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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 [1] and the three Section 29 Notice that have been served on the owners 
(for the Brent Delta topside, the other platforms, 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. 
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2 BRENT FIELD DECOMMISSIONING DOCUMENTATION 

The Brent Field comprises 4 platforms, 28 pipelines and 4 sub-sea structures with a total mass of 
approximately 1.8 million tonnes. In various ways all the platforms 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 platforms and systems. We started planning this complex decommissioning 
programme in 2006, and as a result of this 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) [2]. 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 options 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 Field 

 The monitoring programme that we would undertake to assess the 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 all references is given when first cited, and thereafter by the document’s numbers in brackets [ ] as 
listed in Section 25. 

                                                

1 In July 2016 the Department of Energy and Climate Change (DECC) was replaced by BEIS (Department 
for Business, Energy and Industrial Strategy) 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. 

 



 BRENT GBS CONTENTS DECOMMISSIONING 
 TECHNICAL DOCUMENT 
 

Page | 12 

3 EXECUTIVE SUMMARY 

This Technical Document presents information on the decommissioning of the contents of the three Gravity-
Based Structures (GBS) in the Brent Field. 

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. Brent Bravo and Brent 
Delta are three-legged ‘Condeep’ structures which are essentially identical in design, whereas Brent Charlie 
is a four-legged ‘SeaTank’ structure. 

The bulk of the structure is the caisson, an array of large tanks commonly referred to as cells. The history of 
operation of the GBSs can be split in two distinct phases: the oil producing phase and the gas producing 
phase. From the time where the GBSs were commissioned until the mid 90s, the Brent field mostly produced 
oil which was processed through the topside and then stored inside the storage cells. The oil was exported 
by batch initially by tanker and later through the pipeline system to Sullom Voe. In the mid 90s, as the oil 
production started to decrease, decision was made to turn the Brent formation into a gas producing field. 
The Brent reservoir was depressurized by drawing large amount of water. In order to adjust to the different 
type of hydrocarbon produced by the field, the topside processing equipment of all three GBSs was 
significantly modified during a major refurbishment project referred to as LTFD. The gas condensate is treated 
through the topside processing modules to separate the gas which is directly exported through the gas 
pipeline from the produced water which is pumped into the storage cells prior to being discharge over-
board.  

As a result of a very long period of operations, various amounts of oily solids have separated from the 
production fluids sent into the storage cells and thereafter accumulated in the cells of all 3 GBSs. This 
accumulation of sediment is thought to have been predominant during the gas production phase due to the 
depressurization of the Brent reservoir. 

On the basis of desktop studies, and surveys and sampling on Brent Delta, we have assumed that there is (i) 
oily ‘sediment’ in the oil storage cells of each GBS; (ii) oily material in the bottom of the utility legs of the 
Bravo and Delta GBSs; and (iii) oily material in the bottom of the drilling legs on the Bravo and Delta GBSs. 
Brent Charlie is a SeaTank design GBS and does not have drilling legs or a minicell. 

Since the GBSs are candidates for derogation under OSPAR Decision 98/3 on the Disposal of Disused 
Offshore Installations [3] we have completed separate CAs for these materials. This document summarises 
several years of engineering work started in 2006, which focussed on options for the management of the 
sediments that have accumulated in the oil storage cells. At the outset of the project, in order to progress the 
work, assumptions were built using the available existing data set. After various exchanges with our 
stakeholders including our Independent Review Group (IRG), several survey projects were launched to collect 
physical samples which would enable confirmation the initial assumptions. When the results were eventually 
obtained in 2014 they were compared against the initial assumptions. At that stage, only key differences 
were addressed through additional work which was incorporated into the documentation. These phases of 
work are shown in Figure 2. 
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Figure 2 Phases of Work to Examine Options for GBS Contents. 

 

The oil storage cells on Bravo (16), Charlie (10) and Delta (16) contain trapped oil (‘attic oil’), an interface 
emulsion, a large volume of oily water, and an estimated 17,000 m3, 6,000 m3 and 17,000 m3 
respectively of oily sediment which has accumulated during the gas production phase. Attic oil and interface 
material will be removed and recycled. The volumes and physical and chemical characteristics of sediment 
were initially determined from analogous samples, calculations and modelling and later compared with the 
results from the survey when they became available. We have examined a range of techniques and 
procedures for accessing, recovering, transporting, treating and disposing of the cell sediments. We 
concluded that the topsides could not be used for the management or treatment of sediment, and that the 
existing Brent platform wells are not suitable for the downhole disposal of sediment. Consequently, we 
identified five technically feasible options for the management of the sediment, two of which involve 
‘Removal’ and three of which involve ‘Leave in place’ options for the sediment. All five options were 
considered in separate CAs for each of the platforms, which were performed in accordance with the 
Guidance Notes: Decommissioning of Offshore Oil and Gas Installations and Pipelines under the Petroleum 
Act 1998 [4] issued by the former Department of Energy and Climate Change (DECC). To inform the CAs 
we completed technical, engineering, environmental and toxicological studies, including modelling of the 
fate and effects of both the water and sediment phases if they were left in the cells and eventually became 
exposed to the marine environment when the GBSs finally collapse in 250 to 1,000 years. The legs may 
collapse in 250 years at sea level with the degraded upper parts of the legs falling onto the caisson and the 
seabed. The legs might then slowly degrade from sea level to the top of the caisson, and this might take 
about 750 years. Alternatively the legs might remain more or less intact and upright with their tops at or 
around sea level for another 750 years, before failing at the junction with the top of the cells and falling 
over. 

When the five DECC CA criteria (Safety, Environment, Technical, Societal, and Economic) were weighted 
equally, Option 5 ‘Leave in place’ was the recommended option for the sediment in each GBS. It was the 
best ‘Leave in place’ option because biodegradation (Option 4) and capping (Option 3) require significant 
investment to reduce an environmental impact assessed to be “small” without any remediation. The resulting 
benefits from Option 3 and Option 4 are therefore disproportionate to the investment. Option 5 was much 
better than Option 2 ‘Remove and treat onshore’, the better of the ‘Removal’ options. All ‘Removal’ options 
would involve multiple handling of the sediment and water ‘slurry’ with attendant safety and environmental 
risks, and increased fuel use and cost. Although feasible, Option 1 ‘Remove and inject’ in new wells is the 
poorer of the ‘Removal’ options; it has numerous uncertainties, is technically complex, expensive and is not 
assured of success. 

An exercise was conducted to test the sensitivity of the ranking of options for cell sediments to the choice of 
weighting applied to the five DECC CA criteria. Option 5 ‘Leave in place’ remained the recommended 
option in all five sensitivity scenarios, including the one in which Economic (cost) was excluded. The 
environmental benefits that might be gained by removal and treatment are small, and the predicted 
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consequences of leaving the sediment in place are neither significant nor untenable. Objectively, the risks 
and costs of removal and treatment onshore are thus disproportionately high in comparison to the small 
benefits that might be gained. 

The GBSs are predicted to last for  1,000 years before significant degradation and collapse of the main 
structure (the vertical wall of the storage cells in the caisson). During that time, the sediment in the cells will 
remain contained and protected; even if the cell tops were cracked by falling debris, the water phase is 
likely to escape only slowly into the water column causing low environmental impact before dispersing into 
the marine environment. The final stage of degradation of the storage cells leading to the exposure of the 
sediment is directly linked the failure mode of the legs. For the sediment at the bottom of the storage cells to 
be released into the marine environment, large pieces of the legs must fall directly onto the cell tops. In such 
events, the degradation of the storage cells can be described in two phases: a single or series of collapse 
events followed by a long term erosion process of the resulting mixture of rubbles and sediment. During the 
collapse phase, the containment of the cell sediment is breached and the sediment exposed to the marine 
environment. If large pieces of concrete were to fall directly onto the sediment, a proportion of the sediment 
could be re-suspended in the water column and re-settle on the seabed around the platform where it would 
biodegrade. When the collapse has reached its end, the cell sediment is likely to remain partially shielded 
by the concrete remains of the structure. At that point, biodegradation and erosion will take place at the 
surface of the sediment exposed to the marine environment. During this whole process, the sediment is not 
predicted to travel any further from the platform than 2km. The edge of the re-deposited pile of sediment will 
exhibit a very small thickness enabling quick recovery through biodegradation. . 

Consequently, the recommended option for the cell sediments on all three GBSs is Option 5 ‘Leave 
in place’. 

These same options, with modifications in how material would be accessed and retrieved, were also 
applicable to the oily material in the drilling legs and the oily material in the minicell annuli. In the Bravo and 
Delta GBSs, these materials in the bases of the legs are equivalent to less than 20% of the volume of material 
in the former oil storage cells. There would be considerable technical difficulties in accessing the materials in 
the drilling legs, and the materials in the minicell annuli could only be accessed through a large new hole cut 
in the side of the utility leg. As with the sediment in the cells, these materials are likely to remain inside the 
legs and protected by the walls of the cells for a long time, even after the upper legs and the cell domes 
have collapsed. When finally exposed, the cell sediment is likely to remain partially shielded by the remains 
of cell walls and by collapsed debris. Our assessment of the materials in the legs, informed in part by 
analogy with the modelling performed for the cell sediments, concluded that the environmental benefits that 
might be gained by removing and treating these materials are small, and that the predicted consequences of 
leaving them in place are not significant. Objectively, the risks and costs of removal and treatment onshore 
are thus disproportionately high in comparison to the small benefits that might be gained. 

Consequently, the recommended options for the material in the drilling legs and the material in the minicell 
annuli on the Bravo and Delta GBSs are Option 5 ‘Leave in place’. 

Brent Charlie is a SeaTank design platform and does not have a minicell annulus or drilling legs. On the 
Condeep design GBSs Bravo and Delta no further operations would be carried out after the completion of 
the separate programme of work to remove the topsides and close the open ends of the legs with concrete 
caps. 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. 
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4 INTRODUCTION 

4.1 Purpose 

This Technical Document presents detailed information on the decommissioning of the contents of the storage 
cells on the concrete GBSs Bravo, Charlie and Delta, and of other material in the drilling legs and utility legs. 
On the basis of desktop studies, and surveys and sampling on Brent Delta, we have assumed that there is (i) 
oily sediment in the oil storage cells of each GBS; (ii) oily material in the bottom of the utility legs of the Bravo 
and Delta GBSs; and (iii) oily material in the bottom of the drilling legs on the Bravo and Delta GBSs. 

The GBSs themselves are candidates for derogation under OSPAR 98/3 [3] which is implemented in UK 
law through the framework provided by Part IV of the Petroleum Act 1998 [1]. In accordance with this 
Decision and the DECC Guidance Notes [4], we have completed studies and carried out separate CAs of 
the feasible decommissioning options for each of these structures. 

OSPAR 98/3 states ‘the assessment of a proposal for disposal at sea of a disused offshore installation shall 
be based on descriptions of [among other things]: 

a. The characteristics of the installation, including substances contained within it; if the proposed 
disposal method includes the removal of hazardous substances from the installation, the removal 
process to be employed, and the results to be achieved, should also be described; the description 
should indicate the form in which the substances will be present and the extent to which they may 
escape from the installation during, or after, the disposal.’ 

And goes on to state: 

 ‘The descriptions of the installation, the proposed disposal site and proposed disposal method 
should be sufficient to assess the impacts of the proposed disposal, and how they would compare 
to the impacts of other options.’ 

OSPAR Decision 98/3 Annex 2 also states ‘the assessment of the disposal options shall take into account, 
but need not be restricted to: (d) impacts on the marine environment, including exposure of biota 
to contaminants associated with the installation..’ 

Neither the sediments which have accumulated at the bottom of each oil storage cell in the GBSs or the oily 
materials in the utility and drilling legs on Bravo and Delta are specifically covered by OSPAR 98/3. In 
keeping with the intent of the overall regulatory guidance, and after consultation with BEIS, we have 
therefore carried out CAs using the OSPAR ‘Framework for the Assessment of Proposals for the Disposal at 
Sea of Disused Offshore Installations’, in the same way as the CAs for the Brent Alpha jacket and the GBSs. 

