB could only be moved by refloating it from its current location.  

The operational methods for refloating a gravity base structure have been 
developed in concept for several platforms.  However, to date, no comparable 
CGB has been refloated. The Maureen A steel gravity base platform – which 
was designed to be refloated -  was successfully removed by refloating the 
structure in 2001, but the large CGB’s in the Ekofisk and Frigg fields were left in 
place as part of the fields’ decommissioning plans.   

Section 3 explains the steps which would be required to refloat the Dunlin A 
CGB.  In Section 4, these operations are discussed, indicating whether they 
could be achieved in practice. 

For clarity, the terms used in the description are defined below: 

 Buoyancy of the CGB – the volume of water displaced by the external 
envelope of the CGB, providing an upward force on the CGB. 

 Weight of the platform – the weight of the platform, including weight of 
ballast water within the CGB base. 

 On-bottom weight – the net vertical load on the seabed i.e. the weight of 
the platform minus the buoyancy of the CGB. 

 

3.1 Primary forces to be controlled 

Refloating a CGB platform is dependent upon three critical and interdependent 
parameters.  These are: 

 Accurate determination of the structure’s weight 

 Generation and control of the structure’s buoyancy 

 Creation of a ‘jacking force’ acting upwards from beneath the CGB, 
achieved by the controlled injection of  water under pressure below the 
platform’s underbase 

These primary forces are depicted in Figure 3.1a and are discussed below. 
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Figure 3.1a.   Primary forces to be controlled for platform refloat 

 

Weight: The Dunlin A platform relies on the on-bottom weight of the structure 
acting on the seabed to provide a secure foundation to resist the sliding and 
overturning moments imposed by environmental loadings.  To make the 
structure float, the weight would need to be reduced so that the platform 
became buoyant.  The majority of this weight reduction could be achieved by 
removal of water from within the cells in the base of the CGB. It should be noted 
that uncertainties about the exact weight of Dunlin A have built up over the 
operating life of the platform, for example due to grout, introduced  during 
platform installation, adhering to the underside of the base.    

Buoyancy: In order to achieve a controlled refloat, the structure would have to 
be neutrally buoyant when separated from the seabed. Neutral buoyancy would 
occur when the lift forces generated by buoyancy equal the gravitational force 
of the platform’s weight, that is, it would not float upwards.  At this stage the 
CGB cells would still be partially water-filled.  By discharging more water from 
the cells, thereby reducing the total weight, the platform would begin to rise in a 
controlled manner.  

It should be noted that the buoyancy and the weight of the Dunlin CGB 
structure are both of the order of 300,000 tonnes. To avoid the CGB rising up 
through the water in an uncontrolled manner, the difference between buoyancy 
and weight would have to be controlled to within approximately 100 tonnes - 
this small difference would equate to a 1m change in the CGB’s floating draft. 
However, quantifying the weight of the Dunlin CGB is not possible to do with 
great accuracy due to a combination of factors, including original fabrication 
inaccuracies, the volume of sediment contained within the cells, material on the 
cell tops, marine growth, and soil and grout adhering to the skirts or the base of 
the platform.  Moreover the position of the horizontal centre of gravity of the 
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structure must match the horizontal position of the buoyancy force to prevent 
rotational force being imparted to the floating CGB during its rise to the surface. 

These issues were important during construction and installation but by the time 
the CGB was floating with the structure submerged, the floating draft was 
known and controlled by adding or removing ballast.  Accurate knowledge of 
the weight or displacement was neither known nor needed at that time.  In 
contrast, for a successful refloat operation, the weight and displacement would 
have to be accurately assessed while the CGB skirts were still embedded within 
the soil.   

Jacking: Freeing the platform from the seabed could not be achieved by 
maximising the buoyancy alone.  Jacking, by injecting seawater below the 
entire underbase area while the platform is at neutral buoyancy, would be 
necessary to achieve removal from the seabed.  A stiffened steel plate wall runs 
around the perimeter of the CGB base to form a skirt, and penetrates the 
seabed to a depth of 4.0m. Two further steel walls run underneath the base 
slab of the CGB in each direction, creating nine sub-base compartments, as 
shown in Figure 3.1b below. It would be necessary to pressurise these 
compartments under the base to develop the jacking force required to 
overcome the soil adhesion to the skirts.  

 

 

Figure 3.1b  Steel skirt and walls 

 

 The platform is located in 150m of water. It would be imperative that the ascent 
of the CGB be controlled at all times, for the following reasons: 

 Sufficient time would be required to balance the internal gas pressures 
within the CGB cells against the changing external hydrostatic 
pressure as the CGB floated upwards. This would be necessary to 
prevent the differential pressures across the cell walls becoming too 
great. If the refloat operation proceeded too quickly, this could lead to 
the failure of the concrete structure and/or subsequent loss of floating 
stability. 

 The CGB has very large inertia. If the CGB started to rotate as it broke 
out of the soil, the hydrostatic restoring force (even allowing for the 
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addition of extra external buoyancy) may be insufficient to prevent 
capsize of the CGB. 

A comprehensive discussion of the factors above is provided in Appendices C, 
D and E of this report. 

 

3.2 Refloat operation  

Prior to refloating the CGB it is assumed that the following activities would have 
already been completed:  

 Plug and abandon the wells 

 Withdraw well tubing and conductors to below seabed level 

 Disconnect subsea pipelines, flowlines and cables from platform 

 Remove the drill cuttings accumulation from the CGB 

These activities are the subjects of separate studies to be reported elsewhere.  
In this report, no account has been taken of the drill cuttings accumulation on 
the CGB base. It is assumed this would be removed prior to or during the refloat 
preparatory works.   

The CGB refloat procedure would involve the following primary activities: 

Preparatory operations 

 Seal pipework penetrations into CGB and cracks in concrete 

 Remove topsides modules and possibly the module support frame 
(topsides removal is not described in this report)   

 Install a ballast piping system in the cells 

 Install an underbase jacking system for pressurised water injection 

 Install towing and mooring points 

Refloat operations 

 Deballast the base cells to achieve calculated neutral buoyancy so 
that the platform is ready to float but does not rise 

 Attach CGB to moorings or tugs 

 Jack the platform until the skirts are free of the seabed 

 Continue controlled refloat of the CGB to towing draught 

  The preparatory and refloat activities listed above are described below. 

 

3.3 Seal pipework penetrations and leak paths 

To achieve ballast control, the cells and legs of the CGB would have to be 
water tight and gas tight.   

There are numerous penetrations through the outer wall of the CGB structure 
which would need to be sealed and tested.  The penetrations include: 

 Seawater intake/outlet, used to import seawater into the cells or 
discharge it 
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 Underbase water evacuation system (required during platform 
installation and possibly now full of grout, but status unknown)  

 Instrumentation passing into the underbase area used during installation 

 Penetrations for well conductors passing through the CGB 

 Pipelines connecting to Dunlin’s topsides (referred to as ‘risers’), for 
example the main oil export line 

In addition to the above penetrations, there are leak paths through the concrete. 
If possible, these would be located and sealed.   

 

3.4 Install a ballast system in the cells 

The overall weight of the platform during refloat would be controlled by 
changing the volume of water within the cells in the base of the CGB.  To make 
changes in water volume, a ballast system would need to be installed to give 
close control over the rate of water intake or discharge from the cells.  

It is assumed that the condition of the original ballast system pipework, used at 
the time of platform installation, is beyond refurbishment to a state that would 
ensure integrity, and hence a new system would be required.  This new system 
would have to be installed from outside the CGB base by drilling through the 
roof of a number of the base cells. 

The ballast system would consist of two complementary systems.  One system 
would be provided for taking water in and out of the CGB cells, the other for 
taking inert gas in and out of the cells.  A compressed gas system would be 
necessary to provide a controllable pressurised gas cushion above the water in 
the cells in order to limit the differential pressures across the concrete cell walls 
as the water is removed.   

The ballast system would incorporate a control and monitoring system that 
controls gas and water flow rates and measures the ballast water level and gas 
pressures within each cell group.  The pressure conditions would be constantly 
changing as the CGB rose through the water. 

The power and control systems for the ballasting systems could be located on 
the CGB on the topsides module support frame, or on a purpose-built ballasting 
deck, or on a floating tender vessel with a flexible umbilical connection to the 
ballasting equipment on the CGB.    

3.5 Install an underbase jacking system 

The skirts under the base slab of the CGB penetrate 4.0m into the foundation 
soils in the seabed.  The soils provide resistance to movement in the form of 
soil friction and adhesion on the sides of the skirts.  As the skirts are extracted 
from the seabed, a void would form between the underside of the base slab and 
the seabed.  If water is not allowed to flood into this void the pressure would 
reduce in the underbase compartments, creating a suction effect which would 
add to the soil resistance force. 

To overcome the soil adhesion and friction on the skirts, and to prevent the 
development of suction, water would be injected into the underbase 
compartments.  Pressurisation of the injected water would develop a force 
vertically upwards on the underside of the base slab. 
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To inject water below the base, a system of pipework would be required to 
connect to each of the nine underbase areas. Each of the skirt compartments 
would require a separate piping system. The piping systems used during 
platform installation were filled with grout as part of the installation process.  
Options for providing the required piping access to the underbase might include 
drilling out the grout from within the existing pipes, or drilling holes and installing 
pipes though each of the steel skirts, or inserting pipes under the base by 
directional drilling methods, probably from a floating drilling vessel. This drilling 
technique has only been used to a very limited extent in the offshore 
environment and its development remains uncertain. 

3.6 Install towing/mooring points 

To retain positional control of the floating platform, towing or mooring points 
would be attached to the CGB.  The decision whether to use moorings or tugs 
to hold the platform would be dictated by the time expected for the skirt 
extraction process to be completed.  

It is possible that diver intervention would be required to attach the tow/mooring 
points to the CGB. 
 

3.7 Deballast the base cells to achieve neutral buoyancy 

 Deballasting the CGB base cells would begin with the injection of a gas cap into 
the top of the cells.  At this time ballast water would be pumped from the cells.  
The initial rate of ballast water discharge would likely be limited by the gas 
injection rate as the pressure within the cells must be kept within acceptable 
limits to avoid creating high differential pressures across the cell walls. 

The ballast water would either be discharged to sea or to a tanker for shipping 
to shore for treatment.  Selection of the best option will be determined by 
consideration of the environmental impacts. 
 

3.8 Attach moorings or tugs 

Connection of the CGB mooring points installed as part of the preparatory work 
will be carried out by anchor handling vessels in the normal manner. 

 

3.9  Jack skirts from the seabed 

Seawater would be injected into the compartments under the base slab formed 
by the skirts. This would raise the pressure acting on the underside of the base 
slab to create the jacking force.  The injection of water into the underbase 
compartments would be directed into the seabed sand layer directly under the 
base slab.  A layer of clay lies below the seabed sand. 

There would be several distinct phases to this stage of the operation: 

 At the start of water injection the pressure would spread across each 
compartment in the sand layer. 

 The increased pressure under the base would start seepage around 
the skirts into the surrounding seawater.  As the clay permeability at 
Dunlin is low it would take a long time for a steady state equilibrium to 
be reached where the seepage rate to the outside environment 
matched the water injection rate. 
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 The underbase pressure would develop and be distributed across 
each underbase compartment to the point where the jacking force 
would overcome the combined on-bottom weight of the CGB and the 
force required to extract the skirts. At this stage the CGB would start to 
move upwards. 

 The force required to extract the skirts would reduce as the skirts rose 
out of the seabed. However, the pressure lifting the CGB would be 
governed by the water injection rate and flow losses. In this way, the 
platform could not refloat suddenly unless the CGB had been 
deballasted too much, creating too much uplift. 

The soil properties would limit both the flowrate and pressure of the injected 
water to the underbase area. Key considerations include: 

 The pressure under the base would have to be low enough to prevent 
local ‘piping’ failure of the soil where a preferential leak path scours 
out a flow channel under the skirts, or a ‘blow out’ failure where the 
injection pressure is greater than the submerged weight of the soil 
above, resulting in the soil being lifted. Either failure mode would 
prevent pressurisation of the underbase compartment. 

 The time taken for the pressure to spread under the base would 
depend on the soil permeability and injection pressure.  The thin sandy 
layer at seabed level would allow the injection pressure to spread 
relatively rapidly. 

 The properties of the clay soils beneath the sand would increase the 
resistance to skirt extraction if the operation was carried out too 
quickly.  The rate of skirt extraction would have to be controlled to 
prevent excessive increase in this resistance. 

The jacking of the skirts would continue until pressure could no longer be 
maintained in the underbase compartments.  Once the skirt friction had reduced 
to a low value, it would be possible to pause the underbase injection and 
measure the water pressure to allow the ballast levels of the CGB to be 
adjusted to bring the CGB closer to neutral buoyancy  

 

3.10 Deballast to towing draught 
 

Once the skirts had been extracted, ballast water would be pumped out of the 
cells to raise the platform to towing draft.  

The minimum acceptable towing draft will be governed by the hydrostatic 
stability of the floating CGB. The relatively small cross sectional area of the 
concrete legs at the water line means that only a small volume of ballast water 
would have to be removed to create a large change in draft (around 150 tonnes 
of water per metre of draft).  

During this phase of deballasting the gas pressure within the cells would not 
change significantly. However the external water pressure acting on the 
structure would reduce significantly as the CGB moved upwards.  Venting the 
compressed gas at this stage to prevent overstressing the cell walls could be 
the limiting factor on the rate of deballasting the CGB. 
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4. Discussion on refloat procedures 

The objective of the refloat operation is to separate the CGB from the seabed 
so that it can be moved to a new location, either for re-use or deconstruction.   

The key operations that would be involved in a CGB refloat are described in 
Section 3.  Section 4 focuses on how these might be carried out for the Dunlin 
A CGB, highlighting specific challenges on the practicality of these operations.   

4.1  CGB hydrostatic stability  

Weight and hydrostatic stability calculations can be found in Appendix D. 

During platform construction and installation operations, the cells within the 
CGB base were divided into 38 separate ballastable compartments to give 
greater control over the structure’s stability.  The cell configuration was changed 
after platform installation, to enable the cells to be used for oil/water separation 
during platform operations. The 38 cell compartments were connected at low 
level. This arrangement is shown in Figure 4.1.  A detailed description of how 
the CGB cells were operated is included in Appendix A. 

During platform operation, the large group of cells shown in pale blue held 
water below the separated oil layer.  These cells are interconnected at low 
level.  

Separated oil was held above the water in four groups of cells, shown in red, 
yellow, pink and green. The cells within each group are interconnected at high 
level, but there no connections between groups at this level.  

The smaller group of six cells shown in dark blue is used for well conductor 
cooling. One connection exists between this cell group and the other four cell 
groups, at a low level. This connection ensures that the hydrostatic pressure in 
the cells is constant throughput the base of the CGB. 

 

 

   Figure 4.1 Expanded view of CGB base showing interconnected cells 
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The ballast system used for platform installation was dismantled and the 
associated piping, some of it cast into the roof and walls of the CGB base, was 
filled with grout.  This was carried out without provision to reverse the procedure 
to allow reinstatement of a larger number of cell groups. 

If the platform were refloated, the consequence of having a single large ballast 
space would be that the floating stability of the platform would be greatly 
reduced because the ballast water would move towards the low side of the 
platform. 

Hydrostatic modelling of the refloat operation using the cell configuration as it 
currently exists has been completed, as described in Appendix D. These 
studies show that the Dunlin A CGB would be unstable if refloated, even with 
the whole of the topsides removed.  Refloat of the Dunlin A CGB is not a 
feasible option without additional buoyancy being added to increase the 
hydrostatic stability of the CGB.  

To restore hydrostatic stability to permit refloat of the CGB, the provision of 
additional buoyancy attached to the CGB has been considered. However, the 
volumes of buoyancy required would be very large.  Each corner of the CGB 
would require additional buoyancy of around 75,000m3 to allow the CGB to be 
stable at any draft with the base submerged.  The fabrication and secure 
attachment of buoyancy aids of this size are not practicable in the offshore 
environment.   

4.2 CGB skirt extraction 

Appendix E describes the seabed soil parameters, details of the CGB skirts, 
and gives an assessment of the forces that would be required to extract the 
skirts from the seabed.    

During installation the skirts were pushed into the foundation soils by ballasting 
the platform.  In addition, it was possible to reduce the pressure in the 
underbase compartments to help ‘suck’ the skirts in if required.  A force of 
150,000 tonnes was available from the ballast and an additional 30,000 tonnes 
from suction.  It is not known if suction was actually used during installation. 

Extraction of the skirts could not follow a direct reversal of the installation 
procedure.  It would not be safe to deballast the structure to a large positive 
buoyant state, because if the structure should suddenly break free from the 
seabed, the platform would rise towards the surface, become unstable and 
capsize.   

Prior to skirt extraction the platform would be deballasted to near neutral 
buoyancy to overcome the gravity weight of the CGB.  The force to extract the 
skirts would be generated by injecting water into the porous sand layer directly 
under the CGB base slab to create a jacking effect. However, as the underbase 
compartments are open-bottomed, there would be a serious risk that if the 
injection pressures were too high, the surrounding soil would be lifted and 
containment of the underbase pressure lost, preventing extraction of the skirts. 

There is also a risk that the soil strength of the clay lying below the seabed 
sand would prevent extraction of the skirts from the seabed. 

4.3 Cell ballast and compressed gas system  

The refloat operation would require ballast water, compressed inert gas, and 
control systems as described in Section 3.   
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Appendix C discusses the relative merits of reinstating the existing systems or 
installing new systems.  It is concluded that the original ballast system could not 
be reinstated for several reasons, including previous dismantling of parts of the 
systems, remaining pipework being filled with grout, or remaining pipework 
inside the legs not being accessible in an acceptably safe manner. 

One theoretical method of installing new ballast systems would be to cut large 
diameter holes into the tops of the cells in each cell group.  A new combined 
ballasting and compressed gas system, complete with control and 
instrumentation equipment, could be lowered into the each of the existing four 
separation cell groups and the conductor cooling cell group. The new system 
would span from top to bottom of the cells with the ballast water suction inlet 
close to the bottom of the cell and the gas injection point close to the top of the 
cell.   

The new pump systems would require sealing to the concrete at the roof of the 
CGB base, which might involve a significant amount of diving work. 
Furthermore, to form the new openings within the tops of the cells and leave a 
cut surface that could be sealed would require development of diamond cutting 
technology. It is concluded, therefore, that providing new water and gas ballast 
systems might be feasible, but would entail very significant technology 
challenges and safety risks.  

4.4  Underbase water injection system 

An underbase water injection system would be required initially to raise the 
pressure in each of the underbase compartments and subsequently to inject 
water to jack up the CGB.  Water injection is required in the compartments, 
including the central one, to overcome large suction forces which could prevent 
the separation of the CGB from the seabed. 

