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1

THE OWNERS OF THE BRENT FIELD

This Technical Document has been prepared by Shell U.K. Limited (Shell), the Operator of the Brent Field,
on behalf of itself and Esso Exploration and Production UK Limited (Esso), who are the owners in equal
shares of the Brent Field. Throughout this document therefore, the terms ‘owners’, ‘we’, ‘us’ and ‘our’ refer to
‘Shell and Esso’.
Under the Petroleum Act 1998 and the three Section 29 Notices that have been served on the owners
(for the Brent Delta topside, the other installations, and the Brent Field pipelines), Shell U.K. Limited and Esso
Exploration and Production UK Limited have joint and several liability for the decommissioning of the Brent
Field. A letter in the Brent Field Decommissioning Programme confirms that Esso fully supports and endorses
the proposed Decommissioning Programmes.

Page | 7

BRENT BRAVO, CHARLIE AND DELTA GBS DECOMMISSIONING
TECHNICAL DOCUMENT

2

BRENT FIELD DECOMMISSIONING DOCUMENTATION

The Brent Field comprises four installations, twenty-eight pipelines and four subsea structures with a total mass
of approximately 1.8 million tonnes. In various ways all the installations are linked to each other or to
third party assets, and in our initial planning we carefully considered the chronological sequence of
decommissioning and the implications for other installations and systems. We started planning this complex
decommissioning programme in 2006, and as a result of the extensive period of study, evaluation and
assessment there is a substantial body of work which:


Describes the facilities and their environmental settings.



Provides information on the technical and engineering aspects of a range of decommissioning
options, and the ways in which those options could be undertaken.



Examines the advantages and disadvantages of technically feasible decommissioning options.

In agreement with the Department for Business, Energy and Industrial Strategy (BEIS) 1, we have chosen to
present essential detailed descriptive and factual information, and where necessary full Comparative
Assessments (CA), in six separate Technical Documents (TD) which support and inform the Brent Field
Decommissioning Programme (DP) [1]. The DP itself therefore focuses on describing:


The process we followed to identify technically feasible options.



The safety, technical, environmental, economic and societal implications of different options.



The important differences between options.



The recommended option for each of the facilities.



The proposed programme of work for decommissioning the Brent Field.



The continuing responsibilities that we will have for any assets or material remaining in the
Brent Field.



The monitoring programme that we would undertake to assess the condition and environmental
impacts of any assets or material left in the Brent Field.



Any necessary maintenance programme we would undertake on any assets or material left in the
Brent Field.

Figure 1 shows the suite of documentation for the DP. The TDs are designed to be read after the DP,
supplementing it and providing detail to the facts, assessments and conclusions presented in the DP.
The full title of every reference is given when first cited, and thereafter by the document’s number
in brackets [ ] as listed in Section 19.

1

In July 2016 the Department of Energy and Climate Change (DECC) was replaced by Department for
Business, Energy and Industrial Strategy (BEIS) and any further reference to DECC should be taken as BEIS.
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Figure 1

Brent Field Decommissioning Programme and Supporting Technical Documents.
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3

EXECUTIVE SUMMARY

This Technical Document presents information on the decommissioning of the three Brent Gravity Base
Structures (GBSs) Bravo, Charlie and Delta which weigh approximately 345,300 tonnes, 297,300 tonnes
and 331,200 tonnes respectively. All are candidates for derogation under OSPAR Decision 98/3
on the Disposal of Disused Offshore Installations [2]. We have not been able to identify any technically
feasible or commercially viable alternative uses for the installations.
Our initial screening studies confirmed that the only realistic method for removing the GBSs completely and
returning them to land for recycling would be to engineer a reverse of the original installation procedure.
This would involve refloating the GBSs and towing them to a nearshore deep-water location where the
legs and upper parts of the caisson would be removed, and then into a dry dock for the final phase of
dismantling. Accordingly we contracted many specialist engineering companies and consultancies, including
the original designers of the GBSs, to investigate in great detail how this might be accomplished and what
specific engineering and technical issues and problems would have to be dealt with. In broad terms, the
main issues to be resolved for any attempt at refloating the GBSs are designing and installing new systems,
reducing weight, achieving and maintaining increased buoyancy, extracting the GBSs from the seabed soil,
keeping the structure watertight throughout the tow and 18-24 months of nearshore dismantling, and
achieving sufficient freeboard while floating to allow the tops of the cells to be opened. Each refloat
programme consists of approximately 20 steps, each of which must be successful for the next step to
proceed; the likelihood of failure during refloat is therefore high at the beginning of operations but decreases
as each step is completed. The success or otherwise of each step influences the outcomes of subsequent
steps and we engaged a specialist consultant to build a Bayesian Probability Network (BPN) to show all
the interrelationships and compute the probability of Technical Project Failure (TPF).
At the beginning of all the activities needed to complete a refloat, the best-estimate probability of TPF is
7.4%, 3.6% and 6.8% for Bravo, Charlie and Delta respectively, and the corresponding estimates of safety
risk for all project personnel, expressed as Potential Loss of Life (PLL) are 1.00, 1.08 and 1.00. The values in
both these sets of data are significantly higher than those that would normally be accepted as tenable for a
new oil and gas project. The risk of project failure (TPF) is three orders of magnitude above the value of 1 x
10-3 which is the maximum acceptable probability of a major incident for any new oil and gas project. The
estimated total PLLs for the removal of each GBS are also three orders of magnitude greater than the
maximum PLL that would be regarded as ‘tolerable’. We have examined our assessments and confirmed that
our plan to remove the Bravo and Delta topsides as single lifts does not materially affect our estimates of the
likelihood of TPF.
We have therefore concluded that for each of the Brent GBS the refloat option could be ruled out on the
grounds of technical feasibility and safety without the need to pursue a full Comparative Assessment (CA)
under OSPAR 98/3.
Consequently, we identified two technically feasible options for the Brent GBSs; Option 1 ‘Partial removal’
in which the upper parts of the legs were removed to give at least 55 m clear and navigable water for
shipping, and Option 2 ‘Leave in place’ in which the GBSs were left in place after removal of the topsides
with the legs visible above the sea surface and marked by Aids to Navigation (AtoN). Method statements
were prepared describing how each of these options could be accomplished. To inform the CAs we
prepared an Environmental Impact Assessment (EIA) examining the impacts of these two options, and
engaged engineering companies and expert consultancies to prepare detailed studies on several important
aspects including the degradation and longevity of the GBSs at sea, and the safety risks to other users of the
sea from vessel collisions and the snagging of fishing gear on degrading remains. We then performed CAs
on these options for each of the GBSs individually.
When the five CA criteria (Safety, Environmental, Technical, Societal, Economic) listed in the DECC

Guidance Notes: Decommissioning of Offshore Oil and Gas Installations and Pipelines under the Petroleum
Act 1998 [3] were weighted equally, Option 2 ‘Leave in place’ was the recommended option for each
GBS, and this option remained the recommended option for all of the five sensitivity scenarios.
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Our studies and conservative estimates indicate that the total risk to other users of the sea might be about
three or four times greater in Option 2 ‘Leave in Place’ than in Option 1 ‘Partial removal’. In Option 2,
however, with the legs in place, the average annual PLL for each of the GBSs is less than 1 x 10 -3 and thus
within the tolerable range. Additional management and mitigation measures would further reduce the risk to
other users of the sea (including fishermen) so that it would be regarded as As Low As Reasonably
Practicable (ALARP).
It is difficult to estimate the rate of GBS degradation and to predict when major structural failure will occur.
In Option 2, however, where the legs are left upright and intact after the removal of the topsides, it is
estimated that it may take up to 250 years for the legs to degrade and fail to the extent that they are
no longer visible above the sea surface. If the legs degraded progressively and linearly, it may then take
another 450-500 years for the legs to degrade to 55 m below sea level such that they no longer posed
a threat to surface vessels. Alternatively, if the legs were removed to -55 m below sea level as in Option 1
there would be no chance of a vessel colliding with them, but they would no longer be visible and would
present a longer term snagging risk for pelagic fishing gear.
Operations to cut, lift and remove the upper parts of the legs would result in a significant safety risk for
project personnel offshore and onshore. In Option 1 ‘Partial removal’ the estimated total safety risk for project
personnel offshore and onshore is well in excess of the maximum tolerable risk threshold. For the purposes of
our CAs we assumed that the slow degradation and collapse of the GBSs would take at least 1,000 years.
In Option 2 ‘Leave in place’, the average total annual PLL for other users of the sea from all three GBSs
would be within the tolerable range. This comparison between the predicted low-level but long-term safety
risk to other users of the sea and the estimated higher safety risk to project personnel was one of the
important considerations in our assessment of the options. Considering the GBSs on their own, without their
contents, there are few tangible environmental or societal benefits to be gained from the removal of the
upper legs (which represent 3-5% of the total mass of each GBS). In particular, the possible predicted
reductions in long-term safety risk to other users of the sea that would be attained by removing the upper
parts of the legs were not justified by the increased safety risk to project personnel and the increased cost
that would actually be associated with such an operation.
Consequently, the recommended option for each of the Brent GBSs is Option 2 ‘Leave in place’.
No further operations would be carried out on the Condeep-type GBSs Bravo and Delta after the completion
of the separate programme of work to remove the topsides and plate girder support structures, and close
the open ends of the legs with concrete caps. On each GBS one cap will be pre-fitted with an Aid to
Navigation (AtoN) designed to operate remotely and to be able to be maintained/changed-out by
helicopter without any need for personnel to be put onto the leg. If the caps and/or the AtoN cannot be
fitted at this time we will discuss and agree appropriate action with BEIS. In such circumstances a likely
temporary solution would be to station a guard vessel close to the GBS to alert shipping until such time
as the AtoN is in place and fully functional.
On Charlie, a new 20 m long steel extension will be fitted to one of the legs to raise the AtoN well above
the sea, and at some later date the external conductors and their guide frames will be removed.
The position of the GBSs will be marked on charts and their new status notified to mariners, and they will be
entered into the FishSAFE early-warning system. Seabed debris within a 500 m radius of the installation will
be removed and returned to shore. On completion of offshore decommissioning operations we will perform
a structural survey of the remains and a post-decommissioning environmental survey at each GBS site. The
frequency and number of subsequent structural and environmental surveys will be discussed and agreed with
BEIS. The present 500 m radius safety zone centred on each GBS will remain in force for as long as a leg
protrudes above the sea. After degradation, when the leg is about to disappear below sea level, we will
apply to the HSE for a continuation of the 500 m zone as an additional safety measure. Under current
legislation and licensing arrangements, we will remain liable in perpetuity for the remains of the Brent GBSs.
We will discuss and agree a suitable programme of monitoring and maintenance with BEIS, mindful of the
fact that the GBSs would degrade very slowly over several centuries.
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4

INTRODUCTION

This document presents detailed information on the decommissioning of the concrete GBSs Bravo, Charlie
and Delta, all of which are candidates for derogation under OSPAR Decision 98/3 On the Disposal of
Disused Offshore Installations [2] which is implemented in the UK through the framework provided by
Part IV of the Petroleum Act 1998 [4]. In accordance with this Decision and DECC Guidance Notes [3],
we have completed technical studies and performed separate CAs of the feasible decommissioning options
for each structure.
For the purposes of the CA of GBS options we have ignored the presence of oily sediments in the oil storage
cells, and the presence of historic drill cuttings pile on the seabed around the GBSs and on the tops of their
storage cells; the different options have been examined solely on the basis of the characteristics of the GBSs.
The potential interactions between the GBSs and any remaining cell sediments and the drill cuttings piles,
and the influences such interactions may have on options for the GBSs are discussed later in this TD. The
decommissioning of the GBS cell sediments is discussed in detail in the GBS Contents Decommissioning
Technical Document [5]. The decommissioning of all the seabed and cell-top cuttings piles is discussed in
detail in the Brent Field Cuttings Piles Decommissioning Technical Document [6]. The decommissioning of the
pipelines connected to the GBSs is discussed in detail in the Brent Field Pipelines Decommissioning Technical
Document [7].
This Brent GBS TD:


Describes the three GBSs and summarises the similarities and differences between them.



Presents information about those aspects of the GBSs and their condition that influence the technical,
safety, environmental, societal and economic ‘performances’ of decommissioning options. In this
document the term ‘performance’ is used to describe either the outcome for any option in a particular
CA criterion, or the overall balance of the advantages and disadvantages of any option across all
of the criteria.



Identifies and summarises the decommissioning options that were initially examined.



Explains how these options were screened to create a short-list of technically feasible options.



Describes the commitment we have already made to remove the topsides as described fully in the
Brent Platform Topsides Decommissioning Technical Document [8] and the Brent Delta Topside
Decommissioning Programme [9].



Describes the technically feasible options, focussing in particular on aspects that might have an
important bearing on the performance of the option and on differentiating the options.



Describes the method and criteria that were used to undertake CAs of the technically feasible
options for the GBSs. This method is in accordance with the DECC Guidance Notes [3] and was
designed to meet the requirements of the procedure described in the Framework for the assessment
of proposals for the disposal at sea of disused offshore installations which is Annex 2 of OSPAR
Decision 98/3 [2].



Evaluates the performance of each option in each criterion.



Assesses the effect of the sediments in the GBS oil storage cells, and the other material in the
GBSs, on the performances of options for the GBSs and on the subsequent identification of
a recommended option for each GBS.



Assesses the effects of the presence of the seabed and cell-top drill cuttings piles on the
performances of options for the GBSs and on the subsequent identification of a recommended
option for each GBS.



Identifies the recommended option by comparing the overall performances of the options,
and presents a narrative that supports this recommendation.
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5

OVERVIEW OF THE BRENT FIELD GBSS

5.1

Introduction

The GBSs are large, heavy structures constructed of concrete reinforced with high-strength steel bars and
pre-stressed with high-tensile steel tendons. They rest on the seabed under their own weight and lateral
movement is prevented by vertical skirts that penetrate several metres into the seabed. The bulk of the
structure is the caisson, an array of large tanks commonly referred to as cells. Three cells (on Bravo and
Delta) or four cells (Charlie) extend upwards as legs 2, which are topped with transition pieces connected to
the Plate Girder Deck Structure (PGDS) on Bravo and Delta or the Cellar Deck on Charlie which carry the
topside modules.
Bravo and Delta are three-legged ‘Condeep’ structures which are essentially identical in design, whereas
Charlie is a four-legged ‘SeaTank’ structure. To avoid unnecessary repetition the design and operation of the
Condeeps is described once and any significant differences between them are noted. The SeaTank structure
Charlie is described in its own right; it has many similarities to the Condeeps (and many of its components
and systems serve the same purposes) but it also has some significant differences and these are highlighted
as necessary.

5.2
5.2.1

Description of the Condeeps Brent Bravo and Brent Delta
General Description

Bravo and Delta were designed and built in Norway in the early 1970s. Both comprise a total of
19 circular cells, fabricated from reinforced pre-stressed concrete, arranged in a hexagonal-shaped
honeycomb caisson which sits on the seabed. The caisson is secured laterally by steel and concrete skirts
that penetrate into the seabed and by dowels that penetrate up to 5 m below the tips of the skirts.
Three of the cells extend upwards to form the legs that carry the topsides, and the remaining cells are
capped to form cells for storing crude oil. One leg, the ‘utility leg’, provides a link between the topsides
processing systems and the storage cells; the two other legs (the ‘drilling legs’) were used for drilling and
contain conductors.
The sixteen storage cells are closed at both ends by domed caps, and are partially filled with sand ballast
that is covered by a thin concrete slab which is not fixed to the inner wall of the cells. Because the cells are
circular in cross-section, spaces called tri-cells are created where three cells come into contact. These spaces
are triangular in cross section and approximately 61 m deep, running from the top to the bottom of the cells.
They are filled to various extents by solid ballast and open to the sea at the top.
Figure 2 shows the main features of a Condeep GBS and Figure 3 shows a plan view of a Condeep
caisson showing the arrangement of the storage cells. Table 1 provides a summary of the main technical
data for each of the Brent GBSs. There are some subtle differences between the two Condeeps Brent Bravo
and Brent Delta, for example total weight, diameters and thicknesses of legs, and numbers of well slots in the
drilling legs. These were subsequently found to be of no significance in the consideration of decommissioning
options.

2

These are sometimes referred to as ‘shafts’ but the term ‘legs’ is adopted here for consistency.
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Figure 2
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The Main Structural Features of the Condeep GBS Brent Bravo.
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Figure 3

Plan View of the Arrangement of Cells in a Condeep GBS Caisson (Brent Delta).
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Table 1

Data for the Brent GBS, excluding Topsides and PGDS/Cellar Deck.
Topic

Information

Type of Facility

Concrete Gravity Based Structures

Section 29 Notice

BEIS, 12 December 2014

Operator

Shell U.K. Limited

Co-ordinates

Brent Bravo: 61°03′21″ N 01°42′47.2″ E
Brent Charlie: 61° 05′ 46.1″ N 01° 43′ 18.6″ E
Brent Delta: 61° 07′ 56.6″ N, 01° 44′ 10.1″ E

Shortest distance to nearest coast

140 km, from Brent Bravo to the Shetland Islands, UK

Shortest distance to median line

9 km, from Brent Delta to UK/Norway

Water column (m)

Water depths (m)

140.2 to
142.1

Tidal range

1.83m

100 year return wave

Amplitude (Hmax)

26.2m

Period

15.5 s

Seabed

0.46ms-1

Maximum current speeds

Surface

0.86ms

-1

Specific Differences in Design or Construction
Aspect or Issue

Bravo

Charlie

Delta

Condeep

SeaTank

Condeep

Year of installation

1975

1978

1976

Maximum height of the ring-beam above LAT (m)

19.7

6.8

19.8

345,267

297,322

331,138

GBS design-type

Total mass of GBS excluding water ballast (Te)
Total mass of sand ballast in cells and legs (Te)

(1)

Total mass excluding sand and water ballast (Te)
Total mass of solid ballast in tri-cells (Te)
Max. estimated total mass of drill cuttings in tri-cells
(Te)
Total mass of sediment in oil storage cells (Te)

(3)

124,901

NA

(2)

101,228

220,366

297,322

229,910

8326

NA

14,006

13,368

NA

29,466

10,800

30,067

30,067
89.2 x 100

91 x 91(4)

89.2 x 100

6200

10,100

6200

3

4

3

159.9

148.9

161.8

12.2 to 21

8.8 to 15

12.2,
13.98 to 21

0.55 to 1.15

0.4 to 0.9

0.55 to 1.15

Number of conductors inside legs (Condeeps only)

38

NA

48

Number of external conductors penetrating caisson

NA

40

NA

Dimensions of base of caisson (m)
2

Plan area of base caisson (m )
Number of legs
Height of legs from seabed to top of ring beam (m)
External diameter of legs (m)
Thickness of leg walls (m)

Notes:

1.

On Bravo and Delta there is ballast in the Utility Leg but not in either of the Drilling Legs.

2.

NA = Not Applicable to this GBS.

3.

Dimensions are for caisson itself, excluding the base slab. Overall dimensions of base slab
are 100.5 m x 100.5 m.

4.

These are estimates derived from the survey and sampling of three storage cells on Brent
Delta in 2014 [5], and assume that all the other storage cells on Bravo, Charlie and Delta
will contain similar volumes of sediment with a similar composition.
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Table 1

Data for the Brent GBS, excluding Topsides and PGDS/Cellar Deck (continued).
Specific Differences in Design or Construction
Aspect or Issue

Bravo

Charlie

Delta

6

4

2

3, Leg 5

6

6, Legs 3 & 5

19

36

19

16

10

16

180,025

98,125

180,025

60

57

58

18.54 diam

13 x 13 sqre

18.54 diam

Inside area of base of each oil storage cell (m )

270

171

270

Thickness of storage cell walls (m)

0.73

0.7,0.9,1.0

0.73

0

22

0

Drains, gas, oil import and export risers
J-tubes
Number of cells
Number of cells used for oil storage
3

Total oil storage capacity (m )
Height of cells (m)
Plan dimensions of oil storage cells (m)
2

Number of cells with water only
Number of Tri-cells

22

16

3

22

Number of conductor penetrations through cells

N/A

40

N/A

Number of other external facing penetrations in GBS

474

6

252

Total number of penetrations in GBS

512

86

300

Total depth of skirts penetrating the seabed (m)

4.0

2.0 and 3.0

5.0

3

NA

3

8.0

NA

9.0

Total number of dowels (Condeep GBS only)
Maximum depth of dowel penetration (m)

5.2.2

Construction of the Condeep GBSs

Both Condeeps were built near Stavanger; the lower parts of the caisson were built in a dry dock
before being floated out and moored in a fjord to allow construction of the rest of the caisson and the
Legs (Figure 4).

3

Brent Charlie has 4 tri-cells around each leg but no tri-cells between the storage cells.
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Figure 4

The GBS Bravo Condeep during Construction.

At this time – while the deepest parts of the legs and caisson were still open and still easily accessible –
pipework and other components and items of equipment were installed on the GBS specifically and only for
the purposes of taking the structure to its final location and placing it accurately and securely on the seabed.
Principally these systems were a ballast system, a compressed air system, a grouting system and various
monitoring systems. Other external pipework, including risers, oil lines, water lines and discharges pipes
were also added at this time.
During construction, solid ballast was installed in the base of each oil storage cell 4. On Bravo the total mass
of solid ballast is 124,901 Te, comprising 116,550 ± 9,503 Te in the storage cells and 8,351 Te in the
minicell annulus. On Delta the total mass of solid ballast is 101,228 Te, comprising 98,878 Te in the
storage cells and 4,972 Te in the minicell annulus. The ballast in the storage cells was then capped by a
0.22 m thick concrete slab, which is at a height of approximately 13 m above the seabed on Bravo and
approximately 19 m on Delta. The concrete slabs are in close contact with the inner walls of the cells but
not attached to them (Figure 5). If the slabs in Bravo are the same as those on Delta (for which we have
information), there are twenty 4 inch diameter holes in each slab to ensure that there is no pressure
differential across them. The fluids in the storage cell are thus, to a limited extent, in communication
with the pore fluids in the sand ballast.

4

The El +19.0 m level of the top of the concrete slab is given as ±1.0 m in documentation including the
‘as-built’ design drawings and this leads to a variation of ±9,503 Te. This is equivalent to a variation of
approximately ±1.9 m in ballast water in the caisson. While this is not expected to significantly affect the
weight and buoyancy uncertainty calculations, it does lead to uncertainty regarding the actual quantity of
solid ballast that is present below the concrete slab in the storage cells.
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Figure 5

Diagram showing the Structure of the Concrete Slabs Covering the Sand Ballast in Oil Storage
Cells on Brent Delta.

At the same time, before the GBS was towed to its final location, the tri-cells were partially filled with
varying amounts of solid ballast (Figure 2). The mass of this material is estimated as 8,326 Te on Delta
and 14,006 Te on Bravo.
Once completed, the GBS was towed to a deep-water site where it was subject to rigorous testing and
trials. Through controlled flooding (‘ballasting’) of the caisson the substructure was then submerged to a deep
draught (about 153 m for Bravo and 161 m for Delta) and remained at this draught for several days to allow
the PGDS and parts of the topsides to be floated over the GBS and mated onto it (Figure 6). During this
operation, in order to avoid an excessive imbalance of hydrostatic forces at depth, the Bravo caisson was
progressively pressurised with air to 4 bar (the caisson was subsequently depressurised when the structure
was returned to its normal towing draught). The Delta caisson was not pressurised for submergence at any
stage because, unlike Bravo, Delta’s cells were designed to cope with the differences in hydrostatic pressure.
The structures were then towed at a draught of about 80 m to Vatsfjord in Norway where more topsides
modules were installed.
Figure 6

Illustration of the Construction and Deck-Mating Procedure for a Brent Condeep GBS.
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Figure 7

5.2.3

A Condeep GBS being towed to the Brent Field.

Emplacement of the Condeep GBS

The GBS was ballasted to its towing draught (76 m for Bravo, 116.5 m for Delta) and then towed to the
Brent Field at a speed of about 5 knots (Figure 7). At this time the Bravo and Delta substructures weighed
348,700 Te5 and 380,000 Te respectively, and they carried partially installed topsides weighing
12,730 Te (Bravo) and 14,100 Te (Delta). Near the Field the structures were ballasted so that the dowels
were 1 m above the sea floor. During the final stages of installation the Bravo caisson was pressurised to
counteract any excessive external hydrostatic pressure; the Delta GBS was not pressurised.
At the planned location for the installation, ballasting was continued until the dowels and skirts had fully
penetrated the seabed. Figure 8 is a schematic diagram showing the position of skirt and dowels in relation
to the bottom of one of the oil storage cells of a Condeep GBS (Delta) as it penetrates the seabed but before
full penetration is achieved. To achieve proper embedding, all of the cells were filled with seawater, the
drilling legs were fully flooded and the utility legs were partially flooded. It took approximately 24 hours to
achieve full penetration.
As the skirts penetrated the seabed a system of pipes and valves called the anti-liquefaction system allowed
pore water (water in the spaces between the particles of seabed sediment) to escape to prevent liquefaction.
Liquefaction is the phenomenon that occurs when the water trapped below the caisson is squeezed and
pressurised to the extent that the particles are no longer in contact with each other; the soil then becomes
much weaker and behaves more like a liquid than a solid. If any liquefaction had occurred the seabed
would not have borne the weight of the GBS securely and evenly.

5

This weight includes the mass of the conductors inside the drilling legs.
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Figure 8

Position of Skirt and Dowels in Relation to the Bottom of an Oil Storage Cell on a
Condeep GBS.

The GBS was then grouted into position by injecting cement slurry through pipes under the bases of the cells
so that all the spaces between the bottom of the caisson and the natural seabed were filled. The water
trapped in these spaces was allowed to escape through vents that extended into the utility legs.
5.2.4

Operation of the Condeep GBSs

5.2.4.1

Drawdown

Concrete is strong in compression but weak in tension, and to keep the structure within permissible design
limits further compression (in addition to the structure’s own weight) is imposed on the cells of the caisson.
Some is provided by steel pre-stressing tendons embedded in the concrete and some by creating a
difference in pressure between the fluids inside the structure and the surrounding seawater. This differential
pressure is known as ‘drawdown’ and its size is measured by the difference between the water level inside
the ballast water system ‘standpipe’ (Figure 2) and the height of the sea outside.
On the Condeeps the storage cells are connected by the ballast pipework system to a central standpipe
and header tank (Figure 9). This is a closed system and independent of the water level in the utility leg and
drilling legs. The water level in the standpipe is maintained below sea level using a header tank and a level
control system, and is usually kept at approximately 38 m below LAT (Figure 9); this means that the cells
experience an external compression force of approximately 4 atmospheres (bars).
On Bravo, the drilling legs are closed to the sea and the water level inside the legs is kept at 5 m below LAT;
on Delta the drilling legs are open to the sea.
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Figure 9

Water Levels in the Drilling Legs and Utility Leg of Brent Bravo in Normal
Operating Conditions.

There are operational limits on drawdown levels and these are primarily driven by the need to preserve
structural safety factors. If the design conditions are exceeded certain parts of the structure will be overloaded, irreparable damage could be caused to the structure and vital equipment inside the legs could be
flooded. In the worst case, while the installation is operating, flooding in conjunction with adverse weather
may affect the safety of personnel on board and result in the release of hydrocarbons to the environment.
The maintenance of drawdown is therefore an essential feature of both the Bravo and Delta Safety Cases,
regardless of whether the installations are in production, and like other safety-critical systems on the
installation drawdown has a Performance Standard and an inspection strategy.
Contingency measures are in place to deal with a malfunction of the drawdown system, damage to the
dome or wall or a cell, a malfunction or damage to the oil storage pipework (which allows oil from topsides
process system to be moved into and out of the storage cells) and a malfunction or damage to the systems
that provide service water, firewater and leg deluge (which import and distribute seawater through the wall
of the utility leg).
5.2.4.2

Oil Storage Cells

When the GBSs were first installed the primary function of the cells was to store oil before it was exported.
From the early days of operations, however, the cells have also been used as very large separators because
they were found to be more efficient in separation than the original topsides process systems alone.
The 16 oil storage cells on the Condeep GBSs operate in a completely flooded condition and were
originally divided into four groups of four cells each. During production oil would be being pumped into one
group of cells, in two other groups it would be separating while being stored, and in the fourth group it
would be being pumped out for export. Figure 10 shows the arrangement of the storage cells, with colours
denoting the original groups of cells.
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When oil was being exported from a group it was normally replaced by ballast water that was concurrently
being displaced from the filling group; when not producing, seawater was introduced from the ballast
water header tank. When oil was being imported to a cell group from the production system, a mixture of
separated water and ballast water was displaced from that group through a system of 12 inch pipes (the
‘ballast water system’) into a 24 inch riser pipe running to the seawater header tank. It was then discharged
to sea within acceptable limits through the produced water disposal system.
Figure 10

Original Groups of Oil Storage Cells on Brent Bravo.

The groups of cells are connected to the topsides oil export system and produced water treatment system by
complex arrangements of mostly small diameter pipes. These run down the inside of the utility leg and then
pass through the walls to the cells. On Bravo the oil export lines are encased in concrete and routed around
the outside of the cell domes (Figure 11), whereas on Delta they run around the inside perimeter of the cell
domes. The seawater lines generally run through the bottom of each cell. Consequently, the arrangement of
pipes, valves and other equipment in the utility leg is extremely complex and congested, particularly within
the minicell at the base of the leg.
In the early 1990s the mode of operations of the reservoir was changed to maximise gas production.
Consequently, only four cells on each Condeep are now used for oil storage and the other twelve are filled
with seawater which is probably contaminated with residual hydrocarbons.
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Figure 11

Page | 24
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5.2.4.3

The Minicell

In each utility leg on the Brent Condeeps there is a ‘minicell’, a 60 m high by 7 m diameter cylinder slightly
offset (Bravo) or central (Delta) at the bottom of the leg. Although it is usually flooded, the minicell can be
dewatered independently of the utility leg and thus provides a means of gaining access to several systems
(the storage seawater pipework, manifolds, and the original ballast and grouting systems) without having to
dewater the utility legs to the point of structural instability. The top of the minicell and the pipework entering
are visible in Figure 12, and the drawdown control pipework is illustrated in Figure 13.
The minicell gives access for extraordinary intervention, not routine operations. Given the right operational
and environmental conditions6 it is possible to dewater the minicell while still maintaining the structurallyrequired level of water in the utility leg, but this has not been attempted on either Condeep for at least 15
years. On Bravo, the water has been removed from the minicell on only three occasions, when the GBS was
first installed (mid-1970s), for the inspection of leaks (1992 to 1993), and to install grouted clamps onto the
storage water pipes and manifolds (1995 to 1998). As a result of previous safety measures put in place for
both the Bravo and Delta installations, personnel access down to the minicell is currently prohibited because
extensive preparatory work is required and the safety risks outweigh the benefits.
Figure 12

View Down the Utility Leg Showing the Top of the Minicell and the Minicell Annulus.

6

Generally, dewatering is subject to environmental limitations and is only possible during summer months
and with the storage cells operating at specified operating temperatures, although historically these
constraints would be relaxed if the storage cells were not being used.
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Figure 13

5.3
5.3.1

Schematic View of the Drawdown Control Pipework in the Brent Delta Minicell, Looking South.

Description of the SeaTank Brent Charlie
General Description

The Charlie GBS is a four-legged concrete gravity based structure with a square base of 36 rectangular
reinforced concrete cells (4 leg-base cells plus 32 oil storage, ballast and conductor cells). The cells are
attached to a base slab and are closed by trapezoidal roofs (Figure 16). With a weight in air of
approximately 296,900 Te, the structure itself (i.e. excluding solid ballast) is substantially heavier than
either of the Condeeps.
Four of the cells form the bases of the legs, which extend upwards to approximately 7 m above LAT. There
is a 15.7 m high steel transition piece (called the ‘conus’) on the top of each leg which changes in crosssection from circular to square (Figure 15). This connects with the truss girder Cellar Deck that carries the
topside. The four legs on Brent Charlie serve different functions. Leg C1 contains utilities, pipework for the
drawdown system, and spare risers; Leg C2 contains the fire and services water systems; Leg C3 contains
risers, J-tubes, and fire and service water systems; and Leg C4 connects the topside to the oil storage cells,
and also contains risers and J-tubes. Legs C3 and C4 are more heavily reinforced than the other two legs
because they also support the external conductor guide frames.
Figure 14 is a cut-away diagram showing the main components and Figure 16 is a plan view of
the caisson.
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Figure 14

The Main Structural Features of the SeaTank GBS Brent Charlie.
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Figure 15

Typical Transition Piece on a Brent Charlie Leg.

Figure 16

Plan View of the Brent Charlie Caisson.
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5.3.2

Construction of the SeaTank GBS

The Charlie GBS was designed by Sea Tank Co of Paris and built at Ardyne Point (on the Firth of Clyde,
west coast of Scotland) by McAlpine and SeaTank; construction began in 1973 and was completed
in 1977.
As with the Bravo and Delta GBSs, pipework and components were installed during construction specifically
and only for the purposes of taking the structure to its final location, and placing it accurately and securely on
the seabed. Principally these systems included a ballast system, a compressed air system, a grouting system
and various monitoring systems.
Figure 17

The SeaTank GBS Brent Charlie during Construction.

After completion of the main concrete base structure (Figure 17), Charlie was towed at a draught of 39 m
to Stavanger in Norway. At this stage the towing draught was shallow enough to allow the buoyancy and
ballasting of the caisson to be controlled from a ‘command room’ temporarily placed on top of the caisson
roof. Power for the ballast system was also installed on the roof of the caisson, and controls for the ballast
systems were mounted on one of the legs (Figure 18).
In April 1978 Charlie was towed about 100 km north to the island of Stord, where it was submerged to a
draught of about 146.6 m to allow the float-over and installation of the Cellar Deck. Much like Bravo, the
caisson was progressively pressurised with air to nearly 3 bar in order to avoid an excessive imbalance of
hydrostatic forces during this operation. Finally, some of the topsides modules were installed by lift vessel
and the GBS prepared for tow to the Field (Figure 19).
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Figure 18

The SeaTank GBS Brent Charlie being towed near Stavanger, before Installation of
Deck Modules.

Figure 19

Installation of the Deck Modules on Brent Charlie at Stavanger.
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5.3.3

Emplacement of the Charlie GBS

When the Charlie GBS left Stord for the Brent Field in June 1978 its displacement was 489,000 Te,
including ballast water and incomplete topside weighing 9,760 Te, and this resulted in a towing draught
of 134.9 m. The GBS was manoeuvred into position by tugs and final ballasting started at about 150 m
from the planned touch-down location; after initial touchdown it took 5 days to complete the installation
procedure. The GBS was kept vertical during the descent but when contact was made with the seabed it
assumed a tilt of 0.24°, which was the equivalent of 40 cm difference in depth over the 100 m width of the
base slab. The tilt was corrected by redistributing the water ballast inside the caisson. This was complicated,
however, by the need to ensure that the difference in level of water ballast in adjacent cells was kept below
5m; even with the help of pressurised air inside the caisson the 5 m restriction was required because of the
limited strength of the dividing walls inside the caisson. The caisson was pressurised using temporary air
compressors supplying a distribution manifold in Leg C1. Pressurised air was introduced into Cell B7 through
a single inlet pipe installed into the frame of the air-tight door at Leg C1. The pressure inside the caisson was
then equalised through ports near the top of the walls inside the perimeter cells and through 2 inch vent lines
that connect the main storage cells to a vent header pipe connected to either Leg C1 or C4.
The original intention was to release the air pressure inside the caisson when the ballast water level reached
45 m. Because the penetration force required was much less than originally expected, however, full
penetration was attained when the water ballast level had reached only 35 m. This meant that air pressure
had to be maintained for 10 days longer than expected to allow the underbase grout to gain strength before
ballasting could continue. As well as catering for an imbalance in hydrostatic head the compressed air inside
the caisson also helped compensate against concrete creep. Records also show that it was difficult to
determine the extent of skirt penetration accurately, particularly as some local soil heave occurred and some
of this covered the extremities of the base slab.
5.3.4

Operation of the SeaTank GBS

5.3.4.1

Storage Cells

In the Charlie caisson the inner block of 16 cells comprises four cells which form the bases of the legs, two
water-filled cells through which the external conductors pass, and ten cells for the processing and storage of
oil (linked in two groups of three cells, and two groups of two cells) (Figure 16).
When the Charlie GBS was first installed, the primary function of the cells was to store oil before export by
tanker via the Brent Spar loading buoy. From the earliest days of operation, however, the cells have been
used as part of the process system, as large separators, because they were found to be more efficient in
completing the separation process than the original topside systems alone. The 10 storage cells inside the
caisson allow for final separation of the crude oil and produced water, and they operate completely
flooded. The procedures and equipment used for filling and emptying them are broadly the same as those
used on Bravo and Delta; the storage system operates such that as crude oil enters the top of the cells, a
similar volume of water is displaced from the bottom through the 24 inch seawater pipes or their openings
into the peripheral cells and out to sea through Leg C1. Further information about the design and function of
24 inch seawater pipes is given in Section 8.5.6.5.
Brent Charlie has operated as an oil export hub for all production from the Brent installations. In the early
1990s a strategic decision was made to depressurise the reservoir and concentrate on gas production and
this, combined with oil pipe integrity issues (exacerbated by the increase in water cut 7 from the reservoir)
resulted in the decision to reduce the number of cells used for oil storage. At present (2017) eight of the
storage cells on Charlie contain crude oil and the remaining two storage cells are filled with a mixture of
interphase material, produced water and seawater.

7

By the end of year 2000 the average Field water cut (the proportion of water in the raw well fluids) was
over 89%.
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5.3.4.2

Drawdown

Drawdown is established and maintained on Charlie for the same reasons as the Condeeps – to provide
additional compression to the concrete to enhance structural integrity. The pressure inside the caisson is
controlled by the head of water in Leg C1, which is connected by a 12 inch fibreglass pipe to Legs C2 and
C3. This ensures that the water level is El. +106.1 m in all three legs, giving a nominal drawdown of 36 m
(Figure 20). To maintain the water level in C1 during oil import and export, ballast water is imported by
gravity through 20 inch seawater inlets located at C1 at El. +112.1 m. The automatic dewatering system
located at El. +108.1 m consists of three 600m3 water-pumps and a level controller with the 30 inch outlet
pipe at El. +127.1 m.
Leg C4 contains various operating equipment including oil pumps and pumps for circulating cooling water in
the peripheral cells. It is not connected to the other three legs and its water level is lower, at El. +71.5 m.
Figure 20

Drawdown Water Levels in the Brent Charlie Legs.

As with the Brent Condeep GBS there are operational limits to drawdown levels which are primarily driven
by the need to preserve operational safety factors. These limitations ensure the safety of any personnel
involved in these operations and the structural integrity of the GBS. The arrangement of the various pumping
and piping systems means that Legs C2, C3 and C4 contain stagnant seawater whereas Leg C1 has
flowing water. There is no minicell on Brent Charlie.
5.3.4.3

Conductor Cooling System

Forty drilling conductor guide tubes pass through Cells B24 and B25, which lie between Legs C3 and C4.
The remaining cells around the periphery are used for circulating cooling water for the conductors (Figure 21)
and for this purpose they contain apertures 1.0 m wide and 1.1 m high that were installed within but not
between each ballast group (Figure 21). Cooling is achieved by circulating water from the top of the
conductor cells through all the peripheral cells and returning it to the bottom of the conductor cells.
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Figure 21

5.3.4.4

Illustration Showing How Cooling Water Flows through the Cells of the Brent Charlie GBS.

Gas-tight Floors

A Gas-tight Floor (GTF) is fitted in each leg on Brent Charlie to protect personnel working in the legs from
Hydrogen Sulphide (H2S) gas, which can form in the stagnant water below (Figure 14). Historically, the
areas below the GTF have rarely been accessed. Various arrangements are present to protect the floors
against excessive pressure differentials in either direction.
5.3.5

Present Condition of the Brent GBSs

The Brent GBSs had original design lives of 25 years and they have now (2017) been in place for
41 years. As a result of our internal integrity management process and verification, the GBSs have been
subjected to a 5-year rolling programme of underwater survey and Non-destructive Testing (NDT) to monitor
their condition. The structures are also subject to structural analysis and weight control, and the results of the
inspection are reviewed by the relevant Shell Technical Authority. With the exception of the specific items
described in Section 6 no major modifications or repairs have been carried out on the GBSs themselves.
In general terms the programme of inspections to date has indicated that the GBSs remain fit for operational
service although large areas of the roofs of the caissons (the cell domes and the valleys between them) have
not been subject to visual inspection or NDT because they are covered by drill cuttings [6].
5.3.6

Materials in the Brent GBS

In addition to the drill cuttings that have accumulated on the seabed around the GBS, on the cell-tops
and in the tri-cells as described in [6], various other materials have accumulated in the GBSs during their
operational lives. These are briefly described below and their locations on the Condeep GBS Brent Delta
are shown in Figure 22. As described earlier, no account has been taken of these materials for the purpose
of considering decommissioning options for the GBSs, save for the additional mass they may contribute
(Section 8.2.1.8). The decommissioning of the GBS materials is discussed in detail in the GBS Contents TD
[5].
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Cell sediment, in Bravo, Charlie and Delta: Studies have indicated that during the cycles of filling and
emptying the oil storage cells, a layer of oily residue called ‘cell sediment’ will have gradually accumulated
in the bottom of the cells because it would not have been mobilised or entrained by the suction forces
experienced in the cell during normal operations. During our initial studies we assumed that this comprised
about 33% sand particles, 33% oil, and 33% water. Successful sampling of three storage cells on Brent
Delta in 2014 has broadly confirmed this assumption; the average composition of the sediment in these
cells was 26.5% sand particles, 24.7% oil and 48.8% water (by volume) [5].
The management of cell sediment is the subject of a separate decision and is examined in detail in the GBS
Contents TD [5]. For the purposes of the assessment and comparison of decommissioning options for the
GBSs, it was assumed that the cell sediment would either have been removed or would only be present in
small volumes and that all operations involved in achieving this have been completed. That is, only residual
quantities (up to perhaps 50 cm thick) remained in place. The surveys and sampling on Brent Delta in 2014
indicated, however, that this is not the case. The average volume of sediment in three cells sampled was
1,044 m3 and they had an average bulk density of 1.83 g.ml-1. If this is representative of all the oil storage
cells in the Brent GBSs, then the total mass of sediment in Bravo, Charlie and Delta, respectively, would be
approximately 31,600 tonnes, 9,800 tonnes and 31,600 tonnes.
Material in minicell annulus on Bravo and Delta: During maintenance work on pipework inside the minicell
in the mid-1990s oily material was found at the bottom of the minicell; the origin of this material is not clear.
In order to complete the work this material was moved into the minicell annulus and it now lies on top of the
original 25 m thick layer of ballast sand in the annulus. On Brent Delta, the oily material lying at the bottom
of the minicell annulus was estimated to be between 0.6 m and 1.2 m thick, corresponding to volumes of
125 m3 and 250 m3 respectively (approximately 160-320 tonnes). Chemical analysis confirmed that the
main constituents were hydrocarbons along with traces of heavy metals which probably originated from
corroding pipework in the utility leg. The composition of this material and options for its management are fully
described in the GBS Contents TD [5].
Material in the drilling legs on Bravo and Delta: Offshore investigations on Brent Delta have shown that
materials have accumulated at the bottom of the drilling legs, from (i) drill cuttings created during the
installation of the conductors and, (ii) deposits of oily material that may have originated from accidental
spillages in the well bay. Chemical analysis has confirmed that the main components were hydrocarbons
along with traces of heavy metals which have probably come from corroding pipework. The materials we
collected appeared to be similar to a degraded Oil-based Mud (OBM). In the East drilling leg our sampling
has shown the sediment/water interface lies between 4.85 m to 1.71 m above the base of the leg,
equating to a range 834 m3 to 112 m3, with an average of 474 m3. Whilst the gradient of concentration
identified in the sediment core shows that the thickness of the contaminated sediment layer is less than 1m,
the whole sediment layer (a volume of 500 m3) has been considered for any removal. In the West drilling
leg our sampling has shown the sediment/water interface lies between 8.9 to 5.9 m above the base of the
leg, equating to a range of 1,827 m3 to 1082 m3, with an average of 1,455 m3. If we assume that the
volume of clean cuttings should be similar in this leg to that in the East, it leaves an approximate thickness of
1-5 m of potentially contaminated material. Assuming the whole sediment layer is to be recovered, however,
a volume of 1,500 m3 is assumed. The total volume of material in the bottom of the Brent Delta drilling legs
would thus be approximately 2,000 m3. The composition of this material and options for its management are
fully described in the GBS Contents TD [5].
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Figure 22

Location of Other Materials in the Brent Delta GBS.
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6

SCREENING OF DECOMMISSIONING OPTIONS

6.1

Introduction

6.1.1

OSPAR Decision 98/3

OSPAR Decision 98/3 states ‘The dumping, and the leaving wholly or partly in place, of disused offshore
installations within the maritime area is prohibited’ [2].
This Decision recognised, however, that there may be significant risks in removing large concrete structures
and OSPAR created a provision for owners of such structures to apply for derogation from the general rule of
complete removal. If owners wish to apply for derogation, they must demonstrate that there are significant
reasons why leaving the installation in place is preferable to returning it to shore for re-use, recycling or
disposal. To achieve this, the owners must carry out a CA of viable options, including the option of
complete removal, bearing in mind the ‘practical availability’ of options.
For the purposes of the Decision a concrete installation is defined as being a disused offshore installation
constructed wholly or mainly of concrete. All three Brent GBSs fall into this category and are therefore
candidates for derogation. This section presents a review of potential options that we examined for the
GBSs and identifies those that were taken forward for full CA.
The Decision indicates that the following categories of options should be considered for all or part of
concrete installations that are candidates for derogation:


Re-use



Re-cycling



Complete removal to land



Partial removal to land



Disposal at sea



Leave wholly in place

6.1.2

Definition of a Decommissioning Option

Decommissioning options may be considered to comprise a valid combination of ‘operations’ and ‘endpoints’. Operations are activities and procedures performed offshore, nearshore and onshore, to prepare,
remove, dismantle, recycle and dispose of a structure. End-points are the final condition or state of the
original site of the structure (and any other environmental setting where the structure may be temporarily
placed or stored), and the final state or fate of the structure or its materials.
This categorisation is useful when assessing the advantages and disadvantages of different options and, in
particular, when seeking to weigh short-term operational risks and impacts against longer-term end-point
impacts or risks – sometimes referred to as the ‘legacy’ impact or risks.
6.1.3

Opportunities for Re-use

While preparing the Final Field Development Plan (FFDP) in support of our application to DECC (now BEIS)
to agree Cessation of Production (CoP), we examined the feasibility of numerous options for the Brent Field
and its facilities. We then performed a high level review of a long-list of alternative uses for the Brent facilities
as described in the DP [1].
We have not identified any opportunities for the continued use of any of the Brent GBS installations for the
production or export of oil or gas. Neither the installations nor the Field are suitable for use in carbon capture
and storage (CCS) programmes. All other possible nonoil-and-gas uses for the installations, at their present
locations or at another site are technically infeasible and/or economically unviable. We have therefore
concluded that the Brent GBS installations must be decommissioned.
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The remainder of this section discusses some of the issues that we evaluated in order to screen potential
methods for decommissioning the GBSs and explains why some were not taken forward to full CA.
6.1.4

Disposal at Sea

An owner seeking derogation from complete removal under OSPAR 98/3 may consider ‘other options
for disposal at sea’. The DECC Guidance Notes 8 state that although the disposal of the substructure of a
concrete installation at a deep-water site is an option this ‘…must be considered against the UK Government

announcements at the time of the Decision when Ministers stated that there would be no toppling and no
local or remote dumping of offshore installations’ (Section 8.4 – Note (4) [3].

Given that the GBSs cannot be moved away (Section 8), toppling the legs might provide a safe and efficient
method for reducing the risks to other users of the sea, safeguarding the integrity of the GBS caisson and
creating, in a controlled programme of work, the final condition of a collapsed GBS that would inevitably be
realised after several centuries of degradation and collapse if the GBSs were left in place with legs upright.
We engaged the engineering consultant Dr. Tech Olaf Olsen (DTOO), the original designers of the
Condeep GBSs, to examine how the GBS legs could be cut, how vulnerable they would be to accidental
toppling by wave action, and how they could be deliberately toppled on site and what the consequences of
such toppling might be for the GBS caisson.
In their report ‘Brent GBS removal feasibility assessment of specific issues’ [10], DTOO concluded that it
would be possible to topple the legs but several challenges and uncertainties remained. In the same way as
the upper leg might be removed (Section 10) the legs would be cut by Diamond Wire Cutting (DWC) and
then pulled over by three to four tugs. The legs could be cut at approximately -56 m LAT, leaving a stub
about 31 m high above the caisson, or at approximately -77 m LAT which is about 5 m above the caisson. It
would be more difficult to cut through the wide base of the Legs at -77 m LAT but in both instances a large
number of spacers (‘shims’, refer to Section 11) would have to be inserted to keep the cut open and prevent
the DWC from jamming. DTOO examined the ways in which the legs would fall off the GBS caisson when
toppled and identified at least seven possible scenarios (Figure 23).
Figure 23

8

Examples of Possible Toppling Modes for a Leg Cut at -51 m LAT.

At time of writing the current DECC Guidance Notes were Version 6, published in March 2011.
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The way in which the leg would fall off the GBS caisson affects the final location and orientation of the
toppled leg, and the type and amount of damage that the toppling leg might inflict on the caisson. The
impact energy of the leg could disturb the cell-top and seabed drill cuttings, breach or demolish the domes
on one or more cells, and damage the walls of one or more cells. If the domes or walls were breached or
demolished, the water and sediment in the cells would be exposed to the sea, and possibly also ejected into
the water column. Figure 24 shows an estimate of the possible zones within which toppling legs might fall
and Figure 25 shows the cells that might be affected by legs toppling in different directions. In particular,
DTOO concluded that if a falling leg collided with the dome of a cell surrounding another, intact, standing
leg, then the stability of that leg would be compromised. Every toppling direction that affects these cells
should be avoided.
Figure 24

Preferred Direction of Toppling for each Leg on the Delta GBS to Minimise Damage
to Caisson.

Figure 25

GBS Caisson Cells that would be Impacted by Legs Falling in Various Directions.
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The main conclusions from the DTOO report [10] are as follows:


Cutting the legs at approximately –77 m LAT seems reasonable although a higher cutting height
would reduce the complexity of the cutting process and the toppling operation.



The preferable direction of the cut should be from the centre of the GBS to the outside of the leg.
This would reduce the risk that an incomplete or aborted cut would result in a leg falling inwards
onto the caisson. For most legs this is also the direction that would cause least disturbance to
drill cuttings.



The preferred mode of cutting would be to create a hinge, leaving 10% to 15% of the leg
circumference uncut. This would enable better control of the toppling direction, reduce the number
of shims needed and reduce the likelihood that the leg would topple inwards.



Toppling could be initiated by tugs, and the process augmented by cutting a wedge out of the leg
(on the outer face) and/or by the use of explosives.



It is likely that each leg would be pulverised on impact, and that any impacted domes or cells will
be breached. The risk of structural failure of the caisson increases with the number of cells that are
damaged, and this is the most important factor determining the chosen direction of toppling for
each leg.

DTOO was of the opinion that provided the underlying assumptions used in their analyses were correct and
appropriate, safe successive toppling of the three legs on the Delta GBS would be possible. They noted,
however, that there were several risks that would have to be thoroughly analysed in cooperation with
removal contractors before the practical feasibility of this operation could be guaranteed.
In the light of the assessments by DTOO and the remaining uncertainties and caveats in their report, the
difficulty in predicting with confidence what the consequences would be for the GBS caisson, its contents
and the drill cuttings, and the UK ministerial statement that there would be no toppling, the option to topple
the GBS legs has not been pursued further or taken forward into a full CA.

6.2

In Situ Dismantling

We have examined how the GBSs could be completely or partially removed using technology, assets,
equipment and procedures that are either currently available or could reasonably be expected to be
available by the time the installations are ready to be decommissioned.
After the topsides had been removed it might be possible to dismantle the GBSs in situ in a long programme
of offshore underwater demolition, cutting and lifting. In such a ‘piece-small’ dismantling programme the
structure would be taken apart in its present location offshore by cutting it into a very large number of small
pieces that could be lifted by conventional cranes and loaded onto cargo barges for transportation to shore.
For the GBSs this would mean creating and moving thousands of tonnes of concrete rubble embedded with
steel reinforcing. This process has never been attempted offshore on concrete structures as big as the Brent
GBSs and would require extensive subsea work by saturation divers and ROVs, heavy lift vessels and an
extraordinary amount of offshore and onshore handling of small pieces of reinforced concrete. We estimate
that it would take at least a decade to dismantle and remove all three Brent GBSs, and that the associated
levels of safety risk to project personnel would be considerably greater than the maximum levels generally
deemed acceptable by the oil and gas industry on the UKCS. A high level analysis of the time, effort and
safety risks of such a programme rules out this option; it would be too risky and expensive.
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Consequently, we have concluded that for each of the Brent GBSs the following three options should be
examined in more detail:
1.

Complete removal by refloating: The only realistic method for completely removing any of the
Brent GBSs would be to undertake a reversal of the original installation procedure. This would involve
refloating the structures, and towing them back to shore for dismantling and the recycling or disposal
of material. Section 8 and Section 9 present detailed technical information about the feasibility of this
option for each of the GBSs Bravo, Charlie and Delta.

2.

Partial removal: After the topsides and PGDS/Cellar Deck had been removed, the legs would be
partially removed (in single pieces or in sections) leaving the caisson and lower parts of the legs at
least 55 m below sea level. This would provide the clear navigable depth set out by the International
Maritime Organisation (IMO) in Guidelines and Standards for the Removal of Offshore Installations and
Structures on the Continental Shell and Exclusive Economic Zone [11]. The legs would be transported to
shore for dismantling and the recovered material then recycled or otherwise disposed of.

3.

Leave in place: After the topsides and PGDS/Cellar Deck had been removed, some of the external steel
on the legs would be removed (to remove a source of falling debris that could compromise the integrity
of the caisson). New concrete caps would be fitted over the open ends of each leg and an AtoN
would be installed on one of them. On Charlie, where the concrete legs extend to only about 7 m
above the sea, one of the legs would be fitted with a steel extension to ensure that the AtoN was
clear of any wave action.

Before undertaking any CAs, we engaged leading GBS designers, engineering companies and engineering
consultants to examine in great detail whether it might be technically feasible to refloat any of the GBSs. The
following five sections present the results of these assessments:


Section 7 describes how the refloat option might be performed and highlights the technical issues
that would have to be dealt with if this option were to be successfully completed.



Section 8 presents the results of our studies on some of the significant technical issues that would
have to be dealt with in order to undertake a successful refloat.



Section 9 describes the method that our expert consultants used to assess the technical feasibility
of the refloat option for each of the GBSs.



Section 10 presents the results of the assessment of technical feasibility of refloating the Condeeps
Brent Bravo and Brent Delta.



Section 11 presents the results of the assessment of technical feasibility of refloating the SeaTank
Brent Charlie.
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7

GENERAL DESCRIPTION OF DECOMMISSIONING THE BRENT GBSS BY
REFLOATING AND NEARSHORE DISMANTLING

7.1

Introduction

The Brent GBSs are first-generation structures and although their design was at the forefront of technology at
the time it took no account of the possible future need to remove them. The ability of the structures to resist
the loads that might be experienced during refloat was not considered and no specific features were
incorporated to allow for removal. This section:

7.2



Summarises the main activities that would have to be undertaken or the conditions of the structures
that would have to be achieved to refloat the GBSs, tow them to a nearshore site, dismantle them
and take the materials to land.



Describes the important technical issues that must be resolved to make an attempted refloat option
possible and safe.

Topsides Removal

As presented below in the generic descriptions of refloat in Sections 7.4, 7.5 and 7.6, and the specific risk
assessments in Sections 10 and 11, the conceptual programme of work to refloat any of the Brent GBSs
would require the presence of the topsides for several years, to support preparatory work and testing. The
topsides would then have to be removed to reduce weight before attempting to refloat the GBSs.
Our detailed assessments of the technical issues and risks associated with each stage of a possible refloat
programme were prepared before we made the decision to remove the topsides (including the PGDS/Cellar
Deck) in one piece using the SLV Pioneering Spirit. This decision means that at least two of the steps in each
refloat programme – ‘Remove the topside modules’ and ‘Remove the Module Support Frame (MSF)’ – would
in fact take place, as part of the topsides removal. The use of the SLV rather than an SSCV or HLV would
reduce the risks and probability of failure in these steps and thus slightly reduce the total probability of failure
at the beginning of the programme of work. In all other respects, however, these descriptions are still
accurate and appropriate, and an estimate of the change in technical risk resulting from the use of the SLV is
presented in Section 10 and Section 11. The programme of work to remove the GBS topsides is presented
in the Topsides TD [8].

7.3

Desired Outcome or Condition of the GBSs after Refloat

When planning of any refloating operation it is important to bear in mind how the GBSs would be disposed
of; the refloating operation must render the GBSs in a fit state or condition to enable final disposal to be
undertaken. A refloated GBS could be disposed of in one of two ways:
1.

By completely dismantling the GBS at a nearshore site and then in a dry dock, and recycling all the
retrieved steel and concrete.

2.

By removing the legs completely and recycling them, and then moving the caisson to another site and
positioning it on the seabed as an artificial island, to serve some other purpose.

For both of the refloat options it would therefore be essential to ensure that the GBSs would float sufficiently
high in the water to clear the seabed along any desired or necessary tow route.
In addition, for the option of nearshore dismantling, it would be essential to ensure that the GBSs would
float with the tops of the cells high enough above the water surface to give the required safe freeboard for
dismantling. For a refloated GBS, ‘freeboard’ is the distance between the top of the perimeter the cell wall
and sea level; the perimeter is the junction between the top of the cell wall and the cell dome. A minimum
freeboard of 4.65 m was required during original construction, and for any possible nearshore dismantling
it has been determined that the minimum safe freeboard should be 6.0 m. If the cell tops cannot be raised
above water during nearshore dismantling it is unlikely that the structure could be successfully and
systematically dismantled at a nearshore location.
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For each GBS, therefore, the specific desired outcome of the refloat operation itself is that the structure is
safely moored at a nearshore site, with sufficient buoyancy to raise the cell domes well above sea level, and
in a condition where there is confidence that the structure could be maintained safely floating for 1 to 3 years
to permit partial or full dismantling.

7.4

Overview of the Option Complete Removal by Refloating

7.4.1

Introduction

The following general description outlines the main stages of the programme of work that would have to be
completed to refloat any one of the Brent GBSs and take it to a nearshore site and then an onshore site for
dismantling and recycling. Some stages offshore would involve technically difficult activities that might also
be subject to weather limitations and timing constraints. Some of these stages would be more or less
complicated for the individual Brent GBSs and some stages might be executed concurrently or in a
different order, but the overall approach would be the same for all three Brent GBSs.
7.4.2

Main Stages in Programme of Work

The programme of work comprises the following main stages, which would probably be executed
in this order:
1.

Complete a programme of inspection and testing.

2.

Remove cell-top debris and drill cuttings.

3.

Disconnect seabed pipelines.

4.

Remove internal and selected external steel, plug all penetrations, and verify that plugs are watertight.

5.

Install new systems to:
a.

Pump out ballast water from the cells and legs.

b.

Pump in air to pressurise the insides of the cells.

c.

Pump water under the base to exert an upward force.

d.

Measure the position and orientation of the GBS in three dimensions.

e.

Control all the new systems that have been installed on the GBS.

6.

Remove the topsides and PGDS/Cellar Deck.

7.

If necessary, lay a surcharge of material around the base of the GBS to help contain enhanced
pore-water pressure.

8.

Deballast the GBS by pumping water out of the cells and legs.

9.

Assist the extraction of the skirts from the seabed by pumping water into the soil under the base
(a procedure called ‘hydraulic jacking’).

10. Trim and ballast the GBS once it is floating and then tow it to a deep-water nearshore site.
11. Moor the GBS at a nearshore site, and remove the legs, cell domes and upper parts of cell walls.
12. Tow to dry dock, clean the insides of the cells, and complete the dismantling of the caisson.
13. Crush retrieved concrete, and recycle the two main waste streams of concrete and steel.
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7.4.3

Studies to Inform the Technical Feasibility of Refloating

Possible programmes of work to refloat the GBSs were investigated by two GBS specialists – Doris
Engineering and DTOO – who were the original designers and constructors of the Brent GBSs. Between
them, these two companies have designed the majority of the GBSs used in the oil and gas industry. A
nearshore dismantling study was undertaken by the engineering company Offshore Design Engineering
(ODE) Limited who have particular experience in the removal and dismantling of large structures, gained from
their work on the Maureen Platform, a steel GBS designed for removal. Additional studies of specific issues
were performed by external specialists in technical risk and by our own engineers.

7.5

Critical Aspects that Determine the Feasibility of Refloat

7.5.1

Introduction

The feasibility of refloating a GBS is determined by four main technical considerations:
1.

Weight, buoyancy and stability.

2.

Water-tightness and structural integrity.

3.

Geotechnical issues.

4.

Installation and effective operation of new systems.

The important aspects of each of these considerations are summarised in the following sections, which are
laid out as follows:
1.

A definition of the consideration or topic.

2.

A list of specific issues that fall under the topic, and where appropriate a short narrative on the topic.