This GBS Contents TD: 

 Presents our best estimations of the volume, physical characteristics and chemical composition of 
the liquid and solid contaminants that will be present in the GBSs at Cessation of Production (CoP). 
In particular, it presents information about the assessed or assumed volume and composition of these 
materials, which influence the technical, safety, environmental and societal 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 sum of the advantages and 
disadvantages of any option across all of the criteria 

 Describes the function, structure and present condition of the GBS cells 

 Identifies and summarises the alternative engineering solutions that were initially examined for 
managing the materials in the storage cells, utility legs and drilling legs 

 Explains how these options were screened to create a shortlist of technically feasible options 

 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 complete CAs of the technically feasible 
options. This is in accordance with the DECC Guidance Notes [4] and was designed to meet the 
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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 [1] 

 Evaluates the performance of each option in each criterion 

 For the cell sediments, utility leg material and drilling leg material individually, identifies the 
recommended option by comparing the overall performances of the options, and presents a 
narrative that supports this recommendation 

4.2 Arrangement of Sections 

This report deals with the decommissioning of various liquid and solid materials that have accumulated 
or been deposited during more than 35 years of offshore production. All these materials contain, or are 
presumed to contain, hydrocarbons and a range of other contaminants. Accordingly, many of the possible 
methods for covering, treating, removing or otherwise managing these materials are common to them all. 

For the sake of clarity and to avoid unnecessary repetition we begin with the materials in the GBS storage 
cells (which represent the majority of the materials inside the GBSs), and then deal with the materials in the 
minicell annuli and drilling legs. 

4.3 Similarities and Differences between the GBSs 

In broad terms, all three GBSs have been dealing with the same types of fluids, derived from the common 
Brent reservoir. The reservoir fluids, operating temperatures, pressure differentials and modes of operation 
were very similar across the whole field and in all three GBSs. Thus it is very likely that contaminants found 
in the cells of one GBS will also be present in the others and indeed sediment samples from the topside 
separators on all four platforms are very homogeneous across the whole field. The Brent Field was 
depressurised in the mid-1990s in order to transform the asset into a gas-producing field and we believe 
that most of the sediment present inside the storage cells on the three GBSs will have accumulated during 
that phase of the field life. 

Brent Bravo and Brent Delta are both Condeep-type GBSs, and more or less identical in design and 
operating procedures. Brent Charlie is a SeaTank-type GBS, with a different design and slightly different 
operating procedures. 

To avoid repetition, many sections in this report therefore begin with Brent Delta and then move on to Bravo 
before finally dealing with Charlie. Because of the similarities and difference between the three GBSs the 
majority of our data and assessments have been derived for Delta; these have then be applied to Bravo and 
sometimes also to Charlie. Where we have data or material for only one of the GBSs we have stated this, 
and where we believe it is credible to apply data or findings from one GBS to another we have made this 
clear and provided a justification for it. 
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5 DESCRIPTION OF THE BRENT GBS CELLS AND THEIR OPERATION 

5.1 Description of the Brent GBS Cells 

5.1.1 Overview of the Brent GBSs 

The structure, design and present condition of the GBSs are described in detail in the TD Brent GBS 
Decommissioning [5] and the following section gives a brief overview. 

The Brent 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’; there are 19 cells on the 
Condeeps Bravo and Delta, and 36 cells on the SeaTank Charlie. 

Three cells (on Bravo and Delta) or four cells (Charlie) extend upwards as legs, which are topped with 
transition pieces connected to the module support frame (Plate Girder Deck Structure (PGDS) on Bravo and 
Delta or the Cellar Deck on Charlie) which carry the topsides modules. On the Condeeps, one leg, the 
‘Utility Leg’, contains the minicell, through which storage water is routed to the base of the surrounding cells 
and produced water dispatched topsides for disposal overboard. The other two legs, the ‘Drilling Legs’ 
contain the drilling conductors, the gas and oil risers and other steelwork (Figure 3). On Charlie all the 
conductors are external, and the legs contain pipework and utilities (Figure 4). There is no minicell on 
Charlie. 

On Bravo, all the remaining 16 cells were at one time used as oil storage cells (Figure 5). On Delta only 
15 cells were extensively used as oil storage because cell 19 was disconnected from the manifold following 
the identification of damage caused during the installation of the platform. We believe, however, that 
production fluids were possibly pumped into cell 19 due to improper isolation at the manifold. On both 
Bravo and Delta cell 6 has been used temporarily to store diesel. 

On Charlie, the 20 peripheral cells were used only to circulate produced water and cooling water. 
Recurring ingress of hydrocarbons inside leg C1 has indicated, however, that oil and gas have also been 
pushed into these peripheral cells. The remaining 16 cells form an inner core of cells comprising the leg 
bases (4), the conductor conduits (2), and 10 cells that were designed for oil storage (Figure 6). Of these 
10, two cells (called Cell Group 4) were initially used for diesel storage and more recently to store crude oil 
import and to store the sea water which was displaced from below the Gas Tightfloor (GTF) in Leg C4 
during the dewatering and inspection phases. 

On the Condeeps Bravo and Delta, the bases of all the oil storage cells contain a layer of 
ballast approximately 13 m thick. During the construction of these GBSs, before float-out, more than 
100,000 tonnes of inert sand ballast was placed in all of the storage cells and the base of the utility legs. 
In the storage cells this is capped by 0.22 m thick concrete slabs, which are in close contact with the inner 
walls of the cells but not attached to them. 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 it. The fluids in the storage cell are thus, to a limited extent, in communication with the pore 
fluids in the sand ballast. The slabs are located approximately 13 m above the seabed, and any cell 
sediments will be lying on these slabs. There is no solid ballast in the bases of the Charlie cells. Table 1 
presents a summary of data on the Brent GBS cells. 
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Figure 3 General View of the Brent Bravo GBS. 
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Figure 4 General View of the Brent Charlie GBS. 
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Table 1 Summary of Data for the Brent GBS Cells. 

Aspect 
Condeeps SeaTank 

Bravo Delta Charlie 

Total number cells 19 19 36 

As leg bases 3 3 4 

As conductor conduits 0 0 2 

For water cooling 0 0 20 

For oil storage 16 16 10 

Total number of cells with attic oil 0 (Note) 16 10 

Shape of oil storage cells Circular Circular Rectangular 

Base dimensions (m) 18.54 diam 18.54 diam 13.1 x 13.1 

Height of oil storage cell2 (m) 61.0 61.0 56.3 

Base area of one cell (m2) 270 270 172 

Sand ballast in base of cell Yes Yes No 

Concrete diaphragm on top of ballast Yes Yes No 

Total volume of one storage cell (m3) 16,470 16,470 9,684 

Total volume above ballast in one cell (m3) 11,320 11,320 9,684 

Note: On Bravo there is evidence that interphase material is still present in some of the storage cells. 
This will be subject to verification during the execution of the decommissioning work. 

 
Figure 5 Arrangement of the Cells on the Base of the Condeep-type GBSs Bravo and Delta. 

 

                                                
2 External height from seabed to top of cell dome 
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Figure 6 Arrangement of the Oil Storage Cells and Cooling Cells on Brent Charlie. 

 

5.2 Operation of the GBS Cells 

5.2.1 General Description 

Before the oil export pipeline to Cormorant Alpha was brought into service, crude oil was stored in the GBS 
oil storage cells before being exported by tanker via the Brent Spar loading facility. The storage cells on all 
three GBSs operate in a completely flooded condition and with an internal fluid pressure that is less than the 
pressure of the outside seawater. This condition, known as ‘drawdown’, is maintained by the ballast water 
system (Figure 7) (see the GBS TD [5] for more details of the drawdown system and its operation). When oil 
is being exported, ballast water is displaced from the filling group to the emptying group, and seawater from 
the ballast water header tank is introduced into the cell to make up the shortfall in volume. When oil is being 
imported from the production systems, a mixture of separated water and ballast water is displaced from the 
cell via a system of 12 inch pipes connected to the produced water pumps, then discharged to sea within 
acceptable limits. 
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Figure 7 The General Arrangement of Drawdown in Brent Delta. 

 

5.2.2 Operation of the Brent Delta Cells 

Brent Delta was designed for the following functions: 

 Drilling, completion and work-over of oil, gas production wells and water injection wells 

 Production, processing and metering of oil and gas from the Installation 

Production fluids from Delta wells were stabilised and processed by a two-stage separation and storage 
system. Stabilised oil from the storage cells was exported via a 20 inch pipeline to the suction of the Brent 
Charlie Main Oil Pumps. Produced water from the storage cells was discharged to sea through a caisson3. 

The storage cells allowed the oil and water phases of the production fluids to separate, and they operated 
in a completely flooded condition under drawdown. While crude oil was being admitted into the top of the 
cells, an equivalent volume of water was displaced from the base to the standpipe. In the original design, 
the storage cells were configured in four groups of four. In normal operation, one group of cells was filling 
and two groups were settling whilst oil was exported from the remaining group. 

Since the differential pressure of fluids across the cells is essential for the structural integrity of the GBSs, 
drawdown is still being maintained after CoP. This is currently achieved with the use of a drawdown header 
tank which is located in the utility leg. The tank is approximately 40 m below lowest astronomical tide (LAT) 
and is connected to the bottom of the cells by a standpipe, thereby ensuring a differential pressure of 4 bars 
between the contents in the cells and the external ambient seawater pressure. 

  

                                                
3 The term ‘caisson’ is used to describe two different parts of the platform: (i) the bases of the GBSs 
comprising the cells, and (ii) a pipe or conduit running from the topsides into the sea. 
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Due to pipework integrity issues, modifications have been recently made to the oil cell fill lines within the 
utility shaft. The old import-export manifold has been replaced and the original 16 oil fill lines to the cells 
have been either refurbished or isolated and partly disused. Four new cell fill lines (connected to Cells 2, 4, 
7, 10) were installed and connected to a new manifold for operation through to CoP. Due to leakage from 
the line servicing cell 11 into cell 10, cell 10 has been taken out of service. Consequently, on Brent Delta, 
after CoP, three cells have remained in use through to final shutdown and the other 13 are now retired, as 
shown in Figure 8; the 3 yellow cells are the bases of the legs, the 3 white cells remained in use to final 
shutdown, and the 13 grey cells were taken out of service in 2009). The remaining three cells have been 
kept in service for maintaining drawdown and capturing various fluids from Plug and Abandonment (P&A) 
activities and topside cleaning. The details of the fluids sent into storage after CoP are presented in the TD 
Brent Platform Topsides Decommissioning [6]. 

Figure 8 The Brent Delta Cells in their Current Configuration. 

 

In the mid-1990s, the Brent Field was redeveloped into a gas-producing field by depressurising the reservoir. 
This Long Term Field Development (LTFD) Project required significant modifications of the topside processing 
plant to permit the processing of the different fluids. Following the completion of the LTFD Project, the majority 
of the plant in the original process modules was decommissioned and a new Replacement Process Module 
(RPM), designed to accommodate the new plant configuration, was added in the SE corner of the 
installation. 

The platform's supporting legs are designated North (N or Leg 1), East (E or Leg 3), and West (W or Leg 5); 
the leg numbers correspond with the numbers of the cells that act as base supports. The North Leg (the Utility 
Leg), contains fire pumps, seawater pumps, produced water pumps and crude oil booster pumps located at 
different elevations within the leg. The Utility Leg is closed off from external seawater and the water level 
inside was originally maintained just below the lowest equipment deck in the leg at 75 m (above the 
seabed), but since 1998 this has been temporarily lowered to 61 m to allow for maintenance work. The 
minicell in the Utility Leg allows access to pipework at the bottom of the leg without the need to fully dewater 
the leg; dewatering of the leg under operating conditions when the cells are filled with warm crude would 
lead to structural instability. Under normal operating conditions the minicell is flooded. Figure 9 shows the 
inside of the utility legs and the top of the minicell. 
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Figure 9 View down the Brent Delta Utility Leg showing the Top of the Minicell and the Minicell Annulus. 

 

The East and West legs (the drilling legs) each contain 24 conductors. Depending on production 
requirements the well access slots are allocated as oil or gas producers, Electrical Submersible Pump (ESP) 
wells, Enhanced Voidage (EV) wells, water injector wells, or as spare well slots. The drilling legs are open to 
external seawater and as a result their internal water level remains at sea level. The water level in the drilling 
legs is therefore tidal and the seawater provides convection cooling of the well conductor arrays in each leg. 

The platform currently has two export risers, one for gas and one for oil, which run inside Legs 3 and 5 
respectively and penetrate the base of the legs just above the storage cells. There are also two spare risers 
in Leg 5 designated for gas and oil respectively and one spare riser in Leg 3 designated for gas. 