The platform’s original water evacuation piping system, used during installation 
and which passed inside the concrete of the CGB, is not re-usable as the piping 
was left grout filled at the end of the installation operation,  

The theoretical options for providing a new underbase injection system include: 

 Penetrating vertically by drilling through the concrete at the top and 
bottom of the CGB base. This option is rejected due to the risk of 
leakage occurring around the penetration points. 

 Drilling directionally from the seabed outside the platform under the 
skirts and up into the soil/grout interface under the base slab. This 
would require the development of new underwater steerable drilling 
technology. This option was considered for the refloating of the 
Maureen platform and rejected as impracticable. 

 Exposing part of the steel skirts and cutting through these into the 
soil/grout interface under the base slab. While this might be achievable 
to reach the outer compartments in the underbase, it is not thought to 
be feasible to drill horizontally for over 30m through the seabed soil 
and underbase steel skirts to reach the central underbase 
compartment. 

4.5 CGB integrity  

To refloat the platform, the buoyancy of the CGB would have to be controllable, 
requiring the cells and legs of the structure to be water tight and gas tight.   
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In Appendix A, Section 3.3.2 describes how, during normal platform operation, 
a leak was discovered from the cells under Leg A into the leg itself, and that 
attempts to seal the leak failed. The partial flooding of Leg A to a depth of 70m 
has controlled the water ingress, but the continued presence of the leak 
presents an insurmountable obstacle to the refloat of the CGB.  The leak path is 
unmapped and irreparable, it prevents dewatering of Leg A, and the CGB 
cannot be made water tight or gas tight. Furthermore, the reduced hydrostatic 
stability caused by the merging of 38 cell groups into just two groups has 
removed the option for accepting this damage.   

In addition, the numerous piping penetrations through the outer shell of the 
CGB structure would need to be sealed and the integrity of the seals jointly and 
possibly individually tested.  There would be significant difficulties in doing this 
because the penetrations in the cell roofs could not be inspected nor sealed 
until after the drill cuttings accumulation had been removed, and penetrations 
through the base of the CGB into the underbase compartments could not be 
accessed. 
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5.  Conclusions 

The discussion in Section 4, supported by the technical details in Appendices 
C, D and E produced by ODE,  highlights many significant issues that singly or 
in combination would prevent the refloating of the Dunlin A CGB, or present 
serious risks which could cause the refloat operation to fail. These are:  

 The cells in the CGB base must be gas tight and water tight for a 
successful refloat of the CGB. The leak in Leg A prevents this.  The 
leak path is unmapped and irreparable.  

 The CGB cannot be refloated because the CGB is hydrostatically 
unstable and would capsize, even with the whole of the topsides 
removed. Reinstatement of the cells to the configuration used 
during installation to regain stability is not possible. 

 For the CGB to float in a stable manner, substantial external 
buoyancy tanks would need to be secured to the CGB, but the size 
of the tanks would be very large. Each corner of the CGB would 
require additional buoyancy of around 75,000m3 to allow the CGB to 
be stable at any draft with the base submerged.  Handling and 
retrofitting buoyancy to the CGB with the mass and size required is 
not a practical offshore marine operation. 

 The force needed to extract the CGB skirts from the seabed, in 
order to lift the CGB, would be large.  There is a high probability that 
the pressure of water required to be injected below the CGB base to 
extract the skirts would not be contained by the surrounding soil. In 
this case separating the CGB from the seabed would not be 
achieved. 

 There are numerous penetrations into the cells and legs which 
would need to be sealed, and new piping systems to be installed, 
involving non-routine operations carrying significant technical and 
safety risks with a high probability of failure.  

Based on these findings, Fairfield Energy concludes that refloating the Dunlin A 
platform is not feasible and therefore decommissioning options which would 
involve refloat will not be pursued further. 
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A.1 Dunlin Cluster  

The Dunlin Cluster of fields is located in the UK sector of the North Sea, and is 
operated by Fairfield Betula Limited (FBL) and Fairfield Fagus Ltd (FFL), both of 
which are wholly owned subsidiaries of Fairfield Energy Ltd. The licence 
interests in the Dunlin Cluster are collectively owned by FBL and FFL (70%) and 
MCX Limited (30%), a wholly owned subsidiary of Mitsubishi Corporation. 

The Dunlin Cluster of fields is located in Blocks 211/23 and 211/24 of the UK 
Continental Shelf, some 500km north-northeast of Aberdeen within the East 
Shetland Basin, and 11.2km from the boundary line with Norway.  (Figure A.1a). 

 

Figure A.1a   Dunlin field location map 

The Dunlin Cluster comprises the Dunlin, Dunlin South West (operated by FBL), 
Osprey and Merlin fields (operated by FFL). The Dunlin Alpha platform, 
normally referred to as Dunlin A, stands on the seabed above the Dunlin field. 
The Dunlin A platform is a fixed installation, serving as a production facility for 
the Dunlin, Dunlin South West, Osprey and Merlin fields.  Oil production from 
the fields is exported from Dunlin A via pipeline to the Cormorant A platform, 
and from there by pipeline to the Sullom Voe oil terminal in the Shetland 
Islands. 

The main Dunlin hydrocarbon reservoir is reached from wells located on the 
Dunlin A platform.  Dunlin South West is a separate hydrocarbons 
accumulation, also reached by wells from the Dunlin A platform. 
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The Merlin and Osprey fields are separate reservoirs, accessed by subsea wells 
located on the seabed. These fields are ‘tied back’ to the Dunlin A platform by a 
set of seabed pipelines and control lines. 

Dunlin A also acts as a pumping station for crude oil imports from the Thistle 
and Murchison fields, which, after being combined with production from the 
Dunlin Cluster, are also exported via the Dunlin/Cormorant export pipeline. 

The nearest manned installation to the Dunlin facility is the Thistle A platform, 
approximately 12km to the north.    

The general arrangement of the Dunlin Cluster facilities and pipelines is shown 
in Figure A.1b. 

 

 

Figure A.1b   Dunlin, Osprey and Merlin facilities 

 

The Dunlin A platform was installed in 1977 and production started in 1978. 
Production began from Osprey in 1991 and from Merlin in 1997. 

The Dunlin A platform, located in 151m of water, consists of a four-legged 
concrete gravity base (CGB) substructure with topsides supported by a steel 
box girder frame, as shown in Figure A.1c. 
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Figure A.1c   Dunlin A platform 

 

The installation was designed to: 

 Serve as a production facility for the Dunlin, Osprey and Merlin fields. 

 Serve as a drilling facility for the Dunlin fields. 

 Provide separation of oil and water within the CGB. 

 Accept oil imported from Thistle A and Murchison A, prior to onward 
transmission to Cormorant A via pipeline. 

 

The Dunlin A CGB design basis was developed to satisfy several competing 
criteria, namely: 

 Location of the construction yard in shallow water in The Netherlands. 

 Provision of sufficient self-buoyancy for the towed voyage to the field.  

 Seabed and environmental conditions at the field. 

 Topsides load to be supported. 

 

Two separate 16 inch diameter pipelines import oil from Murchison A and 
Thistle A to Dunlin A, while a 24 inch diameter oil export line runs from Dunlin A 
to Cormorant A.  Additionally, two 8 inch diameter subsea pipelines associated 
with the Merlin and Osprey developments are routed to Dunlin A. 

The Osprey field facilities consist of two subsea drilling templates and a subsea 
manifold located some 7km north of Dunlin A in water depths ranging from 
155m to 165m.   
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The Merlin field facilities consist of three subsea production wells and a water 
injection well, located 7km west of Dunlin A in water depths ranging from 155m 
to 165m.  

A 23km long, 119mm diameter electric power cable runs in a trench from the 
Brent C platform to Dunlin A to supply the latter with part of its power 
requirements. 

A detailed description of the Dunlin A platform is given in Section A.4. 

A.2          Environmental aspects 

This section presents a summary of the general environmental conditions 
around the Dunlin A platform.  

To evaluate any likely impact of the options considered for the decommissioning 
process, the present day environmental conditions need to be understood.  The 
current environmental status reflects historical operational and disposal 
practices of the offshore and marine industries. Over time, the results of these 
activities have been modified by the effects of wind, wave and tidal currents, 
both on the seabed and in the water column. 

The meteorological conditions of the region are characterised by rapidly 
changing weather conditions. Wind direction is commonly from the south and 
southwest throughout the year, but north and northeast winds can dominate 
between May and August.  

The significant wave height ranges from 8.7m (monthly) to 11.4m (annually) 
with the maximum 100-year significant wave height estimated to be 15.6m. 

The water current patterns in the area are complex, with strong non-tidal 
currents interacting with relatively weak tidal flows.  Water currents in the area 
predominantly flow from the northeast to southwest although this is less 
apparent at greater water depths where current velocities decrease.  

The seabed surface around Dunlin A consists of fine to gravelly sands with 
some shell debris. The surface is characterised by a number of natural and 
man-made features including minor depressions, cobbles and small boulders, 
extensive anchor scarring, rock dumps, and items of debris.  

A drill cuttings accumulation covers part of the Dunlin A CGB structure and 
adjacent seabed. The cuttings were generated from the start of drilling activities 
in 1978. 

Any potential effects of the Dunlin Cluster development on the biological 
environment are expected to be localised and confined to organisms that live in 
or on the seabed and, to a lesser extent, in the water column.  The marine life 
includes: 

 Plankton - The plankton community around the Dunlin area is typical of 
that found in the northern North Sea  

 Seabed communities - The seabed surface around Dunlin A platform 
supports a diverse range of animal communities, with no clear dominant 
species. Bristle worms (polychaetes) make up the majority of recorded 
species. 

 Coral - Lophelia pertusa is a coral which develops on hard surfaces in 
cold, dark, nutrient-rich waters between 100m to 400m deep.  It has 
been observed on parts of the CGB. This species is important as it is 
protected under the European Habitats Directive 1992, Annex II.  
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 Fish - Fish catch statistics, compiled by the Marine and Fisheries 
Agency, show that the area around the Dunlin A platform is dominated 
by the open water (pelagic) species Atlantic mackerel and the near 
seabed (demersal) species Atlantic haddock and Atlantic cod. Catches 
also include whiting, saithe, pollack, plaice, turbot, halibut, lemon sole, 
megrim and the Norway lobster. 

 Sea birds - A number of the bird species likely to be present in the 
Dunlin area are protected.  Species observed include fulmars, 
guillemots, gannets, kittiwakes, puffins and razorbills.   

 Marine mammals - Marine mammals observed in the waters 
surrounding the Dunlin A platform include whales, dolphins and seals. A 
number of these mammals are protected under the Habitats Directive, 
Annex II. The minke whale, killer whale and pilot whale have been 
sighted in the vicinity of the Dunlin platform on a more regular basis 
than other cetacean species. 

A.3 Socio-economic aspects  

The Dunlin A platform stands in open seas with the nearest surface structures 
being the Thistle, Murchison, Cormorant and Brent platforms.  Shipping activity 
in the area is of low density, primarily related to vessels passing between 
Aberdeen and offshore facilities in the northern North Sea.  Fishing vessels are 
also likely to be present in this area.  
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A.4        Dunlin Alpha platform 

A.4.1        Introduction 

Design and construction of the Dunlin A CGB structure was carried out by the 
Anglo Dutch Offshore Concrete (ANDOC) contractors’ consortium in The 
Netherlands during the 1970s.  The Dunlin A platform was installed in 1977 and, 
after the drilling of initial wells, oil production began in 1978. 

The platform base is 104m square and the platform is over 200m high from the 
seabed to the top of the drilling derrick. The CGB weighs approximately 320,000 
tonnes, including internal equipment and solid ballast in the CGB base, while 
the topsides weighs a further 20,000 tonnes.  

To give an appreciation of scale, Figure A.4.1a shows a graphic representation 
of the platform in comparison with the Big Ben clock tower in London, which is 
96m high.  

 

 

 
Figure A.4.1a    Dunlin A compared with Big Ben for scale 
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Figure A.4.1b below shows the main components of the platform. 

 

 

Figure A.4.1b   Dunlin A platform main components 

 

The platform was designed as a drilling and production installation. The 20,000 
tonnes topsides includes the following facilities: 

 Drilling  
 Oil and gas processing and metering  
 Produced water treatment and water reinjection  

 Power generation, utility and safety systems  
 Oil export pumping 
 Personnel accommodation for 129 people 
 Helideck 

The platform was designed to accommodate 48 wells.  Well fluids pass from the 
subsurface reservoir to the topsides within steel pipes, one per well, referred to 
as well conductors. The conductors are held in three steel guide frames located 
between platform Legs C and D. 

A.4.2     Concrete gravity base structure 

The CGB extends from the seabed to 8m below sea level where the tops of the 
concrete legs are joined to the steel superstructure. The CGB, including internal 
equipment and solid ballast in the base, weighs approximately 320,000 tonnes. 

The base of the CGB, which is 32m high, is divided into 81 compartments, 
referred to as cells, arranged in a 9 x 9 matrix as shown in Figure 4.2a. 
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Figure 4.2a  Cells in the CGB (cutaway view) 

 

Of the 81 cells, the original purpose of 75 of these was to provide additional 
separation of oil and water prior to oil export.  The remaining six cells, located 
between Legs C and D, were not used for oil and water separation and are filled 
with seawater. The 48 well conductors pass through the six cells, each 
conductor being protected by an outer carbon steel sleeve throughout the height 
of the cells. The six cells were designed to allow seawater to be pumped around 
them to cool the conductors. 

Each cell is 11m square. Inside the bottom of each cell, secondary 4m-high 
concrete walls reinforce the base and sub-divide the bottom of each cell into 
nine open-topped compartments. All open-topped compartments in all of the 
cells were filled with ballast prior to the closure of the cells with convex concrete 
roofs. 

A stiffened steel plate wall runs around the perimeter of the base to form a skirt, 
and penetrates the seabed to a depth of 4m. Two further steel walls run 
underneath the base slab of the CGB in each direction, creating nine sub-base 
compartments. See Figure 4.2b below. 

 

Figure 4.2b  Steel skirt and walls 
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Rising up from the roof of the base cells are four concrete legs, each 111m 
high.  These reduce in outside diameter from 22.6m at the bottom to 6.6m at the 
top, where they join the steel superstructure at 8m below sea level.  The legs 
are designed as hollow shafts, with concrete walls generally being 700mm thick 
but increasing to 1200mm at the top and the bottom.  Each of the concrete legs 
weighs approximately 7600 tonnes. 

Four steel columns constructed from stiffened steel plate extend 31m from the 
top of the concrete legs, rising beyond the sea surface to the underside of the 
topsides deck.  These columns are bolted and grouted into the top of the 
concrete legs.  The steel columns C and D weigh some 500 tonnes each and 
taper from approximately 6m diameter at the top of the concrete legs to 
approximately 8.7m square at the underside of the deck.  The other two 
columns (Legs A and B) weigh approximately 300 tonnes each and are 5.4m 
diameter changing to a square section at the deck underside. See Figure 4.2c 
below. 

 

 

Figure 4.2c   Steel columns at the tops of the concrete legs 

 

Equipment and pipework are distributed within the legs, in different 
combinations.  Access stairways, lift shafts, platforms and service openings 
extend from the top of the legs down to the base of the structure. 

Spanning between Legs C and D are three horizontal guide frames which hold 
the well conductors in a 12 x 4 matrix.  The function of these frames is to 
provide horizontal support to the well conductors against wave action forces. 
Each of the three frames weighs approximately 200 tonnes. 

The deck structure above the steel columns consists of a lattice of steel box 
girders approximately 85m by 67m in plan.  The lattice is 6m deep and is 
equipped with a deck at top and bottom to support equipment.  The deck 
structure also supports a number of modules which contain drilling facilities, 
production and utilities equipment and accommodation units. 
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A.4.3        Platform lifecycle 

A.4.3.1     Platform construction and installation 

The Dunlin A CGB base slab and cell walls were constructed in a purpose-
excavated dock in The Netherlands using conventional civil engineering 
construction methods for casting concrete walls.  After the cell walls were 
completed, the dock was flooded and the structure was floated into deeper 
water.  The cell roofs were then completed using pre-cast concrete shaped 
sections to support the cell roof concrete while it dried. 

The concrete legs were then constructed using a slip-form method.  In this type 
of construction wet concrete is poured continuously into moulds.  The moulds 
are continuously moved slowly upwards, using jacks, while the concrete at the 
bottom of the mould sets. 

Pipework, pumps, manifolds and access steelwork, required for the installation 
and operation of the platform, were installed at their design locations during the 
construction programme.  

With the base cells and legs completed the platform was towed approximately 
850km to a Norwegian deepwater fjord. Solid granular ballast was added in the 
base of the cells up to the level of the 4m-high secondary walls within the cells.    

By controlled introduction of seawater into the base cells, the structure was 
submerged to a draught where the water level was near the top of the legs.  The 
steel columns were lifted on to the top of the legs using floating crane vessels 
and bolted into position. 

The deck structure was fabricated in sections in The Netherlands. These were 
assembled into a single structure on supports over water. Following this, 
production equipment and other facilities were installed on the deck.  A 
transportation barge was floated between the supports. By deballasting the 
barge it rose in the water to pick up the deck structure.   

The barge was then towed to the Norwegian fjord, with the deck structure 
onboard. Here, with the CGB submerged to allow the deck to be floated over 
the legs, the deck was installed on top of the CGB steel columns by a process 
which reversed that for loading it onto the transportation barge. By carefully 
deballasting the submerged structure and ballasting the transportation barge 
simultaneously the deck load was transferred to the CGB. 

At this stage, additional topsides modules were installed on the deck using 
floating cranes before the platform was further deballasted to its towing draught. 
The platform was subsequently towed a distance of 400km by seven ocean-
going tugs to the Dunlin field location in the North Sea. 

Once on location the platform was positioned accurately and more seawater 
was added to the cell bases under careful control, until the platform touched the 
seabed.  The final flooding of the cells caused the steel skirts around the base 
to penetrate fully into the seabed.  Any water trapped within the underbase 
compartments formed by the steel skirts escaped through preinstalled vent lines 
in the base. 

Platform installation was completed by pumping cement grout, through 
preinstalled grout lines, under the base to fill any spaces present between the 
base slab and the seabed.  The grout displaced any trapped seawater via the 
vent lines. Following the completion of the grouting operations the grout lines 
and vent lines were left grout-filled.  
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Once installation of the platform was complete, the drilling module was installed 
on the topsides and drilling of the wells began. 

A.4.3.2   Concrete gravity base operational history 

The Dunlin A CGB was installed during late summer of 1977. Following 
completion of the initial drilling phase, crude oil production started in 1978.   