To a greater or lesser extent many of the aspects are the same on all three Brent GBSs but important specific
differences are highlighted. Section 9 and Section 10 present detailed and structure-specific quantitative
assessments of the refloat option for each of the Brent GBSs.
7.5.2

Weight, Buoyancy and Stability

Weight and buoyancy: The ability to achieve enough buoyancy so that the structure can be refloated, towed
and dismantled at a nearshore location.
Stability: The ability of the structure to remain stable during all stages of refloat, tow and nearshore
dismantling.
The main contributors to the weight and Centre of Gravity (CoG) are the reinforced and pre-stressed concrete
in the structure, grout underneath the base, ballast water or fluids inside the caisson, and sand ballast inside
the cells (Condeeps only).
These elements contribute about 90% to 95% of the total weight of the GBSs. Further minor contributions
affecting the sensitivity of the installations’ weight and CoG include the PGDS/Cellar Deck, leg transition
pieces, ballast in the tri-cells, ballast inside the utility leg, pipes and steel structures in the legs, residual drill
cuttings in the drilling legs or on top of the cells or inside the tri-cells, residual debris on the cell-tops, residual
sediments in the oil storage cells, and new materials and components installed for the refloat operation.
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All of these elements can be estimated but there will remain a degree of inaccuracy in the estimates both in
terms of weight and CoG. The buoyancy of the GBSs is influenced by the ability to completely deballast all
the caisson cells, and the ability to establish an air cushion under the base of the caisson to give additional
lift. The stability of the GBSs and the control of free-surface effects 9 are important during the initial ascent,
and during towing and nearshore dismantling.
The three aspects of weight, buoyancy and stability are interlinked, and measuring and controlling them are
vital for the successful refloat of any of the GBSs. The interaction of weight and buoyancy determine (i) the
ease with which the GBS can be extracted from the soil, and (ii) the draught at which it might finally float.
Even though any variations in weight could theoretically be compensated for by varying the level of ballast
water, the removal of ballast water could not compensate for a structure that is too heavy. If the weight of the
GBS was over-estimated there would be a risk that it would begin to rise during deballasting. Conversely if
the GBS was heavier than expected it would not move upwards, and further hydraulic jacking (Section8.2.4)
might be required to reduce the skirt resistance.
Changes in ballast water level might result in changes in the relative heights of the CoG and the centre of
buoyancy; in a tilted vessel this difference is called the ‘metacentric height’ (GM) and is one of the factors
determining stability. Any change in the GM might cause the GBS to tilt too much and become unstable
during ascent or while settling to its equilibrium draught after ascent, which could exacerbate any internal
over-pressure in the cells and lead to failure of the upper domes. This would of course be a function of the
magnitude of the buoyancy, the heave motion and the amount of pressurised air inside the cells.
For these reasons, and of course the fact that the structure would have to remain stable throughout all removal
and dismantling activities, the weight and position of all the contributory elements would have to be carefully
examined and understood before any attempt was made to refloat any of the GBSs.
7.5.3

Watertight and Structural Integrity

Watertight integrity: The degree to which the structure could be made watertight. The main issues associated
with watertight integrity are dealing with known and suspected cracks and fractures in the GBS caissons,
sealing all penetrations and potential leak sources, sealing and testing all the conductor penetrations through
the bases of the caisson cells, sealing all operational penetrations and openings, sealing all redundant
conduits and penetrations, sealing and leak-testing the redundant grouting systems, sealing all penetrations
made during installation of the new ballast systems, sealing any holes made in cell domes to sample cell
sediments, and being able to cope with any leaks that arise while the GBS is afloat (although the starting
premise would be that on initiating refloat the structures would not be leaking).
Structural integrity: The ability of the structure to remain structurally sound and retain its structural integrity
during all operations associated with complete removal and disposal. The main issues associated with
structural integrity are inherent structural weaknesses in the designs of the GBSs leading to over-stresses once
the GBS leaves the seabed, existing cracks in joints, stress and/or damage that might be caused by loss of
air pressure, and stress and/or damage that might be caused by a malfunction of the ballast system.
Nearshore dismantling might take 1-3 years and throughout this time the structure would have to remain
essentially watertight because any serious or uncontrollable ingress of water would affect both its draught
and stability. All the penetrations in the structure would therefore have to be watertight and there would have
to be an assurance that any existing external cracks did not have the potential to grow or pose a threat to
structural or watertight integrity.

9

Free-surface effects are caused by the unrestricted movement of fluids in a large space or container, for
example in a large cargo hold or fuel container. This can lead to large and rapid changes in CoG which
may destabilise or even capsize a floating vessel.
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7.5.4

Geotechnical Considerations

Geotechnical: The characteristics of the seabed on which the GBS rests, and the ease with which it could
be withdrawn from the seabed by a combination of buoyancy and hydraulic jacking. The main issues
associated with geotechnical considerations are predicting the required skirt extraction force, achieving
the required skirt extraction force, determining the implications of using only buoyancy, and estimating
the pull-out stress and its implications.
The GBSs are held on the seabed by their own weight, and the steel skirts and dowels prevent lateral
movement during bad weather. Before they could be refloated, therefore, the GBSs would have to be
extracted from the seabed by deballasting and hydraulic jacking.
In hydraulic jacking, water would be injected underneath the base to increase the water pressure under the
caisson and thus assist in overcoming the forces holding the structure in place (hydraulic jacking is described
more fully in Section 8.2.4). Both the structure and the soil underneath it would have to be capable of
holding the hydraulic pressure of the injected water. The term ‘hydraulic capacity’ refers to the ability of the
seabed to sustain hydraulic pressure without failure by what is called ‘channelling’ or ‘piping’, which is the
breakthrough of water from the soil and its escape to sea up past the base of the caisson.
There are several significant uncertainties associated with this method of freeing the substructure from the
seabed, including issues relating to the properties of the soil, the slope of the seabed, and the suction that
would exist under the structure as it broke free. The grout that was pumped into the void under the base might
restrict the amount of water that could be injected during hydraulic jacking, to the extent that the underbase
pressure would be insufficient to allow the GBSs to break free of the seabed.
7.5.5

Installation of New Mechanical Systems

Installation of mechanical systems: The feasibility of designing, installing and testing necessary new pipework
and other systems, and their reliability. New systems would be required for the remote cutting and removal of
internal pipework by means of an articulated arm, managing and measuring ballast water, hydraulic
jacking, measuring and monitoring the position of the GBSs, power generation, and the remote monitoring
and control of all these systems.
In preparation for a refloat operation on any of the Brent GBSs it would be necessary to install all these
systems. Critically, on the Condeeps, this would necessitate gaining access to and working within the
minicell, with the attendant complications and safety risks that are summarised in Section 8.2. In addition,
many of the existing systems and pipework that were used for the original emplacement of the GBSs would
either be needed for refloat or would have to be isolated before refloat could be attempted. Finally, all of
these systems would have to be operated remotely in order to avoid the need for the structure to be manned
during a refloat operation. Because the topside and PGDS/Cellar Deck would have been removed before
any refloat, it is likely that a specially-designed control module would have to be fitted to one of the legs to
provide the necessary interface between the new systems on the GBSs and the attendant control vessels.

7.6
7.6.1

Nearshore Deconstruction
Introduction

After being refloated, the GBSs would be towed to a deep-water nearshore site for dismantling and onshore
recycling and disposal. The majority of the structure would be dismantled while it floated and it would have
to remain watertight throughout this long process. It is postulated that on arrival, the structure would be
moored and ballasted to a draught of between 65 m to 73 m (depending on the GBS), and the ballast
power and control system would be transferred from the control module on the leg to a tender barge.
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There is no industry experience of dismantling a structure as big as a Brent GBSs. The following narrative,
derived from the study Brent Delta: Deconstruction Nearshore-Onshore Final Report by ODE [12], describes
hypothetical programmes of work for the nearshore dismantling, recycling and disposal of a refloated Brent
GBS, and informs the assessment of the technical feasibility of refloating. The example illustrated is Brent
Bravo but the steps, techniques and general approach would be very similar for all three GBSs. Two
dismantling options are described:
1.

Complete dismantling followed by onshore recycling and disposal.

2.

Partial dismantling by removal of the legs, then deployment of the remaining caisson – the bulk of the
structure – as an artificial island at some selected nearshore location.

7.6.2

Complete Dismantling

The GBS would arrive with its legs ‘free-standing’ (i.e. not linked by the PGDS/Cellar Deck). The ballast
system would use submersible pumps installed through the roofs of the individual storage cells. The draught
of the structure would be controlled using a dedicated ballast system which would be connected to a
stand-alone power and control module mounted on one of the legs. The deconstruction of such a substantial
structure would require a significant number of vessel and barge movements.
After mooring at the nearshore deep water site, the ballast pumping, power and control system previously
mounted on one of the legs would be moved to a tender barge. The implications of this are that the vessel
would become an integral component in the refloat system, and more underwater work would be required.
The consequences of a caisson failure during the operation could be exacerbated by the presence of more
people during the attempted refloat operation.
The deconstruction of the concrete leg sections would then begin. This would involve making horizontal cuts
through the legs using DWC equipment and lifting off the resulting concrete rings with a floating crane,
for deconstruction and disposal onshore (Figure 26). The legs would be removed in sections weighing
approximately 1,000 Te each (Figure 28).
Figure 26

Stage 1 of Leg Removal on Brent Bravo.

Every leg would have to be accessed during the leg-removal operations, to thread the DWC wires through
pre-drilled holes10, and to remove or provide support to the various pieces of equipment or infrastructure
inside the legs.

10

This is the method described by ODE Limited in their assessment of nearshore dismantling. From
subsequent studies on how the upper parts of the legs might be removed we believe that the legs could be
cut by a DWC making ‘angular cuts’ (refer to Section 13.2.2).
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On Charlie, the internal steelwork was essentially installed in bolted sections which were then secured to
supports embedded into the concrete walls. The internal hardware could be removed in stages as a reverse
of the original construction process and this would require some access to the inside of the legs. On the
Condeeps, however, far more extensive work would be required inside the utility legs compared to the
drilling legs because of the amount and arrangement of pipework, plant and access equipment inside this
leg that would have to be supported and severed at each cut location.
In the next stage, the structure would be deballasted in order to raise the cell roofs above sea level
(Figure 27 and Figure 28).
Figure 27

Stage 2 of Leg Removal on Brent Bravo.

Figure 28

Final Stage of Leg Removal on Brent Bravo.

Before removing the top of the caisson (the cell domes or roofs) any residual drill cuttings and debris would
have to be removed to make the working areas safe and to prevent material falling into the sea. Any inert
gas used for pressurising the caisson during refloat would have been purged and vented off by this stage.
Finally, as much of the ballast water as possible would be removed from inside the cells.
The roofs of the storage cells would be removed using hydraulic demolition equipment (Figure 29). The
majority of the resulting debris would fall into the cells and would be removed by grab buckets operated
from crawler cranes.
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Figure 29

Removal of the Cell Roofs from the Brent Bravo Caisson.

It is possible that the cell walls would be covered by a layer of wax as a result of prolonged contact with
stored crude oil, and the bottom of the cells might contain residual quantities of cell sediments 11. All these
surfaces would have to be cleaned before the main caisson structure could be dismantled, probably by
manual scraping followed by jetting with hot water. Measures would have to be taken to prevent
hydrocarbons and other wastes from entering the sea (Figure 30).
Figure 30

Decontamination of the Inside of the Brent Bravo Caisson.

Any residual deposits on the floors of the cells are likely to be mixed with debris from the demolition of the
roof. This material would be collected by excavators and removed from the cells in skips. All hydrocarboncontaminated waste generated during the cleaning process would be sent to a specialist waste-handling
facility for recycling and disposal.
In order to maintain sufficient freeboard throughout these operations, the dismantling of the caisson would be
undertaken by selectively reducing the height of internal walls before tackling the external walls.
Once the dismantling of the caisson had reached a stage where sufficient freeboard could not be
maintained, the structure would be towed into a dry dock. For the Condeeps, if it was still necessary to
reduce the draught in some way to allow the structure to enter the dry dock, compressed air could be
injected underneath the skirt compartments. This would not be possible for the Brent Charlie SeaTank structure
because the arrangement and design of the skirts does not lend itself to the use of an air cushion in the skirt
compartments, so an alternative form of additional buoyancy would be required.

11

This was the original assumption given to ODE. We now know there is sediment in three Brent Delta cells,
and on the basis of these samples and detailed desk-top studies believe there is sediment in every former oil
storage cell on Bravo, Charlie and Delta, as described in the GBS Contents TD [5].
Page | 48

BRENT BRAVO, CHARLIE AND DELTA GBS DECOMMISSIONING
TECHNICAL DOCUMENT
The remaining walls, bottom domes and the steel skirts would be broken up in a dry dock using hydraulic
hammers, crushers, and shears (Figure 31). This material would be moved to the main onshore site where the
reinforcing and pre-stressing steel could be separated and collected for re-cycling. The concrete would be
crushed and collected for use as aggregate or road base material. It is estimated that it might take 3-4 years
to remove, dismantle and dispose of each Brent GBS in this way.
Figure 31

7.6.3

Brent Bravo being Dismantled in a Dry Dock.

Partial Nearshore Deconstruction and Creation of Artificial Island

In this option, the upper 90 m of each leg would be removed in a single piece weighing up to an estimated
8,600 Te then rotated and lifted onto a barge for recycling or disposal (Figure 32)12. The caisson would
remain largely intact, and there would be no need for a dry dock. Once the storage cells had been cleaned
of any residual hydrocarbons, the caisson would be used as an artificial island.
Figure 32

Removal of the Top Section of a Leg on Brent Bravo in a Single Piece.

12

The description on these two pages of the high level concept programme of work was developed by ODE
Limited before our more recent studies into how the upper parts of the legs could be removed.
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Preparatory activities before completely removing the legs would include installation of a construction lift and
scaffold around each leg, provision of access inside the legs, provision of interim support for the J-tubes and
then cutting of the J-tubes in the drill legs, provision of support to those pieces of hardware that span the cut
line in the utility leg, and fitting out the barges with towers and strand-jack lifting equipment. In order to
remove the upper section of a leg the following sequence of activities would be required:
1.

Cut holes in the leg to allow installation of a lifting spindle.

2.

Cut holes in the leg to allow four diamond wire cutting machines to be used simultaneously, each cutting
a quarter of the leg.

3.

Place sea-fastening and support cradles on a third barge.

4.

Connect restraining wires to the leg.

5.

Deballast barges to carry 95% of weight of the leg.

6.

Cut the leg using diamond wire.

7.

Ballast the GBS to allow the barges to take the weight of the leg and lift it.

8.

Withdraw barges with the leg from GBS.

9.

Manoeuvre a third barge in-between catamaran barges.

10. Rotate the leg to horizontal and lower onto third barge. 13
11. Tow third barge to quayside.
12. Offload the leg section onto quay using wheeled trailers (Figure 33).
Figure 33

Offloading a Single 90 m Leg Section from Brent Bravo.

This sequence of activities would be repeated for all the other legs. The upper section of each leg would
be placed on a steel grillage on the transportation barge (Figure 33) which would be designed to allow
transport bogeys to manoeuvre under the leg, lift it clear of the barge and move it to shore. This operation
would require complex ballasting and control systems but is commonly used to offload heavy items from
transportation barges.
Once the upper leg sections had been removed, the GBS would be fully deballasted to give access to
the lower part of each leg (Figure 34) which would be removed as a series of rings weighing less than

13

We now know, from later work, by DTOO, [13], [14], [15], [16], performed out after the ODE study,
that it would not be possible to rotate the legs because they could not stand the stresses that this operation
would impose.
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1,000 Te. As before, each leg would be cut using a DWC machine and the sequence of operations would
generally be as described for the upper sections.
Figure 34

Removal of the Lower Sections of Legs on Brent Bravo.

The deconstruction of the roof of the storage cells and the cleaning of the cell walls and floor would follow
the same procedure as described in Section 7.6.2, but in this case the solid ballast in the bottom of the
caisson would remain in place. After cleaning, a new flat roof would be built over the tops of the cells, and
the caisson then re-used as an artificial island (Figure 35). It is estimated that it might take 1.5-2 years to
remove, dismantle and relocate each Brent GBS in this way. No work has been done on why an island
might be needed or to what purpose it could be put.
Figure 35

Possible Final Configuration of the Brent Bravo Caisson Placed as an Artificial Island.
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8

TECHNICAL ISSUES AFFECTING THE FEASIBILITY OF REFLOATING A GBS

8.1

Introduction

As described in Section 7, there are several important technical issues that would have to be resolved in
order to achieve a successful refloat of any of the Brent GBSs. These are discussed in the following sections,
firstly with respect to the Condeeps and then to the SeaTank, under four main headings:
1.

Weight, buoyancy and stability.

2.

Water-tightness and structural integrity.

3.

Geotechnical issues.

4.

Installation and operation of new systems.

8.2

Technical Issues Common to both Condeeps

8.2.1

Weight, Buoyancy and Stability

8.2.1.1

Reduction in Weight by Removal of Legs

Removal of the legs before refloat would reduce the weight of the GBSs and hence the amount of extra
buoyancy that would have to be provided for break-out from the soil and safe dismantling. The total
estimated weight of the legs (assuming that the total length removed from each leg was about 104m) would
be approximately 28,000 Te for Bravo and approximately 32,000 Te for Delta. There are significant risks
associated with any such operation – including those relating to the control of the legs as they are being cut,
the consequence of cutting the pre-stressing tendons underwater, and the ability to lift the sections clear of the
caisson – and these are discussed more fully in Section 13.3.2. Any loss of control of a leg section could
lead to significant damage to the caisson which would make refloat impossible.
Calculations show, however, that this decrease in weight would not be enough, on its own, to raise the cell
tops above the water level with a sufficient freeboard for the tow. In addition, if the utility legs were removed,
the air compressors and ballast control system used for refloat would have to be installed on a vessel and
linked to the GBS by piping and hoses. In summary, although it might be possible to remove the legs this
would significantly increase the risk to personnel, the structure would not be visible above water during the
tow, and at this draught it would not have sufficient freeboard to be safely dismantled at the nearshore site.
Consequently, removing the legs to aid the refloating of the remaining caisson is not seen as a viable option.
8.2.1.2

Reduction in Weight by Removal of Drill Cuttings in Tri-cells

Cleaned drill cuttings that were discharged from the installations under permit have accumulated on the celltops and in the valleys between the domes. We believe that drill cuttings may also have accumulated in the
tri-cells14 and estimate that together these accumulations (on the cell-tops and in the tri-cells) may represent, at
most, an additional approximately 27,800 Te of material in Bravo and an additional approximately
37,000 Te of material in Delta.
The assessment of refloating assumed that only small amounts of drill cuttings would remain on the cell-tops,
and it did not take into account the possible presence of drill cuttings in the tri-cells. If substantial amounts of
cuttings were present in the tri-cells, it might be possible to obtain enough buoyancy to extract the GBS from
the seabed but its draught may be too great for tow to a nearshore dismantling site.

14

In 2016 we managed to sample one tri-cell on Brent Delta and confirm that it contained drill cuttings.
As described in the Drill Cuttings TD [6] we now believe there are drill cuttings in all the tri-cells on Bravo
and Delta.
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8.2.1.3

Reduction in Weight by Removal of Solid Ballast in Tri-cells

Site investigations several years ago on Delta 15 found that the ballast material in the tri-cells was heavy and
could not be removed by suction dredging. Attempts at this time to remove ballast from the Delta tri-cells were
abandoned because of access and operational difficulties. Experience to date therefore suggests that it
would be very difficult to remove substantial amounts of solid ballast from the tri-cells.
8.2.1.4

Reduction in Weight by Removal of Solid Ballast in the Bases of the Cells

The solid ballast in the storage cells could not be removed before refloat. It is inaccessible (beneath both the
cell sediment and the concrete diaphragm) and would in any case be required during any refloat to maintain
stability.
8.2.1.5

Reduction in Weight by Removal of Sediment in the GBS Cells

For the purposes of the buoyancy assessments it was assumed that only residual amounts of sediment would
be present in the oil storage cells; our studies examined the implications of the presence of either a 5 cm
thick layer or a 50 cm thick layer. This means that in terms of weight and buoyancy the mass of sediment is
a consideration for refloat but not a governing factor. The buoyancy assessment indicated that if a significant
quantity of sediment were present in the cells it would have to be removed before refloat could be attempted.
Even with any residual sediment removed, however, the maximum available buoyancy would still be
insufficient to provide the necessary freeboard for nearshore dismantling, even with the legs removed.
As a result of the cell sampling that was successfully completed in 2014 we now have information from three
Delta cells that agrees well with our working assumptions that the cells contain approximately 4 m of
sediment, a volume that is more than just the ‘residual sediment’ assumed for the purpose of buoyancy
calculations. Data from measurements and samples obtained to date support our estimate that there is an
accumulation of oily sediment at the bottom of each oil storage cell that is approximately 4 m thick [5]. This
material comprises approximately 24.7% oil, 26.5% sand particles and 48.8% water, with a bulk density of
1.8. If all the GBS storage cells contain such thicknesses of this material, the masses of the sediments in the
Bravo, Charlie and Delta GBSs would be approximately 31,600 tonnes, 9,800 tonnes and 31,600 tonnes
respectively.
8.2.1.6

Reduction in Weight by Removal of Residual Water Ballast

The amount of ballast water that can be removed is limited by the configuration of the existing storage water
pipework inside the storage cells. This in turn restricts the amount of buoyancy that can be obtained and
would make it more difficult to maintain the desired state of trim once the GBSs had been refloated.
These concerns could be mitigated, however, by using an ‘external’ ballast system, as described in
Section 8.5.3.2.

15

While attempting to establish the extent of damage in the tri-cells adjacent to cell 19.
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8.2.1.7

Reduction in Weight by Removing Conductors

Conductors were installed during the first phase of drilling operations and served to flow back returns during
drilling and cementing of the surface casing, and to prevent collapse of the loose soil near the surface. There
are thirty-eight conductor slots on Bravo arranged in concentric circles and forty-eight on Delta arranged in
parallel lines. The conductors are 30 inches in diameter and are kept in position by nine guide frames more
or less evenly spaced down the length of the drilling legs. On the Condeeps Brent Bravo and Brent Delta,
the length of each conductor and its casing from the topsides cut line at +16 m LAT to 3 m below the seabed
is 161.55 m. On the SeaTank Brent Charlie this length (from the cut line at +7 m LAT) is 151 m. After the
GBSs had been installed, the conductors were driven approximately 90 m into the seabed and this was
performed by joining lengths of pipe either by welding or by using what are called Talon connectors. Talon
connectors are weak in tension, meaning that when the conductors are removed by pulling and lifting they
will need to be supported and pulled from the bottom – for example using a ‘spear’ with a hydraulic gripper
at the bottom. Given the length of time the conductors have been in place there is a concern that many
would be quite fragile and not capable of withstanding the tensile forces that would be generated during
extraction. Operational experience suggests that these concerns would be exacerbated if the conductor
sections were joined using talon connectors.
Both the Condeep GBSs were towed to their final destinations with the first parts of the conductor strings
(each approximately 80 m long) already mounted inside the drilling legs. On Bravo and Delta this
represented a total weight of approximately 1,401 Te and 1,770 Te respectively. The addition of the
remaining lengths of the conductors, each approximately 81.6 m long, and all the 161.55 m lengths of
20 inch and 13 3/8 inch casings added a further 3,062 and 3,867 Te to Bravo and Delta respectively.
As part of the P&A programme for the Brent Delta wells, five conductors and their casings in the East Drilling
Leg were partially removed to 440ft (134m) Below the Drill Floor (BDF) and the other 19 were removed to
120 ft (37m) BDF. In the West Drilling Leg all the conductors were cut at 120ft (37m) BDF. The steel in each
metre of 30 inch conductor with its 20 inch and 13 3/8 inch casings weighs approximately 0.727 Te, so
the P&A programme removed approximately 998 Te of conductor and casings in the East leg and 646 Te
from the West leg, leaving Brent Delta approximately 2,223 Te heavier than when it was floated out. If all
the conductors and casings on Bravo were removed to 120 ft (37 m) BDF, Bravo would be approximately
2,039 Te heavier than when floated out.
If additional lengths of conductors and casings were to be removed after P&A, it is most likely that this would
be carried out by an HLV or SSCV after the removal of the topsides, since this would be more efficient and
cost-effective than performing these operations with the installation’s drilling rig. Any such operations after
topside removal would increase the cost and risk of the whole refloat option.
8.2.1.8

Conclusion on Measures to Reduce Weight

For a successful refloat, the weights of the GBSs would have to be reduced and this could be achieved by
a combination of weight-reduction measures of varying complexity.
The detailed assessments of the feasibility of refloating the GBSs were undertaken using a number of
assumptions regarding the present weights of the structures and their weights at the point of refloating.
Subsequent work has provided new data for some components and better estimates for others (Table 2),
which on balance indicate that the masses of the GBSs, after the removal of the topsides but before any
other preparatory work is undertaken, would be greater than that assumed for the various refloat studies.
We have concluded that these improvements in our understanding of the weights of the GBSs do not change
the overall conclusions of the various studies into refloating, weight and buoyancy. Although there are some
additional measures that could be taken to reduce the weights of the GBSs these would not be sufficient on
their own to permit the GBSs to be extracted and floated with the required safe freeboard. As described in
later sections hydraulic jacking would be required to help free the GBSs from the sediment, and deballasting
using gas under pressure would be required to displace a large proportion of the water ballast presently in
the cells so that the GBSs would float with the required freeboard.
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Table 2

Changes in Assumptions and Estimates of GBS Masses.

Assumption for Refloat Work

Present Understanding

Most topsides modules would be
removed before refloat

Whole topside, including PGDS/Cellar Deck would be removed.
The committed removal of PGDS/Cellar would further reduce
weight by 8,000-10,000 tonnes

Only residual sediments in the oil
storage cells

Sampling indicates there is approximately 4 m of sediment in the
oil storage cells of BD. If this amount of material were present in
all cells it would increase the weight of BB, BC and BD by
approximately 31, 600 tonnes, 9,800 tonnes and
31,600 tonnes respectively

Legs would remain in place

Legs would remain in place. No change in estimates of weight

Conductors would remain in place

On the Condeeps, some lengths of conductors and their 20 inch
and 13 3/8 inch casings would remain in place in the drilling
legs. The casings were not included in the mass calculations for
the original refloat work, and thus increase the mass of the Bravo
and Delta GBSs respectively by approximately 2,039 tonnes and
2,223 tonnes

Only small amounts of drill cuttings
on the cell-tops

Recent surveys suggest that indeed only small amounts of drill
cuttings are present on the cell-tops, mostly in the ‘valleys’ between
the cell domes. No change in estimates of weight

No drill cuttings in the tri-cells

We now know there are some amounts of drill cuttings in the
Condeep tri-cells. A recent survey on Delta has shown that there
are drill cuttings in some tri-cells. If all the Condeep tri-cells are
filled with drill cuttings, this would increase the weight of the Bravo
and Delta GBSs by approximately 24,000 tonnes and 29,500
tonnes respectively.

No solid material in drilling legs

Recent sampling indicates there may be a total of approximately
2,000m3 (perhaps approximately 2,400 tonnes) of solid material
in the bottom of the Brent Delta drilling legs, and we assume that a
similar mass may be present in the bottom of the Bravo drilling
legs. Small increase in estimates of weight

No solid material in minicell annulus

Recent sampling indicates there may be approximately 250 m3
(approximately 350 tonnes) of solid material in the Brent Delta
minicell annulus, and we assume that a similar mass may be
present in the bottom of the Bravo minicell annulus. Small increase
in estimates of weight

8.2.2

Water-tightness

8.2.2.1

Sealing of Conductor Penetrations

During construction each drilling leg was fitted with conductors sleeves 36 inches in diameter, which passed
through the concrete of the lower dome at the base of the leg. On completion of the original installation
procedure, the concrete inside the conductor sleeves was drilled-out and the conductors were driven through
the sleeve into the seabed. On Bravo, no difficulties were recorded while driving the conductors so it is
assumed that the conductor sleeves are sound, but this would have to be verified somehow. On Delta, apart
from known damage on one slot, it is likely that the conductor sleeves are mechanically and structurally
sound.
The amount of water ingress that could realistically be catered for by contingency pumping while the structure
remained afloat has been assessed as being equivalent to the flow of water through a 4 inch (100 mm)
diameter hole (a cross-sectional area of approximately 13 square inches) pushed through by the full
hydrostatic head of a 140 m deep sea. Since each conductor on Bravo and Delta is 30 inches in diameter
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with a cross-sectional area of approximately 94 square inches, it is clear that the conductor sleeve
penetrations through the lower cell domes have the greatest potential to compromise watertight integrity.
After the casings and conductors in the drilling legs had been removed the 30 inch holes within each of the
36 inch conductor sleeves would therefore have to be sealed to achieve and maintain watertight integrity,
and to ensure that there was no inflow of water during hydraulic jacking. The seals would have to be able to
cope with the increasing imbalance in hydrostatic pressure as ballast water was reduced and as water was
being injected underneath the structure; this would allow the removal of seawater inside the drilling legs to
occur at the same time as the hydraulic jacking. The drilling legs have to remain watertight during hydraulic
jacking as well as refloat, tow and nearshore dismantling. Failure to adequately seal even one of the
penetrations would result in an inability to refloat the substructure.
Any conductor sealing arrangement is likely to be extremely complicated, and the effectiveness of the
conductor penetration plugs could be not reliably tested for the full combined force of hydraulic jacking and
differential hydrostatic head until refloat operations had started. Various concepts have been studied for
plugging the conductor sleeves. These range from dealing with the slots individually using mechanical
devices and/or grout plugs, to sealing the whole leg by anchoring any sealing arrangements to the
underside of the lower dome. The studies acknowledge the severe challenges that would be encountered in
sealing these holes. It can be expected that during any preparatory activities, some of the grout and seabed
material underneath the lower domes would somehow have to be excavated and removed, disturbing some
of the surrounding material in the process.
The ‘umbrella seal’ was considered to be the most promising concept. This would involve cutting the
conductors at about 3 m below the mud line and partially withdrawing them, so that the severed end was
brought flush with the underside of the lower dome. While the conductor was held in place, a sealing device
(much like an inverted umbrella) would be lowered below the dome and opened before being pulled up
against the underside of the dome and filled with cement or an epoxy grout.
Before deploying the umbrella seal a specially-designed device would have to be lowered inside the
conductor to excavate a cavity underneath the lower dome and clean the concrete surface of the lower
dome around the conductor opening. A camera would be required to inspect the lower dome for cracks
as well as cleanliness once the excavation and cleaning had taken place. Once the ‘umbrella’ had been
installed it is envisaged that, before deploying the epoxy grout, a camera would have to be redeployed
inside the umbrella to confirm that any sealing arrangement appeared satisfactory. The ‘umbrella’ sealing
arrangement would also have to withstand the injection of water beneath the lower domes of the drilling legs
during subsequent hydraulic jacking.
One complication, however, would be the presence inside the conductor of the device that would have to
be positioned at the bottom of the conductor to hold the seal in place. Such a large internal obstruction could
prevent the conductor being used as a conduit for a jetting tool and calliper system, and for subsequent
deployment of a camera system to aid and/or inspect the plugging of the conductor sleeve.
It is not certain how a meaningful inspection could be carried out. Each of the conductors would have to be
cut at least 3 m below the mud line, and pulled up by four or five metres through the bottom dome of the
drilling leg to a location within the guide tube. They would then have to be suspended in some way so that
they could act as conduits for the deployment of a tool to clean out a small cavity in the seabed soils. A
measuring device would have to be deployed in order to determine the size of the cavity, and it is probable
that this operation would have to be completed a number of times so as not to over-size the hole.
A camera with a tilt and pan mechanism and a lighting system would then have to be deployed to inspect
the cavity, but it is likely that visibility would be very poor. (This is based on experience gained viewing
videos taken by camera systems deployed inside the drilling legs, below the water line). In such
circumstances it is unlikely that the video inspection would provide images that were detailed enough
for the purposes of making engineering decisions.
The methods that may be used for cleaning and inspection are currently unproven, and the technology and
equipment for sealing the conductor penetrations is not currently available. It is also likely that details of
design and implementation would have to be modified for each conductor to cater for slight geometric
differences in each of the sleeves. Finally, all the operations associated with plugging the conductor slots
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would have to be controlled remotely, from a working location some 140 metres above the penetrations
in the base of the drilling legs.
Before attempting refloat any plugging arrangement would have to be thoroughly tested by creating a
significant difference in hydrostatic pressure across the plug. As described below, this could be done in two
ways, depending on the sealing arrangement deployed.
Method 1: This method would involve lowering the water inside the drilling legs so as to reduce the water
pressure inside the legs relative to the sea. In order to generate a pressure differential in this test that was at
least as great as that likely to be experienced during the refloat operation, this would have to be
supplemented with hydraulic jacking underneath the drilling leg domes. Not including safety margins, any
sealing arrangement would have to withstand a differential pressure of 1,550kPa, which assumes a
hydraulic jacking pressure of 290kPa (equivalent to 29 m head of seawater), a 14 m head of seawater
inside the drilling legs (the minimum allowable level of water) and a 140 m head of seawater outside.
Analysis has shown that it is not possible to lower the water inside the drilling legs to this level without
compromising structural integrity requirements. We also think that it would be too risky to attempt to
supplement any shortfall in the test pressure of the hydrostatic head test by using hydraulic jacking.
As the water level inside the drilling legs was lowered the difference in hydrostatic pressure across the seals
would increase, as planned. If a small leak were to occur in a plug it is possible, although perhaps unlikely,
that fine sediment entrained in the water flowing into the legs would become lodged in the plug. This would
create a full or partial seal that would probably be temporary – it would exist only as long as there was a
certain pressure differential between the water in the leg and the sea – and certainly could not be regarded
as an engineered seal. It would be very difficult to check if such a ‘false’ seal had been formed.
Method 2: Each plugging assembly would be tested individually by pressurising the inside of the conductor
sleeve once it had been sealed. As explained earlier, however, this would depend heavily on the design of
the plug and it is believed that the preferred solution does not lend itself to being tested in this way.
The conductor sealing arrangement proposed appears to be more complicated than that hypothesised in
early removal studies for a much smaller structure (the Draugen Platform), and in the Brent Condeep GBSs
there are five times as many conductor penetrations to seal. In addition, the effectiveness of the conductor
penetration plugs could not be reliably tested for the full combined force of hydraulic jacking plus differential
hydrostatic head until refloat operations had started.
8.2.2.2

Sealing Internal Penetrations, Redundant Conduits and Potential Leak Sources

In addition to the conductors and external penetrations, the Condeep substructures have 466 (Bravo) and
225 (Delta) other penetrations. The main sources of potential leaks are the apertures associated with the
original (and now redundant) systems used during the installation procedure, which are from 1 inches to 8
inches in diameter. All of these apertures would have to be plugged before attempting a refloat. One end of
all but three of the redundant systems terminates under the substructure and so is inaccessible by conventional
means.
The majority of the original ballast system pipes are routed from the minicell (Figure 36 and Figure 37) and
terminate underneath the base of the substructure. They are connected to a pump and manifold system
approximately 7 m above the bottom of the minicell, but obstructed from above by the storage water pipes.
As part of the original installation procedure most of these pipes were filled with grout to make the structure
leak-tight. Several others are routed to the void under the lower dome of Cell 6 and left open for operational
reasons, but this would have to be confirmed. A small number of selected pipes were not grouted.
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Figure 36

Location of Redundant Pipework inside the Brent Bravo Minicell.

Figure 37

Location of the Redundant Pipework inside the Brent Delta Minicell.
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Sealing pipework and other systems in the minicell: On both the Bravo and Delta installations the pipework
in the minicell has now deteriorated to the extent that, on the grounds of safety, personnel access down to
the minicell is prohibited. The configuration of the pipework and manifolds is such that reliable inspection of
the whole system is not possible.
If the minicell was dewatered, the ballast pipework would be vulnerable to dropped objects, particularly
during refurbishment, and, importantly, undetected corrosion could cause a major pipe rupture. Because of
the reduced water level, any such rupture in the ballast pipework could result in a significant increase in
drawdown on the cells in communication with the ruptured pipe.
The ballast water pipes 16 on both Condeeps were subject to major repairs in the mid-1990s. The seawater
header systems and produced water manifolds on the Condeeps were last inspected and repaired during
1994 to 1998. Corrosion damage was discovered, repairs were undertaken and measures were
implemented to maintain their integrity while the installation remained operational. Several substantial grouted
clamps were installed within the minicell; these were not designed with refloat in mind and were constructed
from steel using Compressed Asbestos Fibre (CAF) gaskets for the bolted seals and synthetic seals for the
ends of the clamps. The clamps were filled with either an epoxy resin or cement grout. Minor leaks from
redundant systems still occur inside the minicell. It is not possible to isolate the storage water pipework
using valves.
The flooded drilling legs contain various anti-liquefaction pipes, piezometer and instrumentation tubes as
well as temporary ballast pipes routed from inside the minicell. Although they were filled with grout and
encased in concrete inside the utility leg wall (as part of the integrity enhancements carried out in 1988),
the anti-liquefaction lines routed through the drilling legs are currently isolated by means of inaccessible
valves. The piezometer and instrumentation tubes terminate in the void beneath the drill legs and are not
thought to be grouted. It would be very difficult, if not impossible, to gain access to these pipes and systems
for inspection, sealing and verification before any attempt to refloat.

Figure 38

16

Configuration of the Oil Import/Export System on Brent Delta.

Part of the seawater header system and also referred to as storage water pipes.
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For corrosion protection, the ballast and produced water pipework conform to three principal specifications:


Storage water pipework in the utility leg annulus and storage cells is manufactured from Glassreinforced Plastic (GRP) and this is encased in reinforced concrete except for the Viking Johnson
couplings 17.



Pipework within the minicell and the utility leg is manufactured from carbon steel with a 10 mm thick
internal cement lining and coal tar epoxy external coating.



No specification has been found for the Viking-Johnson couplings. It is believed that these couplings
may have been installed with minimal or possibly no corrosion protection other than the standard
factory finish of 25 μm of chlorinated rubber primer. It is therefore possible that the couplings are in
an advanced state of corrosion with local perforations due to pitting, and thus would be unable to
withstand any changes in internal and external pressure such as those that would arise during an
attempted refloat.

Resistance to chemical attack and corrosion is provided by the internal and external coatings, or in the case
of GRP by its own intrinsic composition. No cathodic protection systems have been used except within the
main header tanks where passive anodes have been provided. The bulk of the cement lining will have been
installed by a mechanised factory process leading to good uniformity and density in the lining, conferring
good long-term resistance. However, the lining at branch and weld neck locations was applied by hand and
the quality of these infill zones could be inferior, leading to breakdown at these positions. The underlying
welded metal substrate is also more vulnerable to accelerated corrosion because of the basic metallurgy of
both the weld and the heat-affected zones. A breakdown in internal lining has also occurred where this
pipework has been replaced by polymer-lined carbon steel.
The cement-lined pipework such as that used inside the minicell (Figure 39) has a history of in-service failures
on a number of facilities, and other operators have experienced similar problems. Extensive replacement
programmes have been required on similar Condeep structures. Pipe failure may be initiated by breakdown
of the cement lining followed by corrosion of the carbon steel. Historically, Brent crude has had a degree of
sourness that acidifies the produced water from the storage cells. Failure of the ballast water pipe linings
would generally be initiated by acid attack of the highly alkaline cement lining.
One concept for a new ballast system would require the existing oil and storage water pipes to be plugged
so that the storage cells could operate independently of each other to provide maximum control of
deballasting operations (refer to Section 8.2.10.2). Cross-communication may, however, be present
between the storage cells (as has been found on Brent Delta 18) and this could jeopardise the ability to
isolate the cells; the storage lines would have to be lined throughout their length and then plugged. Given the
difficulties associated with the previous integrity-related work in the lower reaches of the utility leg, and the
complicated routing and geometry of the pipework around the storage cells, it is unlikely that technology or
procedures for lining these pipes would be available within the time scale of decommissioning the GBSs.
More recent work inside the utility leg has involved replacing a number of oil storage fill pipes and isolating
a number of storage cells from the production process. These pipes were always full of fluid because there
were no valves that could be shut to stop fluids from flowing along the pipes, and so the pipework could not
be drained. To allow the safe removal of the pipework it was necessary to find a way of isolating and
draining the pipework, and ‘hot-tap’ techniques were used to cut holes into the pipework and install plugs.
This method of hole-cutting can be done while pipework is ‘live’ but the operation is complex and timeconsuming because of the configuration of the pipework and the amount of space available, and requires
special equipment. To date, such operations have only been conducted within the utility leg where there are

17

The Viking-Johnson coupling is a particular type of pipe joint that permits the carbon steel pipework in the
minicell to be connected to the GRP pipework in the utility leg annulus.
18

Recent information suggests that on Delta produced fluids going to Cell 11 have found their way to Cell
10 through the oil storage pipework, and cross-communication may also be present between other storage
cells.
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fewer space constraints than would be encountered inside the minicell, and where the configuration of the oil
storage pipes is less complicated than the storage water pipes.
On both Bravo and Delta the oil storage pipe replacement work took several years. Ignoring the access
issues, this experience demonstrates that the configuration and age of the pipework inside the minicell is such
that pipe-plugging operations would take several years to perform; many problems associated with plugging
and hot-tapping techniques would have to be overcome, with no guarantee of success. Personnel would
have to wear protective clothing when working in the minicell, and in the lower reaches of the utility leg and
inside or around the minicell they would have to be prepared to encounter toxic gases such as H2S and
methane. There is no permanent access to the minicell and so rope access would be required, and because
the area is not normally manned temporary life support systems would have to be installed. Restricted access,
the vulnerability of existing pipework to failure, and the inability to meaningfully test the various systems for
water-tightness before attempting refloat, are all major contributors to the concerns about the feasibility of the
refloat operation.
Figure 39

The Original Layout of Pipework in the Brent Bravo Minicell.

Sealing new penetrations required for the installation of new ballast system: A new ballast system would be
required for refloat and two alternative schemes have been considered. Issues concerning the installation of
these systems are discussed in Section 8.2.10.2.
Sealing redundant grouting systems: The Condeeps were designed with 14 (Bravo) or 15 (Delta) separate
compartments or voids between the seabed and the underside of the substructure. After installation, grout
was injected into these voids by means of 97 (Bravo) and 61 (Delta) 2 inch grout pipes and 364 (Bravo)
and 239 (Delta) grout injection nozzles, all of which terminate beneath the substructure (Figure 40 and
Figure 41). None of the nozzles is fitted with a valve. In addition, on both GBSs, there are eighteen 3 inch
pipes (‘skirt-water evacuation pipes’) that permitted trapped water to escape from the voids.
The grout pipes pass through the concrete floor and rise up the minicell (to the 9.2 m level on Bravo and the
13 m level on Delta) where they terminate with a ball valve. Six 2 inch grout pipes are connected to each of
six 8 inch skirt evacuation pipes. The skirt evacuation pipe is not connected to the grouting system. The pipes
embedded in concrete are fabricated from Polyten (PVC) except where they cross expansion joints, where
they are galvanised steel.
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Figure 40

Original Layout of Grout Pipes on Brent Bravo.
GROUTING MANIFOLD IN
BASE OF UTILITY SHAFT

PIPE FOR GROUTING 2" IN CELL WALLS
4 IN EACH CELL EXCEPT CENTRE CELL – CELL NO. 6
(48 IN OUTER CELLS, 24 IN INNER CELLS)
EACH PIPE HAS 4 ORIFICES IN SKIRT

½” PIPE FOR EVACUATION IN LOWER DOMES

2" SUPPLY PIPES WITH HOSE
END FOR GROUTING IN LOWER
DOMES, 4 ORIFICES

8" EVACUATION PIPES LEADING TO CELL No. 1
OUTER GROUPS - ONE IN EACH
INNER GROUP - TWO
CELL No. 6 - ONE

CELLS WITHOUT 8" PIPE HAVE A 2" EVACUATION
PIPE CONNECTED TO THE 8" PIPE

Figure 41
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The Underbase of the Brent Delta GBS showing the Layout of the Original Grout Pipes.
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There is uncertainty over the extent to which the grout pipes were filled with grout and it is possible that
up to 20% may not be filled. In addition, during an inspection in 1989 it was found that some lines had
perforated and were leaking and it is very likely that their condition has deteriorated since then. Leaks were
also observed between 1994 and 1998, and although some remedial work was carried out at this time the
full extent of deterioration could not and cannot be determined.
At some time after installation the grout pipes were cut near where they exit the minicell wall, just above the
minicell floor, and encased in concrete. Theoretically, it should be possible to develop a procedure for
testing the watertight integrity of these pipes. This would involve removing the concrete encasement (where
present) and modifying the ends of the pipes in some way to accept testing equipment and to allow water to
be injected into the system. The grout pipes are closely packed and access is limited, but it might be possible
to adapt any modifications accordingly. This aspect has not been investigated.
This testing would have to be carried out while the GBS remained on the seabed and it would be very
difficult, if not impossible, to determine whether the pressure is being held by the grout in the pipes or by the
grout or seabed underneath the base. Depending on the nature of any leak, it is also possible that fine
sediment could become trapped as it was dragged through the leak and create a false seal. The extent of
such a phenomenon might be expected to be small but the effect would be very difficult to predict. It would
only act as a seal for as long as the pressure differential remained and could in no way be relied on as an
engineered seal.
8.2.2.3

Sealing External Penetrations and Openings

In addition to the conductor penetrations, there are 27 (Delta) and 8 (Bravo) operational penetrations
and openings with pipe diameters ranging from 10 inches to 30 inches (Delta) and 8 inches to 30 inches
(Bravo). These penetrations allow cooling pipes, J-tubes and risers to pass through the structure.
For a successful attempt at refloat all these penetrations would have to be plugged. This would require
underwater work but they would be easily accessible since they are on the external surfaces of the GBSs,
and it should be possible to devise methods for sealing these apertures.
8.2.2.4

Conclusions on Water-tightness

Achieving, verifying and maintaining water-tightness is essential for a successful attempt at refloat. Numerous
penetrations and old piping systems would have to be sealed, and many of them are currently inaccessible
and/or in an advanced state of decay since they were designed only for use during the original installation
procedure. A very detailed programme of work would have to be undertaken offshore, with the topsides still
in place, to systematically inspect, seal and test all these possible sources of water ingress, but the success of
such a programme and the integrity of water-tightness could only be confirmed when the refloat operation
was actually performed.
8.2.3

Predicting the Resistance of the Soil to Extraction of the Skirts

Both Condeep substructures have a series of steel skirts attached to the base slab that go into the soil to
prevent horizontal movement of the GBS when it is subject to large wave forces. On Bravo the skirts are
3.5 m deep and corrugated, whereas on Delta they are 4.5 m deep and are not corrugated. In addition
there are three dowels projecting a further 4 m (Bravo) or 5 m (Delta) into the soil; these were used to prevent
the GBS sliding across the seabed during the final stages of installation. On completion of the installation
procedure, the space between the bottom of the domed ends of the cells and the soil was filled with grout to
ensure an even bearing pressure on the seabed.
The soil in the Brent Field comprises a mixture of sand and clay which is quite variable across the Field. It is
not easy to predict the force necessary to extract the skirts and dowels from the soil because of possible
variations in the strength and hydraulic capacity of the soil, the weight of the substructure, and any suction
that might develop under the GBS as the skirts are extracted. A complication is that the drainage panels on
the inside of the skirts might allow water to escape from underneath the substructure.
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Skirt friction is the major contributor to retraction resistance. After a detailed study by DTOO Brent Delta
Refloat Feasibility Study [17], the best estimate of retraction force was taken as the penetration force
experienced during the original installation procedure19 plus 10% to account for residual stresses arising due
to skirt penetration, dowels, and the weight of the GBS. This figure does not include the additional effects of
friction of skirts against any surcharge that may be used to maintain or increase the underbase jacking
pressure. An important assumption that has been made is that the rate at which the skirt might be extracted
during any refloat operation would be fairly similar to the rate of penetration used during the original
installation procedure, when full penetration of the skirts was achieved in approximately 24 hours.
The geotechnical aspects present a major challenge with no guarantee that a reliable solution would be
found for extracting the GBSs from the soil. The uncertainties associated with these aspects are all increased
because of the time that the installation has been in place. The soil retention forces might be expected to be
slightly lower for Delta than Bravo.
8.2.4

Use and Control of Hydraulic Jacking

The soil beneath the GBSs would be pressurised with water to assist the extraction of the dowels and skirts
from the seabed. Initially, before starting the refloat operation itself, enough water would have to be injected
to help the soil to swell for a few weeks. Then, during the initial stages of attempting refloat, water would
have to be injected at a pressure sufficient to initiate release of the structure from the seabed.
Both the Condeeps, however, were fitted with drainage panels and an anti-liquefaction system to allow
water to escape from under the base during installation. There are 30 shallow drain panels inside the
perimeter skirt compartments on Delta and 48 on Bravo. The state of the drainage panels is not known and
cannot be determined but they might allow water to escape during hydraulic jacking, leading to an inability
to generate sufficient hydraulic force to lift the GBS from the seabed.
In certain circumstances during hydraulic jacking channels could form in the soil under the substructure, and if
such ‘channelling’ occurred water would flow out too easily and prevent the necessary build-up of pressure.
(It is known that washouts occurred under the skirt tips as the Bravo substructure was being installed.)
Although this may not affect the overall ability to complete the hydraulic jacking operation, it does show that
leakage can occur from within the skirt compartments. This would limit the hydraulic pressure and resulting
lifting force that could be applied beneath the GBS and seriously jeopardise the feasibility of the refloat
operation.
The placement of a surcharge of gravel on the seabed around the substructure would reduce the risk of
channelling, although it is not completely certain that this approach would ensure that the skirts and dowels
could be extracted using hydraulic jacking. Although an extensive evaluation of the soil conditions at the
Brent Delta site has been undertaken, it is known that the soil in the area is rather variable. There is likely to
be a significant variation in the soil properties under and around the GBS that may affect the efficiency of the
hydraulic jacking operations. It is also worth noting that the presence of any gravel surcharge could hide the
development of any channels, as well as possibly preventing access to any underbase water injection
equipment. The gravel surcharge would have to be deposited on the seabed by a vessel using a fall-pipe,
and any newly-installed external system for hydraulic jacking would have to be protected against this.
It is possible that some of the grout injected under the caisson would adhere to the structure and the seabed.
This means that when water is injected into this area it will have to find a way through fissures and pores to
all parts of the area before pressure can start to develop. It is likely that the volume of water that could be
injected under the base would be small in relation to the total volume of the original void space, and that the
flowrates would also be low. It is therefore unclear if sufficient water could be injected into the skirt

19

During installation the penetration force was 1,200MN for both the steel skirt and the 0.5 m deep upper
concrete skirt, and the penetration force for just the 4.5 m deep steel skirt was 840 MN; these values are
less than the equivalent values for Bravo. The ratio of retraction versus penetration force and the probabilities
used in the Bayesian modelling may be found in the COWI report Brent Delta Technical Risk Assessment
[18].
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compartments at a high enough flowrate to ensure that the hydraulic jacking operation would be successful.
If the flowrate were insufficient, the skirts would have to be retracted using buoyancy alone.
Even if it were possible to start the extraction process using hydraulic pressure under the structure, the amount
of extraction that could be achieved with this method may be limited because of leakage and the slope of
the seabed. If loss of pressure occurred after partial extraction of the skirt, it would be necessary to undertake
the final extraction of the skirts and dowels using buoyancy forces generated by reducing the water ballast in
the storage cells and legs. Variation in the soil properties is a significant factor in determining whether the
skirts and dowels would be extracted before the hydraulic pressure under the structure was lost.
Installation of an underbase water injection system would be complicated and require extensive work in
areas that are difficult to reach. Even if a water injection system could be installed, the ability of the system
and foundation soil to sustain the water pressures necessary to begin refloat could not be tested before
starting refloat operations.
8.2.5

Relationship between Extraction Forces, Buoyancy and Weight

If it were not possible to extract the skirts and dowels solely using hydraulic jacking, a relatively large
buoyancy force would be needed to pull them out of the seabed. This would result in a very significant risk
that when the structure broke free of the soil it would rise well above its planned floating draught before
becoming stable. Analysis has indicated that during such an ascent hydrodynamic effects or an imbalance
of weight could cause significant tilt of the substructure. These combined effects could result in severe overstressing of the roof of the cells and, in the worst-case, lead to structural failure and a loss of control of the
substructure.
The possibility of an uncontrolled release from the seabed is increased because of uncertainties in the weight
of the structure as it comes free, and the main factors that contribute to this are topsides weight and CoG,
marine growth, deposits and residual debris on the top of the storage cells, residual sediments inside the
cells, and the amount of grout and foundation soil that might adhere to the GBS as it breaks free of the
seabed. These factors may adversely affect both the tilt and the maximum height of ascent after the
substructure broke loose from the seabed.
The amount of buoyancy largely dictates how quickly the structure rises. An uncontrolled ascent would have
to be averted to avoid potential over-pressure inside the upper domes which might lead to their failure. The
amount of buoyancy required is determined by the amount of pull-out resistance that must be overcome and
the potential volume of soil and grout sticking to the base of the structure as it is extracted from the seabed.
The impact or significance of the amount of buoyancy depends on the stage of skirt extraction. A larger
amount of buoyancy could be tolerated in the earlier stages of the extraction process – when there was
greater resistance – but the amount of tolerable buoyancy decreases as the skirts rise out of the seabed. The
amount of tolerable buoyancy is determined by the accuracy with which the buoyant weight of the structure
can be estimated, the uncertainties relating to the amount of soil or grout that might stick to the structure as it
breaks free from the seabed, and the accuracy of predicting the skirt retention (resistance) force.
8.2.6

Use of Caisson Pressure during Deballasting

In order to limit the forces on the tri-cell walls and domed ends during deballasting operations (when the
pressure inside the cells would be progressively lower than that of the surrounding sea), the cells would have
to be pressurised with compressed air, and this pressure would have to be maintained within certain limits.
It would have to be high enough to prevent over-stressing of the structure around the tri-cells when the
substructure was being deballasted while resting on the seabed, but not so high that it would cause overstressing and possible rupturing and collapse of the cell domes when the substructure was at its highest point
of ascent after breaking loose from the seabed.
If air pressure in the cells were lost or there were a malfunction of the ballast system, it is extremely probable
that cracks would develop through the walls of the cells which would permit the ingress of water. This would
either prevent the substructure from lifting off the seabed or cause it to fall back onto the seabed after lift-off.
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8.2.7

Malfunction of Ballast System

The ballast system on the Condeeps was only designed to be used during the original installation operations
and was then made redundant. The existing pipework would have to be completely sealed because failure
of this pipework could give rise to uneven ballasting or flooding of the cells and utility leg. If this occurred
during the refloat operation it would be extremely difficult to rectify the situation quickly as the substructure
would be unmanned at this time. In any event, manual intervention would not be possible as failure of the
ballast pipework would imply that water from the cells would be released into the utility leg, and this would
probably release H2S gas.
8.2.8

Increasing Buoyancy through of an Air Cushion

One of the solutions considered for attempting to provide sufficient freeboard for dismantling the structure
while it remained floating was the use of an air cushion to provide additional buoyancy. This would involve
the injection of compressed air underneath the base of the GBS while it was floating; the air would be
trapped in the skirt compartments by the skirt walls.
Although an air cushion was used during the early part of the construction of the GBSs when they were
floated out from the dry dock, there would be concerns over using compressed air over an extended period
of time during any refloat. The primary issues relate to (i) the reduced stability of the structure as a result of the
addition of substantial buoyancy forces at depth and, (ii) the new free surfaces between the air cushion and
the water. The gas pressure in the underbase compartments is dependent upon both draught and inclination,
and thus would have to be carefully controlled. Loss of containment in the air cushion could result in both a
loss of buoyancy and a large heeling moment, which could jeopardize the safety of personnel working on
the structure.
The effectiveness of any air cushion would depend crucially on the integrity of the skirt compartments and skirt
walls. These would have to be inspected and if necessary repaired, and the viability of using an air cushion
would not be known until after detailed inspection and safety reviews. Separate consideration would also
have to be given to the installation of systems for the delivery and volumetric measurement of the air in the
skirt compartments. For these reasons an air cushion could not be relied upon as a means of obtaining
additional buoyancy for either of the Condeeps, and it was not taken into account when considering the
technical feasibility of refloat.
8.2.9

Leaks while Floating

If a GBS were successfully refloated it is probable that leaks would develop while it was being towed to the
nearshore dismantling location. During this period the GBS would be unmanned and it would be difficult to
make repairs. Although the pressure on the ballasting system and wall penetrations would be less at the
towing draught than at break-out, the pressure has to be sustained for a longer period of time. The longerterm performance of the ballast system would be a particular concern because of uncertainty regarding the
structural integrity of the pipework due to corrosion and the possibility that pipes might break due to
differential movements of the structure during the long period of nearshore dismantling.
Theoretically, a limited amount of leakage could be tolerated if the sources were known and if it were
possible to determine with a reasonable degree of certainty that the rate of leakage would not increase. The
refloat option would not be a realistic proposition, however, if a leak developed at any stage of the refloat
operation. This implies that (i) removal by refloat should not be pursued if it is known at the start of any
attempted refloat operation that the structure is not watertight and, (ii) if leakage occurred during testing of
remedial measures, and the source could not be identified, removal by refloat should not be pursued.
If the weight, CoG, buoyancy, centre of buoyancy and skirt retention force could be determined and then
maintained, the stability of the structure after refloat could be calculated. Controlling the CoG is dependent
on the watertight integrity of the GBSs and the ability to cope with any leaks. The uncertainties concerning
structural integrity have been described elsewhere, as have the difficulties of being able to seal all the
penetrations. We have concluded that given all these uncertainties and imponderable issues it would be very
difficult to design equipment and systems capable of dealing with the range of credible leak scenarios, or to
devise procedures that would permit us to respond effectively and safely to an emergency once the structure
was afloat.
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8.2.10

New Systems

8.2.10.1 Introduction
It would not be possible to use the original installation systems, and in broad terms four new systems would
be required to refloat either of the Condeeps:
1.

A ballast system: To remove water to make the structure buoyant and enable it to float. A new system
would also be required to measure the level of ballast water in the storage cells. Compressed gas (air
or, more likely, nitrogen) would be required to reduce the effect of external seawater pressure on the
structure when the ballast water inside the cells was lowered while the GBSs remained on the seabed.

2.

An underbase water injection system: To generate a force sufficient to extract the skirts and dowels from
the seabed.

3.

A substructure positioning and bottom-clearance monitoring system: To monitor the position of the
structure throughout refloat, towing and nearshore dismantling.

4.

Power generation and control systems.

All of the new systems would be monitored and controlled by means of a Data Acquisition and Control
System (DACS) connected to the monitoring instrumentation and various pumps and control valves. On an
unmanned GBS the DACS would have to be located on a leg and linked by telemetry to a remote control
system on an attendant vessel.
8.2.10.2 New Ballast System
When oil was pumped into the substructure for storage, water was displaced from the cells through a
24 inch riser and routed either into the ballast water header tank or to the produced water pumps through
produced water spurs at El. +96 m. Flow in the 24 inch riser is reversible; water flows from the header
tank into the storage cells during oil export.
For ballasting the legs during the original installation there are two 6 inch pipes which run from each drilling
leg (El. +60 m) through the concrete base, across the minicell annulus (where they are encased in concrete)
and into the minicell at El.+15 m. An isolating valve is located on each line inside the minicell. The lines
connect to a 12 inch pipe that has two connections to the existing seawater system via isolating valves
located on each line. An 8 inch pipe penetrates the minicell wall at El. +26 m and is open to the annulus.
This pipe transferred water between the annulus and the ballast water manifold during installation. The two
6 inch lines and the 8 inch line were grouted in 1996/1997, and the two isolation valves are encased in
concrete boxes.
Two schemes have been considered for a new ballast system. The ‘internal’ ballast system would use the
existing 12 inch seawater storage pipes for evacuating water from the storage cells and the existing oil fill
lines to inject pressurised air into the storage cells. This scheme would require significant modifications to be
made inside the minicell. The ‘external’ ballast system would operate independently and would require holes
to be cut in the tops of all the storage cells and the deployment of multi-stage submersible pumps directly into
each of the storage cells. Assuming that each of the storage cells had been adequately isolated, no ballast
pumps would be required inside the minicell but significant work inside the minicell would nonetheless still be
required.
Requirements for an internal ballast system: An internal ballast system would use the majority of the existing
storage water lines to remove water from the storage cells, and the existing oil fill lines to inject pressurised
air into the storage cells.
The current storage water piping was not designed to be used as a ballast system for refloat and so
modifications would have to be carried out, including to the pipework and manifold inside the minicell. The
storage water pipework is routed through other cells to reach the furthest storage cells and it would have to
be confirmed that there would be no leakage of fluids from these lines to other areas.
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The majority of the storage water pipework was manufactured with non-ferrous materials so would not be
subject to corrosion, but steel transition pieces and couplings were used where the pipes pass through the
minicell wall and these are potentially susceptible to corrosion. In each storage cell the storage seawater
pipework ends with a ‘bell-mouth’ pointing downwards towards the cell floor. This section of pipe was made
from steel and lined with concrete and the present condition of the transition pieces and bell-mouths is not
known. It is likely that a lining would have to be installed inside the transition pieces and couplings otherwise
they might not be able to withstand the pressure to which they would be exposed during refloat. The
condition of the bell-mouths affects the amount of water that could be pumped out of the cells.
The oil fill lines that link each storage cell individually to a manifold in the utility leg are made of steel and
routed around the inside of the storage cells with several tight bends along the route. To reach the furthest
cells, these pipes pass through other storage cells. During cell-flushing operations in the IMPACT Project20,
there were indications that there was communication between some of the cells. The source is not definitely
known but there are strong indications that the leaks between storage cells originated through the oil fill lines.
The modifications for a new internal ballast system would have to be performed in two preparatory phases
before attempting refloat. The intention would be that, on successful completion of preparatory work, the
minicell would act as a central reservoir for the control of water ballast inside the storage cells during the
refloat operations.
During the first preparatory phase, while the minicell remained full of water, the existing storage water
pipework would be removed from approximately 13 m above the bottom of the minicell. To prepare for
draining the minicell, valves would have to be installed on the storage water lines. The original 12 inch
butterfly valves have not been operated since the original installation procedure; they have been exposed
to seawater throughout this time and it is very unlikely that they will still be operational. New valves would
therefore have to be fitted to a new liner pipe inserted inside the storage water transition pieces and
couplings where these pass through the minicell wall.
In the DTOO feasibility study [17] it was postulated that a remotely-controlled pipe-removal machine could
be used for carrying out modifications inside the utility leg without using remotely operated vehicles or divers
inside the minicell (Figure 42). This tool would have to be operated remotely from a platform above the
minicell that was accessible from the topside, and have enough flexibility to work and be manipulated within
the confines of the 7-metre diameter minicell while at the same time reaching almost 50 metres down inside
the minicell. This implies that all the work inside the minicell could be done in water using a combination of
specially designed and developed equipment, remotely operated vehicles, and divers.
It was concluded that this technique would not be viable, at least within what might be considered a
reasonable decommissioning timeframe. Such a device is not currently available and would be a significant
extension of current technology; it would require years of development, trials and testing to procure and there
would be no guarantee of a successful outcome.

20

IMPACT, Integrity of Manifolds, Pipework and Cells Team. The IMPACT Project was a programme of
work initiated in 2004 to prove the integrity of all the pipework below the 76 m level on Bravo and the
77 m level on Delta. Originally intended to focus mainly on pipework into and out of the minicell, the
conditions found and problems encountered lead to the inclusion of manifolds and other pipework, including
the oil fill lines. The whole IMPACT Project took about 4 years to complete.
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Figure 42

Schematic Diagram Illustrating How a Novel Manipulator Arm might be Deployed
Inside the Brent Delta Minicell.