With drawdown in place, the following operating conditions will prevail for the storage cells: 

 Cell Operating Pressure: 4 barg at the top of the cell and 8 barg at the bottom of the cell 

 Cell Operating Temperature: 25°C to 30°C 

After CoP the temperature of the cell contents will progressively decrease towards the ambient seawater 
temperature, which near the seabed in the northern North Sea is approximately 5°C to 12°C. 

5.2.3 Operation of the Brent Bravo Cells 

Brent Bravo was designed for the following functions: 

 Drilling, completion and work-over of oil, gas and water injection wells 

 Production, processing and metering of oil and gas from the Installation 

 Reception of gas from the Brent Delta and Charlie pipeline for onward transmission into the Far 
North Liquid and Associated Gas Systems (FLAGS) pipeline 

 Reception of three phase well fluids from Brent Alpha for processing and onward transmission of oil 
to Brent Charlie 

Following the completion of the LTFD Project the majority of the plant in the original process modules was 
decommissioned and a new RPM was added. 
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Production fluids from Bravo and Alpha wells are stabilised and processed by a two-stage separation 
and storage system. Stabilised oil from the storage cells is exported via a 24 inch pipeline to the suction 
of the Brent Charlie Main Oil Pumps. Produced water from the storage cells is disposed of to sea, within 
acceptable limits. 

The supporting legs are designated North (or Leg 1), Eastern well leg (or Leg 3) and Western well leg (or 
Leg 5). The North leg (the Utility Leg), contains a fire pump, seawater pumps, produced water pumps and 
crude oil booster pumps located at various elevations within the leg and control valve/manifolds for crude oil 
rundown. The Eastern and Western Well legs (the Conductor Legs), each contain 26 conductors. J-tubes 
were installed from the west face to Leg 5 but the upper sections of the J-tubes have been removed from the 
cell top level upwards, and only the sections across the cell tops and down the cell walls remain. On Brent 
Bravo, the legs are not open to sea and in both drilling legs the water level is maintained slightly below LAT. 

While the topside is in place and the platform is manned, the cells must be maintained in a state of 
compression. This is achieved with the use of a drawdown header tank located in the utility leg. The tank is 
approximately 40 m below LAT and is connected to the bottom of the cells by a standpipe, thereby ensuring 
a differential pressure of 4 bars between the contents in the cells and the external ambient seawater pressure. 

Between 2002 and 2009 the oil cell fill lines within the utility shaft were modified due to pipework integrity 
issues. The old import-export manifold was replaced and the original 16 oil fill lines to the cells were either 
refurbished or isolated and partly mothballed. Four new cell fill lines (connected to Cells 8, 9, 17 and 18) 
were installed and connected to a new manifold for operation through to CoP. 

The storage cells are connected into four groups and, in general, when one group is filling with oil, two 
groups are settling and one group is exporting oil. With drawdown in place, the same operating conditions 
prevail as for Brent Delta. 

5.2.4 Operation of Brent Charlie Cells 

The Charlie GBS comprises a seabed caisson constructed as a lattice of reinforced concrete cells 57 m 
high, supporting four reinforced concrete legs designated C1, C2, C3 and C4 (Figure 15). A GTF is fitted 
within each leg to separate accessible upper working levels from inaccessible flooded lower levels. 

The topsides facilities were designed to fulfil the following functions: 

 Drilling, completion and work-over of oil, gas and water injection wells 

 Production of oil and gas from the installation and the remote Penguins Field added in 2003 

 Reception of gas from the Brent Delta pipeline for onward transmission to Brent Bravo and into the 
FLAGS pipeline 

 As a pumping station for metering and exporting all oil produced within the Brent Field 

Production fluids from Brent Charlie and Penguin Wells are stabilised and processed by a two-stage 
separation and storage system. Stabilised oil is exported through the 30 inch pipeline PL0001/N0501 to 
Cormorant Alpha and onward to Sullom Voe. Produced water from the storage cells is discharged overboard 
from Column 1, within acceptable limits. Brent Charlie is the oil production hub for the Brent Field. 
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As with Bravo and Delta, the cells operate in a flooded condition. When oil is fed into the storage cells, a 
corresponding volume of water is displaced from the cell bottom into adjacent peripheral cells and onto Leg 
C1 from where it is pumped into the sea within acceptable limits. When oil is exported from the top of the 
storage cells a corresponding volume of water is drawn into the cell from adjacent peripheral cells which in-
turn draw in seawater via leg C1. Ten of the cells are used for oil storage, organised as four independent 
storage compartments (Figure 15) three of which are operated in rotation. Produced fluids are transported 
into one compartment; another compartment is isolated while the water and oil are decanted, while the 
third compartment is emptied by exporting its oil. The fourth compartment is currently surplus to requirements. 
It was originally used for diesel storage and more recently to store crude oil import and to store the sea water 
which was displaced from below the GTF in Leg C4 during the dewatering and inspection phases. The 
following production facilities are located within the Brent Charlie legs: 

 Leg C1 GBS water in/out flow (drawdown systems) and drains sump 

 Leg C2 Seawater inlets and lift pumping (now redundant) and drains sump 

 Leg C3 Seawater inlets and lift pumping and gas risers 

 Leg C4 Oil in/outflow to storage and oil risers 

5.2.5 Penguin Satellite Field 

Production from the Penguins remote subsea facilities into Charlie will cease before Charlie’s CoP. The 
associated subsea facilities connecting Penguins into Charlie (i.e. flowline, lift-gas pipeline, and umbilical) 
will be reconfigured by the ‘Penguins Redevelopment Project’. The topside facilities will be decommissioned 
later as part of the Brent Charlie decommissioning programme. 
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6 MATERIALS IN THE BRENT GBSS 

6.1 Introduction 

Section 6.2 to Section 8 present descriptions of the materials that we believe will be present within the GBSs 
at CoP. Section 9 presents the results of cell sediment samples that were obtained in August and September 
2014. It compares the actual values with the estimated or modelled values that we originally used to make 
our preliminary recommendations for the management of the cell contents, and discusses how valid the 
preliminary conclusions are in the light of the results from the samples. The materials in the drilling legs 
and the minicell annulus on Bravo and Delta are described in Section 18 and Section 20 respectively. 

These are our current best estimation of the locations, volumes and composition of liquid and solid material 
in the GBS oil storage cells. They are based on samples from specific locations in the GBS cells, analysis of 
analogous samples from other locations on the platform or other platforms, and modelling and estimates 
based on our knowledge of the reservoir fluids, the design of the GBS caissons and associated pipework, 
and the ways in which the platforms have been operated over the years. At CoP, after the last bulk export 
of crude oil production, the oil storage cells will contain four different types of material (Figure 10). 

i. Attic oil: A small volume of oil trapped at the top of each cell. Attic oil is not likely to be present 
on Bravo. 

ii. Interphase material: A high viscosity emulsion of water and oil that has accumulated at the junction 
of the attic oil and the water phase. 

iii. Water phase: A large volume of water that was introduced into the cell to replace the oil being 
exported during the oil production phase. It comprises mostly produced water for final separation 
prior to overboard discharge during the gas production phase. 

iv. Cell Sediment: Sand and mineral particles coated with a film of oil that have settled out from the 
crude oil while it was being stored, forming a layer on the base of the cell. 
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Figure 10 The Materials in a GBS Storage Cell at CoP (Brent Delta). 

 

6.2 Attic Oil and Interphase Material 

6.2.1 General Description 

The term ‘Attic Oil’ refers to two different ‘oil layers’ expected to be present in the GBS cells namely:  
(i) a layer of permanently trapped oil and (ii) a layer of hydro-dynamically trapped oily material. 

The ‘permanently trapped oil’ refers to oil that is situated above the oil fill line connection (in the case of 
Charlie, this is the oil located above the interconnecting ports between cells in the group), and thus cannot 
be removed. The term ‘hydro-dynamically trapped oil’ refers to the oil that cannot be readily removed due to 
coning effects when pumping. Coning occurs when the oil/water interface reaches approximately the same 
height as the oil fill line or inter-connecting port, and the water from the layer below the oil is preferentially 
extracted when using the export pumps. The degree of coning in the water/interface/oil layers is directly 
related to export rates and is more pronounced when rates are high. Figure 11 illustrates both the 
permanently trapped and the hydro-dynamically trapped oils in a cell. 
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Figure 11 Schematic Diagram of the Attic Oil in a Storage Cell on Brent Delta. 

 

The storage cells also contain a layer of what is termed interphase material, which is expected to be a stable 
water-in-oil emulsion that has formed at the interface between the oil layer and the water layer. At present, 
we have not quantified the precise amounts of interphase material in each storage cell. There are numerous 
emulsifying agents which could be present in the storage cells that could have promoted the formation of the 
interphase material, including the following: 

 Indigenous surface active compounds such as asphaltenes and resins containing organic acids and 
bases, naphthenic acids, carboxylic acids, sulphur compounds, phenols, cresols and other naturally-
occurring, high molecular weight surfactants 

 Finely divided solids such as sand, clay, formation fines, shales, silt, gilsonite, drilling muds, 
workover fluids, mineral scales, corrosion compounds (e.g. FeS, rust), waxes or crystallised paraffin, 
and precipitated asphaltenes and resins 

 Added chemicals such as corrosion inhibitors, demulsifier, anti-scaling agents, anti-foam agents, 
anti-foulant agents, Hydrogen Sulphide (H2S) scavengers 

There are several processes that could act to increase to volume of the interphase material after CoP. As the 
cell temperature falls from approximately 25°C to between 5°C and 12°C the stability of the emulsion could 
increase. It would also increase over time because the naturally-occurring surfactants will migrate to the 
surface of the drops, making the film or skin surrounding the drops thicker, stronger and harder. In addition, 
the amounts of emulsifying agents present in the cell may be increased by oxidation, evaporation of the light 
ends of hydrocarbons, or bacterial activity. 

6.2.2 GBS-specific Information 

6.2.2.1 Brent Delta 

In the Delta storage cells the oil fill lines run under the cell domes but end short of the highest point of the 
domes, leaving a layer of oil approximately 1 m thick in each cell that cannot be extracted through this line 
(Figure 11). As a result of the configuration of these pipes we estimate that there is approximately 50 m3 of 
oil trapped in the dome of each storage cell on Delta (Figure 10). This comprises 28 m3 of permanently 
trapped oil and 22 m3 of hydro-dynamically trapped oil. 

It is possible that the oil fill lines have partially failed and that consequently a greater volume of attic oil 
could be present in some of the storage cells. A leak has already been identified in cell 10 on the oil fill line 
servicing cell 11. This has caused cell 10, out-of-service at the time, to fill with oil while cell 11 was still in 
use. The leak was detected when cell 10 was put back in service in 2009, and the oil was recovered using 
the oil fill line servicing cell 10. 
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Table 2 Estimated Volume of Attic Oil in Delta storage Cells. 

Number of 
Cells 

Permanently Trapped  
Oil/Cell (m3) 

Hydrodynamic Trapped  
Oil/Cell (m3) 

Total  
(m3) 

16 28 22 800 
 

6.2.2.2 Brent Bravo 

The oil fill lines run outside the structure and enter the storage cells through the concrete plug at the top of the 
cell (Figure 12). Because of this configuration it is possible to extract all the oil through these lines, and so 
we believe there will be no appreciable attic oil within the Bravo storage cells. Some volume of interphase 
material is still present in the storage cells, however, because it could not be pumped out during the bulk 
de-oiling activities using the existing equipment. 

Figure 12 Cross Section of the Dome of a Storage Cell on Brent Bravo Showing the Oil Fill Line. 

 

6.2.2.3 Brent Charlie 

On Charlie, the storage cells within each group communicate via ports or windows in the sidewalls; oil 
moves through ports located near the top and produced water through ports near the bottom (Figure 14). 
This configuration is significant because it means that the platform’s produced water is routed through the 
peripheral cells before entering Leg C1 for discharge to sea. Each peripheral cell is connected to its 
neighbour by a single port, which may be at high or low level. All produced water flows in a tortuous path 
from the storage/settling cells through the peripheral cells to Leg C1 (Figure 13), so any entrained oil in the 
produced water stream could accumulate in the peripheral cells. 
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Figure 13 Illustration Showing how Cooling Water Flows Through the Cells of the Brent Charlie GBS. 

 

Figure 14 Typical Storage Cell Configuration on Brent Charlie. 