For the early period of Dunlin operation (1978-1995), fluids from Dunlin’s 
production wells were first passed through separation vessels on the topsides to 
separate gas from liquids.  The liquids (oil and produced water) were then piped 
through Leg B of the CGB to those cells in the base of the CGB designated for 
oil and water separation 

In the base of the CGB, the 75 oil and water separation cells are configured as 
four separate groups, A-D, as shown in Figure A.4.3a below.    The cell groups 
provided gravity separation of oil and water, and were operated in a sequence, 
as follows: 

 One cell group was used as a receiving volume taking fluids from the 
final stage of topsides separation. 

 Two cells groups were used for further oil and water separation. 

 The fourth cell group, where separation had progressed furthest, acted 
as the source of dry export quality oil, which was pumped to the 
topsides for fiscal metering and export. 

By means of pipework and valves, these operations could be cycled around the 
cell groups in turn. 

 

 

Figure A.4.3a   Cells arranged in five groups 

 

As the oil and produced water entered the CGB cells, displaced export oil was 
returned to the topsides and pumped into the oil export pipeline.    

While the oil was contained in the upper part of the four cell groups as four 
separate oil volumes, the produced water below the oil was in effect one large 
single volume. This was achieved by interconnecting ports in the walls of the 
cells at low levels to allow water to move between the four groups.   The water 
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could be pumped from the base of the cells and was returned to the topsides for 
treatment to meet licensed quality standards prior to discharge to the sea. 

The cells have a large volume, designed to give the CGB the necessary self-
buoyancy during the towing phases. As a result, the cells provided long liquid 
retention times for the production fluids when the cells were used for oil and 
water separation. The long retention times produced a very quiescent flow 
environment, allowing very effective oil and water separation to occur. 
Combined with the fact that oil volume in the cells was minimised for 
commercial reasons, the resultant oil volume in the tanks was relatively low 
compared to water volume.  

A fifth group of six cells between Legs C & D surrounds the platform’s 48 
production well conductors. This group was not used for oil and water 
separation. Pumped seawater continuously circulates through this conductor 
cell group to remove heat arising from the well conductors.  Control of the 
temperature gradient between the conductor cell group, the surrounding cells 
and the sea is necessary to maintain the structural integrity of the CGB. 

This method of operation continued until the Dunlin A topsides separation 
facilities were modified after 1995 to allow three-phase separation of oil, gas 
and water on the topsides, thereby eliminating the need to use the CGB cells on 
a routine basis for oil and water separation. From then on, the cells generally 
remained water-filled. There were occasional exceptions to this when the cells 
were used occasionally to hold produced fluids during platform startup to allow 
the topsides production system to warm up sufficiently to meet oil export 
specification. This would occur some four to six times a year for a duration of 
about eight hours.  On other occasion, the cells were used to receive and 
separate oil from process vessel flush water prior to periodic platform 
maintenance shutdowns; or as security should the Cormorant A receiving 
systems shut down temporarily and close the export pipeline path from Dunlin. 

The commissioning of the Osprey and Merlin fields occurred in 1991 and 1997 
respectively.  During this period the CGB cells were occasionally used if the 
circumstances outlined above required this. Fluids produced during startup of 
Osprey and Merlin were routed to the CGB cells until such time that their arrival 
temperature had risen sufficiently to allow effective oil and water separation, 
and to achieve statutory discharge standards.  

Following such events, fluids diverted to the cells were subsequently returned to 
the topsides and passed through the process system during stable operating 
conditions. Although the CGB cells were not in routine use, the cells contained 
some residual oil trapped at the tops of the cells (known as ‘attic oil’). 

From the late 1990s, failures in pipework installed in Legs A and B of Dunlin A, 
together with minor leaks through the concrete floors of the legs, began to 
occur. Where pipework was not encapsulated in concrete and where 
appropriate isolation could be achieved, pipework repairs were undertaken.  

In 1999 attic oil leaked from the cells below Leg A through the concrete into the 
leg. The leak probably followed the path of a redundant vent line, and a 
significant volume of oil and liberated gas was released into Leg A. The leak 
into Leg A required the leg to be flooded with seawater, in accordance with the 
Dunlin A Concrete Structure Emergency Procedures Manual, to reduce the 
differential pressure and oil ingress rate across the leak path.  The leak stopped 
and oil contained within Leg A was subsequently recovered through the process 
system.  Attempts were made in 2003 to seal the leak path to enable Leg A to 
be pumped dry prior to effecting permanent repairs.  However, the leak could 
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only be controlled by maintaining seawater in Leg A at a level about 70m above 
seabed. This continues to prevent access for permanent repairs.  

In 2004 attic oil leaked into Leg B as a result of pipework failure due to corrosion 
in a section of an oil pipeline running between the topsides and the cells (known 
as a ‘rundown line’). As with Leg A, the contained volume of oil was 
subsequently recovered, but in this case it was possible to repair the pipework.  

In order to remove the potential for further oil and gas ingress, a project for the 
removal of attic oil, and the permanent decommissioning of the CGB cells and 
associated rundown and oil export lines, was successfully undertaken in 2006/7 
by the platform’s then operator, Shell.  This effectively isolated the CGB cells 
from the process system, making any occasional use of the cells, as described 
above, impossible.  

However, the partial flooding of Leg A to 70m above the seabed level continues 
to be maintained to prevent ingress of liquids from the CGB cells into Leg A.   

In accordance with the Dunlin A Concrete Structure Emergency Procedures 
Manual, if further flooding of Leg A occurs, Legs B, C and D must also be 
flooded to avoid the generation of tensile loads which could have the potential to 
cause cracking in the roofs of the cells beneath the other legs.    

It is possible Legs B, C and D may also experience water ingress over time. 

A.4.3.3 Drilling history  

Following the drilling of nine exploration and appraisal wells in the Dunlin field 
prior to platform installation, the first platform development wells were drilled 
soon after the Dunlin A platform was installed in 1977. In all, the Dunlin A 
platform has 48 well slots. A number of wells have been re-drilled to access 
other parts of the reservoir.  

The drilling programme has resulted in a total well stock of 34 production and 10 
water injection wells, plus one drill cuttings reinjection well (now out of use).  

The Dunlin South West hydrocarbon accumulation was developed with an 
extended reach well drilled from the Dunlin A platform in 1996.  In 1998 a 
second producing well was drilled into Dunlin South West.   

In 1997 an unsuccessful (dry) well was drilled in an attempt to appraise and 
possibly develop the untested Dunlin North West prospect.  The well was 
subsequently plugged.  

A.4.3.4  Drill cuttings 

As a well is drilled, the rotating cutting tool (the drill bit) must be cooled because 
this generates significant heat when grinding into the rock. In addition, the 
resulting rock chips, or ‘cuttings’, must be removed from the well.  Furthermore, 
as the well gets deeper it is necessary to have sufficient hydraulic pressure at 
the drill bit in order to overcome any gas pockets or oil pressure encountered as 
the drilling proceeds to its target depth.  

All of these requirements are met by using a drilling fluid, circulating from the 
topsides drilling rig into the well and returning to the surface, carrying the drill 
cuttings with it.   The fluid is known as drilling mud, a heavier-than-water mixture 
of oils, synthetic polymers, water and natural clays which are mixed in various 
proportions to suit the well conditions during the drilling phase. 

At the drilling rig on the topsides, the drilling mud is separated from the rock 
cuttings and the mud is recycled. The cuttings are discharged down a chute 
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beneath the platform towards the seabed. Inevitably, rock cuttings have a thin 
film of drilling mud adhering to them.  

For Dunlin A platform drilling, a bentonite water-based drilling mud was used to 
drill all the top sections of the wells, with a mix of water-based drilling muds and 
oil-based drilling muds used in the deeper well sections.  

A drill cuttings accumulation covers part of the Dunlin A CGB structure, sitting 
on the cell roofs beneath the well conductors, and spills on to the adjacent 
seabed on that side of the platform’s base, as shown in the impression in Figure 
A.4.3b below.   

The Dunlin platform has several years of its production life still to run and further 
drilling from the platform is likely. However, any future Dunlin drilling programme 
will require cuttings to be shipped to shore for disposal, therefore the current 
drill cuttings accumulation will not change. 

 

 

Figure A.4.3b     Dunlin A showing a representation of the 
drill cuttings accumulation at the CGB base 

In general, current drilling practice precludes the use of oil-based muds (muds 
with mineral oils as the base fluid) and the offshore discharge of drill cuttings. 
However, prior to 1991, this was not the case and therefore oil-based muds 
were used for some wells on Dunlin A, hence the cuttings accumulation is likely 
to contain hydrocarbons which might have the potential to affect marine 
ecosystems.  

Chemical analyses of samples from the Dunlin A drill cuttings accumulation are 
not available but early drilling operations in the field would have used similar 
fluids to those used for the nearby Brent field. Data for the Brent cuttings 
accumulation are available.  In summary, for Dunlin A the hydrocarbon content 
is likely to be in the range 30-150g/kg near to the platform, reducing to below 
15g/kg at a distance of approximately 100m from the platform.   

There have been a number of physical surveys of the cuttings accumulation at 
Dunlin A to measure its extent and to estimate the probable volume of the 
deposited material. The latest was undertaken in 1996 by Shell, the former 
Operator of the Dunlin field.  The survey data are shown in Table 4.3 below.  
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 Survey Cuttings 
accumulation CGB 

Cuttings accumulation  
on seabed 

Volume 4000m3 10,300m3 

Maximum thickness Approx 4m Approx 11m 

Surface area 3300m2 22,000m2  
(worst case estimate) 

Table 4.3   Estimated size of the Dunlin A drill cuttings accumulation 

 

The European protocol OSPAR Recommendation 2006/5 on a Management 
Regime for Offshore Cuttings Piles sets the Best Environmental Practice (BEP) 
criteria for managing drill cuttings accumulations.  

There are two key criteria in the recommendation, which if exceeded, indicate 
action should be taken to mitigate the environmental effects of drill cuttings 
accumulations.  

The first of these criteria relates to the rate of oil loss from the cuttings to the 
water column over time.  Applying the OSPAR criterion, Dunlin A showed a 
predicted rate of oil loss to the water column of approximately five tonnes per 
year, which was below the 10 tonnes per year OSPAR threshold value. 

The second criterion relates to the environmental persistence of hydrocarbons 
over the area of seabed.  For Dunlin A this is approximately 125km2-year, well 
below the OSPAR threshold value of 500km2-year.   

 

A.4.3.5   Cells contents 

The operational life of the CGB cells has been described earlier (Section 
A.4.3.2).  

The cells system was decommissioned in 2006/2007 after an attic oil 
programme successfully removed mobile oil trapped at the top of the cells. The 
attic oil programme recovered oil trapped in the spaces in each cell above the 
oil outlet ports by displacement with carbon dioxide (CO2) gas. In three of the 
four cell groups (B, C & D), the CO2 was removed chemically from the  spaces 
by dosing the seawater in the cells with potassium hydroxide.  The cells have 
been left filled with the treated seawater and the pipework was filled with a gel 
to inhibit corrosion. 

In cell group A, a leak in the cell wall prevented the chemical removal of the 
CO2, hence natural scavenging of CO2 from the seawater has been relied on. 
The pipework was sealed through injection of buoyant wax particles. 

 
The classes of materials inside the cells include: 

 Treated seawater (accounting for 95-97 per cent of the contents 
volume) 

 Inert granular ballast 

 Inorganic minerals (clays and sands) originating from the well fluids. 

 Hydrocarbons which may have settled at the base of the cells and 
adhered to the cell internal surfaces. 
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 Inorganic precipitates (e.g. scales and sediment) formed by reactions 
in the cells. 

 Inorganic material such as trace metals and normally-occurring 
radioactive material.  

 Oil-soluble materials introduced through platform operations. 
 

The contents of the CGB cells and their potential environmental impact if 
released have been evaluated independently by Intertek METOC. This report 
concludes that the residual contents of the CGB will not pose an unacceptable 
risk to the environment. The report can be viewed at http://www.fairfield-
energy.com/pages/view/dunlin-cells-contents-impact-assessment. 

http://www.fairfield-energy.com/pages/view/dunlin-cells-contents-impact-assessment
http://www.fairfield-energy.com/pages/view/dunlin-cells-contents-impact-assessment
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B.1 Introduction 
 

A brief description of the theoretical options for decommissioning the Dunlin A 
CGB is presented in this appendix, without comment on their feasibility or 
relative merits.  Six of these options were presented to stakeholders on 21 
January 2010 in Aberdeen, as part of a public consultation process; a seventh 
option was added in July 2011. 

The seven theoretical decommissioning options for the Dunlin A CGB are as 
follows:  

 

 Re-use of the platform at its current location  
 

 Refloat and tow the platform for re-use at another location  
 

 Refloat and tow the platform inshore for deconstruction and onshore 
recycling and disposal of materials 

 

 Complete in situ (at current location) deconstruction of the platform for 
removal to shore and onshore recycling and disposal of materials 

 

 In situ decommissioning, leaving the CGB wholly or partially in place, 
having three sub-options: 

1. Topsides and steel columns removed to 8m below sea level, 
with navigation aids to mark the structure mounted on an 
extension to one leg.     

2. Topsides, steel columns and concrete legs removed to 55m 
below sea level to provide clear water for navigation, as 
required by the International Maritime Organization (IMO). 

3. Topsides removed. Controlled collapse of the four CGB legs 
to the seabed. (This sub-option was added to the theoretical 
options in July 2011, and was not presented to stakeholders 
on 21 January 2010 in Aberdeen) 

 
For all the above options it is assumed that all the facilities would be flushed 
and the wells plugged and abandoned, prior to cutting and removing the well 
conductors either below seabed level or above the cell roofs.  All activities 
would be carried out in compliance with Best Environmental Practice and 
relevant regulations, and pipelines would be addressed in accordance with the 
UK Department of Energy and Climate Change (DECC) Guidelines. 
 
Each of the above options is addressed in detail in separate Fairfield Energy 
study reports.  These may be accessed through the Dunlin Decommissioning 
website at http://www.fairfield-energy.com/pages/view/dunlin-study-reports 
 

http://www.fairfield-energy.com/pages/view/dunlin-study-reports
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 B.2 Re-use at current location 

The end of the economic life of the Dunlin A facilities will be defined by the 
exhaustion of recoverable hydrocarbon reserves in the catchment area. 
Therefore any future re-use of the platform would be for a non-hydrocarbon 
venture.  This assumes the design life of the CGB could be extended, and 
would require replacement of the current topsides. 

Regardless of the type of new use (for example, carbon dioxide sequestration 
or wind power generation), at the end of the new use the CGB would still 
remain in place and would require decommissioning at some future date. 

 B.3      Refloat and tow for re-use at a new location 

This option is only likely to occur should another use arise at the end of 
Dunlin’s field life. Furthermore, re-use represents a postponement of the final 
decommissioning operation rather than a genuine decommissioning option. 

 

     B.4 Refloat and tow inshore for deconstruction and disposal 

The offshore industry’s current maximum heavy lift vessel capability is 
approximately 14,000 tonnes. While there are current plans to develop lift 
concepts with up to 40,000 tonnes capacity, there are no anticipated plans to 
develop a vessel with sufficient capacity to lift the 320,000 tonnes CGB.  
Consequently, buoyancy must be used to refloat Dunlin A from its current 
location.  

The platform could be relocated with topsides in place, although the additional 
weight of the topsides at the highest point of the installation would make the 
refloat of the structure significantly more challenging.    Whether the topsides 
was removed offshore, or left in place and subsequently removed inshore, the 
topsides would be dismantled and the materials recycled. 

The CGB would be deconstructed in stages, the final stages requiring a dry 
dock. The concrete generated by this process could be recycled. 

The sequence of activities required to refloat and deconstruct the CGB inshore 
would be as follows:  

 Remove topsides and take to shore, or leave in place 

 Remove drill cuttings accumulation 

 Refloat platform 

 Remove and treat ballast water 

 Transport to inshore deep water location 

 Remove topsides if still in place 

 Partially deconstruct the CGB inshore and remove solid ballast 

 Move partially deconstructed platform into dry dock 

 Complete deconstruction and disposal onshore 
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 B.5      In situ deconstruction 
 
In order to deconstruct the Dunlin A platform in its present location (in situ), the 
following activities would be necessary:  

 

 Remove topsides 

 Remove conductor support frames 

 Remove drill cuttings accumulation 

 Remove ballast water in cells 

 Remove concrete legs by cutting and lifting by floating crane 

 Cut and remove cell roof sections in pieces capable of lifting by 

floating crane 

 Cut and remove cell wall sections in pieces capable of lifting by 

floating crane 

 Cut and remove cell floor sections in pieces capable of lifting by 

floating crane 

 Cut and remove skirt sections in pieces capable of lifting by floating 

crane 

 Clear seabed of all debris 

 
Because of the complex geometry of the wall intersections and the thickness of 
the concrete sections in the CGB, this option would require development of 
technologically advanced remotely operated subsea cutting tools and methods, 
and new bracing methods for the concrete legs during the cutting operations. 
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 B.6 In situ decommissioning to 8m below sea level 

In some cases, under both the DECC Guidelines and OSPAR Decision 98/3, 
concrete gravity base platforms installed before 1999 can be decommissioned 
by removing the topsides and leaving some or all of the main concrete gravity 
base in situ. 

One approach for in situ decommissioning of Dunlin A would be to remove the 
topsides and all external platform steelwork, and the steel columns at the top of 
the legs, and leave the entire concrete structure in place. The tops of the 
concrete legs would be at 8m below sea level. As this would provide no 
navigable water over the CGB, the structure would require marking with 
navigation warning devices, as required by the IMO. 

The activities required for this option would include:  

 

 Remove topsides 
 

 Remove conductor guide frames 
 

 Remove steel columns to 8m below sea level 
 

 Install  a vertical extension to one leg to support navigation warning 
devices above sea level 

 

The resulting structure is shown in Figure B.6. 

 

Figure B.6     In situ decommissioning to 8m below sea level 
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  B.7 In situ decommissioning to 55m below sea level 
 

For in situ decommissioning of Dunlin A, a second approach would be to 
remove the topsides and the upper part of the legs to give 55m clear water 
below sea level, to provide freely navigable water over the remaining parts of 
the structure, as required by the IMO. 

The activities required for this option would include:  

 

 Remove topsides 
 

 Remove conductor guide frames 
 

 Cut and remove legs to 55m below sea level, requiring restraint of 
partially cut legs while completing the cutting and lifting of the freed 
section. 

 

The resulting structure is shown in Figure B.7. 

 

 

Figure B.7     In situ decommissioning to 55m below sea level 
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 B.8. In situ decommissioning to 110m below sea level 

A third approach for the in situ decommissioning of the Dunlin A CGB would be 
to remove the topsides, followed by conducting a controlled collapse of the legs 
as illustrated in Figure B.8. The activities required for this option would include:  

 

 Remove topsides 
 

 Remove conductor guide frames 
 

 Deploy explosive charges to create collapse of the legs in a controlled 
and predictable manner at a level around 10m above the CGB base. 
An alternative method of collapsing the legs would be to use diamond 
wire cutting technology to progressively cut the leg wall sections 
segmentally (i.e. not through the leg cross section) In both cases the 
internal pipework would be bent or sheared as each 7600 tonne leg 
fell to the seabed. 