The second phase would involve pressure-testing each of the storage cells with compressed air. Experience
with previous work inside the utility leg suggests that this might be more achievable than some of the other
requirements for the internal ballast system. There are, however, indications that there is leakage between
some of the storage cells through the oil fill lines and it is therefore doubtful if meaningful tests could be
carried out. The presence of these leaks would also affect the ability to use the cell fill lines for injecting
pressurised air into the storage cells and controlling the pressure in them individually.
Requirements for an external ballast system: A new ballast system could be installed externally by cutting
holes and installing pumps through the top of each storage cell. Use of an externally-mounted ballast system
would require the isolation of the existing individual oil and water storage pipes, although many of the oil fill
lines would already have been isolated from the utility leg by a previous project. A means of isolating each
storage cell from the storage water lines would still be required, however, and if there is communication
between the storage cells through the oil fill lines it is very unlikely that full isolation between adjacent cells
could be achieved. The pumping system would need full redundancy in order to ensure sufficient reliability
during the various stages of the removal process.
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It might be possible to drain the minicell but the threat from exposure to H 2S is such that personnel would
be required to wear full breathing apparatus and be deployed within the minicell using a personnel basket to
facilitate escape. These requirements would place significant restrictions on the freedom of movement within
the area.
The storage water pipework in the minicell and throughout its length in the utility leg has already been
extensively repaired and is likely to be in poor condition. Assessments have indicated that any reduction of
water inside the minicell would significantly increase the possibility of the storage water pipework leaking.
Any leaks that occur while working inside the minicell would have to be dealt with promptly before further
work could take place.
Although there are other piping systems inside the minicell (including anti-liquefaction system, grout pipes,
and skirt-water evacuation lines) most of these have been grouted or isolated with valves and so might not
pose as great a threat to work inside the minicell or attempted refloat. The majority of concerns relate to the
integrity of the redundant and live ballast water piping systems. The ballast water system maintains the
required drawdown and if this failed the utility leg would be flooded or, if the minicell had been dewatered,
the amount of drawdown would be increased.
The ballast water system could fail due to corrosion. If the pipe coating failed and exposed the pipework
to seawater the external steel surface of the storage water pipe would be susceptible to corrosion. This
corrosion takes the form of small pits or cavities which increase in diameter and depth with time. Eventually
the pipe wall thickness would decrease locally and the internal pressure would be sufficient to 'pop' a small
hole perhaps 20 mm in diameter. Further corrosion and erosion at the edges would increase the size of this
hole. During the dewatering of the minicell, the risk of corrosion pits 'popping' increases because the
pressure differential across the pipe wall increases. In 1994 this was considered to be a relatively low-risk
problem but since then the risks have been considered so significant that working inside the minicell has
been avoided. The seawater pipework inside the minicell on the Condeeps was subject to remedial repairs
in the mid-1990s, and a significant number of concrete-filled clamps were installed to reinforce failed
pipework. The complicated repair clamps comprise an outer steel enclosure filled with grout. Figure 43
shows one of the clamps and its size can be judged in relation to the flatbed truck in the background.
Figure 43
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Failure of a Viking-Johnston coupling (Figure 44) in the annulus has the same potential consequences as
failure of a ballast line inside the minicell. The leak rate could be more severe and the ability to apply
effective remedial contingency measures would be limited.
Figure 44

Illustration of Viking-Johnson Coupling and Associated Pipework on the Brent Condeeps.

Conclusions on new ballast system: The minicells were last accessed in 1997, when the main repair
activities involved the installation of five repair clamps (in addition to the five that had been installed
previously onto the live ballast water system further up the utility leg), and remedial work to the skirt water
evacuation lines. ‘Dry diving’ (that is, diving with full breathing apparatus) and rope access techniques were
used throughout the work in the minicell.
Modifications would be required inside the minicell for any of the ballast systems required for refloat. In one
of the external ballast system options considered by GLND in their Conceptual Design Study of Mechanical
Systems for GBS Refloat and Tow [19] each of the storage cells would have to be isolated for testing and
operational purposes. In these circumstances, a means of installing double isolation plugs inside each of
the storage cell seawater lines would be needed, and this would require working inside the minicell for
a significant period of time.
Both systems would have to incorporate an element of redundancy to ensure adequate reliability throughout
all phases of the nearshore dismantling process. Both would be very complex and time-consuming to install.
An advantage of an ‘internal’ ballast system is that all the equipment would be mounted internally and would
not be exposed to the elements. There would, however, be significant operational issues and complications
associated with working inside the utility leg and minicell, and it is extremely unlikely that they could be
overcome.
An advantage of using an external ballast system is that it should reduce the amount of unpumpable ballast
inside the cells. Although the work would be diver-intensive, there would be relatively few restrictions on
accessibility and the same work would be repeatable across all storage cells. The same cannot be said of
the internal ballast system where accessibility and the complexity of the solution would result in a period of
work that would be five to ten times greater than might be expected for areas where access was fairly
unrestricted. Experience of working inside the utility leg shows that planned work invariably encounters
obstacles resulting in significant delays to the original schedule.
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In either case, the difficulties associated with working with the ageing piping infrastructure inside the minicell
are such that successful implementation of a new ballast system would take years to achieve, with no
guarantee of success. Under current health and safety regulations it would not be acceptable for divers to
work in the flooded minicell. Consequently, modifications to pipework inside the minicell could only be
undertaken either by draining the minicell or by developing equipment that could be used remotely. The
amount of development time will increase with the complexity of the equipment required and the task to
be performed.
The concerns regarding access to the pipework inside the minicell are such that the installation of a new
ballast system would not be viable and therefore not recommended.
8.2.10.3 Water Level Measurement System
During original installation a pressure monitoring system was used to monitor the water levels in the storage
cells and legs. The system comprises nineteen 1 inch lines (one from each storage cell and one from each
leg) which terminate in the minicell at El +19.m. Where they span the annulus, the pipes are encased in a
concrete beam. Pipework encased in concrete is made of galvanised steel whereas pipework not encased
is made of stainless steel. None of these lines was grouted after the completion of the original installation
procedure and it is not known if they have been grouted since then. Inspection of this system in the late
1980s showed that significant corrosion had already occurred on some of the visible stainless steel
components.
On Bravo the cell level-measurement system is a differential pressure system using the produced water
standpipe as a reference leg and four separate impulse lines to four differential pressure reference cells, one
for each cell group. Prior to a consolidation of the storage system, cells 7, 17, 18 and 16 were used for
measurement for each of the four individual cell groups, but now only part of two of the cell groups remain
operational, Cell Group 2 which comprises Cells 8 and 17, and Cell Group 3 which comprises Cells 9
and 18. In theory, the differential pressure system in Cells 17 and 18 would still work but since the original
ballast system cannot be used any ballast system modifications would have to be supplemented with a new
level measure system.
On Delta, 19 cell level-monitoring pressure sensors were fitted for the original ballast system. This system
is more than 41 years old and has not been used since the original installation of the GBS. In order to block
potential leaks the pipes have all been individually filled with an epoxy grout. Even if these lines could be
reinstated by removing the epoxy grout it is doubtful whether the system would still function. A further
complication is that this type of system was designed to show water level with air above the water at
ambient pressure, not air at a pressure of several bar as would be required for refloat.
The Delta GBS is reported to be fitted with a cell level-measuring system based on differential heat
conductivity of oil and water, to measure the level of the oil-water interface in the storage cells. This system is
reported to be inoperative due to sensor failures, and because they are inaccessible they cannot be
replaced. Fluid transfer in and out of cell groups is currently assessed by difference and dead reckoning but
such a method would not be sufficiently accurate for delicate deballasting operations.
The implications of inoperable cell monitoring pressure sensors and cell level-measuring systems are that a
new method of water level-measurement would be required.
8.2.10.4 A Substructure Positioning System
For refloating, towing and nearshore dismantling it would be important to know the structure’s position,
draught and angle of tilt. Such a positioning system was used for the original installation of the GBS and
comprised three transducers linked to a junction box in the utility leg. The current state of the system is not
known but since it is more than 41 years old and has been continuously exposed to the elements it can be
assumed that a new system would be required for refloat. In the overall scheme of preparations for refloat the
installation of such a system might be expected to be relatively straightforward, although divers would be
required to attach the new system to the structure.

Page | 72

BRENT BRAVO, CHARLIE AND DELTA GBS DECOMMISSIONING
TECHNICAL DOCUMENT
8.2.10.5 Power Generation and Control Systems
A new power generation set and associated controls would have to be capable of supplying power and
controls to all the new systems necessary to ensure a successful refloat.
To achieve this, a new power generation and control hub would have to be installed on one of the legs.
All the necessary external and internal cabling would have to be routed down the utility leg or the drilling
legs. For systems mounted on the outside of the structure it might be possible to route cables internally before
routing through specially-designed holes just above the minicell, but this would introduce yet another potential
leak-source into the structure. Any ballasting and deballasting facility would have to remain operational for
refloat and tow as well as for the nearshore dismantling phase, and would therefore have to be transferable
to a utility barge moored alongside.
Any power generation and control system would have to be designed for remote operation, and there would
need to be a degree of redundancy or duplication in case one system failed. Such systems would have to be
capable of handling the delivery of fuel stored on-board, and there would have to be complete assurance
that the operations of valves, actuators, systems and facilities during preparations for refloat would be
reliable. Such a sophisticated system would be complex to install and, more importantly, would increase
the weight of the structure to be refloated.
Assuming that such systems had been installed it is unlikely that manual intervention could realistically be
achieved, given the location of equipment in the lower reaches of the utility leg. This implies that any new
systems would require a very high degree of sophistication, and while it should be possible to design, test
and install such systems, this programme would take many years. Crucially, any system would rely heavily
on the ability to automate processes to cater for all events that could affect the ability to successfully attempt
refloat. The engineering of the systems required would be complex, and their functionality could not be truly
be fully verified until the procedure to refloat the structure was actually started.
8.2.11

Inherent Structural Weakness and Assuring Structural Integrity

The refloat feasibility study for Brent Delta comprised a simulation of refloat and an assessment of the
structurally-critical locations, and a significant part of the study was dedicated to a non-linear structural
analysis of the tri-cell wall. This relatively sophisticated study concluded that in theory a through-crack should
not occur in a tri-cell wall even under deep-submergence conditions. Through-cracks are, however, known to
exist in Delta. Consequently we believe that, on their own, the Condeep structural design criteria would not
provide a sufficient basis for planning a refloat operation. The original limits of some of the design criteria
would have to be reduced to ensure that the structure did not fail during refloat.
In order to assess structural integrity under the changed stress situation associated with attempted refloat,
all the key parts of the structure would have to be accessible for inspection. Given that much of the GBS is
inaccessible for inspection, however, it would not be possible to reliably assess the condition of the structure
before attempting a refloat.
A further aspect that requires consideration when assessing the condition and strength of the tri-cell walls
is that during the life of the structure the legs have been pumped dry on several occasions for the inspection
and repair of the seawater storage pipework. During these events, when the minicell has been dry, the
substructure has had to withstand periods of emergency ballasting when severe weather was predicted.
Consequently, it is possible that the reinforcing bars at particular locations in the vicinity of the tri-cells could
have been over-stressed and the concrete in these areas could already be damaged. Although there is no
evidence to show that such damage has occurred, it is nevertheless not possible to discount this eventuality
by inspecting the inside of the tri-cells for cracks. The extent of any cracking in the tri-cells is not predictable,
cannot be inspected and therefore would remain uncertain.
A concrete substructure of similar Condeep design, the Sleipner A, was lost during deep-submersion testing
in 1991 because of weaknesses in the design and construction of the tri-cells. In this case the reinforcement
was unable to resist the hydrostatic loads in the tri-cells and extensive cracking occurred, allowing the ingress
of large amounts of water.
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8.3

Special Considerations for Bravo

8.3.1

Introduction

In addition to the generic concerns and technical issues described in Section 8.2, the following specific
considerations must be addressed with respect to the refloat of the Bravo Condeep:


Damage to roof of Cell 4



Other damage and cracks



Leak in the minicell annulus



Geotechnical considerations



Criticality of skirt conditions



Weight and buoyancy



Integrity and stability

8.3.2

Damage to Roof of Storage Cell 4

In January 1981 a section of 36 inch pipe weighing 10 tonnes was accidentally dropped from the topsides
and struck storage Cell 4, causing severe damage to the dome but not penetrating it (Figure 45). Because of
drawdown this resulted in a major ingress of water into the cell. Although the damaged area could probably
be strengthened sufficiently for refloat, the adequacy of any strengthening work could not be fully confirmed
until refloat was attempted.
Figure 45

8.3.3

Impact Damage to the Dome of Cell 4 on Brent Bravo.

Other Damage and Cracks

Subsea structural inspection surveys in 1991 found cracks at three locations in the vicinity of the lower domes
and at five locations in the vicinity of the upper domes (Figure 46). The cracks varied in orientation, width,
length and depth. A qualitative analysis of these cracks was carried out in 1993 and it was hypothesised
that they had arisen during the original construction and installation of the GBS.
Extensive cracking was detected in the region between the upper domes at El. +60 m with the cracks
running vertically between the cell walls and then horizontally between the domes. At several locations in the
upper dome the cracks were about 2 mm wide, and some were up to 5 mm wide. This type of cracking was
detected at five locations between the following Cells; 10/11, 11/12, 12/13, 15/16 and 17/18. The
more severe cracks are those at Cells 10/11 and 11/12, whereas the crack at 12/13 is considered to be
a minor defect. The finer cracks appear to have stabilised.
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Figure 46

The Locations of Cracks on the Brent Bravo Upper Dome at El. +60.5 m.

It was also observed that cracking was likely to be found between Cells 14 and 15 but this area has not
been inspected. Cracks local to construction joints do not necessarily follow, and are not limited by, the
geometry. The larger cracks are present on the outside of the tri-cells between cells adjacent to the drilling
legs, and hairline tensile cracks have been found in the region between the domes. During deck-mating and
installation the areas between the domes of the outer cells were in compression. Tension effects developed
between the inner cells, however, because of the way the caisson reacted to the loads. Based on knowledge
from the cracking of Statfjord A during deck mating, it is reasonable to assume that tension effects of a similar
nature developed in the Bravo caisson during deck-mating. Cracking on Bravo is likely to be less extensive,
however, because compressed air was used to protect the caisson from the imbalance of hydrostatic
pressure during the deck-mating process.
It is therefore believed that cracking in the caisson has probably been caused by the combined effects of the
following:
Thermal loading from the hot drilling leg: Structural analyses have given a clear indication of how the hot
drilling leg causes thermal stresses in the surrounding cells; the effect is less pronounced for cells adjacent to
the utility leg. It is therefore concluded that thermal loading was likely to be the main cause of the cracking.
Analyses conducted after the original design had been completed predicted much higher thermal stresses in
the cracked region than were used in the original design calculations.
Differential drawdown between the drilling legs and storage cells: Differential drawdown also causes some
tension effects and therefore may explain the development of cracks, but the surface stresses that develop in
such conditions were found to be small compared with the effects of temperature.
Pre-stress in the domes: The pre-stress in the cell domes gives rise to some tension between the domes but
such effects seem to be accounted for in the original hydrostatic calculations.
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Creep deformation of the domes: The long-term effects of creep deformation21 of the dome are complex, and
such effects were not considered during design except for estimating the reduction in stress over time. It was
believed that creep would exacerbate the cracking in the sense that the high pre-stress would try to pull the
dome towards the centre, giving rise to tension or creating a gap (crack) between the domes. The potential
effects of creep were not examined.
Of all the considerations offered above, inadequate transverse reinforcement was the main reason why such
cracking developed. It is not possible to predict with confidence how the cracks may grow in the future.
Over time, the cracks may propagate further into the cell walls causing leakage as well as jeopardising
structural integrity.
8.3.4

Leak in the Minicell Annulus

Since the installation of Brent Bravo in 1975 there has been a continuous leak of seawater into the minicell
annulus, the space between the minicell and the inside wall of the utility leg. The flowrate is between
200 m3and 230 m3 per day and it affects the ability to maintain drawdown within acceptable limits when
the drawdown system has been shut in.
In the 1990s it was determined that the leak is associated with the drawdown system and originates from
pipework linked to the storage cells. Several attempts have been made to find the site of the leak using a
variety of techniques, but none has been successful. It has been determined, however, that there may be as
many as six separate leaks; their locations cannot be precisely identified. There are several potential
candidates for the source of the long-term leak, including the storage water lines, the cell volume
measurement lines and the sand drain lines and associated components. The leak probably originates either
in the Viking-Johnson couplings or in the pipework encased in concrete underneath the sand ballast in the
annulus, and is therefore inaccessible.
Since the source of the leaks cannot be determined it is not known if the rate of leakage would increase if
the structure were to be refloated. If a Viking-Johnson coupling failed completely the rate of water loss from
the cell would be 2,700 m3 per hour; this is a significant flowrate which may not be possible to mitigate.
Although such a leak should not affect the watertight integrity it would have to be dealt with and sealed
because otherwise it would affect the floating stability of the structure and possibly also its structural stability.
This is because the water would be flowing from at least one of the storage cells, and differences in the level
of ballast water between adjacent cells has to be carefully managed to avoid excessive shear transfer
between adjacent cells. Consequently, unless the annulus leaks could be located and dealt with, refloat
should not be attempted.
8.3.5

Geotechnical Considerations

During installation the penetration force experienced by one of the dowels adjacent to Cell 15 was much
higher than expected. This might indicate that the forces that would be required to extract the dowels would
be larger than anticipated and this in turn would mean that a higher overall hydraulic pressure would be
needed. Consequently, this might increase the likelihood of hydraulic failure early in the hydraulic jacking
process, leading to a failure of the extraction process.
In the original design of the anti-liquefaction system there would have been a 30 m deep ‘well’ in each
of the three legs but on Bravo there are just two; the drainage well in Leg 5 is a shallow well. In the two
drilling Legs (Leg 3 and Leg 5), a 30 inch riser penetrates the base of the leg and extends into the seabed
(Figure 47). A 6 inch pipe branches from each riser, traverses the base structure and enters the utility leg at
El. +61 m. The pipe then rises to a manifold at El. +76 m and from this manifold four 3 inch pipes feed out
to underneath the concrete skirt. These lines are made of galvanised steel and have isolation valves at
El. +72 m, and are known to be leaking.

21

Creep is the slow deformation of a solid material when exposed for a long period of time to stress or
loads.
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The 34 inch anti-liquefaction caisson below the utility leg and the 30 inch shallow drain within drilling Leg 5
would both have to be severed below the mudline before attempting a refloat. The 34 inch caisson has
been grouted inside to a height of 85 m above the mudline and therefore it would be unlikely that access
for cutting the caisson could be gained unless the grout inside the caisson could be removed.
Figure 47

The Anti-liquefaction System on Brent Bravo.

Bravo has a total of 48 drainage panels attached to the sides of the steel skirts and these are impossible to
inspect (Figure 48, a plan view from beneath the GBS caisson). They present a potential leak path for any
water injected underneath the base during hydraulic jacking. Of more concern, however, is the composition
and condition of the soil under the base of the caisson and how its variability across the base of the GBS
may be dealt with. The soil is a mixture of sand and clay, and during original installation washouts were
observed as the skirt tips touched down.
Figure 48

Arrangement of Foundation and Skirt on Brent Bravo.
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In order to successfully refloat the GBS it would be necessary to extract the skirts and dowels from the soil.
This might be done using a combination of jacking force and buoyancy force. The anti-liquefaction filter
penetrating 30 m into the soil would theoretically also need to be removed, as would the instruments that
were installed to a depth of 60 m below the mud line to monitor long-term settlement. To initiate the
withdrawal of the skirts and dowels from the soil the hydraulic jacking operation would have to be
successful, and an essential feature of this operation is the proper control of the hydraulic pressure beneath
the bottom of the structure.
The geotechnical aspects present a major challenge, with no guarantee that a reliable solution for extracting
the GBS from the soil could be found. These uncertainties are possibly exacerbated by the likely high soil
retention force as well as possibly more numerous sources of hydraulic failure. For example, data from the
original drilling programme and operations to install conductors suggests that the soil beneath the west
drilling leg may have been disturbed and weakened. Consequently, it might be more prone to channelling
when exposed to increased pore water pressure during hydraulic jacking.
8.3.6

Criticality of Skirt Conditions

Before the GBS was installed, the suitability of the chosen site was proved by seabed surveys and sub-soil
investigations. These revealed that the seabed is virtually flat and the subsoil comprises a thick deposit of
dense sand overlain by alternating layers of stiff to hard over-consolidated sandy clay and silty sand. It is
therefore unlikely that either the skirts or the drainage panels were damaged as they penetrated the seabed
but this is not definitively known.
Shortly after installation the possibility of leakage from the skirt compartments into the structure was measured
by closing the drainage system and reading the changes in pressure over a period of 2-3 weeks. Leakage
into the structure occurred from at least two Skirt Groups (SG), SG4 (Cells 12, 13 and14) and SG1 (Cell 6).
It is believed that water from SG1 (Cell 6) leaked into the utility leg but it has not been possible to confirm
this. Readings a few years later suggested that minor leaks were still occurring from SG4.
Various factors influence the ability to extract the GBS from the soil by hydraulic jacking, and one important
requirement is that the skirt compartments remain intact. The loss of only one skirt compartment would result in
the requirement to increase hydraulic pressure in adjacent compartments by up to 50% to compensate. The
condition of the skirts is regarded as a critical factor and although damage may not have occurred during
installation, the condition of all the skirts cannot be reliably determined.
The condition of the skirts would have to be established by removing some of the adjacent seabed
sediments. Notwithstanding the practicalities of such an operation, this could only be achieved for the
boundary skirts on the perimeter of the structure. This is the area where the surcharge of rock would be
placed to increase the hydraulic capacity of the soil inside the foundation boundary. Excavation would
weaken the strata of the surrounding soil, and increase the likelihood that pressure would be lost during
hydraulic jacking. In addition, it is likely that the soil replaced after excavation would be weaker than the
original undisturbed seabed and thus the effectiveness of any surcharge subsequently placed on the seabed
around the perimeter of the GBS would be significantly reduced.
8.3.7

Weight and Buoyancy

The overall buoyancy of the Bravo GBS is limited by the inherent characteristics of the structure and the
additional weight. Bravo is heavier than Delta, largely because it contains approximately 18,000 Te more
‘heavy sand’ ballast than Delta.
From a structural perspective the minimum level of ballast water inside the Bravo caisson would have to be at
El +22.0 m, and the weight and buoyancy analysis work suggested that the maximum buoyancy at the point
of departure could be as low as 8 MN (800 Te) or as high as 24 MN (2,400 Te), as shown in Figure 49.
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Figure 49

Note:

Bravo Available Buoyancy at Point of Departure from Seabed.

The horizontal scale is kN.

Figure 50 shows the effect of net buoyancy on initial pop-up and equilibrium draught after release from the
sea-bed. This suggests that if the caisson was pressurised to 5 barg before refloat the net buoyancy should
not exceed about 9 MN (900 Te) in to order to limit to 1 barg the overpressure experienced by the cells
caused by excessive pop-up of the structure on departure from the seabed. Similarly, if the caisson was
pressurised to just 4 barg this would allow the net buoyancy at the point of departure to be increased slightly
to about 11.5 MN (1,150 Te). It should be noted that in Figure 50 the depth of water above the ‘Net
1 barg overpressure’ shown is independent of ‘Net Buoyancy’. The uncertainties associated with buoyancy
would remain until attempting to refloat the structure.
Figure 50

Brent Bravo Net Buoyancy on Release vs. Water Above dome

22

.

22

The 9MN point occurs at the intersection between the horizontal red ‘Net 1 barg overpressure (5 barg)’
line and the dotted ‘pop-up draft’ line. The 11.5 MN point occurs at the intersection between the horizontal
dotted ‘Net 1 barg overpressure (4 barg)’ line and the dotted ‘pop-up draft’ line.
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8.3.8

Integrity and Stability

Calculations by Doris in Brent Delta: Hydrodynamic behaviour during break loose [20] show that after
breaking free of the seabed the GBS would remain relatively stable during its ascent until it came to rest at its
equilibrium draught. This does assume, however, that on departure from the seabed the buoyancy is not
excessive and that weight and CoG are known fairly accurately. The stability of the structure is heavily
dependent on being able to minimise the buoyancy when the structure departs the seabed. The amount of
buoyancy at the point of departure heavily influences the maximum angle of tilt as well as the height to which
the structure would rise before settling at its equilibrium draught.
The angle of tilt seems to be most affected by the location of the CoG, which suggests that greatest attention
would have to be paid to establishing and controlling the CoG at the time the structure departs from the
seabed. The complete removal of the remainder of the topsides (the PGDS) does not appear to significantly
improve the stability of the GBS; the removal of the approximately 8,000 Te PGDS would reduce the angle
of tilt from 3.5° to 2.7°.
Assuming that the structure does not suffer any leaks, it can be expected to remain stable throughout the tow
and the nearshore dismantling process.

8.4

Special Considerations for Delta

8.4.1

Introduction

In addition to the general concerns and technical issues described generically in Section 8.2, the following
specific considerations must be addressed with respect to the refloat of the Condeep Brent Delta:


Damage to tri-cells adjacent to Cell 19



Leak in Cell 19



Damage to conductor Slot 24



Effects of drilling on substrata underneath drilling leg



Stability on refloat



Freeboard at nearshore site

8.4.2

Damage to Tri-cells Adjacent to Cell 19

In October 1976, about two months after the Delta GBS had been placed on the seabed but before it had
started operating, it was discovered that water was leaking into the caisson at a rate of about 123 m3 per
day (approximately 5,125 l hr-1). It was believed that this originated from tri-cell 1/18/19 or tri
Cell 1/8/19 and the adjacent storage Cell 19. Repairs were attempted in the summer of 1977 but the
programme was abandoned because of difficulties in removing obstructions and solid ballast from the
tri-cells.
In May 1978 tritiated water and tracer dye were introduced into tri-cells 1/8/19 and 1/18/19 to identify
the source of the leak, and two leaks were found. The first was a through-wall crack into Cell 19 from tri-cell
1/8/19 with an estimated rate of 5.4 l hr-1 and the second was a much smaller leak of <0.5 l hr-1 from tricell 1/18/19 into Cell 19. This combined rate (approximately 5.9 l hr-1) was very small (about 0.1%) in
relation to the overall inflow to Cell 19 and the main source(s) of the leak remained unknown. At the time it
was hypothesised that water was entering the lower part of the storage cell in an area not connected with
the tri-cells, but the main source of water ingress into Cell 19 has never been established.
Despite a rigorous review of records and archive material it has not been possible to determine when Cell
19 started leaking but it is believed that the cracking damage was caused by deep submergence without
cell pressurisation. Despite extensive investigations, no information has been found to substantiate this but
there is experience and anecdotal evidence from similar GBSs that such damage can occur.
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During a design review of Bravo, it was found that the junctions between the cell domes and cell walls
were not strong enough to withstand the forces associated with deep submergence without risking structural
damage. Procedures for Bravo were therefore changed to ensure that for all deep submergences the storage
cells were pressurised with compressed air to 4 bar. As a consequence, the design of Delta was modified to
increase the strength of these joints. According to the records, the junctions between the cell wall and the cell
dome were designed and built so as to be strong enough to withstand the forces associated with deep
submergence without any need for pressurisation, and consequently all Delta deep submergences took place
without pressurisation of the storage cells. Over a total period of about 18 days during construction, Delta
was deep-submerged on several occasions for a variety of reasons (test deep submergence, PGDS float-over,
installation of transition cones, emplacement of modules, and final submergence on location). There is no
information in the records to indicate that any structural damage occurred during these submergences.
During deballasting operations before an attempted refloat, large forces would develop in the walls of the
tri-cells and these could cause severe cracking which would tend to be exacerbated by the pressure of
water being forced into the crack. The integrity of the tri-cell structure during refloat operations has been
investigated using non-linear structural analysis to predict the degree of cracking that might occur. The
analysis suggested that extensive through-cracking would not occur and that the water-tightness of the
structure and its structural load-bearing capacity would not be impaired. This assessment is inconsistent,
however, with the experience of the Delta structure where the seawater leaking into Cell 19 indicated the
presence of through-cracks, as confirmed by the use of radioactive tracer dyes and limited inspection.
The non-linear structural analysis was unable to predict why the cracks in the structure deviated from the
centre of the wall and why such through-cracks occurred. It should also be noted that the tri-cells adjacent to
Cell 19 were not considered to be the most highly loaded during deep-sea submergence for the deck-mating
sequence, and therefore this raises the concern that other tri-cell joints may have cracks almost penetrating
the full thickness of the wall.
The two-dimensional structural analysis used to investigate the cracking in the Delta tri-cells is not considered
adequate to correctly predict the propagation of the crack, as it does not account for three-dimensional or
secondary effects. A three-dimensional structural analysis might provide better results but would also have
uncertainties because of difficulties with the validation of input data. If such cracks developed as the result of
stress overload due to imperfections not noticed during construction, or for some other unexplained reason,
the results from such detailed analysis alone could not be relied on.
A further aspect that would require consideration when assessing the condition and strength of the tri-cell
walls is the fact that, like Bravo, the legs on Delta have been pumped dry on a few occasions for the
inspection and repair of the seawater storage pipework. During those times when the minicell has been dry
the substructure has had to withstand periods of emergency ballasting when severe weather was predicted,
and during these periods the differential pressure across the tri-cell walls has been higher than normal. There
is therefore a possibility, albeit small, that the reinforcing bars at particular locations in the vicinity of the tricells were over-stressed on these occassions and the concrete in these areas could already be cracked. It is
not possible to accurately inspect the inside of the tri-cells for cracks.
Theoretically it should be possible to record water ingress into Cell 19 but the process would be
complicated. All the storage cells except Cell 19 would have to be isolated and the only way to achieve this
would involve using the original butterfly valves installed in the produced water pipes connecting each of the
storage cells to the single standpipe. These valves have been exposed to a corrosive environment for more
than 41 years and have never been used for isolating the storage cells during operations. They can only be
accessed by dewatering the minicell and the expectation is that additional means of isolating the storage
cells would be needed, requiring extensive work in the minicell. Overall, it is not considered possible to
reliably measure the leakage rate into Cell 19.
In conclusion, the likely extent of the cracking in the tri-cells is not predictable and would remain uncertain.
The presence of a leak in the tri-cell contravenes the central tenet of any refloat option, namely that refloat
should not be attempted while leaks are known to exist. The effects of the changed hydrostatic pressures that
would be experienced by the caisson during any refloat are not fully understood; leaks rates could decrease
or increase. Finally, known leaks would to various extents compromise the ability to achieve the required
buoyancy for refloat.
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8.4.3

Leak in Cell 19

Because Cell 19 is known to have leaked it is assumed that it would also leak when attempting a refloat.
In order to maintain control of the deballasting operations this cell would therefore have remain full of water –
not just for attempted refloat, but also for the tow and the entire period of nearshore dismantling. If this cell
remained flooded, additional water ballast would be required in one or more cells on the opposite side of
the structure to compensate for the imbalance. The GBS could still be lifted off the seabed in such
a configuration but it would sit lower in the water. This lack of buoyancy would mean that the tops of the
domes would not protrude above sea level with sufficient freeboard for safe working once the structure had
been taken to the nearshore location. The possibility of having to undertake the dismantling of the caisson
as a subsea operation would not be attractive.
If Cell 19 remained a source of water ingress during refloat various ways of mitigating this leakage have
been investigated including:


Filling the tri-cells with lightweight concrete or similar material



Sealing the top of the tri-cells



Sealing and reducing the hydrostatic pressure inside the tri-cells

Investigations have been carried out to determine whether sealing the tri-cells from the surrounding sea
could reduce the probability of structural problems. These concluded that although sealing could reduce the
probability of cracking in the tri-cell walls when the substructure is on the seabed, it would increase the risks
should the substructure break free from the seabed and rise in the water. If the tri-cells were closed to the sea,
the stresses in the walls and domes of all the base cells would be significantly different from those they
experienced during original installation. Their capacity to resist such new stress distributions is uncertain. In
practical terms, sealing the tri-cells would not be easy and the additional diving work required would
increase the risk to personnel. For these reasons sealing the tri-cells before refloat was not considered further.
Assuming that compressed air would be used inside the storage cells during deballasting, two approaches
were considered for dealing with Cell 19. The first assumed that Cell 19 would remain operational even
though it is known to have a leak, and the second assumed that it would remain filled with water. Because
it may be unwise to rely on an active pumping system as a way of dealing with leaks that might increase
throughout the refloat and dismantling phases, a fully-flooded condition for Cell 19 would be preferred
although, as described above, there would be implications for buoyancy. In addition, if Cell 19 were to
remain full of water the solid ballast (and residual sediments) would induce tensile forces in the lower dome
which could induce cracks in the concrete; there should be no ingress of water, however, because the Cells
would be full of water.
8.4.4

Damage to Conductor Slot 24

In September 1982 attempts were made to drive the 30 inch conductor into Slot BD-24 (Figure 51).
Severe difficulties were encountered passing through the 36 inch guide sleeve and it was reported that both
the conductor guide shoe and guide sleeve were damaged. Repairs were attempted but were unsuccessful,
and once the conductor string had been recovered operations associated with this well were suspended.
In May 1983 further attempts were made to drive the conductor but these were severely complicated by the
hardware previously left down-hole, which had not been recovered. Operations were suspended with the
conductor shoe at a depth of 643ft (196m) below mud line. The damage to the sleeve may have led to
local structural damage in a lower dome of the GBS, which would only complicate attempts to seal this
30 inch opening and render it watertight.
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Figure 51

8.4.5

Cross-section of a Typical Pre-constructed Conductor Guide in the Brent Delta Drilling Legs.

Stability during Initial Ascent, Tow and Nearshore Dismantling

Calculations by Doris [20] suggest that the structure would remain relatively stable during ascent until it
came to rest at its equilibrium draught. This does assume, however, that on departure from the seabed the
buoyancy is not excessive and that weight and CoG are known fairly accurately. The stability of the structure
is heavily dependent on being able to minimise the buoyancy when the structure departs the seabed. The
amount of buoyancy at the point of departure heavily influences the maximum angle of tilt as well as the
height to which the structure would rise before settling at its equilibrium draught.
The angle of tilt seems to be most affected by the location of the CoG, which suggests that greatest attention
would have to be paid to establishing and controlling the CoG at the time the structure departs the seabed.
The complete removal of the PGDS does not appear to significantly improve the stability of the structure; the
removal of the approximately 8,000 Te PGDS would reduce the angle of tilt from 5.5° to 3.1°.
Assuming that the structure does not suffer any leaks, it can be expected to remain stable throughout the tow
and the nearshore dismantling process.
8.4.6

Insufficient Freeboard at Nearshore Site

A weight and buoyancy assessment for Delta indicated that at best (i.e. using an optimistic estimate of
weight) the perimeter of the domes would protrude just 1.3 m above the water. For the ‘most likely’ weight
estimate the domes would be 1.07 m below sea level, and at worst they would be 2.77 m below sea level.
The assessment calculated that there was just a 5% probability that the top of the domes would protrude
more than 0.53 m above water level, and a 5% probability that the domes would remain 1.97 m below
water level. On the basis of this assessment, it was concluded that the Delta GBS would not reach the
minimum freeboard of 6.0 m required for safe dismantling at a nearshore site.
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8.5

Technical Issues associated with Refloating the SeaTank GBS Brent Charlie

8.5.1

Introduction

Although many of the generic issues associated with refloating the Condeep GBSs are to a greater or lesser
extent applicable to the SeaTank GBS, there are several issues that are specific to the SeaTank. This section
identifies and describes the technical issues associated with refloating the SeaTank, under the following
headings:


Watertight integrity



New systems



Geotechnical considerations



Weight and buoyancy



Stability and trim



Structural integrity during refloat

8.5.2

Watertight Integrity

8.5.2.1

Introduction

The structure would have to remain watertight throughout any refloat, tow and nearshore dismantling
operations, although a small amount of leakage might be acceptable if this was under control. During
preparatory work the GBS would be inspected and repaired where necessary. Particular attention would
have to be paid to construction joints, penetrations, construction holes and any other holes or cracks
identified during the preparatory inspection work.
As reported by GLND in Brent Charlie: Preliminary Condition Study [21], the submerged portion of the
structure is largely free from post-installation cell wall penetrations. Below sea level, the structure has five
30 inch diameter apertures and one 20 inch diameter aperture, and theoretically they can all be closed and
isolated by existing hinged covers and control valves. Other openings provided for the original installation
systems, such as skirt water evacuation, piezometer lines and anti-liquefaction pipes, also penetrate the
caisson but do not penetrate the storage or perimeter cells and so are unlikely to pose a threat to watertight
integrity during refloat. Other potential leak sources (such as risers, J-tubes and instrument conduits) would
have to be sealed once the various flow lines are disconnected but these should not pose any risk to
watertight integrity because they do not directly communicate with the cells.
Notwithstanding the potential threat to watertight integrity from the conductor guide tubes (refer to
Section 8.5.2.2), Charlie has far fewer known watertight integrity issues than either Bravo or Delta.
Any attempt to refloat the GBS would, however, have to be preceded by extensive integrity evaluations
and surveys to ensure that within a reasonable degree of certainty the watertight integrity of the structure
would be assured throughout refloat, tow and nearshore dismantling. In addition to the individual testing of
components – which would be tested at more onerous test pressures – the water-tightness of the structure
could theoretically be examined by putting all compartments of the caisson under drawdown by
manipulating the water level in Leg C1. Any leakage would lead to a rise in water level inside Leg C1
that could be easily monitored. This global water-tightness test could be repeated whenever needed during
preparatory works. Such a test would, however, also have to be carried out after all the preparatory work
had been completed and would have to be representative of the hydrostatic pressure imbalances of the
refloat operation.
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8.5.2.2

Sealing Conductor Guides

The forty 30 inch conductors are external and held in place by conductor support frames between Leg C3
and Leg C4 at elevations El. +151.19m, El. +122.1 m and El. +91.1 m on the west side of the GBS
(Figure 52). Each guide frame is approximately 42 m long and 10 m wide.
Figure 52

Arrangement of Conductor Guide Frame between Leg C3 and Leg C4 on Brent Charlie.

The conductors are routed through the storage cells by means of purpose-built 37 inch diameter x 0.5 inch
thick carbon steel guide tubes built into the upper domes and the base slab of Cells B24 and B25 (Figure
53). The joints between the pipe and the structure are sealed at the top and bottom. The tubes and seals
were designed to cope with a 36 m drawdown for the service life of the installation. Above the caisson roof
(at El. +57.84m), the conductor guide tubes are fitted with a bell mouth to guide entry of the conductors.
To enable sealing of the conductor guide tubes the conductors themselves would have to be completely
removed. As reported by Doris in Brent Charlie: Options for plugging of conductor apertures [22] there are
two areas of concern about the integrity of the conductor tubes after more than 39 years of service:
1.

The condition of the expansion joint between the conductor guide tube and the caisson roof.

2.

The integrity of the conductor tubes themselves.

It is possible that the conductor tubes have already suffered through-thickness corrosion but at the time of
writing there is no evidence to suggest that this has resulted in a significant ingress of seawater. To date
there is no indication that there is leakage through the conductor tubes into the conductor cells. There would,
however, have to be a continued assurance that no leaks would occur at any stage during refloat, tow and
nearshore dismantling. The tops and bottoms of all the guide tubes would therefore have to be successfully
sealed and verified as such to ensure that no ingress of water would occur during deballasting and
subsequent operations (Section 8.5.4). On the whole this would theoretically be easier to achieve than
on either Bravo or Delta, but nevertheless the challenges would be considerable.
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Figure 53

Details of the Top Connection of the Conductor Guide Tubes on Brent Charlie.

The bell mouths were prefabricated and connected to the guide tubes by bolted flanges. Just below these
flanges, ring seals and expansion joints were installed in the space between the guide tubes and conductors
to prevent ingress of water and to reduce the rate of corrosion in this area (Figure 53). The various conductor
guide tubes pass through the roof of the caisson in three different arrangements as shown in Figure 54 and
pass through the bottom slab as shown in Figure 55.
Figure 54

The Three Types of Conductor Guide Tubes on Brent Charlie.

Figure 55

A Typical Bottom Slab Connection for the Conductor Guide Tubes on Brent Charlie.
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For any refloat the integrity of the seals, expansion joints and conductor guide tubes would have to be
assured. The most efficient way of achieving this would be to plug the top and bottom of each conductor
guide tube, and in their study Doris found that the most promising method would be to use watertight caps
[22]. The sealing arrangement would be similar for the tops of Type ‘A’ and Type ‘B’ guide tubes; the cap
would be spherical or cylindrical and water-tightness would be achieved using a neoprene seal. For the
base guide tubes, an inflatable stopper would be placed at the bottom of the guide tube so that it could be
filled with grout (Figure 56 and Figure 57). This possible sealing arrangement is a conceptual plan, and has
never been attempted.
Figure 56

A Method for Sealing the Tops of Type A and B Conductor Guide Tubes on Brent Charlie.

Figure 57

A Method for Sealing the Bottoms of Type A and B Conductor Guide Tubes on Brent Charlie.

Figure 58

Location of Type C Conductor Guide Tubes on Brent Charlie.
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Type C guides would require a different sealing arrangement because there is no horizontal surface around
these conductors (Figure 58). Like the sealing arrangement for Types A and B, however, it is envisaged that
a neoprene seal would be used where the sealing arrangement is in contact with the caisson roof. The
sealing arrangements shown would have to be modified to allow injection of water underneath the base slab
in the area of the conductor bay.
The integrity of all the seals would have to be maintained during refloat and the whole nearshore dismantling
operation, and in this phase of the programme the chances of accidentally dropping an object onto the
conductor guides would probably be quite high.
8.5.2.3

Sealing of Pipe Penetrations or Remediation of 24 inch Seawater Pipes

In the Charlie caisson, the water cooling cells (called the ballast cell) are divided into eight groups (B1 to B8)
comprising the 20 outer cells and the two conductor cells. These surround the eight, inner, oil storage cells
(which are divided into four groups) and the remaining four caisson cells which form the bases of the legs
(Figure 59, plan view, dimensions in metres).
Figure 59

The Arrangement of the Groups of Ballast Cells on Brent Charlie.

As highlighted by Nobel Denton in their report Brent Charlie GBS Refloat stability analysis – cross-flooding
via ballast standpipes [23], an important aspect of the design of the Charlie GBS is the manner in which
ballast segregation and control was achieved, and free-surface effect limited, by segregating the caisson
cells into groups. Watertight isolation between groups only exists, however, when the cells are part filled,
because there are open ports at the top of many cells (for the transfer of oil between cells or, in the case of
the peripheral cells, for the movement of cooling water). In the operating condition, with the caisson fully
flooded, the bottoms of the inner oil storage groups were connected to the tops of the adjacent outer ballast
groups by 24 inch carbon steel standpipes (Figure 60). These allowed water displaced by incoming
produced oil to flow to the outer cells, thus maintaining equal pressure throughout the caisson.
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The standpipes run vertically within the outer ballast cells from their open end approximately 40 m above the
base, and penetrate the cell walls separating the ballast and oil storage groups at approximately 4 m above
the base. There are four standpipe penetrations in the caisson, linking Cell Group B8 with B9, B8 with B11,
B4 with B10, and B4 with B12 (Figure 60).
Figure 60

Typical Arrangement of a 24 inch Seawater Standpipe on Brent Charlie.

The 24 inch standpipes and pipe supports were manufactured from carbon steel and protected against
corrosion by anodes with a design life of 14 years. This relatively short design life was specified because the
integrity of these pipes only needed to be assured for the construction and installation phases, as they would
serve no purpose after installation. After more than 39 years in service it can be assumed that these 24 inch
seawater pipes will have corroded to such an extent that their integrity will be severely compromised. This
means that it would not be feasible to repair or reinstate the pipes.
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As described in Section 8.5.6.5, the four penetrations between the peripheral cells and internal cells would
therefore have to be sealed for any refloat, to ensure that free-surface effects could be minimised during both
relfoat and subsequent tow to shore. The following narrative presents an overview of some of the issues
associated with safely accessing and sealing these pipes. In broad terms, access to the 24 inch seawater
pipes and lower penetrations could theoretically be achieved either by divers or by work class Remotely
Operated Vehicle (WROV) in one of two ways as described below.
Through Leg C1: During construction an access walkway (not shown in Figure 21) was installed through ten
watertight doors all the way round the perimeter cells, just underneath roof level. The cells within each of
the eight perimeter ballast compartments23 communicated freely through ‘upper’ and ‘lower’ ports at the top
and bottom of the dividing walls. The upper ports did not serve any ballast function or affect stability of the
structure because the water level inside the caisson was below these ports throughout both
construction and installation. The watertight doors were closed and sealed once the structure had been
installed (Figure 21). Access to the standpipes could be gained ‘conventionally’ by entering Leg C1,
then moving into Cell B7, passing along the high-level walkway in the peripheral cells and through the
watertight doors. All of these were accessible and used during the original construction and installation but
they can all be expected to have perished now; they were regarded as temporary and the design life of the
corrosion protection installed was short compared to the design life of the substructure as a whole.
Leg C1 is normally flooded to El +106.1 m while the installation is operating. Hypothetically it might be
assumed that the caisson could be dewatered to El +45.0 m giving a degree of free space. Even after
preparatory activities such as purging the atmosphere, however, precautions would be such that full positive
breathing apparatus would have to be used. For practical reasons this air would have to be supplied through
a life support umbilical rather than personal air bottles. This would avoid the need for frequent change and
resupply of bottles but would make it increasingly arduous and difficult for personnel to move through and
negotiate an increasing number of twists, bends and potential snagging hazards as further progress was
made into the caisson.
It can be assumed that the watertight doors would either be inoperable or would need extensive
modifications before they could be used; the upper walkway between the openings would also be in an
advanced state of disrepair. A significant amount of work would therefore be required to make the area
safe, irrespective of the mode of access. The use of an umbilical lifeline could significantly hamper progress
and consequently it is likely that working conditions would be unacceptable. In any event, it can be
expected that a considerable amount of work would be required to make the area safe before the work
directly relating to the task could be carried out.
To pass through the open holes in the lower parts of the peripheral cell walls 24 a diver would have to
descend and ascend a number of times when passing through and between the walls dividing the peripheral
cells, increasing in number as the diver progressed towards individual Cells B16 and B22. In practical
terms, given the distance from the escape opening in Leg C1 and Cell B7 (a vertical distance of about 45 m
and a horizontal distance of between 21 m and 95 m to the nearest and furthest standpipe respectively
around the perimeter cells) it is extremely unlikely that such an operation would be acceptable from a health
and safety perspective.
Assuming that access in this manner were possible, each of the existing 24 inch seawater pipes would have
to be made safe by sealing the bottom penetration to prevent any flow of water between the peripheral cells
and the internal cells. This would require divers to work within confined areas at depths in excess of about
40 m. This in turn would imply that decompression stops would be needed and that an emergency
recompression chamber would have to be located within an acceptable distance of the worksite. Taking all
of these issues into consideration, it is unlikely that access could successfully be achieved through the
opening in Leg C1 and it would seem to be more practical to attempt access through the roof of the caisson.

23

In order to control ballast the cells were organised into cell groups or ballast compartments.

24

Sometimes referred to in the Brent Charlie documentation as baffle plates.

Page | 90

BRENT BRAVO, CHARLIE AND DELTA GBS DECOMMISSIONING
TECHNICAL DOCUMENT
Through manholes in the roof of the caisson: Access to the four target cells would be gained by cutting holes
in the roof of the caisson. The holes would have to be large enough to allow access either by divers or
WROVs and they would have to be closed and sealed again so that the caisson could be deballasted for
refloat. The design of the access holes would have to take into account:
1.

The possible presence of valves and other infrastructure that might remain in place following the
conclusion of any earlier activities to remediate the cell contents.

2.

The fact that for the refloat itself ballast pumps and other equipment would have to be installed on top
of the caisson.

Experience gained during the planning of the cell sampling programme for Delta has shown that such an
exercise would be very complicated and time-consuming. Saturation diving would probably be required
because with current technology it is unlikely that the four lower pipe penetrations could be successfully
sealed using only WROVs. Any excursions and activities inside the caisson may be further complicated or
even compromised by the presence of any solid residues (i.e. sediment) in the bottom of the caisson.
Conclusion: Access inside the caisson and subsequent activities associated with remediating the 24 inch
pipes and pipe penetrations are not feasible for the purposes of attempting refloat of the Charlie substructure
or for any subsequent activities relating to tow and nearshore dismantling.
On the basis of the foregoing discussion, it can be concluded that the challenges associated with trying to
seal these penetrations would be considerable and it is unlikely that the success of any such operations could
be properly verified before attempting refloat. This means that the free-surface effects – and thus the stability
of the structure during refloat, tow and nearshore dismantling – cannot be ignored, and because of this an
attempted refloat would be an unrealistic prospect.
8.5.2.4

Construction Penetrations

During construction, numerous temporary penetrations were made for various purposes including access,
ventilation, installation of risers and J-tubes, installation of pipework, scaffolding support, insertion of tendons,
survey sighting and the removal of rubbish. All the temporary penetrations were subsequently closed by fitting
pairs of concrete or steel shutters and injecting concrete or resin into the void between them.
The walls of the tri-cells around the legs were pierced by 40 x 40 cm ports which were used during
construction to support scaffolding [21]. Although all these ports should then have been sealed with grout
when they were no longer required, investigations after the inclining experiment revealed that an unknown
number of ports had not been sealed at this time. These ports were eventually sealed using grout but the
sealing procedure did not use of any reinforcement or keying into the existing concrete and consequently
the watertight integrity of these areas is not known.
This potential lack of positive bonding is relevant when considering the differences in hydrostatic pressure that
would have occurred across the internal walls during the original submergence of the GBS as well as during
operation. It is not known whether historical distortions and movements of the structure could have dislodged
or affected these elements in any way. As the details are not known, it is difficult to quantify the resulting
threat to watertight integrity or stability during refloat. While this aspect itself is unlikely to unduly influence the
ability to refloat the structure, it is perhaps indicative of the uncertainties that would need to be resolved.
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8.5.2.5

Redundant System Penetrations

Several systems were used only during the original installation procedure. They were subsequently made
redundant and there is no possibility of reinstating them. These include systems for underbase water
evacuation, cell ballasting, cell pressurisation and venting, cell level measurement, grout injection and the
instrumentation associated with these systems. The penetrations and the potential risk they pose to any
refloat operation are described below.
Ballast system wall penetrations: The ballast module25 in Leg C1 has two 12 inch steel seawater suction
pipes and two 12 inch steel seawater discharge pipes which pass through the concrete to external
terminations on the top of the base slab. Each of the cell ballast groups is connected to the ballast module by
a single 10 inch filling and discharge pipe embedded in the base slab. The suction and discharge pipes
were plugged with grout on completion of the installation procedure but we do not know how secure the
grout is, and somehow this plugging would have to be inspected and tested.
Cell pressurisation and venting system: As described earlier, cell pressurisation during deep immersion and
installation was achieved using temporary air compressors supplying a distribution pipework manifold in Leg
C1. Pressurised air was introduced into Cell B7 through a single inlet pipe installed into the frame of an
airtight door in Leg C1, and pressure was then equalised through ports near the top of the walls inside the
perimeter cells and the 2 inch vent lines that connect the main storage cells to a vent header pipe
connected to either Leg C1 or C4.
It is assumed that the ports connecting the various cells were grouted but this does not appear to be
documented. The header pipework itself was isolated during immersion and installation but opened on
completion of the installation procedure to allow the cells to be fully flooded and vented. Although the
condition of the ports and header pipework is not known this would seem to be less of an issue as far as
the distribution and management of ballast water is concerned. The implications for maintaining equal air
pressure inside the caisson are less obvious, although it is likely that this uncertainty would be offset by using
a combined caisson pressurisation and ballast system as described in Section 8.5.4.
Cell level monitoring system: The current system for measuring the level of the cell contents uses pressure
sensors fitted to vent pipework and a 4 inch steel pipe connecting perimeter Cell B23 to Leg C4 to measure
pressure differences. These are used to calculate levels in the oil storage cell groups. Details for parts of the
system appear to be scant and the condition of the pipework is not known.
Grout injection system: Underbase grout was pumped through a network of temporary hoses and permanent
steel pipework mounted within the legs and walls of the caisson and the base raft. Grout was delivered by
this system to all the areas underneath the base raft except the area beneath the conductor bays (Figure 61).
The system also incorporated piezometer pipes fitted with pressure sensors to assist in managing the
distribution of grout within the skirt compartments; each skirt compartment was furnished with one grout pipe
and two piezometer pipes. As each compartment was grouted, every grouting and piezometer pipe was
filled with grout to ensure that the area was completely sealed, and when the GBS installation procedure
had been completed the ballast module in Leg C1 and all fourteen ballast pipes were filled with grout.

25

Officially called the immersion module.

Page | 92

BRENT BRAVO, CHARLIE AND DELTA GBS DECOMMISSIONING
TECHNICAL DOCUMENT
Figure 61

Location of the Grout and Piezometer Pipework under the Base of Brent Charlie GBS.

Underbase water evacuation system: The precise layout of the pipes in this system was not determined
during the condition study, but it is known that all the pipes were made of carbon steel and either embedded
inside the main caisson structure or routed up the external vaults. Although it is reported that some pipes are
26
defective, all are expected to be full of grout and none connect the inside of the caisson to the sea. These
pipes therefore do not appear to have a direct bearing on the watertight integrity of the structure.
As part of this system, liquefaction or shallow drain tubes routed through the base raft penetrated
approximately 1.2 m into the seabed during installation. Although similar in design to the grout vent pipes,
they incorporated a proprietary non-return valve at the top to allow the discharge of water and a rigid sand
drain attached to the end underneath the base raft, which supports a mesh strainer permitting the inflow of
water from underneath the raft during compaction of the seabed. These tubes were designed to penetrate the
seabed but it is not known if they were damaged during installation. Although these pipes do not appear to
have a direct influence on the watertight integrity of the structure, it would have to be determined whether or
not they contain grout as this could influence the ability to sustain pressure underneath the raft during
hydraulic jacking.
In addition, 9 or 1027 liquefaction tubes were fitted with 2.5 m long piezometer probes instead of sand
drains, to measure underbase pore water pressure after installation. These probes penetrated the seabed
during installation and were fixed to the tubes underneath the raft base. Although these pipes do not appear
to have a direct influence on the watertight integrity of the structure, it is unlikely that they would contain grout
and therefore they would influence the ability to sustain the pressure required during hydraulic jacking.

26

The grout vent or exhaust pipes were grouted as a result of back flow during grouting operations to ensure
that underbase grouting was complete, and according to the condition study report there is evidence that
the external pipes routed up the outside of the caisson walls were independently grouted after the installation
of the platform.
27

The exact number was not determined during the preliminary condition study.
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Various instrumentation cable penetrations: Various monitoring systems used cabled sensors located both
externally and internally on the structure. These include systems for monitoring pore pressure, settlement, wall
temperature, wall strain gauges, bottom clearance, initial skirt penetration, position transponders and storage
cell content. Various types of wall penetration were used but the condition of those associated with any
redundant instrumentation systems is not known.
Conclusion: With the exception of the suction and discharge pipes associated with the original ballast
system, the majority of the penetrations associated with redundant systems appear to offer little threat to the
watertight integrity of the structure.
8.5.2.6

Dealing with Known Cracks and Fractures

The current risk-based inspection plan is based on an appreciation of the likelihood of failure, the failure
scenarios, and the consequences of failure of a particular component. All of these elements are considered
from the perspective of operational safety, not refloat, so there would have to be a full inspection and
appraisal of any known damage to the structure. To date, we have no operational evidence to suggest that
there are any leaks through the concrete caisson and generally it is thought to be in a reasonable state of
repair.
8.5.2.7

Leaks while Floating

Assuming attempts to refloat the structure were successful, it is possible that leaks could develop both while
the GBS was being prepared for tow and during the tow to a nearshore location. During this period the
GBS would be unmanned and so it would be difficult to make repairs. At the towing draught the pressure on
the ballast system and wall penetrations would be less than during lift-off, but it would have to be maintained
for a longer period. The longer-term performance of the ballast system would be a particular concern
because of uncertainty regarding the thickness of the pipe walls, the possibility of fractures in the pipes due
to differential movements of the structure, and the long period during which the structure would have to
remain afloat for nearshore dismantling.
8.5.3

New Systems

8.5.3.1

Introduction

Most of the systems used for the original installation are either routed inside the base of the legs or through
the caisson. Leg C1 is now normally filled with 106 m head of water and so these systems are no longer
readily accessible and this severely hampers any means of establishing their integrity. To all intents and
purposes the original systems (ballast module, skirt water evacuation, piezometer tubes and anti-liquefaction
tubes) are inaccessible or filled with grout, so new systems would be required.
In broad terms, four categories of system would be required to attempt a refloat of the Brent Charlie structure:


A new ballast system (incorporating compressed air injection and level measuring system)



An underbase water injection system



A positioning system



New power generation and control systems

All of the new systems would be monitored and controlled by means of a DACS. Such a system would be
connected to all the monitoring instrumentation and would also control the various pumps and control valves
needed for any refloat and tow operation. On an unmanned GBS the DACS would have to be located on
one of the legs and linked by telemetry to a remote control system on an attendant vessel.
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8.5.3.2

New Ballast System

Several ballast systems have been considered, as described in the study by GLND Brent Charlie: Installation
of Ballast and Caisson Pressurisation System [24] and the most likely arrangement would involve cutting
holes into the top of the caisson roof. Before the decision had been made to remove the topside and cellar
deck in one piece by SLV, the following three ‘scenarios’ were considered for a new ballast system. The
scenarios are very similar and mainly differ in the number of new holes that would have to be drilled through
the tops of the cells; Figure 62 illustrates one scenario, Scenario A. In all three scenarios, all the new
penetrations would have to remain watertight throughout the refloat, tow and nearshore dismantling
operations; the seals would have to be tested before attempting refloat. Each of the possible new ballast
systems would have to be remotely operated in order to eliminate the need for personnel to be present during
the refloat operation. To cater for the fact that the cellar deck would have been removed, further
modifications might have to be made and possibly an additional new control module or interface fitted to
one of the legs, but no such detailed planning has been carried out.
Scenario A: Ballast equipment would be installed through sealed penetrations in 30 cells. This scenario
assumes that a penetration would be required into the top of all the storage and periphery cells. This
scenario would allow maximum control of ballast water levels inside the caisson.
Scenario B: Ballast equipment would be installed through sealed penetrations in 19 cells. This would involve
drilling holes into the top of all 10 storage cells but only 9 peripheral cells. This scenario assumes that there
is communication between adjacent peripheral cells and that the lower ports have not become blocked by
sediment.
Scenario C: Ballast equipment would be installed through sealed penetrations in 13 cells. This would involve
drilling holes into the tops of one of the cells in each of the original ballast groups plus an additional two
penetrations into the conductor bay (Cell Ballast Group B6). Two additional penetrations would be required
to allow an equalisation of pressure between Cells B29 and B30.
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Figure 62

One Possible New Ballast System for Brent Charlie [24].

Seal existing vent lines: For the successful operation of any new ballast system the existing vent lines from the
storage and peripheral cells would have to be sealed where they pass through Legs C1 and C4
respectively. This would require work in the area below the GTF, which is rarely accessed and therefore
unlikely to be in good condition.
Historically, work conducted in the area below the GTF has been only for essential inspection and repair.
Generally any programme of access needs to allow for inspection surveys and likely remedial work on the
way down to ensure that the threat of dropped objects is eliminated. As part of any programme of work in
these areas it is mandatory for personnel to wear full protective clothing and full breathing apparatus, with
breathing air being supplied through air lines.
Seal Cell B7 to Leg C1 manhole and vent ports: For any new ballast system, the Cell B7 to Leg C1 manhole
and vent ports would have to be successfully sealed and this would also require work below the GTF. The
water inside the leg would have to be lowered to below El. +48.0 m which is below the roof of the caisson
and this means that the water level throughout the caisson would have to be taken down to this level. This
area is about 100 m below the top of the leg and about 60 m below the GTF, and such a programme of
work would be a major exercise requiring work in areas not accessed since the completion of the original
installation procedure. Theoretically this may be possible, but the amount of preparatory work and field work
required would be extensive and probably take years to implement.
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As described by GLND, several other systems would have to be sealed before pressurising the caisson [24].
These include the drawdown equalisation pipe between Leg C1 and Legs C2 and C3, the peripheral cell
and storage cell vent lines, the oil storage lines, and the conductor cooling lines in Leg C4. The most
challenging activities would be sealing the access way between Cell B7 and Leg C1, and the drawdown
equalisation pipes. Gaining access to the various pipes would range from being a relatively straightforward
exercise to being a major technical challenge.
Conclusion: For all these elements it would have to be assured that the caisson would remain leak-tight
throughout the decommissioning process. The difficult sealing activities are associated with the Leg C1 inlet
port which is theoretically accessible from within Leg C1, the drawdown interconnection between Legs C1,
C2 and C3 which is theoretically accessible from within Leg C1, and the 24 inch underflow apertures from
the storage cells which are not accessible. The storage cell-dome vents (Leg C4) and the oil storage and
conductor cooling lines (Leg C4) are already sealed, and the peripheral cell-dome vents may have been
modified or sealed for the removal of attic oil.
Mounting new ballast system on caisson: The mounting and installation of the new ballast system on top of
the caisson would not be straightforward and would probably be slightly different for each conductor guide.
Roof plates and plinths fixed to the top of the caisson were used for temporary equipment supports during
construction. These are still in place, buried under the drill cuttings and debris on the caisson, and their
presence would make access and hole-cutting more difficult (Figure 63).
Figure 63

Plan View of the Arrangement of the Equipment Support Plates on Top of the GBS Caisson
used for the Original Tow of Brent Charlie.