 

The peripheral cells on Charlie act as a heat sink for cooling the conductors; the hot production fluids 
passing through the conductors heat the surrounding water in the cells. Cooling is achieved by circulating 
water at a flow rate of 160 m3/hr using pumps located in Leg C4. Water is drawn from the top of the 
conductor cells and discharged to the top of two cells (B3 and B4 on Figure 15) located in the middle of 
the opposite side of the caisson. It then flows through ports from cell to cell round both sides of the caisson to 
re-enter the conductor cells at the bottom. Except at the corners, the ports are alternatively at the top of one 
cell wall and at the bottom of the next. 
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Because the water in the caisson is mainly produced water, the conductor cooling system serves to circulate 
oily water around all the cells, and so it is possible that all of them could be contaminated with attic oil. 

All the peripheral cells have 2 inch vents, buried within the cell roof, which were provided to release air 
during ballasting operations when the platform was installed (Figure 16). Each branch is tied into a 4 inch 
vent header buried in the concrete structure. The two vent headers terminate at the 60 m level inside Leg C1. 
The condition of the vent lines is not known; they may still be open to all cells but some may have become 
blocked. 

Charlie has experienced periodic incursions of oil and gas into the produced water system in Leg C1. We 
suspect that the peripheral cell vent system acts as a conduit, allowing crude oil to migrate to Leg C1, 
primarily from the three peripheral cells (B11, B16 and B22) that connect directly to the oil storage cells. 
This is a working assumption, but cannot be proven. The inlet of these vents is at 56.34 m; the 2 inch lines 
rise and then fall to the 4 inch header (Figure 17). The header along the East and North cells runs at 53.75 
m and the other header along the South and West cells runs at 53.45 m into Column C1. In Column C1, 
both pipes run horizontally and then at 45° before rising to a termination flange at 60 m. 

Figure 15 Charlie Cell Layout. 

 

These 2 inch vent lines constitute a good means to recover the hydrocarbons potentially trapped in the attic 
space of the peripheral cells. However, to tie in the 4 inch headers would require deploying equipment 
under water below the GTF down Leg C1. Once the tie-in is in place, the remaining hydrocarbon inventory 
could be pumped out of the peripheral cells assuming that none of the sub-branches has become blocked. 

The storage cells are also equipped with 2 inch vents, each of which is also tied into a 4 inch vent header 
buried in the concrete structure. These vent headers terminate above the GTF in leg C4. If clear of 
obstructions, these 2 inch vent lines could be used to recover the oil trapped in the attic space of the 
storage cells. 
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Figure 16 Layout of Peripheral Cell Vent Lines on Brent Charlie. 

 

Figure 17 Arrangement of a 2 inch Vent Line in a Peripheral Cell on Charlie. 

 

Surrounding each cylindrical platform leg on Charlie there are four triangular ‘star cells’, created because 
the surrounding peripheral and conductor cells are rectangular. The star cells have a cross-section area of 
approximately 15 m2 and extend the whole length of the cell, approximately 56 m, from the cell dome to the 
caisson base-plate. 

The star cells are not open to the sea (unlike the ‘tricells’ on Bravo and Delta [5]) and therefore will 
not contain historic drill cuttings or natural sediment that has settled from the water column. They are in 
communication with the peripheral cells to maintain the same drawdown pressure throughout the caisson; 
two communication ports (40 cm wide by 40 cm high) are located at the top of the each cell and a further 
two (40 cm wide by 60 cm high) are located at an elevation of 11.5 m. The two corner cells next to the 
storage groups on Leg C1 and C2 have a 4 inch pipe at an elevation of 11.8 m and a 3 inch pipe at 
52.59 m to equalise the pressure. The condition of these ports and pipework is unknown. Unlike the 
peripheral and conductor cells the flows into and out of these cells will be minimal and would only occur 
during changes in drawdown pressure or if the operating temperature of the storage cells changed 
significantly. The tops of the star cells are flat and it is therefore assumed that no oil can accumulate 
due to this configuration. 
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Figure 18 Location of the Star Cell Pressure Equalisation Ports and Pipework on Charlie. 

 

Residual oil will accumulate under the roof of all the oil storage cells on Charlie, including the former diesel 
storage group which is now used to store various fluids from P&A and decommissioning operations. Even 
though the platform is designed to contain the hydrocarbon within the storage cells, recurrent ingresses of 
hydrocarbons into Leg C1 have demonstrated that hydrocarbons may also have accumulated in the 
peripheral cells. The transfer of hydrocarbon from the storage cells into the peripheral cells has two potential 
causes: 

 The failure to control the level of the hydrocarbon/water interface inside the storage cells, leading 
to ingress of hydrocarbon into the adjacent peripheral cell through the 24 inch stand pipe 

 The incomplete separation of the hydrocarbons dispersed in the water phase prior to the 
displacement of the water phase into the adjacent peripheral cells 

It is not possible to quantify the volumes of hydrocarbon pushed into the peripheral cells as a consequence 
of these events. There is therefore a certain amount of speculation regarding the residual volume of attic oil 
trapped inside the peripheral cells. The 2 inch vent lines are, however, thought to be the main route of 
transfer from the peripheral cells into Leg C1, causing the recurring hydrocarbon ingresses but also limiting 
the overall accumulation inside the peripheral cells. The following additional factors could also affect where 
and how much oil accumulates. 

Water flowrate/velocity: When the storage cells are being filled, an equal volume of produced water is 
displaced from the bottom of the cells into the peripheral cells. The flowrate of this water has an influence on 
the size of oil droplet which could be carried through the peripheral cells. Assuming a flowrate equal to one 
tank-water pump (600 m3/hr) droplets 77 microns to 83 microns in diameter could be carried round the 
periphery to Leg C1. The continuous conductor cooling water flowrate (80 m3/hr) is also high enough to 
carry oil droplets up to 28 microns in diameter. It is therefore possible that some attic oil has accumulated in 
every peripheral and conductor cell. 

Vent line blockages:  If a cell’s 2 inch vent line is blocked or the line between cells on the main header is 
blocked, then oil could accumulate until the oil volume reaches the ingress/egress ports. This is unlikely to be 
the case for all the peripheral cells as we suspect that the vent lines are responsible for the appearance of oil 
in Leg C1. 
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Conductor cooling:  Even though there are two circulation pumps and two flow paths to route water 
through all the peripheral cells, the pump suction and discharge lines are manifolded together. Sediment 
accumulation could change the resistance to flow so that one side of the peripheral cells preferentially 
receives more (or in the worst case nearly all) of the conductor cooling flow. If more produced water 
circulates on one side than the other, more oil would accumulate on one side. The discharge pipework 
for the conductor cooling pump is also routed through the peripheral cells on the west side of the platform. 
The condition of this pipework is unknown but if it were perforated or blocked this could affect the intended 
flow paths of the cooling water. 

Storage group use:  There are two oil storage cells on the east side, and one oil and one diesel storage 
cell on the West Side. The storage groups are not constantly in use because production and exporting are 
carried out in a semi-batch mode. Each storage group will have seen different flowrates and conditions over 
its lifetime, and this may have affected the volume of hydrocarbon carried-under with the water phase. 

Deterioration of interconnecting pipework and construction hatches: In the GBS caisson there are conductor 
cooling lines running through the peripheral cells that connect Legs C1, C2 and C3; ballast and grout lines; 
construction hatches between cells; construction holes for supporting steel beams; and plugged pressurisation 
holes between each storage group and the peripheral cells. If any of these lines or grouted holes have 
deteriorated and leaked, a path for oil to migrate between peripheral cells could exist. 

As a result of all the above considerations, the residual volume of attic oil within each cell on Brent Charlie 
may vary. In the main storage compartments the oil will be trapped above the filling/emptying lines and 
ports, with a small additional volume of oil due to coning effects. We estimate that there is 529 m3 of 
trapped attic oil in each oil storage cell on Brent Charlie (Table 3). 

Applying the same methodology as was used on Delta, the volume due to coning when the final bulk 
de-oiling is completed will be approximately 11 m3. In the case of the diesel storage cells, coning will 
be minimal due to the much lower pumping rates, and the volume of additional trapped hydrocarbon is 
estimated to be 3 m3. This shows that the coning effect is less pronounced than on Delta due to the larger 
empty/fill lines and general configuration. For the purposes of the Charlie estimates, these additional 
volumes will be ignored as they represent a small fraction of the overall volume of attic oil and will not 
affect the engineering of the remediation. 

Table 3 Estimates of the Minimum and Maximum Volumes of Attic Oil in Brent Charlie Cells. 

Location 
Volume per Cell (m3) No of 

Cells 

Total Volume in Cell 
Type (m3) 

Min Max Min Max 

Oil storage (Groups 1, 2 and 3) 341 527 8 2,732 4,219 

Diesel storage (Group 4) 341 527 2 683 1,055 

Peripheral side (B11) 264 651 1 264 651 

Peripheral side (B7) 220 886 1 220 886 

Peripheral side (remaining cells on E and N 
vent header) 

220 421 7 1,538 2,948 

Peripheral side (remaining cells on S and W 
vent header) 

264 421 7 1,851 2,948 

Peripheral corner (cells on E and N vent 
header) 

271 13,011 2 543 26,021 

Peripheral corner (cells on S and W vent 
header) 

327 13,011 2 653 26,021 

Conductor cells 389 7,896 2 778 15,791 

Star Cells 0 0 16 0 0 

Totals   48 9,262 80,540 
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As it is impossible to pinpoint the location of the attic oil, a range of potential scenarios has been considered 
to estimate the possible volumes of attic oil on Charlie. Table 4 describes those scenarios and presents the 
associated estimate for the corresponding volume of attic oil. 

Table 4 Summary of Cases and Probabilities for Estimating Potential Volumes of Attic Oil 
on Brent Charlie. 

Case Scenario Description (Location of Oil) 
Volume of Attic 

Oil (m3) 

Best Only in oil storage cells 5,274 

Medium A Storage cells + 4 peripheral cells (to vent header) 6,242 

Medium B Storage cells + 5 peripheral cells (to upper ports) 8,074 

Worst A Storage cells + 20 peripheral cells (to vent header) + conductor cells 11,121 

Worst B Storage cells + 20 peripheral cells (to upper ports) + conductor cells 65,527 

 

Although there is a significant likelihood that there will be more residual attic oil than just the volume trapped 
in the storage cells (‘best case’), we believe that the worst case (‘worst case B’) is extremely unlikely. 
We estimate that the total volume of residual attic oil in the Brent Charlie GBS is between 6,000 m3 
and 12,000 m3. 
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7 CELL WATER PHASE 

7.1 General Description 

As a consequence of the LTFD in the mid-1990s the volume of oil produced decreased and the bulk of the 
fluids sent to storage in the cells comprised produced water. The produced water and its sand content 
caused erosion and corrosion problems inside the pipework, in particular in the run down lines leading 
to their replacement or isolation. 

Because of these pipework integrity issues, we decided in 2004 to isolate several redundant storage cells on 
Brent Delta and Brent Bravo. A project named IMPACT4 was completed to refurbish several oil fill lines while 
the storage cells with the lines showing the best integrity were kept in service to maintain production. Similar 
decisions were made on Bravo and Delta. As a consequence, several of the former oil storage cells on both 
GBSs were bulk de-oiled. This operation implies that the bulk oil was exported and raw seawater let in 
through the water ballast lines. Once the oil had been extracted to the maximum extent allowed with the 
equipment in place, the storage cells were isolated leaving inside the attic oil, a mixture of produced water 
and seawater, and an unknown volume of sediment. 

This section presents our best estimates of the volumes and composition of the water phase in each of the 
GBSs, based primarily on samples obtained from various locations. 

7.2 GBS-specific Information 

7.2.1 Brent Delta 

Table 5 shows which cells were taken out of service or put back into service during the IMPACT project 
on Brent Delta. 

In 2007 the IMPACT project team proceeded with the conditioning of Cell Group 1 in order to grout the 
export manifold, and collected various samples of fluids. Later, before putting the oil fill lines back into service 
in 2009, an outflow test was carried out on both Brent Delta and Brent Bravo to verify that the lines were 
free of obstacles. During the outflow test, the opportunity was taken to sample the water coming out of the 
cell, which had remained stagnant in those storage cells for approximately 4 years from 2005 to 2009. 
Since the end of the IMPACT project, cell 10 on Brent Delta has also been taken out of service because 
various tests performed during the re-commissioning showed that it was full of oil due to a cross-over leak 
from the oil fill line servicing cell 11 which runs through cell 10. 

 

  

                                                
4 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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Table 5 Start Point and End Point of the IMPACT Project with Respect to the Oil Fill Lines on Delta. 