 

 
 

Figure B.8.     In situ decommissioning to 110m below sea level 
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1 Executive Summary 

This report reviews the options for configuring the Dunlin Alpha platform for refloat.  The 

hydrostatic stability of the CGB during refloat is established in ode report 201501-AE-Q-

0003.  The extraction of the skirts from the seabed is described in 201501-AE-Q-0004. 

The recommended conditions of the CGB for the refloat operation are as follows: 

Rate of Ascent – controlled ascent due to internal pressure limitations and limited stability.  

Deck – Deck removed completely to maximize hydrostatic stability, the CGB is still 
unstable at all drafts. Large volumes of external buoyancy will still be required to provide 
hydrostatic stability.   

Ballast Cell Configuration – The current 2 cell group operating status for ballast water is 
maintained.  The piping and valves used to operate in the original 38 group configuration 
have been filled with grout.  Much of the original ballast system is cast into the CGB 
concrete or within the cells and hence not accessible for reinstatement. 

Compressed Gas Configuration – The compressed gas required to control differential 
pressures across concrete walls and slabs will be kept in the 5 cell group configuration 
used for oils storage (4 oil storage cell groups plus conductor cooling cell group). 

Ballast and Compressed gas systems – Install new systems through access holes drilled 
in caisson roofs. 

Underbase Injection System – Install new system by hot tapping through sides of skirts.  
New technology would be needed to provide a system capable of injection to the central 
compartment.  This is not a practicable option with currently available technology.  

1.1 Conclusions 

The reduction of stability caused by the combining of internal cell groups prevents any 
refloat with out removal of the entire topsides and deck structures and provision of large 
volumes of external buoyancy. 

The CGB with the topsides removed is unstable and will capsize if refloated without 
external buoyancy.  Refloat of the CGB without additional external buoyancy is not 
feasible.  Retrofit of this amount of buoyancy to the CGB at the Dunlin location is not a 
feasible operation. 

Considerable technical and safety risks exist with the provision of new ballasting and gas 
systems.  These would have to be managed if a refloat were to be attempted. 

The underbase injection system is essential for a refloat operation to be completed.  The 
inability to access the central underbase compartment will prevent refloat of the CGB. 
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2 Introduction 

This report reviews the options available to refloat the Dunlin CGB from the seabed.  The 
phases of the refloat operation are; preparation and installation of equipment, extracting 
the skirts from the seabed, reducing draft from touching seabed to floating at tow draft. 

ode report 201501-AE-Q-0003 discusses the weight, centre of gravity and hydrostatic 

stability issues.  These issues govern the float up from touching the seabed to floating at 
tow draft.  The floating stability for refloat of the CGB is lower than at installation as the 
configuration of the cells within the CGB caisson was irreversibly altered for the production 
operations.  

 

3 Options for the Refloat Operation 

There are a range of possible options that have been considered during the selection of 
the proposed refloat operation.  These options have been considered in an attempt to 
ensure that the most practicable refloat method has been selected. 

 

3.1 Controlled ascent or rapid ascent 

The platform can be refloated at a slow rate with the platform maintained in floating 
equilibrium and the draft controlled by deballasting the CGB.  The alternative method is to 
deballast the CGB while it is on the seabed to a positively buoyant condition and to allow it 
to rapidly rise to floating draft. 

The soil adhesion to the skirts and the need to fill the underbase skirt compartments with 
water before the platform will break away from the foundation would allow the necessary 
time to complete the deballasting process before float up occurs. 

There are two significant issues that have lead to the rapid ascent being discounted. 
Firstly, an uneven break out of the skirts from the foundation may impart rotational velocity 
to the CGB.  The hydrostatic restoring forces are very small in comparison to the rotational 
inertia of the platform and analytical studies carried out for other gravity base structures 
have shown that large roll angles and even capsize is possible if the release from the soil 
is uneven. 

The second issue is that to restrict the differential pressure across the caisson walls the 
void in the cells has to be pressurised to balance the hydrostatic head while the platform is 
on the seabed.  As the CGB rises through the water column the external hydrostatic 
pressure reduces and the internal gas pressure has to be reduced to control the difference 
between internal and external pressures.  The very large volume of the CGB caisson 
means that a lot of gas has to be vented and this is a time consuming operation which 
cannot be achieved during a rapid ascent. 

Hence only the controlled ascent option is considered. 
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3.2 Deck inplace or Deck removed  

The Dunlin platform was installed with the majority of the existing deck inplace.  If the 
refloat is a reverse of the installation operation it might be presumed that the deck can 
remain inplace for the refloat. 

However as discussed in section 3.3 below the ballast configuration was altered following 
installation in a manner that is not reversible.  This has resulted in a large reduction in 
stability, the hydrostatic calculations have shown that even with the entire topsides and 
MSF removed for the CGB is unstable.  Additional buoyancy is required to make the CGB 
float in a stable manner.  

Additionally there are uncertainties relating to the current weight of the platform primarily 
due to the quantity of marine growth, deposits in and on the CGB caisson, grout and soil 
adhered to the underside of the base and the amount of ballast water that will remain 
within the structure. 

Refloat without additional external buoyancy is not a safe option. It is assumed that the 
deck will be removed to minimise the amount of additional buoyancy required. 

3.3 Reinstate original or adopt existing ballast cell arrangement 

During construction and installation the cells within the CGB base caisson were controlled 
as 38 separate ballast compartments.  After the skirts had been penetrated into the soil 
the cells were divided into two groups.  The larger group extended under all 75 of the oil 
storage cell and is operated as the balance water system used to allow oil to be pumped in 
and out of the cells.  The other group was used to cool the well conductors.   

The consequence of having the reduced amount of compartments is that ballast water 
could flow from one side of the CGB to the other.  This greatly reduces the hydrostatic 
stability of the CGB. 

Much of the installation ballasting system was disconnected removed following CGB 
installation.  The remaining pipe work and valves in the CGB concrete walls and cells were 
grouted up to seal them.  It is not practical to access the CGB legs and caissons to convert 
the system back into 38 separate units.  Even if the grout could be removed from the 
pipework the valves within the cells could not be accessed to replace or make them 
functional. 

Hence the ballasting system will have to be operated in its current 2 cell group 
configuration. 

3.4 Reinstate original or install new ballast system 

Either the original systems could be reinstated or new systems installed.  The original 
systems utilised pipework that runs within the cells and in places is embedded within the 
concrete.  As discussed above it is not possible to access this pipework to clear the grout 
or carry out inspection and repair.  Additionally this pipework was manifolded in the lower 
levels of the concrete shafts which are extremely congested and difficult to work in.  No 
attempt has been made to maintain the redundant pipework, valves or pumps that were 
left inplace following installation.  Additionally one shaft is already partially flooded to 
overcome a leakage problem. 
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For these reasons reinstatement of the existing ballasting systems is not considered 
practical and 5 new ballast systems, one installed directly into each of the cell groups that 
will have independent compressed gas systems, through new openings cut in the roof of 
the caisson is proposed. 

If all cell groups and the shafts can be successfully deballasted the CGB structure will 
have sufficient buoyancy to allow the platform to float. 

3.5 Reinstate original or install new cell pressurisation system 

The original compressed air system operated as 5 separate volumes spanning over the 
top of the 38 separate ballast volumes.  4 of the cell groups correspond to the 4 oil storage 
cell groups and the fifth is over the conductor cooling cell group.  The compressed air 
system consisted of 6” pipe work cast within the concrete of the cells. These lines will have 
been sealed following the completion of the installation.  At present the status of these 
lines is not clear but it is unlikely that they can be reused.  However the integrity of the 
closure will have to be proven prior to a refloat operation. 

Pressurisation of the gas in the top of the caisson cells may be possible using the oil 
process piping.  However as pump caissons for the ballasting systems will be inserted 
through the caisson roofs it is clearly simpler to include the gas pressurisation within the 
new pump caissons. 

3.6 Reinstate original or install new skirt evacuation system 

To allow the skirts under the base of the CGB to penetrate into the soil during installation 
the water trapped within each skirt compartment was provided with a 24” pipe system to 
enable evacuation of the water(ref 3551-M-0448-001).  There are also underbase pore 
water pressure monitoring points in 3” pipework (ref 3551-M-0448-001) and grouting pipe 
systems (ref 3551-F-113). 

The grouting systems consist of 2 ½” pipe work to enable the injection of grout into the 
void between base slab and soil following installation.  These are expected to be full of 
grout.  

All these systems were piped back to the CGB legs and were made redundant following 
installation. However the extent of the post installation modifications or dismantling of 
these systems is not known.  The piping systems cast within the concrete walls of the 
CGB are quite complex and have many bends and Tee’s.  Working in the base of the legs 
attempting to clear the grout from these lines is not considered practical and represents a 
significant health and safety risk since the objective of clearing the grout is to provide an 
open flow path from the leg to outside the envelope of the CGB under the base slab.  
There would be a significant flooding risk while the grout removal operation is underway. 

Installing new underbase injection systems into the 8 compartments around the perimeter 
is relatively simple.  A shallow excavation will expose the side of the skirts and allow hot 
taps through the side of the skirts into these compartments.   

Making a piping connection into the central compartment is much more difficult. Either a 
long reach drilling operation is required so that the central skirt can be drilled remotely by 
equipment passing through a hole cut in the perimeter skirts, or directional drilling from the 
seabed adjacent to the CGB will be required.  Neither of these options is achievable with 
current technology.  
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Currently then,no practical options for providing a functioning underbase injection system 
have been identified. In addition what ever system is provided would need to maintain the 
watertight integrity of the skirts. 
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Acronyms 

 

GM Metacentric height, distance between the structure centre of 

gravity and the metacentre. 

KM Height of metacentre above base 

LCG Longitudinal centre of gravity 

TCG Transverse centre of gravity 

VCG Vertical centre of gravity 

MSF Module support frame 

MWS Marine warranty surveyor 
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1 Executive Summary 

Stability calculations show that even with the topsides completely removed, the Dunlin A 
platform would be unstable if refloated.  This means that the Dunlin A concrete gravity 
base (CGB) cannot be refloated without the addition of external buoyancy. 

In addition to being stable for any planned refloat condition, the CGB must also retain 
sufficient stability to allow for the possible loss of water or gas tightness in one of the 
CGB’s compartments.  Meeting this ‘single compartment damage stability’ requirement 
would need additional external buoyancy to be added to the CGB to compensate for the 
conditions proposed.   

The amount of this additional buoyancy required for refloating, even without provision for 
damage stability, is calculated to be very large. For example, the auxiliary buoyancy 
required to make the CGB stable at all draughts if the topsides was totally removed would 
consist of  four, 29 metre diameter cylindrical columns, one mounted at each corner of the 
CGB base, plus a five metre wide rectangular box around the perimeter of the base.  
Fixing this volume of external buoyancy to the CGB would be extremely hazardous, and 
might be impossible to achieve. 

Due to the large amount of external buoyancy required and lack of single compartment 

damage stability, ode has concluded that refloating the CGB is not a practicable option.  

It should be noted that the Dunlin A platform has been subjected to significant post-
installation changes with consequential influence on the hydrostatic stability.  Of particular 
relevance are: 

 The CGB base no longer has the same internal configuration which existed at the 
time of platform installation.  During platform installation there were 38 separate 
compartments in the base. Following installation, to make the platform ready for 
the operational phase, the cells in the base were interconnected at low level, 
effectively creating a single compartment for ballast water. This reduction in 
compartmentalisation has increased the free surface effect for the ballast water 
to the extent that the structure would be unstable and would capsize.  Hydrostatic 
stability could only be regained by attaching large volume external buoyancy 
tanks to the CGB, if this were possible. 

 Deck weight increased from the estimated 14,500 tonnes at float out to the 
present dry operating weight of 19,500 tonnes. 

Re-instatement of the subdivision of the cell groups used for platform installation is not 
possible due to the manner in which the ballast system was dismantled following 
installation.  The ballast pumps and manifolds within the legs were disconnected from the 
pipework within the CGB base and much of the equipment was removed.  The piping cast 
into the concrete of the CGB, and piping and valves within the cells, were filled with grout 
to seal this system.  Access to the CGB base is not practicable and no provision was 
made during construction or installation to permit reinstatement of the separate 
compartments.   
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2 Introduction 

This report presents the calculation of the stability and hydrostatic properties for the Dunlin 
A platform, from lift-off from the seabed to a free floating condition, if an attempt were 
made to refloat the platform. 

The floating stability of the CGB has been considered for three conditions: 

 CGB with the current full topsides deck in place  

 CGB with part of the topsides deck removed, leaving the portion of the deck added 
during the original deck floatover installation in Norway  

 CGB with the entire topsides deck removed, but with the steel column sections 
remaining in place on top of the CGB legs.  

Figure 2.1 shows the limits of the full and part deck. 

 

 

    Figure 2.1 Deck division 

 

The stability results presented in this report are based on the current operating 
configuration of the cells in the CGB base.  This configuration incorporates a large single 
group of 75 interconnected cells, and a second separate group of six cells surrounding the 
well conductors.   

The stability calculations have been carried out for three CGB conditions listed above, with 
results reported in Section 6.  The calculations have been repeated with external 
buoyancy added to the CGB to allow a stable refloat, with results reported in Section 7. 
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The stability study for the case with the part deck in place was also carried out with the 
original ‘as installed’ ballasting configuration of 38 separate ballastable cell groups.  The 
results from this work were used to validate the calculated hydrostatic properties of the 
platform, and to provide confidence that the model developed by ode was consistent with 
platform stability at known stages of platform construction. 

Damage stability cases were not considered as the CGB would not have sufficient 
buoyancy to float if a compartment became flooded. 

Section 8 discusses the hydrodynamic issues that would have to be resolved if a stable 
refloat operation could be achieved.  As no realistic refloat procedure has been identified, 
no attempt has been made to carry out a dynamic simulation . 

  

3 Weight of Dunlin A Platform 

The Dunlin A platform was fabricated in the mid 1970s and floating operations were 
carried out during 1976-77, leading up to platform installation.  The process involved 
several phases, including the initial float out of the base from dry dock in the Netherlands, 
tow to a deepwater site in Norway, and subsequent deck mating and placement of 
topsides modules. 

The weight report for the concrete substructure could not be located for this study, hence 
an estimate of the weight of Dunlin A platform was made as follows: 

 CGB concrete volume calculated from drawings for both the base and legs, and 
converted to weight using densities of concrete, steel reinforcement and 
prestressing, taken from an Arup report on the structural Integrity of the platform, 
undertaken in 1988 under Arup job number 17440. 

 Conductor guides weight calculated from fabrication drawings 

 Steel column weights calculated from fabrication drawings 

 Solid ballast quantities and levels taken from design drawing   

 Module support frame and topsides weights assessed from AMEC’s ‘Structural 
Integrity Weight Report 2002. Number D-000-S-96500-001’. 

3.1 CGB weight 

The overall weight of the structure has been assessed. It includes concrete, reinforcement, 
pre-stress, piping, and steel columns. Concrete density has been taken from ARUP 1988 
structural integrity report. A summary of weights and centres of gravity of the CGB 
structure is shown in Table 3.1 
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Table 3.1 

CGB weight summary 

 

3.2 Solid ballast in CGB 

Solid ballast was placed in the base cells during construction. Exact amounts and levels 
are shown in ‘Solid Ballast Levels Number 3551-T-091’. The stated ballast depths in the 
cells have been averaged to give an applicable height and the centre of gravity is based 
on this. 

Water ballast quantities used in the calculations have been varied to suit the solid ballast 
contained in the cells. 

 

3.3 Topsides weight 

Topsides weights are contained in AMEC ‘Structural Integrity Weight Report 2002 Number 
D-000-S-96500-001’. 

To calculate the weight of the deck which was floated over the CGB during installation, the 
weight of topsides modules subsequently placed on the deck by crane vessel have been 
determined. Ten per cent of the gross steel weight (as reported) has been added to allow 
for underestimation of the actual lifted modules. The adjusted lifted modules steel weight is 
referred to as ‘topsides’ with the remaining weight being defined as the portion of the deck 
which was originally  floated over onto the CGB. This portion is termed ‘part deck’ and 
includes the MSF and other deck modules. Together, the two make the ‘full deck’. 

The summary of the weights is shown in Table 3.2. 

 

Item Mass TCG LCG VCG 
(Tonnes) (m) (m) (m) 

to stbd + 
fwd mid  

CL datum above base 

Concrete Base 195347 0.00 -0.07 15.93 
Concrete Legs 31621 0.00 0.00 75.43 
Solid Ballast 91100 0.00 0.00 0.00 
Additional Equip in Cells 650 0.00 0.00 0.00 
Additional Equip in Cols 100 0.00 0.00 120.00 
Skirts 500 0.00 0.00 -2.00 
Conductor Guides 848 0.00 -27.50 118.57 
Steel Columns 1372 0.00 -2.84 159.41 

CGB Weight and CoG 321538 0.00 -0.13 18.12 
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Item Mass TCG LCG VCG

(Tonnes) (m) (m) (m)

to stbd +

fwd mid 

CL datum above base

Part Deck 6500 0.00 0.00 177.00

Remaining Topsides 13000 0.03 -8.08 180.00

Full Deck 19500 0.02 -5.39 179.00

 

Table 3.2 

Deck weight summary 

 

 

4 Displacement and Hydrostatic Properties 

 

The hydrostatic properties of the structure have been determined using the ANDOC 
construction drawings. 

The structure volumes have been represented mathematically and have generally followed 
the overall dimensions of the CGB base and legs. In some cases, minor structures have 
been averaged. Minor appurtenances, which have only minor influence on the overall 
stability characteristics and hydrostatics, have not been modelled due to lack of exact 
sizes.  

The external shape of the CGB has not been significantly altered since installation.  The 
internal compartmentation of the CGB base was altered from the 38 separately ballastable 
cells, shown in Figure 4.1, to form the current two cells groups, shown in Figure 4.2.  The 
current groups now consist of one large group of 75 connected cells and a group of six 
cells used to cool the well conductors.   
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Figure 4.1   Cell compartments for installation phase 

Water tight walls shown in red 

 

 

Figure 4.2   Cell compartments in present configuration 

(Conductor cooling cell walls shown in red) 

 

The cells used to cool the well conductors currently have sea water circulated through 
them for cooling.  The pumping and pipework system that circulates the water would be 
sealed prior to any refloat attempt.  There is also a connecting port through one of the 
conductor cell walls that connects the group of six cells to the remainder of the cells, 
hence all 81 cells in the base of the CGB have been modelled as an interconnected 
volume. 

The hydrostatics calculations  for refloat have been based on the current cell configuration 
shown in Figure 4.2. 