In addition, any pipes inserted into the caisson would have to be carefully positioned to avoid any
infrastructure (for example pipes, corroded steelwork) inside the caisson. It is therefore likely that the detail for
each penetration would be different, whether on the flat area of the roof or on the sloping part. The designs
would have to be practical, achievable and ensure that the caisson would remain watertight throughout the
disposal process.
Therefore, in practical terms, the difficulties mostly relate to the installation of a new ballast system and the
sealing of the 24 inch seawater standpipe penetrations inside the caisson. The efficacy of installing a ballast,
pressurisation and measurement system seems remote and cannot be recommended for attempting refloat.
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Water level measurement: The water level measurement system is no longer functioning and so a new means
of measuring the level would be required [24]. This would probably be incorporated as part of any new
ballast and pressurisation system.
8.5.3.3

Underbase Water Injection System

Hydraulic jacking would be required to initiate the release of the GBS from the seabed. It would therefore be
necessary to install a completely new system to inject water underneath the foundation and monitor the
pressure to ensure that it does not exceed pre-determined limits. The foundation of the structure is divided into
sixteen compartments and water would have to reach every compartment to ensure uniform pressure across
the whole base of the structure. This would require careful monitoring of the pressure inside each
compartment.
As described by Doris in Brent Charlie: Assessment of existing and alternative mechanical systems [25] and
DTOO in Brent Field: Concrete Gravity Base Removal Critical Operations Study [26], the most optimistic
solution for a new underbase injection system would be to make use of the original 2 inch and 3 inch skirt
water vent lines, anti-liquefaction lines, grout lines and piezometer lines (Figure 61 and Table 3). On this
basis five or six injection lines would serve each individual skirt compartment. The re-use of any of these lines
would, however, require the removal of more than a total length of 55 m of grout from each line.
Table 3

Summary of the Original System Lines under the Base of the Brent Charlie GBS.
System

Diameter

Grout Injection

Evacuation

Liquefaction

Piezometer

2 1/2 inch

3 inch

3 inch

1 1/2 and 2 inch

45

109

30

60

Without 90 bends

33

76

30

0

Without any bends

33

0

22

0

Total No. Lines
o

Of the pipework investigated, the ‘evacuation’ lines show the most promise, with at least three straight lines
reaching every underbase skirt compartment. The original grout injection lines servicing skirt compartments 1,
4 and 15 all have right-angle bends and horizontal transits and would therefore be unsuitable. None of the
piezometer lines could be used and it is arguable whether the liquefaction lines could be used because
probes are attached to the bottom terminations.
The installation of an underbase water injection system would be complicated and require extensive work
and modifications in areas that are difficult to reach. There would remain an uncertainty as to whether such
a system would allow a distribution of water throughout the volume underneath the base slab that would be
sufficient for the hydraulic jacking process. In addition, even assuming that a water injection system could be
installed, verification of the ability of the system and foundation soil to sustain the water pressures necessary
to commence refloat could not be tested before starting refloat operations. In other words, the success or
otherwise of deploying a water injection system could not be determined until attempting to refloat the
structure.
8.5.3.4

Substructure Positioning System

As with the refloating, towing and nearshore dismantling of the Brent Condeeps, it would be important to
know the SeaTank GBS’s position, draught and angle of tilt, by means of a positioning system. Such a
system was used for the original installation of the structure and comprised three transducers linked to a
junction box inside the utility leg. The current state of the system is not known, but since it is more than
39 years old and has been exposed to the elements for this time, it can be assumed that a new system
would be required for refloat. In the overall scheme of preparations for refloat, the installation of such a
system might be expected to be relatively straightforward, although divers would be required to attach the
new system to the structure.
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8.5.3.5

New Power Generation and Control Systems

A new power generation set and associated controls would have to be capable of supplying power and
controls to all the systems required for refloat. To achieve this, a new power generation and control hub
would somehow have to be installed on one of the legs or on a small, new temporary deck fitted after the
topside and cellar deck had been removed, or provided by a support vessel. As on the Condeeps, the
necessary external and internal cabling would have to be routed down the legs.
Any power generation and control systems would have to be designed for remote operation, and there
would need to be a degree of redundancy or duplication in case one system failed. Such systems would
have to be capable of handling delivery of fuel stored on-board, and there would need to be complete
assurance that the operations of valves, actuators, systems and facilities during preparations for refloat would
be reliable. Such a sophisticated system would be complex to install and, more importantly, would increase
the weight of the structure to be refloated.
Any contingency pumping capacity would need to deal with any water ingress once the structure was afloat,
and this would be directly linked to power generating capacity and the reliability of monitoring and control
systems.
It is estimated that after departure from the seabed it would take about 60 seconds for the Charlie GBS to
rise to the surface and settle at its planned draught. It would therefore be unlikely that manual intervention
could realistically be achieved on any malfunctioning equipment. This implies that any new systems would
require a very high degree of sophistication and redundancy. Although it should be possible to design, test
and install such systems, this programme of work would take many years. Crucially, to eliminate the need for
personnel to be present, any such system would rely heavily on the ability to automate all the processes
required to cater for all events that could affect an attempted refloat.
The engineering of the systems required would be complex and their functionality could not be fully verified
until the refloat procedure had started.
Location of temporary power, control and instrumentation module: Studies have shown that if the overall
weight of the remaining topsides cannot be kept to below 8,000 Te the structure would not remain stable
during the initial ascent following departure from the seabed. Stability would be greatly improved if the
topsides were to be kept to less than 8,000 Te.
Clearly, the decision to remove the topside and Cellar Deck as a single piece using the SLV would remove
all the topside weight and assure the stability of the caisson during any refloat. This would introduce a further
issue, however, concerning the location of the power and control module. None of the decommissioning
studies suggested that the installation of a power and control module on top of the caisson was a viable
option; the ‘control room’ should be mounted on the Cellar Deck or a temporary deck if the Cellar Deck were
to be removed [25]. This is because it would otherwise have to be installed while the structure remained
submerged and would have to remain submerged during most of the refloat, tow and nearshore dismantling
operation. The structure would almost certainly have to be unattended during refloat and so the various
systems would have to be remotely controlled. Nevertheless, it is perhaps worth considering some of the
primary benefits and pitfalls of such an approach:
Benefits of being on a vessel:


Would ensure that the reduction in weight achieved by the removal of the whole topside by SLV
was maintained by eliminating the need to add a new temporary deck.



Would avoid the need to transfer the power and control module from a temporary topside to an
attendant vessel during nearshore dismantling when removing the legs.
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Drawbacks of being on a vessel:


Would limit the ability to build redundancy into the system or to implement independent back-up
systems.



Would require the physical connection of umbilical cables containing electrical and instrumentation
cables, power cables and flexible pipes between two vessels with different motion characteristics.



Would increase the possibility of failure due to the need for the GBS and attendant vessel to remain
connected for several years throughout all operations associated with refloat, tow and nearshore
dismantling.



The physical connection of umbilical cables and flexible pipes could adversely affect the motion
characteristics of the GBS.



The DNV Rules for the Planning and Execution of Marine Operations [27] state that as far as
possible ‘systems used for ballast control, etc, shall be designed to be fail-safe’. It is unlikely that the
power and control system would be designed to be totally fail-safe, and therefore it is suggested that
it would be unlikely that it would be accepted by Marine Warranty Surveyors, given the fact that the
systems would have to be connected and functioning for several years.

On the basis of this assessment it is suggested that this is not a viable alternative and it has not been
pursued further.
8.5.4

Geotechnical Considerations

8.5.4.1

Introduction

The soil in the Brent Field comprises a mixture of sand and clay. At the Charlie site the clay below 4 m is
locally very sandy, probably with scattered gravel. The sand layer at between 6 m and 6.5 m below the
surface perhaps reflects more accurately very local dense sandy and gravelly seams or pockets. The lack of
homogeneity of the soil is also evident in the upper layers of soil, and this is of particular interest for the
soil-structure interaction during attempted refloat. The sand layer at the surface is sporadic; it either is not
present or it may locally be 2 m thick, which is comparable to the depth of penetration of some of the
shallower skirts.
Two methods were used to examine the skirt extraction forces. One was relatively simplistic and as described
in the Doris report Brent Charlie: Assessment of break loose from seabed [28] assumed that no suction would
develop, whereas the other used a more advanced method, examining drained and undrained extremes
using finite element analysis and a Drammen clay model [26]. Model testing was also applied, as part of
an MSc Thesis Brent Decommissioning: A skirt extraction study [29], but examined a single skirt compartment
and the ratio of skirt penetration versus retraction forces. The model testing examined both drained and
undrained conditions for different soil profiles and tried to simulate the effects of forces applied during
hydraulic jacking.
8.5.4.2

Criticality of Skirt Conditions

The design of the base and skirts on Charlie is totally different to that of Bravo and Delta. The skirts on Bravo
and Delta are essentially vertical steel skirts 3.5 m and 4.5 m deep respectively. The skirts on Brent Charlie
are made from prefabricated reinforced concrete sections which are trapezoidal in cross-section, and are
2 m or 3 m deep depending on their location (Figure 64 and Figure 65). The skirts are arranged to create
16 separate rectangular underbase compartments and provided with grouting inlets to fill any voids left
underneath the base raft after penetration into the seabed.
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Figure 64

Plan View of the Arrangement of the 2 m
and 3 m Deep Skirts under the Base
of Brent Charlie.

Figure 65

Cross-sections of the 2 m and
3 m Deep Skirts on Brent
Charlie.
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The seabed at the Charlie site has a slight slope (Section 5.3.3). The GBS was therefore carefully ballasted
to compensate for this, and as a result the depth of skirt penetration varies from 2.35 m to 3.0 m across the
structure (NW corner 2.8m; NE corner 2.35m; SE corner 2.45m; SW corner 3.0m). The soil conditions are
such that the skirts are unlikely to have sustained damage as they penetrated the seabed but this is not
definitively known.
The void space between the bottom of the base slab and the soil was filled with grout to provide an even
bearing pressure on the seabed and ensure that the structure remained level. A survey performed after
installation showed that there was grout on the seabed near the GBS (Figure 66). The origins of this grout
are not known but possible sources are:


Leak through the skirt voids



Hydraulic piping under the skirts



Expulsion through the exhaust pipes



Expulsion from echo sounder sleeves above the float cells (4 m above the seabed)

We also know that during the grouting process grout migrated between the skirt compartments and into the
area underneath the conductor bay, even though this void was not planned to be grouted.
Figure 66

Diagram of Survey Results at Brent Charlie Showing Disposition of Grout under the GBS Base
and on Adjacent Seabed.
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All of these factors – the sloping seabed, the variations in depth of skirt penetration, and the exact amounts
and locations of underbase grout – contribute to the uncertainty of being able to:
1.

Achieve the required hydraulic jacking force.

2.

Sustain the required hydraulic jacking force.

3.

Extract the skirts while keeping the GBS level.

8.5.4.3

Predicting the Required Extraction Force

In order to successfully refloat the SeaTank it would be important to ensure that the skirts retracted evenly out
of the soil without causing the GBS to tilt excessively. The refloat operation is dependent upon the successful
use of a jacking force to initiate the withdrawal of the skirts. It is not easy to predict the force necessary to
extract the skirts from the soil because of possible variations in the strength and hydraulic capacity of the soil,
the weight of the structure, and any suction that might develop under the GBS as the skirts retract. In addition,
it would have to be ensured that once the structure departs the seabed, it remains stable until it settles at its
equilibrium draught.
The retraction force to be overcome to initiate the extraction from the soil is difficult to predict, and the
method applied on Brent Delta and Bravo cannot be used for Brent Charlie because of the shape of the
skirts. The vertical steel skirts on the Condeep structures had a very small tip resistance during installation
but this would not be the case with the Brent Charlie perimeter concrete skirts which are trapezoidal in
cross-section (Figure 65).
The trapezoidal shape of the concrete skirts on Charlie also makes it very difficult to predict the behaviour of
the GBS during extraction from the seabed. If the extraction motion were completely vertical with no tilt the
skirt retraction forces might be negligible after a small movement simply because of the shape of the skirts.
However, as the penetration of the skirts is not uniform the extraction motion is unlikely to be solely vertical,
and if some tilt were to be introduced during this process the retraction forces would remain high for a larger
movement. These aspects make it very difficult to predict the development and distribution of the skirt
retraction force, which depends on several variables such as distance, tilt, and rate of retraction. The studies
by Doris [20] and DTOO [26] estimated that skirt extraction forces in undrained soil could be in the range
from 125 MN to between 575 MN and 890 MN. This work was followed by model tests, and although to
a degree the test methodology and results were ambiguous, the results did nevertheless imply that the best
estimate would most likely be in the range first predicted by the earlier studies. The 890 MN estimate is,
however, considered to be overly conservative.
The technical risk assessment tried to examine the implications of a range of what might be termed realistic
retraction forces by means of a sensitivity assessment. For the purpose of the Bayesian Probability Network
(BPN) it was assumed that the lower skirt retraction force would apply. By applying this non-conservative
estimate an optimistic estimate is obtained for the success of the whole operation. Should refloat be considered
a viable route to decommissioning, this aspect would have to be examined in more detail.
8.5.4.4

Achieving the Required Extraction Force

Several methods of extracting the skirts have been investigated, including the use of hydraulic jacking,
buoyancy, a combination of the two, and the use of a surcharge around the base of the GBS. Assuming that
it would not be possible to use buoyancy alone to extract the skirts, the greatest uncertainty concerns the
ability to achieve an adequate and sustainable hydraulic jacking force. Irrespective of using a surcharge
to increase the pressure-carrying capacity of the soil, the following factors might also affect this:


The skirts do not penetrate the seabed to the same extent; the penetration of the 3.0 m deep skirts
varies between 2.35 m and 3.0 m. This means that it would be unlikely that the overall skirt friction
force would be distributed evenly throughout the base, meaning that the centre of force could not be
predicted with any accuracy, leading to the structure tilting as it departs the seabed.
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The sides taper inwards with increasing depth, so loss of hydraulic jacking pressure will occur as
soon as any part of the structure lifts from the ground. Assuming that hydraulic pressure alone is used
to extract the skirts, the structure will sink back onto the seabed. This in turn will result in the
development of residual friction forces in the soil and it will not be possible to determine the
magnitude or distribution of such forces with sufficient certainty to attempt another refloat.



A 15 mm gap separates adjacent skirts and this gap was not sealed after completion of the
installation procedure (the skirts were deliberately designed this way) (Figure 67). The skirt
compartments must be watertight only while the skirts penetrate the seabed so this may have no
serious effect, although the sloping seabed will add complications.



Some of the grout in the compartments beneath the base slab might adhere to both the GBS and the
seabed. This means that when water is injected into this area it will have to find a way through
fissures and pores to all parts of the area before pressure can start to develop, and so the volumetric
flow of water might be expected to be small in percentage terms. It is therefore not known if a high
enough volumetric flow of water could be injected into the skirt compartments to ensure that
hydraulic jacking would be successful. Should an insufficient flowrate be available, retraction
of the skirts would have to be achieved using buoyancy alone.

As a result of these issues hydraulic jacking alone would not be recommended as the method for extracting
the skirts from the seabed.

Figure 67

Schematic Illustration of the Void between Precast Sections of Skirt on Brent Charlie.
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8.5.5

Weight and Buoyancy

8.5.5.1

Introduction

The weight of the GBS would have to be established accurately before commencing any refloat operation.
An under-estimate of the weight could lead to an excessive pop-up caused by a high buoyancy force on the
GBS after hydraulic jacking. Conversely, an over-estimate of the weight could lead to a situation where the
GBS first retracts from the seabed then settles back onto it again as the hydraulic jacking fails due to the
release of injected water from the skirt compartments. After such an event the soil beneath the structure and
local to the skirts would be dislodged, thereby losing some strength, but the effectiveness of the hydraulic
jacking would also be affected due to loss of hydraulic pressure to the outside. The balance between these
counteracting forces is not known and because some of the retraction force might have to be overcome by
buoyancy alone, this would result in a degree of pop-up. Precise calculation of weight, with an adequate
understanding of the associated uncertainties, would be critical for assessing the behaviour of the structure
during refloat.
Weight estimates were carried out by Doris in their report Brent Charlie: Complete Removal Weight and
Marine Stability [30] and in [21] and [26]. These used the original inclination test data and took into
account potential variations in weight that have occurred since the structure was installed or would occur in
preparation for refloat. The potential distribution of the weight of each item and possible change in CoG
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was accounted for. It was concluded that Brent Charlie would theoretically have sufficient reserve buoyancy
for all stages of the refloat, tow and nearshore dismantling process.
A graph of equilibrium draught in relation to displacement is presented in Figure 68. Neutral buoyancy
occurs when the displacement is around 491,760 Te. Because of weight uncertainties, if the levels of water
ballast could be measured reasonably accurately, this figure could vary by +5,200 Te (+52 MN)
or -8,220 Te (-82.2 MN) which equate to about +1.0% or -1.7% of this displacement.
Figure 68

Graph of Equilibrium Draught versus Displacement for Refloating Brent Charlie.

A graph of equilibrium draught in relation to the level of water ballast inside the caisson is presented in
Figure 69. Neutral buoyancy occurs when the water ballast is at El. +7.0 m inside the legs and at
El. +31.8 m inside the caisson. This figure assumes that a small amount (737 ± 246 Te) of cell sediment
remains in the caisson.
Figure 69

Graph of Storage Ballast Water Level versus Equilibrium Draught for Refloating Brent Charlie.

Taking into account the weight of the structure complete with a stripped down Cellar Deck and a new
ballast power and control module, separate analysis suggests that in order to achieve neutral buoyancy
(i.e. on-bottom weight of 0 MN) water ballast levels inside the caisson would have to be reduced to an
average of 31.8 m (Figure 70 and Figure 71). Above El. 7.5 m inside the caisson, a 1.0 m depth of water
is equivalent to a weight of 6,331 Te, so a 1.0 m reduction in water ballast would increase buoyancy by
6,331 Te (63.3 MN). Theoretically, by relocating the ballast and control module onto a separate vessel and
removing the Cellar Deck and associated equipment (12,831 Te), the water ballast level inside the caisson
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could be increased by approximately 2 m to 33.8 m. Taking into account weight uncertainties, the water
ballast inside the caisson could vary by -1.2 m or +0.8 m so it would be important to obtain accurate
weight estimates.
If an accuracy of ±250 mm of water ballast were to be sought, this would be the equivalent of ±1,553 Te,
or 0.32% of the displacement at neutral buoyancy (491,760 Te). Using this as a basis, it seems unlikely that
the weight of the structure prior to refloat could be determined to the accuracy required.
Figure 70

Graph of Ballast Water Level Inside Caisson versus Net Buoyancy for Refloating the
28 29
Brent Charlie GBS.

Should buoyancy alone be used to retract the skirts, and assuming that all the topsides (including the Cellar
Deck) had been removed, the water ballast levels would have to be taken down to between El. +31.8 m
(125 MN) and El. +25.1 m (550 MN). If refloat facilities such as power and control remained on the
topsides these levels would have to be reduced to between El. +29.8 m and El. +23.1 m. This means that
the external vaults would be approaching or even exceeding their Ultimate Limit State (ULS) of El. +30.5 m,
so the caisson would have to be pressurised. Should buoyancy alone be used to retract the skirts from the
seabed there would be a risk that the structure departs prematurely from the seabed and ascend rapidly, and
that it would pop up higher than the equilibrium draught and then oscillate until settling at its final equilibrium
draught.
Using estimated pop-up data, Figure 71 shows the elevation of the top of the caisson relative to LAT. The
data show that should the structure unexpectedly break free from the seabed it can be expected to initially
ascend higher in the water column to a much smaller draught than equilibrium.

28

In the graph, Neutral Buoyancy is where 0 appears on the horizontal axis. Note that the values “ULS
Limit” and “Below this pressurisation required” are independent of Net Buoyancy.
29

If the level of water ballast is reduced too far and below a minimum predefined level, the caisson would
have to be pressurised in order to compensate for limitations in the strength of the structure.
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Figure 71

Graph of Net Buoyancy on Departure versus Elevation of Caisson Roof Below LAT for
30
Refloating the Brent Charlie GBS.

As described by Doris in their report Brent Charlie: Complete removal structural strength assessment [31] the
caisson was pressurised to 2.7barg during installation, when water ballast levels inside the caisson were at
El. +29.8 m. Using the original design data this means that for this internal pressure the draught would have
to be restricted to around 112 m, giving a minimum 33.1 m of water above the caisson roof. In real terms
the maximum height of ascent would have to be restricted further in order to allow for the tilt of the structure
during ascent. During the original tow and emplacement the inclination of the structure was limited to 7
degrees. If this same limitation were adopted during any refloat, it would result in a 9.7 m difference in
height between two sides of the structure, and therefore restrict the depth of water above the caisson to
33.1 + 9.7/2 = 38 m, or a draught of around 107 m. The installation phase did not have to cope with
potential ‘pop-up’ or the uncertainty associated with potential weight gains that have occurred during the
operating life of the structure. In addition, depending on the actual water level inside the caisson, the
allowable pressure inside the caisson would have changed slightly from the original design because of
the need to compensate for any weight growth and uncertainties since the original installation.
All of this suggests that ‘pop-up’ of the structure during the initial ascent would have to be restricted to the
same draught, while the net buoyancy would have to be restricted to far less than that required to overcome
the lower end of the estimated skirt retention force (between 125 MN and 550 MN). This means that
hydraulic jacking would be needed. The best estimate for the hydraulic jacking force required has been
calculated to be 275 MN with an upper bound value of 550 MN [28]. The lower bound value of 125 MN
input to the BPN sensitivity assessment has a very small chance of actually succeeding. Calculations suggest
that the equivalent net buoyancy (without topside) would have to be lower than 60 MN if the caisson is
pressurised to around 2.7barg and excessive pop-up is to be avoided.
The possibility of an uncontrolled release from the seabed would be increased because of uncertainties in the
weight of the structure as it comes free. The main factors that make the weight less certain than at the time of
installation are marine growth, deposits on the top of and inside the storage cells, and the amount of grout
and foundation soil that might be pulled away with the structure. As the GBS is withdrawn from the seabed,
this material may subsequently become detached from the base slab. These factors may adversely affect both
the tilt and the maximum ascent of the structure after breaking loose from the seabed.

30

Note that the “LAT” line and the “2.7barg max ascent” lines are independent of Net Buoyancy.
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Finally, during the initial stages of nearshore dismantling the caisson would have to be submerged to give
access to the Cellar Deck and the tops of the legs. If the legs and Cellar Deck had been removed and the
appropriate amount of water ballast had been removed from the caisson, and there were no residual cell
sediments in the storage cells, the structure would have more than sufficient buoyancy to achieve the 6 m
minimum freeboard required. Indeed, up to 15 m freeboard would appear to be available.
8.5.5.2

Effect of the Presence of Residual Cell Sediment

For the purposes of the technical risk assessment it was assumed that only residual quantities of cell sediment
would remain inside the caisson. There was a concern, however, that the presence of such material could
unduly hamper attempts to refloat the structure. The density of the material was not known at that time, but it
was hypothesised31 that it would have a specific gravity of around 1.2 Te/m3. This means that where
sediment has displaced seawater, the on-bottom weight of the GBS will be greater, and this difference
would have to be compensated for by a further slight reduction in the water ballast inside the cells.
In the lower reaches of the caisson, the oil storage cells (Ballast Cell Groups B9, B10, B11 and B12
(Figure 72), have a combined plan area of 1,716m2. We now know that the bulk density of the sediment
samples retrieved from Delta is 1.83. Therefore, for every 1 m depth of submerged sediment in just the oil
storage cells the net increase in weight for the same level of water ballast as without sediment would be 1 x
1,716 x (1.83 – 1.025) = 1381 Te.
Figure 72

Brent Charlie Original Ballast Compartments.

If sediment were also present inside the perimeter cells, the increase in plan area would be 4,461m2.
Therefore, for every 1 m depth of sediment submerged in ballast water in the peripheral cells the net
increase in weight for the same level of water ballast as without sediment would be 1 x 4,461 x
(1.83– 1.025) = 3,591 Te.

31

The samples of cell sediment obtained in 2014 had a bulk density of 1.83, about 33% greater than that
assumed in these refloat studies.
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The detailed studies on refloating the Charlie GBS were completed before samples and measurements of
cell sediment were obtained from Brent Delta in 2014, and they assumed that only residual quantities of
sediment would be present in the Charlie cells. On the basis of this assumption, a Monte Carlo simulation
(Pert distribution, 10,000 iterations) was performed to understand more about the implications of possible
variation in the depth of sediment. Using the data in Table 4 it is possible to hypothesize the contribution
of sediment to the overall weight.
Table 4

Brent Charlie Hypothesis of Possible Depth of ‘Sediment’.
Min Depth of
Sediment (m)

Depth of Sediment (m)
(Guess)

Max Depth of
Sediment (m)

B1 to B8 (peripheral cells)

0.00

0.05

0.10

B9 to B12 (storage cells)

0.00

0.5

2.5

Cell Group

Using these data there is a 5% chance that the incremental increase in weight would be less than 161.2 Te
and a 95% chance that the incremental increase in weight would be less than 379.1 Te (Figure 73). In this
instance the mean value calculated was 264 Te. That is, there is a fairly wide variation in the incremental
increase in weight, although the values are relatively small.
Figure 73

Note:

Monte-Carlo Estimation of Possible Weight of Sediments in Brent Charlie Cells.

The horizontal scale is kN.

Using these data the position of the CoG can also be hypothesised and this results in quite a wide variation
in values. The Moment about the X-X axis could vary between approximately -3,246 Te-m and +2,739 Te-m,
while the Moment about the Y-Y axis varies between -1,141 Te-m and +3,725 Te-m. Values within this
range would have an insignificant contribution to the uncertainty in the CoG of the overall structure. Further,
these assumed values would not lead to instability of the structure during ascent nor would they in themselves
lead to significant uncertainty in terms of being able to accurately determine the weight and CoG of the
structure, as well as tilt or heel (have a large angle of inclination) at the moment of departure from the
seabed.
8.5.5.3

Effect of Mud and Grout Clinging to Underside of Base Slab

There is some uncertainty with respect to the distribution of grout underneath the structure, and contradictory
data regarding grout volumes and tilt due to the slope of the seabed at the Charlie site (Figure 74).
According to the records and taking into account the variation of skirt penetration depth, the amount of grout
varies between 3,388m3 and 4,531m3. Taking the density of grout as 1.225 Te/m2 the absolute maximum
weight is equivalent to between 4,150 Te (42 MN) and 5,550 Te (56 MN). The equivalent buoyancy is
between 3,472 Te (35 MN) and 4,644 Te (46 MN). The range for CoG X-X is 60.0 m to 69.8 m, and for
CoG Y-Y is 52.0 m to 55.8 m, measured from the south east corner.
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Figure 74

The Slope of the Seabed and the Resultant Penetration of Skirts for Brent Charlie.

Although not accounted for in the earlier weight and buoyancy discussion, it is possible that mud could
adhere to the base slab as the structure departs from the seabed. If soil or grout then fell off at some point
during the journey, more buoyancy would be created. As an example, an average 10 cm of mud clinging to
the underside of the structure would equate to 0.1 (m) x 8,930 (m2) x 2.6 (Te/m3) = 2,321 Te (23 MN)
and would contribute 931 Te (9.3 MN) to the buoyancy. The amounts and distribution of soil and grout will
remain uncertainties until such time as it is possible to survey the underside of the base once the GBS
is floating.
Although the loss of mud or grout would not significantly affect GM itself, it does contribute to the overall
uncertainty concerning the net buoyancy and the CoG.
8.5.5.4

Effect of Conductors and Casings

All the conductors on Brent Charlie were installed after float-out and emplacement on site, and the refloat
studies by Doris and GLND were performed with the assumption that all the conductors and their casings
would have been removed and the upper and lower conductor guide tubes pugged and sealed. If the
conductors and casings remained in place, the mass of the Charlie GBS would be approximately 4,698 Te
greater than assumed for the refloat studies.
8.5.6

Stability and Trim

8.5.6.1

Introduction

It is important to understand the uncertainties associated with the dynamic behaviour of the structure during
refloat and tow. The following elements are contributors to this aspect.
8.5.6.2

Estimation of GBS Eccentricity

One of the major contributors to TPF during refloat is a wall failure due to excessive differential pressure
caused by a dynamic amplification of the GBS’s inherent tilt as it floats. The critical parameter in relation to
the technical risk is the eccentricity of the GBS before beginning any refloat operation. There are numerous
uncertainties relating to this issue that would require a more detailed examination during the preparatory
phases of any refloat operation. For the purposes of the assessment, engineering judgement was applied to
obtain a realistic estimate of the spread of the eccentricities that might be experienced by the GBS.
8.5.6.3

Determination of the GBS Dynamic Behaviour

The hydrodynamic behaviour of the GBS following departure from the seabed has been examined. Although
the parameters used in the study were not fully quantified, the results from the GLND study [23] and the Doris
study [28] only showed the principal effect of varying a specific parameter. However, the analysis was
useful as a basis for incorporating the dynamic behaviour and the associated failure modes in the BPN
model. A simplistic but effective Computational Fluid Dynamics (CFD) model was also developed by COWI
in order to vary the model parameters more freely, thereby enabling a realistic simulation of the actual
behaviour of the GBS as it ascends following departure from the seabed. This also allowed the results of
previous hydrodynamic work to be checked against the results from the model and it was found that there
was full agreement between the two approaches. The potential tilt of the GBS was also examined and
substantial differences were obtained in the analyses. In the BPN model a non-conservative approach was
taken, leading to the least critical outcome from the model. Should refloat be considered a viable route to
decommissioning, this aspect would have to be examined in more detail.
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8.5.6.4

Stability during Initial Ascent

Studies by Doris [30] and DTOO [26] have shown that – depending on the net buoyancy at the point of
departure from the seabed – unacceptably high tilt angles of up to 35.4° (compared to the 7° structural limit)
could be encountered as the structure ascends.
Increasing amounts of net buoyancy at the point of departure from the seabed lead to increasing instability
of the structure during the initial ascent, as well as an increased height of ascent before the structure settles
to its equilibrium draught. If the break-loose force or skirt friction is not evenly distributed and one side of the
structure breaks free more readily than another, the structure would tilt as it departs the seabed, potentially
leading to instability during ascent.
The structure would remain relatively stable if the weight of the remaining Cellar Deck and facilities was
8,000 Te or less and the net buoyancy at the point of departure was less than 31,000 Te (310 MN) [30].
In the absence of any topside or Cellar Deck, the maximum tilt or pitch angle would probably remain
within the 7° structural limit. As part of the assessment, cases were analysed for a situation where the net
buoyancy on departure from the seabed was 10,000 Te (100 MN), which equates to about 2.03% of the
displacement of the structure at neutral buoyancy. In order to minimise heave or instability the net buoyancy
at the point of departure would have to be kept to an absolute minimum, and the overall net buoyancy
estimate would have to cater for uncertainties in the displacement of the structure at neutral buoyancy
(estimated to be about 492,000 Te), as well as the skirt retraction force (estimated to be in the range
125 MN to 550 MN).
Therefore, assuming that any remaining topside weighed less than 8,000 Te (as would be the case when the
topside and Cellar Deck have been removed) the structure would remain stable within acceptable tolerances
of tilt, pitch or roll during ascent, and if the net buoyancy at departure could be kept to less than about
60 MN ‘pop-up’ during ascent would theoretically remain within acceptable limits, assuming that the
caisson would be pressurised to a maximum 2.7 barg. It would therefore appear that the removal of the
whole topside and cellar deck as a single unit by SLV would facilitate refloat of the Brent Charlie GBS by
(i) reducing the weight of the GBS, (ii) reducing the potential for instability and tilt during pop-up and floating,
(iii) reducing the net buoyancy force required to extract the skirts from the seabed and, (iv) increasing the
freeboard that would be attained on refloat.
8.5.6.5

Stability and Control of Free-surface Effects

When the structure was first constructed and installed, care was taken to minimise the free-surface effects of
water inside the structure and ensure that it remained stable while afloat. For this reason (as described in
Section 8.5.2.3), the Charlie caisson was furnished with four temporary carbon steel 24 inch standpipes
located in Cells B11 and B17 (Ballast Group B4), and Cells B16 and B22 (Ballast Group B8). The pipes
were configured so that as long as the water ballast levels inside the four peripheral cells remained below
the top of the pipes there would be no communication between the internal storage cells and the external
peripheral ballast group cells (Figure 60). They were only required while the structure remained afloat during
the deck mating and installation procedures. They were not required for normal operations, and as they had
a relatively short design life the expectation is that they will now have corroded.
If the standpipes have corroded and failed, water could move between the former oil storage cells and
the ballast cells once they had been partially deballasted for an attempted refloat, and this could lead to
free-surface effects that could destabilise or damage the caisson. This is because the free-surface effects of the
combined ballast areas would be too great. For example, ballast compartments B8, B9 and B12 would act
as one, and B4, B10 and B11 would act as another (Figure 75), and this would exacerbate the shift in the
CoG of the water as the GBS tilts.
The difficulties associated with dealing with these seawater pipes were discussed in Section 8.5.2.3.
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The possible consequences of such free-surface effects were studied by Noble Denton [23] who identified
a total of nine unique ‘cross-flooding’ scenarios. Noble Denton presented the following conclusions:


Cross flooding through the 24 inch ballast standpipes would have a significant effect upon the trim
of the GBS once afloat, rendering it more sensitive to eccentricities in the weight distribution.



Structural integrity, and particularly the strength of the inter-cell caisson bulkheads, appeared to be
the limiting factor when assessing the acceptable degree of weight eccentricity.



Cross flooding through the standpipes had little impact upon the initial static stability of the GBS, but
longer term loads sustained over a period of tens of minutes, such as heeling moments caused by
wind or by towing, would result in further cross flooding and significantly greater angles of list.

Noble Denton also noted that the safe limits on the angle of list are heavily dependent upon caisson cell fill
levels and therefore upon weight eccentricity, given that the ballast system would be used to correct the trim
of the GBS once afloat. Given the possibility that all four standpipes are perforated due to corrosion, the
maximum tolerable weight eccentricity is approximately 61,338 Te-m, equivalent to a GBS CoG offset of
0.127 m and initial (pre-flooding) angle of list of 4.75°.
Figure 75

The Hydraulic Connections between Cells and Cell Groups in the Brent Charlie Caisson.
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Figure 76

8.5.6.6

Numbering of the Individual Cells in the Brent Charlie Caisson.

Implications of Using only Buoyancy

If it were impossible to extract the skirts in a single operation using hydraulic jacking, a relatively high and
out-of-balance buoyancy force would be needed to pull them from the seabed. This would result in a very
significant risk that the structure would rise to a level well above its equilibrium draught causing overstress or
failure of one or more cell roofs. If this occurs the buoyancy of the structure would be lost and it would sink
onto the seabed.
As explained in Section 8.5.4 to Section 8.5.6.5, buoyancy alone would not be recommended as a means
of extracting the skirts from the seabed when attempting refloat.
8.5.6.7

Implications of using a Combination of Buoyancy and Hydraulic Jacking

This discussion so far has described how neither hydraulic jacking nor buoyancy alone could be used to
refloat the Charlie GBS. An alternative approach would be to use hydraulic jacking until failure occurs and
thereafter use buoyancy to overcome any remaining skirt friction forces. This is postulated on the assumption
that when the underbase pressure is lost the structure will settle back onto the seabed and that residual skirt
friction forces would subsequently develop. The following uncertainties remain, however:


The lack of homogeneity in the soil means that it is not possible to predict the skirt friction force with
certainty and this uncertainty will remain until any attempt at refloat.



While the residual skirt friction force would probably be smaller, it is not possible to accurately
predict either the magnitude or the distribution of any skirt friction force that would arise as a result of
the structure settling back down on the seabed. This means that the centre of resistance force could
not be predicted nor counteracted with certainty using a redistribution of water ballast.



The amount of buoyancy required would not be known with certainty until actually attempting refloat.
Any uncertainty with tilt could not be rectified during ascent. The duration of ascent would be about
1 minute and this would not give enough time to move ballast around the caisson to correct any
significant tilt or heel that arises at the point of departure. Any attempts to correct heel could
exacerbate any problems arising with the dynamic motion of the structure as it ascends following
departure from the seabed.

Therefore, a combination of hydraulic jacking and buoyancy would not be recommended as a means of
extracting the skirts from the seabed.
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8.5.7

Structural Integrity During Refloat

8.5.7.1

Introduction

The structure would have to remain intact and watertight throughout refloat, towing and nearshore
dismantling. Several factors could adversely affect its ability to remain intact and these are discussed
in more detail below.
8.5.7.2

Inherent Structural Weakness and Assuring Structural Integrity

On the basis of an outline refloat method statement, strength assessments were carried out by Doris [31] and
in Brent Charlie: Complete removal structural capacity check [32], and by DTOO [26] to review structural
limitations and their impact on attempting refloat. In particular, the assessments investigated the loading
conditions expected for refloat and compared them with those catered for during the original installation
procedure. The comparison was made using the original design codes and material strength assessment,
and took into account potential changes in the properties of materials since the original design.
It would seem that the structure was originally designed for stress levels that are very close to those that would
be experienced during refloat and tow, and so it was concluded that the strength of the structure itself would
not preclude attempts to refloat the structure. The greatest concerns relate to the potential instability of the
structure during dynamic pop-up after departure from the seabed. The caisson and legs would remain largely
in compression during refloat, and for the most part this would be beneficial. Under excessive pressure,
however, the external curved walls could be vulnerable to buckling, and this risk could be mitigated by
introducing compressed air into the caisson during the final stages of deballasting.
The contributors to any differences between the stress catered for in the original design and the stress
estimated for refloat are follows:


Uncertainties in weight and neutral buoyancy: The weight of the structure would have to be known
in order to determine the levels of ballast water needed to achieve neutral buoyancy and refloat.
If the weight of the structure had increased since the original installation, this would have to be
compensated for by a corresponding reduction in the amount of ballast water inside the cells.



Skirt penetration and removal: During initial installation the skirts experienced friction on the sides
and on the tips. During break loose the skirts would experience friction along the sides as well as a
lateral outward pressure due to pressurisation of the skirts. Since the structural integrity of the skirts
did not present a concern this element is not discussed further.



Dynamic behaviour at the point of departure from the seabed: This represents a new loading
condition for the structure. Limited buoyancy should not be a concern for the overall strength of the
structure, but increasing levels of buoyancy at the point of departure from the seabed could result in
unacceptably large accelerations and angles of tilt.



Decision on use of pressure in the cells: The decision to pressurise the cells would have to be
considered very carefully. There would be both advantages and disadvantages with introducing air
pressure inside the caisson:


Advantages: The water level in the cells could be lowered without introducing a probability
of outer wall failure.



Disadvantages: The use of a large buoyancy force to extract the skirts from the seabed could
result in an unacceptably large ascent of the GBS. The introduction of pressurised air inside the
caisson would give rise to a significant probability that, at the top of the ascent, the connection
between the roof and the outer wall would fail.
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8.5.7.3

Loss of Caisson Pressure during Deballasting

In order to limit the pressure difference between the inside and outside of the caisson during deballasting
operations, the caisson would have to be pressurised with compressed air or inert gas. This pressure would
have to be maintained within certain limits. It would have be high enough to prevent over-stressing of the
structure when the substructure is deballasted while resting on the seabed, but not so high that it will cause
over-stressing and possible collapse of the cell roof domes when the substructure rises to its highest point of
ascent after breaking loose from the seabed.
If air pressure in the cells were lost or there was a malfunction of the ballast system while the levels of ballast
water were approaching the minimum acceptable levels, it is very likely that cracks would develop through
the walls of the cells, with subsequent flooding. This would either prevent the substructure from lifting off the
seabed or cause it to fall back onto the seabed after lift-off.
The caisson is not known to leak but various studies have suggested that high oil storage temperatures would
cause severe cracking in the turret areas in and around the conductor Cells (B24 and B25), the adjacent
perimeter cells, and in locations where the roof turrets connect to Legs C3 and C4. Any serious leak from the
outside would have caused a rise in the water level in Leg C1, but such an event has not been recorded.
8.5.7.4

Malfunction of Ballast System

The ballast system on Charlie was only designed to be used during the original installation procedure; it was
then made redundant and the pipework was grouted to prevent leaks. A new ballast system would have to
be installed (Section 8.5.3.2) and the penetrations left by the four degraded 24 inch stand pipes inside the
caisson would have to be sealed (Section 8.5.2.3). Failure of any part of the new system could give rise to
uneven ballasting or flooding of the cells or legs. If this occurred during the refloat operation it would be
extremely difficult to rectify the situation quickly as the structure would be unmanned, and in any event,
manual intervention would not be possible should any unforeseen failure of pipework inside the caisson
occur.

8.6

Conclusions on Technical Issues associated with Refloating the GBSs

First generation concrete GBSs were not designed for refloat and no attempt has yet been made to refloat
such a structure. Significant uncertainties would have to be overcome to address the engineering challenges
involved in each of the steps leading to potential refloat. The development, design, installation and proving
of new technology and associated engineering work would require a lengthy programme of several years’
duration with safety-critical, intrusive activities on old and ageing structures.
As described in some detail in this section, many generic and installation-specific technical and engineering
problems would have to be dealt with before any refloat could be attempted. Several systems would have to
be refurbished or replaced. Some of the conceptual sub-programmes of work would require access to parts
of the structures that were last accessed during their original construction. Crucially, despite the detailed
levels of planning, design and testing that would inevitably be performed, some of the systems vital for a
successful refloat – which includes not only the initial refloating offshore but also the tow to shore and the
prolonged period of floating deconstruction – could only be absolutely proved and verified during a real
attempt to refloat.
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9

METHOD FOR ASSESSING TECHNICAL FEASIBILITY OF DECOMMISSIONING
BY REFLOATING AND DISPOSAL

9.1

Introduction

From the generic descriptions in Section 7 it is clear that there are many essential activities and operations
that must be completed successfully for any refloat to succeed. The technical challenges and risks in
attempting any refloat operation are significant, involving factors that are not well defined and impossible
to assess accurately.
After examining the possible decommissioning options for the GBSs it was apparent that technical feasibility
would be the over-riding concern for the refloat options. Accordingly, we undertook a comprehensive series
of very detailed engineering studies to evaluate if it would be possible to refloat any of the GBSs. This
section describes the approach we used and the specific method we employed to assess and quantify the
technical feasibility of both the refloat option (Section 10 and Section 11) and the partial removal option
(Section 12) for each of the GBSs.

9.2

Requirements of OSPAR 98/3

In relation to assessing Technical Feasibility in the CA that are carried out to satisfy the requirements
of OSPAR 98/3, the DECC Guidance Notes [3] states:


‘Recognised QRA techniques, engineering and operational analysis should be used in combination
to provide comprehensive, robust, quantitative and qualitative assessments of the options’



‘Comparison should be made with accepted industry risk assessment criteria for marine operations.
Consideration of the risks associated with the work will include evaluation of the maximum
acceptable probability of a major accident, judged against corporate standards and where
possible the criteria adopted during the installation phase’



‘The assessment of the technical feasibility of different decommissioning options should be based on
existing industry experience and available equipment. But where possible, account should also be
taken of planned timing of the work and foreseeable developments in technology’.

Technical risk may be defined as the product of the likelihood that a certain event will occur or a certain
circumstance will arise, and the resultant consequence. For the purposes of determining Technical Feasibility
in CA the possible consequences have been grouped into two categories, those that lead to ‘unrecoverable
failure’ and those that lead to ‘recoverable failure’. The analysis is particularly interested in those that lead to
unrecoverable failure since this would mean that the project objective (refloat) could not be achieved. As
long as it is possible to categorise types of failure in this way with confidence, it is not necessary to go into
more detail about what the actual or possible consequences of the failure might be.
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9.3

Describing Technical Feasibility

Possible methods and programmes for refloating the Brent GBS have been investigated by DTOO [17], [26]
and Brent Delta: Bayesian network clarifications [33]; by Doris [20], [28], [30], [31], [32] and Brent
Bravo: Outline method statement [34] Brent Bravo: Hydrodynamic behaviour during break loose [35],
Assessment of break loose from sea bed [36], Brent Charlie: Hydrodynamic behaviour during break loose
[37], Brent Charlie refloat final report [38], Risk assessment of Brent Charlie decommissioning [39],and Risk
assessment of Brent Bravo and Brent Delta decommissioning – Refloat scenario [40]; by GLND [23], [24]
and Brent Bravo: Weight and buoyancy study [41], Brent Bravo: Stability and tow study [42], Brent Charlie:
Cross-flooding refloat stability analysis study [43], Brent Charlie: Weight and buoyancy study [44], Brent
Charlie: Stability and tow study [45], Brent Charlie: Ballast and pressurisation system study [46], Brent
Charlie: Underbase water injection system study [47], Brent Delta: Deconstruction afloat weight growth and
buoyancy shortfall study [48], Brent Delta: Potential deconstruction locations and suggested tow routes [49],
and Brent Delta: Submergences during construction until final installation [50]; and by Kvaerner in Brent
Charlie leg removal feasibility study final report [51] and Brent Bravo and Brent Delta leg removal feasibility
study final report [52]. Between them, DTOO and Doris were responsible for the design and construction of
all three GBSs in the Brent Field, and they have designed most of the GBSs used in the oil and gas industry.
Their refloat work was supplemented by specific studies carried out by independent specialists in technical
risk and by our own engineers.
These studies have allowed us to describe the work that would have to be undertaken to prepare the GBSs
for refloat and as outlined in Section 7 and Section 8 it is clear that there are important issues that contribute
to the success or failure of any such operation. Some important facts would only be determined with certainty
after several years of investigation and study or, indeed, only as the refloat operation itself was being
attempted. It is therefore possible that certain conditions could not be achieved or if achieved might then be
impossible to sustain. Similarly, an unplanned or accidental event could occur at any time before or during
the attempted refloat that would either lead to the need for additional operations to mitigate the event or to
the failure and abandonment of the whole refloat programme. In summary, the refloat operation could fail
because:


A necessary condition or state of the structure, or part of the structure, or some part of a critical
system, cannot be achieved or maintained.



An essential new system cannot be installed or made operational.



A new or existing system fails.



An event or operation results in critical damage to the structure or its systems.

Many of these issues arise in the preparatory or early stages of the refloat operation; if too much buoyancy
were achieved, if the structure became unstable during the initial stages of refloat, if the structure leaked too
much, if it could not be extracted from the soil, or if it cracked or leaked while being refloated, it would not
be possible to remove it.
In assessing technical feasibility, two types of failure – TPF and Recoverable Failure – may occur, and these
are defined as follows:


Technical Project Failure: This is an extreme event that itself would result in the failure of the project.
The likelihood of it occurring is very small, however, and consequently this event is not catered
for by contingency planning. In the event of failure, therefore, significant re-engineering would
be required or, indeed, it may not be possible to recover the situation (for example, the loss of the
Sleipner structure.)



Recoverable Failure: These are less serious events and the risk assessment has identified that there
is a real possibility that they could occur. Accordingly, they are all catered for by contingency
planning but they might, to a greater or lesser extent, have other technical or safety consequences.
Mitigations would be in place for recoverable failure.
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Our studies concentrated on assessing the probabilities of failures and accidents that would result in an
overall TPF. Even though ‘unrecoverable’ project failure may have a low probability of occurrence this does
not mean the probability of completing the programme without incidents would be high; the likelihood of
‘recoverable’ project failures contributes significantly to the overall project risk. There is a grey area between
the chances of TPF and a project encountering difficulties during its execution.
A failure, partial failure or deviation from plan in any of the operations would lead either to a complete
failure in refloat, or the adoption of a revised refloat plan. It is also evident that some of the activities and
operations are influenced by preceding operations and in turn have an influence on succeeding operations.
In terms of risk assessment, therefore, every operation in the refloat programme has its own intrinsic likelihood
of failure, and many also have a likelihood of failure by virtue of the success or otherwise of preceding
operations in the programme. These likelihoods of failure can be quantified or estimated by engineering
studies, modelling or expert judgement.
By quantifying individual likelihoods of failure, and examining how the different operations and activities are
inter-related and may affect subsequent operations in the programme, a quantitative assessment of the overall
likelihood of failure can be derived for the entire refloat programme.

9.4

Method

The risks associated with GBS refloat arise from the fact that there is limited knowledge (and thus associated
significant uncertainties) about the feasibility of operations, and about the structural state and characteristics
of the facilities. This lack of knowledge and enhanced level of uncertainty must be accounted for when
assessing technical feasibility. The influence of human behaviour on the success or failure of new and
complex operations will also contribute significantly to the overall level of risk.
The complexities are such that it is necessary to use a framework for the decision analysis that can
accommodate the diverse types of information available and allow decisions to be updated based upon
new information. One way of calculating and collating the probabilities, and quantifying the interactions of
all the operations, is to build a Bayesian Probabilistic Network (BPN). This approach has been previously
used in complex decommissioning assessments; for example, BPN were used for assessing the
decommissioning of the Frigg concrete structures as described by Faber et al in Risk Assessment of
Decommissioning options using Bayesian Networks [53].
We engaged the engineering consultants COWI to undertake these assessments and they used the propriety
software Hugin Explorer™ (www.hugin.com) to perform the calculations and to assemble, manage and
interpret the data. They worked in close collaboration with our own team and with some of the independent
external engineering consultants who had assessed and quantified the engineering risks associated with
refloat and onshore disposal.
Bayesian Networks are applied in order to represent the causal interrelation between events in the hazard
scenarios for each of the operational activities and to assess the probabilities of project failure. For every
operation or activity there will be at least two outcomes; either the desired effect or condition will be attained
or another effect or condition will be attained. The likelihood or probability of a particular planned or
unplanned outcome being realised can be computed or estimated, and these are called ‘marginal
probabilities’. If the outcomes for a particular operation can also be influenced by the probability of a certain
outcome in one or more preceding operations, these new probabilities can also be computed and are called
‘conditional probabilities’.
The technical feasibility of each decommissioning option was analysed using data obtained from the
technical and engineering studies. Historical operational knowledge was used to assess the condition of
certain vital mechanical systems and structural elements. These data provided input to, and a validation of
the technical risk analysis.
In general terms, the likelihood of occurrence was based on a qualitative estimate of a failure event,
followed by an estimate of the chances of failure using a structural reliability of 1 in 10,000 as the
benchmark. In other words, if it was considered that a structural solution could be found for a particular
activity this would have been given a probability of failure of better than or equal to 1 in 10,000.
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COWI developed a BPN for the Brent Delta refloat programme and then modified this as required for the
specific refloat programmes for Bravo and Charlie. The approach and method applied was as follows:
1.

Describe each option and break it down into a chronologically correct sequence of activities or events
(‘time steps’).

2.

Identify apparent risks in each step that might impact on technical failure. Identify direct relations and
mutual dependencies.

3.

Assess the probability of technical failure for each time-step (i.e. the marginal probabilities) of both
recoverable and unrecoverable failures. For each step in the proposed decommissioning programme,
there may be one or more uncertain outcomes or states that affect success.

A BPN is built up by ‘nodes’ and arrows. The nodes represent the uncertain outcomes (events) of the activities
and states in a step, and which might therefore lead to severe consequences. The nodes are directionally
inter-related, with the arrows defining the sequence and dependencies between the events. Nodes which
only affect other nodes are called ‘parent’ nodes, whereas nodes that are only themselves affected but do
not affect others are called ’child’ nodes.
Figure 77 shows an example of a BPN with focus on assessing the probability of mission failure (severe
project failure) and additional costs during refloat of a GBS. Some nodes in a BPN are both ‘parent’ and
‘child’ nodes, and this graphical nature of BPN helps in assessment and analysis by representing event
scenarios visually in a strictly logical – yet intuitively comprehensible – set of causal inter-relations.
Figure 77

Representation of Events and Interrelations of Events (Scenarios)
in a Bayesian Probabilistic Network.

A probability table has to be defined for each node (uncertain event) in the BPN. These tables list all the
possible discrete outcomes or states and their corresponding probabilities. If a node is dependent on the
state of other node(s) (i.e. if arrows are pointing into it) then a matrix of conditional probabilities has to be
defined (Table 5). Figure 78 shows the propagated probabilities for the BPN presented in Table 5.

Page | 118

BRENT BRAVO, CHARLIE AND DELTA GBS DECOMMISSIONING
TECHNICAL DOCUMENT
Table 5

Definition of the Conditional Probability Structure for Uncertain Events
in a Simple Bayesian Probabilistic Network.
Ship Impact

Fire or Explosion

No/minor impact

0.9999983

No fire or explosion

0.999

Major impact

0.0000017

Fire or explosion

0.001

Structural Damage
Ship Impact
Fire or explosion

No/Minor Impact
No fire or
explosion

Fire or
explosion

Major Impact
No fire or
explosion

Fire or
explosion

No/minor damage

1

0.9999

0.9

0.9

Damage

0

0.0001

0.1

0.1

Figure 78

Propagated Marginal Probabilities for all States of Uncertain Events
in the Bayesian Probabilistic Network.

The operational time steps are generally defined such that the steps – and thus the assessed probability
of TPF – are uncorrelated. However, in the refloat programmes for the Delta GBS, we found that for two of
the steps – Deballast and Refloat – it was not possible to assume that they were independent. Successful
execution of both steps depends on the height of ballast water in the legs, the removal of drill cuttings in the
tri-cells, and whether Cell 19 is filled with water. The Bayesian methodology permits those two steps to be
considered as one, by including them in the model as an object oriented BPN model (OOBN) which
accounts for the decisions as well as the total probability of TPF in the two steps.
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For the GBSs, the BPNs were built using a ‘top-down’ approach, whereby attention was focussed on the
intrinsic problems in the refloat options, that is the problems which are inherent to the structures and cannot
be removed. If these problems were found to be large (i.e. would result in an unacceptably high likelihood
of TPF) then less effort was allocated to the secondary problems. The top-down approach therefore examined
the most important things first with the aim of reducing the amount of redundant or unnecessary study and
information. This process is iterative and was continued until a mature level of modelling was reached, where
all the significant activities, consequences and interactions had been identified and the total TPF of the option
had been determined with sufficient confidence for the purposes of decision-making.

9.5

Acceptable Levels of Technical Risk

For several years oil and gas companies have used criteria to limit the risk of asset-loss arising from differing
levels of damage to offshore platforms. Based upon these criteria the maximum acceptable probability of a
major incident during the decommissioning operations has been set as 1 x 10 -3 (1 in 1,000).
This figure is in line with the guidance contained in Part 1 of the ‘Rules for Planning and Execution of Marine
Operations’ published by DNV in January 1996 [27]. In these rules DNV stated that due to the scarcity of
data it was not possible to set a definitive acceptable risk level for marine operations. DNV stated that it
would seek further data and that ‘a probability of total loss equal to or better than 1/1,000 per operation
will then be aimed at’. These same rules indicate that during marine operations a probability of structural
failure ten times less than this (that is 1 in 10,000) should be aimed at. These risk acceptance criteria would
be used at present if a new platform were to be installed. In reality, a risk level considerably lower than this
would be sought in accordance with general risk acceptance principles.

9.6

Presentation of Results

The probability of TPF for the entire decommissioning option was then calculated by summing the TPF
probabilities for each step. The results were shown in a graph such as the example in Figure 79 (which
in this case is from Brent Bravo). This shows the cumulative probability of TPF at the beginning of offshore
operations. The figure illustrates the chronological steps as milestones together with the predicted changes
in the probability of TPF. After the successful completion of each step, the accumulated probability of TPF
is reduced, until it is zero at the end of the entire operation. The figure takes into account the correlations
between steps and can be used to determine the step at which an acceptable level of risk would be
achieved.
The probability of failure in each step is the sum of the probabilities of failure in all the operations or
contingencies in that step, and in many operations there is a range of probabilities or a high and a low
estimate of failure. Consequently, at each step three values for the cumulative probability of failure are
presented; the ‘best’ value is an expression of the most likely level of failure of the operations to that step,
the ‘low’ value is derived by combining all the lowest estimates of failure and the ‘high’ value is derived by
combining all the highest estimates of failure.
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Figure 79

9.7

Example of a Graph of Cumulative Probability of TPF.

Assessment of Potential Loss of Life

Potential Loss of Life (PLL) is one of the main outputs of a Quantitative Risk Assessment (QRA). It provides
a measure of cumulative risk which is directly dependent on the number of people exposed to the risk and
the duration of the activity. In this context it therefore provides a simple measure of the relative safety risk
between options. The PLL for project personnel who would be engaged in any option to refloat, dismantle
and dispose of the GBSs onshore was derived by multiplying published values for the Fatal Accident Rate
(FAR) for E&P personnel by the estimated total man-hours of exposure.
There are absolute values of risk tolerability used by authorities such as the Health and Safety Executive
(HSE); for example, risks between 1 x 10-1 and 1 x 10-3 are considered intolerable and risks between
1 x 10-3 and 1 x 10-6 are in the region where it has to be shown that the risks are tolerable and are as As
Low As Reasonably Practicable (ALARP). Within a decision-making process, however, it should be stressed
that PLL figures should not be used as an absolute measure of risk because the total PLLs here represent the
cumulative predicted risk for different groups of people and activities, and no analysis has been undertaken
to determine the effects of any structure-specific risk-reduction measures that would or could be applied.
Such detailed analysis occurs once an option has been selected and it is at this point that the specific PLLs
for a given activity could be compared with the HSE thresholds above.
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10

ASSESSMENT OF REFLOAT OPTION FOR THE BRENT BRAVO AND
BRENT DELTA CONDEEP STRUCTURES

10.1

Introduction

This section presents an assessment of the likelihood that the Condeeps Brent Bravo and Brent Delta could
be successfully refloated. Since these two GBSs are so similar they are dealt with together in this section,
with any particular important differences or issues highlighted. This section:


Identifies the main steps that would be required in the programme to refloat the GBSs.



Identifies the main types of failure that could occur during the refloating and dismantling of a
Condeep, and how these would affect the likelihood that the Condeep GBSs could be successfully
refloated.



Describes some of the common or generic issues that would have to be dealt with which affect the
refloat of both Condeeps.



Identifies some particular issues or situations pertaining only to the refloat of one or other of the Brent
Condeeps.



Presents quantitative assessments, for each Condeep individually, of the likelihood that the refloat
and dismantling operation would be successful.



Presents quantitative assessments, for each Condeep individually, of the estimated level of safety risk
for project personnel offshore and onshore.



Compares the estimated likelihood of success, and the estimated level of safety risk to project
personnel, with the minimum levels generally accepted by the offshore oil and gas industry.

10.2

Main Activities and Conditions Necessary for a Successful Refloat

Programmes of work were developed showing how the Condeep GBSs might be refloated, towed to shore
and dismantled. Initial work focused on Delta and then a similar programme was developed for Bravo using
knowledge and insight acquired during the Delta work. Using BPN, and the data, information and
assessments provided by various expert consultants, COWI then prepared two separate detailed quantitative
assessments of the likelihood that these possible refloat programmes could be completed successfully.
The first stage of this work was to divide the whole refloat programme into a series of logical, chronologically
correct steps. Each step would have to be completed successfully for the programme to proceed, noting that
accidents or unplanned events or outcomes from one step could affect the success or even the viability of
subsequent steps. The activities (steps) required for attempting to decommission the Brent Condeeps by
refloat, tow and nearshore dismantling are summarised in Table 6 and presented in full in Appendix 1.
The technical issues are of roughly the same degree of difficulty on both the Condeeps, and are described
below.
It is important to note that the only credible refloat programme of work would require the continued presence
and use of the topsides for several years before any attempt at refloat, to enable all the essential inspections,
modifications, checks and verifications to be made.
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Table 6

Main Steps in the Programme of Work to Refloat and Dismantle a Brent Condeep GBSs.

Step
R1

Activity
Inspect and test, and design and fabricate new components and systems

R2A

Remove debris and drill cuttings on cell-tops

R2B

Disconnect pipelines: This step was not modelled since it is common to all options

R3A

Remove internal steel and plug penetrations in the drilling legs

R3B

Verify plugging in the drilling legs

R4A

Plug penetrations in the utility leg

R4B

Verify plugging in the utility leg

R5

Remove selected external steel

R6A

Install new systems

R6B

Verify and test new systems

R7

Remove topside modules

R8

Deballast

R9

Refloat

R10

Tow to nearshore site

R11

Arrival and setup

R12

Remove the PGDS

R13

Dismantle the legs

R14

Remove the caisson roofs

R15

Remove lower leg equipment

R16

Clean the caisson

R17

Dismantle the caisson

R18

Construct a dry dock

R19

Tow to dry dock

R20

Dismantle in dry dock

10.3

Interactions and Relationships between Steps in Refloat Programmes for the Condeeps

For Bravo and Delta respectively, Figure 80 and Figure 81 show how several of the stages in the proposed
refloat programmes may interact and have consequences for the successful completion of other stages.
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Figure 80

Interactions and Consequences of the Programme of Work to Refloat the Brent Bravo GBS.

Figure 81

Interactions and Consequences in the Programme of Work to Refloat the Brent Delta GBS.
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10.4

Results of Technical Risk Assessment for Brent Bravo

10.4.1

Probability of Technical Project Failure

The technical risk assessment for Bravo found that at the beginning of the offshore operations for the option
‘complete removal by refloat, tow and nearshore dismantling’ the best estimate aggregate probability of TPF
was 7.4% (Figure 82). This assumes that various inspection, testing and engineering activities have been
successfully completed before initiating the refloat operation. A sensitivity study has shown that, taking what
might be considered a range of practical assumptions into account, the probability of TPF on commencement
of offshore operations ranged from 5.5% to 34.3%. The fact that we have already committed to removing
the topside and the PGDS as a single piece by SLV makes only a very small difference to the estimated
probability of TPF at the beginning of offshore operations and does not invalidate the assessment, discussion
and conclusions in this section.
The primary areas of uncertainty for refloat, tow and nearshore dismantling were:






The ability to maintain structural and watertight integrity during refloat, tow and nearshore
dismantling, including:


The ability to plug 38 conductor penetrations



Sealing of over 500 pipes and penetrations, the majority of which are inaccessible



Sealing of new penetrations made during the installation of a new ballast system

Geotechnical considerations, including:


The ability to accurately predict skirt retraction force



The ability to achieve the required skirt retraction force

The requirement for new systems, including:


A new ballast system (incorporating compressed air injection and level measuring system)



An underbase water injection system



A substructure positioning system



New power generation and control systems
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Figure 82

Range of Cumulative Probabilities of TPF for the Refloat of Brent Bravo.

The dominant risk contribution for the refloat option is related to Step R01 Inspection, testing and engineering
(TPF 3.7%, range 2.2% to 14.9%). Solutions would have to be designed for – among other procedures and
systems – conductor plugging, the external ballast system and the closing of the skirt panels. The probability
of failure in designing the water injection system is also a significant contribution. At Step R01 the estimated
probability of TPF is so much higher than any value that would be accepted by the offshore oil and gas
industry for a new project (Section 9.5) that at this point the operation would be considered unfeasible. The
probability of TPF is 1.2% lower than for Delta (Section 10.5), mainly due to the absence of Delta-specific
issues and problems such as the leak in Cell 19 and the damage to Slot 24, and the fact that Bravo has
fewer conductor penetrations.
The dominant risk contributor in Step R03A Removal of internal steel and plug penetrations (drilling legs –
wet) (TPF 1.0%, range 0.5% to 3.7%) is the plugging of the conductor penetrations. The legs must be
watertight to be able to achieve sufficient buoyancy for refloat and all subsequent operations, and problems
with installing the engineered solution would make the refloat option unviable. The probability of TPF is 0.6%
lower than for Delta, mainly because of the specific issues associated with Conductor Slot 24 on Delta.
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In Step 03B Verification of plugging in drilling legs (TPF 0.7%, range 0.4% to 3.3%) the major TPF
contributor is the failure of conductor plugging during the verification of plugging. Failure of the plugs
installed in step R03A could either lead to major leaks which cannot be sealed or minor leaks which cannot
be detected. The probability for TPF is 0.2% lower than the equivalent step for Delta mainly because there
are fewer conductor slots.
The dominant risk contributor in Step R04 Plugging of penetrations in Utility Leg – dry (TPF 2.0%, range 1.0%
to 5.1%) is the sealing of the known leaks in the annulus. These seals would be necessary to trim the GBS
during refloat, tow and nearshore dismantling. The main cause of failure is not being able to locate the leak
(earlier attempts to locate the point of inflow have failed) and other causes of failure relate to accessing and
testing the plugs. The known presence of a leak in the annulus is the main reason for the relatively large TPF
value compared to the equivalent step for Delta.
In Step R06 Installation of new systems (TPF 0.5%, range 0.5% to 5.5%) the probability of TPF is mainly
associated with problems in two systems, the external water ballast control and hydraulic jacking. The main
contributors to failure in the installation of the external ballast water control system are errors in cutting
(leading to damage of the upper dome) and system problems detected during verification. Failure during
the installation of the hydraulic jacking system could arise as a result of being unable to reach Cell 6, skirt
damage, and system problems detected during verification.
In Step R08 Deballasting (TPF 0.06%) the main contributor to TPF is a failure in the connections between the
cell wall and the upper dome. The contribution from this step on Bravo is 0.04% higher than that for Delta
because of the weaker connection between the dome and walls on Bravo.
The two main contributors to TPF in Step R09 Refloat (TPF 0.8%, range 0.7% to 17.7%) are not being able to
extract the skirts, and failure of the upper dome caused by an uncontrolled ascent. Assessments show that
Bravo is more likely to remain stuck to the seabed than Delta because it has a more limited capacity for
deballasting. Conversely, Bravo is less likely to suffer damage to the dome due to excess differential
pressure.
The important parameters in the retraction process are the skirt retraction forces, the submerged weight and
the magnitude of the hydraulic jacking pressure that can be obtained. In estimating the probability of TPF the
hydraulic jacking is the governing factor. The main contributors to the scenario of not being able to obtain a
sufficient jacking pressure are:
1.