Delta Start of Impact Project End of Impact Project 

Cell Group 1 

Cell 2 Exported to Water ca October 2005 Connected to new manifold 

Cell 4 Exported to Water ca October 2005 Connected to new manifold 

Cell 6 Exported to Water ca October 2005 Exported to Water ca October 2005 

Cell 7 Exported to Water ca October 2005 Connected to new manifold 

Cell Group 2 

Cell 8 Exported to Water ca October 2005 Exported to Water ca October 2005 

Cell 11 In use Exported to Water mid 2009 

Cell 14 Exported to Water ca October 2005 Exported to Water ca October 2005 

Cell 17 In use Exported to Water mid 2009 

Cell Group 3 

Cell 9 Exported to Water ca October 2005 Exported to Water ca October 2005 

Cell 12 In use Exported to Water mid 2009 

Cell 15 In use Exported to Water mid 2009 

Cell 18 In use Exported to Water mid 2009 

Cell Group 4 

Cell 10 Exported to Water ca October 2005 Connected to new manifold 

Cell 13 Exported to Water ca October 2005 Exported to Water ca October 2005 

Cell 16 Exported to Water ca October 2005 Exported to Water ca October 2005 

Cell 19 Exported to Water ca October 2005 Exported to Water ca October 2005 

Key 

Exported to water Not in use 

Connected to new manifold Still in use 
 
Water samples from Cells 2, 4, 7 and 10 were collected during the cell conditioning in 2007 and the 
outflow test in 2009, and analysed for a suite of physical, chemical and biological parameters. The cell 
conditioning is an operation which aims to remove as much hydrocarbon as possible from the storage cell 
and associated pipework prior to isolation. A summary of the results is presented in Table 6 and the detailed 
results are presented in Appendix 1. 
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Table 6 Summary Results of Analysis of the Water Phase from Brent Delta Cells. 

Parameter Average Value Units 

Physical Analysis 
Density 1.0188 g/ml 
pH 7.52  
Total suspended solids 228.3 mg/l 
Mean particle size 0.00172 mm 
H2S Analysis 
H2S by test kit 283 mg/l 
H2S by twin bomb 268 mg/l 
Chemical Analysis 
Total oil-in-water 124.76 mg/l 
Total organic acids 247.45 mg/l 
Total PAH 2.2193 mg/l 
BTEX 197.29 mg/l 
NPD 10.065 mg/l 
Chlorobenzene 0.178 mg/l 
Alkyl phenols 1.191 mg/l 
Total PCB <0.005 mg/l 
Heavy Metal Analysis 
Arsenic 0.0039 mg/l 
Cadmium 0.00065 mg/l 
Chromium 0.0080 mg/l 
Copper 0.0067 mg/l 
Mercury 0.00034 mg/l 
Nickel 0.00725 mg/l 
Lead 0.0053 mg/l 
Zinc 0.069 mg/l 
Bacterial Analysis5 
SRB 1,528 Cells/mg 
NRB 475 Cells/mg 
GHB 38,500 Cells/mg 
NORM6 analysis 
K-40 0.009 Bq/g 
Pb-210 1.2E-04 Bq/g 
Po-210 2.3E-06 Bq/g 
Ra-226 2.5E-04 Bq/g 
Ra-228 4.2E-04 Bq/g 
Th-228 3E-04 Bq/g 
Ac-228 NM Bq/g 

                                                
5 These results need to be considered with caution as the analytical work was carried out several days after 
the sampling operation. The change in temperature and pressure and the transportation time may have had 
an impact on the results. 
6 NORM, Naturally Occurring Radioactive Material 
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7.2.2 Brent Bravo 

Table 7 shows which cells were taken out of service or put back into service during the IMPACT project on 
Bravo. Only four cells on Bravo are currently in operation, the others have been isolated. 

Table 7 Start Point and End Point of the IMPACT Project with Respect to the Oil Fill Lines on Bravo. 

Bravo Start of Impact Project End of Impact Project 

Cell Group 1 

Cell 2 Exported to Water ca October 2005 Exported to Water ca October 2005 

Cell 4 In use Exported to Water mid 2009 

Cell 6 In use Exported to Water mid 2009 

Cell 7 In use Exported to Water mid 2009 

Cell Group 2 

Cell 8 Exported to Water ca October 2005 Connected to new manifold 

Cell 11 Exported to Water ca October 2005 Exported to Water ca October 2005 

Cell 14 Exported to Water ca October 2005 Exported to Water ca October 2005 

Cell 17 Exported to Water ca October 2005 Connected to new manifold 

Cell Group 3 

Cell 9 Exported to Water ca October 2005 Connected to new manifold 

Cell 12 Exported to Water ca October 2005 Exported to Water ca October 2005 

Cell 15 Exported to Water ca October 2005 Exported to Water ca October 2005 

Cell 18 Exported to Water ca October 2005 Connected to new manifold 

Cell Group 4 

Cell 10 In use Exported to Water mid 2009 

Cell 13 In use Exported to Water mid 2009 

Cell 16 Exported to Water ca October 2005 Exported to Water ca October 2005 

Cell 19 Exported to Water ca October 2005 Exported to Water ca October 2005 

Key 

Exported to water Not in use 

Connected to new manifold Still in use 
 
During the outflow test on Bravo, water samples from cells 8, 9, 17 and 18 were collected and analysed for 
a suite of physical, chemical and biological parameters. A summary of the results is presented  
in Table 8 and the detailed results are presented in Appendix 2. 
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Table 8 Summary Results of Analysis of the Water Phase from Brent Bravo Cells. 

Parameter Average value Units 

Physical Analysis 

Density 1.0215 g/ml 

pH 8.25  

Total suspended solids 90.725 mg/l 

Mean particle size 0.00172 mm 

H2S Analysis 
H2S by test kit >300 mg/l 
H2S by twin bomb 363 mg/l 

Chemical Analysis 

Total oil-in-water 157 mg/l 

Aromatic content of oil-in-water 3.75 mg/l 

Total organic acids 247.45 mg/l 

Total PAH 0.2217 mg/l 

BTEX 47.2 mg/l 

NPD 10.065 mg/l 

Chlorobenzene 0.0875 mg/l 

Alkyl phenols 0.576 mg/l 

Total PCB7 0.2575 mg/l 

Heavy Metal Analysis 

Arsenic 0.0006 mg/l 

Cadmium 0.0002 mg/l 

Chromium 0.0042 mg/l 

Copper 0.0018 mg/l 

Mercury 0.0020 mg/l 

Nickel 0.0024 mg/l 

Lead 0.0021 mg/l 

Zinc 0.0264 mg/l 

Bacterial Analysis8 

SRB 320 Cells/mg 

NRB 25,275 Cells/mg 

NORM Analysis 

Ra-226 particulates 1.38 Bq/g 

Ra-226 solubles 1.42E-04 Bq/g 

Ac-228 particulates 1.65 Bq/g 

Ac-228 solubles 3.03E-04 Bq/g 

Pb/Po-210 particulates and solubles 4.01E-03 Bq/g 

                                                
7 The presence of PCBs in the storage cell water phase is currently unexplained. However, the associated 
environmental impact is believed to be low as explained in section 15.4.3.2. 
8 These results need to be considered with caution as the analytical work was carried out several days after 
the sampling operation. The change in temperature and pressure and the transportation time may have had 
an impact on the results. 
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7.2.3 Brent Charlie 

The sampling operations carried out on Brent Bravo and Brent Delta have not been repeated on Brent 
Charlie because the work scope of the IMPACT project did not apply to this platform. If water samples 
from the storage cells had been collected, the analytical results would be of a lower significance because 
Charlie is still in full production and is likely to be so for several years. Indeed, during its remaining years of 
operation before CoP there will be a number of activities that will significantly affect the composition of the 
final water phase that is left in the cells, including: 

 Continued production and processing of reservoir fluids 

 Disposal of fluids from wells P&A 

 Disposal of fluids from pipeline cleaning operations 

 Disposal of fluids from topsides flushing operations 

Despite the current lack of chemical measurements it is anticipated that the nature of the contaminants on 
Charlie will be the same as those found on Bravo and Delta, because: 

 Brent Charlie produces from the same reservoir as the other two GBSs, and therefore the bulk of the 
fluids passing through the storage cells are very similar 

 The main features of the Charlie topside process are similar to those on Bravo and Delta 

 The chemicals used for the various operations are usually the same across the field 

It is still likely, however, that there will be differences in the composition of the water phase on Charlie, Delta 
and Bravo. Such differences are likely to appear in the form of variations in concentrations of contaminants 
and/or traces of additional contaminants associated with an activity specific to the Charlie platform. 
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8 CELL SEDIMENT PHASE 

8.1 Introduction 

We have always believed that all of the bases of the oil storage cells in the GBSs will contain sediment 
that has accumulated during more than 30 years of production, predominantly from the period after the 
depressurisation of the reservoir. This assumption was based on our knowledge of the reservoir fluids and 
the Brent production process, and the data we had showing how sand and sediment accumulate inside 
equipment located both upstream and downstream of the storage cells. At an early stage in our examination 
of options we therefore performed detailed theoretical calculations of the potential volume and composition 
of sediment in each cell, and based all of our detailed studies of remediation options on these estimates. 

After a long period of planning and design, we successfully sampled three cells on Brent Delta in August 
and September 2014 and analysed a total of three sediment samples and six water samples. These results 
very largely confirmed the assumptions that we had been working on concerning the volume and 
composition of the cell sediments, and gives confidence that all our early work on devising, screening and 
assessing feasible remediation options for the cell contents was valid and applicable. 

This section therefore describes in some detail our working assumptions on the nature, volume and 
composition of the cell sediment. Section 9 then presents the results from the analysis of the Brent Delta 
cell samples in detail and compares them with the estimated or assumed values given in Section 8.5 to 
Section 8.8. The results from the Brent Delta sampling project in 2014 confirmed that there is indeed a layer 
of sediment in the three cells sampled. And because the three GBSs operated in largely the same way, and 
handled the same raw reservoir fluids, we believe that there will be accumulations of sediment in all of the oil 
storage cells in each of the Brent GBSs. 

8.2 Origin 

We believe that the cell sediment layer has been formed by the deposition of solid particles which have 
settled out of the production fluids sent into storage. The sediment is anticipated to comprise sand particles 
(Brent is a sandstone reservoir), hydrocarbons and water. There is also evidence of biological activities inside 
the storage cells which could lead to accumulation of ‘mats’ of bacterial growth. 

In addition to the main process, further small amounts of solids could have been added through disposals we 
have made via the ‘closed hazardous’ drain; this is directly connected to the manifold down the utility shaft 
for those fluids to be disposed of in the storage cells. The nature of those fluids and the amount of solids they 
contained is not fully documented but they will constitute a very small fraction of the total volume of fluids sent 
into the storage cells. 

The cumulative volumes of oil, water and total fluids produced from the three GBSs to date are shown  
in Figure 19. The top two graphs clearly indicate that from the mid-1990s the production of oil declined and 
the amount of water produced increased. This ‘inversion’ occurred at around the same time as the Brent 
platforms were modified to turn the field from an oil-producing reservoir into a gas-producing reservoir. 
This gas production phase was accompanied by a significant increase in sand production. 
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The bottom graph of ‘total fluids’ reveals another change, which occurred in 2002. At this time, a 
modification was made to the Brent Alpha topside which meant that the produced water from Alpha was 
added to the production fluids on Bravo. Consequently, a greater volume of production fluids passed through 
the Bravo storage cells and the residence time for fluids in the Bravo cells was shorter. These differences may 
have caused variations in the amount of sediment that accumulated at the bottom of the storage cells on 
Brent Bravo compared to Brent Delta. Not clearly visible on the graphs is the addition in January of 2003 of 
the production from the satellite field ‘Penguins’ to the Charlie process system, thus increasing the volume of 
production fluids sent into the storage cells. Production has now ceased on Brent Delta, Brent Bravo and 
Brent Alpha but is continuing on Brent Charlie. After production ceased, various fluids were also pumped 
into the storage cells mainly in relation to two operations: 

 Well plugging and abandonment 

 Drain, purge, vent and flush of the topside processing equipment 

The nature and volume of those fluids is described in detail in the Topsides TD [6]. 
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Figure 19 Graph of Production of Oil, Water and Total Fluids on Bravo, Charlie and Delta. 
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8.3 Overview on Estimated Volume of Cell Sediment 

If it is assumed that the sediment mainly originates from the accumulation of solids settling out of the 
production fluids, historical data on sand production should provide valuable data with which to estimate 
the total volume of sediment. 