Spreadsheets have been generated to calculate the hydrostatic coefficients for:  

 The platform as designed in 1976 and installed in 1977   

 The platform as the cell groups are currently configured  

Tabulated figures are contained in Annex A to this report.  In this annex, the replication of 
the hydrostatic parameters for the original installation condition is entitled ‘1976 
Hydrostatics’.  The figures for the platform in its current configuration are entitled ‘2010 
Hydrostatics’. 
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5 Validation of stability model against design data 

5.1 Hydrostatics and stability 

Hydrostatic or stability information from the original installation documentation is not 

available. To verify the stability and draught of the CGB, values calculated by ode were 

compared to draughts in key stages of the original float out and installation operation. 
These verified the overall calculated hydrostatic properties and were subsequently used in 
the refloat assessment. 

The structure was modelled using the overall dimensions with some being modified to 
replicate the present structure. The design and fabrication drawings were used to 
determine the volumes and their centres of buoyancy. 

The installation sequence during construction was replicated for two reasons: 

 To validate the stability model 

 To demonstrate that the installation sequence could not be reversed due to the 
changed platform weight resulting from the addition of steel columns, deck and 
topside modules. 

5.2 Installation 

The installation sequence reproduced was generally as follows: 

1. Tow from fabrication site in the Netherlands to a deepwater site in Norway. 
Once at Norway the base was completed, solid ballast placed in the cells 
and concrete legs cast to EL 142.89  

2. Immersion to draught of 80 metres 

3. Placement of steel columns 

4. Ballast to deep draught of 164 metres for deck mating 

5. Post deck mating 

6. Deck/MSF mated with sub-structure 

7. De-ballast to draught of 120 metres for tow to field 

8. In place 

Stability was assessed for the various stages and the GM is shown in Table 5.1 

Weight Dispt Draught GMf

1 Tow to Deepwater Site 319,336 328,355 30.00 24.389

2 Immersion to 80 Metres 319,336 391,347 80.00 4.884

3 Placing of steel legs 321,557 411,079 135.00 8.032

4 Immersion for deck placing 321,538 415,073 164.00 8.614

5 After deck placement 328,038 415,073 164.00 6.018

6 Tow to Field 336,038 408,707 120.00 1.234

7 Installation 336,038 413,250 151.00 2.409

8 In Place 341,038 541,038 151.00 0.000  

Table 5.1 

Installation stability 
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6 Hydrostatic calculation for refloat scenarios (no 
additional buoyancy) 

6.1 Method  

A reverse of the platform installation process was investigated, taking into account the 
changes in the structure since that time.  The changes include: 

 Base subdivision of compartments. During installation there were 38 separate 
compartments as shown in Figure 4.1. This was subsequently reduced for the 
operational phase to a single, large compartment under the separated oil layer, 
and another separate, smaller compartment for the conductor cooling cells, as 
shown in Figure 4.2.  

 Conductor guides within the caisson now free flood with seawater. 

 Deck weight has increased from the estimated 14,500 tonnes at float out to 19,500 
tonnes. 

Three deballasting scenarios were considered: 

 Complete structure as currently installed, using dry weights (Full Deck) 

 Structure with major deck modules removed (Part Deck) 

 Complete removal of all deck components (No Deck) 

The metacentric height (GM) is a critical stability parameter for floating structures. A 
floating structure is stable when its GM is greater than zero. The minimum GM for a CGB 
structure is set by the marine warranty surveyor (MWS) and is normally set at one metre to 
retain stability for all operations.  The ‘Stability Band’ shown on the stability graphs that 
follow indicates the MWS required minimum level of stability.  For the stability of the CGB 
to be acceptable the GM curve must be above this band. 

Floating stability is reduced if ballast water within a floating structure can flow from the 
high side to the low side as the structure’s inclination increases.  The weight of the water 
moving across increases the overturning moment, resulting in a reduction of stability. This 
is called the ‘free surface effect’.  

Having fewer, larger ballast compartments in the CGB increases the free surface effect.  
The water within these larger compartments could flow further than was possible in the 
multiple small compartments, and would cause a rapid reduction in CGB stability. 
Numerically, the reduction in stability is proportional to the square of the width of the 
compartment, therefore, doubling the width of a compartment, for example increases the 
reduction in stability fourfold. 

During platform installation, the GM of the Dunlin platform ranged from eight metres to one 
metre. The subsequent interconnection of cells within the base created two large 
compartments that would allow ballast water to flow much further as the CGB inclined, 
than was possible during installation.  During the installation the free surface effects in the 
38 separate cell groups reduced the GM by 0.7 metre.  During the refloat with the two 
large cell groups, the free surface effect would reduce the GM by over 15 metres.  The GM 
would become -14 metres.  The structure would capsize in this condition.  
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6.2 Full deck 

In this refloat scenario it was assumed that the complete topsides would remain in place. 
Deck weights are shown in Section 2. 

The platform stability limits are shown as the ‘Stability Band’ on Figure 6.1. For the 
structure to have sufficient hydrostatic stability to meet the MWS requirements, the GM 
curve must be above this band. 

The refloat sequence is shown in Table 6.1 and graphically in Figure 6.1. It indicates the 
following: 

 The structure is unstable throughout the sequence 

 When all ballast water is discharged, the CGB does not provide sufficient buoyancy 
for the structure to float 

 

Deballast with Deck
Free float Draught 34.00 metres

Free Board -2.00 metres

GM t -31.38 metres

From Hydrostatics Data
Draught Ballast  Mass KMt  FSC t  KG Lqd  GMt Lqd

34.00 0.00 341038 19.94 23.33 51.32 -31.38

35.00 56 341093 19.95 23.33 51.31 -31.37

40.00 7669 348707 20.02 22.82 50.59 -30.58

45.00 14717 355755 20.14 22.37 49.95 -29.81

50.00 21222 362259 20.32 21.97 49.39 -29.07

55.00 27204 368242 20.52 21.61 48.88 -28.36

60.00 32686 373724 20.76 21.29 48.44 -27.68

65.00 37690 378728 21.02 21.01 48.04 -27.02

70.00 42238 383275 21.30 20.76 47.69 -26.39

75.00 46351 387388 21.59 20.54 47.38 -25.78

80.00 50051 391088 21.90 20.35 47.10 -25.20

85.00 53360 394398 22.21 20.18 46.86 -24.65

90.00 56300 397338 22.53 20.03 46.65 -24.12

95.00 58893 399931 22.85 19.90 46.47 -23.62

100.00 61160 402198 23.17 19.79 46.31 -23.14

105.00 63124 404162 23.49 19.69 46.17 -22.68

110.00 64806 405843 23.80 19.61 46.06 -22.25

115.00 66228 407265 24.12 19.54 45.96 -21.84

120.00 67411 408449 24.43 19.48 45.88 -21.45

125.00 68379 409417 24.74 19.44 45.81 -21.08

130.00 69152 410189 25.04 19.40 45.76 -20.72

135.00 69783 410820 25.18 19.37 45.72 -20.54

140.00 70435 411473 25.26 19.34 45.68 -20.42

145.00 71097 412134 25.35 19.31 45.63 -20.29

150.00 71798 412836 25.43 19.28 45.59 -20.16

151.00 71938 412976 25.44 19.27 45.58 -20.13  

Table 6.1 

Deballast with Full Deck – Stability (no added buoyancy) 

 

Figure 6.1 shows a graph of GM and ballast against draught. This describes how the 
stability changes as the CGB is ballasted or deballasted to specific draughts.  All the 
following stability curves for the CGB have the same characteristic shape, which is a 
function of the geometry of the CGB, although the actual value of GM varies widely.      
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Figure 6.1 

Deballast with Full Deck – Stability (no added buoyancy) 

 

6.3 Part deck 

In this refloat scenario it was assumed that the module support frame would remain but 
the topsides modules would be removed. Weights are shown in Section 2.  

The platform stability limits are shown as the ‘Stability Band’ on Figure 6.2. For the 
structure to have sufficient hydrostatic stability to meet the MWS requirements, the GM 
curve must be above this band. 

The sequence is shown in Table 6.2 and graphically in Figure 6.2. It indicates the 
following; 

 The structure is unstable throughout the sequence. 

 When all ballast water is discharged the structure floats on the base but is not 
stable and would capsize. 
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Deballast with Part Deck
Free float Draught 30.00 metres

Free Board 2.00 metres

GM t -2.49 metres

From Hydrostatics Data
Draught Ballast  Mass KMt  FSC t  KG Lqd  GMt Lqd

30.00 0.00 328038 43.73 24.26 46.22 -2.49

35.00 13056 341093 19.95 23.33 45.15 -25.21

40.00 20669 348707 20.02 22.82 44.57 -24.55

45.00 27717 355755 20.14 22.37 44.05 -23.90

50.00 34222 362259 20.32 21.97 43.59 -23.27

55.00 40204 368242 20.52 21.61 43.18 -22.65

60.00 45686 373724 20.76 21.29 42.81 -22.05

65.00 50690 378728 21.02 21.01 42.49 -21.47

70.00 55238 383275 21.30 20.76 42.20 -20.91

75.00 59351 387388 21.59 20.54 41.95 -20.36

80.00 63051 391088 21.90 20.35 41.73 -19.83

85.00 66360 394398 22.21 20.18 41.53 -19.32

90.00 69300 397338 22.53 20.03 41.36 -18.83

95.00 71893 399931 22.85 19.90 41.21 -18.36

100.00 74160 402198 23.17 19.79 41.08 -17.92

105.00 76124 404162 23.49 19.69 40.97 -17.49

110.00 77806 405843 23.80 19.61 40.88 -17.07

115.00 79228 407265 24.12 19.54 40.80 -16.68

120.00 80411 408449 24.43 19.48 40.73 -16.31

125.00 81379 409417 24.74 19.44 40.68 -15.95

130.00 82152 410189 25.04 19.40 40.64 -15.60

135.00 82783 410820 25.18 19.37 40.61 -15.43

140.00 83435 411473 25.26 19.34 40.57 -15.31

145.00 84097 412134 25.35 19.31 40.53 -15.19

150.00 84798 412836 25.43 19.28 40.50 -15.07

151.00 84938 412976 25.44 19.27 40.49 -15.05  

Table 6.2 

Deballast with Part Deck - Stability (no added buoyancy) 

 

Figure 6.2 below shows how the GM reduces as the CGB is deballasted and rises in the 
water.  This trend continues until the top of the base of the CGB emerges from the water.  
At this draught the GM rises rapidly (shown by the straight line) due to the increase in 
stability caused by the plan area of the base being much larger than the cross sectional 
area of the legs. Other figures which follow also show this rapid change in GM. 
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Figure 6.2 

Deballast with Part Deck - Stability (no added buoyancy) 

 

6.4 No deck 

In this refloat scenario it was assumed that the complete deck, including module support 
frame and all topsides modules and equipment, would be removed. Weights are shown in 
Section 2. 

The platform stability limits are shown as the ‘Stability Band’ on Figure 6.3. For the 
structure to have sufficient hydrostatic stability to meet the MWS requirements, the GM 
curve must be above this band. 

The sequence is shown in Table 6.3 and graphically in Figure 6.3 

It indicates the following; 

 The structure is unstable at all draughts while the legs are piercing the water plain. 

 When all ballast water is discharged, the structure floats on the base and has 
marginal stability, but less than required by warrant surveyors. 
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Deballast with No Deck
Free float Draught 30.00 metres

Free Board 2.00 metres

GM t 0.24 metres

From Hydrostatics Data
Draught Ballast  Mass KMt  FSC t  KG Lqd  GMt Lqd

30.00 0.00 321255 43.73 24.77 43.49 0.24

35.00 19838 341093 19.95 23.33 42.03 -22.08

40.00 27452 348707 20.02 22.82 41.51 -21.49

45.00 34500 355755 20.14 22.37 41.05 -20.91

50.00 41004 362259 20.32 21.97 40.65 -20.33

55.00 46987 368242 20.52 21.61 40.28 -19.76

60.00 52469 373724 20.76 21.29 39.96 -19.20

65.00 57473 378728 21.02 21.01 39.68 -18.66

70.00 62020 383275 21.30 20.76 39.42 -18.13

75.00 66133 387388 21.59 20.54 39.20 -17.61

80.00 69833 391088 21.90 20.35 39.00 -17.11

85.00 73143 394398 22.21 20.18 38.83 -16.62

90.00 76083 397338 22.53 20.03 38.68 -16.15

95.00 78675 399931 22.85 19.90 38.55 -15.70

100.00 80943 402198 23.17 19.79 38.43 -15.27

105.00 82906 404162 23.49 19.69 38.34 -14.85

110.00 84588 405843 23.80 19.61 38.25 -14.45

115.00 86010 407265 24.12 19.54 38.18 -14.07

120.00 87194 408449 24.43 19.48 38.13 -13.70

125.00 88161 409417 24.74 19.44 38.08 -13.34

130.00 88934 410189 25.04 19.40 38.04 -13.00

135.00 89565 410820 25.18 19.37 38.01 -12.83

140.00 90217 411473 25.26 19.34 37.98 -12.72

145.00 90879 412134 25.35 19.31 37.95 -12.60

150.00 91581 412836 25.43 19.28 37.92 -12.49

151.00 91721 412976 25.44 19.27 37.91 -12.47  

Table 6.3 

Deballast with No Deck - Stability (no added buoyancy) 
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Figure 6.3 

Deballast with No Deck – Stability (no added buoyancy) 
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7 Hydrostatic calculation for refloat scenarios (buoyancy 
added) 

7.1 Method  

To achieve positive stability during the full range of deballasting operations, additional 
buoyancy would be required to be attached to the base, as follows: 

 On and around the base to ensure that the structure floats on the base. This 
additional buoyancy would have has the effect of reducing the overall stability due 
to its increasing the volume of the base. 

 Installation of vertical tubes to increase water plane area above the base. These 
could be installed at each corner of the base. 

This arrangement is shown in Figure 7.1. 

 

 

Figure 7.1   Additional buoyancy location 

 

Initial estimates of the amount of buoyancy required were made. The models were 
modified to account for: 

 Increased buoyancy, as described above 

 Vertical tubes on each corner of the structure rising up through the water plane 

Additional buoyancy 
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 Weight of the buoyancy. Due to the relatively deep draughts, a conservative 
buoyancy-to-weight ratio for these auxiliary tanks was taken as 3.0  

If the structure were to be deballasted so that the base emerged from the water, the 
amount of additional buoyancy required to keep the CGB stable would be as shown in 
Table 7.1.  

 

Column Base Column Base Column Base

m^3 m^3 tonnes tonnes 4 x Dia Col New Base

Full Deck 98700 2340 32900 780 32.5 120 x 120

Part Deck 87000 1710 29000 570 30.5 115 x 115

No Deck 78600 1050 26200 350 29 110 x 110

Buoyancy Required

Weight of Required 

Buoy

Resultant Dimension 

Increase

 

 

Table 7.1 Additional buoyancy required 

 

With additional buoyancy attached, the platform stability calculations were repeated for 
the three refloat scenarios of full deck, part deck and no deck. The results are 
presented below. 

 

7.2 Full deck 

In this refloat scenario it was assumed that the complete deck would remain in place, 
including module support frame and topsides. Deck weights are shown in Section 2. 

Additional buoyancy in the form of increasing the base dimensions and additional tubular 
columns on each corner would be required as follows: 

 Base dimension increased from 104m x 104m to 120m x 120m 

 Four corner columns, each 32.5 metres diameter 

A floating structure is stable when the metacentric height (GM) is greater than zero. The 
minimum GM that a marine warranty surveyor (MWS) would normally require is one metre. 
These limits are shown as the ‘Stability Band’ in Figure 7.2. For the structure to have 
sufficient hydrostatic stability to meet the MWS requirements, the GM curve has to be 
above this band. 

The sequence is shown in Table 7.2 and graphically in Figure 7.2. It indicates the 
following; 

 The structure is stable throughout the sequence 

 When all ballast water is discharged the structure floats on the base 
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Deballast with Deck
Free float Draught 25.00 metres Revised Base 120.00 120.00

Free Board 7.00 metres Cols 4 off 32.5 Dia

GM t 5.75 metres

From Hydrostatics Data
Draught Ballast  Mass KMt  FSC t  KG Lqd  GMt Lqd

25.00 0.00 374727 60.53 21.24 54.77 5.75

35.00 109503 484230 48.04 16.43 46.54 1.50

40.00 134122 508850 47.17 15.64 45.18 1.99

45.00 158177 532904 46.44 14.93 43.97 2.47

50.00 181687 556414 45.83 14.30 42.88 2.95

55.00 204676 579403 45.32 13.73 41.91 3.41

60.00 227165 601892 44.90 13.22 41.03 3.87

65.00 249175 623902 44.54 12.75 40.23 4.31

70.00 270729 645456 44.23 12.33 39.50 4.73

75.00 291848 666575 43.98 11.94 38.83 5.14

80.00 312555 687282 43.76 11.58 38.22 5.54

85.00 332870 707597 43.57 11.25 37.65 5.93

90.00 352816 727544 43.41 10.94 37.12 6.29

95.00 372416 747143 43.27 10.65 36.63 6.65

100.00 391689 766416 43.15 10.38 36.17 6.99

105.00 410659 785386 43.05 10.13 35.74 7.31

110.00 429347 804075 42.96 9.90 35.33 7.62

115.00 447776 822503 42.87 9.68 34.95 7.92

120.00 465966 840693 42.80 9.47 34.59 8.20  

 

Table 7.2 

Deballast with Full Deck – Stability (with added buoyancy) 
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Figure 7.2 

Deballast with Full Deck - Stability (with added buoyancy) 

7.3 Part deck 

In this refloat scenario it was assumed that the module support frame would remain in 
place while the topsides would be removed. Deck weights are shown in Section 2. 