Lack or incompleteness of clay layers beneath the skirt compartments causing failure of the soil.

2.

Not being able to close the skirts’ drainage panels.

3.

Failure of the jacking system itself.

In the case of an uncontrolled ascent, the upper domes could be subjected to an internal over-pressure due to
the excessive buoyancy of the GBS at the point of departure from the seabed and the 5barg pressurisation
of the cells. Possible causes of an uncontrolled ascent could be mechanical failure, human error or even
premature release, though this scenario is considered very unlikely. Thus, for uncontrolled extraction to occur
there would either have to be an over-pressure in the skirt compartments or the retraction forces would have
to decrease significantly due to soil failure. An uncontrolled ascent is relatively unlikely because the operation
would follow sound procedures and because a high rate of retraction would create a large under-pressure in
the skirt compartments which would retard the ascent.
The main contributor to TPF in Step R11 Arrival and Setup (TPF 1.3%) is the possibility that the GBS might
arrive at the nearshore dismantling location with chronic leaks. These would make the proposed option
unfeasible or very difficult to fulfil, and might also result in the refusal of the demolition contractor to accept
the GBS on arrival. The critical leaks could have developed or increased during the tow.
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10.4.2

Conclusions on the Refloat Option for Brent Bravo

For Brent Bravo the option ‘complete removal by refloating’ has an estimated aggregate probability of TPF of
11.1% at the beginning of the project and an estimated aggregate TPF of 7.4% at the beginning of offshore
operations. Both these values are at least three orders of magnitude greater than would normally be
acceptable at the beginning of any new offshore oil and gas development project, and are thus considered
unacceptably high. In addition, the estimated safety risk for project personnel engaged in all the required
offshore and onshore decommissioning work associated with refloat is a PLL of 1.00E+00. This is much
higher than the normally-accepted maximum value for the start of any new project and approximately 30-40
times higher than the leave in place option.
On the basis of these assessments, and in particular the risk of project failure, the option ‘complete removal
by refloat’ for Brent Bravo is not considered to be tenable and therefore has not been taken forward for
full CA.

10.5

Results of Technical Risk Assessment for Brent Delta

10.5.1

Probability of Technical Project Failure

The technical risk assessment for Delta found that at the beginning of the offshore operations for the option
‘complete removal by refloat, tow and nearshore dismantling’ the best estimate aggregate probability of TPF
was 6.8%. This assumes that various inspections, testing and engineering activities have been successfully
completed before initiating the refloat operation. A sensitivity study has shown that, taking a range of
practical assumptions into account, the probability of TPF on commencement of offshore operations ranged
from 5.3% to 23.9% (Figure 83). The fact that we have already committed to removing the topside and the
PGDS as a single piece by SLV makes only a very small difference to the estimated probability of TPF at the
beginning of offshore operations and does not invalidate the assessment, discussion and conclusions in this
section.
The primary areas of uncertainty for refloat, tow and nearshore dismantling were:






The ability to maintain structural and watertight integrity during refloat, tow and nearshore
dismantling, including:


Dealing with known integrity issues in Cell 19



The ability to plug 48 conductor penetrations, including damaged Slot 24



Sealing of 300 pipes and penetrations, the majority of which are inaccessible



Sealing of new penetrations made during the installation of a new ballast system

Geotechnical considerations, including:


The ability to accurately predict skirt retraction force



The ability to achieve the required skirt retraction force

The requirement for new systems, including:


A new ballast system (incorporating compressed air injection and level measuring system)



An underbase water injection system



A substructure positioning system



New power generation and control systems
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Figure 83

Range of Cumulative Probabilities of TPF for the Programme
of Work to Refloat the Brent Delta GBS.

The dominant risk contribution for the refloat option is related to Step R01 Inspection, testing and engineering
(TPF 4.9%, range 0.5% to 5.0%). Solutions would have to be designed for – among other procedures and
systems – conductor plugging, the external ballast system and the closing of the skirt panels, and in particular
Cell 19 would have to be inspected for critical leaks. At Step R01 the estimated probability of TPF is so
much higher than any value that would be accepted by the offshore oil and gas industry for a new project
(Section 9.5) that at this point the operation would be considered unfeasible.
The dominant risk contributor in Step R03A Removal of internal steel and plug penetrations (drilling legs, wet)
(TPF 1.6%, range 0.8% to 7.0%) is the plugging of the conductor penetrations. The drilling legs would have
to be watertight to be able to achieve sufficient buoyancy for refloat and all subsequent operations and
problems with installing the engineered solution could make the refloat option unviable. The estimated
probability of failure in this step is increased because of the additional problems that may be encountered in
plugging Slot 24, where the conductor guide tube and parts of the lower dome may have been damaged
during unsuccessful attempts to install the conductor.
In Step R03B Verification of plugging in drilling legs (TPF 0.9%, range 0.4% to 4.0%) the main contributor to
TPF is the failure of conductor plugging during the verification of the plugging. Failure of the plugs installed
in Step R03A could either lead to major leaks which cannot be sealed or minor leaks which cannot
be detected.
The dominant risk contributor in Step R04 Plug penetrations in the Utility Leg – dry (TPF 0.8%, range 0.6% to
2.5%) is the sealing of the interconnections between the cells. These seals would have to be in place in order
to be able to trim the GBS during refloat, tow and nearshore dismantling. Causes of failure could relate to
access problems, broken or heavily deteriorated pipes through cells, or problems in placing and testing
the plugs.
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In Step R06 Installation of new systems (TPF 0.5%, range 0.5% to 5.5%) the probability of TPF is distributed
evenly between problems in two systems, the external water ballast control and hydraulic jacking. The main
contributors to failure in the installation of the external ballast water control system are errors in cutting
(leading to damage of the upper dome) and system problems detected during verification. Failure during
the installation of the hydraulic jacking system could arise as a result of being unable to reach Cell 6, skirt
damage, and system problems detected during verification.
The two main contributors to TPF in Step R09 Refloat (TPF 0.7%, range 0.7% to 3.3%) are not being able to
extract the skirts and failure of the upper dome caused by an uncontrolled ascent. The important parameters
in the retraction process are the skirt retraction forces, the submerged weight and the magnitude of the
hydraulic jacking pressure that can be obtained. In estimating the probability of TPF the hydraulic jacking is
the governing factor. The main contributors to the scenario of not being able to obtain a sufficient jacking
pressure are:
1.

Lack or incompleteness of clay layers beneath the skirt compartments causing failure of the soil.

2.

Not being able to close the skirts’ panels.

3.

Failure of the jacking system itself.

In the case of an uncontrolled ascent the upper domes could be subjected to an internal over-pressure due
to excessive buoyancy of the GBS at the point of departure from the seabed and the 5barg pressurization
of the cells. Possible causes of an uncontrolled ascent could be mechanical failure and human error. Thus,
in order for uncontrolled extraction to occur there would either have to be an over-pressure in the skirt
compartments or the retraction forces would have to decrease significantly due to soil failure. An uncontrolled
ascent is relatively unlikely because the operation would follow sound procedures and because a high rate
of extraction would create an under-pressure in the skirt compartment which would retard the ascent.
The main contributor to TPF in Step R11 Arrival and Setup (TPF 1.3%) is the possibility that the GBS might
arrive at the nearshore dismantling location with chronic leaks. These would make the proposed option
unfeasible or very difficult to fulfil, and might also result in the refusal of the demolition contractor to accept
the GBS on arrival. The critical leaks could have developed or increased during the tow. The two main
contributors to TPF in Step R13 Leg dismantling (TPF 0.3 %) relate to sinking of the GBS and problems in
deballasting Cell 19. The most likely cause of sinking is damage to an upper dome caused by the impact of
a dropped leg section. The first leg sections would be removed while the upper domes were still submerged
and if a dome were punctured the situation would not be recoverable and the GBS would sink. Depending
on how much ballast water could be removed by the ballast system it might be necessary to deballast Cell
19 in order to obtain sufficient freeboard for safe working and thus complete leg dismantling. A high leak
rate or a crack in the outer wall of Cell 19 could lead to TPF.
10.5.2

Conclusions on the Refloat Option for Brent Delta

For Brent Delta, the option ‘complete removal by refloating’ has an estimated aggregate probability of TPF of
11.7% at the beginning of the project and an estimated aggregate TPF of 6.8% at the beginning of offshore
operations. Both these values are at least 3 orders of magnitude greater than would normally be acceptable
at the beginning of any new offshore oil and gas development project and are thus considered unacceptably
high. In addition, the estimated safety risk for project personnel engaged in all the required offshore and
onshore decommissioning work associated with refloat is a PLL of 1.00E+00. This is much higher than the
normally-accepted maximum value for the start of any new project and approximately 30-40 times higher
than the leave in place option.
On the basis of these assessments and in particular the risk of project failure, the option ‘complete removal
by refloat’ for Brent Delta is not considered to be tenable and therefore has not been taken forward for
full CA.
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11

ASSESSMENT OF REFLOAT OPTION FOR THE BRENT CHARLIE
SEATANK STRUCTURE

11.1

Introduction

This section presents an assessment of the likelihood that the SeaTank Brent Charlie could be successfully
refloated. This section:


Identifies the main steps that would be required in the programme to refloat the GBS.



Identifies the main types of failure that could occur during the refloat and dismantling of the SeaTank
and how these would affect the likelihood that Charlie could be successfully refloated.



Describes some of the common and specific issues that affect the refloat of the SeaTank.



Presents a quantitative assessment of the likelihood that the refloat and dismantling operation would
be successful.



Presents a quantitative assessment of the estimated level of safety risk for project personnel offshore
and onshore.



Compares the estimated likelihood of success and the estimated level of safety risk to project
personnel with the minimum levels generally accepted by the offshore oil and gas industry.

11.2

Main Activities and Conditions Necessary for a Successful Refloat

A programme of work was developed showing how the Charlie GBS might be refloated, towed to shore
and dismantled. Using BPN, and the data, information and assessments provided by various expert
consultants, COWI then prepared a detailed quantitative assessment of the likelihood that refloat could be
completed successfully. As with Bravo and Delta, the first stage of this work was to divide the whole refloat
programme into a series of logical, chronologically correct steps. The activities required for attempting to
decommission the Charlie GBS by refloat, tow and nearshore dismantling are very similar to those required
for the refloating of the Condeeps, but with subtle differences mostly due to the difference in the design and
type of structure. The main steps required for attempting to decommission Brent Charlie by refloat and
nearshore dismantling are summarised in Table 7 and presented in full in Appendix 2.
It is important to note that the only credible refloat programme of work would require the continued presence
and use of the topsides for several years before any attempt at refloat, to enable all the essential inspections,
modifications, checks and verifications to be made.
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Table 7

Main Steps in the Programme of Work to Refloat and Dismantle the Brent Charlie GBS.

Step
R1

Activity
Inspect and test, and design and fabricate new components and systems

R2A

Remove debris and drill cuttings on cell tops

R2B

Disconnect pipelines: This step was not modelled since it is common to all options

R3A

Plug conductor penetrations through the conductor cells

R3B

Verify plugging in the conductor cells

R4A

Plug penetrations in legs

R5

Remove selected external steel

R6

Install new systems

R7

Remove topside modules

R8

Deballast

R9

Refloat

R10

Tow the GBS to nearshore site

R11

Arrival and setup

R12

Remove the Cellar Deck

R13

Dismantle the legs

R14

Remove the caisson roofs

R15

Remove lower leg equipment

R16

Clean the caisson

R17

Dismantle the caisson

R18

Construct a dry dock

R19

Tow to dry dock

R20

Dismantle in dry dock

11.3

Interactions and Relationships between Steps in Refloat Programmes for the SeaTank

Figure 84 shows how several of the stages in the proposed refloat programme may interact and have
consequences for the successful completion of other stages.
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Figure 84

11.4

Interactions and Consequences of Main Aspects of a Refloat Programme for Brent Charlie.

Results of Technical Risk Assessment for Brent Charlie

11.4.1

Probability of Technical Project Failure

In their report Brent Charlie: Technical Risk Assessment Error! Reference source not found. COWI found that
t the beginning of offshore operations for the option ‘complete removal by refloat, tow and nearshore
dismantling’ the best estimate aggregate probability of TPF was 3.6%. This assumes that various inspection,
testing and engineering activities have been successfully completed before initiating the refloat operation. A
sensitivity analysis has shown that taking a range of practical assumptions into account the probability of TPF
on commencement of offshore operations ranged from 1.9% to 51.0 %. After successful completion of the
offshore operations the probability of TPF ranges from 0.9% to 1.4 %, with a best estimate of 1.0 % (Figure
85). The fact that we may remove the topside and the Cellar Deck as a single piece by SLV makes only a
very small difference to the estimated probability of TPF at the beginning of offshore operations and does not
invalidate the assessment, discussion and conclusions in this section.
The primary areas of uncertainty for refloat, tow and nearshore dismantling were:


Plugging the upper and lower guide tube penetrations of the forty conductors, and their verification



Geotechnical considerations, including:


Estimation of the skirt retraction forces



The difference between predicted and actual hydraulic capacity of soil



Potential for losses during hydraulic jacking



The behaviour of the structure during retraction of the skirts



Estimation of GBS weight and eccentricity



Determination of the dynamic behaviour of the GBS during refloat and tow
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Figure 85

Range of Cumulative Probabilities of Technical Project Failure for the Refloating
of Brent Charlie.

Some of the steps described for a hypothetical refloat scenario have higher marginal contributions to TPF than
others and these are described below:
In Step R01 Inspection, testing and engineering (TPF 1.4%, range 0.9% to 8.6%) engineering solutions
would have to be designed for plugging the conductor guide tubes, installing the external ballast system and
closing possibly problematic gaps between the skirts. While it was assumed that an engineering solution
would be found for plugging the conductor guide tubes, the probabilities of failure in designing the
underbase water injection system and engineering a solution for plugging the 24 inch seawater standpipes
are significant contributions. At Step R01 the estimated probability of TPF is so much higher than any value
that would be accepted by the offshore oil and gas industry for a new project (Section 9.5) that at this point
the operation would be considered unfeasible.
The dominant risk contributions for the refloat of Brent Charlie relate to Step R08 Deballast and Step R09
Refloat (combined TPF 1.9%, range 0.3% to 49.9%). The main contributor to TPF in Step 09 relates to a
failure of the connection between the roof and the outer wall of the caisson caused by an uncontrolled heave
or excessive ascent. Once a buoyant structure is released from the seabed it will ascend and oscillate over a
period of approximately 50 seconds before settling at its natural equilibrium draught; the initial energy of the
structure will cause it to ascend higher than the final equilibrium level. During deballasting, water would have
been removed from the cells and the caisson would have to be pressurised in order to compensate for the
structural inadequacy of the external walls as they experience an imbalance of hydrostatic pressure. If the
caisson is pressurised and the initial ascent excessive, the pressure inside would not vent quickly enough and
so there would be a larger pressure inside the caisson than outside, and this could result in the failure of the
connection between the roof and the wall.
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Should initial hydraulic jacking prove unsuccessful, possible causes of the excessive ascent would include
misjudgement of the weight, buoyancy or skirt retraction forces. Uncertainties in the weight estimations could
result in the application of excessive pressure in the underbase compartments and lead to an uncontrolled
ascent. The uncertainties in the weight combined with uncertainties in estimating retraction forces and their
distribution make it difficult to establish a safe and viable skirt retraction procedure.
The uncertainties related to the shape of the concrete skirts, varying depth of penetration (due to the slope of
the seabed) and thus the distribution of the retraction forces, constitute a significant challenge. The influence
from applying hydraulic jacking is very dependent on whether or not sufficient pressure can be applied
underneath the structure to overcome some of the skirt retraction forces, especially if the shape of the skirts
results in a premature loss of pressure before the retraction resistance forces had truly been overcome.
Unlike Bravo and Delta, the deballasting capacity of Charlie is such that the estimated skirt retraction force
could easily be overcome by buoyancy alone. This would not be practical, however, and would potentially
introduce dynamic and structural instabilities that would be difficult to predict with certainty.
The key parameters in the retraction process are the retraction forces, the submerged weight or buoyancy,
and the magnitude of the hydraulic jacking pressure that could be attained.
In estimating the probability of TPF, the hydraulic jacking was found to be the governing parameter.
The main contributors to the scenario of not being able to obtain a sufficient jacking pressure are lack or
incompleteness of clay layers beneath the skirt compartments causing failure of the soil, and failure of the
jacking operation itself.
In the ‘low’ (optimistic) estimate the largest contributor to TFP is a failure of the connection between the roof
and the outer wall. The failure is governed by the ascent of the GBS in combination with the decision to
apply pressure in the cells. The ‘high’ (conservative) estimate is a function of several factors, of which the
decision to apply pressure inside the caisson has the greatest influence on the magnitude of probability of
failure. In the ‘high’ estimate the large uncertainties in weight and the retraction forces, as well as the
uncertainty related to forces arising from the GBS re-settling after an initial break-loose of the skirts, all
contribute to the probability of failure. In the ‘high’ estimate the introduction of air pressure inside the caisson
might not have a beneficial effect on the refloat procedure itself but would increase the total probability of
TPF by introducing a failure due to an imbalance of pressure at the connection between the roof and the
outer wall.
The majority of these failure mechanisms arise and interact during Step R09, when the GBS is deballasted
and an attempt is made to refloat the structure. The retraction procedure for Charlie is dominated by several
failure mechanisms that are directly or indirectly correlated. This means that in many cases the ability to solve
a specific issue related to a failure mechanism would leave another dominating failure mechanism of nearly
the same magnitude that would have to be solved. Generally this makes it more difficult to predict the
decisive failure mechanism and more specifically address the actions necessary to minimise the probabilities
of failure to a reasonable level. The following elements contribute to the dilemmas:


Outer wall failure: The outer walls of caisson have not been designed for full hydrostatic pressure
when being fully deballasted while the structure rests on the seabed. Should buoyancy alone be
used to overcome the skirt retraction force, the level of ballast water inside the caisson would have
to be lower than that required simply to permit the GBS to float. In any event, pressurised air would
have to be introduced inside the caisson to compensate for the insufficient structural capacity of the
external walls. As described elsewhere, this can lead to other complications and failures as the
structure is released from the seabed.



Roof failure due to internal over-pressure: If pressurised air were used inside the caisson to
compensate for insufficient structural capacity of the external walls and then the structure ascended
too far on release from the seabed, the connection between the roof and the outer wall could fail
because the internal pressure would be too great. Furthermore, uncertainties in the established
weight of the GBS could make it very difficult to predict whether the ballast level
applied would be safe or whether it would lead to excessive heave.

Page | 135

BRENT BRAVO, CHARLIE AND DELTA GBS DECOMMISSIONING
TECHNICAL DOCUMENT


Inner wall failure due to differential pressure: A large buoyancy force at release would cause the
GBS to rise rapidly from the seabed and this would result in a large dynamic amplification to the
heave motion that could cause the structure to heel as it ascends from the seabed. The magnitude of
this heeling would be governed by the inherent eccentricities and dynamic stability of the GBS. The
heeling itself could give rise to changes in the differential pressure across the walls inside the caisson
that may exceed their design capacity, which allowed for a 5 m difference in water level between
adjacent cells.



Topside connection failure: The topside connection would fail if the angle of inclination became
too large during ascent or tow; this connection was designed to withstand an inclination of 7.5°.
Although this failure would not be governing, it could be far from insignificant. This capacity is larger
than that of failure of the internal walls but has been included for completeness of the analysis. In the
unlikely event that the inner walls could be strengthened to withstand a higher differential pressure,
failure of the connection between the legs and the Cellar Deck would become the significant failure
mode.



Using pressure or no pressure in the cells: The decision to pressurise the cells would have to be
considered very carefully. The advantages and disadvantages of introducing air pressure inside
the caisson were discussed in Section 8.5.3.2.

The largest contribution to TPF in the ‘high’ (conservative) estimate in the sensitivity study is from roof failure.
In the high estimate, applying the internal air pressure would not be beneficial in reducing the probability of
TPF. If internal air pressure were not be used, however, the probability of TPF drops to approximately 21%;
the failure here would be due to the difference in pressure across the outer wall. The ‘best’ (most realistic)
estimate shows that there is a positive benefit from applying pressure, and so this was used as a basis for the
Bayesian model.
11.4.2

Conclusions on the Refloat Option for Brent Charlie

Before embarking on some of the detailed engineering and technical studies, the initial perception was that
the design of the Charlie substructure lends itself more readily to refloat than either Brent Bravo or Delta. The
structure appears less susceptible to leaks from external sources, it appears easier to be able to install new
systems, and the trapezoidal profile of the skirts should make it easier to extract the skirts from the seabed.
However, some of the inherent structural weaknesses of the Charlie GBS, and the presumed degradation of
specific pipework inside the caisson, cannot be ignored. The behaviour of the structure once it departs the
seabed is critical to a successful refloat operation.
For Brent Charlie the option ‘complete removal by refloating’ has an estimated aggregate probability of
TPF of 5.0% at the beginning of the project and an estimated aggregate TPF of 3.6% at the beginning of
offshore operations. Both these values are at least three orders of magnitude greater than would normally be
acceptable at the beginning of any new offshore oil and gas development project, and are thus considered
unacceptably high. In addition, the assessment of PLL indicates that refloat would result in a PLL of
1.08E+00. This is much higher than the normally-accepted maximum value for the start of any new project
and is approximately 30-40 times higher than calculated for a case where the structure was decommissioned
and left in place (a PLL of 2.00E-02).
On the basis of these assessments and in particular the risk of project failure, the option ‘complete removal
by refloat’ for Brent Charlie is not considered to be tenable and therefore has not been taken forward for
full CA.
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12

TECHNICALLY FEASIBLE OPTIONS FOR IN SITU DECOMMISSIONING
THE GBSS

12.1

Introduction

The conclusion of the analyses and studies summarised in Sections 8, 10 and 11 is that it is not technically
feasible to decommissioning any of the Brent GBSs by refloat, tow, nearshore dismantling and onshore
disposal. At the beginning of any realistic programme of work to refloat any of the GBSs the estimated risk
of TPF would be several orders of magnitude greater than would be accepted by the industry for a ‘new’
project. Consequently, there are two possible options for the decommissioning of the Brent GBSs, namely:
Option 1 Partial Removal: Parts of the legs are removed and recycled onshore and the remainder of the GBS
is left in place. If parts of the legs were to be removed, the minimum clearance above the remains would be
55 m below the sea surface.
Option 2 Leave in Place: After removal of the topside and PGDS/Cellar Deck the GBS is left in place.
These two options were subjected to a formal CA as required under OSPAR 98/3. The CA method is
described in Section 14, and the individual results for the three Brent GBSs are presented in Sections 15
to Section 17.
This section presents a generic description of the programmes of work that would have to be undertaken
to complete either of the technically feasible options for any of the Brent GBSs. Specific aspects of the
programme that apply either to one type of GBS or to individual GBSs are highlighted.

12.2

Starting Condition for Technically Feasible Decommissioning Options

Our examinations and assessments of options for decommissioning the GBSs began in 2006. Since that
time the SLV Pioneering Spirit has been built and performed its first lift – the Yme topside- in 2016 [8]. In light
of the fact that we have already committed to removing two of the GBS topsides (Bravo and Delta) as single
lifts by the Pioneering Spirit we have re-examined the narratives and descriptions in this TD to determine if
the removal of the topsides (along with their PGDS/Cellar Deck) would have any material effect on our
assessments or the outcomes of our CAs.
In the light of the agreed programme of work for the removal of the GBS topsides, the practical starting
condition would be that the whole topside (including the PGDS/Cellar Deck) would have been removed in
a single piece by the SLV and taken to shore for dismantling and recycling, as described in the Topsides TD
[8] and illustrated in Figure 86. Some text and assessments derived from earlier engineering and technical
studies have been slightly amended in this GBS TD to reflect this new starting condition. As necessary,
options or activities that would require the presence of the topsides are highlighted in these descriptions and
assessments. Any steel shear restraints that might have to be fitted inside the tops of each leg to secure the
topsides in place after they had been cut free from the legs would still be in place.
Regardless of which option is adopted for the decommissioning of the GBSs, we will have completed
a programme of isolation and clearance at each level of the utility legs of the Condeeps Bravo and
Delta before the topsides are removed. The following interdependent systems in the utility leg would be
systematically isolated and disconnected from the associated pipework at each elevation: service water
system, produced water system including drawdown, instrument air system, power generation system, oil
export and rundown systems, open hazardous drains system, cold vent and hazardous closed drains
systems, fire water pumps and firemain, and miscellaneous items (installation utilities, instruments and
electrical cabling).
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After first removing loose items of equipment and any wastes, all the fixed pipes and equipment would be
drained of hydrocarbon-containing fluids and isolated from the levels above and below by closing valves
on the manifolds. Small items such as fluorescent light fittings, signage and fire extinguishers would then be
removed leaving only major structural materials and fixed items and equipment in place. On completion of
these operations to leave the utility leg in a satisfactory condition from an environmental, safety and integrity
perspective, each level in the leg would be surveyed and its condition recorded and photographed. It is
recognised, however, that the condition of all the equipment and materials left inside the leg would gradually
change after the topsides had been removed and the utility leg had flooded to LAT.
For the SeaTank Brent Charlie, we will also have removed all the conductors and the conductor guide
frames located between Legs C3 and C4. The conductors will be removed down to the top of the caisson
at -83.7 m LAT; the conductors on Charlie will be removed regardless of which option would be
recommended for the decommissioning of the GBS.
Before the removal of the topsides, no work would be carried out to clear pipework and internal steel at the
proposed -55m LAT cut elevation in the utility legs. All such work deep within the utility leg would expose
personnel to increased safety risks from flooding and the potential release of H 2S. The partial removal of the
GBS utility leg would not be compromised by carrying out the clearance later, just before cutting, using
ROVs.
Figure 86

Starting Condition for Decommissioning the Brent GBS.
Condeeps Brent Bravo and Brent Delta
Topsides and PGDS have been removed in one
piece by SLV. All three legs on each GBS are
left projecting approximately 20 m above LAT.
The open ends of the legs are covered by
concrete caps, one of which supports the Aid to
Navigation

SeaTank Brent Charlie
Topside and cellar deck have been removed
in one piece by SLV. The conductors and the
conductor guide frames have been removed.
The legs are left projecting approximately 7 m
above LAT. An extension has been fitted to one
leg, making it approximately 29 m high. The
open ends of the legs are covered by concrete
caps, one of which supports the Aid to
Navigation
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12.3

Description of Option 1 Partial Removal

12.3.1

Introduction

On Bravo the diameter of the legs decreases from slightly less than 21 m at the base to 12.2 m at sea level,
and their wall thickness varies from 1.15 m at the base to 0.5 m where they penetrate the sea surface and
then 0.84 m near the top. On Delta the outside diameter of the utility leg tapers from slightly more than 21 m
at the base to approximately 12 m at sea level. The drilling legs are also slightly more than 21 m diameter at
the base but they are almost 14 m diameter at sea level; the larger diameter is needed to accommodate the
conductors. The wall thickness of the Delta legs varies from 1.15 m at the top of the caisson to 0.55 m at
sea level and then 0.7 m towards the top. On Charlie, the diameter of the legs varies from 14.9 m at the
base to 8.8 m at sea level, and in their wall thickness varies from 0.9 m at the base to 0.4 m at sea level.
The feasibility of removing the legs has been examined for each Brent GBS in studies by Smit Brent Bravo
and Brent Delta leg removal feasibility study final report [55] and Kvaerner [51], [52]. The removal of the
legs would involve cutting the legs, transporting them to shore, dismantling them and then recycling or
disposing of the resultant waste streams. An initial screening phase identified the main components of the
marine operations, and critical elements were then examined in more detail to understand whether removal
of the legs could be considered feasible. In 2015 we performed a series of onshore cutting trials using a
DWC machine to cut test-blocks of reinforced concrete and the outcome of these trials is described in Section
11. Other studies have examined methods for creating lifting points on the cut legs, and for transporting them
to shore, and these are summarised in Section 13. Together, these studies resulted in the formulation of the
following method statement for the removal of the GBS legs.

12.3.2

Programme for removal of upper leg sections

Taking into consideration the geometry and construction of the legs, the proposed cut height for all the GBS
legs would be at approximately -56 m LAT, to provide at least 55 m navigable clearance.
On the Condeeps, the conductors and casings above the proposed cut line would have to be removed
before the drilling legs could be cut; this would probably be undertaken by an SSCV because it has a crane
height sufficient to remove the whole length of each conductor string in a single piece. The utility legs would
have been prepared as described in Section 6.2 but before these legs could be cut a further phase of
preparation would be required after the removal of the topsides. Internal pipework and other steel
architecture close to the cut line would be removed by ROV, which would gain access to the utility
through a large hole.
The hollow legs of the GBS would be cut horizontally using a specially-designed DWC machine (Figure 87).
Each leg would be cut by making four to six cuts “on the arc”, that is, cutting through one sector of the leg
circumference at a time. As each sector is cut and the diamond wire retrieved, the cut would be kept open
by inserting inflatable ‘shims’; it is envisaged that approximately 36 shims would be required for each leg
cut.
Figure 87

Artist’s Impression of the Deployment of a Diamond Wire Cutting System on a GBS.
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On the Condeeps each leg would be removed in a single section approximately 75 m long and these
sections would not be supported or restrained while they were being cut. The point of no return would be
reached when 50% of the leg diameter had been cut. In order to avoid the complication of using leg
restraints the final stages of the cutting operation would have to be performed in extremely calm sea-states in
a weather window of suitable duration. On Bravo the weight of each leg above the -55 m clearance level is
approximately 4,900 Te, giving a total of 14,825 Te for all three. On Delta each leg is slightly heavier at
about 5,700 Te, giving a total of 17,145 Te.
After each leg section had been fully cut it would be connected to a Semi-submersible Crane Vessel (SSCV)
by means of pre-installed lifting points and lifted away. Studies have shown that the Condeep legs would not
be strong enough to be rotated so that they could be transported in a horizontal orientation. Consequently,
each leg would have to be carried to shore vertically, suspended from the cranes of a large SSCV.
At a suitable site the legs would be set down vertically onshore, where they would be progressively
dismantled by conventional cutting equipment. Critical requirements of the onshore dismantling site for the cut
leg are quay strength, a draught of >15 m for the SSCV, quay height, and facilities licenced for recycling
and waste management. Two Norwegian disposal yards (Vats and Stord) currently satisfy these criteria and
both have experience of decommissioning parts of GBSs. Stord is built on bedrock and therefore has higher
quay capacity and is closer to Brent Delta. The final selection of any site would depend on costs, availability
and schedule. Loading the cut leg onto a dry quay would avoid the mob/demob32 associated with
transferring the leg to an intermediate deep water dock. For a disposal yard with sufficiently high capacity,
several GBS legs could be set down dry. Once the leg had been set down on the quay, the SSCV would
return to the Brent Field to recover the next leg.
On arrival at the onshore dismantling site the SSCV would lower the cut leg onto a weight-distributing
platform on the quay. Suspended from the SSCV crane, the leg could then tilted and toppled in a controlled
operation so that it lay horizontally on the quayside to facilitate dismantling. Alternatively, depending on the
profile of the cut end, the leg could be secured in a vertical position, perhaps stabilised by the attachment of
hydraulic pads at the base. The leg would then be grouted and fixed to the platform on the quay, and then
dismantled in a ‘piece-small’ operation. Working from scaffolding erected around the leg, the internal steel
work would be removed and the leg cut into sections by DWC equipment. These sections would then be
lifted off by a mobile crane for recycling.
The same offshore cutting procedure would be used for the SeaTank but its legs would have to be restrained
in some way because they are more slender and lighter than those on the Condeeps. The weight of each
leg above the -55 m clearance level is approximately 2,500 Te, giving a total of 10,130 Te for all four.
After examining a number of different restraint and support scenarios the study by Kvaerner [51] concluded
that the best way to stabilise the legs would be to use tension wires to increase their virtual weight. Any
restraint system would have to be integrated with the rigging and lifting system such that the tension wires
could be released once the lifting system started to take the load. Each leg would be removed in a single
section approximately 62 m long. The leg removal assessment for Brent Charlie suggests that the use of
restraints and the need to release them at the same time as the leg is to be lifted away is a complex
requirement that might not be possible to achieve [51].
The use of a ‘local’ restraint system was investigated by Atkins in Derogation and longevity study – summary
report [56] and Derogation and longevity study – Technical report [57] but it was concluded that such an
approach would be at the limit of what would be possible. A clamped approach was also investigated in
later leg removal studies but the investigations concluded that it would not be practical and this approach
was discounted. The use of wire stays was considered the best method.
The programme of work for cutting, lifting and transporting the legs to shore would require relatively calm
seas and in the technical risk assessment the main concerns related to obtaining the required sea states.
Records show that offshore in the Brent Field such ‘weather windows’ are infrequent and do not last long.
After the partial removal of the legs the remaining leg ‘stubs’ above the caisson on Bravo, Delta and Charlie
would be approximately 28 m, 31 m and 32 m high respectively. They would not be capped but left open
32

Mobilisation / Demobilisation
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to the sea; Figure 88 gives an artist’s impression of the condition of the Brent Charlie GBS on completion of
the partial removal option.
As described more fully in Section 13.4, the remaining structure would then slowly degrade and collapse
over a long period of time. With only the submerged leg stubs above the caisson, the caisson itself is likely
to suffer less damage from degrading remains and less stress from wave action. It is therefore very likely that
it would remain intact for at least 500 years and it might very well survive more or less intact for more than
1,000 years [56], [57] and the Atkins report Decommissioning study of degradation/fatigue mechanisms
[58].
Figure 88

12.4

An Artist’s Impression of Brent Charlie after Completion of Option 1 Partial Removal.

Description of Option 2 Leave in Place

The PGDS/Cellar Deck would be removed as part of the operations to remove the topside. Although this tied
all the legs together and enabled the structure to carry the full topside, from a structural perspective it does
not need to remain in place after the topside has been removed. Attempts might be made to remove some
of the piping, infrastructure and hardware inside the legs but because operations inside the legs are difficult
and dangerous it is more likely that these materials would be left in place; the bulk of material is carbon steel
that would be unlikely to cause environmental impact. Pre-fabricated concrete caps, each weighing about
300 Te, would be fitted to the tops of the legs.
Aids to Navigation (AtoN) would be fitted to one leg on each GBS. It is likely that two support structures
would be installed on the leg so that a second, new AtoN could be fitted (by helicopter) before the old AtoN
was removed for repair or replacement. According to the International Association of Lighthouse Authorities
(IALA) the minimum requirement for an AtoN is the provision of light but other features, including an AIS
transmitter and a Racon unit, could be incorporated.
To assist fishermen, it would be beneficial to ensure that the structure is identified and recorded in the UK
‘FishSAFE’ programme (www.fishsafe.eu) which is a computerized system providing fishermen with
information about obstructions or hazards in fishing grounds. Fishing vessels fitted with the ‘FishSAFE’
equipment receive a visual and audible alarm when they come within 6 nautical miles of an identified
obstacle.
On the Condeeps the utility leg is tall enough to ensure that the AtoN would be clear of wave action but on
the SeaTank the tops of the permanent (concrete) part of the legs are only 7 m above LAT. This means that for
Charlie one of the legs would have to be extended by approximately 22 m so that the AtoN would not be
vulnerable to storm waves. It is likely that either Leg C3 or Leg C4 would be chosen to support the AtoN;
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they are more heavily reinforced and prestressed than either C1 or C2 because they were designed to
support the conductor guide frames. Figure 89 shows the Brent Charlie GBS on completion of this option.
Figure 89

Artist’s Impression of Brent Charlie after Completion of Option 2 Leave in Place.

The structure would slowly degrade and collapse over a long period of time; on Charlie it is likely that the
leg with the AtoN would collapse first because the steel leg extension would increase the loading from
waves which is the likely catalyst for the collapse of a degraded leg.
As described more fully in Section 13.4, the most likely scenario is that, initially, the upper section of one or
more legs would fail in and around the splash zone as a result of degradation and wave action. The most
probable timescale for such events is that for around 100 to 250 years the upper leg(s) would remain visible
and largely intact with a steady degradation to around sea level. Falling debris from the upper parts of the
legs may cause damage to the cells below. It is likely, however, that the GBS caisson would exist in this
damaged condition for a considerable period of time. Once the upper parts of the legs have collapsed
following failure in the splash zone, the estimated longevity of the remaining parts of the legs might be in
excess of 500 years. Figure 89 shows how a degraded and collapsed Condeep-type GBS may appear
after perhaps 1000 years; it should be emphasised that this is an artist’s impression and as explained by
Atkins [56], [57] and [58] there is considerable uncertainty about the nature and rate of GBS degradation
and collapse.
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Figure 90

12.5

Artist’s Impression of a Degraded and Collapsed Condeep GBS.

Summary of Technically Feasible Options for the GBSs

The mains steps or activities in each of the options are presented in Table 8 for the Condeeps and Table 9
for the SeaTank. There would be no operations in Option 2 ‘Leave in place’ because the concrete leg caps
and the AtoN would be fitted after the removal of the topsides by SLV.
Table 8

Main Steps in the Two Technically Feasible Options for Decommissioning the
Brent Condeep GBSs.
Operation

Option 1
Partial Removal
of Legs

Remove the concrete caps and AToN



Remove the shear restraints



Remove the conductors and casings above the cut line



Cut access ‘widow’ in side of utility leg (as a contingency)



Clear internal steel work around cut line (as contingency)



Cut leg with DWC machine



Connect leg and lifting arrangement to SSCV



Lift legs as individual units using both cranes of an SSCV



Transport legs vertically to dismantling site on cranes
of one SSCV



Set legs down vertically onshore at dismantling site



Dismantle legs onshore



Crush retrieved sections onshore



Recycle recovered steel



Re-use recovered concrete



Option 2
Leave Legs in Place
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Table 9

Main Steps in the Two Technically Feasible Options for Decommissioning the
Brent SeaTank GBS.
Operation

Option 1
Partial Removal of
Legs

Remove concrete caps



Remove steel leg extension



Fit restraining system to legs



Cut leg with DWC machine



Connect leg and lifting arrangement to SSCV



Lift legs as individual units using both cranes of an SSCV



Transport legs vertically to dismantling site on cranes of
one SSCV



Set legs down vertically onshore at dismantling site



Dismantle legs onshore



Crush retrieved sections onshore



Recycle recovered steel



Re-use recovered concrete
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13

STUDIES TO INFORM THE COMPARATIVE ASSESSMENTS OF
FEASIBLE OPTIONS

13.1

Introduction

We completed a number of generic and structure-specific studies to inform the CAs and these are
summarised in the following sections. Several studies concerned the equipment and procedures that might be
employed to cut and remove the legs, and these informed our assessment of the technical feasibility and risks
associated with the ‘partial removal’ option.

13.2
13.2.1

Assessment of the Technical Feasibility of Partial Removal
Studies to Inform Assessment of Technical Feasibility

For each of the GBSs the partial removal of the legs would involve the following main operations or phases
of activity, which are described in the sections below:
1.

Cutting the steel reinforced concrete.

2.

Lifting the leg sections.

3.

Transporting the leg sections to shore.

13.2.2

Cutting the Steel Reinforced Concrete

Kvaerner [51], [52] examined possible methods for cutting or severing the concrete legs. They concluded
that methods using diamond saws, hydraulic splitting, crushing/demolition hammers, expanding chemicals,
water cutting, drilling and explosives, and thermal lances were not feasible, and that the only feasible
method was DWC.
No attempt has yet been made by any operator to cut reinforced concrete legs of the diameters and
thicknesses of those on the Brent GBSs. To inform our assessments of the viability and risks of removing parts
of the GBS legs we contracted the specialist company Cut UK Limited to develop a programme of onshore
testing for the DWC of reinforced concrete. Cut UK used a modified version of one of their 64 inch DWC
machines (DWC S/N TS98, Figure 91) to cut specially-manufactured concrete blocks cast to concrete C65
hardness. The blocks were cylindrical (1.4 m diameter, 1.5 m tall) and rectangular (1.2 m x 1.6 m and
1.5 m tall), and were strengthened internally by steel pipes containing 64 mm diameter steel wires that
mimicked the steel tensioning cables in the GBS legs. The blocks were held in a hydraulic jack and
subjected to a compression load of 500 Te, which equated to an effective loading of approximately
325 Te.m-2 and 260 Te.m-2 for the cylindrical and rectangular blocks respectively. This reproduced the
pressure that would be experienced offshore at the real cut depth (-55 m) due to the mass of leg above the
cut line.
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Figure 91

The Cut UK DWC used in Concrete-cutting Trials.

The first trial failed after approximately 93.5% of the block diameter had been cut because the remaining
uncut section was not strong enough to bear the apparent weight of the block above. Consequently this small
cross-section of concrete failed, causing the last vertical reinforcing steel to buckle; this jammed the DWC
wire and it broke. It is estimated that immediately before the final failure of the block, the small remaining
area of concrete (approximately 2.8% of the whole cross section area of the test block) would have been
subjected to an effective loading of approximately 11,902 Te.m-2.
In the second trial, small hydraulically-inflatable ‘shims’ (the Power Pad™ system, supplied by ThinJack™)
were inserted into the cut as it was created to keep it open and support the weight of the block above.
The trial block was successfully and completely severed in this trial (Figure 92).
Figure 92

Note:

Cross-section of Rectangular Concrete Block after Successful Cutting Trial.

The cut was made from right to left. The 4 PowerPads™ are shown in place.
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The DWC machine performed well in both trials, cutting through the blocks at an average rate of
approximately 1 cm per minute. If this rate were reproduced offshore – and no problems were encountered
with cutting through the internal steel and architecture inside the legs (as opposed to the reinforcing steel) –
then it would take approximately 24 hours to cut through each leg. This rate of cutting is compatible with the
assumptions previously made to inform the assessment of technical feasibility, as described in Section 11.3.
Despite the encouraging results of the onshore DWC cutting trial, it is acknowledged that the offshore
industry has little experience of cutting a reinforced and pre-stressed concrete structure of the size of the GBS
legs. Cutting the legs offshore would be sensitive to changing weather and sea states, and if the DWC
machine failed or the wire broke it would have to be repaired or replaced. The results of our own
assessments of the likelihood of DWC failure (including failure of the wire) are shown in Table 10.
Table 10

Results of Assessment of Likelihood of DWC Failure.
Sensitivity Case

Minimum, low, or
optimistic case
Best estimate
Maximum or high, or
pessimistic case

Probability of Wire Failure

Probability of Equipment Failure

0.1 x 10% = 1%

1 in 10,000 operations = 0.01%

10%

1 in 5,000 operations = 0.02%

1.5 x 10% = 15%

1 in 5,00 operations = 0.2%

We examined whether these uncertainties and potential delays might affect the viability of the offshore
programme of work, jeopardise the plan to cut all three (or four) legs of a GBS in one summer season, and
consequently lead to the TPF of the leg-cutting operation. For the purposes of this assessment, we assumed
that it would take a maximum of 3 hours to repair a broken DWC wire. If the repairs could not be made in
that time, we assumed that the cut would have to be restarted. Any restart would either be at a new location
or the same location; if it was at the same location and could thus take advantage of the section already cut,
it was assumed that this would result in the cut being 50% faster. The difference in cutting speed in the pre-cut
section of the leg would only have a limited effect on the probability of TPF if this were to be the only
parameter changed. It could, however, have a more significant influence on the optimistic and pessimistic
estimates when considered in combination with other input parameters resulting in an overall delay in
completing the cutting and removal operation (such as the need to repair cutting equipment) and so it
was included.
The probability of having to remobilise, i.e. take cutting equipment out of the water, repair it and wait for a
new weather window, ranges from 0.01% to 0.2%. These numbers correspond to anecdotal information
from the cutting specialist who advised that remobilisation has not been necessary in approximately 5,000
cuts they have made previously, albeit in the Gulf of Mexico on smaller structures than the Brent GBSs.
It should be noted that the impact to the total probability of TPF from these changes in input data is
insignificant but they were included to account for possible secondary effects arising from other changes
in the data input combined high and low estimates.
13.2.3

Effects of Weather on Cut and Lift Operations

We examined how sensitive the removal operations might be to changes in weather and sea state, to
determine if these would significantly affect the ability to complete the proposed programme of work in
one summer season.
In ideal circumstances, we estimate that after successfully completing the cut it would take about 6 hours to lift
each leg; for a pessimistic case, we assumed that it would take 12 hours. Most of this time would be taken
up by the operations to connect the lifting equipment at the top of the leg to the hook on the SSCV. Using
more time would lead to a larger probability of being unable to complete the operations within the available
weather window.
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The probability of the weather window deteriorating on a given day in the period covered by the forecast
is given in Table 11. The maximum estimate is assumed to be twice the best estimate and the minimum
estimate is assumed half the best estimate. These data are based on two years of measured metocean data.
Table 11

Probability of a 3-day Weather Window Deteriorating (Hs>2.0 m) on a Given Day in the
Brent Field.

Day

Failure Probability
(Optimistic)

Failure Probability
(Best)

Failure Probability
(Pessimistic)

0

0%

0%

0%

1

0.5%

1%

2%

2

1.0%

2%

4%

3

1.5%

3%

6%

13.2.4

Equipment and Procedures for Lifting Cut Legs

We engaged specialist engineering companies to prepare more detailed assessment of the types of lifting
points that could be fitted to the tops of the legs, and the rigging and lifting procedures that could be
employed within the structural capacity of the legs. This study was conducted after the assessment by COWI
of the probability of TPF, and informs our later assessment of the Technical Feasibility of partially removing
the legs.
13.2.4.1 Clearing the Cut Line
The drillings legs on Brent Delta are open to the sea (through ports) and are therefore already flooded with
seawater. The level within the Brent Bravo drilling legs is maintained at approximately -5 m LAT. These will
become fully flooded once the topside is removed. In addition, drawdown will cease on both installations,
and the utility legs will also become fully flooded.
If the hollow drilling and utility legs were to be cut ‘on the arc’, it would not be necessary to sever all the
pipes and other steelwork running across the cut line; the lifting power of the SSCV is so great that all these
connections would be ruptured when lifting began. As a contingency measure, however, a 2 m by 2 m
access hole (or ‘window’) would be cut in the side to the leg to allow an ROV to enter and cut internal
steel if necessary. The detailed programme of work for cutting and removing this hatch has not yet to be
completed. The study by DTOO [10] concluded, however, that provided the steel plates embedded in the
leg were avoided, cutting such an opening up to 10 m above or below the desired access depth, on any
side of the leg, would not compromise the structural integrity or stability of the leg.
13.2.4.2 Stability of Legs while Being Cut
The study by DTOO [10] concluded that the GBS legs would have to be removed as single pieces by an
SSCV. The severed leg section would be lifted vertically through the water and, eventually, the whole section
would be suspended in the air. If cutting operations took place during the summer, there would be no need
for additional measures to stabilise the legs of the Condeeps Bravo and Delta while they were being cut.
The legs of Brent Charlie would, however, have to be stabilised because they are lighter and slimmer than
those of the Condeeps (the significant wave height (Hs) for the legs of the Condeeps and the SeaTank is
2.1 m and 1.3 m respectively).
Alternative methods, such as cutting the legs into ‘slices’ weighing approximately 1,000 tonnes each or into
sections each weighing 850 to 4,600 tonnes, and lifting them away using a smaller type of crane vessel,
would not be feasible. For these approaches to be feasible each segment would have to be stable after the
cut within the characteristics of an acceptable weather window for leg-cutting. DTOO examined the toppling
and sliding stability of such segments, taking into consideration load factors, friction coefficients and safety
factors. The wave forces for every 5 m were used to calculate the moments from the input factors and the
minimum allowable significant wave height calculated. The study showed that it is not feasible to remove the
GBS legs in multiple segments as the allowable wave height would be significantly reduced [10]. This
limitation could be overcome by fitting to each section a restraint designed to counter vertical and rotational
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movement. Operations to fit and then remove such a restraining system would increase the duration of the
whole cutting operation and possibly exceed the limits of the weather window required for leg-cutting.
13.2.4.3 Fitting Lifting Points to the Legs
The Brent Delta topside will be separated from the legs by cutting through the grouted interface between the
top of the concrete leg and the bottom of the steel transition piece. This operation will not affect the posttensioning cables, the normal steel reinforcement or the concrete ring beam, all of which will remain intact.
A crane vessel with a total lifting capacity of 11,000 Te would be required if the legs were to be removed
as single sections. At present, such a capacity is only available in two large Semi-submersible Crane Vessels
(SSCV).
The designers of the Brent Condeep GBSs, DTOO, have developed two possible conceptual systems for
lifting the Brent Delta legs if they were to be cut at approximately -56 m LAT, which include design and
installation considerations for the lifting points [13], [14]. As with all conceptual programmes, the design of
the fabrication of these systems and the deployment and rigging of the lifting arrangement would have to be
considered in greater detail once an arrangement had been selected and FEED initiated. Because of the
weight of the Delta legs, DTOO [14] estimate that two or four lifting points would be required; if two lifting
points were used the load on each would be approximately 3,640 Te, and if four were used the individual
loads would be approximately 1,820 Te. The important issues taken into account in the design of possible
lifting system were the strength of the lifting points and their attachment to the leg, and the strength of the leg.
The concrete leg is stronger in compression (e.g. if the lifting points were attached to the bottom of the leg)
than in tension (e.g. when being lifted using lifting points attached to the top of the leg).
In the first lifting design, the lifting strops from the SSCV crane would be attached to a steel ring fitted
underneath the existing ring beam at the top of each leg on Brent Delta (Figure 93). This would transfer the
loading forces to the ring beam and then through the existing post-tensioning cables to the rest of the leg.
The steel ring would be fabricated in two halves and could be bolted together offshore, and with the
addition of a fixture to prevent the ring sliding down the leg the ring would weigh about 50 Te. This concept
could be used on Brent Delta but not on Brent Bravo, because the ring beams on Brent Bravo are not strong
enough. This concept has yet to be studied for Brent Charlie.
Figure 93

Conceptual Design for Steel Ring Lifting Point below the Concrete Ring-beam on Brent Delta.

An alternative arrangement would involve fitting steel wire ‘strand jacks’ near the base of each cut section,
so that it could be lifted from the bottom. This method has the advantage of lifting the legs in compression
rather than tension; it does not rely on inherent strength or integrity of the leg. To anchor the strand jacks,
two rectangular holes would have to be cut on opposite sides of the GBS leg, just above the cut line at
elevation -56 m LAT. The strand jacks would then be anchored by means of steel hooks fixed into the holes
and the wires run vertically up the leg to a steel lifting beam fitted over the top of the leg (Figure 94).
The whole arrangement might weigh up to 500 Te. There are horizontal reinforcing bars inside the leg
walls that would help prevent the cut end of the leg from splaying when lifted from these points.
Studies indicate that this lifting method may also be feasible for Brent Bravo GBS Legs [14], but that the
Brent Charlie legs would have to be lifted from the bottom as the ring beam at the top of the legs is not
strong enough [15].
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Figure 94

Conceptual Arrangement of Lifting Hooks and Strands to Lift the Leg.

13.2.4.4 Strength and Integrity of Leg when Being Lifted
If the legs were cut at or around -56 m LAT, 19 of the post-tensioning steel cables running down the length
of the leg would be severed. These embedded cables compress the concrete and impart great strength to the
legs, and with the proposed lifting arrangement would also transfer load from the lifting points into the leg.
DTOO [10] determined that after the legs had been cut, it may be assumed that the full post-tensioning
effects from the cables would be sustained 17 m above the cut, as long as original grouting of the cables
was sufficient.
DTOO also assessed the stability of sections of Brent Delta drilling legs after they had been cut and before
they were lifted away. They evaluated the dry and wet weights and assessed whether the cut section would
have enough concrete compression capacity (strength) to support its own weight, and also sufficient capacity
to resist wave impact. The study showed that when submerged at the start of the lift the cut leg would have
sufficient capacity in every section of the leg (from the ring beam down to the cut) to resist loads from the wet
weight of the cut leg itself, and also loads from internal and external hydrostatic pressure, even after the posttensioning cables have been cut. And once fully in the air, the cut Brent Delta leg would have sufficient
capacity to retain structural integrity when carrying its own maximum estimated dry weight [10].
13.2.4.5 Lifting the Legs Vertically
DTOO examined how the legs could be lifted vertically, using one of the two available SSCVs as a design
basis. Both the SSCVs have two large cranes located side-by-side on the stern of the vessel, and both the
cranes would be required to lift one leg (Figure 95). The minimum allowable distance between the tips of
the cranes is 8.9m, which means that the main hooks would be 24 m apart. A 24 m spreader bar would
therefore be required in all the feasible rigging concepts, to ensure that the lifting cables would be vertical.
Once attached to the SSCV cranes it might take about 1-2 hours to lift each leg clear of the water. It is
envisaged that the leg would then be secured onto some form of vertical cradle, attached to the stern of
the SCCV, comprising a few hundred tonnes of steel and wire strops, and a bottom plate (Figure 96).
The weight of the leg would always be carried by the cranes, and the bottom plate would cover the open
end of the cut leg and help prevent loose items of equipment or piping from falling into the sea. The DTOO
studies have confirmed that the legs of all three Brent GBSs are strong enough to be Lifted and transported
in this way.
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Figure 95

Lifting a GBS Leg using the Two Cranes on an SSCV.

Figure 96

Severed GBS Leg Carried Vertically to Shore on SSCV.
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13.2.4.6 Rotating the Legs
We examined if it would be possible to rotate the legs once lifted, so that they could be laid horizontally
on a cargo barge. This would enable all three legs to be transported to shore in a single trip, and it might
facilitate transfer to shore and the onshore dismantling operations. Transportation on a cargo barge rather
than an SSCV would also increase the number of onshore sites potentially capable of receiving the legs.
For the Brent Delta drilling legs, DTOO proposed that a second lift attachment 17 m above the cut elevation
would allow the leg to be rotated; the drilling legs have the global capacity to be lifted and rotated in this
way [10]. DTOO also found that if the support on the barge for the bottom end of the leg is more than 17 m
from the cut end (i.e. within the area where full post-tensioning capacity will still be available after the leg is
cut) the leg would have enough capacity to be laid in this way. The operation to rotate a cut leg from the
vertical to the horizontal would, however, require the combined use of the only two currently-available
SSCVs; the two cranes on a single SCCV would not be sufficient to take the effective weight of a tilted
leg section with safety factors applied.
A movement-constraining support would also be required near the bottom of the laid leg to prevent
ovalisation, a cross-sectional deformation of the concrete in X and Y directions. The concrete may weaken
and be more susceptible to buckling. This may result in failure of the leg during tilting or whilst the leg is
horizontal, and a study of the deformation of the structure would need to be conducted to understand how to
mitigate this event. Further detailed design of the lower attachment would be required to be able to manage
the area near the bottom of the leg which would have no active post-tensioning strength from the steel
cables. The upper leg support has less influence on the results.
Modelling was also performed with boundary conditions representing a cradle, which would constrain the
‘semi-circle’ or half the circumference of the cut leg. DTOO [10] suggest that any part of the leg that
remained unsupported and unconstrained by the cradle would have a high local utilisation of the rated
(available) structural capacity of the cut leg and therefore rejected this option as feasible. A new study is
being conducted by DTOO to conceptually design a support cradle to carry the cut legs on a barge or
vessel; the design is dependent on the selected lifting arrangement described earlier.
The Brent Delta utility leg has a smaller diameter and less post-tensioning than the drilling legs, and it has not
yet been proven that it would be feasible to rotate this leg. For the Brent Charlie legs, there are indications
from preliminary work that it is highly unlikely that it would be possible to rotate the legs into a horizontal
position.
Other technical considerations for rotation include the risk of ovalisation of the leg, difficulty in attaching
lifting points to the leg wall at depth underwater, and overloading at point loads. Consequently, because of
the considerable outstanding technical and commercial issues that would have to be resolved, we have
determined that if the GBS legs were to be removed, they would be lifted and carried in a vertical
orientation.

13.3
13.3.1

Results of the Assessment of Technical feasibility
Introduction

We assessed the Technical Feasibility of leg removal to inform the assessment of the likelihood of TPF,
and based this assessment on technical and engineering studies by DTOO [10], [13], [14], [15], [16], Smit
[55] and Aker Kvaerner [51], [52] which were completed before the more recent studies described in
Section 13.2. Having reviewed the results of more recent studies, we have concluded that the assessments
of the likelihood of TPF remain valid.
13.3.1.1 Overall Likelihood of not being able to remove a Leg in a Single Season
The capacity of the leg to withstand the loads that might be experienced during transportation to shore is
limited by how securely it might be connected to the heavy lift crane vessel and whether connecting the leg
to the vessel would affect the overall stability of the leg. In the best estimate it is assumed that the limiting
sea state would be the equivalent of an Hs = 4.0 m. The transportation phase of the operation contributes
approximately half of the probability to TPF in the best estimate. In the low estimate the stability of the leg
and heavy lift crane barge is assumed to be limited by Hs = 4.5 m. In the pessimistic estimate the capacity
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is taken to be the same as for the best estimate. Furthermore the transportation time in the high estimate is
assumed to be prolonged by 6 hours to a total of 30 hours. If the capacity of the leg during transportation is
small there would be a greater probability that this would be exceeded in the event of random weather.
The technical risk analysis assumes that the critical leg cutting and removal operations would be carried out
in the summer months of June, July and August. These are generally the months with the lowest sea states for
the longest periods of time. The risk of TPF relates mainly to the predictability and stability of different weather
situations.
Figure 97

Marginal Probability of TPF for Removal of an Individual Leg on One of the Brent Condeeps in
Each of the Summer Months.

As shown in Figure 97 the probability of TPF for the removal of one leg is largest in the month of June
(TPF 0.16%) and smallest in July (TPF 0.08%). A leg cut and removed in August will contribute a probability
of (TPF 0.11%). In order to minimise the complexity of the analysis and to obtain the best estimate of the
probability of failure from cutting and removing all the legs it is assumed that a cut and removal operation
would be carried out in each consecutive summer month, i.e. one in June, one in July and one in August.
For the removal of all three legs over 3 months the probability of technical project failure (TPF 0.35%, range
0.09% to 1.78%) is as shown in Figure 98.

Figure 98

Marginal Probability of TPF in Step PD10/11, for Removal all Three Legs on a Brent Condeep
in a 3-month Period in Summer.

A failure during the transportation phase, i.e. exceeding the capacity of the fastened leg during
transportation, is limited because of the assumption that the leg would be secured in some way to the SSCV
during transfer to an onshore dismantling site. With such limitations this phase of the operation contributes
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approximately half of the probability of TPF in the best estimate for the step. It is likely that the limiting sea
state of Hs=4.0 m could be increased by the use of restraining systems on the transportation vessel but this
has not been investigated further.
Based on these considerations the probability of TPF in step PD10/11 for the removal of all three legs
in June, July and August is found to range between 0.09% and 1.78%.
No contributors to TPF have been identified in step PD12 Dismantling of legs and step PD13 Disposal
of legs.
13.3.1.2 Probability of Failing to Lift a Charlie Leg in a Summer Season
This is based on anecdotal evidence relating to the experience of a diamond wire cutting specialist, and the
discussion on leg cutting presented in Section 13.3.2.2 also applies to cutting the legs of the Brent Charlie.
It is estimated that the lift would take 6 hours but in the pessimistic estimate it would take 12 hours. Most of
this time would be spent connecting the lifting equipment on the top of the leg to the hook on the SSCV.
If this takes more time this would increase the risk of being unable to complete the operations within the
available weather window. The probability of the weather window deteriorating on a given day is the same
as that presented in Section 13.3.2 for the Condeeps and the implications of weather windows for cutting
the SeaTank legs are the same as those presented for cutting the legs of the Condeeps.
The technical risk analysis assumes that any critical leg cutting and removal operations would be carried out
in the summer months of June, July and August (Figure 99). These are generally the months with the lowest
sea states for the longest periods of time and for the analysis it is assumed that the critical cutting, lifting and
transporting procedures would be limited to these months. The risk of TPF relates mainly to the predictability
and stability of different weather situations.
Figure 99

Marginal Probability of TPF for Removal of an Individual Leg on Brent Charlie in Each of the
Summer Months.

As shown in Figure 99, the probability of TPF for removal of one leg in the summer months is largest in the
month of June (TPF 0.10%) and smallest in July and August (TPF 0.06%). In order to minimise the complexity
of the analysis and to obtain the best estimate of the probability of failure from cutting and removing all the
legs, it is assumed that a cut and removal operation would be carried out in each consecutive month from
June to August. For the removal of all four legs over 3 months the probability of TPF is 0.28% (range 0.07%
to 1.56%) as shown in Figure 100.
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Figure 100 Marginal Probability of TPF in Step PD10/11, for Removal all Four Legs on Brent Charlie
in a 3-month Period in Summer.

A failure during the transportation phase caused by exceeding the structural capacity of the leg during
transportation is small because it is assumed that the leg would be secured in some way to the SSCV. Using
this assumption this phase of the operation contributes approximately half of the probability of TPF in the best
estimate for the step. The limiting sea state of Hs = 4.0 m could most likely be increased by using restraining
systems on the transportation vessel but this aspect has not been investigated further.
Based on these considerations the probability of TPF in step PD10/11 for the removal of all four legs in June,
July and August is found to range between 0.07% and 1.56%.

13.3.2

Assessment of Technical Feasibility for the Brent Condeeps

13.3.2.1 Generic Programme of Work for Option 1 Partial Removal for the Brent Condeeps
As with the assessment of the Technical Feasibility of refloating the GBSs, the fact that we have already
committed to removing the topside and the PGDS as a single piece by SLV makes only a very small
difference to the estimated probability of TPF at the beginning of offshore operations to remove the legs,
and does not invalidate the assessment, discussion and conclusions in this section.
Figure 101 shows the main operations in the possible programme of work that would have to be undertaken
on either of the Condeeps to complete Option 1 ‘Partial removal’, and some of the interactions and
consequences that might lead to Technical Project Failure. There is essentially no difference between
the programmes for Bravo and Delta.
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Figure 101 Interactions and Consequences of Key Aspects in Option 1 Partial Removal for either of the
Brent Condeeps.