We have a database of the rates of sand production on each of the GBSs from measurements taken at the 
well head with online acoustic instruments. (It should be noted that the sand production rate outlined for Brent 
Charlie does include sand production from Penguins although the sand production rates from Penguins are 
expected to be small in comparison because it is a conventional oil field which has not been depressurised.) 
There are, however, two significant drawbacks to the use of these data: 

 The historical data only cover the past ten years or so, which leaves significant uncertainty 
around rates of sand production in the first 25 years of the Field’s life. A direct extrapolation is not 
necessarily justified as sand production may vary throughout the lifetime of field production and is 
strongly linked to the depressurisation of the reservoir and the gas production rate 

 The acoustic instruments are designed to detect the presence of sand in production fluids and they 
are quite efficient at detecting changes in the amounts of sand. However, they are not considered 
to be highly reliable for measuring the amount of sand in the fluid, and so there is a large degree 
of uncertainty around the data 

The sand production rates at each platform are summarised in Table 9, Figure 20 and Figure 21. The lines 
portray the cumulative production, the bars show the yearly sand production, and the black dashed line is 
the summation of Brent Bravo and Alpha sand production. 

The trends highlighted by the graphs seem to indicate that Brent Delta has been producing less sand than 
the other platforms whereas Brent Charlie seems to have produced significantly more, which could lead to 
greater volume of sediment inside the storage cells. 

Table 9 Historical Data on Rate of Sand Production on Brent Platforms, 2000 to 2009. 

Year 

Brent Alpha Brent Bravo Brent Charlie Brent Delta 

Production Average 
Rate 

Production Average 
Rate 

Production Average 
Rate 

Production Average 
Rate 

kg g/m³ kg g/m³ kg g/m³ kg g/m³ 

2000 6,116 2.0 80,648 8.2 206,790 16.2 30,807 3.1 

2001 4,914 1.5 47,183 4.5 150,498 14.0 28,843 3.3 

2002 7,133 3.1 19,977 2.3 86,220 10.3 6,994 0.9 

2003 4,814 8.5 7,975 1.3 55,835 5.3 12,322 1.9 

2004 5,672 6.7 37,096 4.6 152,199 19.5 24,204 7.0 

2005 9,418 18.6 37,931 8.7 144,032 22.8 10,333 2.6 

2006 8,933 11.9 82,441 26.7 111,582 29.8 25,920 47.7 

2007 6,739 13.8 104,176 33.9 107,025 35.2 19,084 6.9 

2008 10,383 24.4 123,454 36.9 154,426 65.9 14,775 6.5 

2009 14,096 40.6 88,727 28.6 124,025 46.7 2,035 1.0 

Average  13.11  15.57  26.57  8.09 
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Figure 20 Cumulative Sand Production at Brent Platforms, 2000 to 2009. 

 

Key: The lines portray the cumulative production, the bars show the yearly sand production, and the black dashed line is the summation of Brent Bravo and Alpha sand 
production. 

 

Figure 21 Overview of Average Sand Production Rates on Brent Platforms, 2000 to 2009. 

 

Key: The bars show the yearly average sand production rate and the lines represent the average sand production rate for the different platforms from 2000 to 2009. 
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8.4 Platform-specific Data on Sand Production 

8.4.1 Sand Production on Delta 

The sand produced on Brent Delta is separated upstream of the crude oil heat exchangers, then re-introduced 
downstream of the exchangers and routed to the storage cells. 

8.4.2 Sand Production on Bravo 

There is no de-sander on Brent Bravo to protect the heat exchangers. The process relies on the sand detectors 
at the wellhead detecting increased loading in sand and then adjusting the flow rate and/or work on the 
well to decrease the sand level. After the completion of the LTFD project, the heat exchangers had to be 
cleaned of the sand on a regular basis. 

8.4.3 Sand Production on Charlie 

Not all the sand produced on Brent Charlie since 2000 was sent into the storage cells. A sand wash 
package was installed on the platform in April 2002 and as a result some of the produced sand is 
separated in a cyclone upstream of the crude oil heat exchangers and then processed in the sand wash 
package for discharge overboard. Only two of the three heat exchanger trains are fitted with the sand wash 
package. The volume of sand collected and discharged overboard is shown in Table 10 and Figure 22; 
it should be noted that the figure for sand discharged overboard is calculated and not measured. The data 
suggests that only approximately 35% of the produced sand is collected for overboard disposal. 

Table 10 Brent Charlie Sand Production Historical Data, 2000 to 2009. 

Year 
Total Sand Production Sand Overboard Sand to Storage 

Tonnes Tonnes Tonnes 

2000 206.79 0 206.79 

2001 150.50 0 150.50 

2002 86.22 32.8 53.42 

2003 55.84 25.0 30.84 

2004 152.20 42.0 110.20 

2005 144.03 47.0 97.03 

2006 111.58 35.0 76.58 

2007 107.03 49.0 58.03 

2008 154.43 43.25 (Note) 111.18 

2009 124.03 43.25 (Note) 80.78 

Note: Estimate based on historical discharge data. 
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Figure 22 Brent Charlie Sand Production and Discharge, 2000 to 2009. 

 

8.5 Estimates of Volume 

We estimated the volumes of sand that may be present in the GBS oil storage cells using data on the 
particle size distribution of the produced sand. Figure 23 shows the results for the various samples collected 
on the topsides, along with the average (the thick red line). The particle size distribution ranges from 1 
micron to 1000 microns (0.001 mm to 1 mm). 

Figure 23 Particle Size Distribution of Brent Field Produced Sand. 
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The particle size distribution of the solids accumulated at the bottom of the storage cells will, however, be 
curtailed on both ends. Upstream of the storage, the particles with the larger diameter will preferentially settle 
inside the topside separators. However, the sand removed by the separators will mostly be disposed of into 
the storage cells during the flush and purge operation carried out prior to the man entry required to complete 
the cleaning of the separator. In addition, it cannot be excluded that overflow above the weir inside of the 
separator has occurred during production, between maintenance activities on the separators. Downstream of 
the storage cells, the particles with the smallest diameter will be re-exported with the fluids as they will not 
have enough time to settle-out inside the storage cells. Although calculations suggest that, depending on 
factors such as the fluid and residence times, small particles in the size range <10 µm to 30 µm would 
be re-exported with the fluids, some of them could still settle out as agglomerates formed with heavy 
hydrocarbons serving as a cementing agent. 

Using these data and assumptions we completed various studies to estimate the volume (or thickness) of 
sediment that could have accumulated at the bottom of the storage cells; Table 11 presents the findings for 
Brent Delta. In the table the two columns on the left show the lower and upper estimates for the thickness of 
the layer of purely sand that would have accumulated in each storage cell, which informs our subsequent 
estimates of the thickness of the whole layer of sediment which are shown in the two columns on the right. 
The thickness of the sediment was derived by making an assumption on the proportion of sand in the 
sediment (30 to 39% depending on the reports). 

Table 11 Estimates of Sand Levels and Corresponding Sediment Levels for Brent Delta. 

Report 
Estimates of Sand Thickness (m) Estimates of Sediment Thickness (m) 

Lower Upper Lower Upper 

Shell [7] 1.25 2.00 4.20 6.70 

Sigma 3 [8] Same values as Shell [7]  Same values as Shell [7]  

Aker Kvaerner [9]  0.55 1.70 2.00 6.00 

Shell [10]  0.09 0.11 0.29 0.35 
 
The estimated thickness of sediment varies from 0.3 m to 6.7 m. Given this range, we simply took the 
average, 3.5 m, and added some contingency to arrive at a value of 4 m as a working assumption for the 
thickness of sediment in all the oil storage cells, and used this for the engineering of the remediation options 
for all three GBSs. The corresponding volume estimates for the GBSs are presented in Table 14 to Table 16. 
In reality, however, we expect that the actual thickness of sediment will vary from cell to cell. Various cells 
were taken out of service permanently or for extended periods of time towards the end of the production 
phase, when increased sand production was expected. This could have resulted in different amounts of 
sediment accumulation in the Brent Delta and Brent Bravo storage cells. On Brent Delta and Brent Bravo, 
however, an excessive amount of sediment inside the storage would block the water ballast line (i.e. the 
pipework located at the bottom of each storage cells on Brent Bravo and Brent Delta) and this would be 
detected by the operators. No such blockages have been recorded. 

8.6 Physical Characteristics and Chemical Composition of Sediment 

Prior to the receipt of the results from sampling, we built up a detailed picture of the likely composition of the 
cell sediments using data from the analysis of solids samples collected from equipment and pipework located 
both upstream and downstream of the storage cells. The solids had settled onto, accumulated on, or adhered 
to these facilities from the production fluids passing through them and thus could be regarded as being from 
the same source, and similar to, the solids that we presume have accumulated in the storage cells. 

Table 12 summarises the various samples and associated results that we used to inform our prediction on the 
composition of the sediment. 
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Table 12 Summary of the Origin of the Solids Samples Collected and Analysed to Characterise Cell 
Sediments. 

Location 
Sampling 

Date 

Location with 
Respect to the 
Storage Cell 

Number of 
Samples 

Comments 

Brent Spar 1995 to 
1998 

Downstream 
pre-LTFD 

6 Facility decommissioned prior to the 
gas production phase 

Sullom Voe 2009 Downstream post-
LTFD 

2 Facility receiving all Brent crude at 
the end of the export pipeline 

BD HP Separator 2012 Upstream post-
LTFD 

20 Equipment decommissioned in 
2012 after cessation of production 

BC Test Separator 2010 Upstream post-
LTFD 

2 Equipment still in use and regularly 
cleaned 

BD Pre-LTFD 
Separators 

2013 Upstream pre-
LTFD 

10 Separator taken out of service in the 
mid-1990s and never cleaned 

 
The detailed analytical results are presented in Appendix 4. The common trends emerging from the overall 
set of results reveal that these samples are a mixture of sand, water and hydrocarbons. The ratio between the 
phases varies but the samples taken inside the equipment closest to the storage cells (Brent Spar and topsides 
separators) are close to a ratio of 1/3 sand, 1/3 water and 1/3 hydrocarbons. The chemical analyses 
carried out on those samples indicated the presence of the expected contaminants, namely petroleum 
hydrocarbons and associated heavy metals. Apart from the petroleum hydrocarbons, the contaminants of 
concern in these samples were Mercury and Naturally Occurring Radioactive Material (NORM). High levels 
of NORM activity were found in the Brent Spar samples but low levels were measured in the Delta topsides 
separators, so there is significant uncertainty about the actual level of activity within the storage cell sediment. 
Low levels of NORM were also measured on the samples from the storage cells collected in 2014 (refer 
to Section 9.4). 

A number of physical measurements, including density, particle size distribution, and triaxial compression 
tests, were also completed. 

8.7 Assumed Characteristics of GBS Cell Contents 

Well before the successful sampling of Brent Delta in 2014, we used the above data and calculations to 
prepare a data-set characterising the likely physical and chemical proprieties of the sediment. The main 
purposes of the data set were (i) to help us identify possible management options for the cell sediments; 
(ii) inform the modelling of the possible fate and effects of cell sediments when the cell sediments were 
exposed or released into the environment; and (iii) undertake and a CA of options. 

Table 13 presents the data-set that was the basis for our detailed assessment of options (and in Section 7 
we show how close or not these estimates were to the real values found in the Brent Delta samples). It is 
possible, however, that the sediment that has accumulated at the bottom of the storage cells has two layers; 
a bottom layer that accumulated during the oil producing phase (prior to LTFD) and a top layer that 
accumulated during the gas producing phase (after LTFD). There could be variations in chemical composition 
and physical properties between those two layers. It is also anticipated that most of the sand would have 
been produced during the gas producing phase after LTFD when the reservoir was depressurised. 
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Table 13 Data set of the Assumed Characteristics of the Storage Cells Sediment. 