Additional buoyancy in the form of increasing the base dimensions and additional columns 
on each corner of the base would be required, as follows: 

 Base dimension increased to 115 x 115 metres  

 Four corner columns 30.5 metres diameter 

The stability limits are shown as the ‘Stability Band’ in Figure 7.3. For the structure to have 
sufficient hydrostatic stability to meet the MWS requirements, the GM curve has to be 
above this band. The sequence is shown in Table 7.3 and graphically in Figure 7.3. It 
indicates the following: 

 The structure is stable throughout the sequence 

 When all ballast water is discharged the structure floats on the base. 
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Deballast with Part Deck
Free float Draught 27.00 metres Revised Base 115.00 115.00

Free Board 5.00 metres Cols 4 off 30.5 Dia

GM t 4.50 metres

From Hydrostatics Data
Draught Ballast  Mass KMt  FSC t  KG Lqd  GMt Lqd

27.00 0.00 357588 54.34 22.25 49.84 4.50

35.00 87004 444593 45.26 17.90 43.68 1.58

40.00 109596 467184 44.38 17.03 42.46 1.93

45.00 131621 489209 43.66 16.27 41.37 2.29

50.00 153103 510691 43.05 15.58 40.40 2.65

55.00 174063 531651 42.54 14.97 39.54 3.01

60.00 194523 552111 42.12 14.41 38.75 3.37

65.00 214505 572093 41.76 13.91 38.04 3.73

70.00 234030 591618 41.46 13.45 37.39 4.08

75.00 253120 610709 41.21 13.03 36.79 4.42

80.00 271798 629386 41.00 12.64 36.25 4.75

85.00 290085 647673 40.81 12.29 35.74 5.07

90.00 308003 665591 40.66 11.96 35.28 5.38

95.00 325573 683161 40.52 11.65 34.84 5.68

100.00 342818 700406 40.40 11.36 34.43 5.97

105.00 359759 717348 40.30 11.09 34.06 6.24

110.00 376419 734007 40.21 10.84 33.70 6.51

115.00 392818 750407 40.12 10.60 33.36 6.76

120.00 408980 766568 40.05 10.38 33.05 7.00  

Table 7.3 

Deballast with Part Deck – Stability (with added buoyancy) 
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Figure 7.3 

Deballast with Part Deck - Stability (with added buoyancy) 

 

7.4 No deck 

In this refloat scenario it was assumed that the module support frame and the topsides 
would be removed. Weights are shown in Section 2. 

Additional buoyancy in the form of increasing the base dimensions and additional columns 
on each corner would be required, as follows 

 Base dimension increased to 110 x 110 metres 

 Four corner columns at 29.0 metre diameter 

The stability limits are shown as the ‘Stability Band’ in Figure 7.4. For the structure to have 
sufficient hydrostatic stability to meet the MWS requirements, the GM curve has to be 
above this band. The sequence is shown in Table 7.4 and graphically in Figure 7.4. It 
indicates the following: 

 The structure is stable throughout the sequence 

 When all ballast water is discharged the structure floats on the base. 
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Deballast with No Deck
Free float Draught 29.00 metres Revised Base 110.00 110.00

Free Board 3.00 metres Cols 4 off 29.0 Dia

GM t 2.21 metres

From Hydrostatics Data
Draught Ballast  Mass KMt  FSC t  KG Lqd  GMt Lqd

29.00 0.00 347812 49.29 22.88 47.08 2.21

35.00 59139 406951 43.94 19.55 42.91 1.03

40.00 80293 428105 43.01 18.59 41.69 1.32

45.00 100882 448694 42.25 17.74 40.62 1.62

50.00 120927 468738 41.61 16.98 39.67 1.94

55.00 140450 488261 41.08 16.30 38.82 2.26

60.00 159473 507284 40.64 15.69 38.05 2.59

65.00 178017 525829 40.27 15.13 37.36 2.91

70.00 196105 543917 39.95 14.63 36.73 3.23

75.00 213759 561571 39.69 14.17 36.15 3.54

80.00 231000 578812 39.47 13.75 35.62 3.85

85.00 247850 595661 39.28 13.36 35.13 4.15

90.00 264330 612142 39.11 13.00 34.68 4.43

95.00 280464 628276 38.97 12.67 34.26 4.71

100.00 296272 644084 38.85 12.36 33.87 4.98

105.00 311776 659588 38.74 12.06 33.51 5.23

110.00 326999 674810 38.64 11.79 33.16 5.48

115.00 341961 689773 38.55 11.54 32.84 5.71

120.00 356686 704497 38.47 11.30 32.54 5.93  

Table 7.4 

Deballast with No Deck - Stability (with added buoyancy) 
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Figure 7.4 

Deballast with No Deck – Stability (with added buoyancy) 
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8 Hydrodynamic stability 

Hydrodynamic stability calculations have not been carried out for the refloat of the Dunlin 
Alpha platform because the hydrostatic stability calculations, described above, have 
demonstrated that the platform could not be refloated to a stable floating position without 
the addition of large amounts of external buoyancy. 

Furthermore, even if the platform were to achieve a stable floating equilibrium position, 
there would be no certainty  that a refloat operation could be safely completed.  In such 
circumstances, there are two critical factors that would have to be considered, even if the 
operation were to be carried out in flat calm sea conditions with no wave, current or wind 
loads. 

The first of these factors is the uncertainty relating to the balance between the CGB weight 
and its displacement.  Due to the CGB having relatively slender vertical legs penetrating 
the sea surface, any small change in buoyancy or weight would result in a large effect on 
the floating draft of the structure.  For instance, at the final stages of extraction of the skirts 
from the seabed, a weight change of only 700 tonnes (or 0.2% of the CGB weight) would 
cause a 5m change in the floating equilibrium draft.  As the weight and displacement of the 
CGB are of the order of 320,000 tonnes, and the net buoyancy being the difference 
between these two values, it is clear that an extraordinarily accurate assessment of the 
weight of the CGB would be required, including water ballast, marine growth, adhered soil, 
accumulated sludge etc.  in order to assess the amount of excess buoyancy existing at the 
start of the refloat operation.  

The second factor relates to the rotation of the CGB caused by the horizontal 
displacement of either the centre of buoyancy or the centre of gravity. The free floating 
stage of the refloat operation would commence as the platform starts to break free from 
the seabed soil.  In the early stages of this part of the operation, there would be no real 
certainty about how long it would take for breakaway from the soil, to what degree this 
would occur, and where the soil would fail and break away from the platform first.  It is 
highly likely that one side of the structure would come free first, thus imparting a rotational 
motion to the whole platform.  

During the structure’s ascent towards the equilibrium floating position, any imbalance 
between the horizontal centres of buoyancy and gravity would cause the platform to rotate.  
The low metacentric height of the structure would provide little restoring moment to resist 
this motion.  

Calculations carried out on similar large gravity base structures have shown that rotational 
inertia can cause a platform to continue to rotate as the platform oscillates about the 
floating draft, and could lead to capsize of the structure.  The calculations showed that this 
situation could occur following non-symmetric release from the soil, or when a mass of soil 
fell off from the underside of the base.. 

The sensitivity of these large structures to the overall matching of buoyant uplift and 
weight, and the symmetry of release from the underbase soil and grout, would make 
refloating the CGB an extremely risky operation which could have very serious 
consequences should the operation not go according to plan. 
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9 Conclusions 

Based on the findings of this report, ode concludes that:  

 With the cells in the CGB base interconnected into two large groups, the CGB 
would be very unstable during any attempt to refloat it, even with the whole of the 
topsides removed.  

 Large amounts of additional buoyancy would be required to make the CGB float in 
a stable manner, required for a refloat operation. 

 The amount of additional buoyancy required for refloat would be so large that 
attaching this to the CGB would present a significant challenge. 

 Even if a stable floating condition could be achieved for the CGB, by either 
reinstating the isolation of cells used during installation or attaching additional 
buoyancy, there would be no certainty that the refloat operation could be controlled 
due to the possibility of the CGB rotating and capsizing. 

 The original platform installation method was configured such that once the deck 
had been placed onto the CGB, the structure could not be returned to a floating 
draught with the base at the water surface, without first removing the concrete legs. 
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Annex A - Hydrostatics 

 

Dunlin Hydrostatics as installed in 1976 
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Dunlin Hydrostatics as currently configured in 2010 
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1 Executive Summary 

This report considers the operations required to extract the skirts under the Dunlin Alpha 
Concrete Gravity Base from the seabed. 

1.1 Summary 

The extraction of the skirts from the foundation soils is an essential precursor to the refloat 
of the Dunlin CGB.  The force to pull the skirts from the seabed could be generated by 
either removing the ballast water from the CGB or by pressurizing the skirt compartments 
under the base slab.   

Creating a high positive buoyancy, by deballasting the CGB cells, would result the CGB 
rapidly ascending towards the surface.  The hydrostatic stability limitations will require that 
external buoyancy has been added to the CGB to prevent capsize. The acceptable rate of 
ascent is limited by the time required to vent the compressed gas within the cells to control 
the pressure loadings on the walls and slabs of the CGB.  The large volume of the CGB 
cells mean that the venting rates achievable will require the refloat to tow draft to be 
achieved in a matter of hours rather than a few minutes.  Hence breaking away from the 
seabed with large excess buoyancy is not acceptable. 

The lift required to extract the skirts would be minimised by deballasting to neutral 
buoyancy. The skirt would then be jacked from the seabed by increasing the pressure in 
the compartments formed by the skirts and the underlying soil. 

The installation process was able to use both the weight of adding ballast water to the 
CGB and a reduction in pressure under the base to “suck” the skirts into the soil.  The 
limitation on ascent rate means that the force available for skirt extraction is lower than the 
force available for skirt penetration during installation. 

If the soil strength approaches the upper bound values the pressure capacity of the soils 
may limit the available jacking force less than the soil friction holding the CGB inplace. 

1.2 Conclusions 

The main risks to the successful outcome for the extraction of the skirts are: 

 The force that can be generated to extract the skirts is less than the upper bound 
soil friction holding the skirts inplace.  

 The difficulties of installing a functioning under base injection system. 

 Hydraulic (or ”piping”) failure of the soil around the skirts leading to a leak path. 
This would prevent maintenance of the excess pressure required for extraction.  

 The low porosity of the clay soils result in the rate of the skirt extraction operation 
being very slow which may force the marine operations into the winter season. 

The issues relating to installing an underbase injection system are discussed in reference 

1 ode report 201501-AE-Q-0002.  
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There is a high probability of soil failure leading to loss of containment and hence pressure 
under the base.  Contributing factors are:  

 The underbase pressure required to generate the lift forces required to overcome 
the initial soil extraction resistance might be greater than the overburden pressure 
at the skirt tips. 

 The silt and sand layers and inclusions, if present within the clay, could weaken the 
clay’s resistance as the pressure builds up within the soil. 

 Extraction of the well tubing might allow hydraulic connection to more permeable 
soil layers which may allow the pressure required for skirt extraction to dissipate. 

 The non uniform level of the interface between the sand and clay layers which 
means that it is possible for some part of skirt tips to reach the sand layer whilst a 
large area of skirt is still embedded within the clay. This would result in the 
relatively high soil friction from the clay leading to the probability that jacking 
pressure would be lost through the sand. 

Soil failure around the skirts is expected to prevent the underbase compartments 
maintaining the excess pressures required to extract the skirts.  This renders the refloat 
impracticable. 

 

2 Introduction 

This report presents methods and requirements for the separation of the Concrete Gravity 
Base from the foundation soils. 

The area under the CGB base slab is divided into 9 compartments by two sets of 4 skirts 
that cross orthogonally.  Each of the skirts extends 4m below the base slab.  The skirts 
were provided to securely anchor the CGB to the seabed for the life of the platform.  
Following installation of the platform cement grout was injected into the soil/ base slab 
interface to fill any voids under the base slab. 

This report reviews the likely condition of the existing structure and equipment and the 
options for reinstating the original equipment or providing new equipment for the extraction 
of the skirts from the soil. 

The extraction of the skirts from the soil by deballasting the CGB alone and allowing the 
buoyant force to extract the skirts is unacceptable for several reasons which are: 

 As shown later in this report for the upper bound soil strength, the friction between 
skirts and soil exceeds the available extraction force. 

 The CGB is unstable (even with the deck removed) hence additional buoyancy will 

be required to prevent capsize following extraction of the skirts (ode report 

201501-AE-Q-0003 ref 2).  

 The rate of decay of the suction as water seeps under the base is difficult to 
determine accurately so the time of release from the soil will be uncertain. 

 The decay of the suction is unlikely to be uniform resulting in one side of the CGB 
releasing before the other with the consequent danger of capsize. 

 To allow deballasting of the cells within the CGB, compressed gas will have to be 
injected in the cells to reduce the pressure difference between inside the cells and 
the ambient hydrostatic pressure.  As the CGB rises through the water column the 
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external hydrostatic pressure on the caisson will reduce and the internal cells may 
become over pressurised.  This requires that the rate of ascent be controllable and 
gradual. 

In order to achieve a controlled lift external buoyancy tanks are required to provide the 
hydrostatic stablility required.  The weight of the CGB would be reduced by removing 
ballast water from the cells. The extraction of the skirts from the foundation would then be 
carried out by injecting water under the base of the CGB and using the resultant pressure 
on the underside of the base slab to jack the skirts out of the soil. 

Records for the installation operations have not been located within the Dunlin archive, 
hence the foundation conditions have been taken as those described in the McClelland 
Engineers and Fugro (Ref 3 and 4) 

 

3 Dunlin Alpha Foundations and Skirts  

3.1 Foundation Soils 

The description of the foundation soils has been taken from (Ref 3 and 4) “Soil and 
Foundation Investigation Boring 1, Platform Location A4  McClelland Engineers March 
1975” and Field Report on Soil Investigation Dunlin A4 Project No N-1035/I October 1975”. 

The soil reports record 6 borehole made during 1974 and 1975.  Each bore hole shows a 
similar sequence of soil types in the first 5m of depth with some variation of the thickness 
as shown below. 

Soil Description Depth of strata 

 Borehole 

1 

Borehole 

2 

Borehole 

3 

Borehole 

4a 

Borehole 

4b 

Borehole 

5 

Fine sand, silty grey, 
with shell fragments 
and gravel 

0m 
to 

1.7m 

0m 
to 

0.4m 

0m 
to 

3.4m 

0m 
to 

1.5m 

0m 
to 

0.3m 

0m 
to 

0.3m 

Clay, silty, very stiff 
clay 

1.7m 
to 

10.5m 

0.4m 
to 

11.2m 

3.4m 
to 

11.6m 

1.5m 
to 

10.7m 

0.3m 
to 

9.7m 

0.3m 
to 

11.3m 
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The undrained shear strength of the clay layer at each bore hole is shown above.  As can 
be seen the clay is stiff to very stiff at depth with undrained shear strengths up to 200 
N/m2. 

 

3.2 CGB Skirts 

The CGB was provided with steel skirts that extend 4m below the underside of the base 
slab.  The skirts divide the underbase area into nine similar sized compartments. There 
are nine cells inside the caisson over each cell compartment.   

The steel skirts consist of a series of rolled steel I beams nominally 800 deep with flanges 
380mm wide.  These beams are positioned vertically (typically at 1.4m centres) with the 
lower end sniped back at approximately 60 degrees.  A 19mm steel plate is welded 
between the outer flanges of adjacent beams, thus creating a continuous air tight steel 
wall. (Ref ANDOC design drawings 3551-F-110, 112, 160) 

The skirts were provided with anodes to provide cathodic protection against corrosion.  
The skirts have been embedded within the soil since installation and hence are expected 
to have suffered very little corrosion. 

During float out from the dry dock, compressed air was injected into the spaces created by 
the skirts to reduce the overall draft of the CGB.  It is known that at this stage leakage 
through the skirts to adjacent compartments was minimal. 
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Diagrammatic View of Skirts.  
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Extract from ANDOC design drawing 3551-F-110 Rev Z General Layout of Skirts (Sheet 1) 
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4 Underbase Piping and Instrumentation 

4.1 Underbase Systems used for Installation 

4.1.1 Water Evacuation System 

As the skirts penetrated into the seabed water was trapped in the 9 compartments formed 
by the skirts.  To allow the water to escape an evacuation system was provided.  A 24” 
pipe and up to eight 3” pipes penetrated the base slab into each underbase compartment.  
The piping from each compartment was run to a manifold located in the base of one of the 
CGB concrete legs.  (Ref ANDOC design drawings 3351-F-113, 3351-F-115) 

Once penetration of the skirts was completed the interface between the seabed soil and 
the underside of the base slab was grouted.  Trapped water was forced out by the grout 
which was deliberately allowed to flow into the water evacuation system pipe work.   

It is, therefore, known that at least some of this pipe work is filled with grout.  It is possible 
that some sections of the water evacuation pipe work are not grout filled.  Access to this 
pipework is from the legs.   

Following the installation sequence it is understood that the pipework in the base of the 
legs was sealed and cast in concrete as a precaution to prevent leakage into the legs. 

Clearing the grout from these pipes, in order to use the water evacuation system pipe-
work is not considered practicable considering the difficulty of working within the CGB legs 
and the number of pipe bends and piping tee’s that need to be cleared. 

4.1.2 Underbase Grouting System 

The underbase grouting system distributed grout to three grout boxes in each of the 
underbase compartments.  Two or three 2½” steel pipes from each grout box distributed 
the grout horizontally under the base. (Ref ANDOC design drawing 3351-F-113). 

Following the CGB installation the grouting system was deliberately left filled with grout.  It 
is not considered practical to attempt to clear the grout from the small diameter piping 
within the grout system. 

4.1.3 Underbase Instrumentation 

Instrumentation was installed into the underbase compartments to monitor the progress of 
the installation.  These included pressure monitors and skirt penetration monitors which 
are expected to be embedded in the grout and no longer serviceable.   

Pore water pressure probes, extending into the clay soil, were installed to allow monitoring 
of the foundation soils post installation.  These may still be functioning but do not provide a 
viable flow path into or out of the underbase compartments.  Whilst these represent 
minimal leakage risk they are of no benefit to water injection.  

4.2 Underbase Piping Systems proposed for Skirt Extraction 

Installation of an underbase water injection system for skirt jacking presents significant 
challenges that do not have obvious solutions.  
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Reinstatement of the original skirt evacuation system is discounted as impracticable for 
the following reasons: 

 The pipework is only accessible from inside the CGB legs at one of which has had 
to be flooded to counteract leakage.  The reinstatement of the access and life 
support within these legs would require exposing personnel to extensive work in a 
hazardous location.   

 The difficulty of clearing the grout from these lines will depend on the uniformity of 
the strength of the grout.  A single section of stronger grout could prevent success 
of the operation. 

 A newly cleared grout line could become a new leak path into the leg because the 
grout was the sealing mechanism. This increases the risk to the operation. 

Due to these uncertainties in attempting to clear the existing underbase water evacuation 
systems it is considered necessary that a new underbase injection system be installed.   

There are several key functional requirements that have to be fulfilled by this new system: 

 The system must raise the hydrostatic pressure evenly across the whole area of 
each underbase compartment 

 The injection pressure must be controllable to ensure that premature failure of the 
soil around the skirts will not cause piping and compromise the capacity of each 
underbase compartment to hold water. 

 The system must inject water into each underbase compartment with a flow rate 
compatible with the refloat operation schedule (approximately 100 m3/hour through 
4” pipe work)  

 The new system must not provide a low resistance leak path for injected water to 
flow back out from the underbase compartments 

 The underbase pipe work must be securely attached to the CGB during refloat or, 
alternatively, left on the seabed. 

The distribution of pressure across the whole of each underbase compartment is essential 
if the expected lift force is to be generated.  The time taken for the pressure to equalise 
across each compartment depends on the soil permeability.  The sand layer has a high 
permeability and provided the injection pressure is transmitted through this layer it is 
expected that distribution of pressure under the base slab would not be a major issue.  
The clay layer which lies under the sand has a very low permeability and would not offer 
such pressure equalisation potential.  