13.3.2.2 Results of Technical Risk Assessment of Option 1 Partial Removal for the Brent Condeeps
The technical risk assessment found that on commencement of the engineering preparatory work the best
estimate aggregate probability of TPF was 1.55%. At the beginning of offshore operations for the removal
of the legs, both the Bravo and the Delta GBSs had a best estimate aggregate probability of TPF of 0.55%.
This assumes that various inspections, testing and engineering associated with the preparatory phase have
been successfully completed before initiating the operational aspects of the leg removal process. A sensitivity
study using a range of practical assumptions showed that on commencement of offshore operations the
probability of TPF ranges from 0.29% to 1.97%.
13.3.2.3 Generic Programme of Work for Option 2 Leave in Place for the Brent Condeeps
We have now committed to removing the topside and the PGDS of the two Brent Condeep GBSs as a
single piece by SLV. The successful completion of these lifts, including all the preparatory work, the lift, and
then the fitting of concrete caps and AToNs, will leave the Condeep GBSs in the final condition for Option 2
‘Leave in place’. No further operations would be required on either of the Condeeps for the ‘Leave in place’
option, and consequently there are no technical concerns about completing this option.
13.3.3

Assessment of Technical Feasibility for the SeaTank Brent Charlie

13.3.3.1 Programme of Work for Option 1 Partial Removal for the SeaTank
As with the assessment of the Technical Feasibility of refloating the Condeep GBSs, the fact that we may
remove the topside and the Cellar Deck as a single piece by SLV makes only a very small difference to the
estimated probability of TPF at the beginning of offshore operations to remove the legs, and does not
invalidate the assessment, discussion and conclusions in this Section.
Figure 102 shows the main operations in the possible programme of work that would have to be undertaken
on the SeaTank to complete Option 1 ‘Partial removal’, and some of the interactions and consequences that
might lead to Technical Project Failure.
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Figure 102 Interactions and Consequences of Key Aspects in Option 1 Partial Removal for the SeaTank
Brent Charlie.

13.3.3.2 Results of Technical Risk Assessment of Option 1 Partial Removal for Brent Charlie
For the purpose of this examination it has been assumed that one leg would be removed in each of the
summer months, although in the case of Brent Charlie two legs would be removed in July. One mobilisation
would be used to remove all legs from the SeaTank GBS in one season.
The technical risk assessment found that on commencement of engineering preparatory work the best estimate
aggregate probability of TPF of the removal of the legs is 12.01%. At the beginning of offshore operations
for the removal of the legs the Charlie GBS had a best estimate aggregate probability of TPF of 0.49%.
This value assumes that various inspections, testing and engineering have been successfully completed before
initiating the operational aspects of the leg removal process. A sensitivity study taking into account a range of
practical assumptions concluded that on commencement of offshore operations the probability of TPF ranges
from 0.28% to 1.78%.
Although in principle many of the operations for removing the legs on Charlie would be similar to those that
would be required for Bravo and Delta, there are two important differences, namely the presence of the
additional leg on Charlie and the fact that the legs on Charlie are lighter and smaller.
The dimensions and weight of the legs are such that it would be necessary to use a restraining system to
ensure that they would be able to withstand inclement sea states and remain stable during the cutting
operation. Once the legs are restrained in some way they would be able to withstand an Hs > 2.1 m
compared with the unrestrained condition (Hs ≤ 1.3m). This compares to the maximum Hs of 2.1 m for
unrestrained legs on either Bravo or Delta. There would, however, also be a probability of failure associated
with the new restraining system – that is, the system itself could fail. For the purpose of this study the
restraining system for each leg has been taken to have a probability of failure of 1.0E-04. This includes a
complete failure of the release mechanism and assumes that if one critical part of a restraining wire fails the
restraining system would no longer be fully functional and this would result in failure of the overall operation.
In practical terms this assumption reflects that the solution would have to be well designed, engineered
and tested.
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13.3.3.3 Programme of Work for Option 2 Leave in Place for Charlie
It is likely that the Brent Charlie topside and cellar deck will be removed as a single piece by SLV.
The successful completion of this lift, including all the preparatory work, the lift, the fitting of the steel leg
extension and then the fitting of concrete caps and AToN, will leave the SeaTank GBS in the final condition
for Option 2 ‘Leave in place’. No further operations would be required on the Charlie GBS for the ‘Leave in
place’ option, and consequently there are no technical concerns about completing this option.

13.4
13.4.1

Degradation and Longevity of Legs and Caisson
Introduction

It is difficult to predict the longevity of large concrete structures, not least because of the lack of real
examples of very old structures in the sea and the fact that the main degradation processes are very slow.
It is necessary, however, to obtain some estimates of the process of degradation, the longevity of the
GBSs, and their final condition on site in order to inform the CA of options and the Environmental Impact
Assessment (EIA).
We engaged the engineering consultants Atkins to carry out a series of studies [56], [57], [58] and Brent
Bravo derogation and longevity study [59], Brent Charlie derogation and longevity study [60], Brent Charlie
leg collapse and caisson damage assessment – final report [61] and Brent Bravo and Brent Delta leg
collapse and caisson damage assessment – final report [62] to:
1.

Assess the structural integrity of the legs and determine if they would be able withstand an extreme
winter storm, including an examination of degradation and fatigue effects.

2.

Examine leg collapse and caisson damage scenarios in more detail, and consider their effects on the
longevity of the legs as well as the structure as a whole.

The studies included:


Identifying the possible degradation mechanisms and modelling their interactions and effects.



Quantifying the size of objects that could fall from the legs (including whole parts of the upper leg)
as they deteriorated, estimating the resulting impact energy, assessing what damage might be
caused and evaluating its implications for the GBS as a whole.



Evaluating the effect of the loss of a section of leg from the splash zone and how this might affect the
environmental forces that the legs experience.

13.4.2

Degradation Mechanisms

The reinforced concrete in the GBSs will degrade primarily as a result of the corrosion of the steel reinforcing.
This will begin when seawater penetrates the overlying layer(s) of concrete. As the steel corrodes and
corrosion products are formed the reinforcing will expand and this will lead to the cracking of the concrete,
which will increase the rate of seawater penetration. Eventually, the layer of concrete over the reinforcing
will be so weakened that sections will become detached and break away (‘spall’). At some point, all the
reinforcing will have corroded and the strength of the GBSs will depend solely on the strength of the
concrete.
The slow effects of the corrosion of the reinforcing will occur at the same time as the concrete is weakening.
Concrete tends to become stronger over time, before slowly losing strength over a long period of time.
Atkins suggested that the GBS concrete would naturally begin to lose strength at or around the time of
decommissioning, and also that the removal of the topsides would lead to a marked initial loss of strength
because of the loss of compression (Figure 103).
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Figure 103 Generalised Reduction in Strength of Concrete with Time.

The concrete degradation rate depends on several variables including the loss of pre-stress, the strength of
the concrete as it ages, the rate of depassivation, the thickness of concrete cover and the rate at which the
reinforcement bars will corrode. The thickness of the concrete varies between different parts of the GBS and
there are also differences between the GBSs.
While both of these slow processes are occurring, the various parts of the GBS will be subject to loads and
stresses from waves and wind, slamming impacts from waves and, later, impacts from falling sections of
concrete. The most vulnerable areas of offshore concrete structures are the splash-zones, particularly in early
GBSs where the concrete over the reinforcement is only 50 mm to 60 mm thick.
Atkins acknowledged that there were several uncertainties associated with predicting the likely rate of
degradation and the timescales for the ultimate collapse of the GBS legs and then the caisson. They also
noted the following differences between the Brent GBSs:


On Brent Bravo, the drilling legs may be stronger than the utility leg because they have greater
pre-stressing.



On Brent Bravo, the structure of the oil storage cells is weaker than on Brent Delta, which is a later
and more developed design.



On Brent Delta, the wave loading on the legs at sea level will be greater than for Brent Bravo,
because the legs are wider.



On Brent Charlie, the legs are slimmer than on either Brent Bravo or Brent Delta. There will therefore
be less wave loading on the Charlie legs but their capacity to resist these forces will also be
reduced.



The concrete on Brent Charlie and Brent Delta is grade C50, slightly stronger than the concrete
in Brent Bravo (C45).
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13.4.3

Effects of Falling Objects

Atkins examined the effects of falling objects on the strength and ultimate degradation of the GBSs, and
presented the following conclusions [62]:


Small falling objects such as embedded steel plates, sections of spalling leg wall) would not have
enough energy to penetrate the cell domes.



Large falling objects, such as the concrete cap or a whole section of upper leg do have enough
energy to penetrate the cell dome and, depending on the orientation on impact, have enough
energy to completely demolish the dome.



If the whole upper leg fell it would have enough energy to completely demolish the cell domes.



Falling debris does not, however, significantly weaken the bases of the legs. Therefore, although
falling debris could demolish the cell domes, it would not significantly affect the stability of the legs.

13.4.4

Possible Mode and Timescale of Degradation

Atkins acknowledged that there were several uncertainties associated with predicting the likely rate of
degradation and the timescales for the ultimate collapse of the GBS legs and then the caisson. After
reviewing the various interacting degradation processes and considering the uncertainties, they made the
following observations which informed the hypothetical collapse scenario presented in Section 13.4.6.


The areas of legs in and around the splash zone can be expected to deteriorate at a faster rate than
those parts that are permanently submerged.



This would lead to a failure of the upper sections first, and parts of the legs would fall away.



Falling sections of the upper legs will damage and may demolish cell domes but are not likely to
adversely affect the stability of the legs.



It is unlikely that the toppling of the whole leg (i.e. due to failure at or around the top of the cells)
would be the first event.



The collapse of the legs above the splash zone, or their deliberate removal to -55 m LAT, would
result in a very significant reduction in wave loading, and a consequent increase in resistance
to fatigue.

13.4.5

Effects of Alkali-silica Reactions

As part of the programme to remove the attic oil on Delta, described fully in the GBS Contents TD [5],
we obtained cores taken through the thickness of the concrete of the caps on the tops of the cells. These
were subjected to physical and chemical analysis to gain information about the condition and strength of the
concrete. As a result of these analyses, reported by RSK in Brent Delta Cell 9; Analysis of GBS storage cell
dome concrete plug core [63] evidence was found of Alkali-silica Reaction (ASR) in the concrete matrix.
ASR is a reaction between silica in the concrete aggregate and alkali hydroxide in the concrete. This forms
a gel that swells as it absorbs water, and this swelling can lead to cracking and damage of the concrete.
Following this finding, we asked Atkins to re-examine their estimates of GBS degradation. In their report
Brent Delta Attic Oil Removal Enpro Subsea AOR – Structural Analysis – Degradation Assessment [64], Atkins
concluded that if ASR was present throughout the GBS (including the legs and the caisson) this might bring
forward each of the degradation phases by approximately 50 years. We have concluded that although ASR
might affect the degradation of the GBSs, its influence on the rate and timing of degradation is not likely to
be significant given the other uncertainties in predicting the long-term fate of the GBSs.
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13.4.6

Hypothetical Collapse Scenario

Table 12 presents an outline description, derived from the various Atkins studies, of the possible phases and
timing of the degradation and collapse of the Brent GBSs. It does not reflect any small effects from ASR
described by Atkins in [64].

Table 12

Outline Description of Possible GBS Degradation and Collapse.

Years after
decommissioning

Description

0

Minimal damage from SRB activity, either inside the storage cells or on top of the
roof domes

70 to 120

Chloride passivation and permeation starts to occur; outside of structure in splash
zone continually subject to wave slamming. Structure remains intact

120 to 180

Interior of structure expected to start deteriorating first due to reduced reinforcement
cover and electrochemical reactions. Externally, the area of structure in the splash
zone expected to deteriorate first. Loss of reinforcing and pre-tensioning steel
insignificant. Effects of wave slamming starts to tell, with concrete cover outside
of outer reinforcing steel starting to crack; minor spalling starts to occur. Structure
remains intact

180 to 250

Extent of cracking increases as corrosion volume increases. Over increasing time,
initial spalling expected to occur, with bits of concrete falling off, exposing outer
reinforcing steel to the elements; bits of concrete fall away from the exterior area in
the splash zone exposing reinforcing steel; interior of structure begins to spall. Legs
look significantly deteriorated from the outside, but remain largely intact. Caisson
remains intact

250 to 290

Increasing amount of spalling of external concrete starts to occur, with inner layers
of outer reinforcement now being exposed to wave slamming and corrosion.
Spalling increases as amount of corrosion product increases. Concrete cover
of internal surface of legs starts to spall. Legs continue to look significantly
deteriorated from the outside but still remain largely intact below LAT. Caisson
remains intact

290 to 470

Parts of legs above LAT start to fall away, but not large enough to cause significant
damage to caisson. Legs below LAT remain largely intact with small cracks
beginning to emerge with slight spalling beginning to occur. Caisson remains
intact

470 to 740

Increasing quantities of leg above LAT start to fall away, but leg sections below
LAT remain largely intact. Small cracks start developing in the caisson exterior,
exposing small sections of reinforcing bar; small quantities of corrosion product
start to develop. Legs below LAT and caisson remain largely intact

740+

Quantity and extent of cracking ever increasing in leg sections below LAT,
increasing amount of concrete spalling. Increasing quantities of corrosion product
developing in caisson resulting in increasing levels of spalling. Legs below LAT
become increasingly weak but superficially remain intact for much of the water
depth. Caisson remains largely intact

1,000+

Legs below LAT subject to significant spalling and largely collapsed; caisson
largely intact, but showing increasing amounts of degradation in localised areas
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13.4.7

Working Scenario for GBS Degradation

We have reviewed all the detailed studies by Atkins, and the assumptions, caveats and uncertainties in
their reports, and noted the differences between the Brent GBSs that they highlighted. For the purposes of
completing the EIA and the CAs, and in particular for the separate assessment by Anatec of the safety risks
for other users of the sea, we had to specify a fixed duration for each stage. The following working scenarios
were therefore developed for application to the two technically feasible options for the GBSs:


Option 1 Partial Removal: After the partial removal of the legs down to -55 m LAT, each of the GBS
leg stubs would degrade slowly, at a steady annual rate, from -55 m LAT down to the top of the
caisson. Complete degradation of each leg would take 300 years and during this time there would
be a risk that pelagic fishing gear (i.e. towed in mid-water) could become snagged on the remains.
Once the leg stub had fully degraded to the top of the caisson, it was assumed that the caisson itself
would not present a snagging risk to either pelagic or demersal fishing gear



Option 2 Leave in Place: The leg above sea level would slowly degrade but for 250 years would
remain essentially intact and at its original height above the sea. The greatest amount of
degradation would occur in the splash-zone and this would eventually lead to the failure of the leg
at or around sea level (LAT). The upper part of the leg might finally be toppled by storm waves overloading the weakened structure and the remains of the upper leg would fall onto the caisson and the
seabed

The remaining leg (approximately 80 m long from LAT to the top of the caisson) would then continue to
degrade slowly through a combination of corrosion of the reinforcement bars, spalling of the concrete and
wave action. It is not known how this long period of degradation might take but for the purposes assessing
likely risks to other users of the sea Anatec examined two scenarios for Option 2:


Option 2 Scenario 1: The submerged legs would experience gradual progressive degradation with
the height of the leg decreasing annually at a steady fixed rate, such that it would take 750 years
for the legs to degrade from approximately LAT to the top of the caisson



Option 2 Scenario 2: The submerged leg, although subject to continuing degradation, would for a
long period of time remain upright and extending to approximately LAT. After 750 years the leg
would finally fail at the base of the leg (near the top of the storage cells), and fall onto the caisson
and the seabed

In both options, the caisson itself, although damaged and perhaps punctured, would remain standing on the
seabed for at least 1,000 years.

13.5

Interactions with Drill Cuttings Piles

All three Brent GBSs have historic accumulations of drill cuttings on the seabed around the base of the
caisson and on the cell-tops; the distribution, volumes and composition of these piles are described in [6].
Neither of the technically feasible options for any of the Brent GBSs would be affected by the presence of
any accumulations of drill cuttings. In Option 1 ‘Partial removal’, the proposed height of the cut on all the
legs would be well above the maximum height of the cuttings pile on the cell-tops. If a restraining system
were to be installed on Brent Charlie (and indeed on either of the Condeeps as well) small accumulations of
drill cuttings might have to be cleared away locally by water-jetting to allow the fixing points to be installed
on the tops of the cell walls. The safety risks, costs and impacts of such operations would be low.
The main potential interaction between the cuttings piles and the GBSs would occur after the legs had
degraded, when small or large parts of the legs began to fall onto the top of the caisson and/or the
seabed. The impact of falling debris would be likely to disturb the cuttings piles and throw cuttings into the
water column, where they would drift and then settle onto the cell-tops again, or on already impacted
seabed, or on uncontaminated seabed.
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We have not modelled the possible nature, extent and impact of such resuspension of cuttings. A very large
number of disturbance scenarios could be envisaged, depending on the timing, number and frequency of the
disturbance event, the sizes of debris that might fall onto the piles, and the energy with which the cuttings
pile might be disturbed. Cuttings re-suspended from the tops of the cells would be likely to enter the water
column at a greater depth than when they were originally discharged from the cuttings chute (which is near
the sea surface), and so it may be expected that most of the re-suspended cuttings would settle back onto the
seabed within the area around the installation that had at one time been impacted by cuttings. Some
indication of the possible extent and degree of recontamination that might occur can be gained from the
results of the modelling reported in [6] to examine the effects of human disturbance (by dredging and by
fishing) on the Brent Charlie cell-top cuttings. The potential ‘legacy environmental impacts’ arising from the
resuspension of drill cuttings by falling debris were taken into account by DNV GL in their assessment of the
environmental impacts of both of the technically feasible options for the GBSs.

13.6

Safety Risk to Project Personnel

In our CAs we have assessed the relative safety risk of the options by calculating the Potential Loss of Life (PLL)
for three groups of people – offshore personnel, onshore personnel and other users of the sea – who might
be exposed to risk as a result of carrying out a decommissioning operation or as a result of the final endpoint or condition of the facility or site on completion of decommissioning. The PLL for project personnel was
derived by multiplying published values for the Fatal Accident Rate (FAR) for personnel in the exploration and
production (E&P) industry by the estimated total man-hours of exposure, and the PLL for other users of the sea
(in the case of the Brent Alpha footings only fishermen) was calculated as described in Section 13.7.
PLL is one of the prime outputs of a Quantitative Risk Assessment (QRA). It provides a measure of cumulative
risk which is directly dependent on the number of people exposed to the risk and the duration of the activity.
In this context it therefore provides a simple measure of the relative safety risk between project personnel
who may be engaged in operations to complete an option, and third parties who may be exposed to the
long-term risk from the planned end-point of the option. PLLs can and are therefore used in the overall
decision-making process (such as in a CA) along with considerations of the environmental impacts, costs
and other criteria.
There are absolute values of risk tolerability used by authorities such as the HSE; e.g., risks between 1 x 10-1
and 1 x 10-3 are considered intolerable and risks between 1 x 10 -3 and 1 x 10-6 are in the region where
it has to be shown that the risks are tolerable and are as As Low As Reasonably Practicable (ALARP).
Within a decision-making process, such as a CA, however, it should be stressed that PLL figures should not
be used as an absolute measure of risk because the total PLLs here represent the cumulative predicted risk for
different groups of people and activities, and there is no analysis of the options to determine the effects of
any risk-reduction measures that would or could be applied. Such detailed analysis occurs once an option
has been selected, and it is at this point that the specific PLLs for a given activity could be compared with
the HSE thresholds above.
Quantitative safety risk assessments were carried out for both options for each of the GBSs separately.
In every case the total estimated risk to project personnel was expressed as the PLL for that option.
For the Brent Condeeps Bravo and Delta, the PLL for Option 1 ‘Partial removal’ is 0.0394 and 0.0416
respectively, and for both installations the PLL for Option 2 ‘Leave in place’ is estimated to be 0.0005.
There are no decommissioning operations in Option 2 (the topsides will have been removed and the
concrete caps fitted as part of the earlier topsides removal programme) and the safety risk for project
personnel is associated with the proposed post-decommissioning structural and environmental monitoring
surveys. From these PLL data it is evident that for both Condeeps, the safety risk to project personnel for
Option 1 is about 80 times higher than it is for Option 2.
For the SeaTank Brent Charlie, the Option 1 ‘Partial removal’ was calculated to have a PLL of 0.0239 for
project personnel, that is some 60% of the PLL for either of the Condeeps. Although it has four rather than
three legs, the PLL is lower because the legs are slimmer and will take less time to cut. In addition, the total
mass of reinforced concrete that would be returned to shore for crushing and treatment (10,150 tonnes)
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would be considerably smaller than for a Condeep (14,825 tonnes and 17,145 tonnes for Bravo and
Delta respectively).

13.7
13.7.1

Safety Risk to Other Users of the Sea
Introduction

The safety risks to other users of the sea were analysed and estimated by the specialist consultancy Anatec in
their report Assessment of safety risks to mariners from Brent GBS [65]. They are described here in some
detail because the results are important in weighing the advantages and disadvantages of the two
technically feasible options for the GBSs.
13.7.2

Method

To estimate the likelihood of potential collisions with fishing vessels and the risks of that towed fishing gear
might snag on subsea structures, Anatec assessed the present-day level of fishing activity using historical data
on the types of fishing and the fishing effort in the ICES rectangle in which the Field lies. To estimate the
potential collision risk for all other types of surface vessel, Anatec examined historical data and AIS data on
the type and amount of shipping traffic using routes close to the Field.
The Anatec study and the study by McKay Consultants Assessment of socio-economic effects on commercial
fisheries [66] both acknowledge that it is very difficult to make predictions far into the future about the level
and indeed nature of commercial fishing in the area. Similarly, it is difficult to make predictions about
commercial shipping; new larger vessels are being introduced, the frequency of shipping movements is
changing, and routes near and through the Field may change once nearby oil and gas structures, and the
Brent installations, are decommissioned. Nevertheless, an attempt has been made to estimate the long-term
safety risk to other users of the sea, and the assumptions that have had to be used are fully described in
[65].
All estimates of potential risk and snagging risks depend crucially on estimates of how long parts of the GBSs
remain at depths were they could interact with vessels and/or with towed fishing gear. In Option 1 ‘Partial
removal’ the safety risk to other users of the sea comes solely from the snagging risk on the ‘stubs’ of the
partially removed legs. In Option 2 ‘Leave in place’ the risk to other users of the sea comes from two sources:
1.

Ship and fishing vessel collisions while the legs remained above sea level and until they degrade and
collapse to a depth at which interactions with the hulls of surface vessels was physically impossible.

2.

Fishing gear snagging on the legs after they have degraded below sea level.

Anatec used the Atkins study [62] on degradation mechanisms and collapse scenarios as a starting point
(Section 13.4), acknowledging the caveat that it is difficult to predict with a high degree of confidence
exactly how the remains of a GBS may degrade or the sequence and rate of degradation. Again, for
the purposes of providing an estimate of potential long-term safety risks to other users of the sea some
assumptions had to be made and these are stated in [65]. As well as examining the safety risks to others
of the sea using the Atkins’ ‘most likely’ degradation scenario (Section 13.4), Anatec performed another
assessment for the degradation scenario in which the legs, having degraded to sea level, then remained
upright for a further 750 years before failing at the junction with the GBS caisson.
The annual frequencies for vessel collision with the Brent concrete substructures were estimated using the best
available, present-day vessel activity data. For shipping, the ShipRoutes database was used, which has
recently been updated and calibrated using AIS shipping survey data for the area. For fishing vessels,
various data sources were used, including sightings and satellite tracking data.
The potential consequences of collisions were assessed in terms of annual fatalities to other users of the sea,
and this estimate was derived using historical data on vessel collisions at sea. The analysis took into account
the types and sizes of vessels contributing to the risk profile at each Brent structure. The estimate of total safety
risk for other users of the sea is very conservative and could be further enhanced by changes in fishing
practices or navigational aids over the long period of time during which the remains of the GBSs will slowly
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degrade and then collapse. In addition, it takes no account of the mitigation that would be provided if the
500 m safety zone remained in place around the GBSs (in either option) or if the remains of the GBSs were
incorporated into FishSAFE or some similar electronic warning system. However, it should be noted that this
risk mitigation would have to be managed by others as the immediate steps could only comprise establishing
a safety zone and putting the remains of the GBSs onto FishSAFE.
The Brent Field is not heavily trafficked by commercial vessels. When the field is decommissioned, and later
when other adjacent fields are decommissioned, it is anticipated that the levels of shipping in the area would
decrease because of the absence of the vessels serving the offshore oil industry. Some existing established
shipping routes may move a little closer to the Bravo GBS once structures in the Brent Field and other fields
are decommissioned but it is expected that routes would still be several kilometres away from the remains of
the Bravo GBS [65].
13.7.3

Present Day Risks from Collision

The present-day risk from collisions by non-fishing vessels was estimated using the ship collision frequency
results calculated for powered and drifting ship collisions. Brent Delta has the highest risk because of its
proximity to shipping routes. Brent Bravo and Brent Charlie have lower risks, partly because the presence of
Brent Alpha may ‘shield’ them from commercial shipping, pushing the routes further away from these two
GBSs. The total for the legs of the three Brent structures is estimated to be 3.3 x 10-5 fatalities per year; it is
therefore estimated that there will be an average of one fatality per 30,000 years as a result of non-fishing
ship collisions with the concrete substructures of Brent Bravo, Charlie and Delta based on present-day
shipping routes. The present-day risk from collisions by fishing vessels was estimated based on the existing
patterns and durations of fishing around the structures. The total for the legs of the three Brent structures
for fishing vessels is estimated to be 3.8 x 10-5 fatalities per year, i.e. an average of one fatality per
26,000 years.
The present day estimates of risk from all collisions are shown in Table 13. The total estimated annual PLL for
all three GBSs is 7.2 x 10-5, or one fatality every 14,000 years.
Table 13

Estimated Present-day Annual PLL from Vessel Collisions.
Measure

Brent Bravo

Brent Charlie

Brent Delta

Annual PLL non-fishing vessels

6.6E-08

2.3E-07

3.3E-05

Annual PLL fishing vessels

1.3E-05

9.3E-06

1.6E-05

Estimated total annual PLL

1.301E-05

9.53E-06

4.9E-05

13.7.4

Degradation and Collapse Scenarios

The results of the Atkins studies on GBS degradation and collapse were summarised in Section 13.4. These
studies provided estimated ranges for the onset and duration of each stage of degradation. For the purposes
of developing estimates of future safety risk, however, Anatec used the ‘working scenario’ for degradation
described in Section 13.4.7. In both Option 1 and Option 2, Anatec assumed that once the leg stub had
fully degraded to the top of the caisson, it was assumed that the caisson itself would not present a snagging
risk to either pelagic or demersal fishing gear.
The final disposition of collapsed legs on the caisson and the seabed cannot be predicted; Anatec examined
the case where the legs would collapse on the caisson (and thus not increase the ‘footprint’ of the GBSs on
the seabed), and a ‘worst case’ in which the complete lengths of intact leg fell outwards onto the seabed,
coming to rest in a radial pattern that provided the maximum possible increase in the footprint of the GBSs’
(and thus present the greatest potential for snagging bottom-towed fishing gear).
13.7.5

Results Option 1 Partial Removal

It is assumed that if the legs are removed to -55 m LAT there is no possibility of interaction with the hulls
of surface vessels and therefore no risk of collision.
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As described by DNV GL in the Brent Field Decommissioning Environmental Statement [67] the relative effort
for fishing in ICES rectangle 51F1 is ‘low’. Data from 2012 shows that pelagic fishing gear was used for a
total of 22 days and bottom-towed fishing gear for a total of 68 days. Independent specialists advise that
due to the size and design of the GBS caissons – which are predominantly very large vertical or horizontal
slabs of concrete – the risk of demersal gear snagging on the remains of the GBSs are very low indeed; if
gear interacted with the structure it would bounce off it rather than become snagged on it. Demersal gear
would not interact with the ‘stubs’ of any legs on the top of the caisson (in either Option 1 or Option 2)
because these stubs would be located far above the seabed on which demersal gear is deployed.
For as long as the GBSs remain largely intact, therefore, the main risk to fishermen in Option 1 is from the
risk of snagging pelagic gear on the 28 m to 32 m high leg ‘stubs’ (and their degrading remains) after
partial removal. Anatec assumed that the structure would decay slowly because the remaining parts of the
legs would experience significantly lower stress due to the much-reduced wave loading to which they would
be subjected. The annual fatality risk for each GBS is a PLL of approximately 9 x 10 -5. The risk declines very
slowly over time as the height of the legs above the caisson slowly decreases the legs (Figure 104).
Figure 104 Annual Fatality Risk over Time for Other Users of the Sea for Option 1 Partial Removal for the
Brent GBS.

13.7.6

Results Option 2 Leave in Place: Risk to Non-fishing Vessels from Collisions

Only in Option 2 would there be any risk of a collision between the remains of the GBSs and a surface
vessel. While the legs are visible and marked it is expected that the most likely type of collision would be
‘unpowered’ collisions, i.e. a situation where a vessel operating or passing close to the structure loses
power and drifts onto the structure. Such collisions would be expected to be of low energy and would be
likely to result in damage to the vessel and injury to the crew but not the total loss of a vessel and its crew.
Figure 105 shows the estimated annual PLL due to collision for persons on all types of vessel except
fishing vessels.
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Figure 105 Annual PLL for People on Commercial Vessels, Option 2 Leave in Place with Linear
Degradation Below LAT.

Although the absolute level of risk is higher for Brent Delta because it is closest to commercial shipping lanes,
the pattern for all three GBSs is similar and is as follows. In the first 20 years after decommissioning the
annual PLL increases (especially for Delta) because it is expected that the decommissioning of the Brent
installations will lead to short-term changes in routing patterns. For Delta in years 20-40 the risk then
decreases but for Bravo and Charlie it continues to increase. This is because it is expected that the
decommissioning of other nearby structures (most notably Statfjord) will lead to changes in routing; routes are
predicted to move further away from Delta but move somewhat closer to Bravo and Charlie particularly once
the ‘shielding’ effect of the Alpha jacket is removed. The annual PLL then remains constant until year 250
when the legs are assumed to fail at or around sea level. At this time, the risk of collision increases markedly
because the legs will not be visible above the surface either visually or on radar, and thus the likelihood of
‘powered’ collisions would increase. It is estimated that this heightened level of risk will be present while
the legs degrade from about 10 m above sea level to -55 m below sea level, and that this period of
degradation may last perhaps 750 years [61], [62]. The risk to surface vessels decreases rapidly, however,
as the legs degrade further below sea level and is assumed to disappear altogether when the remains of the
legs are 55 m below sea level.
In the alternative leg collapse scenario, where it is assumed that after failing at around sea level the legs then
remain upright for a further 750 years before failing at the top of the caisson, the annual PLL estimates would
be as shown in Figure 106.
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Figure 106 Annual PLL for People on Commercial Vessels, Option 2 Leave in Place with Failure at the
Caisson after 750 years.

Once the upper part of the legs fails at LAT, the estimated annual PLL remains high until failure is presumed
to occur at the top of the caisson. Again, Brent Delta has higher PLL values because it is closer to shipping
lanes.
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13.7.7

Results Option 2 Leave in Place: Risk to Fishing Vessels from Collisions and Snagging

As described above, the crew of fishing vessels would be at risk as a result of both a collision with the
remains of the GBSs and snagging of pelagic (mid-water) fishing gear. Figure 107 shows the estimated
annual PLL values for fishermen over the lifetime of the structures as a result of both vessel collisions
and snagging.
Figure 107 Total Estimated Annual PLL for Fishermen from Collision and Snagging in Option 2 Leave
in Place with Linear Degradation below LAT.

The annual PLL for fishermen remains constant for the first 250 years after decommissioning as the legs
remain at their initial height and it is assumed that the levels of fishing activity do not change. Following this,
and on the assumption that the legs collapse instantaneously to sea level, the PLL increases by a factor of 10
because of the reduced ‘visibility’ of the GBS. The collision risk then begins to decrease as the legs degrade
below LAT and become less likely to interact with the relatively shallow draughts of fishing vessels. At the
same time, the risk to fishermen from snagging is introduced as the legs become subsea structures, and this
snagging risk increases as legs degrade further below LAT. The overall effect is a reduction in PLL, since the
reduction in collision risk exceeds the increase in snagging risk. It is noted that this reduction is smaller for
Brent Charlie, where the increase in snagging risk and reduction in collision risk are more comparable.
At approximately 350 years, the collision risk disappears leaving a residual snagging risk, which remains
constant for approximately 350-400 years and then begins to decrease because of a reduction in the
pelagic vessel population at risk when the legs are deeper than -55 m LAT (this reduction is very small and
not particularly evident in the graph). At 718 years (Bravo), 728 years (Charlie) and 704 years (Delta) after
decommissioning there is a small increase in risk, which occurs at the time when the legs have degraded to
below -55 m LAT (the planned cut height in Option 1). For the purposes of modelling it was assumed that at
this time the diameter of the legs exposed to snagging changed from the smaller diameter at LAT to the larger
diameter at the base of the leg. The risk then continues to decrease gradually as the pelagic population at
risk decreases, until the legs degrade to the height of the caisson at which point the risk is assumed to
be zero.
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Brent Delta presents the greatest risk from fishing vessel collisions with the legs, and Brent Charlie presents the
greatest risk from fishing snagging. This is because the fishing collision risk depends on the surface area
covered by each individual leg, whereas the snagging risk depends on the footprint area covered by all the
legs together.
In the alternative leg collapse scenario, where it is assumed that after failing at around sea level the legs then
remain upright for a further 750 years before failing at the top of the caisson, the annual PLL estimates for
fishing vessels from collision would be as shown in Figure 108. Since the legs would remain upright and
extend to about LAT there would be no risk to fishermen from snagging and the fatality frequency for fishing
vessel collision remains constant during this time.
Figure 108 Annual PLL for People on Fishing Vessels, Option 2 Leave in Place with Failure at the Caisson
after 750 Years.

13.7.8

Estimates of Total PLL

Figure 109 shows the estimated annual total PLL for other users of the sea for each GBS for Option 1 ‘Partial
removal’. The risk arises solely from the possibility that pelagic fishing gear might snag on the stubs of the
legs as they slowly degrade from -55 m LAT to the tops of the caissons. Figure 110 shows the estimates of
annual PLL if the existing safety zones were not continued once the legs had degraded to LAT. It is estimated
that the removal of the safety zone would lead to fishing vessels working closer to the remains of the GBSs
and that this would result in a 54% increase in the PLL for fishermen.
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Figure 109 Estimated Total Annual PLL for Each GBS in Option 1 Partial Removal with Safety Zones
in Place.

Figure 110 Estimated Total Annual PLL for Each GBS in Option 1 Leave in Place, with Safety
Zones Removed.

Figure 111 shows the estimated annual total PLL for other users of the sea for each GBS for Option 2
‘Leave in place’. The total PLL is derived from a combination of shipping collision, fishing collision and fishing
snagging. Figure 112 shows the estimates of annual PLL if the existing safety zones were not continued once
the legs had degraded to LAT. This shows that at about 400 years there would be a marked increase in
annual PLL as a result of increased likelihood of interaction with fishing vessels if the safety zone is removed
once the legs degrade below LAT.
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Figure 111 Estimated Total Annual PLL for Each GBS in Option 2 Leave in Place for Both Degradation
Scenarios with Safety Zones in Place.

Figure 112 Estimated Total Annual PLL for Each GBS in Option 2 Leave in Place if Safety Zones not
Reinstated after Leg Failure at LAT.
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13.7.9

Comparison of Total Risk in Option 1 and Option 2

Table 14 shows the total estimated PLL for other users of the sea in both options for each GBS, and the
effects that different assumptions on degradation scenarios and safety zones might make. To aid comparison,
the PLL values are expressed numerically rather than in scientific notation. Table 15 shows the average
annual PLL for the various scenarios for each option.
Table 14

Comparison of Estimated Total PLLs for Each GBS.
Option 1 Partial Removal

GBS

Option 2 Leave in Place

Scenario 1

Scenario 2

Scenario 3

Scenario 4

Scenario 5

Scenario 6

Bravo

0.0254

0.0391

0.0695

0.0951

0.1400

0.1400

Charlie

0.0272

0.0419

0.0694

0.0977

0.0884

0.0884

Delta

0.0255

0.0392

0.0821

0.1100

0.2400

0.2400

Total

0.0781

0.1202

0.2210

0.3028

0.4684

0.4684

Key:
Scenario
Scenario
Scenario
Scenario
Scenario
Scenario

1
2
3
4
5
6

=
=
=
=
=
=

Table 15

Linear degradation of stump, safety zone in place.
Linear degradation of stump, no safety zone.
Linear degradation below LAT, safety zone in place.
Linear degradation below LAT, no safety zone.
Collapse at caisson after 750 years, safety zone in place.
Collapse at caisson after 750 years, no safety zone.
Comparison of Estimated Average Annual PLLs for Each GBS.
Option 1 Partial Removal

GBS

Option 2 Leave in Place

Scenario 1

Scenario 2

Scenario 3

Scenario 4

Scenario 5

Scenario 6

Bravo

0.8467E-04

1.3033E-04

0.6950E-04

0.9510E-04

1.4000E-04

1.4000E-04

Charlie

0.9067E-04

1.3967E-04

0.6940E-04

0.9770E-04

0.8840E-04

0.8840E-04

Delta

0.8500E-04

1.3067E-04

0.8210E-04

1.1000E-04

2.4000E-04

2.4000E-04

Total

2.6034E-04

4.0067E-04

2.2100E-04

3.0280E-04

4.6840E-04

4.6840E-04

Key:
Scenario
Scenario
Scenario
Scenario
Scenario
Scenario

1
2
3
4
5
6

=
=
=
=
=
=

Linear degradation of stump, safety zone in place.
Linear degradation of stump, no safety zone.
Linear degradation below LAT, safety zone in place.
Linear degradation below LAT, no safety zone.
Collapse at caisson after 750 years, safety zone in place.
Collapse at caisson after 750 years, no safety zone.

In Option 1 ‘Partial removal’ the estimated lifetime PLL for all three GBSs combined ranges from 0.0781 to
0.1202, i.e. there might be a 54% increase in PLL if the safety zone is not continued once the legs degrade
to LAT.
In Option 2 ‘Leave in place’ the estimated lifetime PLL for all three GBSs combined ranges from 0.2210 to
0.4684. Clearly, if the safety zone were not reinstated after the legs had degraded to LAT there would be
a significantly heightened risk to other users of the sea. The lowest total PLL estimate in Option 2 is
approximately twice as much as the highest PLL estimate in Option 1.
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The total average annual PLL ranges from 2.21 E-04 for Option 2 ‘Leave in place’ (with the safety zone in
place throughout and steady linear degradation of the leg from LAT to the top of the caisson) to 4.68 E-04
in Option 2 (with the safety zone removed after 250 years and the leg remaining upright for 750 once it
had degraded to sea level). Within these ranges, however, it is important to note that the maximum annual
PLL in Option 1 ‘Partial removal’ is 2.71E-04 and that the maximum annual PLL for Option 2 ‘Leave in place’
is about twice this, a PLL of 6.02E-04.
Using these estimates and bearing in mind the caveats associated with the very long-term predictions of
safety risks, it appears that the removal of the upper parts of the GBS legs to -55 m LAT would reduce the
safety risk to other users of the sea by about a factor of 3. In both options, the safety risks to other users of the
sea would be further reduced if the existing 500 m safety zone were maintained or reinstated when the legs
are no longer visible above the sea surface.
It is possible that in Option 2 ‘Leave in place’ the legs might degrade to sea level then remain upright for a
long time before failing at the caisson and falling outwards onto the seabed. This would create a large
‘footprint’ of concrete debris that might pose a long term snagging risk to fishermen, particularly if the safety
zone had ceased to exist. In such circumstances, Anatec estimated that the annual PLL for fishermen from
snagging on these remains would be 2.94 E-04, 3.4 E-04 and 3.0 E-04 for Bravo, Charlie and Delta
respectively, giving a combined annual total PLL of 9.3 E-04. It is probably unlikely that all the legs would
degrade and fall outwards in this way, and we do not know to what extent or for how long the collapsed
and degraded remains of legs would present a snagging hazard to demersal fishing gear. If, for example,
the collapsed legs were a hazard for another 250 years the total PLL for Bravo, Charlie and Delta would be
0.0725, 0.0850 and 0.0750 respectively. The lifetime total PLL for the Bravo, Charlie and Delta GBSs in
Option 2 ‘Leave in place’ with collapse at the caisson, outward collapse of legs, and no safety zone would
then increase to 0.2125, 0.1734 and 0.3150 respectively.
Finally, to further inform the assessment of the potential safety risks to other users of the sea, Anatec
assessed the situation where a large vessel with many passengers on board would collide with a GBS with
consequent high loss of life. The likelihood of such an event is considered to be very low but the adverse
consequences would be very great; such events are sometimes referred to as ‘black swan events’. In order to
assess the probability of this type of event in the Brent Field, Anatec used historical incident data to estimate
the frequency of a collision resulting in ten or more fatalities. It was estimated that a collision with a Brent
structure would result in ten or more fatalities once every 1.1 million years. A worst case scenario was
assumed to be a collision between a large cruise ship and a Brent structure, with everyone on board being
killed. The largest capacity of a cruise ship within 30 nm of Brent between March and July 2015 was
1,135 but larger cruise ships are known to be currently in operation, and a collision between Brent and a
vessel with more than 4,000 persons on board is not unforeseeable but extremely unlikely.

13.8

Employment

Mackay Consultants completed an Assessment of potential economic and employment implications of
decommissioning options [68] using programme schedules, estimates of the equipment, resources and
personnel that would be required, and our best estimates of likely costs.
Estimates of employment typically use a factor or factors which relate the numbers of jobs created or
supported to the cost of the project. Thus, for example, for the onshore industry in general, every £100,000
of project cost could be expected to create two new jobs. In major offshore projects, however, this metric
is not accurate because their cost is very heavily skewed by the day rate costs of major vessels and items of
equipment; for example, it costs about £250,000 a day to charter an SSCV and about £155,000 a day
to charter a DSV. The chartering of such vessels or the hiring of such equipment does not of itself create or
support many jobs. For the Brent project therefore, a metric of £265,000 per new job was applied to those
parts of the total cost which were vessel or equipment hire.
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The economic assessment was carried out for the decommissioning of the whole field, which is a programme
of work comprising several campaigns of offshore and onshore activity that might last 8-10 years. There
would be both positive and negative effects on the employment market and decommissioning economy in
general from this programme. On the one hand, continuity of work might encourage employers to take on
permanent staff, and encourage ancillary or supporting industries to increase their work force in anticipation
of sustained activity. Conversely, decommissioning operations by successful contractors would become more
routine and efficient, and employers would be able to fine-tune their staff numbers to more exactly meet the
(known and understood) requirement of the Brent project.
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14

METHOD USED FOR COMPARATIVE ASSESSMENT OF OPTIONS

14.1

Introduction

In accordance with the requirements of OSPAR Decision 98/3 [2] and the DECC Guidance Notes [3],
the technically feasible options for the Brent GBSs have been studied and subjected to a formal CA.
This section describes the method that we used to perform the CA.

14.2

Comparative Assessment Criteria

The CAs for the Brent GBSs were performed following the DECC Guidance Notes and the Shell Brent
Decommissioning Project (BDP) CA Procedure, with appropriate modification for the GBSs and the options
under consideration. Technically feasible options were assessed using the DECC Five Main Criteria, namely:


Safety



Environmental



Technical



Societal



Economic

We used the advice provided in the Guidance Notes which lists those matters which are to be considered
during a CA of feasible management options. These include but are not restricted to:


Technical and engineering aspects



Timing



Safety



Impacts on the marine environment



Impacts on other environmental compartments



Consumption of natural resources and energy (and climate change)



Other consequences to the physical environment



Impacts on amenities and the activities of communities



Economic aspects

In line with this guidance, therefore, we assessed each option’s performance by dividing that criterion into
more specific sub-criteria. For example, the main criterion ‘Environmental’ encompasses both the potential
environmental impacts arising during the work programme, which is likely to be on a timescale of a few
months, and the potential environmental impact arising from the long-term presence of the degrading GBS
structure, which are likely to be on a timescale of years. By evaluating these different impacts as separate
sub-criteria we were able to properly assess the performance of options in these two measures and examine
how the environmental impacts changed with different options. We decided that Safety should be assessed
using three sub-criteria, Environmental using four sub-criteria and Societal using three sub-criteria; the criteria
Technical and Economic were each assessed by one sub-criterion (Table 16).
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We examined the impacts of each option in each sub-criterion. Throughout this document and the narratives
of the CAs the term ‘performance’ is used for simplicity to describe the ability of an option to result in
desirable effects when expressed in terms of the raw data or weighted score for a particular sub-criterion,
or the total weighted score of the option.
Table 16

The DECC Five Main Criteria and the selected Sub-criteria used in all Brent CAs.

DECC Main
Criterion

Safety

Sub-criterion
Safety risk to
offshore project
personnel

An estimate of the safety risk to offshore personnel as a result
of completing the proposed offshore programme of work

Safety risk to
other users of the
sea

An estimate of the safety risk to other users of the sea from the longterm legacy of the structure after completion of the proposed
programme of work

Safety risk to
onshore project
personnel

An estimate of the safety risk to onshore personnel as a result
of completing the proposed offshore programme of work

Operational
environmental
impacts

An assessment of the environmental impacts that could arise as a
result of the planned operations offshore and onshore

Legacy
environmental
impacts

An assessment of the environmental impacts that could arise as a
result of the long-term legacy effects of the structure or facility after
completion of the proposed programme of work

Energy use

An estimate of the total net energy use of the proposed programme
of work, including an allowance for energy saved by recycling and
energy used in the manufacture of new material to replace otherwise
recyclable material left at sea

Gaseous
emissions

An estimate of the total net emissions of CO2 from the proposed
programme of work, including an allowance for emissions from the
manufacture of new material to replace otherwise recyclable
material left at sea

Technical
feasibility

An assessment of the technical feasibility of being able to complete
the proposed programme of work as planned

Effects on
commercial
fisheries

An estimate of the financial gain or loss compared with the current
situation that might be experienced by commercial fishermen as a
result of the successful completion of the planned programme of
work

Employment

An estimate of the man-years of employment that might be supported
or created by the option

Impact on
communities

An assessment of the effects of the option on communities
and onshore infrastructure

Cost

An estimate of the total likely cost of the option, including
an allowance for long-term monitoring and maintenance

Environmental

Technical

Societal

Economic

Description
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14.3

Comparative Assessment Data

We elected to use a method of assessment that uses ‘global scales’ as a way of i) providing a unit-less scale
on which to compare different sub-criteria (e.g. PLL and environmental impact of operations) and ii) providing
a way to compare the performance of the options across all of facilities within the BDP. The procedure for
generating the global scales involved the following three steps:
1.

The data for each option, for each facility and for each sub-criterion was generated using the same
method of calculation within a sub-criterion. For example, if the cost estimate for a Brent Alpha jacket
option had been generated using current vessel day rate estimates and ignoring any effect of inflation
that might be expected to occur between now and the execution of the work, then the cost of a GBS
option was calculated using these same assumptions.

2.

Considering each sub-criterion in turn, the ‘best’ and ‘worst’ data from any option and for any facility
was used to fix the top and bottom of the scale for that sub-criterion. For example, the option with the
highest PLL is the least desirable and therefore marks the bottom of the scale and is therefore ‘0’ on the
scale. The option with the lowest PLL is the most desirable and is therefore ‘1’ on the scale. This resulted
in a ‘global scale’ spanning the whole data range for each sub-criterion.

3.

We then mathematically transformed the data for all other options onto these global scales. Thus, a
single global scale for each sub-criterion could be used and applied consistently in all of the CAs for all
of the facilities. This process of transformation converted the different sub-criteria into a common measure
which then allowed us more easily and robustly to examine and compare the overall performances of
the options.

For the majority of the sub-criteria listed in Table 16, we generated numerical data such as PLLs, energy
use (GJ) and cost (£). The sub-criteria ‘operational environmental impacts’, ‘legacy environmental impacts’,
‘technical feasibility’ and ‘impact on communities’, however, required the use of expert judgements on the
performance of the options and therefore had no fixed numerical scale against which to score the options.
Following advice from the independent consultancy Catalyze, who are Multi-criteria Decision Analysis
(MCDA) experts, we established a methodology for ensuring that the scores provided by the experts could
be used to create a global scale that maintained the mathematical accuracy of the performances of the
options relative to each other on the global scale.
For the ‘technical feasibility’ sub-criterion, Shell experts attended a series of facility-based workshops to
discuss and score each of the options under consideration. An aid to scoring was developed which listed
factors which would affect the likelihood of successfully executing the option and included considerations
such as the novelty of the equipment required and the susceptibility of the workscope to unplanned events.
This resulted in a score on a ‘local scale’ (which was out of 45) and an understanding of the reasons behind
this score. The Shell experts then assessed whether the initial scores gave a realistic and justifiable measure
of the relative technical feasibility of the options and ranked the options from best to worst. The Shell experts
then examined the differences between each of the scores to satisfy themselves that the relative position of
each option was consistent and justifiable; for example if Option A scored 30, Option B scored 15 and
Option C scored 45 then the technical feasibility of Option B was half that of Option A and the difference
in technical feasibility between Option B and Option C was twice that of the difference between Option A
and Option B. The Shell experts discussed and agreed any adjustments to the scores that were deemed
necessary to ensure that the scores of the options on the local scale were correct relative to each other and
the reasons for any adjustments were recorded.
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A plenary Technical Feasibility (TF) workshop was then held, at which the technical feasibility of the options
across the facilities were discussed and compared, with the objective of agreeing an assessment for each
option which was relative to and consistent with all options across all facilities. This plenary workshop was
facilitated by Catalyze and witnessed by the IRG. (It is again stressed that the IRG did not contribute to or
participate in the scoring of the options.) In summary, using the judgement of the Plenary TF Team, the best
option in the context of technical feasibility across all of the BDP facilities was defined as ‘1’ on the global
scale. Similarly, the worst option for TF across all facilities was defined as ‘0’ on the global scale. The best
and worst options for each facility were then placed on the global scale, referring to the record of the facilitybased workshops as necessary. The intermediate options (those between ‘best’ and ‘worst’) were placed
onto the global scale using a simple arithmetic mapping from the local scale position for each facility onto
the global scale using the ‘best; and ‘worst’ options for each facility as reference points. The resulting option
placements on the global scale were then reviewed, and any further changes documented.
DNV GL assessed the potential impacts that could arise from each of the options under consideration in the
CA as part of their work to produce the Environmental Impact Assessment (EIA) for the BDP. We therefore
asked DNV GL to provide their expert judgement for the scoring of the two environmental impact sub-criteria
and the ‘impact on communities’ sub-criterion. As an initial step, DNV GL reviewed the type and degree of
impact for each of the options under consideration. They then discounted any impact which duplicated any
other sub-criterion that had been separately assessed for the purpose of the CAs. For example the impact
under the EIA category ‘Fisheries’ was removed because the commercial effect on fisheries was the subject of
a separate sub-criterion in the CA. This resulted in a judgement of the overall impacts arising from the
execution of the different options and the reasons for each judgement, similar to the technical feasibility
scores produced from the facility-based workshops held by Shell. The DNV GL score for each option were
therefore informed by the EIA but do not necessarily directly correspond to the impact assessments presented
in the EIA document as the EIA assessments consider each facility in turn and do not assess the magnitude of
impacts across the different facilities. DNV GL then attended an environmental plenary workshop, again
facilitated by Catalyze and witnessed by both the IRG and Shell representatives at which the same process
as described for technical feasibility was followed for operational environmental impacts, legacy
environmental impacts and impacts on communities, producing scores on a global scale for each of the three
sub-criteria which reflected each option’s relative position.
Ultimately the work described here resulted in a suite of data appropriate for use in the BDP CA (Table 17)
and a set of global scales for each sub-criterion (Table 18).
Table 17

The Source and Type of Data used to assess the Performance in each Sub-criterion.
Sub-criterion

Source of Information

Type of Data

Unit

Safety risk to offshore project personnel

Internal study by Shell

Numerical

PLL

Safety risk to other users of the sea

Studies by Anatec

Numerical

PLL

Safety risk to onshore project personnel

Internal study by Shell

Numerical

PLL

Operational environmental impacts

Score provided by DNV GL

Score

Legacy environmental impacts

Score provided by DNV GL

Score

Energy use

Environmental Statement

Numerical

Gigajoules

Emissions

Environmental Statement

Numerical

Tonnes

Technical feasibility

Score provided by Shell

Narrative and
Score

Effects on commercial fisheries

Study by
McKay Consultants

Numerical

GBP

Employment

Study by
McKay Consultants

Numerical

Man-years

Impact on communities

Score provided by DNV GL

Score

Cost

Internal study by Shell

Numerical

GBP
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Table 18

Global Scales for each Sub-criterion used in Brent Decommissioning CAs.
Sub-criterion

Units

Best Value

Worst Value

Safety risk to offshore project personnel

PLL

0.0000

0.2640

Safety risk to other users of the sea

PLL

0.0000

0.2640

Safety risk to onshore project personnel

PLL

0.0000

0.2640

Operational environmental impacts (Note)

Score

1.00

0.00

Legacy environmental impacts (Note)

Score

1.00

0.00

Energy use (GJ)

GJ

0

1,738,959

Emissions (CO2)

Tonnes

1

156,726

Technical feasibility (refer to Note)

Score

1.00

0.00

Effects on commercial fisheries

GBP

2,318,040

0.00

Man-years

2128

0.00

Score

1.00

0.00

GBP (million)

0.00

534.14

Employment
Communities (Note)
Cost
Note:

The maximum possible score for these sub-criteria is 1.0.

14.4

Assessing the Performance of Each Option

To begin our assessment and comparison of options, we decided to weight each of the DECC Five Main
Criteria equally. Where a criterion was represented by more than one sub-criterion, we decided that these
too should be weighted equally. Table 19 shows the weightings for the criteria and sub-criteria, in a
weighting scenario we have called the standard weighting.
Table 19

Standard Weights for the DECC Main Criteria and Sub-criteria.
Selected sub-criteria
Description

DECC Main Criteria
Weight

Safety risk to offshore project personnel

6.7%

Safety risk to other users of the sea

6.7%

Safety risk to onshore project personnel

6.7%

Operational environmental impacts

5.0%

Legacy environmental impacts

5.0%

Energy use (GJ)

5.0%

Emissions (CO2)

5.0%

Technical feasibility

20.0%

Effects on commercial fisheries

6.7%

Employment

6.7%

Communities

6.7%

Cost

20.0%

Weight

Description

20%

Safety

20%

Environmental

20%

Technical

20%

Societal

20%

Economic

The scores from the global scales for each sub-criterion were multiplied by the standard weights and then
summed to derive a total weighted score for each option. The option with the highest total weighted score
was identified as the ‘CA-recommended option’.
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14.5

Examining the Sensitivity of the CA-recommended Option

The OSPAR Framework for CAs state that the CA shall be ‘sufficiently comprehensive to enable a reasoned
judgement on the practicability of each disposal option’, and that ‘the conclusion shall be based on scientific
principles…….and linked back to the supporting evidence and arguments ’ [2]. DECC Guidance Notes also
state ‘it is unlikely that cost will be accepted as the main driver unless all other matters show no significant
difference’ [3].
To examine the sensitivity of the CA recommended option, therefore, we applied five ‘selected weighting
scenarios’ to the scores, to generate new total weighted scores for each option. The selected weighting
scenarios were derived after a consideration of the relative values in the global scales, and reflect our view,
informed by feedback from meetings and dialogue, of the importance of the various criteria and sub-criteria
to all our Stakeholders. Table 20 lists the five scenarios we used and Table 21 lists the resultant weights for
each of the sub-criteria in each of the selected weighting scenarios as well as the ‘standard weights’.
We then examined the total weighted scores in each scenario and assessed how the scores changed, and
determined if the order of the options changed in some scenarios. This resulted in the identification of the
option that was the ‘Emerging recommendation’. It should be noted that this option may have been so
identified because, although not necessarily always the best option in every scenario, overall it performed
well in a number of the scenarios.
Table 20

The Five Weighting Scenarios used to assess the Sensitivity of the CA-recommended
Decommissioning Option.

Scenario

Description

2

Weighted to Safety: DECC criterion Safety weighted 40%

3

Weighted to Environment: DECC criterion Environmental weighted 40%

4

Weighted to Technical: DECC criterion Technical Feasibility weighted 40%

5

Weighted to Societal: DECC criterion Societal weighted 40%

6

DECC Five Main Criteria without Economic

Table 21

Weighting applied to Sub-criteria in Pre-determined Weighting Scenarios.
Sub-criteria

Weighting Scenario
1

2

3

4

5

6

Safety risk to offshore project personnel

6.7%

13.3%

5.0%

5.0%

5.0%

6.7%

Safety risk to fishermen

6.7%

13.3%

5.0%

5.0%

5.0%

6.7%

Safety risk to onshore project personnel

6.7%

13.3%

5.0%

5.0%

5.0%

6.7%

Operational environmental impacts

5.0%

3.8%

10.0%

3.8%

3.8%

5.0%

Legacy environmental impacts

5.0%

3.8%

10.0%

3.8%

3.8%

5.0%

Energy use (GJ)

5.0%

3.8%

10.0%

3.8%

3.8%

5.0%

Gaseous emissions (CO2)

5.0%

3.8%

10.0%

3.8%

3.8%

5.0%

Technical feasibility

20%

15.0%

15.0%

40.0%

15.0%

20.0%

Effects on commercial fisheries

6.7%

5.0%

5.0%

5.0%

13.3%

6.7%

Employment

6.7%

5.0%

5.0%

5.0%

13.3%

6.7%

Communities

6.7%

5.0%

5.0%

5.0%

13.3%

6.7%

Cost

20%

5.0%

15.0%

15.0%

15.0%

20.0%
(refer to
Note)

Note :

In this weighting scenario, to preserve the spread of the weightings across the other sub-criteria the
sub-criterion ‘cost’ retains a weighting of 20% but all the options are accorded a cost of ‘nil’; this
means that cost does not contribute to the overall weighted score of an option.
Page | 181

BRENT BRAVO, CHARLIE AND DELTA GBS DECOMMISSIONING
TECHNICAL DOCUMENT
Key to Weighting Scenarios

Scenario

14.6

Description

1

Standard weighting; equal weight to the DECC Five Main Criteria

2

Weighted to Safety

3

Weighted to Environmental

4

Weighted to Technical

5

Weighted to Societal

6

DECC Five Main Criteria without Economic

Identifying the Recommended Option

We used all the above assessments and sensitivity analyses, and wider business and corporate
considerations, to compare and contrast the performances of the options for each of the Brent GBSs being
assessed by CAs, in order to identify our ‘Recommended option’. The results of our comparison and the
reasons for our recommendations were then presented in a narrative and in two types of diagram. Firstly, the
total weighted scores of the options are presented in coloured charts such as the example in Figure 113.
These show the relative contributions of each of the sub-criteria to the overall performance of the option; the
larger the coloured segment, the greater the contribution that sub-criterion has made. Secondly, to aid our
examination of the important sub-criteria (the ‘drivers’) and enable our assessment of the trade-offs between
sub-criteria, we prepared ‘difference charts’, as shown in Figure 114. The bars show the difference in the
total weighted score between the options in each of the sub-criteria; the longer the bar, the greater the
difference. In this example, green bars show where Option 2 is better than Option 1, and red bars show
where Option 1 is better than Option 2.
Figure 113 Example of a Bar Chart showing the Total Weighted Scores of Three Options.
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Figure 114 Example of a Difference Chart showing the Difference between Two Options in Each
of the Sub-criteria.
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15

RESULTS OF COMPARATIVE ASSESSMENT OF OPTIONS FOR THE
BRENT BRAVO GBS

15.1

Introduction

This section presents the results of our assessment of the two technically feasible options for the
Brent Bravo GBS.
As described in Section 14.2, effects on commercial fisheries have been expressed as an estimate of the
financial gain or loss compared with the present situation. In both of the technically feasible options for the
GBSs a very large amount of GBS material would be left in place on the seabed; the 500 m safety zone
would remain in place while any part of the GBS was visible above the sea surface, and we would apply
for the zone to continue if the upper legs were removed (Option 1) or after the legs had degraded below
sea level (Option 2). The present area of ground would therefore remain unavailable for demersal trawling
and so there would be no change in effect on commercial fisheries. Consequently the sub-criterion
‘commercial fisheries’ is not used in the CAs for the GBSs.