Parameter Value 

Chemical Name Initial Concentration (ppm) 

Mercury 4.164 

Copper 1,118.4 

Zinc 2,028 

Naphthalene 301.2 

Benzo(a)pyrene 171.6 

Phenanthrene 913.2 

Benzene 1,010.4 

Total PCBs 0.12 

H2S 6,000 

TPH 110,000 

Tributyl Tin 0.256 

Trichlorobenzene 0.12 

Phenols 82.68 

Initial cell sediment material proportions 
(% volume) 

% oil: 28 
% water: 33 
% sediment: 39 

Initial cell sediment density (specific gravity) Oil: 0.859 
Sediment: 2.650 
Water: 1.021 
Initial total density: 1.611 

Initial critical shear stress (Pa) 38.4 and 76.8 

Initial yield strength (Pa) 150 and 300 

Erosion coefficient (kg m-2 s-1) 0.005, 0.00005 and 0.0000005 

Erosion exponent (dimensionless) 1 

Biodegradation rate (yr-1) 0.337 

Biodegradation toxicity threshold (ppm)*** 10,000 

Oil leaching rate (yr-1) 0.001, 0.1 and 10.0 

Oil diffusion coefficient (cm2 yr-1) 0.3 

Oil diffusion depth (cm) 5 

Oil diffusion exponent  0.3 
 

8.8 Assumed Volumes of GBS Cell Contents 

Using the results of all the above studies, analyses and estimates, we compiled tables of data on the 
assumed volumes of material in each GBS at CoP (Table 14, Table 15 and Table 16). These data were 
subsequently used to inform the BMT modelling of the release or exposure of cell contents, the DNV-GL 
toxicological studies on the effects of such releases, the DNV-GL assessment of environmental impacts, and 
the CA of options for the management of cell contents. 
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Table 14 Assumed Volume of Cell Contents on the Brent Delta GBS. 

Content Origin 
Volume (m3) 

Per Cell Platform 

Attic oil Oil trapped at top of cell 50 800 
Interphase Material lying between the oil and the aqueous phase ND ND 
Water Produced, ballast and drainage water 10,190 163,040 
Sediment 

(Note) 
Water-in-oil emulsion + organic and inorganic particles 1,080 17,280 

Bio-film On the walls ND ND 
Total  11,320 181,120 

Note: Based on an assumed sediment thickness of 4 m. 

ND = No Data 

 
Table 15 Assumed Volume of Cell Contents on the Brent Bravo GBS. 

Content Origin 
Volume (m3) 

Per Cell Platform 

Attic oil Oil trapped at top of cell 0 0 
Interphase Material lying between the oil and the aqueous phase ND ND 
Water Produced, ballast and drainage water 10,240 163,840 
Sediment 

(Note) 
Water-in-oil emulsion + organic and inorganic particles 1,080 17,280 

Bio-film On the walls ND ND 
Total  11,320 181,120 

Note: Based on an assumed sediment thickness of 4 m. 

ND = No Data 

 
Table 16 Assumed Volume of Cell Contents on the Brent Charlie GBS. 

Cell Type 
Volume 

(m3) 
No. 

Per Cell (m3) Total in Cell Type (m3) 

Attic oil Water Sed Attic Water Sed 

Oil storage 8,722 8 527 7,519 676 4,216 60,152 5,408 
Diesel storage 8,722 2 527 8,195 0 1,054 16,390 0 
Conductor 8,067 2 389 7,678 0 778 15,356 0 
Peripheral cells 
B2, 3, 4, 5, 7, 
10 

10,768 6 220 10,548 0 1,320 63,288 0 

B11 10,768 1 264 10,295 209 264 10,295 209 
B16, 22 10,768 2 220 10,339 209 440 20,678 418 
B17, 23, 26, 28 
to 31 

10,768 7 264 10,504 0 1,848 73,528 0 

B1, 6 13,294 2 271 13,023 0 542 26,046 0 
B27, 32 13,294 2 327 12,967 0 654 25,934 0 
Total 328,818 11,116 311,667 6,035 
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9 ANALYSIS OF SAMPLES FROM THE BRENT DELTA GBS OIL STORAGE CELLS 

9.1 Introduction 

Although we were able to derive from operational records and existing data a set of assumptions to describe 
the cell content, we have long recognised the need to validate these assumptions with actual measurements. 
Consequently, we have expended considerable effort in devising, planning, engineering and testing a safe 
method for obtaining samples of water and sediment from the Brent Delta oil storage cells. 

This section describes the sampling operation – called the Cell Sampling Programme (CSP) – and presents 
the results obtained. It also compares the physical and chemical data from the samples with the 
corresponding data we derived from the theoretical estimates presented in the Section 6. 

9.2 Sampling Strategy 

The challenge of the CSP was to devise a sampling programme that could be realistically and safely 
undertaken offshore on a working platform. During the initial phase of engineering development, it emerged 
that the scope of the sampling and surveys had to be balanced out against the corresponding technical 
challenges in order to keep the offshore execution within pragmatic boundaries. Taking such considerations 
into account during this phase, the objectives of the CSP were as follows: 

 To collect samples of the oil, water and sediment phases from three oil storage cells 

 To launch a 3D sonar device to obtain the sediment surface topography and measure the depth 
and thickness of the sediment 

The major technical constraints to obtaining any samples from the storage cells while a GBS was operational 
were (i) gaining access to the interior of the cell; and (ii) maintaining the integrity of the cell and of 
drawdown9. 

We concluded that it would be more efficient to deploy equipment from the topsides rather than from 
a vessel under the overhang of the topsides. We also realised that whilst the use of the existing pipework 
seemed more cost-efficient, it posed significant constraints on the tooling to be used, and so would be likely 
to require a bespoke design. We therefore decided to gain access to the storage cell through a newly 
created subsea hole drilled through the concrete cell top but also kept investigating the development of 
bespoke tooling that could be deployed through the existing pipework. 
In the light of these major findings, we selected three storage cells for access (9, 17 and 18, shown in red 
on Figure 24 ) mainly because of their favourable location with respect to the topside cranes which were 
required to deploy the equipment from the topside. Using these cranes rather than a Dive Support Vessel 
(DSV) reduced the cost of the sampling project. 

 

                                                
9 In order to execute this project with the topside in place, the design of the equipment had to accommodate 
the particular constraint of the drawdown system, a specific feature of the platform which maintains the fluids 
inside the structure 4 bars below the ambient pressure from the sea. This pressure difference maintains the 
platform in compression at all times to compensate for the heat stress from the hot fluid sent into storage 
during production and the weight of the platform topside. The Safety Cases for the GBSs require that 
drawdown is maintained while the platform is manned. This means that if a hole is drilled into a cell for the 
deployment of measuring or sampling equipment, it must be protected by two barriers so that the pressure 
difference across the roof of the cell is maintained. 
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Figure 24 Location of Storage Cells 9, 17 and 18 Selected for Sampling. 

 

On the basis of the assumed composition of the water, oil and sediment phases (Section 6) we drew up a 
detailed list of physical and chemical parameters that were to be assessed. The samples were independently 
analysed by SGS UK Ltd., and a comprehensive suite of physical, chemical and biological parameters was 
analysed. We prepared a comprehensive procedure for ensuring the safe custody and transportation of all 
samples, from the time that the sampling equipment was received back on the topsides until the time the 
samples were formally accepted and logged by the analytical laboratory. The recovery, storage, transport 
and handover of the samples were witnessed by an independent third party controller, Bureau Veritas (BV). 

9.3 Survey and Sampling Methods 

The CSP comprised two phases: 

 Phase 1: Installation of a baseplate onto the cell top. This operation was mainly conducted from 
a DSV and involved the cleaning of the cell top and the attachment of the base plate of the 
sampling tool 

 Phase 2: Deployment of the tools to drill through the concrete and launch the sampling tools inside 
the storage cells. The tools were deployed from the Brent Delta topside using the platform cranes 
and a Work-Class Remotely Operated Vehicle (WCROV). First, a drilling tool was attached to the 
base plate to drill through the roof of the cell. A riserless lubricator was then attached to the base 
plate to permit the sampling and sonar mapping tools to be deployed into the cell. Figure 25 shows 
the sampling tool being launched from the Delta topside and Figure 26 presents a schematic of the 
equipment installed on the cell top during the operation. The operation involved the deployment 
and the recovery of the lubricator several times for each cell in order to change the tool or recover 
the samples. 
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Figure 25 Launching the lubricator over the side of the Brent Delta Platform. 

 

 

Figure 26 Sampling Equipment Deployed onto the Cell Top. 
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9.4 Results of Analysis of Samples from Brent Delta Oil Storage Cells 

9.4.1 Location and Volume of Sediment 

The objective of the sonar mapping was to obtain the surface topography of the sediment in each storage 
cell and, thereafter, calculate the total volume of sediment in each of the storage cells during the sampling 
project. The sonar data were acquired by the company SOCON using 3D sonar. The 3D profiles required 
further post-processing in order to derive the volume of sediment. The results for the sediment volume 
calculations are presented in Table 17 and cross-sections of the cells showing the various phases are 
presented in Figure 27, Figure 28 and Figure 29. The figures clearly show a cavity within the sediment 
surface near the location of the water ballast line. However, a few metres away from the pipework, 
the surface topography becomes fairly flat. 

Table 17 Calculations of the Sediment Volume in Cell 9, 17 and 18 from the 3D Sonar Profiles. 

Parameter Cell 9 Cell 17 Cell 18 
Average of 
Three Cells 
Sampled 

Calculated volume of sediment (m3) 852 1,185 1,095 1,044 
 
The volume of sediment in the three cells, calculated from the 3D sonar readings, ranges from 852 m3 to 
1,185 m3. Cell 9 has a smaller volume of sediment than either cell 17 or cell 18, and this could be due to 
the fact that cell 9 was taken out of service in 2005, 4 years before cells 17 and 18. Although this 
difference in time of service is not large in terms of the overall life of the platform, it could have had a 
significant impact after the mid-1990s when the Brent reservoir was depressurised and sand production 
increased. 

Figure 27 Surface Topography of the Sediment in Cell 9 Derived from the 3D Sonar Mapping. 
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Figure 28 Surface Topography of the Sediment in Cell 17 Derived from the 3D Sonar Mapping. 

 

Figure 29 Surface Topography of the Sediment in Cell 18 Derived from the 3D Sonar Mapping. 
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In addition to the volume of crude oil trapped in the attic space, there is a variable amount of stable 
emulsion (‘interphase material’) trapped at the top of the cells. This additional amount of hydrocarbon with a 
combined volume of 60 m3 to 140 m3 per cell is thought to be trapped for two mains reasons: the coning 
effect arising from the pumping of fluid from the top and the physical properties, particularly the viscosity 
which is likely to be much higher than that of crude oil. Both the crude oil and the interphase material will 
be removed and disposed of during the decommissioning activities. 

9.4.2 Results of the Analytical Programme for the Sediment Samples 

Two samples of sediment were obtained from each of Cell 9 and Cell 17 and one from Cell 18. For Cell 9, 
and again for Cell 17, the two samples were amalgamated and mixed in order to provide a sample of 
sufficient volume for the analytical programme. The co-mingling therefore produced two sediment samples, 
one for each storage cell. There was no co-mingling for Cell 18 where the sediment gravity corer was 
deployed only once. 

Table 18 summarises the results of the analysis of cell sediment samples. The detailed analytical results, 
complete with information on the analytical standards and the limits of detection, are given in the SGS UK 
Report Shell Brent Delta Decommissioning, Brent Delta Cells 9, 17 and 18 [11]. 

The results confirmed that the sediment is a mixture of sand particles, water and oil. The water content is 
higher than originally assumed but this may be due to the fact that the sediment samples were collected 
within the surface layer of the sediment which is less compacted and therefore has a higher amount of pore 
water. The main contaminants are organic compounds originating from the hydrocarbon processed through 
the storage cells or the added chemicals. 

Several differences can be pointed out: 

 The amount of Total Organic Carbon (TOC) in Cell 9 is significantly lower than in Cell 17 and Cell 
18 whilst the TPH concentration remains within a similar range. A similar observation can be made 
for the Asphaltenes content 

 The amount of phenols is also significantly lower in cell 9 compared to the levels in Cell 17 and 
Cell 18 

 Additional variations can be noted for copper and phenanthrene where the concentrations are 
lower in cell18 compared to those in Cell 9 and Cell 17 

Several contaminants associated with hydrocarbon production such as NORM or mercury were not detected 
above level of concern, and other contaminants associated with offshore processing (e.g. Mono-Ethylene-
Glycol (MEG)) or the topside equipment (e.g. PCBs or TBT) were not detected. 
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Table 18 Main Analytical Results Obtained from the Sediment Samples. 