Installing injection points to the eight compartments with outer walls would be quite a 
practicable proposition and could probably be executed by ROV. 

Installing injection points into the central compartment would present considerable 
technical challenges.  Attempting to drill through the skirts from the outside face of the 
CGB, approximately 35m away, would be very challenging. The alternative of using 
directional drilling technology to drill under the outer skirts and up into the centre skirt 
compartment is also considered to be very challenging. 

Pressurising the compartment that the conductors pass will require that the conductor 
sleeves be sealed as these provide direct access to the ambient seawater. 
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4.3 Underbase Instrumentation 

Ideally the distribution of pressure under the base would be measured across each 
underbase compartment.  However there is little possibility for installing this equipment.  
Measuring pressure and flow in the injection system is practicable and would provide 
useful information. 

The provision of a high resolution vertical movement system (sensitive to movements of 
0.1mm) that allows the vertical movement of each side of the platform to be measured is 
considered essential.  Measurement to this level of resolution enables real time 
understanding of how the injection pressures are spreading across the underbase area.  
Vertical movement measurement also allows correlation of leakage of injection water 
against water filling the void under the base slab.  

 

5 Skirt Extraction Force and Rate 

5.1 Skirt Extraction Force 

The skirt extraction force will derive from the sum of the soil friction and soil adhesion 
acting on the surface area of the skirts.  When calculating the extraction force the contact 
area between the skirts and the soil should be used.  At this early stage of calculation of 
soil forces it is reasonable to idealise the sandy soils as a pure friction soil without 
cohesive properties and to idealise the clays as pure cohesive soils without frictional 
properties. 

The calculation of the friction of the upper sand layer and the skirts can be evaluated as: 

Friction force on skirts = Normal Pressure x tan Φ 

Where Φ is the soil angle of internal friction. 

The soil reports do not provide a value for Φ however the thickness of the sand layer is 
small and the Normal Pressure is small as the platform will have been deballasted to near 
neutral on bottom weight.  Hence the contribution to skirt extraction force from the upper 
sand layer has been ignored. 

The adhesion on the skirts from the clay on the skirts can be calculated as: 

Cohesive force = Surface area x Cu 

Where Cu is the undrained shear strength of the clay. 

Once a slip surface between the skirts and the soil has formed the cohesive force reduces 
to approximately half this value provided undrained pore water conditions are maintained.  

The length of the skirts is 487m around the lobate perimeter walls of the caisson and 
396m for the internal walls.  The skirts are stiffened by tee sections spaced at 1.4m 
centres, each tee is 800mm deep with 400mm flanges. 

These values give a surface area of approximately 3300 square metres per metre of skirt 
in the soil. 

The installation design soil profiles used have not been found within the Dunlin archive so 
soil properties have been taken from the geotechnical borehole logs. 
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Lower Strength Soil Profile 

Depth 
from 
seabed 
(m) 

Soil 
Type 

Undrained 
Shear 
Strength  

(kN/m2) 

Skirt 
extraction 
force at this 
level (kN) 

Cumulative 
skirt 
extraction 
force  (kN) 

Underbase 
pressure 
required to 
extract skirts 

(m waterhead) 

0.0 – 0.5 Sand 0 0 0 0.0 

0.5 – 1.0 Clay 50 41000 41000 0.4 

1.0 – 1.5 Clay 50 82000 123000 1.2 

1.5 – 2.0 Clay 50 82000 205001 1.9 

2.0 – 2.5 Clay 50 82000 287001 2.7 

2.5 – 3.0 Clay 50 82000 369001 3.5 

3.0 – 3.5 Clay 75 102500 471502 4.5 

3.5 – 4.0 Clay 100 143501 615002 5.8 

 

Upper Strength Soil Profile 

Depth 
from 
seabed 
(m) 

Soil 
Type 

Undrained 
Shear 
Strength  

(kN/m2) 

Skirt 
extraction 
force at this 
level (kN) 

Cumulative 
skirt 
extraction 
force  (kN) 

Underbase 
pressure 
required to 
extract skirts 

(m waterhead) 

0.0 – 0.5 Sand 0 0 0 0.0 

0.5 – 1.0 Clay 50 41000 41000 0.4 

1.0 – 1.5 Clay 80 106600 147601 1.4 

1.5 – 2.0 Clay 110 155801 303401 2.9 

2.0 – 2.5 Clay 140 205001 508402 4.8 

2.5 – 3.0 Clay 170 254201 762603 7.2 

3.0 – 3.5 Clay 200 303401 1066004 10.1 

3.5 – 4.0 Clay 200 328001 1394005 13.2 
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The initial extraction force required is expected to lie in the range 615,000kN to 
1,394,000kN (61,500 to 139,500 tonnes).  The force available from ballast alone during 
installation was 152,786 tonnes.  An additional 31,500 tonnes of installation force could be 
generated during the latter stages of skirt penetration by reducing the pressure in the 
underbase skirt compartments by 3 metres water head using the skirt evacuation piping 
system. 

For the skirt extraction to be achieved with the Dunlin Alpha Platform neutrally buoyant an 
over pressure in the skirt compartments of 5.8m to 13.2m head of water will be required.  
The tips of the skirts are initially 4.0m below the seabed.  The soil reports show that the 
wet density of the soil ranges from 1.85 to 2.02t/m3. This provides a submerged density of 
0.85 to 1.0t/m3.  It is not desirable to pressurise the skirt compartment to a level greater 
than the external soil pressure because of the risk of the soil adjacent to the platform being 
lifted and causing a leak path. 

5.2 Skirt Extraction Rate 

The rate of skirt extraction will be controlled by both the rate that water can be injected into 
the underbase compartments and by the permeability of the foundation soils.  The 
limitation on extraction rate imposed by the rate of injection is governed by the size of the 
injection systems proposed.  Each of the 9 underbase compartments has a volume of 
around 4,500 cubic meters.  Assuming that 4” piping is used this stage of the marine 
operations will take at least 24 hours.  (As discussed later this is not the limiting issue) 

In addition to filling the void under the base as the CGB is raised the injected water must 
maintain the water pressure in the compartments. If the CGB rises at a rate where there is 
not adequate time for water to permeate through the soil the soil pore water pressure will 
decrease.  The pore water pressure reduction will increase the soil friction on the sides of 
the skirts, hence increasing the extraction force needed.  This will limit the rate of 
extraction.  The lower the clay permeability the slower the extraction rate will be.  At this 
time no attempt has been made to calculate achievable extraction rates. 

 

6 Skirt Extraction Sequence 

This section assumes that the ballasting systems have been installed and commissioned.  
The operation of extracting the skirts from the foundation soils is discussed on a stage by 
stage basis. 

6.1 Commission Underbase Injection System 

The installation of the underbase injection system is extremely problematic and may not 
be practicable.  However, assuming that a functioning system has been installed the 
following functionality should be verified prior to continuing with the refloat process. 

 Demonstrate that the system can provide low flow rates at the low pressures 
required to prevent soil piping around the skirts. 

 Demonstrate that pressure within the underbase compartments can be raised to 
between 0.1bar and 0.5 bar above ambient pressure with acceptable levels of 
seepage out of the compartments.   

 Demonstrate that the increase in hydraulic pressure has transmitted across the 
whole underside of the base slab. 
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 Demonstrate that flow rates required to jack the skirts from the foundation and to 
overcome any leakage can be achieved. 

 

 

Schematic of Underbase Injection System Installed 

6.2 Deballast to Neutral Buoyancy 

The deballasting of the CGB is discussed in more detail in reference 2 ode report 201501-

AE-Q-0003. In outline the following issues have to be addressed. 

 Uncertainty in the weight of the CGB. 

 Control of compressed gas pressure to prevent overstress of CGB as ballast water 
is extracted from the cells. 

 Differential pressures maintained across compartment boundaries to prevent 
structural overstress. 

 Level and flow rate measurement to allow measurement of ballast weight in CGB 
cells, legs and any external buoyancy. 

Deballasting will be carried out by pumping water from the CGB cells.  The objective is to 
leave the CGB with a small but positive on-bottom weight. 
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Schematic CGB Deballasted to Neutral Buoyancy 

6.3 Pressurise Underbase Compartments 

Pressurisation of the under base compartments could be achieved using a newly designed 
system.  The pressure would distribute under the base slab across the whole area of the 
underbase compartments in the thin sand layer.  Provided good connection with this layer 
is established pressurisation should be relatively quick. 

6.4 Inject Water to Underbase Compartments 

The skirts would not start to withdraw from the clay soils until water has had time to 
migrate to the surfaces of the skirts and pressurisation is achieved.  The low permeability 
of the clay means that the rate of seepage though the soil would be low.  The low seepage 
rates result in a significant time delay between application of pressure and first movement 
and also a slow skirt extraction rate.   

Calculating the time likely to be required is highly dependent on the length of seepage 
path assumed.  The presence of any higher porosity layers connected to a body of water 
would reduce the time required.  It is likely that this phase of the operation might take 
several weeks, some calculation methods indicate that months may be required.  
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Schematic Pressurisation of Underbase Compartments 

6.5 Pause Injection, Trim Ballast System 

When the skirts have been partially extracted injection of water into the underbase could 
be suspended for a short while and the pressures and vertical movement of the platform 
measured.  It is anticipated that the vertical measurement system would have 0.1mm 
resolution to allow the small motions expected at this time to be detected. 

This procedure works well in relatively weak foundation soils because the uncertainty band 
in the on-bottom weight estimate is a function of the friction force on the skirts.  In strong 
soils such as at Dunlin the uncertainty band would remain wide until the skirts are nearly 
extracted.  This means that confirmation that the overall buoyancy and ballast trim are 
satisfactory would not be completed until the skirts are nearly extracted. 
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Schematic Platform Lifted by Underbase Injection 
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6.6 Inject Water until no further extraction 

Injection of water under the skirts would continue until the underbase compartments can 
no longer retain pressure.  The pressure capacity of the underbase compartments reduces 
as the skirts are extracted and the burial depth to the skirt tips is reduced.   

The injection pressure would be minimised by maintaining a slow rate of skirt extraction to 
allow pore water equalisation to be maintained by seepage throughout the operation.  If 
the injection volume is increased to greater than this rate an increase in the pressure 
would be seen as the soil resistance increases. 

The important issue is to extract the skirts to a sufficient extent that the final part of the 
extraction of Dunlin CGB the soils can be safely achieved with buoyancy and not lead to 
uncontrolled ascent to free floating draft.   

 

 

Schematic Skirts Extracted by Underbase Injection 

 

6.7 Refloat by further Deballast of CGB cells 

Once the CGB can no longer be lifted using underbase injection the caissons would be 
deballasted.  At this stage there may still be a considerable margin of uncertainty on the 
actual on-bottom weight.  Refloating with large excess buoyancy is unsafe due the need to 
vent gas from within the CGB caisson cells to reduce the pressure within the cells during 
the ascent to the surface.  
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If the skirts are embedded 0.5m into the clay layer the uplift force required to overcome the 
soil friction on the skirts is greater than the maximum amount of deballasting before the 
CGB would float at a draft that would endanger the strength of the cell walls.  

To minimise the skirt extraction force required the deballasting should be carried out in 
small steps with enough time between each to allow pore water equalisation to occur 
reducing the skirt extraction force.  This would require keeping the CGB in a critical 
position for an extended period requiring a long weather window for the operation. 

A high level of confidence would be required in the weight estimate of the CGB.  The 
allowable maximum deballasting has to include allowance for the uncertainty in the weight 
to ensure that refloat to an unsafe draft does not occur.  This would effectively reduce the 
available buoyancy force available for the final extraction of the skirts. 

 

7 Risks associated with Skirt Extraction 

The soils at Dunlin Alpha are characterised as a thin layer of sand overlaying stiff to very 
stiff clay.  The high strength of the clay results in a large force being required to extract the 
skirts.  Generation of this force requires that water be injected to develop and maintain an 
excess pressure within the underbase compartments. 

The main risks to the successful outcome for the extraction of the skirts are: 

 Failure to install a functioning under base injection system. 

 Failure of the soil around the skirts by hydraulic bursting (or “piping”) leading to a 
leak path preventing maintenance of the excess pressure.  

 The duration of the skirt extraction operation extending to an extent that leads to 
the marine operation extending into the winter season. 

The issues relating to installing an underbase injection system are discussed in more 

detail in reference 1 ode report 201501-AE-Q-0002.   

There is a high probability of soil failure leading to loss of containment and hence pressure 
loss under the base.  Contributing factors are:  

 The 5.8 to 13.2 t/m2 underbase pressure required to generate the lift forces 
required to overcome the initial soil extraction resistance compared with the 
overburden pressure at the skirt tips of 3.4 to 4.0 t/m2  (These values are quoted 
without safety factors applied. Application of safety factors make the situation 
worse). 

 The silt and sand layers and inclusions, if present within the clay, could weaken the 
clay’s resistance as the pressure builds up within the soil. 

 Extraction of the well tubing might allow hydraulic connection to more permeable 
soil layers which could dissipate the pressure required for skirt extraction. 

 The non uniform level of the interface between the sand and clay layers which 
means that it is possible for some part of skirt tips to reach the sand layer whilst a 
large area of skirt is still embedded within the clay. This could result in the loss of 
pressure containment required for skirt extraction 

The calculations show that soil failure around the skirts is the anticipated outcome of the 
underbase injection operation resulting in failure to maintain the excess pressures required 
to extract the skirts.  This renders the refloat impracticable. 
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7.1 Pressurisation of underbase compartments 

The initial pressurisation of the underbase compartments formed by the steel skirts is 
essential for the successful jacking of the skirts from the foundation soils.  The 
pressurisation system provided must be able to supply a variable flow rate low pressure 
water supply to the injection points.  The maximum pressure to be injected will be 
controlled by the need to ensure that local soil failure around the skirts does not develop 
allowing flow to the sea without maintaining the higher pressure inside the skirts. 

7.1.1 Soil Permeability 

The soil permeability is a key factor in determining the rate that the pressure provided at 
the injection point develops across the under base area.  The soils at Dunlin are a 
permeable sand layer overlaying a low permeability clay layer.  Hence the initial 
distribution of pressure is expected to occur without undue problems. 

Once the platform has been lifted a few centimetres any horizontal connectivity issues will 
be resolved as gaps open under the base and are filled with injection water. 

The low permeability clay layer will dramatically restrict the rate at which the skirts can be 
extracted if a large extraction force is to be avoided.  This is due to the increase in clay 
adhesion to the skirts as the shear strain causes a reduction in pore water pressure.  Time 
is required for seepage through the clay to maintain the pore water pressure. 

7.1.2 Limited number of injection points 

For practical reasons the number of injection points will be minimised as each one has to 
be installed subsea and will require a significant amount of effort.  The possibility of 
blocking injection points or pipe work has to be guarded against 

The injection points need to connect with the porous sand layer rather than into the low 
permeability clay layers. 

7.2 Flow into Underbase Compartment 

Once the required pressure has developed across the underbase area the jacking force 
will be sufficient to lift the platform extracting the skirts from the soil.  As summarised 
above and discussed in section 7.3 below the pressure required to extract the skirts is 
likely to be greater than the capacity of the soil to withstand this pressure.  Hence it is 
anticipated that the operation will fail at this stage.  However if sufficient pressure is 
developed to start skirt extraction the demands from the injection system change from a 
constant pressure with no or low flow to constant flow.  The pressure at this stage is being 
governed by the on bottom weight plus soil friction on the skirts.  The soil friction on the 
skirts from the clay can increase rapidly if the extraction rate exceeds the rate that pore 
water can seep through the clay to the shear surface between soil and skirt. 

7.2.1 Piping size 

The underbase compartments are of a significant size, the desire to minimise piping size 
will result in a compromise having to be reached over the acceptable minimum flow rate. 

7.2.2 Flow out of pipe into soil / grout 

The separation of soil from CGB base slab will not necessarily occur at the elevation of the 
injection outlet.  For instance if the outlet is drilled into an unexpectedly non porous sector 
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of soil or grout under the base, the flow into that underbase compartment may be 
compromised. 

7.3 Leakage from underbase compartments 

As soon as pressurisation under the base slab starts seepage through the soil towards the 
lower pressure region outside the skirts will occur.  The clay layer will reduce this leakage 
around the skirt tips to a very low level. 

7.3.1 Soil Piping 

Soil piping occurs in sand or silt soils when the flow rate through the soil is fast enough to 
start to transport the soil particles.  Once the process starts the erosion process develops 
quite rapidly causing a local flow path with lower resistance than the rest of the soil. 

The risk to the skirt extraction process is that the sand layer is thicker in some locations 
around the perimeter of the skirts than others.  In the shallow depths and low overburden 
pressures being considered in this case, the sand creates less friction to resist skirt 
extraction than the clay.  The sand also provides lower resistance to loss of pressurisation 
of the underbase compartments.   

If the sand clay interface is not uniform when the tips of the skirts are first extracted into 
the sand the remainder of the skirts will be embedded in the clay.  To continue extraction 
the underbase pressure will have to be adequate to extract the skirts from the clay.  
However the capacity of the underbase compartment to maintain pressure is limited by the 
capacity of the sand.  The net effect is that the overall skirt friction is reduced but the 
pressure available to develop lift force would be reduced. 

Boreholes B4 and B4a are in close proximity and show a 1.2m difference in the depth of 
the sand clay interface.  If this change were repeated along the line of the skirts it would 
present a serious threat to the ability to fully jack the skirts out of the soils.  With a skirt 
penetration of 1.2m the remaining skirt friction is considerably larger than the safe limit for 
excess buoyancy due to deballasting. 

7.3.2 Hydraulic Bursting Soil Failure 

The hydraulic bursting failure mechanism considered in this section is the potential for 
lifting the soil outside the skirts due if the water pressure inside the skirt compartment gets 
transmitted under the skirt tips.  The force required to lift the CGB is greater than the 
submerged weight of the soil above skirt tip level.  The correspondingly high skirt 
compartment pressures required would have to be maintained for a significant period to 
achieve skirt extraction from the clay.  The existence of a lower permeability path from 
inside the underbase compartments under the skirt tips would allow the pressure to build 
up and potentially to lift the soil above creating a leak path. 

The soil report descriptions of the clay include “with silt layers and inclusions”, “some shell 
fragments, silt inclusions and gravel”, “some organic material with some chalk particles”, 
“with organic material and some gravel”, with sand inclusions, gravel and shell fragments”.  
Whilst there is no confirmation that the silt, sand or gravel inclusions or layers hydraulically 
interconnect there is a significant risk that they do and that this could prevent maintenance 
of pressurisation of the underbase compartments. 