15.2

Data and Weighted Scores

The raw data on the performance of each option in each sub-criterion is presented in Table 22. The data
were then transformed onto the global scales and weighted according to the standard weighting described
in Section 14.4. The weighted scores are shown in Table 23.
Table 22

Raw Data on in each Sub-criterion for the Two Options for the Brent Bravo GBS.
Option 1
Partial Removal

Option 2
Leave in Place

Safety risk offshore project personnel (PLL)

0.0374

0.0005

Safety risk to other users of the sea (PLL)

0.0254

0.1400

Safety risk onshore project personnel (PLL)

0.0020

0.0000

Operational environmental impacts (score)

0.85

1.00

Legacy environmental impacts (score)

0.40

0.20

1,647,505

1,252,733

148,954

121,136

0.60

1.00

Employment (man-years)

336

1.8

Communities (score)

0.05

1.00

84.34

0.45

Sub-criterion

Energy use (GJ)
Emissions (Te CO2)
Technical feasibility (score)
Effects on commercial fisheries (£)

Cost (£ million)
Note :

High values for the sub-criteria assessed as scores indicate good or desirable performance.
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Table 23

Transformed and Weighted Sub-criteria Scores for the Two Options for the Brent Bravo GBS.
Option 1
Partial Removal

Sub-criterion

Option 2
Leave in Place

Safety risk offshore project personnel

5.73

6.66

Safety risk to other users of the sea

6.03

3.13

Safety risk onshore project personnel

6.62

6.67

Operational environmental impacts

4.25

5.00

Legacy environmental impacts

2.00

1.00

Energy use

0.26

1.40

Emissions

0.25

1.14

12.00

20.00

Employment

1.05

0.01

Communities

0.33

6.67

Cost

16.84

19.98

Total weighted score

55.36

71.65

Technical feasibility
Effects on commercial fisheries

On the basis of this assessment, the ‘CA-recommended option’ for the Brent Bravo GBS is Option 2 ‘Leave
in place’. It has a total weighted score of 71.65, in contrast to Option 1’s total weighted score of 55.36.
Figure 115 illustrates the total weighted scores and the contributions of the sub-criteria, and Figure 116
shows the contributions of the DECC Five Main Criteria.
Figure 115 The Total Weighted Scores of the Options for the Brent Bravo GBS,
and the Contributions of the Sub-criteria.
100.00

90.00

80.00

70.00

Safety risk to offshore project personnel

Total weighted score

Safety risk to other users of the sea
Safety risk to onshore project personnel

60.00

Operational environmental impacts

Legacy environmental impacts

50.00

Energy use (GJ)
Gaseous emissions (CO2)

40.00

Technical feasibility
Effects on commercial fisheries
Employment

30.00

Impact on communities
Cost

20.00

10.00

0.00
Option 1: Partial removal

Option 2: Leave in place
Option
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Figure 116 The Total Weighted Scores of the Options for the Brent Bravo GBS, and the Contributions
of the DECC Five Main Criteria.
100.00

90.00

80.00

Total weighted score

70.00

60.00
Safety
Environmental

50.00

Technical
Societal

40.00

Economic
30.00

20.00

10.00

0.00
Option 1: Partial removal

Option 2: Leave in place
Option

15.3
15.3.1

Assessing the Sensitivity of the CA-recommended Option
Introduction

To test the sensitivity of the CA-recommended option we applied five weighting scenarios to the transformed
scores (as described in Section 14.5). The purpose of this exercise was to determine if the order of the
options changed under different scenarios and, importantly, to identify which sub-criteria were particularly
significant in influencing the ranking of the options.
15.3.2

Results of Sensitivity Analysis

Table 24 presents the results of the sensitivity analysis showing the total weighted scores in the standard
weighting and each weighting scenario. Figure 117 illustrates the results of this sensitivity analysis in terms
of the DECC Five Main Criteria.
In all six of the scenarios, the order of the two options does not change as a result of the changes in
weighting. Option 2 ‘Leave in place’ always has a higher total weighted score than Option 1 ‘Partial
removal’, and across the six scenarios has a total weighted score that is from 15% to 44% greater than that
of Option 1. The difference is greatest in Scenario 5 ‘weighted for Societal’ (18.8 weighted points, 43%
greater than Option 1), followed by Scenario 4 ‘weighted for Technical (22.2, 39%) and then the Standard
Scenario (16.3, 29%).
From this examination of sensitivity Option 2 ‘Leave in place’ remains the option with the best overall
performance, and is thus identified as the emerging recommendation.
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Table 24

Total Weighted Scores and Ranking of the Options for the Brent Bravo GBS under Different
Weighting Scenarios.
Weighting Scenario

1. DECC Five Main Criteria
Rank
2. Weighted to Safety
Rank
3. Weighted to Environmental
Rank
4. Weighted to Technical
Rank
5. Weighted to Societal
Rank
6. DECC Five Main Criteria without Economic
Rank

Option 1
Partial Removal

Option 2
Leave in Place

55.36

71.65

2

1

64.46

74.29

2

1

49.97

64.40

2

1

56.52

78.73

2

1

43.25

62.07

2

1

38.52

51.67

2

1
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Figure 117 Results of the Sensitivity Analysis of the Options for the Brent Bravo GBS.
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15.4

Identification and Discussion of the Recommended Option for the Brent Bravo GBS

15.4.1

Introduction

Option 1 ‘Partial removal’ would result in the removal of the upper 76 m of each leg on Bravo, and the
return to shore and recycling of approximately 14,825 Te of concrete and steel. This would satisfy the IMO
Guidelines for an unobstructed water column of at least 55 m above the remains of any partially removed
structure left in the sea. In the standard weighting and all five of the weighting scenarios, however, Option 2
‘Leave in place’ has a higher total weighted score than Option 1. The weighted scores for Option 2 are up
to 44% greater than the total weighted scores for Option 1 and the difference ranges from 10 to 22
weighted points.
Examination of both the transformed unweighted data (Table 22) and the weighted scores (Table 23) for
each of the sub-criteria shows that the differences between the two options are driven by the differences in
performance in ‘technical feasibility’, ‘impact on communities’ and ‘cost’ (which are better in Option 2 ‘Leave
in place’) and in ‘safety risk to other users of the sea’, ‘legacy environmental impacts’ and ‘employment’
(which are better in Option 1 ‘Partial removal’). All the other sub-criteria show only small differences between
the options in terms of their weighted scores. This is illustrated in Figure 118 which shows the differences
(positive or negative) in the weighted scores in each sub-criterion for the two options for the Brent Bravo
GBS; the green bars indicate sub-criteria where Option 2 has the better performance and the red bars
indicate sub-criteria where Option 1 has the better performance.
Figure 118 Difference Chart comparing the Weighted Scores for each Sub-criterion in Two Options for the
Brent Bravo GBS, under the Standard Weighting.
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It is therefore instructive to examine the differences between Option 1 ‘Partial removal’ and Option 2 ‘Leave
in place’ to determine if the relatively poorer performance of Option 1 in terms of total weighted score is
related to significant and material differences in the raw data in various sub-criteria. The following sections
therefore discuss the performances of the options in each of the sub-criteria in turn, as ordered in Figure 118,
and determine the extent to which differences in performance are material in reaching a recommendation for
the Brent Bravo GBS.
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15.4.2

Technical Feasibility

As described in Section 13.3.1, there are concerns about the Technical Feasibility of partially removing the
legs. Although a credible programme of work for the removal of the upper sections of the legs has been
developed, informed by independent studies, operations on such a scale have not been carried out offshore.
An extensive and detailed programme of design, fabrication and testing, lasting several years, would be
required before a full scale attempt at removing the upper parts of the legs could be undertaken. Important
aspects that would require attention are the development and testing of the diamond wire cutting tool and the
lifting arrangements.
We have therefore concluded that the sub-criterion ‘Technical Feasibility’ is a strong differentiator between
the options.
15.4.3

Impact on Communities

In Option 1 the score determined by DNV GL for impacts on local communities was informed in part by their
assessment of the effects of noise, dust, odour (from marine growth), light and increased traffic nuisance [67].
This assessment assumed that the legs would be dismantled at an existing well-managed onshore site. There
would be no impacts on amenities in Option 2 because nothing would be done onshore.
As described in the ES [67] the impacts identified by DNV GL were assessed on the assumption that a
number of industry standard and project-specific management and mitigation measures would be in place.
Clearly, we would select competent and experienced onshore contractors for the dismantling and disposal of
the legs. Once the tender had been awarded we would work with the successful contractor to ensure that
impacts and risks to onshore environmental receptors, local communities and infrastructure were eliminated
or reduced as far as practicable. This would be achieved by undertaking a site – and project-specific
Environmental, Social and Health Impact Assessment (ESHIA) for the dismantling and disposal of the legs which
would then form the basis for the preparation of comprehensive plans and measures to manage, control and
monitor all aspects of the onshore work. In addition, given the fact that each leg section would be coming to
shore one at a time, and that only one GBS would be decommissioned in this way in any one year, there
would be opportunities for careful control and management of the onshore operations, and for improvements
and additional control to be put in place as the dismantling and recycling operations progressed.
Consequently, although the impact on amenities and local communities from the dismantling of the legs was
quite high on the global scale – in relation to other onshore operations – it would be similar to previous
effects, mostly contained with the dismantling site, and amenable to additional mitigation measures.
We have concluded that the sub-criterion ‘impact on communities’ is not a strong differentiator between
the options.
15.4.4

Cost

We used internal expertise to prepare budget estimates of the likely total cost of each option. These were the
best estimates that could be made in the absence of a formal tendering exercise and are indicative of each
option, giving an overview of the likely relative costs that would be incurred if the option were to be
undertaken.
The estimated cost for Option 1 is approximately £84 million, and reflects the amounts of offshore and
onshore work, and in particular the vessel time, that would be required. It is again noted that in Option 2
‘Leave in place’ the concrete caps and AtoN would have been fitted to the legs as part of the topsides
removal programme, so the cost of this option, approximately £0.45 million, are associated only with postdecommissioning surveys.
Although the cost estimate for Option 1 ‘Partial removal’ translated into a relatively high (good) value on the
global scale (in relation to other much more expensive options for cell sediments, for example), it is
nonetheless a significant sum. It does not include the additional costs that would be incurred for the
development of the concept programme of work to a level where it could be executed with the required
levels of safety and assurance. Consequently, we have concluded that the sub-criterion ‘cost’ is a strong
differentiator between the options.
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15.4.5

Energy Use and Gaseous Emissions

The estimated total CO2 emissions from Option 1 (148,954 tonnes) and Option 2 (121,136 tonnes) are
broadly similar and equivalent to approximately 38% and 31% respectively of the total annual CO 2
emissions from all Brent installations when they were operating; as reported in Shell Cell Management
Stakeholder Task Group: MCDA Model Criteria and Scales [69] the total CO2 emissions from all four Brent
platforms in 2011 was 396,000 Te. The estimated emissions from the Brent Bravo GBS options are very
low in comparison with the total CO 2 emissions from all UKCS oil and gas platforms which, as reported in
the Oil & Gas UK Environment Report 2013 [70], amounted to 14.22 million tonnes in 2011. They are
also very small in comparison with the UK commitment under the Climate Change Act [71] which implies an
average annual reduction of 47.6 million tonnes CO 2 each year from 2013 to 2017.
Option 1 would give rise to approximately 23% more gaseous emissions than Option 2 and use
approximately 32% more energy than Option 2 (Table 22). In both instances, even though Option 1 would
involve the retrieval and recycling of parts of the legs, this option would not result in any reduction in total
estimated emissions or energy use. This is because the additional emissions and energy use associated with
retrieving the legs and dismantling them onshore more than outweigh any savings that might be made by
recycling the recovered material.
In Option 1 ‘Partial removal’ 14,825 tonnes of reinforced concrete would be removed, approximately
6.9% of the total mass of the Bravo GBS. Expressed another way, this means that in both options, at least
200,000 tonnes of recyclable steel and reusable concrete would be left in the sea. Thus for Bravo, about
68% of the energy use and 73% of the emissions are theoretical – the energy that would be used and the
gases that would be emitted by third parties if they were to manufacture new material to replace the
otherwise recyclable or reusable material that was left in the caisson on the seabed.
Consequently, we have concluded that the sub-criteria ‘energy use’ and ‘gaseous emissions’ are not strong
differentiators between the options.
15.4.6

Safety Risk to Project Personnel

In Option 1 ‘Partial removal’ the total level of safety risk for project personnel is estimated to be a PLL of
0.0394. That is, if 25 ‘Brent Bravo GBS’ were to be decommissioned in this way, with the legs being
removed down to -55 m LAT and the GBS then degrading slowly and eventually collapsing, there might
be one fatality among the two exposed groups namely ‘offshore project personnel’ and ‘onshore project
personnel’. By far the majority of the estimated risk (95%) would fall on the project personnel offshore.
PLLs are often expressed in scientific notation, and for Option 1 the risk would be 39.4 x 10 -3, which is
about 30 times higher than the maximum value that would usually be considered acceptable at the start of
any project in the E&P industry (1 x 10-3). Although it would be possible to further mitigate the safety risk,
the initial predicted risks to offshore personnel in Option 1 ‘Partial removal’ are significant.
The total safety risk for project personnel in Option 2 ‘Leave in place’ is a PLL of 0.0005 (or 0.5 x 10 -3) and
is due solely to the risk associated with post-decommissioning surveys; as described in Section 12 there are
no further operations in this option after the removal of the topside, which is a separate programme of work
and not subject to CA.
Consequently, we have concluded that the sub-criterion ‘safety risk to offshore project personnel’ is a strong
differentiator between the options.
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15.4.7

Operational Environmental Impacts

In Option 1 ‘Partial removal’, the operations to cut and lift the leg sections would involve a variety of vessels
working at the site for several months, and the main impact of these operations would be underwater noise
from vessels and from cutting. DNV GL [67] estimated that this might affect some marine mammals the
immediate vicinity, but that the effects would be likely to cause only some avoidance behaviour (individuals
exposed to the noise might temporarily move away from the area), and not to cause any changes – even
temporary – in hearing ability. There are no offshore impacts in Option 2 ‘Leave in place’ because nothing
would be done. The removal of the topside and the installation of the concrete caps and the AtoN are all
part of the programme of work to remove the topside, not part the GBS programme, and the operational
impacts of these activities are assessed in the ES [67].
The potential for actual operational impacts in Option 1 is small and amenable to further mitigation.
Consequently we have concluded that the sub-criterion ‘operational environmental impacts’ is not a
differentiator between the options.
15.4.8

Legacy Environmental Impacts

In both options the score determined by DNV GL for legacy environmental impacts was informed in part by
their assessment of the effects on the seabed of the degrading GBS, which comprises inert steel and
concrete. (As described earlier, this assessment assumed that the GBS was essentially free of contaminants
that may have accumulated as a result of offshore operations of any kind. The assessment of the effects of
any contents is discussed in the ES and in the GBS Contents TD [5]).
DNV GL judged that the removal of the legs (about 6.9% of the total mass of the Bravo GBS) would slightly
reduce the overall level of legacy impact because it would prolong the integrity of the GBS and lead to a
reduction in the potential size of the final debris field. The legacy impacts would be mainly associated with
the effects of the degrading caisson, and would be very similar in both options. Consequently, we have
concluded that the sub-criterion ‘legacy environmental impacts’ is not a differentiator between the options.
15.4.9

Employment

A major difference between the options in societal impacts is the effect on employment; Option 1 would
support about 336 man-years of employment in comparison to the 1.8 man-years provided by Option 2.
The total employment in Option 1 would be derived from at least two and possibly four phases of work,
namely the offshore preparations and cutting, offshore lifting and transportation, onshore dismantling, and
onshore waste treatment and disposal. It would therefore not be continuous and would involve personnel
from different disciplines for varying lengths of time; none of the roles could be supported full-time by the
activities of the Option 1 alone.
Consequently, whilst Option 1 does result in a higher level of employment, it would be intermittent over a
long period and hence would not lead to any lasting societal effect. Therefore, we have concluded that the
sub-criterion ‘employment’ is not a strong differentiator between the options.
15.4.10 Safety Risk to Other Users of the Sea
The other users of the sea who might be exposed to safety risks from the Bravo GBS options are the crews
and passengers on surface vessels (including fishing vessels) which might collide with the legs of the GBS,
and the crews of fishing vessels which might snag their gear on the remains of the legs and/or the caisson.
If the legs were to be left in place they would present a potential collision risk for surface vessels due to
watch-keeping failure and ‘unpowered’ collisions that might occur if a vessel were to lose power and drift
onto the structure. Once the legs had degraded to below sea level, they would also present a snagging risk
for pelagic fishing gear. The removal of the upper sections would eliminate all the collision risk for surface
vessels.
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Atkins acknowledged that the mode and rate of leg degradation could not be predicted with any great
certainty, due to the lack of historical information and the long time-scales involved (Section 13.4). In
addition, the estimates presented by Anatec take no account of the fact that (i) navigation systems and
equipment, in general, and fishing practices, vessels and equipment, are all likely to change over time in
a way that reduces safety risks for other users of the sea, and (ii) fishermen would take active measures to
ensure that their gear did not interact with any remains on the seabed.
These uncertainties were recognised by performing assessments under different scenarios, the most
pessimistic of which assumed that the legs would remain upright at LAT for 750 years and that (contrary to
our intentions) the 500 m safety zone would not be in place. This scenario is thought to be extremely unlikely
because sporadic or intermittent decay would be more realistic. Nonetheless, this provides a ‘worst case’
safety risk assessment for other users of the sea.
The results from that scenario show that for the Brent Bravo GBS the estimated total safety risk to other users
of the sea in Option 1 ‘Partial removal’ is a PLL of 0.0391 (39.1 x 10 -3) and in Option 2 ‘Leave in place’
is a PLL of 0.1400 (140 x 10-3) in Option 2 ‘Leave in place’. The risk in Option 1 is associated only
with the snagging of towed fishing gear on the stubs of the legs, whereas the risk in Option 2, which is
approximately 4 times greater, is associated with both collisions with surface vessels and snagging. The risk
in Option 2 is such that if about seven ‘Brent Bravo GBS’ were left in place, with legs upright, to degrade
and collapse slowly over a period of 1000 years, there is a chance that one person on a commercial vessel
or fishing boat would suffer a fatality.
If derogation were granted for the three GBSs we will have an ongoing responsibility for these structures in
accordance with current legislation and will embark on a programme of structural survey and monitoring that
will be discussed and agreed with BEIS. Estimates of snagging risk and the likelihood of fatality for fishermen
as a result of the long-term presence of the GBSs have been made by Anatec, using very conservative
assumptions [65]. These show that the average annual PLL for other users of the sea would be in the range
1.4 E-04 to 2.4 E-04 for each GBS, giving a total average annual PLL of 4.7 E-04 for the three GBSs,
which is within the tolerable zone. Additional management and mitigation measures would further reduce
the risk to other users of the sea (including fishermen) so that it would be regarded as ALARP. As discussed
elsewhere it would be our intention to apply for a continuation of the 500 m safety zone around any remains
left in the Brent Field once they degrade below sea level. We would work with the fishermen and the
Fisheries Offshore Oil & Gas Legacy Trust Fund Limited (FLTC) to ensure that any remains were properly
marked and maintained, and included in the FishSAFE system, to ensure that any risks to fisherman were
minimised.
Nevertheless, given the uncertainties about the nature and timing of GBS degradation and the difficulties of
forecasting shipping and fishing activity into the long-term future, we have concluded that the sub-criterion
‘safety risk to other users of the sea’ is a strong differentiator between the options.

15.5

Conclusions

Following our assessment of the weighted scores for each sub-criterion, the identification of a
CA-recommended option, and then our examination of the real data informing those scores, we have
concluded that in terms of the GBS caisson alone, the significant sub-criteria serving to differentiate the
options are technical feasibility, cost and safety risk to other users of the sea. The drivers and trade-offs for the
decommissioning of the Brent Bravo GBS involve a consideration of how feasible and safe it would be to
remove the upper parts of the legs, and what real reduction in safety risk to other users of the sea would thus
be achieved. When comparing the benefit of reducing the potential future risk to other users of the sea by
removing the upper parts of the GBS legs, the potential risk to project personnel that arises through the need
to complete the additional offshore and onshore work must also be considered. A balance must therefore be
struck between reducing the long-term risk to other users of the sea and exposing project personnel to risk in
order to achieve this, with the understanding that the assessment of risk for each party is on a different
timescale and has been calculated using a number of assumptions.
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As far as can be determined on the basis of a conceptual programme and pessimistic degradation scenario
for Brent Bravo, the increase in safety risk for project personnel in Option 1 associated with the operations to
remove the upper parts of the legs (an increase in PLL of 0.0389) would be approximately 40% of the
decrease that would thus be achieved in the safety risk for other users of the sea (a reduction in PLL of
0.1009) (Table 25). The data in this table for Option 2 ‘Leave in place’ are for the scenario in which the
legs remain at LAT for 750 years, and the 500 m safety zone is not in place after the legs reach LAT.
These assessments of safety risk are ‘unmitigated’ assessments, made in the absence of site – or projectspecific safety measures. We would never embark on any activity that we considered to be unsafe and we
always work to reduce all safety risks to a level that is ALARP. The risks to our personnel offshore and onshore
would be amenable to further reduction and the estimated PLLs for these two groups of personnel are
therefore over-estimates of the actual risk. The risks to other users of the sea could be mitigated by marking
the GBS on charts, the installation and maintenance of the AtoN, the use of FishSAFE and the continuation of
the 500 m safety zone after the GBS legs have degraded below sea level and are no longer visible. We
are mindful, however, that in comparison to the risks for project personnel the long-term ’legacy’ safety risk to
other users of the sea is an ‘externalised risk’ over which we can exercise only limited monitoring and control.
Table 25

Raw Data on the Safety Risk of the Options for the Brent Bravo GBS.
Safety Risk (PLL)

Safety risk offshore project personnel
Safety risk onshore personnel

(1)

Total safety risk project personnel
Safety risk to other users of the sea
Notes:

(2)

(1)

Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

0.0374

0.0005

0.0020

0.0000

0.0394

0.0005

0.0391

0.1400

1.

The PLL value for project personnel is the total PLL for the estimated duration of the offshore
and onshore decommissioning operations.

2.

The PLL value for other users of the sea is the total PLL for the predicted lifetime of the GBS
remains left in the field.

It is thought very unlikely that the legs would remain upright to LAT for 750 years following the initial 250
year period of degradation, and that consequently the estimates of safety risk to other users of the sea are
likely to be conservative (i.e. tending to over-estimate the risk). As a result of this examination of raw data,
while we are mindful of the long-term safety risk that the GBS would present to other users of the sea, we
conclude that this would be a low-level risk that could be further reduced. It is acknowledged that in Option
1 ‘Partial removal’ the risks to project personnel offshore and onshore would actually be realised, whereas
the safety risks to other users of the sea are predictions which might arise over a very long time and would
be affected by future changes in commercial shipping routes, fishing practices and patterns, and
developments in maritime safety and navigational systems and procedures. The estimated safety risk for
Project personnel is one that would be associated with a programme of work that would last for less than
one year, so the estimated annual PLL would be no less than 0.039 (39 x 10-3) , which is very considerably
higher than the ‘tolerable’ annual PLL of 1 x 10-3. Conversely, the total PLL for other users of the sea is
associated with a very long period of degradation and collapse, and translates into an average annual PLL
of 0.14 x 10-3, a value that can be considered to be tolerable and within the range in which ALARP should
be demonstrated.

Page | 194

BRENT BRAVO, CHARLIE AND DELTA GBS DECOMMISSIONING
TECHNICAL DOCUMENT
15.6

Recommended Option for the Brent Bravo GBS

Since the estimated annual safety risk to other users of the sea is in the tolerable zone and amenable to
further mitigation measures, and the performances of the options in the other sub-criteria are broadly similar
or not significantly different in real terms, the differences in ‘technical feasibility’, ‘cost’ and ‘safety risk for
project personnel’ are the significant reasons why ‘leave in place’ is preferable to ‘partial removal’.
Consequently, the recommended decommissioning option for the Brent Bravo GBS is Option 2 ‘Leave
in place’.

Page | 195

BRENT BRAVO, CHARLIE AND DELTA GBS DECOMMISSIONING
TECHNICAL DOCUMENT

16

RESULTS OF COMPARATIVE ASSESSMENT OF OPTIONS FOR
BRENT DELTA GBS

16.1

Introduction

The next CA is for Delta, since it is a Condeep like Bravo. The CA results are very similar to those found for
Bravo but they are presented here specifically for the GBS Brent Delta in its own right. As noted for Bravo,
the sub-criterion ‘commercial fisheries’ has not been used in this assessment.

16.2

Data and Weighted Scores

The raw data on the performance of each option in each sub-criterion is presented in Table 26. The data
were then transformed onto the global scales and weighted according to the standard weighting described
in Section 14.4. The weighted scores are shown in Table 27.
Table 26

Raw Data in each Sub-criterion for the Two Options for the Brent Delta GBS.
Option 1
Partial Removal

Option 2
Leave in Place

Safety risk offshore project personnel (PLL)

0.0394

0.0005

Safety risk to other users of the sea (PLL)

0.0255

0.2400

Safety risk onshore project personnel (PLL)

0.0022

0.0000

Operational environmental impacts (score)

0.85

1.00

Legacy environmental impacts (score)

0.40

0.20

1,738,959

1,333,177

156,726

128,760

0.60

1.00

Employment (man-years)

336

1.8

Communities (score)

0.00

1.00

90.28

0.45

Sub-criterion

Energy use (GJ)
Emissions (Te CO2)
Technical feasibility (score)
Effects on commercial fisheries (£)

Cost (£ million)
Note:

High values for the sub-criteria assessed as ‘scores’ indicate good or desirable performance.
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Table 27

Transformed and Weighted Sub-criteria Scores for the Two Options for the Brent Delta GBS.
Option 1
Partial Removal

Option 2
Leave in Place

Safety risk offshore project personnel

5.67

6.66

Safety risk to other users of the sea

6.03

0.61

Safety risk onshore project personnel

6.61

6.67

Operational environmental impacts

4.25

5.00

Legacy environmental impacts

2.00

1.00

Energy use

0.00

1.17

Emissions

0.00

0.89

12.00

20.00

Employment

1.13

0.01

Communities

0.00

6.67

Cost

16.62

19.98

Total weighted score

54.31

68.65

Sub-criterion

Technical feasibility
Effects on commercial fisheries

On the basis of this assessment, the ‘CA-recommended option’ for the Brent Delta GBS is Option 2 ‘Leave in
place’. It has a total weighted score of 68.65, in contrast to Option 1’s total weighted score of 54.31.
Figure 119 illustrates the total weighted scores and the contributions of the sub-criteria, and Figure 120
shows the contributions of the DECC Five Main Criteria.
Figure 119 The Total Weighted Scores of the Options for the Brent Delta GBS,
and the Contributions of the Sub-criteria.
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Figure 120 The Total Weighted Scores of the Options for the Brent Delta GBS, and the Contributions
of the DECC Five Main Criteria.
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16.3
16.3.1

Assessing the Sensitivity of the CA-recommended Option
Introduction

To test the sensitivity of the CA-recommended option we applied five weighting scenarios to the transformed
scores (as described in Section 14.5). The purpose of this exercise was to determine if the order of the
options changed under different scenarios and, importantly, to identify which sub-criteria were particularly
significant in influencing the ranking of the options.
16.3.2

Results of Sensitivity Analysis

Table 28 presents the results of the sensitivity analysis showing the total weighted scores in the standard
weighting and each weighting scenario. Figure 121 illustrates the results of this sensitivity analysis in terms
of the DECC Five Main Criteria.
In all six of the scenarios, the order of the two options does not change as a result of the changes in
weighting. Option 2 ‘Leave in place’ always has a higher total weighted score than Option 1 ‘Partial
removal’, and across the six scenarios has a total weighted score that is from 8 to 42% greater than that
of Option 1. The difference is greatest in Scenario 5 ‘weighted for Societal’ (17.8, 42% greater than Option
1), followed by Scenario 4 ‘weighted for Technical (20.8, 37%) and then Scenario 6 ‘DECC Five Main
Criteria without Economic’ (11.0, 29%).
From this examination of sensitivity Option 2 ‘Leave in place’ remains the option with the best overall
performance, and is thus identified as the emerging recommendation.
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Table 28

Total Weighted Scores and Ranking of the Options for the Brent Delta GBS under Different
Weighting Scenarios.
Weighting Scenario

1. DECC Five Main Criteria
Rank
2. Weighted to Safety
Rank
3. Weighted to Environmental
Rank
4. Weighted to Technical
Rank
5. Weighted to Societal
Rank
6. DECC Five Main Criteria without Economic
Rank

Option 1
Partial Removal

Option 2
Leave in Place

54.31

68.65

2

1

63.60

68.80

2

1

48.54

61.55

2

1

55.73

76.48

2

1

42.13

59.82

2

1

37.69

48.67

2

1
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Figure 121 Results of the Sensitivity Analysis of the Options for the Brent Delta GBS.
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16.4

Identification and Discussion of the Recommended Option for the Brent Delta GBS

16.4.1

Introduction

Option 1 ‘Partial removal’ would result in the removal of the upper 76 m of each leg on Delta, and the
return to shore and recycling of approximately 17,145 Te of concrete and steel. This would satisfy the IMO
Guidelines for an unobstructed water column of at least 55 m above the remains of any partially removed
structure left in the sea. In the standard weighting and all five of the weighting scenarios, however, Option 2
‘Leave in place’ has a higher total weighted score than Option 1. The weighted scores for Option 2 are up
to 42% greater than the total weighted scores for Option 1 and the difference ranges from five to 21
weighted points.
Examination of both the transformed unweighted data (Table 26) and the weighted scores (Table 27) for
each of the sub-criteria shows that the differences between the two options are driven by the differences in
performance in ‘technical feasibility’, ‘impact on communities’ and ‘cost’ (which are better in Option 2 ‘Leave
in place’) and in ‘safety risk to other users of the sea’, ‘legacy environmental impacts’ and ‘employment’
(which are better in Option 1 ‘Partial removal’). All the other sub-criteria show only small differences between
the options in terms of their weighted scores. This is illustrated in Figure 122 which shows the differences
(positive or negative) in the weighted scores in each sub-criterion for the two options for the Brent Delta GBS;
the green bars indicate sub-criteria where Option 2 has the better performance and the red bars indicate
sub-criteria where Option 1 has the better performance.
Figure 122 Difference Chart comparing the Weighted Scores for each Sub-criterion in Two Options for the
Brent Delta GBS, under the Standard Weighting.
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Red bars: Option 1 ‘Partial removal’ is better than
Option 2 ‘Leave in place’

It is therefore instructive to examine the differences between Option 1 ‘Partial removal’ and Option 2 ‘Leave
in place’ to determine if the relatively poorer performance of Option 1 in terms of total weighted score is
related to significant and material differences in the raw data in various sub-criteria. The following sections
therefore discuss the performances of the options in each of the sub-criteria in turn, as ordered in Figure 122,
and determine the extent to which differences in performance are material in reaching a recommendation for
the Brent Delta GBS.
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16.4.2

Technical Feasibility

As described in Section 13.3.1, there are concerns about the Technical Feasibility of partially removing the
legs. Although a credible programme of work for the removal of the upper sections of the legs has been
developed, informed by independent studies, operations on such a scale have not been carried out offshore.
An extensive and detailed programme of design, fabrication and testing, lasting several years, would be
required before a full scale attempt at removing the upper parts of the legs could be undertaken. Important
aspects that would require attention are the development and testing of the diamond wire cutting tool and the
lifting arrangements.
We have therefore concluded that the sub-criterion ‘Technical Feasibility’ is a strong differentiator between
the options.
16.4.3

Impact on Communities

In Option 1 the score determined by DNV GL for impacts on local communities was informed in part by their
assessment of the effects of noise, dust, odour (from marine growth), light and increased traffic nuisance [67].
This assessment assumed that the legs would be dismantled at an existing well-managed onshore site. There
would be no impacts on amenities in Option 2 because nothing would be done onshore.
As described in the ES [67] the impacts identified by DNV GL were assessed on the assumption that a
number of industry standard and project-specific management and mitigation measures would be in place.
Clearly, we would select competent and experienced onshore contractors for the dismantling and disposal of
the legs. Once the tender had been awarded we would work with the successful contractor to ensure that
impacts and risks to onshore environmental receptors, local communities and infrastructure were eliminated
or reduced as far as practicable. This would be achieved by undertaking a site – and project-specific
ESHIA for the dismantling and disposal of the legs which would then form the basis for the preparation of
comprehensive plans and measures to manage, control and monitor all aspects of the onshore work. In
addition, given the fact that each leg section would be coming to shore one at a time, and that only one
GBS would be decommissioned in this way in any one year, there would be opportunities for careful control
and management of the onshore operations, and for improvements and additional control to be put in place
as the dismantling and recycling operations progressed.
Consequently, although the impact on amenities and local communities from the dismantling of the legs was
quite high on the global scale – in relation to other onshore operations – it would be similar to previous
effects, mostly contained with the dismantling site, and amenable to additional mitigation measures. We
have concluded that the sub-criterion ‘impact on communities’ is not a strong differentiator between the
options.
16.4.4

Cost

We used internal expertise to prepare budget estimates of the likely total cost of each option. These were the
best estimates that could be made in the absence of a formal tendering exercise and are indicative of each
option, giving an overview of the likely relative costs that would be incurred if the option were to be
undertaken.
The estimated cost for Option 1 is approximately £90 million, and reflects the amounts of offshore and
onshore work, and in particular the vessel time, that would be required. It is again noted that in Option 2
‘Leave in place’ the concrete caps and AtoN would have been fitted to the legs as part of the topsides
removal programme, so the cost of this option, approximately £0.45 million, are associated only with postdecommissioning surveys.
Although the cost estimate for Option 1 ‘Partial removal’ translated into a relatively high (good) value on the
global scale (in relation to other much more expensive options for cell sediments, for example), it is
nonetheless a significant sum. It does not include the additional costs that would be incurred for the
development of the concept programme of work to a level where it could be executed with the required
levels of safety and assurance. Consequently, we have concluded that the sub-criterion ‘cost’ is a strong
differentiator between the options.
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16.4.5

Energy Use and Gaseous Emissions

The estimated total CO2 emissions from Option 1 (156,726 tonnes) and Option 2 (128,760 tonnes) are
broadly similar and equivalent to approximately 40% and 33% respectively of the total annual CO 2
emissions from all Brent platforms when they were operating; as reported in Shell Cell Management
Stakeholder Task Group: MCDA Model Criteria and Scales [69] the total CO2 emissions from all four Brent
platforms in 2011 was 396,000 Te. The estimated emissions from the Brent Bravo GBS options are very
low in comparison with the total CO 2 emissions from all UKCS oil and gas platforms which, as reported in
the Oil & Gas UK Environment Report 2013 [70], amounted to 14.22 million tonnes in 2011. They are
also very small in comparison with the UK commitment under the Climate Change Act [71] which implies an
average annual reduction of 47.6 million tonnes CO 2 each year from 2013 to 2017.
Option 1 would give rise to approximately 22% more gaseous emissions than Option 2 and use
approximately 31% more energy than Option 2 (Table 22). In both instances, even though Option 1 would
involve the retrieval and recycling of parts of the legs, this option would not result in any reduction in total
estimated emissions or energy use. This is because the additional emissions and energy use associated with
retrieving the legs and dismantling them onshore more than outweigh any savings that might be made by
recycling the recovered material.
In Option 1 ‘Partial removal’ 17,145 tonnes of reinforced concrete would be removed, approximately
7.7% of the total mass of the Delta GBS. Expressed another way, this means that in both options, at least
200,000 tonnes of recyclable steel and reusable concrete would be left in the sea. Thus for Delta, about
68% of the energy use and 73% of the emissions are theoretical – the energy that would be used and the
gases that would be emitted by third parties if they were to manufacture new material to replace the
otherwise recyclable or reusable material that was left in the caisson on the seabed.
Consequently, we have concluded that the sub-criteria ‘energy use’ and ‘gaseous emissions’ are not strong
differentiators between the options.
16.4.6

Safety Risk to Project Personnel

In Option 1 ‘Partial removal’ the total level of safety risk for project personnel is estimated to be a PLL of
0.0414. That is, if 24 ‘Brent Delta GBSs’ were to be decommissioned in this way, with the legs being
removed down to -55 m LAT and the GBS then degrading slowly and eventually collapsing, there might be
one fatality among the two exposed groups namely ‘offshore project personnel’ and ‘onshore project
personnel’. By far the majority of the estimated risk (95%) would fall on the project personnel offshore.
PLLs are often expressed in scientific notation, and for Option 1 the risk would be 41.4 x 10 -3, which is
about 40 times higher than the maximum value that would usually be considered acceptable at the start of
any project in the E&P industry (1 x 10-3). Although it would be possible to further mitigate the safety risk, the
initial predicted risks to offshore personnel in Option 1 ‘Partial removal’ are significant.
The total safety risk for project personnel in Option 2 ‘Leave in place’ is a PLL of 0.0005 (or 0.5 x 10 -3) and
is due solely to the risk associated with post-decommissioning surveys; as described in Section 12 there are
no further operations in this option after the removal of the topside, which is a separate programme of work
and not subject to CA.
Consequently, we have concluded that the sub-criterion ‘safety risk to offshore project personnel’ is a strong
differentiator between the options.
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16.4.7

Operational Environmental Impacts

In Option 1 ‘Partial removal’, the operations to cut and lift the leg sections would involve a variety of vessels
working at the site for several months, and the main impact of these operations would be underwater noise
from vessels and from cutting. DNV GL [67] estimated that this might affect some marine mammals the
immediate vicinity, but that the effects would be likely to cause only some avoidance behaviour (individuals
exposed to the noise might temporarily move away from the area), and not to cause any changes – even
temporary – in hearing ability. There are no offshore impacts in Option 2 ‘Leave in place’ because nothing
would be done. The removal of the topside and the installation of the concrete caps and the AtoN are all
part of the programme of work to remove the topside, not part the GBS programme, and the operational
impacts of these activities are assessed in the ES [67].
The potential for actual operational impacts in Option 1 is small and amenable to further mitigation.
Consequently we have concluded that the sub-criterion ‘operational environmental impacts’ is not
differentiator between the options.
16.4.8

Legacy Environmental Impacts

In both options the score determined by DNV GL for legacy environmental impacts was informed in part by
their assessment of the effects on the seabed of the degrading GBS, which comprises inert steel and
concrete. (As described earlier, this assessment assumed that the GBS was essentially free of contaminants
that may have accumulated as a result of offshore operations of any kind. The assessment of the effects of
any contents is discussed in the ES and in the GBS Contents TD [5].)
DNV GL judged that the removal of the legs (about 7.7% of the total mass of the Delta GBS) would slightly
reduce the overall level of legacy impact because it would prolong the integrity of the GBS and lead to a
reduction in the potential size of the final debris field. The legacy impacts would be mainly associated with
the effects of the degrading caisson, and would be very similar in both options. Consequently, we have
concluded that the sub-criterion ‘legacy environmental impacts’ is not a differentiator between the options.
16.4.9

Employment

A major difference between the options in societal impacts is the effects on employment; Option 1 would
support about 360 man-years of employment in comparison to the 1.8 man-years provided by Option 2.
The total employment in Option 1 would be derived from at least two and possibly four phases of work,
namely the offshore preparations and cutting, offshore lifting and transportation, onshore dismantling, and
onshore waste treatment and disposal. It would therefore not be continuous and would involve personnel
from different disciplines for varying lengths of time; none of the roles could be supported full-time by the
activities of the Option 1 alone.
Consequently, whilst Option 1 does result in a higher level of employment, it would be intermittent over a
long period and hence would not lead to any lasting societal effect. Therefore, we have concluded that the
sub-criterion ‘employment’ is not a strong differentiator between the options.
16.4.10 Safety Risk to Other Users of the Sea
The other users of the sea who might be exposed to safety risks from the Delta GBS options are the crews on
surface vessels (including fishing vessels) which might collide with the legs of the GBS, and the crews of
fishing vessels which might snag their gear on the remains of the legs and/or the caisson. If the legs were to
be left in place they would present a potential collision risk for surface vessels due to watch-keeping failure
and ‘unpowered’ collisions that might occur if a vessel were to lose power and drift onto the structure. Once
the legs had degraded to below sea level, they would also present a snagging risk for pelagic fishing gear.
The removal of the upper sections would eliminate all the collision risk for surface vessels.
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Atkins acknowledged that the mode and rate of leg degradation could not be predicted with any great
certainty, due to the lack of historical information and the long time-scales involved (Section 13.4). In
addition, the estimates presented by Anatec take no account of the fact that (i) navigation systems and
equipment, in general, and fishing practices, vessels and equipment, are all likely to change over time in a
way that reduces safety risks for other users of the sea, and (ii) fishermen would take active measures to
ensure that their gear did not interact with any remains on the seabed.
These uncertainties were recognised by performing assessments under different scenarios, the most
pessimistic of which assumed that the legs would remain upright at LAT for 750 years and that (contrary to
our intentions) the 500 m safety zone would not be in place. This scenario is thought to be extremely unlikely
because sporadic or intermittent decay would be more realistic. Nonetheless, this provides a ‘worst case’
safety risk assessment for other users of the sea.
The results from that scenario show that for the Brent Delta GBS the estimated total safety risk to other users
of the sea in Option 1 ‘Partial removal’ is a PLL of 0.0392 (39.2 x 10 -3) and in Option 2 ‘Leave in place’
is a PLL of 0.2400 (240 x 10-3) in Option 2 ‘Leave in place’. The risk in Option 1 is associated only
with the snagging of towed fishing gear on the stubs of the legs, whereas the risk in Option 2, which is
approximately 6 times greater, is associated with both collisions with surface vessels and snagging. The risk
in Option 2 is such that if about 4 ‘Brent Delta GBSs’ were left in place, with legs upright, to degrade and
collapse slowly over a period of 1000 years, there is a chance that one person on a commercial vessel or
fishing boat would suffer a fatality.
If derogation were granted for the three GBSs we will have an ongoing responsibility for these structures and
will embark on a programme of structural survey and monitoring that will be discussed and agreed with BEIS.
Estimates of snagging risk and the likelihood of fatality for fishermen as a result of the long-term presence
of the GBSs have been made by Anatec, using very conservative assumptions [65]. These show that the
average annual PLL for mariners would be in the range 1.4 E-04 to 2.4 E-04 for each GBS, giving a
total average annual PLL of 4.7 E-04 for the three GBSs, which is within the tolerable zone. Additional
management and mitigation measures would further reduce the risk to other users of the sea (including
fishermen) so that it would be regarded as ALARP. As discussed elsewhere it would be our intention to apply
for a continuation of the 500 m safety zone around any remains left in the Brent Field once they degrade
below sea level. We would work with the fishermen and the FLTC to ensure that any remains were properly
marked and maintained, and included in the FishSAFE system, to ensure that any risks to fisherman were
minimised.
Nevertheless, given the uncertainties about the nature and timing of GBS degradation and the difficulties of
forecasting shipping and fishing activity into the long-term future, we have concluded that the sub-criterion
‘safety risk to other users of the sea’ is a strong differentiator between the options.

16.5

Conclusions

Following our assessment of the weighted scores for each sub-criterion, the identification of a CArecommended option, and then our examination of the real data informing those scores, we have concluded
that in terms of the GBS caisson alone, the significant sub-criteria serving to differentiate the options are
technical feasibility, cost and safety risk to other users of the sea. The drivers and trade-offs for the
decommissioning of the Brent Delta GBS involve a consideration of how feasible and safe it would be to
remove the upper parts of the legs, and what real reduction in safety risk to other users of the sea would thus
be achieved. When comparing the benefit of reducing the potential future risk to other users of the sea by
removing the upper parts of the GBS legs, the potential risk to project personnel that arises through the need
to complete the additional offshore and onshore work must also be considered. A balance must therefore be
struck between reducing the long-term risk to other users of the sea and exposing project personnel to risk in
order to achieve this, with the understanding that the assessment of risk for each party is on a different
timescale and has been calculated using a number of assumptions.
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As far as can be determined on the basis of a conceptual programme and pessimistic degradation scenario
for Brent Delta, the increase in safety risk for project personnel in Option 1 associated with the operations to
remove the upper parts of the legs (an increase in PLL of 0.0411) would be about 20% of the decrease that
would thus be achieved in the safety risk for other users of the sea (a reduction in PLL of 0.2008) (Table 29).
The data in this table for Option 2 ‘Leave in place’ are for the scenario in which the legs remain at LAT for
750 years, and the 500 m safety zone is not in place after the legs reach LAT.
Table 29

Raw Data on the Safety Risk of the Options for the Brent Delta GBS.
Safety Risk (PLL)

Safety risk offshore project personnel
Safety risk onshore personnel

(1)

(1)

Total safety risk project personnel
Safety risk to other users of the sea
Notes:

(2)

Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

0.0394

0.0005

0.0022

0.0000

0.0416

0.0005

0.0392

0.2400

1.

The PLL value for project personnel is the total PLL for the estimated duration of the offshore
and onshore decommissioning operations.

2.

The PLL value for other users of the sea is the total PLL for the predicted lifetime of the GBS
remains left in the field.

These assessments of safety risk are ‘unmitigated’ assessments, made in the absence of site – or projectspecific safety measures. We would never embark on any activity that we considered to be unsafe and we
always work to reduce all safety risks to a level that is ALARP. The risks to our personnel offshore and onshore
would be amenable to further reduction and the estimated PLLs for these two groups of personnel are
therefore over-estimates of the actual risk. The risks to other users of the sea could be mitigated by marking
the GBS on charts, the installation and maintenance of the AtoN, the use of FishSAFE and the continuation of
the 500m safety zone after the GBS legs have degraded below sea level and are no longer visible. We are
mindful, however, that in comparison to the risks for project personnel the long-term ’legacy’ safety risk to
other users of the sea is an ‘externalised risk’ over which we can exercise only limited monitoring and control.
It is thought very unlikely that the legs would remain upright to LAT for 750 years following the initial
250 year period of degradation, and that consequently the estimates of safety risk to other users of the sea
are likely to be conservative (i.e. tending to over-estimate the risk). As a result of this examination of raw
data, while we are mindful of the long-term safety risk that the GBS would present to other users of the sea,
we conclude that this would be a low-level risk that could be further reduced. It is acknowledged that in
Option 1 ‘Partial removal’ the risks to project personnel offshore and onshore would actually be realised,
whereas the safety risks to other users of the sea are predictions which might arise over a very long time and
would be affected by future changes in commercial shipping routes, fishing practices and patterns, and
developments in maritime safety and navigational systems and procedures. The estimated safety risk for
Project personnel is one that would be associated with a programme of work that would last for less than
one year, so the estimated annual PLL would be no less than 0.042 (42 x 10-3) , which is very considerably
higher than the ‘tolerable’ annual PLL of 1 x 10-3. Conversely, the total PLL for other users of the sea is
associated with a very long period of degradation and collapse, and translates into an average annual PLL
of 0.24 x 10-3, a value that can be considered to be tolerable and within the range in which ALARP should
be demonstrated.

16.6

Recommended Option for the Brent Delta GBS

Since the estimated annual safety risk to other users of the sea is in the tolerable zone and amenable to
further mitigation measures, and the performances of the options in the other sub-criteria are broadly similar
or not significantly different in real terms, the differences in ‘technical feasibility’, ‘cost’ and ‘safety risk for
project personnel’ are the significant reasons why ‘leave in place’ is preferable to ‘partial removal’.
Consequently, the recommended decommissioning option for the Brent Delta GBS is Option 2 ‘Leave
in place’.
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17

RESULTS OF COMPARATIVE ASSESSMENT OF OPTIONS FOR
BRENT CHARLIE GBS

17.1

Introduction

This section presents the results of our assessment of the two technically feasible options for the Brent Charlie
GBS. As noted for Bravo and Delta, the sub-criterion ‘commercial fisheries’ has not been used in this
assessment.

17.2

Data and Weighted Scores

The raw data on the performance of each option in each sub-criterion is presented in Table 30. The data
were then transformed onto the global scales and weighted according to the standard weighting’ described
in Section 14.4. The weighted scores are shown in Table 31.
Table 30

Raw Data in each Sub-criterion for the Two Options for the Brent Charlie GBS.
Option 1
Partial Removal

Option 2
Leave in Place

Safety risk offshore project personnel (PLL)

0.0224

0.0005

Safety risk to other users of the sea (PLL)

0.0272

0.0884

Safety risk onshore project personnel (PLL)

0.0015

0.0000

Operational environmental impacts (score)

0.85

1.00

Legacy environmental impacts (score)

0.40

0.20

1,512,416

1,237,918

142,884

123,096

0.50

1.00

Employment (man-years)

190

1.8

Communities (score)

0.10

1.00

47.54

0.45

Sub-criterion

Energy use (GJ)
Emissions (Te CO2)
Technical feasibility (score)
Effects on commercial fisheries (£)

Cost (£ million)
Note:

High values for the sub-criteria assessed as ‘scores’ indicate good or desirable performance.
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Table 31

Transformed and Weighted Sub-criteria Scores for the Two Options for the Brent Charlie GBS.
Option 1
Partial Removal

Option 2
Leave in Place

Safety risk offshore project personnel

6.10

6.66

Safety risk to other users of the sea

5.98

4.44

Safety risk onshore project personnel

6.63

6.67

Operational environmental impacts

4.25

5.00

Legacy environmental impacts

2.00

1.00

Energy use

0.65

1.44

Emissions

0.44

1.07

10.00

20.00

Employment

0.59

0.01

Communities

0.67

6.67

Cost

18.22

19.98

Total weighted score

55.54

72.94

Sub-criterion

Technical feasibility
Effects on commercial fisheries (£)

On the basis of this assessment, the ‘CA-recommended option’ for the Brent Charlie GBS is Option 2 ‘Leave
in place’. It has a total weighted score of 72.94, in contrast to Option 1’s total weighted score of 55.54.
Figure 123 illustrates the total weighted scores and the contributions of the sub-criteria, and Figure 124
shows the contributions of the DECC Five Main Criteria.
Figure 123 The Total Weighted Scores of the Options for the Brent Charlie GBS,
and the Contributions of the Sub-criteria.
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90.00

80.00

70.00

Safety risk to offshore project personnel

Total weighted score

Safety risk to other users of the sea
Safety risk to onshore project personnel

60.00

Operational environmental impacts

Legacy environmental impacts

50.00

Energy use (GJ)
Gaseous emissions (CO2)

40.00

Technical feasibility
Effects on commercial fisheries
Employment

30.00

Impact on communities
Cost

20.00

10.00

0.00
Option 1: Partial removal

Option 2: Leave in place
Option
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Figure 124 The Total Weighted Scores of the Options for the Brent Charlie GBS, and the Contributions
of the DECC Five Main Criteria.
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90.00

80.00

Total weighted score

70.00

60.00
Safety
Environmental

50.00

Technical
Societal

40.00

Economic
30.00

20.00

10.00

0.00
Option 1: Partial removal

Option 2: Leave in place
Option

17.3
17.3.1

Assessing the Sensitivity of the CA-recommended Option
Introduction

To test the sensitivity of the CA-recommended option we applied five weighting scenarios to the transformed
scores (as described in Section 14.5). The purpose of this exercise was to determine if the order of the
options changed under different scenarios and, importantly, to identify which sub-criteria were particularly
significant in influencing the ranking of the options.
17.3.2

Results of Sensitivity Analysis

presents the results of the sensitivity analysis showing the total weighted scores in the standard weighting and
each weighting scenario. Figure 125 illustrates the results of this sensitivity analysis in terms of the DECC Five
Main Criteria.
In all six of the scenarios, the order of the two options does not change as a result of the changes in
weighting. Option 2 ‘Leave in place’ always has a higher total weighted score than Option 1 ‘Partial
removal’, and across the six scenarios has a total weighted score that is from 18 to 47% greater than that
of Option 1. The difference is greatest in Scenario 4 ‘weighted for Technical’ (25.5, 47% greater than
Option 1), followed by Scenario 5 ‘weighted for Societal (19.8, 46%) and then the Scenario 6 ‘DECC Five
Main Criteria without Economic’ (15.6, 42%).
From this examination of sensitivity Option 2 ‘Leave in place’ remains the option with the best overall
performance, and is thus identified as the emerging recommendation.
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Table 32

Total Weighted Scores and Ranking of the Options for the Brent Charlie GBS under Different
Weighting Scenarios.
Weighting Scenario

1. DECC Five Main Criteria
Rank
2. Weighted to Safety
Rank
3. Weighted to Environmental
Rank
4. Weighted to Technical
Rank
5. Weighted to Societal
Rank
6. DECC Five Main Criteria without Economic
Rank
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Option 1
Partial Removal

Option 2
Leave in Place

55.54

72.94

2

1

65.03

76.88

2

1

50.83

65.33

2

1

54.15

79.69

2

1

43.22

63.03

2

1

37.32

52.95

2

1
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Safety.

Options for Brent Charlie Scenario 3: Weighted to
Environment.
90.00

80.00

80.00

80.00

70.00

70.00

70.00

60.00

60.00

Environmental

50.00

Technical
Societal

40.00

Safety
Environmental

50.00

Technical
Societal

40.00

Economic

Total weighted score

100.00

90.00

Total weighted score

100.00

90.00

Safety

60.00
Safety

Technical

Economic

Economic
30.00

20.00

20.00

20.00

10.00

10.00

10.00

0.00
Option 2: Leave in place

Options for Brent Charlie Scenario 4: Weighted to
Technical.

Societal

40.00

30.00

Option

Environmental

50.00

30.00

0.00

Option 2: Leave in place
Option

100.00

Option 1: Partial removal

Environmental

50.00

30.00

Option 1: Partial removal

Total weighted score

Total weighted score

100.00

Total weighted score

Total weighted score

Figure 125 Results of the Sensitivity Analysis of the Options for the Brent Charlie GBS.
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17.4

Identification and Discussion of the Recommended Option for the Brent Charlie GBS

17.4.1

Introduction

Option 1 ‘Partial removal’ would result in the removal of the upper 63 m of each leg on Charlie, and the
return to shore and recycling of approximately 10,130 Te of concrete and steel. This would satisfy the IMO
Guidelines for an unobstructed water column of at least 55 m above the remains of any partially removed
structure left in the sea. In the standard weighting and all five of the weighting scenarios, however, Option 2
‘Leave in place’ has a higher total weighted score than Option 1. The weighted scores for Option 2 are up
to 47% greater than the total weighted scores for Option 1 and the difference ranges from 12 to 26
weighted points.
Examination of both the transformed unweighted data (Table 22) and the weighted scores (Table 23) for
each of the sub-criteria shows that the differences between the two options are driven by the differences in
performance in ‘technical feasibility’, ‘impact on communities’ and ‘cost’ (which are better in Option 2 ‘Leave
in place’) and in ‘safety risk to other users of the sea’, ‘legacy environmental impacts’ and ‘employment’
(which are better in Option 1 ‘Partial removal’). All the other sub-criteria show only small differences between
the options in terms of their weighted scores. This is illustrated in Figure 126 which shows the differences
(positive or negative) in the weighted scores in each sub-criterion for the two options for the Brent Charlie
GBS; the green bars indicate sub-criteria where Option 2 has the better performance and the red bars
indicate sub-criteria where Option 1 has the better performance.
Figure 126 Difference Chart comparing the Weighted Scores for each Sub-criterion in Two Options for the
Brent Charlie GBS, under the Standard Weighting.
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Green bars: Option 2 ‘Leave in place’ is better than
Option 1 ‘Partial removal

Red bars: Option 1 ‘Partial removal’ is better than
Option 2 ‘Leave in place’

It is therefore instructive to examine the differences between Option 1 ‘Partial removal’ and Option 2 ‘Leave
in place’ to determine if the relatively poorer performance of Option 1 in terms of total weighted score is
related to significant and material differences in the raw data in various sub-criteria. The following sections
therefore discuss the performances of the options in each of the sub-criteria in turn, as ordered in Figure 126,
and determine the extent to which differences in performance are material in reaching a recommendation for
the Brent Charlie GBS.
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17.4.2

Technical Feasibility

As described in Section 13.3.1, there are significant concerns about the Technical Feasibility of partially
removing the Brent Charlie legs. Although a credible programme of work for the removal of the upper
sections of the legs has been developed, informed by independent studies, operations on such a scale have
not been carried out offshore. An extensive and detailed programme of design, fabrication and testing,
lasting several years, would be required before a full scale attempt at removing the upper parts of the legs
could be undertaken. Important aspects that would require attention are the development of a system for
supporting and stabilising the legs while they are being cut offshore, and the development and testing of
the lifting arrangements.
We have therefore concluded that the sub-criterion ‘Technical Feasibility’ is a very strong differentiator
between the options.
17.4.3

Impact on Communities

In Option 1 the score determined by DNV GL for impacts on local communities was informed in part by their
assessment of the effects of noise, dust, odour (from marine growth), light and increased traffic nuisance [67].
This assessment assumed that the legs would be dismantled at an existing well-managed onshore site. There
would be no impacts on amenities in Option 2 because nothing would be done onshore.
As described in the ES [67] the impacts identified by DNV GL were assessed on the assumption that a
number of industry standard and project-specific management and mitigation measures would be in place.
Clearly, we would select competent and experienced onshore contractors for the dismantling and disposal of
the legs. Once the tender had been awarded we would work with the successful contractor to ensure that
impacts and risks to onshore environmental receptors, local communities and infrastructure were eliminated
or reduced as far as practicable. This would be achieved by undertaking a site – and project-specific
ESHIA for the dismantling and disposal of the legs which would then form the basis for the preparation of
comprehensive plans and measures to manage, control and monitor all aspects of the onshore work. In
addition, given the fact that each leg section would be coming shore one at a time, and that only one GBS
would be decommissioned in this way in any one year, there would be opportunities for careful control and
management of the onshore operations, and for improvements and additional control to be put in place as
the dismantling and recycling operations progressed.
Consequently, although the impact on amenities and local communities from the dismantling of the legs was
quite high on the global scale – in relation to other onshore operations – it would be similar to previous
effects, mostly contained with the dismantling site, and amenable to additional mitigation measures. We
have concluded that the sub-criterion ‘impact on communities’ is not a strong differentiator between the
options.
17.4.4

Cost

We used internal expertise to prepare budget estimates of the likely total cost of each option. These were the
best estimates that could be made in the absence of a formal tendering exercise and are indicative of each
option, giving an overview of the likely relative costs that would be incurred if the option were to be
undertaken.
The estimated cost for Option 1 is approximately £48 million, and reflects the amounts of offshore and
onshore work, and in particular the vessel time, that would be required. It is again noted that in Option 2
‘Leave in place’ the concrete caps and AtoN would have been fitted to the legs as part of the topsides
removal programme, so the cost of this option, approximately £0.45 million, are associated only with
post-decommissioning surveys.
Although the cost estimate for Option 1 ‘Partial removal’ translated into a relatively high (good) value on
the global scale (in relation to other much more expensive options for cell sediments, for example), it is
nonetheless a significant sum. It does not include the additional costs that would be incurred for the
development of the concept programme of work to a level where it could be executed with the required
levels of safety and assurance. Consequently, we have concluded that the sub-criterion ‘cost’ is a
differentiator between the options.
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17.4.5

Energy Use and Gaseous Emissions

The estimated total CO2 emissions from Option 1 (142,884 tonnes) and Option 2 (123,096 tonnes) are
broadly similar and equivalent to approximately 36% and 32% respectively of the total annual CO 2
emissions from all Brent platforms when they were operating; as reported in Shell Cell Management
Stakeholder Task Group: MCDA Model Criteria and Scales [69] the total CO2 emissions from all four Brent
platforms in 2011 was 396,000 Te. The estimated emissions from the Brent Charlie GBS options are very
low in comparison with the total CO 2 emissions from all UKCS oil and gas platforms which, as reported in
the Oil & Gas UK Environment Report 2013 [70], amounted to 14.22 million tonnes in 2011. They are
also very small in comparison with the UK commitment under the Climate Change Act [71] which implies
an average annual reduction of 47.6 million tonnes CO 2 each year from 2013 to 2017.
Option 1 would give rise to approximately 23% more gaseous emissions than Option 2 and use
approximately 16% more energy than Option 2 (Table 22). In both instances, even though Option 1 would
involve the retrieval and recycling of parts of the legs, this option would not result in any reduction in total
estimated emissions or energy use. This is because the additional emissions and energy use associated with
retrieving the legs and dismantling them onshore more than outweigh any savings that might be made by
recycling the recovered material.
In Option 1 ‘Partial removal’ 10,130 tonnes of reinforced concrete would be removed, approximately 3% of
the total mass of the Charlie GBS. Expressed another way, this means that in both options, at least 280,000
tonnes of recyclable steel and reusable concrete would be left in the sea. Thus for Charlie, about 79% of the
energy use and 83% of the emissions are theoretical – the energy that would be used and the gases that
would be emitted by third parties if they were to manufacture new material to replace the otherwise
recyclable or reusable material that was left in the caisson on the seabed.
Consequently, we have concluded that the sub-criteria ‘energy use’ and ‘gaseous emissions’ are not strong
differentiators between the options.
17.4.6

Safety Risk to Project Personnel

In Option 1 ‘Partial removal’ the total level of safety risk for project personnel is estimated to be a PLL of
0.0239. That is, if 42 ‘Brent Charlie GBS’ were to be decommissioned in this way, with the legs being
removed down to -55 m LAT and the GBS then degrading slowly and eventually collapsing, there might be
one fatality among the two exposed groups namely ‘offshore project personnel’ and ‘onshore project
personnel’. By far the majority of the estimated risk (94%) would fall on the project personnel offshore.
PLLs are often expressed in scientific notation, and for Option 1 the risk would be 23.9 x 10 -3, which is
about 24 times higher than the maximum value that would usually be considered acceptable at the start of
any project in the E&P industry (1 x 10-3). Although it would be possible to further mitigate the safety risk,
the initial predicted risks to offshore personnel in Option 1 ‘Partial removal’ are significant.
The total safety risk for project personnel in Option 2 ‘Leave in place’ is a PLL of 0.0005 (or 0.5 x 10-3) and
is due solely to the risk associated with post-decommissioning surveys; as described in Section 12 there are
no further operations in this option after the removal of the topside, which is a separate programme of work
and not subject to CA.
Consequently, we have concluded that the sub-criterion ‘safety risk to offshore project personnel’ is a strong
differentiator between the options.
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17.4.7

Operational Environmental Impacts

In Option 1 ‘Partial removal’, the operations to cut and lift the leg sections would involve a variety of vessels
working at the site for several months, and the main impact of these operations would be underwater noise
from vessels and from cutting. DNV GL [67] estimated that this might affect some marine mammals the
immediate vicinity, but that the effects would be likely to cause only some avoidance behaviour (individuals
exposed to the noise might temporarily move away from the area), and not to cause any changes – even
temporary – in hearing ability. There are no offshore impacts in Option 2 ‘Leave in place’ because nothing
would be done. The removal of the topside and the installation of the concrete caps and the AtoN are all
part of the programme of work to remove the topside, not part the GBS programme, and the operational
impacts of these activities are assessed in the ES [67].
The potential for actual operational impacts in Option 1 is small and amenable to further mitigation.
Consequently we have concluded that the sub-criterion ‘operational environmental impacts’ is not
differentiator between the options.
17.4.8

Legacy Environmental Impacts

In both options the score determined by DNV GL for legacy environmental impacts was informed in part by
their assessment of the effects on the seabed of the degrading GBS, which comprises inert steel and
concrete. (As described earlier, this assessment assumed that the GBS was essentially free of contaminants
that may have accumulated as a result of offshore operations of any kind. The assessment of the effects of
any contents is discussed in the ES and in the GBS Contents TD [5].)
DNV GL judged that the removal of the legs (about 3% of the total mass of the Charlie GBS) would slightly
reduce the overall level of legacy impact because it would prolong the integrity of the GBS and lead to a
reduction in the potential size of the final debris field. The legacy impacts would be mainly associated with
the effects of the degrading caisson, and would be very similar in both options. Consequently, we have
concluded that the sub-criterion ‘legacy environmental impacts’ is not a differentiator between the options.
17.4.9

Employment

A major difference between the options in societal impacts is the effects on employment; Option 1 would
support about 189 man-years of employment in comparison to the 1.8 man-years provided by Option 2.
The total employment in Option 1 would be derived from at least two and possibly four phases of work,
namely the offshore preparations and cutting, offshore lifting and transportation, onshore dismantling, and
onshore waste treatment and disposal. It would therefore not be continuous and would involve personnel
from different disciplines for varying lengths of time; none of the roles could be supported full-time by the
activities of the Option 1 alone.
Consequently, whilst Option 1 does result in a higher level of employment, it would be intermittent over a
long period and hence would not lead to any lasting societal effect. Therefore, we have concluded that the
sub-criterion ‘employment’ is not a strong differentiator between the options.
17.4.10 Safety Risk to Other Users of the Sea
The other users of the sea who might be exposed to safety risks from the Charlie GBS options are the crews
on surface vessels (including fishing vessels) which might collide with the legs of the GBS, and the crews of
fishing vessels which might snag their gear on the remains of the legs and/or the caisson. If the legs were to
be left in place they would present a potential collision risk for surface vessels due to watch-keeping failure
and ‘unpowered’ collisions that might occur if a vessel were to lose power and drift onto the structure. Once
the legs had degraded to below sea level, they would also present a snagging risk for pelagic fishing gear.
The removal of the upper sections would eliminate all the collision risk for surface vessels.

Page | 215

BRENT BRAVO, CHARLIE AND DELTA GBS DECOMMISSIONING
TECHNICAL DOCUMENT
Atkins acknowledged that the mode and rate of leg degradation could not be predicted with any great
certainty, due to the lack of historical information and the long time-scales involved (Section 13.4). In
addition, the estimates presented by Anatec take no account of the fact that (i) navigation systems and
equipment, in general, and fishing practices, vessels and equipment, are all likely to change over time in
a way that reduces safety risks for other users of the sea, and (ii) fishermen would take active measures to
ensure that their gear did not interact with any remains on the seabed.
These uncertainties were recognised by performing assessments under different scenarios, the most
pessimistic of which assumed that the legs would remain upright at LAT for 750 years and that (contrary to
our intentions) the 500 m safety zone would not be in place. This scenario is thought to be extremely unlikely
because sporadic or intermittent decay would be more realistic. Nonetheless, this provides a ‘worst case’
safety risk assessment for other users of the sea.
The results from that scenario show that for the Brent Charlie GBS the estimated total safety risk to other users
of the sea in Option 1 ‘Partial removal’ is a PLL of 0.0419 (41.9 x 10 -3) and in Option 2 ‘Leave in place’ is
a PLL of 0.0884 (88.4 x 10-3) in Option 2 ‘Leave in place’. The risk in Option 1 is associated only with the
snagging of towed fishing gear on the stubs of the legs, and is slightly higher than that for either Bravo or
Delta because of the greater area covered by the stubs of the legs. In safety risk to other users of the sea in
Option 2, which is approximately 2 times greater, is associated with both collisions with surface vessels and
snagging. The risk in Option 2 is such that if about 11 ‘Brent Charlie Bravo GBS’ were left in place, with
legs upright, to degrade and collapse slowly over a period of 1000 years, there is a chance that one
person on a commercial vessel or fishing boat would suffer a fatality.
If derogation were granted for the three GBSs we will have an ongoing responsibility for these structures and
will embark on a programme of structural survey and monitoring that will be discussed and agreed with BEIS.
Estimates of snagging risk and the likelihood of fatality for fishermen as a result of the long-term presence of
the GBSs have been made by Anatec, using very conservative assumptions [65]. These show that the
average annual PLL for other users of the sea would be in the range 1.4 E-04 to 2.4 E-04 for each GBS,
giving a total average annual PLL of 4.7 E-04 for the three GBSs, which is within the tolerable zone..
Additional management and mitigation measures would further reduce the risk to other users of the sea
(including fishermen) so that it would be regarded as ALARP. As discussed elsewhere it would be our
intention to apply for a continuation of the 500 m safety zone around any remains left in the Brent Field once
they degrade below sea level. We would work with the fishermen and the FLTC to ensure that any remains
were properly marked and maintained, and included in the FishSAFE system, to ensure that any risks to
fisherman were minimised.
Nevertheless, given the uncertainties about the nature and timing of GBS degradation and the difficulties of
forecasting shipping and fishing activity into the long-term future, we have concluded that the sub-criterion
‘safety risk to other users of the sea’ is a strong differentiator between the options.

17.5

Conclusions

Following our assessment of the weighted scores for each sub-criterion, the identification of a
CA-recommended option, and then our examination of the real data informing those scores, we have
concluded that in terms of the GBS caisson alone, the significant sub-criteria serving to differentiate the
options are technical feasibility, cost and safety risk to other users of the sea. The drivers and trade-offs for the
decommissioning of the Brent Charlie GBS involve a consideration of how feasible and safe it would be to
remove the upper parts of the legs, and what real reduction in safety risk to other users of the sea would thus
be achieved. When comparing the benefit of reducing the potential future risk to other users of the sea by
removing the upper parts of the GBS legs, the potential risk to project personnel that arises through the need
to complete the additional offshore and onshore work must also be considered. A balance must therefore be
struck between reducing the long-term risk to other users of the sea and exposing project personnel to risk in
order to achieve this, with the understanding that the assessment of risk for each party is on a different
timescale and has been calculated using a number of assumptions.
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As far as can be determined on the basis of a conceptual programme and pessimistic degradation
scenario for Brent Charlie, the increase in safety risk for project personnel in Option 1 associated with the
operations to remove the upper parts of the legs (an increase in PLL of 0.0234) would be about 50% of
the decrease that would thus be achieved in the safety risk for other users of the sea (a reduction in PLL of
0.0465) (Table 33). The data in this table for Option 2 ‘Leave in place’ are for the scenario in which the
legs remain at LAT for 750 years, and the 500 m safety zone is not in place after the legs reach LAT.
Table 33

Raw Data on the Safety Risk of the Options for the Brent Charlie GBS.
Safety Risk (PLL)

Safety risk offshore project personnel
Safety risk onshore personnel

Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

0.0224

0.0005

0.0015

0.0000

0.0239

0.0005

0.0419

0.0884

(1)

(1)

Total safety risk project personnel
Safety risk to other users of the sea
Notes:

(2)

1.

The PLL value for project personnel is the total PLL for the estimated duration of the offshore
and onshore decommissioning operations.

2.

The PLL value for other users of the sea is the total PLL for the predicted lifetime of the GBS
remains left in the field.

These assessments of safety risk are ‘unmitigated’ assessments, made in the absence of site – or projectspecific safety measures. We would never embark on any activity that we considered to be unsafe and we
always work to reduce all safety risks to a level that is ALARP. The risks to our personnel offshore and onshore
would be amenable to further reduction and the estimated PLLs for these two groups of personnel are
therefore over-estimates of the actual risk. The risks to other users of the sea could be mitigated by marking
the GBS on charts, the installation and maintenance of the AtoN, the use of FishSAFE and the continuation
of the 500 m safety zone after the GBS legs have degraded below sea level and are no longer visible. We
are mindful, however, that in comparison to the risks for project personnel the long-term ’legacy’ safety risk to
other users of the sea is an ‘externalised risk’ over which we can exercise only limited monitoring and control.
It is thought very unlikely that the legs would remain upright to LAT for 750 years following the initial
250 year period of degradation, and that consequently the estimates of safety risk to other users of the sea
are likely to be conservative (i.e. tending to over-estimate the risk). As a result of this examination of raw
data, while we are mindful of the long-term safety risk that the GBS would present to other users of the sea,
we conclude that this would be a low-level risk that could be further reduced. It is acknowledged that in
Option 1 ‘Partial removal’ the risks to project personnel offshore and onshore would actually be realised,
whereas the safety risks to other users of the sea are predictions which might arise over a very long time and
would be affected by future changes in commercial shipping routes, fishing practices and patterns, and
developments in maritime safety and navigational systems and procedures. The estimated safety risk for
Project personnel is one that would be associated with a programme of work that would last for less than
one year, so the estimated annual PLL would be no less than 0.024 (24 x 10-3) , which is very considerably
higher than the ‘tolerable’ annual PLL of 1 x 10-3. Conversely, the total PLL for other users of the sea is
associated with a very long period of degradation and collapse, and translates into an average annual PLL
of 0.09 x 10-3, a value that can be considered to be tolerable and within the range in which ALARP should
be demonstrated.

17.6

Recommended Option for the Brent Charlie GBS

Since the estimated annual safety risk to other users of the sea is in the tolerable zone and amenable to
further mitigation measures, and the performances of the options in the other sub-criteria are broadly similar
or not significantly different in real terms, the differences in ‘technical feasibility’, ‘cost’ and ‘safety risk for
project personnel’ are the significant reasons why ‘leave in place’ is preferable to ‘partial removal’.
Consequently, the recommended decommissioning option for the Brent Charlie GBS is Option 2 ‘Leave
in place’.
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18

PROGRAMME OF WORK FOR DECOMMISSIONING THE BRENT GBSS

18.1

Introduction

This section describes in broad terms the programme of work that we would perform to complete the
recommended options for the Brent GBSs – ‘Leave in place’ – if derogation were granted for all three
structures.

18.2

Fitting Concrete Caps and Aids to Navigation

After the removal of each topside and PGDS/Cellar Deck using the SLV Pioneering Spirit, we currently plan
to then reposition the SLV so that its cranes can fit concrete caps onto the open end of each leg [8], [9]. The
caps will weigh approximately 300 Te and one of them will be pre-fitted with AtoN designed to operate
remotely and to be able to be maintained/changed-out by helicopter without any need for personnel to be
put onto the leg.
If, for any reason, the caps and/or the AtoN cannot be fitted at this time, a guard vessel will take up station
close to the GBS to alert shipping until such time as the AtoN are in place and fully functional.
The GBSs may still be connected to out-of-service pipelines at this time but the lines will have been flushed
clear of hydrocarbons. The decommissioning of the pipelines, including a description of how they will be
disconnected from the structures that are derogated to remain in the field, is presented in the pipelines TD
[7].

18.3

Final Condition at the Offshore Sites

On completion of the capping operations at each site the three GBSs will be left in place with their legs
protruding above the sea. Figure 127 shows the typical condition of a GBS on completion of the
decommissioning activities. On the Condeeps Bravo and Delta, all the legs would protrude approximately
19.8 m above LAT. On the SeaTank Brent Charlie, three of the legs would protrude approximately 7.9 m
above LAT, and the fourth leg would protrude approximately 29 m above LAT. The 500 m radius safety zone
will remain in place around the GBSs for at least as long as the legs protrude above sea level, and after that
time we will apply to the HSE for the safety zone to be continued around the submerged remains as an
additional safety measure.
Figure 127 Condition of the Brent Delta GBS on Completion of Decommissioning Activities.
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18.4

Removal of Seabed Debris

As described more fully in the Brent Field DP [1] we will carry out a comprehensive programme to remove
seabed debris within an area of radius 500 m around each installation and in a corridor 200 m wide
centred along each pipeline. These areas will then be verified as clear of debris and over-trawlable by
means of an independent debris verification survey; this will confirm that these sites are free of any debris
originating from offshore oil operations that might pose a snagging risk to bottom-towed fishing gear.

18.5

Monitoring and Maintenance

We will discuss a suitable programme of monitoring and maintenance with BEIS, mindful of the fact that the
GBSs would degrade only very slowly over many centuries. A discussion on monitoring and maintenance is
given in the Brent Field DP [1].

18.6

Reviewing Risk to Other Users of the Sea

We engaged Anatec to estimate the safety risk to other users of the sea from the long term presence of the
GBS with the legs in place [65]. The risk is presented by the short- to medium-term risk of collision and the
medium- to long-term risk of snagging fishing gear on the remains.
Any estimation of the long term safety risk to other users of the sea (the ‘legacy’ safety risk) depends crucially
on forecasting (i) the intensity of various types of fishing operations around the GBSs and (ii) the intensity,
routes and nature of all commercial shipping in the area. Shell, Anatec and Mackay Consultants have
acknowledged that it is very difficult to make long term forecasts of fishing and shipping. Consequently,
the assessments of safety risk to other users of the sea have been based on the recent levels of fishing and
shipping, calibrated with historical collision data. At present, the estimates of safety risk to other users of the
sea over the next 100 years result in an estimate of annual PLL that is within the range regarded as
‘tolerable’.
In the short-term (perhaps 20-30 years), recent historical data may give a reasonable prediction of future
levels, and hence of future safety risks. Given the pace of changes in maritime technology and practices,
and the probable changes in both shipping levels and types, and fishing activity, predictions based on
recent trends are likely to quickly become out of date.
Recognising these uncertainties we propose, as part of our ongoing monitoring programme, to repeat the
assessment of safety risk to other users of the sea at regular intervals using the latest published data. This
would involve an examination of the most recent new data and trends on fishing activity and commercial
shipping activity, and an update of historical collision data. This would be used to re-model the risk and
provide another short-term prediction of the safety risk to other users of the sea. In this way a ‘rolling
programme’ of risk assessment could be established and maintained, based on short-term predictions that
were periodically updated and in which there might thus be a high degree of confidence. Given the pace
of technology development (e.g. satellite tracking, improvements in Navaids, unmanned fishing vessels),
it may be prudent to complete the first update about 10 years after the completion of the decommissioning
programme. Subsequent updates may be performed perhaps every 25 years, on a risk-based approach
determined by the pace of change. Such a rolling programme would, in due course, also take into account
the changing condition of the GBSs left in place on the seabed.
If any re-assessment showed that the level of risk was unacceptably high, we would consult with the
authorities and other users of the sea to consider what actions could or should be taken to mitigate the
revised risks.
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18.7

Long-term Fate of GBSs

All three GBSs will gradually degrade over time. As summarised in Section 12.4, it is likely that the legs
would degrade first and eventually fail at around sea level due to the increased stresses and impacts of
wave action at this level. Once the legs had degraded to below sea level, it is likely that the degradation
process would proceed more slowly. After perhaps 1000 years it is likely that all the legs will have
degraded, all the cell domes will have collapsed or been demolished by falling debris, and parts of the
vertical cell walls on the caissons will have degraded; most of the internal steel reinforcement will have
completely corroded away. All that would remain of the former GBSs would be large piles of broken and
degraded concrete, and if only exposed to the forces of waves and currents these might extend out to
perhaps 200 m from the installation and still rise some distance above the seabed (Figure 128).
Figure 128 Artist’s Impression of Final Condition of Degraded and Collapsed GBS.
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ACRONYMS AND GLOSSARY

ABEX

Abandonment Expenditure

AIS

Automatic Identification System

ALARP

As Low As Reasonably Practicable
Reasonably Practicable.

ASR

Alkali-Silica Reaction

BB, BC, BD

Brent Bravo, Brent Charlie,
Brent Delta

bbls

Barrels (about 159 litres or
0.16m3)

BDP

Brent Decommissioning Project

Biofouling

The accumulation of
microorganisms, plants, algae or
animals on submerged structures
in the sea

BEIS

Department for Business, Energy
and Industrial strategy

BN, BPN

Bayesian (Probability) Networks

C1, C2,
C3, C4

Column Identifier for Brent Charlie

CA

Comparative Assessment

CAF

Compressed Asbestos Fibre

CAPEX

Capital Expenditure. Cost of setting
up facilities to enable operations to
take place, in contrast to the OPEX

Caisson

The term used to describe the lower
part of the GBSs, containing the
storage cells. The legs extend from
the caisson up to the PGDS or the
Cellar Deck

Cells

Large chambers within the caisson
used to store oil or ballast water

Conductor
String

Consolidation Removal of water from soil (as
distinct from compaction which is
the removal of air from soil)
CO2

Carbon Dioxide

CoP

Cessation of Production

COWI

COWI Group Consultancy
(www.COWI.dk)

CPT

Cone Penetration Testing

DACS

Data Acquisition and Control
System, a combination of a Data
Acquisition System (DAS) and a
Programmable Logic Controller
(PLC)

DECC

Department of Energy and Climate
Change; (www.decc.gov.uk)

DE

Doris Engineering (www.dorisengineering.com)

Dome(s)

Top(s) of each individual storage
cell in the caisson of the gravity
based structure

Dowel

Part of the foundation of a Gravity
Based Structure used to keep the
structure in position during
installation onto the seabed

DP

Decommissioning Programme

Draw-down

The system and process which
maintains a difference in pressure
between the fluids inside the cells
and the surrounding sea. The cell
fluids are kept at a lower pressure
and the resultant compression force
on the caisson enhances its strength
and integrity

DTOO

Dr. Techn Olav Olsen
(www.olavolsen.no)

Cell Sediment Solid post-production residues
inside the storage cells
Cellar Deck

The particular term used for the
PGDS on Brent Charlie

CFD

Computational Fluid Dynamics

Condeep

Generic design of Bravo and Delta
by the Condeep Group

Conductor
(Pipe)

A large diameter pipe set into the
ground to provide a stable
structural foundation for a borehole
or well
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Dutyholders

UK health and safety law places
duties on a variety of people.
Primary dutyholders are operators
of production installations and
owners of non-production
installations. They are in overall
control of the installation and must
co-ordinate the health and safety
activities of all the companies and
personnel present

El

Elevation: the measure of the height
of a part of the structure above the
seabed

EIA

Environmental Impact Assessment

Environmental A description of the existing
Setting
state of the physical, chemical,
biological and socio-economic
environments in which an activity
would take place
ERRV

Emergency Response and Rescue
Vessel (www.errva.org.uk)

ES

Environmental Statement: The
document that presents the results
of the EIA

ESDV

Emergency Shutdown Valve

ESHIA

Environmental, Social and Health
Impact Assessment

FAR

Fatal Accident Rate

FEM

Finite Element Model

FishSAFE

An electronic means of alerting
vessels to the proximity of a
structure in the sea. FishSAFE is a
commercial fishing industry driven
safety program. (www.fishsafe.eu)

Freeboard

A nautical term describing, with
respect to the GBSs, the distance
from the waterline to the lowest
point where water may enter a
floating object

Free-surface
Effects

The effects – on stability, centre of
gravity, or righting moment – of the
uncontrolled movement of liquids or
mobile solids in a fully or partially
closed space

GBS

Gravity Base Structure(s): Otherwise
known as the ‘substructure’,
comprising legs and caisson

GBP

Pounds Sterling (UK)

GJ

Giga joules

GLND

Germanischer-Lloyd Noble Denton
(www.gl-nobeldenton.com)

GM

Metacentric Height – the vertical
distance between the centre of
gravity of a floating object and its
metacentre; the larger the value the
more stable the object will be

Grout

A general term for usually light,
pumpable cement that can be
introduced into pipes or complex
and/or confined spaces

GRP

Glass Reinforced Plastic

GTF

Gas-tight Floor

HLV

Heavy Lift Vessel (as distinct from
an SSCV); vessel designed to lift
and move very large loads

Hs,

Significant Wave Height, defined
as the mean wave height (trough to
crest) of the highest third of the
waves, H1/3

HSE

Health and Safety Executive
(www.hse.gov.uk)

HSSE

Health, Safety, Security and
Environment

IALA

International Association of Marine
Aids to Navigation and Lighthouse
Authorities (www.iala-aism.org)

ICES

International Council for the
Exploration of the Seas

IMPACT

Integrity of Manifolds, Pipework
and Cells Team

J-tube

A vertical conduit, usually running
from bottom to top of structure,
within which umbilical or (flexible)
pipe passes from seabed to
topside; it provides mechanical
protection to the item inside, from
the external environment, and
facilitates its installation

LAT

Lowest Astronomical Tide

Liquefaction

The process whereby soil saturated
with water under pressure loses its
coherence, strength and weightbearing capacity
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Metacentre

Minicell

The point at which a vertical line
from the centre of buoyancy of a
heeled or partially tipped vessel or
object passes through the line
between the centre of gravity and
centre of buoyancy of that vessel
when it was vertical
A cylindrical compartment inside
the utility legs on Brent Bravo and
Brent Delta that can be dewatered
to give access to inspect and
maintain the ballast (seawater)
system manifolds

Skirt

Parts of the foundation of a Gravity
Based Structure that protrude
several metres into the seabed to
prevent the structure from sliding

Spade

Equivalent of a blank flange that
can be used to isolate pipework

SRB

Sulphate Reducing Bacteria

SSCV

Semi-Submersible Crane Vessel

SSIV

Subsea Isolation Valve

Star Cell

See tri-cell

Surcharge

Material placed on the seabed to
strengthen or consolidate the soil

MN

1 MegaNewton = 1000 kN or
100 Metric tonnes

Te

The non-SI unit for a metric tonne,
1000kg

ODE

Offshore Design Engineering
Limited (www.ode-ltd.co.uk)

TPF

Technical Project Failure

OPEX

Operational Expenditure, the dayto-day costs of running a platform
or facility

Transition
Cone or
Piece

Structure installed on top of the ring
beam that acts as an interface with
the PGDS

Performance

In this report, a generic term used
to denote either (i) the results for an
option in a particular sub-criterion;
or (ii) the overall result for an option
across all the selected sub-criteria

Tri-cell

On Bravo and Delta, the void
where any three individual storage
cells intersect; on Charlie the void
between the walls of the cells and
the legs

PGDS

Plate Girder Deck Structure, the
steel frame fixed to the tops of the
GBS legs that supports the topsides

Tritiated

A radioactive form of water

UKCS

United Kingdom Continental Shelf

UKHO

United Kingdom Hydrographic
Office (www.ukho.gov.uk)

UKOOA

United Kingdom Offshore
Operators’ Association, now Oil
and Gas UK

ULS

Ultimate Limit State. Among other
criteria, the ULS is an agreed
condition that must be fulfilled
in order to comply with the
engineering demands for strength
and stability under design loads
A structure is deemed to satisfy the
ultimate limit state criterion if all
factored bending, shear and tensile
or compressive stresses are below
the factored resistances calculated
for the section under consideration

PLL

Potential Loss of Life; an estimate of
the number of fatalities that could
occur whilst undertaking a defined
amount of work

PoTPF

Probability of Technical Project
Failure

PVC

Polyvinyl Chloride

Racon

Marine Radar Beacon

RF

Recoverable Failure

Ring Beam

Heavily reinforced ring at the top of
the leg to which the transition piece
(or cone) is attached

SD

Sustainable Development

SeaTank

Type of design used for the Brent
Charlie substructure

SGBP

Shell General Business Principles

Shaft

Alternative name for the legs of
the GBSs
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APPENDIX 1

MAIN STEPS IN THE PROGRAMME OF WORK TO REFLOAT AND
DISMANTLE THE BRENT BRAVO AND DELTA GBSS

Step R1: Inspection, Testing and Engineering







Gather data on installation condition
Estimate weight and Centre of Gravity (CoG)
Assess hydrodynamic behaviour
Assess geotechnical issues (soil conditions)
Perform structural simulations with Finite-element Model (FEM)
Perform laboratory test of critical elements

Step R2A: Remove of Debris and Drill Cuttings





Remove sediments in utility leg (small amount in annulus from operation and spillages over time)
Remove debris and drill cuttings from cell tops and on seabed around base of structure
Deploy diver to cell-tops and recover large debris items (e.g. scaffold assemblies)
Deploy diver and ROV to cell tops and load small debris into basket

Step R2B: Disconnect Pipelines (note, not modelled since common to all options)



Disconnect the pipelines
Remove spool pieces

Step 3A: Remove Internal Steel and Plug Penetrations (Drilling Legs – Wet)









Install life support systems
Remove the conductors to level needed
Remove conductor guide frames to gain access (if possible)
Remove the internal risers and J-tubes (could cause water tight integrity problem to remove – might not
be necessary)
Remove the drill cuttings from the drilling legs down to El +15.8 m
Plug conductor penetrations (using the ‘umbrella’ principle)
Plug the riser penetrations (Delta only)
Plug penetrations in drilling legs (used for thermal circulation of water, cooling penetrations). In each
drilling leg: 3 at 84 m below LAT and 3 at 14 m below LAT (external with divers) (Delta only)

Step 3B: Verify Plugging in the Drilling Legs
 Verify the plugging of the conductor penetrations (refer to Note)
 Verify the plugging of the penetrations used for thermal circulation (refer to Note) (Delta only)
 Verify the plugging of the riser penetrations (refer to Note) (Delta only)
Note:
Verification of the success of the sealing arrangement performed by lowering the water level in
the legs. The water level during verification depends on the water level needed in the refloat
phase and the magnitude of the hydraulic jacking pressure.
Step 4A: Plug Penetrations in the Utility Leg – Dry
 Reinstate the life support systems (refer to Note)
 Draw down water in minicell
 Plug penetrations between cells and utility leg (individual cell plugging necessary)
 Plug penetrations between cells and minicell
Note:
Life support systems: gas detection (H2S), ventilation, lighting, breathing air and flood recovery
methods.
Step 4B: Verify Plugging in the Utility Leg



Verify the plugging in the utility leg
Verify the plugging in the minicell
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Step 5: Remove Selected External Steel
 Remove selected external steel (refer to Note) via the topside facilities
 Position crane hook with strops near worksite
 Attach strops to item to be removed
 Perform cutting operation to detach item
 Recover item to surface using crane
Note:
Includes risers and pipelines close to GBS but not remote from structure.
Step 6A: Install New Systems



Remove marine growth at splash zone
Install instrumentation (underbase and caisson pressure measurement instrumentation, bi-axial and
draught measurement instrumentation)
 Make hot tap penetrations through the upper domes (for external ballast water control system)
 Install new external ballast water control system and caisson over-pressurisation system (one package)
 Install dropped object protection to protect the hot tap penetrations
 Install of an underbase water injection system
 Install pennants for towing and mooring points. Install main control and power module
Some of these operations could be performed after removing the topsides.
Step 6B: Verify and Test New Systems






Verify and test ballast water system
Verify and test caisson over-pressurisation system
Verify and test underbase water injection system
Verify towing points
Calibrate monitoring systems.

Step 7: Remove Topside Modules









Disconnect process and electrical equipment
Decontaminate process equipment
Disconnect topsides module structures including drilling derrick and cranes in preparation for lifting
operation
Prepare topsides modules including drilling derrick and cranes ready for lifting operation
Lift topsides modules, drilling derrick and cranes
Secure topsides modules on barge
Install mini module
Install accommodation vessel (flotel) and bridges

Step 8: Deballasting



Flush storage cell water into a tanker
Deballast cells to El +22 m (+29 m on Bravo) and legs compartments to approximately El +47 m
(+58 m on Bravo) to obtain near neutral buoyancy
 Pressurise storage cells with 5barg (assumed needed)
 Stand-by to check for leakage
 Connect skirt compartment to outside
 Wait for soil resistance to decrease
 Re-ballast cells and legs compartments to safe foundation configuration in case of a 100 year winter
storm (contingency requirement)
The duration of this phase is currently estimated to be anywhere between 3 weeks and 3 months.
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Step 9: Refloat






Connect GBS to towing vessels
De-man the installation
Short-term underbase water injection (hydraulic jacking)
Resume deballasting of leg compartments
Refloat (during refloat depressurisation phase would be needed to release the overpressure from inside
the caisson)

Step 10: Tow the GBS


Tow the GBS to nearshore mooring site

Step 11: Arrival and Setup






Moor the GBS
Disconnect umbilical lines and ballast-module (this results in a period without power/monitoring)
Transfer control-module from structure to barge. This module supplies power, ballast control and
compressed air
Attach new umbilical lines between module and ballast system (cells and legs)
Remove dowels. The dowels would be cut free above the bottom of the skirt level with bespoke
diamond wire cutting tool (ROV operated)

Step 12: Remove the PGDS









Draught equal to towing draught; 86 m to skirt tips (110 m for Bravo)
Access PGDS via the utility leg
Setup scaffolding on the three legs
Setup temporary stiffening within deck structure. Use three cranes
Remove the PGDS in a series of lift (shear leg crane)
Number of lifts: Deck pancakes: 10. End plate girders: 2. Intermediate plate girders: 12. Utility Leg 1
section: 1. Drill leg 3 section: 1. Drill leg 5 section: 1. (Total PGDS weight 7700 Te). (7930 Te Bravo)
Disconnect the three final sections by diamond wire cutting
Cut through the 0.5 m of concrete above the ring beam

Step 13: Dismantle the legs










Drill holes in the leg to thread the diamond wire
Cut in sections below 1000 tons. 4 cuts per section. 13 sections per leg
Duration: cut and lift cycle 3 days, where the cutting part lasts half a day
Steelwork, piping and equipment are attached to the sections
The first five sections are cut while the upper cell domes are below LAT
Deballast. Depressurisation if necessary (not likely)
Cut the final eight sections while the upper cell domes are above LAT
Oily water management system to be used during deballasting
Hydrogen Sulphide management system

Step 14: Remove the Caisson Top






Remove of the remaining ballast water
If necessary, remove drill cuttings and debris from top of caisson
Remove pumps (if installed externally)
Perform straight vertical cuts – to separate the upper domes from the adjacent domes or legs (to prepare
for diamond wire cuts)
Use full circumferential cuts with single (diamond) wire (no need for access inside the caissons with
upper dome in place)

Page | 229

BRENT BRAVO, CHARLIE AND DELTA GBS DECOMMISSIONING
TECHNICAL DOCUMENT
Step 15: Remove Lower Leg Equipment




J-tubes (drilling legs)
Two to three levels of conductor bracings (drilling legs)
Pipe-work, manifolds, kits, valves (minicell, utility leg)

Step 16: Clean the Caisson





Setup scaffolding inside the caissons
Remove content on walls, using hot water (may be dealt with onshore, if cleaning shows problematic)
Remove the scaffolding
Remove the bottom sludge

Step 17: Dismantle the Caisson







Remove the internal tri-cell walls by means of three vertical and one horizontal diamond wire cuts
Keep inner walls above water line if possible during dismantling (avoid cantilever effect)
Dismantle the bottom slabs above the solid ballast (ballast believed to be olivine, otherwise known as
magnesium iron silicate)
Remove solid ballast (when lowest draught is achieved)
Feed the material onto conveyor belts using excavators and decommissioning of the materials into bulks
carriers
Continue dismantling of the walls

Step 18: Construct a Dry Dock


Construct a dry dock, if no available dry dock meets the requirements

Step 19: Tow to Dry Dock
 Attach towing lines
 Fill the skirts with compressed air (achieve a draught of 10 to 11m)
 Tow to dry dock
Note:
Assumes that the underbase water injection system would be used to fill the skirts with
compressed air.
Step 20: Dismantle in Dry Dock


Dismantle the structure using hydraulic hammers, crushers, and shears, when in the dry dock
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APPENDIX 2
Charlie

MAIN STEPS IN THE PROGRAMME OF WORK TO REFLOAT AND
DISMANTLE THE BRENT CHARLIE GBS
Complete Removal by Refloat, Tow and Nearshore Dismantling

Step R1

Inspection, Testing and Engineering
 Data gathering
 Installation condition
 Weight and Centre of Gravity (CoG) estimation
 Assessment of hydrodynamic behaviour
 Assessment of geotechnical issues (soil conditions)
 Perform structural simulations with Finite-element Model (FEM)
 Perform lab-test and modelling of critical elements

Step R2A

Remove Debris and Drill Cuttings
 Removal of debris and drill cuttings from cell tops and vicinity of base slab
 Deploy diver to cell-tops and recover large debris items (e.g. scaffold assemblies)
 Deploy diver and ROV to cell tops and load small debris into basket

Step R2B

Disconnect Pipelines
 Disconnection of pipelines
 Removal of spool pieces

Step R3A

Plug Conductor Penetrations
 Plug and abandon wells
 Remove the conductors to level needed
 Plugging of conductor penetrations

Step R3B

Verify Plugging
 Verification of the plugging of the conductor penetrations
Note:
Verification of the success of the sealing arrangement would need to be
performed by applying a testing procedure. Testing is done by lowering the
water level in leg C1. In the case of a leak the conductors would need to be
tested individually.

Step R4

Plug Penetrations in columns
 Reinstatement of life support systems
 Plug water inlets in the legs
Note:
Life support systems include: gas detection (H2S), ventilation and lighting,
breathing air and flood recovery methods.

Step R5

Remove Selected External Steel
 Remove selected external steel including caissons, disposal caisson and conductor
guide frame
 Position crane hook with strops near worksite
 Attach strops to item to be removed
 Perform cutting operation to detach item
 Recover item to surface using crane
 Items are removed using topside facilities
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Charlie

Complete Removal by Refloat, Tow and Nearshore Dismantling

Step R6

Install New Systems
 Removal of marine growth at splash zone (This is to avoid damage and chaffing to
any new hoses and umbilical systems installed as part of any new ballast system)
 Install instrumentation (underbase and caisson pressure measurement instrumentation,
bi-axial and draught measurement instrumentation)
 Make hot tap penetrations through caisson roofs (for external ballast water control
system)
 Install new external ballast water control system and caisson over-pressurisation
system as one package
 Install dropped object protection to protect the hot tap penetrations
 Install an underbase water injection system. Use existing pipes if practicable
 Installation of pennants for towing and mooring points. Install main control and
power module
Note:
Some of these operations could be performed after removing the topsides.

Step R7

Remove Topside Modules
 Disconnect process and electrical equipment
 Decontaminate process equipment
 Disconnect topsides module structures including drilling derrick and cranes in
preparation for lifting operation
 Prepare topsides modules including drilling derrick and cranes ready for lifting
operation
 Lift topsides modules, drilling derrick and cranes
 Secure topsides modules on barge
 Install mini module
 Install accommodation vessel (flotel) and bridges
Note:
The weight of the remaining Cellar Deck would be 6831 tons. After
installing the ballast control module the weight would increase to
approximately 9331 tons.

Step R8

Deballast
 Flush ballast or storage cell water into a tanker
 Deballast cells to El. +31 m and the legs to approx. El. +3 m to obtain near neutral
buoyancy
 Pressurize the caisson with 3barg
 Stand-by to check for leakages
 Re-ballast cells and leg compartments to safe foundation configuration in case of a
100 year winter storm (contingency requirement)
Note:
The datum for ballast water is from the underside of the base slab. This
means that approximately 28 metres of water would remain in the caisson
while the legs would virtually be emptied of water.

Step R9

Refloat
 Connect GBS to towing vessels
 De-man the installation
 Apply pressure underneath the base slab by injecting water underneath until the
GBS rises and the pressure is lost
 Resume deballasting of GBS cells
 Refloat
 Depressurise the caisson
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Charlie

Complete Removal by Refloat, Tow and Nearshore Dismantling

Step R10

Tow the GBS
 Tow the GBS to nearshore mooring site

Step R11

Arrival and Setup
 Mooring of the GBS
 Disconnect umbilical lines and ballast-module (this results in a period without
power/monitoring)
 Transferring of control-module from structure to barge. This module supplies power,
ballast control and compressed air
 Attach new umbilical lines between new ballast system module, cells and legs
Note:
The work required during this phase would heavily depend on how the
temporary ballast systems are configured.

Step R12

Removal of Cellar Deck
 Draught equal to towing draught; 110 m to skirt tips
 Access to Cellar Deck
 Setup scaffolding on the four legs
 Setup temporary stiffening within deck structure. Provide four cranes
 Remove the Cellar Deck in a series of lift with shear-leg crane. (Total Cellar Deck
weight 6831 Te)
 Disconnect the three final sections by diamond wire cutting. Cut through the
concrete ring beam immediately above the pre-stress tendons anchorages under the
steel transition base plate

Step R13

Leg










Step R14

Caisson Top Removal
 Remove of the remaining ballast water
 Clean caisson top if needed, to remove residual drill cuttings, debris, etc. Remove
pumping and pressurisation equipment penetrating each of the cells. Perform
straight vertical cuts – to separate the roofs from the adjacent legs
 Roofs or legs to prepare for diamond wire cuts
 Remove caisson roof sections as a single unit using diamond wire, thereby reducing
the need for access inside the caissons with the roofs in place

Step R15

Remove Lower Leg Equipment
 Equipment includes pipe-work, manifolds, valves

Step R16

Caisson Cleaning
 Setup scaffolding inside the caissons
 Removal of content on walls, using hot water; may be dealt with onshore,
if cleaning shows problematic
 Remove the scaffolding
 Removal of any bottom sludge (sediment) inside the storage cells

Dismantling
Drill holes in the column to thread the diamond wire
Cut in sections below 1000 tons. 4 cuts per section
Duration: cut and lift cycle 3 days, where the cutting part lasts half a day
Steelwork, piping and equipment are attached to the sections
The first sections are cut while the upper cell roofs are below LAT
Deballast
Cut the final section, while the upper cell roofs are above LAT
Oily water management system to be used during deballasting
Hydrogen Sulphide management system
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Charlie

Complete Removal by Refloat, Tow and Nearshore Dismantling

Step R17

Caisson Dismantling
 Keep inner walls above water line if possible during dismantling to avoid ‘cantilever
effect’
 Remove concrete solid ballast at lowest draught
 Feed material onto conveyor belts using excavators and dispose of material into
bulk carriers
 Continue dismantling the walls

Step R18

Dry Dock Construction
 Construct a dry dock if no available dry dock meets the requirements

Step R19

Tow to Dry Dock
 Attach towing lines
 Tow to dry dock

Step R20

Dismantle Remainder of Structure in Dry Dock
 Dismantle the structure using hydraulic hammers, crushers, shears, etc
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APPENDIX 3
Condeeps

MAIN STEPS IN THE PROGRAMME OF WORK TO COMPLETE OPTION
1 PARTIAL REMOVAL FOR THE BRENT BRAVO AND DELTA GBSS
Option 1 Partial Removal

Step PD1

Inspection, Testing and Engineering
 ROV-survey tops of cells and adjacent seabed to record extent and types of debris
 ROV-inspect penetrations to confirm arrangements and identify anomalies. Design
equipment and plan procedures for removal of selected external steelwork
 Design and test cutting tool

Step PD2

Remove Conductors
 Plug and abandon wells
 Assume conductors cut to near top of the drill cuttings pile to minimise the
disturbance

Step PD3

Remove Debris
 Remove sediments in legs
 Remove debris and drill cuttings from cell tops and vicinity of base slab. Deploy
diver to cell-tops and recover large debris items (e.g. scaffold assemblies)
 Deploy diver and ROV to cell tops and load small debris into basket

Step PD4

Remove Selected External Steelwork
 Remove selected external steel using the topside facilities. Position crane hook with
strops near worksite. Attach strops to item to be removed
 Perform cutting operation to detach item. Recover item to surface using crane

Step PD5

Plug Leg Penetrations where Required
 Diver working externally removes any local obstruction and marine growth from leg
faces local to penetrations as necessary
 Diver working externally installs blind flanges to form grout plug. Inject grout into all
seal enclosures

Step PD6

Prepare hardware
 Remove pumps and other major items located in the legs
 Make safe remaining support structures and equipment inside the legs. Open
hatches in gas-tight floors to enable flooding
 Flood legs and decommission drawdown
 Install lifting gear and rigging to support platform on top of the legs

Step PD7

Remove Topside
 Disconnect process and electrical equipment. Decontaminate process equipment
 Disconnect topside module structures including drilling derrick and cranes in
preparation for lifting operation
 Prepare topside modules including drilling derrick and cranes ready for lifting
operation
 Lift topside modules including drilling derrick and cranes
 Secure topside modules on barge
 Install accommodation vessel (flotel) and bridges
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Condeeps

Option 1 Partial Removal

Step PD8

Remove PGDS
 Disconnect the PGDS by diamond wire cutting (multiple cuts)
 Remove PGDS as a single lift
 Remove any significant remnant of steelwork piece-small
 The weight of the PGDS including the Cellar Decks is currently estimated to be
approximately 7930 Te

Step PD9

Prepare for Leg Cutting
 Mark cutting level on outside circumference of leg

Step PD10/11

Cut, Hook-up and Transport (repeated three times)
 Continuously monitor weather
 Obtain good weather window forecast (every 6 hours is usual). Launch diamond
wire cutting tool from support vessel; attach cutting tool to leg
 Cut approximately 50% of leg diameter
 Verify that weather window is stable. Cut the remaining part of the leg; attach heavy
lift crane barge to leg
 Lift leg
 Transport leg to nearshore location
 Place leg on prepared plinth adjacent to quayside

Step PD12

Dismantle Legs
 Dismantle the leg sections using hydraulic hammers, crushers, and shears

Step PD13

Dispose of Legs
 Disposal and/or recycling of materials as appropriate
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APPENDIX 4
Charlie

MAIN STEPS IN OPTION 1 PARTIAL REMOVAL FOR THE
BRENT CHARLIE GBS
Option 1 Partial Removal

Step PD1

Inspection, Testing and Engineering
 ROV-survey tops of cells and adjacent seabed to record extent and types of debris
 ROV-inspect penetrations to confirm arrangements and identify anomalies
 Design equipment and plan procedures for removal of selected external steelwork
items, including design of temporary support of CGF
 Design and test of cutting tool
 Detailed design of restraining system and test of mooring points

.Step PD2

Remove Conductors
 Plug and abandon wells
 Assume conductors cut to near top of the drill cuttings to minimise the disturbance
 Sever the connection to Penguin tie-back
 Remove the conductors via the topside facilities

Step PD3

Remove Debris
 Remove sediments in legs
 Remove debris and drill cuttings from cell tops and vicinity of base slab. Deploy
diver to cell-tops and recover large debris items (e.g. scaffold assemblies)
 Deploy diver and ROV to cell tops and load small debris into basket

Step PD4

Remove Selected External Steelwork
 Remove selected external steel via the topside facilities. Position crane hook with
strops near worksite. Attach strops to item to be removed
 Perform cutting operation to detach item. Recover item to surface using crane

Step PD5

Plug Leg Penetrations where Required
 Diver working externally removes any local obstruction and marine growth from leg
faces local to penetrations as necessary
 Diver working externally installs blind flanges to form grout plug. Inject grout into all
seal enclosures

Step PD6

Prepare Hardware
 Remove pumps and other major items located in the legs
 Make safe remaining support structures and equipment inside the legs. Open
hatches in gas tight floors to enable flooding
 Flood legs and decommission drawdown
 Install lifting gear and rigging support platform on top of the legs

Step PD7

Remove Topside
 Disconnect process and electrical equipment
 Decontaminate process equipment
 Disconnect topside module structures including drilling derrick and cranes in
preparation for lifting operation
 Prepare topside modules including drilling derrick and cranes ready for lifting
operation
 Lift topside modules including drilling derrick and cranes
 Secure topside modules on barge
 Install accommodation vessel (flotel) and bridges
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Charlie

Option 1 Partial Removal

Step PD8

Remove Cellar Deck and Conductor Guide Frame
 Disconnect the Cellar Deck by diamond wire cutting (multiple cuts)
 Remove top Conductor Guide Frame (CGF) as part of Cellar Deck removal
 Remove Cellar Deck as a single lift
 Install temporary supports for CGF and slings for raising and lifting
 Pre-cut or remove diagonals framing into ring beam supports
 Cut the main supports
 Raise CGF to above LAT
 Transfer weight of CGF to crane, lift and lower on barge
 Remove any significant remnant steelwork piece-small
 The weight of the Cellar Decks estimated to be approximately 6830 tons

Step PD9

Prepare for Leg Cutting
 Mark of cutting level on outside circumference of leg
 Install restraining system

Step PD10/11

Cut, hook-up and Transport (repeated four times on BC)
 Continuously monitor weather
 Obtain good weather window forecast (every 6 hours is usual)
 Launch cutting tool (diamond wire tool) from support vessel
 Attach cutting tool to leg
 Cut leg approximately 50% of diameter
 Verify that weather window is stable
 Cut the remaining part of the leg; attach heavy lift crane barge to leg
 Release restraint system
 Lift leg
 Transport to nearshore location
 Place leg on pre-prepared plinth adjacent to quayside

Step PD12

Dismantle the Legs
 Dismantle the leg sections using hydraulic hammers, crushers, and shears

Step PD13

Dispose of the Legs
 Dispose of or recycle materials as appropriate
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APPENDIX 5

BRENT BRAVO GBS TOTAL WEIGHTED SCORES UNDER EACH
SUB-CRITERION AND DECC CRITERIA UNDER THE SET WEIGHTING
SCENARIOS

Scenario 1: DECC Five Main Criteria
Option 1
Partial Removal to
-55 m by SSCV
Weight

Option 2
Leave in Place

Weighted Score across Sub-criteria

Safety risk to offshore project
personnel

6.7%

5.73

6.66

Safety risk to other users of the sea

6.7%

6.03

3.13

Safety risk to onshore project
personnel

6.7%

6.62

6.67

Operational environmental impacts

5.0%

4.25

5.00

Legacy environmental impacts

5.0%

2.00

1.00

Energy use (GJ)

5.0%

0.26

1.40

Gaseous emissions (CO2)

5.0%

0.25

1.13

20.0%

12.00

20.00

Technical feasibility
Effects on commercial fisheries (£)

6.7%

Employment

6.7%

1.05

0.01

Impact on communities

6.7%

0.33

6.67

20.0%

16.84

19.98

100.2%

55.36

71.65

2

1

Cost (£)
Total
Rank

Total Weighted Score across DECC Criteria
Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

18.37

16.46

6.67

8.53

12.00

20.00

1.39

6.68

20%

Safety

20%

Environmental

20%

Technical

20%

Societal

20%

Economic

16.84

19.98

Total

55.36

71.65

Rank

2

1
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Scenario 2: Weighted to Safety
Option 1
Partial Removal to
-55 m by SSCV
Weight

Option 2
Leave in Place

Weighted Score across Sub-criteria

Safety risk to offshore project
personnel

13.3%

11.44

13.30

Safety risk to other users of the sea

13.3%

12.05

6.26

Safety risk to onshore project
personnel

13.3%

13.23

13.33

Operational environmental impacts

3.8%

3.19

3.75

Legacy environmental impacts

3.8%

1.50

0.75

Energy use (GJ)

3.8%

0.20

1.05

Gaseous emissions (CO2)

3.8%

0.19

0.85

15.0 %

9.00

15.00

Technical feasibility
Effects on commercial fisheries (£)

5.0%

Employment

5.0%

0.79

0.00

Impact on communities

5.0%

0.25

5.00

15.0%

12.63

14.99

100.1%

64.46

74.28

2

1

Cost (£)
Total
Rank

Total Weighted Score across DECC Criteria
Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

36.72

32.90

40%

Safety

15%

Environmental

5.07

6.40

15%

Technical

9.00

15.00

15%

Societal

1.04

5.00

15%

Economic

12.63

14.99

Total

64.46

74.28

Rank

2

1
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Scenario 3: Weighted to Environment

Weight

Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

Weighted Score across Sub-criteria
Safety risk to offshore project
personnel

5.0%

4.29

4.99

Safety risk to other users of the sea

5.0%

4.52

2.35

Safety risk to onshore project
personnel

5.0%

4.96

5.00

Operational environmental impacts

10.0%

8.50

10.00

Legacy environmental impacts

10.0%

4.00

2.00

Energy use (GJ)

10.0%

0.53

2.79

Gaseous emissions (CO2)

10.0%

0.50

2.26

Technical feasibility

15.0%

9.00

15.00

Effects on commercial fisheries (£)

5.0%

Employment

5.0%

0.79

0.00

Impact on communities

5.0%

0.25

5.00

15.0%

12.63

14.99

100.0%

49.97

64.38

2

1

Cost (£)
Total
Rank

Total Weighted Score across DECC Criteria
Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

15%

Safety

13.77

12.34

40%

Environmental

13.52

17.05

15%

Technical

9.00

15.00

15%

Societal

1.04

5.00

15%

Economic

12.63

14.99

Total

49.97

64.38

Rank

2

1
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Scenario 4: Weighted to Technical
Option 1
Partial Removal to
-55 m by SSCV
Weight

Option 2
Leave in Place

Weighted Score across Sub-criteria

Safety risk to offshore project
personnel

5.0%

4.29

4.99

Safety risk to other users of the sea

5.0%

4.52

2.35

Safety risk to onshore project
personnel

5.0%

4.96

5.00

Operational environmental impacts

3.8%

3.19

3.75

Legacy environmental impacts

3.8%

1.50

0.75

Energy use (GJ)

3.8%

0.20

1.05

Gaseous emissions (CO2)

3.8%

0.19

0.85

40.0%

24.00

40.00

Technical feasibility
Effects on commercial fisheries (£)

5.0%

Employment

5.0%

0.79

0.00

Impact on communities

5.0%

0.25

5.00

15.0%

12.63

14.99

100.2%

56.52

78.73

2

1

Cost (£)
Total
Rank

Total Weighted Score across DECC Criteria
Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

13.77

12.34

5.07

6.40

24.00

40.00

1.04

5.00

15%

Safety

15%

Environmental

40%

Technical

15%

Societal

15%

Economic

12.63

14.99

Total

56.52

78.73

Rank

2

1
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Scenario 5: Weighted to Societal

Weight

Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

Weighted Score across Sub-criteria
Safety risk to offshore project
personnel

5.0%

4.29

4.99

Safety risk to other users of the sea

5.0%

4.52

2.35

Safety risk to onshore project
personnel

5.0%

4.96

5.00

Operational environmental impacts

3.8%

3.19

3.75

Legacy environmental impacts

3.8%

1.50

0.75

Energy use (GJ)

3.8%

0.20

1.05

Gaseous emissions (CO2)

3.8%

0.19

0.85

Technical feasibility

15.0%

9.00

15.00

Effects on commercial fisheries (£)

13.3%

Employment

13.3%

2.10

0.01

Impact on communities

13.3%

0.67

13.33

Cost (£)

15.0%

12.63

14.99

100.1%

43.25

62.06

2

1

Total
Rank

Total Weighted Score across DECC Criteria
Option 1
Partial Removal to 55 m by SSCV

Option 2
Leave in Place

13.77

12.34

15%

Safety

15%

Environmental

5.07

6.40

15%

Technical

9.00

15.00

40%

Societal

2.77

13.34

15%

Economic

12.63

14.99

Total

43.25

62.06

Rank

2

1
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Scenario 6: DECC Five Main Criteria without Economic

Weight

Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

Weighted Score across Sub-criteria
Safety risk to offshore project
personnel

6.7%

5.75

6.66

Safety risk to other users of the sea

6.7%

6.03

3.13

Safety risk to onshore project
personnel

6.7%

6.62

6.67

Operational environmental impacts

5.0%

4.25

5.00

Legacy environmental impacts

5.0%

2.00

1.00

Energy use (GJ)

5.0%

0.26

1.40

Gaseous emissions (CO2)

5.0%

0.25

1.13

20.0%

12.00

20.00

Technical feasibility
Effects on commercial fisheries (£)

6.7%

Employment

6.7%

1.05

0.01

Impact on communities

6.7%

0.33

6.67

20.0%

0.00

0.00

80.02%

38.52

51.66

2

1

Cost (£)
Total
Rank

Total Weighted Score across DECC Criteria
Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

18.37

16.46

6.76

8.53

12.00

20.00

20%

Safety

20%

Environmental

20%

Technical

20%

Societal

1.39

6.68

20%

Economic

0.00

0.00

Total

38.52

51.66

Rank

2

1

Note:

In this weighting scenario, to preserve the spread of the weightings across the other sub-criteria the
sub-criterion ‘cost’ retains a weighting of 20% but all the options are accorded a cost of ‘nil’; this
means that cost does not contribute to the overall weighted score of an option.
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APPENDIX 6

BRENT CHARLIE TOTAL WEIGHTED SCORES UNDER EACH
SUB-CRITERION AND DECC CRITERIA UNDER THE SET WEIGHTING
SCENARIOS

Scenario 1: DECC Five Main Criteria

Weight

Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

Weighted Score across Sub-criteria
Safety risk to offshore project
personnel

6.7%

6.10

6.66

Safety risk to other users of the sea

6.7%

5.98

4.44

Safety risk to onshore project
personnel

6.7%

6.63

6.67

Operational environmental impacts

5.0%

4.25

5.00

Legacy environmental impacts

5.0%

2.00

1.00

Energy use (GJ)

5.0%

0.65

1.44

Gaseous emissions (CO2)

5.0%

0.44

1.07

20.0%

10.00

20.00

Technical feasibility
Effects on commercial fisheries (£)

6.7%

Employment

6.7%

0.59

0.01

Impact on communities

6.7%

0.67

6.67

20.0%

18.22

19.98

100.2%

55.54

72.94

2

1

Cost (£)
Total
Rank

Total Weighted Score across DECC Criteria
Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

18.72

17.76

7.34

8.51

10.00

20.00

1.26

6.68

20%

Safety

20%

Environmental

20%

Technical

20%

Societal

20%

Economic

18.22

19.98

Total

55.54

72.94

Rank

2

1
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Scenario 2: Weighted to Safety

Weight

Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

Weighted Score across Sub-criteria
Safety risk to offshore project
personnel

13.3%

12.20

13.30

Safety risk to other users of the sea

13.3%

11.96

8.87

Safety risk to onshore project
personnel

13.3%

13.25

13.33

Operational environmental impacts

3.8%

3.19

3.75

Legacy environmental impacts

3.8%

1.50

0.75

Energy use (GJ)

3.8%

0.49

1.08

Gaseous emissions (CO2)

3.8%

0.33

0.80

15.0 %

7.50

15.00

Technical feasibility
Effects on commercial fisheries (£)

5.0%

Employment

5.0%

0.45

0.00

Impact on communities

5.0%

0.50

5.00

15.0%

13.66

14.99

100.1%

65.03

76.88

2

1

Cost (£)
Total
Rank

Total Weighted Score across DECC Criteria
Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

37.41

35.50

40%

Safety

15%

Environmental

5.51

6.39

15%

Technical

7.50

15.00

15%

Societal

0.95

5.00

15%

Economic

13.66

14.99

Total

65.03

76.88

Rank

2

1
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Scenario 3: Weighted to Environment

Weight

Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

Weighted Score across Sub-criteria
Safety risk to offshore project
personnel

5.0%

4.58

4.99

Safety risk to other users of the sea

5.0%

4.48

3.33

Safety risk to onshore project
personnel

5.0%

4.97

5.00

Operational environmental impacts

10.0%

8.50

10.00

Legacy environmental impacts

10.0%

4.00

2.00

Energy use (GJ)

10.0%

1.30

2.88

Gaseous emissions (CO2)

10.0%

0.88

2.15

Technical feasibility

15.0%

7.50

15.00

Effects on commercial fisheries (£)

5.0%

Employment

5.0%

0.45

0.00

Impact on communities

5.0%

0.50

5.00

15.0%

13.66

14.99

100.0%

50.83

65.33

2

1

Cost (£)
Total
Rank

Total Weighted Score across DECC Criteria
Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

15%

Safety

14.03

13.32

40%

Environmental

14.69

17.03

15%

Technical

7.50

15.00

15%

Societal

0.95

5.00

15%

Economic

13.66

14.99

Total

50.83

65.33

Rank

2

1
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Scenario 4: Weighted to Technical
Option 1
Partial Removal to
-55 m by SSCV
Weight

Option 2
Leave in Place

Weighted Score across Sub-criteria

Safety risk to offshore project
personnel

5.0%

4.58

4.99

Safety risk to other users of the sea

5.0%

4.48

3.33

Safety risk to onshore project
personnel

5.0%

4.97

5.00

Operational environmental impacts

3.8%

3.19

3.75

Legacy environmental impacts

3.8%

1.50

0.75

Energy use (GJ)

3.8%

0.49

1.08

Gaseous emissions (CO2)

3.8%

0.33

0.80

40.0%

20.00

40.00

Technical feasibility
Effects on commercial fisheries (£)

5.0%

Employment

5.0%

0.45

0.00

Impact on communities

5.0%

0.50

5.00

15.0%

13.66

14.99

100.2%

54.15

79.69

2

1

Cost (£)
Total
Rank

Total Weighted Score across DECC Criteria
Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

14.03

13.32

5.51

6.39

20.00

40.00

0.95

5.00

15%

Safety

15%

Environmental

40%

Technical

15%

Societal

15%

Economic

13.66

14.99

Total

54.15

79.69

Rank

2

1
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Scenario 5: Weighted to Societal

Weight

Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

Weighted Score across Sub-criteria
Safety risk to offshore project
personnel

5.0%

4.58

4.99

Safety risk to other users of the sea

5.0%

4.48

3.33

Safety risk to onshore project
personnel

5.0%

4.97

5.00

Operational environmental impacts

3.8%

3.19

3.75

Legacy environmental impacts

3.8%

1.50

0.75

Energy use (GJ)

3.8%

0.49

1.08

Gaseous emissions (CO2)

3.8%

0.33

0.80

Technical feasibility

15.0%

7.50

15.00

Effects on commercial fisheries (£)

13.3%

Employment

13.3%

1.19

0.01

Impact on communities

13.3%

1.33

13.33

Cost (£)

15.0%

13.66

14.99

100.1%

43.22

63.03

2

1

Total
Rank

Total Weighted Score across DECC Criteria
Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

14.03

13.32

15%

Safety

15%

Environmental

5.51

6.39

15%

Technical

7.50

15.00

40%

Societal

2.52

13.34

15%

Economic

13.66

14.99

Total

43.22

63.03

Rank

2

1
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Scenario 6: DECC Five Main Criteria without Economic

Weight

Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

Weighted Score across Sub-criteria
Safety risk to offshore project
personnel

6.7%

6.10

6.66

Safety risk to other users of the sea

6.7%

5.98

4.44

Safety risk to onshore project
personnel

6.7%

6.63

6.67

Operational environmental impacts

5.0%

4.25

5.00

Legacy environmental impacts

5.0%

2.00

1.00

Energy use (GJ)

5.0%

0.65

1.44

Gaseous emissions (CO2)

5.0%

0.44

1.07

20.0%

10.00

20.00

Technical feasibility
Effects on commercial fisheries (£)

6.7%

Employment

6.7%

0.59

0.01

Impact on communities

6.7%

0.67

6.67

20.0%

0.00

0.00

80.02%

37.32

52.95

2

1

Cost (£)
Total
Rank

Total Weighted Score across DECC Criteria
Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

18.72

17.76

7.34

8.51

10.00

20.00

20%

Safety

20%

Environmental

20%

Technical

20%

Societal

1.26

6.68

20%

Economic

0.00

0.00

Total

37.32

52.95

Rank

2

1

Note:

In this weighting scenario, to preserve the spread of the weightings across the other sub-criteria the
sub-criterion ‘cost’ retains a weighting of 20% but all the options are accorded a cost of ‘nil’; this
means that cost does not contribute to the overall weighted score of an option.
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APPENDIX 7

BRENT DELTA TOTAL WEIGHTED SCORES UNDER EACH
SUB-CRITERION AND DECC CRITERIA UNDER THE SET WEIGHTING
SCENARIOS

Scenario 1: DECC Five Main Criteria

Weight

Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

Weighted Score across Sub-criteria
Safety risk to offshore project
personnel

6.7%

5.67

6.66

Safety risk to other users of the sea

6.7%

6.03

0.61

Safety risk to onshore project
personnel

6.7%

6.61

6.67

Operational environmental impacts

5.0%

4.25

5.00

Legacy environmental impacts

5.0%

2.00

1.00

Energy use (GJ)

5.0%

0.00

1.17

Gaseous emissions (CO2)

5.0%

0.00

0.89

20.0%

12.00

20.00

Technical feasibility
Effects on commercial fisheries (£)

6.7%

Employment

6.7%

1.13

0.01

Impact on communities

6.7%

0.00

6.67

20.0%

16.62

19.98

100.2%

54.31

68.65

2

1

Cost (£)
Total
Rank

Total Weighted Score across DECC Criteria
Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

18.31

13.93

6.25

8.06

12.00

20.00

1.13

6.68

20%

Safety

20%

Environmental

20%

Technical

20%

Societal

20%

Economic

16.62

19.98

Total

54.31

68.65

Rank

2

1

Page | 251

BRENT BRAVO, CHARLIE AND DELTA GBS DECOMMISSIONING
TECHNICAL DOCUMENT
Scenario 2: Weighted to Safety

Weight

Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

Weighted Score across Sub-criteria
Safety risk to offshore project
personnel

13.3%

11.34

13.30

Safety risk to other users of the sea

13.3%

12.04

1.21

Safety risk to onshore project
personnel

13.3%

13.22

13.33

Operational environmental impacts

3.8%

3.19

3.75

Legacy environmental impacts

3.8%

1.50

0.75

Energy use (GJ)

3.8%

0.00

0.88

Gaseous emissions (CO2)

3.8%

0.00

0.67

15.0 %

9.00

15.00

Technical feasibility
Effects on commercial fisheries (£)

5.0%

Employment

5.0%

0.85

0.00

Impact on communities

5.0%

0.00

5.00

15.0%

12.46

14.99

100.1%

63.60

68.88

2

1

Cost (£)
Total
Rank

Total Weighted Score across DECC Criteria
Option 1
Partial Removal to 55 m by SSCV

Option 2
Leave in Place

36.60

27.85

40%

Safety

15%

Environmental

4.69

6.04

15%

Technical

9.00

15.00

15%

Societal

0.85

5.00

15%

Economic

12.46

14.99

Total

63.60

68.88

Rank

2

1
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Scenario 3: Weighted to Environment

Weight

Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

Weighted Score across Sub-criteria
Safety risk to offshore project
personnel

5.0%

4.25

4.99

Safety risk to other users of the sea

5.0%

4.52

0.45

Safety risk to onshore project
personnel

5.0%

4.96

5.00

Operational environmental impacts

10.0%

8.50

10.00

Legacy environmental impacts

10.0%

4.00

2.00

Energy use (GJ)

10.0%

0.00

2.33

Gaseous emissions (CO2)

10.0%

0.00

1.78

Technical feasibility

15.0%

9.00

15.00

Effects on commercial fisheries (£)

5.0%

Employment

5.0%

0.85

0.00

Impact on communities

5.0%

0.00

5.00

15.0%

12.46

14.99

100.0%

48.54

61.55

2

1

Cost (£)
Total
Rank

Total Weighted Score across DECC Criteria
Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

15%

Safety

13.73

10.44

40%

Environmental

12.50

16.12

15%

Technical

9.00

15.00

15%

Societal

0.85

5.00

15%

Economic

12.46

14.99

Total

48.54

61.55

Rank

2

1
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Scenario 4: Weighted to Technical

Weight

Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

Weighted Score across Sub-criteria
Safety risk to offshore project
personnel

5.0%

4.25

4.99

Safety risk to other users of the sea

5.0%

4.52

0.45

Safety risk to onshore project
personnel

5.0%

4.96

5.00

Operational environmental impacts

3.8%

3.19

3.75

Legacy environmental impacts

3.8%

1.50

0.75

Energy use (GJ)

3.8%

0.00

0.88

Gaseous emissions (CO2)

3.8%

0.00

0.67

40.0%

24.00

40.00

Technical feasibility
Effects on commercial fisheries (£)

5.0%

Employment

5.0%

0.85

0.00

Impact on communities

5.0%

0.00

5.00

15.0%

12.46

14.99

100.2%

55.73

76.48

2

1

Cost (£)
Total
Rank

Total Weighted Score across DECC Criteria
Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

13.73

10.44

4.69

6.04

24.00

40.00

0.85

5.00

15%

Safety

15%

Environmental

40%

Technical

15%

Societal

15%

Economic

12.46

14.99

Total

55.73

76.48

Rank

2

1
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Scenario 5: Weighted to Societal

Weight

Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

Weighted Score across Sub-criteria
Safety risk to offshore project
personnel

5.0%

4.25

4.99

Safety risk to other users of the sea

5.0%

4.52

0.45

Safety risk to onshore project
personnel

5.0%

4.96

5.00

Operational environmental impacts

3.8%

3.19

3.75

Legacy environmental impacts

3.8%

1.50

0.75

Energy use (GJ)

3.8%

0.00

0.88

Gaseous emissions (CO2)

3.8%

0.00

0.67

Technical feasibility

15.0%

9.00

15.00

Effects on commercial fisheries (£)

13.3%

Employment

13.3%

2.25

0.01

Impact on communities

13.3%

0.00

13.33

Cost (£)

15.0%

12.46

14.99

100.1%

42.13

59.82

2

1

Total
Rank

Total Weighted Score across DECC Criteria
Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

13.73

10.44

4.69

6.04

24.00

40.00

0.85

5.00

15%

Safety

15%

Environmental

40%

Technical

15%

Societal

15%

Economic

12.46

14.99

Total

55.73

76.48

Rank

2

1
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Scenario 6: DECC Five Main Criteria without Economic

Weight

Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

Weighted Score across Sub-criteria
Safety risk to offshore project
personnel

6.7%

5.67

6.66

Safety risk to other users of the sea

6.7%

6.03

0.61

Safety risk to onshore project
personnel

6.7%

6.61

6.67

Operational environmental impacts

5.0%

4.25

5.00

Legacy environmental impacts

5.0%

2.00

1.00

Energy use (GJ)

5.0%

0.00

1.17

Gaseous emissions (CO2)

5.0%

0.00

0.89

20.0%

12.00

20.00

Technical feasibility
Effects on commercial fisheries (£)

6.7%

Employment

6.7%

1.13

0.01

Impact on communities

6.7%

0.00

6.67

20.0%

0.00

0.00

80.02%

37.69

48.67

2

1

Cost (£)
Total
Rank

Total Weighted Score across DECC Criteria
Option 1
Partial Removal to
-55 m by SSCV

Option 2
Leave in Place

18.31

13.93

6.25

8.06

12.00

20.00

20%

Safety

20%

Environmental

20%

Technical

20%

Societal

1.13

6.68

20%

Economic

0.00

0.00

Total

37.69

48.67

Rank

2

1

Note:

In this weighting scenario, to preserve the spread of the weightings across the other sub-criteria the
sub-criterion ‘cost’ retains a weighting of 20% but all the options are accorded a cost of ‘nil’; this
means that cost does not contribute to the overall weighted score of an option.
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