The situation is different in the underbase compartment containing the well bay.  The 
cutting and withdrawal of the well tubulars will provide guaranteed hydraulic connection 
with all strata down to the cut level (3 to 5m below seabed).  Hence if a porous strata does 
exist it will be hydraulically connected to the pressure applied under the base. 
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The possibility of this soil failure presents a serious threat to the success of the refloat 
operation. 

7.3.3 Leakage through existing pipework 

There are several piping systems that penetrate into the underbase compartments.  The 
grouting system consisted of small bore pipe that was used to fill the void between soil and 
base slab with grout.  This system is expected to be fully filled and so should not present a 
significant risk to the operation in terms of leakage.  The underbase monitoring systems 
utilise small bore piping and were sealed before installation.  These are not expected to 
compromise the refloat operation.  The underbase water evacuation system has 12” piping 
and was used as return piping during the grouting operation.  The design intention was 
that this system should be grout filled.  However there is no method to confirm that grout 
reached and filled all of these pipes and hence it is possible that it represents a potential 
leak path with consequential risk to the later injection and jacking operation. 

7.3.4 Leakage through well conductor sleeves 

The wells were drilled through 24 steel sleeves that pass through the CGB caisson.  Once 
the wells have been plugged and abandoned (P&A) and the tubulars withdrawn there is 
direct access from the sea above the caisson to the underbase compartment under the 
well bay.  To allow the underbase compartment to be pressurised these 24 sleeves have 
to be sealed and tested as part of the refloat preparatory works.   

As part of the P&A the well tubulars will be cut 3 to 5m below seabed level to allow the 
upper sections to be withdrawn.  It is highly likely that the cutting will be carried out using a 
water jet.  Hence it has to be assumed that there will be good hydraulic connection 
between the underside of the base and all strata down to the 3 to 5m depth in this 
compartment.   

This presents a threat to the capability of the soil to maintain pressure in the underbase 
compartments. 

7.3.5 Leakage through skirt walls 

The skirts are known to have been gas tight during construction when they were used to 
contain compressed air to reduce the floating draft.  There are no known events that would 
be expected to have compromised the skirt integrity. 

If the underbase injection system is installed by cutting through the skirts this would 
become the most probable source of leakage through the skirts. 
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INTRODUCTION 

ode has over 30 years of international experience providing comprehensive consulting, engineering, 

construction, project management and operations support services to the offshore oil & gas and wind 

energy industries. ode is structured with four operating divisions:  

 Consulting 

 FEED & Basic Engineering 

 Projects 

 Operations Support 

ode‟s breadth of expertise delivers innovative, cost effective and robust technical solutions, with 

access to technical and project support from its two shareholders Saipem S.A and Doris Engineering 

S.A. 

ode provides its Clients with a broad-based capability and support across the full project life-cycle 

from early conceptual and feasibility studies, through FEED and basic engineering to detailed 

engineering and design, procurement, construction and operations support, decommissioning  and 

dis-investment. Project delivery is assured through ode‟s Project Management, SHEQ and risk 

management processes and capability.  

DECOMMISSIONING CAPABILITY 

ode has an extensive range of expertise and experience gained during successful participation in 

decommissioning projects. The projects have encompassed a wide range of decommissioning related 

activities, including: 

 Due diligence cost review through to end of field life  

 Planning and execution of marine operations for heavy lifting, refloat and towing activities. 

 Detailed preparations prior to removal from the offshore location  

 Planning and execution of afloat deconstruction of gravity base structures in deep water sheltered 

location 

 Complete demanning and remote operation of platforms,  

 Preparation for re-use or deconstruction and recycling of waste streams.   

This depth of experience has been applied to both onshore and offshore facilities and particularly 

relates to the following areas:  

 Legislative requirements 

 Permits and consents 

 Facility shutdown prior to decommissioning 

 Decontamination and preparation for decommissioning 

 Redeployment and re-use of facilities and equipment 

 Offshore marine operations 
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 Deconstruction methods 

 Recycling of materials 

 Handling and disposal of hazardous waste 

Given the complex legal framework and the high profile of decommissioning operations in the oil and 

gas sector, ode adds value to Clients‟ projects by the comprehensive planning of the process and the 

preparation of the requisite documentation and engineering. The range of services available 

comprises comprehensive technical and commercial expertise for the decommissioning of offshore 

and onshore facilities, including:  

 Project management 

 Planning and cost estimation 

 Formal identification of BPEO  

 Risk analysis & decommissioning options 

 Drafting of abandonment programmes  

 Writing decommissioning safety cases 

 Environmental  impact assessments: 

 Environmental accounting 

 Planning, engineering, and supervision of decommissioning marine operations 

 Work-pack preparation 

 Selection of removal and disposal contractors 

 Construction/deconstruction supervision 

 

DECOMMISSIONING PROJECT EXPERIENCE 

ode has had involvement with approximately thirty decommissioning projects. A selection of 

completed decommissioning projects is included below. Further details can be provided if required.  

 

ExxonMobil – Decommissioning of Camelot CB Platform 

ode‟s scope included a review of the Camelot CB platform to 

determine the scope of work for the removal of all hydrocarbons 

and decommissioning of the platform for the HLV contractor to 

remove the topsides and jacket. The pipelines and wells had been 

previously disconnected.  

The work consisted of the detailed review of all equipment on 

board, determining hydrocarbons remaining, and developing 

procedures for the removal of all hydrocarbons and the cleaning of 

the equipment. 

Equipment had to be cleaned such that the platform could be brought onshore for disposal without 

presenting a hazard to the environment. In addition, ode produced a plan for the overall 

decommissioning project. A HAZID and HAZOP addressed the risks associated with the lifting and 

removal of equipment as well as the potential to produce explosive atmospheres.  
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ode was responsible for all offshore supervision of the decommissioning process and produced 

detailed work scopes and detailed job cards for offshore implementation, including: 

 Removal of submersible pumps 

 Cutting of caissons 

 Isolation of process equipment 

 Testing of padeyes 

 Phased removal of control and telecommunications systems to allow remote surveillance during 

periods when platform was unmanned 

 Phased removal of the electrical system, navigational aids and safety equipment, ensuring 

platform conformed to the safety case up until the point of removal 

 The sea fastening of all remaining panels, generator exhausts and loose equipment 

 

ode was responsible for closing out all of the offshore work-packs and producing completion 

certificates to demonstrate that all of the work had been undertaken correctly and completed 

satisfactorily. 

A detailed inventory including types of material, weights and coatings of all steel, pipework, electrical 

and instrumentation equipment, cladding, insulation, etc, was produced to ensure that as much as 

possible would be recycled by the disposal contractor. 

Although the jacket and topsides were transported to Teesside, ode prepared detail plans and located 

potential sites in the Great Yarmouth area where the jacket and topsides could have been landed and 

stored. This required discussions with local councils, port authority and environmental agencies. 

ConocoPhillips – Maureen Platform Refloat 

ode undertook the study in two phases, with the first phase having two objectives: 

 To develop a thorough understanding of all the factors involved in a successful refloat of the 

Maureen platform comprising the steel gravity substructure and topsides.  In parallel with this, to 

identify the potential risks and determine the levels of danger which the platform might sustain 

during the refloating operation, and to formulate effective solutions to avoid or mitigate these risks 

 To develop a refloating simulator which enabled a real-time visualisation of the refloating operation 

under various conditions, and which was suitable for quantitative risk assessment, equipment 

specification and training, and for publicity purposes. 

These two objectives defined two major deliverables: 

 An engineering analysis of the platform considering a number of refloat stages 

 A refloating simulator. 

 

The engineering analysis was performed with the help of two 

modules:  a naval architectural module to determine the 

hydrostatic characteristics and the motions of the platform, and a 

structural module to determine the structural stresses resulting 

from hydrostatic and hydrodynamic loads, seabed constraints 

and platform accelerations.  Both of these modules received their 

input data from a common data generation module in order to 

ensure full consistency and sharing of data. 
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The refloating simulator consisted of a fourth module which received information from the naval 

architectural and structural modules and displayed it in visual form on a screen. 

The primary computer analysis was undertaken using the 

MOSES suite of programmes, with supplementary detailed 

finite element analysis of selected jacket nodes using ALGOR. 

Reference should be made to the attached computer 

diagrams. 

Phase two of the work was intended to develop a practical 

refloat procedure taking into account all the potential risk 

scenarios.  For this purpose the existing piping systems 

onboard the platform were reviewed for possible re-use and 

the following specific topics were examined: 

 Foundation breakout (water injection/ deballasting) 

 Platform hydrostatic stability 

 Tank deballasting 

 Ballast water volume control 

 “What if” scenarios 

 Pre-refloat systems and equipment checks. 

Note:  ode‟s parent company Howard Doris was involved with the original installation of Maureen in 

1983 

 

ConocoPhillips – Maureen Platform Decommissioning 

ode provided engineering personnel to work within the Client 

project team to control and monitor the activities of the 

contractor selected to carry out the removal and dismantling of 

the Maureen Alpha Platform and associated peripheral 

equipment. 

The project team provided assistance to the contractor on how 

the platform was to be removed, the sequencing of activities, 

and recovery of technical details relating to the platform for the 

Client‟s archives. 

All contractor calculations and purchase orders were reviewed for technical and commercial 

acceptability.  Key stages of the supply and operations were witnessed. 

The approvals process was maintained with the various permits and consents being tracked and 

obtained in time to ensure that the project could progress to schedule. 

The contractor‟s control of material and environmental accounting procedures were defined and 

reviewed to ensure compliance with the decommissioning plan. 
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The key operations covered during these phases of the project were: 

 Detailed design, procurement and installation of pump, nitrogen and control systems required to 

refloat Maureen Alpha 

 Extraction of Maureen Alpha from the seabed and float up to the surface 

 Handling of potentially polluted ballast water and shipment to onshore terminal 

 Tow of Maureen Alpha to deepwater inshore site 

 Removal of Moira subsea template 

 Removal of subsea flow lines 

 Removal of Maureen subsea template 

 Removal of ALC offloading column and abandonment of 24” pipeline in situ 

 Mooring of Maureen Alpha and ALC in sheltered location 

 Heavy lift of modules from Maureen deck and head of ALC 

 Rotation of ALC to horizontal, removal of its base and preparation for re-use as a breakwater 

 De-mating of the Maureen Alpha deck, and its skidding onto quayside for dismantling 

 Staged deconstruction while floating and re-cycling of Maureen Alpha substructure 

 Deconstruction and re-cycling of Maureen Alpha topsides 

 Re-use of lower sections of storage tanks as foundation for quayside extension 

Throughout these operations the technical, environmental and safety issues were monitored and 

controlled by the ode personnel integrated into the Client team. 

International Oil Company – Decommissioning Study for Gulf of Suez Assets 

A major international oil company with assets offshore Egypt 

required an assessment of the provision that should be made for 

the future decommissioning of its platforms, pipelines and terminals 

in the region. 

ode carried out a review of the international, regional and local 

legislation controlling the decommissioning of these assets.  

 Work breakdown structures were developed for the 

decommissioning activities required for three „typical‟ offshore 

structures, wells and associated pipelines.   

Estimates were made of the expected cost and schedule to complete the decommissioning activities 

based on the use of North Sea practices for P&A of the wells, platform preparation for removal, diving 

operations, lifting operations and pipeline removal.   

The same work breakdown structures were used by consultants with extensive experience of Gulf of 

Mexico practices to produce comparable estimates.  The differences in working practices, contracting 

strategies, and the technical requirements for well abandonment were highlighted. 
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KEY ode TEAM MEMBERS 

Stewart French 

Stewart has 25-years experience in the design, construction and decommissioning of offshore steel 

and concrete structures, offshore wind farms, pipelines and tanker moorings. Duties have included 

field evaluation studies, conceptual and detailed design, and supervision of contractors during design 

and construction, marine operation engineering, decommissioning, contract administration and project 

management. Stewart is currently Head of ode Consulting Business Stream and responsible for the 

quality, applicability and level of innovation of work carried out.  He is registered as mentor with 

engineering institutions and actively involved in the professional development of engineering staff.   

Stewart has carried out project management of consultancy and design projects, and has been 

seconded to client teams for design verification, site management and bid evaluation, completed 

detailed structural analysis design and carried out marine operation planning and execution. He has 

extensive experience in all stages and aspects of project work from conceptual, FEED, detailed 

design, construction, transportation and installation, brownfield modifications and decommissioning, 

working for the contractor, the client and in verification roles. 

Specific experience includes: 

 Engineering and design of offshore oil and gas structures, both subsea manifolds and jackets 

 Planning and execution of marine operations for offshore oil and gas structures (jacket, gravity 
base and suction anchor designs)  

 Decommissioning of offshore facilities including a refloat project 

 Selection and design of offshore wind turbine and transformer platform foundation structures  

 Installation for offshore wind farm structures 

 Preparation of decommissioning plans for presentation to the DTI, detailed steel design. 

 Decommissioning cost estimation and planning. 

  

Steve Palmer 

Steve is responsible for ode‟s consultancy business in London and has been involved in the offshore 

industry, both overseas and in the UK, for over 25 years.   

He is responsible for all aspects of ode‟s consultancy services including, conceptual engineering and 

strategic studies, FEED and basic engineering, project management services, cost estimating and 

economic analyses, decommissioning and health, safety, environmental and risk management 

services. 

Steve‟s offshore experience includes: 

 Provision of execution strategies and commercial support for various offshore wind farm 
developments including support for Round 3 submissions. 

 

 Due diligence, facilities assessments, CAPEX/OPEX estimates and field development planning 
support for numerous onshore and offshore oil and gas developments in the UKCS, West Africa 
and Far Eastern regions. 

 

 Decommissioning studies for offshore installations and advisory role to the Thailand government. 
 

 Decommissioning studies for West Africa oil and gas field installations. 
 

 Study Manager for the conceptual design of a large (c. $2 billion) oil and gas development in the 
Caspian Sea. The study required the technical definition and full field development CAPEX/OPEX 
estimates incorporating fixed platform and floating options, together with the drilling and onshore 
terminal facilities. 
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 Study Manager for the decommissioning of the PPCo Bacton onshore reception facilities.  Study 
included all technical and HSE aspects for the decommissioning of the facilities to a green field 
site. This required a comprehensive review of all planning and consents, purging and 
decontamination, demolition and remediation activities, together with the preparation of partner 
liability assessments and a sanction grade cost estimate.  

 

 Mike Banning-Lover 

Mike has thirty three years‟ experience of project & contract management, engineering, planning, cost 
estimating, construction and tendering for all types of facilities for the offshore oil & gas industry, in 
Europe, Canada, India, Southeast Asia and Australia.  Recent experience has included project 
management, contracts and estimating assignments for subsea/floating production developments and 
major decommissioning projects. He is familiar with all aspects of offshore oil and gas development 
and decommissioning, from conceptual studies to direct management experience of offshore 
installation works. Mike published the paper “Load Adjustment and Weighing of Maureen Deck”,, 
presented at Offshore Weight Engineering Conference, Aberdeen, December 1983.  
 
Mike‟s experience includes the following projects: 
 

 Project Manager for conceptual study for the afloat deconstruction of Shell Brent Delta concrete 
gravity base. 

 

 Project Manager for EPC contract for the provision of a subsea piping and controls manifold to 
Total Forvie Field development. 

 

 Deputy Project Manager for detail engineering and procurement services for the South Pars 
Phase 4 and 5 wellhead platforms for AGIP Iran. 

 

 Project Services Manager in charge of management cost and progress reporting for detailed 
engineering, procurement of equipment and marine operations subcontract to Exmar on behalf of 
TotalFinaElf Libya for the FPSO to be operated in Field 137B offshore Libya. 

 

 Senior Project Engineer for a major JIP study with Sonangol of FPSOs for deepwater applications 
offshore Angola on behalf of BP, Chevron, Esso and TotalFinaElf.  Responsible for the 
identification of historical costs, cost reduction measures and typical project schedules. 

 

 Principal Engineer responsible within Doris Engineering for the preparation of offshore testing 
requirements, turnkey cost estimates, risk assessments and schedules for alternative 
decommissioning options for the Frigg Field TP1 & CDP1 platforms for Elf Petroleum Norge a.s.  
(Phase 1 1999, Phase 2 2000). 

 

 Senior Contracts Engineer for Fina Exploration Ltd. for the contract & tender document 
preparation and including tender evaluation, clarifications and negotiations with contractors for the 
Otter Field Development (subsea tie-back and FPSO). 

 

 Principal Engineer for the preparation of tender documentation for the Maureen Field 
Decommissioning (Platform and ALC refloat and tow, Moira pipeline/umbilical removal, and drill 
cutting protection) for Phillips Petroleum Co. UK. 

 

George Stenhouse 

George is a Project / Construction Engineer and has been with ode since 2004. He has over 30 years‟ 

experience in gravity-based, piled, floating and subsea structures, pipelines, and multi-disciplined 

engineering of offshore oil, gas and wind farm projects. 

George‟s decommissioning experience includes the following: 

 Detailed decommissioning study for the Shell Indefatigable Field in the Southern North Sea. 

 Decommissioning studies of all Talisman‟s forty three UK and North Sea Assets. 

 Decommissioning study of BP‟s Chirag platform and pipelines offshore Baku in the Caspian Sea 

for project and commercial purposes. 
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John Daines 

John has over 20 years experience in project engineering and co-ordination roles, the majority of 

which associated with offshore related projects in the Southern North sea. John‟s other experience 

includes working with site projects such as at the Bacton Gas Terminal. The roles have included 

construction management, client representation, project engineering/co-ordination and supervision. 

Projects include: 

 Construction Manager for the East Orovinyare Platform A project on behalf of GGPC GABON 

(EOV) Limited. 

 Construction Manager for the brownfield modifications on the Exxon Mobil Thebaud gas platform 

in the Sable field, for acceptance of a new platform with compression facility.   

 ExxonMobil Shutdown Coordinator responsible for platform shutdowns for the Thames & LAPS 

fields and Camelot A. Co-ordination, planning and supervision. 

 

ode GENERAL RESOURCE 

ode currently employs around 300 multidiscipline personnel, including a high proportion of principle 

and lead engineering staff.  ode has a policy of maintaining a high proportion of staff employees and 

this is reflected in the approximate 45/65 split between staff and contract personnel. The high level of 

senior staff personnel reflects the objectives of ode‟s business, which is to assign quality, experienced 

resources that are reliable and competent, and generate value for our clients in whatever work 

environment they are in. In house resource includes the following categories: 

Project Management Personnel 

 Project managers 

 Construction managers 

 Project engineers 

Engineering & Design Personnel 

 Process 

 Mechanical 

 Plant Layout 

 Pipeline (Onshore and Offshore)  

 Structural 

 Civil 

 Electrical 

 Control & Instrumentation 

 Telecommunications 

 Safety 

All supported by 3D CAD modelling capability using PDMS and with access to PDS. 
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Project Services Personnel 

 Procurement 

 Contracts administration 

 Planning & scheduling 

 Cost control 

 Cost estimating 

 Document control 
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