Parameter 
Cell 9  

(mg/kg) 
Cell 17  
(mg/kg) 

Cell 18  
(mg/kg) 

Average  
(mg/kg) 

TOC 166.5x103 438.5x103 417.5x103 341x103 

TPH 134,000 167,500 156,360 152,620 

Total NPD 453.2 134.5 94 227.2 

Phenols 1.65 79.35 158.5 79.8 

Asphaltenes 6 2360 3035 1800 

Wax content -32°C 5714 6470 3113 5099 

Mercury 0.3 0.086 0.071 0.152 

Copper 43.1 82 1.65 42.25 

Zinc 54.4 170 28.5 84.3 

Lead 19 31.5 9.9 20.1 

Chromium 10.6 44 5 19.9 

Nickel 10.2 15.5 14 13.2 

Arsenic 1.78 1.2 1.7 1.6 

Naphthalene 56 18 16.5 30.2 

Benzo(a)pyrene 0.55 0.2 0.3 0.4 

Phenanthrene 27 14.5 1.4 14.3 

Fluorene 13.5 7.8 9.8 10.4 

Benzene 1,165 1,200 1,000 1,122 

Total PCBs <0.001 <0.001 <0.001 <0.001 

Tributyl tin <0.001 <0.001 <0.001 <0.001 

Octylphenol Not measured 0.0575 0.0433 0.0504 

Nonylphenol Not measured 0.912 0.754 0.833 
 
Traces of octylphenol and nonylphenol have been detected in the sediment samples of Cell 17 and Cell 18. 
These compounds were present in some chemicals used in the offshore industry, such as emulsifiers, before 
being phased out in the early 2000s following their addition to the OSPAR list for priority action. 

Table 19 shows the results for the physical parameters measured on the sediment samples. The results from 
Cell 9 present some variations compared to those from Cell 17 and Cell 18; specifically for Cell 9 the 
specific gravity for the solid is slightly lower, the water content is lower, and the oil content is higher. They 
also show a particular anomaly where the oil content of Cell 9 is the highest whilst the TOC measurement is 
the lowest with variations that cannot be attributed to the analytical method. 

These variations cannot be readily explained. Because Cell 9 was taken out of service in 2005 and Cell 17 
and Cell 18 in 2009, it may have received a slightly different input of produced fluids and this may have 
caused a slight variation in the make-up of the surface layer of the sediment. 
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Table 19 Main Physical Parameters Measured on the Sediment Samples. 

Parameter Cell 9 Cell 17 Cell 18 

Density (t/m3) 

Oil 0.806 0.817 0.812 

Solids 2.28 2.72 2.65 

Water 1.0222 1.02145 1.02176 

Proportion (% volume) 

Oil/Organics 38.8 22.1 13.2 

Water 38.5 51.3 56.5 

Solids 22.7 26.6 30.2 

Calculated density 1.42 1.85 1.91 

Measured bulk density 1.25 2.09 2.15 

Vane shear strength (Pa) 43.81 124 80.5 
 
The particle size distributions are centred on the range 100 µm to 400 µm, and this is consistent with the 
various results obtained on the solid content of the production fluid processed on the platforms. Figure 30 
shows the particle size distribution for the sediment samples. 

As with some other parameters, Cell 9 exhibits a slightly different particle size distribution with a small shift 
towards smaller particles. 

Figure 30 Plot of the Particle Size Distribution for the Sediment Samples. 

 

9.4.3 Results of the Analysis of Water Samples 

Several fluids samples were collected in each of the storage cells. The samples were transferred into sealed, 
temperature-controlled and pressurised containers in order to maintain the integrity and pressure during 
transportation. 
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The water samples were obtained from two depths inside the storage cells. One sample (‘Upper’) was taken 
at approximately 20 m below the cell roof and the other (‘Lower’ was taken approximately 35 m below the 
cell roof. Comparison of the various determinands analysed in both the upper and lower samples showed 
that their results were similar, suggesting that there was no significant layering in the water column. Therefore, 
for simplicity, only the average concentrations of the determinands for each storage cell are presented in this 
section. 

Table 20 summarises the results of the analysis of the water samples. The detailed results are presented in our 
report ’Brent Delta Cell Survey Project Report’ [12]. 

Table 20 Main Analytical Results Obtained from the Water Samples. 

Parameter 
Average for  

Cell 9 
Average for  

Cell 17 
Average for  

Cell 18 

THC10 (mg/l) 30 1081 139 

Mercury (µg/l) 1.9 3.2 0.79 

Copper (µg/l) <160 <160 <160 

Zinc (µg/l) <1200 <1200 <1200 

Lead (µg/l) <9 <9 <9 

Chromium (µg/l) <12 61 170 

Nickel (µg/l) <140 <140 150 

Arsenic <9 <9 <9 

Naphthalene (µg/l) 0.035 0.036 0.0058 

Benzo(a)pyrene (µg/l) <0.002 0.0005 <0.0001 

Phenanthrene (µg/l) <0.002 0.024 0.003 

Fluorene (µg/l) <2 9.3 1.1 

Benzene (mg/l) 4.92 7.25 1.6 

Phenols <0.3 0.412 0.37 

Octylphenol (µg/l) Not measured 0.12 0.11 

Nonylphenol (µg/l) Not measured 1.27 0.62 

Organic Acids (mg/l) 2.7 7.6 8.6 
 
Several contaminants associated with hydrocarbon production (e.g. NORM) were not detected above the 
level of concern, and other contaminants associated with the topside equipment (e.g. PCBs and TBT) were 
not detected. The results showed a significant amount of hydrocarbon in Cell 17 and to a lesser extent in 
Cell 18. These amounts of hydrocarbons are well above the solubility limit of crude oil in water. As pressure 
was released during the extraction of the samples from the pressurised container, oil separated from the 
water phase to form a sheen. 

Traces of octylphenol and nonylphenol were detected in the water samples of Cell 17 and Cell 18, and this 
is consistent with the detection within the sediment. 

Several bench measurements were also carried out the water samples (Table 21). The Redox potential 
measured on all samples is consistent with some form of anaerobic process having taken place within the 
water column. The results highlight a difference between Cell 9 and the other two cells. 

  

                                                
10 THC, Total Hydrocarbon Concentration 
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Bacterial activity was also measured on each of the water samples, with several bacteria populations being 
counted (Table 22). The results show very low bacteria populations in all the water samples. This seems to 
indicate that the biodegradation process was minimal at the time of sampling. The small amounts of Volatile 
Fatty Acids (VFA) measured in the water samples (refer to Table 20) in conjunction with the absence of 
detection of H2S during the recovery of the samples from the pressurised container, do not reveal that a 
significant anaerobic biodegradation process has even taken place. 

Table 21 Bench Measurements on the Water Samples Collected from the Storage Cells. 

Parameter Unit 
Average for  

Cell 9 
Average for  

Cell 17 
Average for  

Cell 18 

pH pH 7.83 6.65 6.8 

Electrical conductivity ϒ25 µS/cm 22.55 20.76 20.5 

Redox potential mV -399 -248 -297 

Density at 20°C g/ml 1.02195 1.02145 1.02176 

Total alkalinity mmol(H+)/L 56 38.5 42 

Total suspended solids mg/L 97.5 255 209 
 
Table 22 Bacteria Counts in the Water Samples from the Storage Cells. 

Parameter Unit 
Average for  

Cell 9 
Average for  

Cell 17 
Average for  

Cell 18 

Most probable number SRB cells/ml 2.7x100 2.1x100 3.5x100 

Most probable number SRB 
21 days 

cells/ml 7.1x100 2.1x100 8.75x100 

Most probable number NRB cells/ml <0.3 3.6x100 3.0x100 

Heterotopic bacteria count at 
37°C after 44 hours 

cfu/ml <1 <1 <1 

Heterotopic bacteria count at 
22°C after 68 hours 

cfu/ml 1 <1 <1 

 

9.5 Comparison of CSP Results with the Initial Assumptions 

Table 23 compares the analytical results obtained from the sediment samples with the initial assumptions 
derived at the outset of the engineering work. This shows that the concentration of most of the chemicals was 
lower or much lower that we had assumed from our original (desktop) studies. The average concentration of 
two parameters, Benzene, Toluene, Ethylbenzene, Xylene (BTEX) and Total Hydrocarbon Concentration 
(THC), was, however, 10% and 28% higher respectively than the assumed values. These discrepancies have 
been addressed by completing further fate modelling runs in order to reflect the actual values. The updated 
fate modelling was then used to update the corresponding environmental impact assessment. As detailed in 
Section  15.3, the discrepancies did not affect the conclusions of the Environmental Impact Assessment (EIA). 
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Table 23 Comparison of the Chemical Composition Results from the Sediment Samples with the 
Initial Assumptions. 

Chemical Name 
Brent Delta Assumptions 

Initial Concentration (mg/kg) 
Average Cell 9 Cell 17 Cell 18 

Mercury 4.164 0.152 0.3 0.086 0.071 

Copper 1,118.4 42.25 43.1 82 1.65 

Zinc 2,028 84.3 54.4 170 28.5 

Naphthalene 301.2 30.2 56 18 16.5 

Benzo(a)pyrene 171.6 0.4 0.55 0.2 0.3 

Phenanthrene 913.2 14.3 27 14.5 1.4 

Benzene 1,010.4 1,121.7 1,165 1,200 1,000 

Total PCBs 0.12 <0.001 <0.001 <0.001 <0.001 

THC 110,000 152,620 134,000 167,500 156,360 

Tributyl Tin 0.256 <0.001 <0.001 <0.001 <0.001 

Phenols 82.68 79.8 1.65 79.35 158.5 
 
Table 24 compares the physical parameters measured on the sediment samples with the initial assumptions 
used during the engineering work, and there are three important observations on these results: 

 The sediment samples from Cell 17 and Cell 18 contained more water than we assumed. This 
might be linked to the fact that the sediment samples were collected from the surface layer of the 
sediment (at a depth of 0.5 m to 1 m in a 4 m deep deposit) where the sediments are less 
compacted than in deeper layers and where there is more pore water 

 The specific gravities of the oil phase and the solid particles were well in line with what was 
assumed from materials produced by the Brent reservoir 

 The shear strength was higher than anticipated. It should be noted that the sampled values should be 
treated with some caution because the sediment samples had to be disturbed during extraction from 
the gravity corer. It can be reasonably assumed, however, that undisturbed samples would have 
exhibited higher shear strength measurements 

The consequences of these findings on the current engineering work are outlined in section. 

Table 24 Comparison of the Results for the Physical Parameters of the Sediment Samples against the 
Initial Assumptions. 

Parameter 
Brent Delta Assumptions 
in Original Modelling 

Results from Cell Sampling 

Average Cell 9 Cell 17 Cell 18 

Shear strength (Pa) 8 82.8 43.8 124 80.5 

Density (specific gravity) Oil: 0.859 0.812 0.806 0.817 ?? 

Solids: 2.650 2.55 2.28 2.72 2.65 

Water: 1.021     

Bulk density: 1.611 1.83 1.25 2.09 2.15 

Initial cell sediment 
material 
Proportions (% volume) 

Oil/Organics: 28 24.7 38.8 22.1 13.2 

Water: 33 48.8 38.5 51.3 56.5 

Sediment: 39 26.5 22.7 26.6 30.2 
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Table 25 presents the comparison between the analytical results obtained from the water samples from the 
storage cells and the initial set of assumptions. The following comments can made from this comparison: 

 Most of the measurements fall well below the initial assumptions except for mercury and THC for 
Cell 17. 

 Cell 17 exhibits a higher mercury content than the assumption but the overall average (1.8 µg/l) 
remains below the initial assumption (2.2 µg/l). 

 The amount of total hydrocarbon varies significantly from one cell to another. Whilst the average 
concentration (417 mg/l) remains below the initial assumption (503 mg/l), the standard deviation 
becomes a source of concern. Since only three cells out of 16 have been sampled, the actual 
average could be greatly affected by the actual concentration in the remaining 13 cells. 

At this stage, it is believed that the concentration detected in Cell 17 may be the result of an incomplete bulk 
de-oiling. When the cells are taken out of service, the oil is pumped out until water begins to come out. 
However, the interphase material left inside the storage cell sometimes prevents proper fluid circulation and 
causes the pumps to trip. The final phase of the bulk de-oiling may therefore have been curtailed due to 
technical issues, with the result that some oil is left in the cell. 

Table 25 Comparison of the Analytical Results from the Brent Delta Water Samples against the 
Initial Assumptions. 

Parameter Initial Assumption 
Cell 9 Cell 17 Cell 18 

Average Average Average 

Density (kg/m3) 1,019 1.0222 1.02145 1.02176 

Chemical concentrations (mg/l) 

Mercury 0.0022 0.0019 0.0032 0.00079 

Copper 0.33 <0.162 <0.016 <0.016 

Zinc 2.568 <1.2 <1.2 <1.2 

Naphthalene 0.496 0.035 0.036 0.0058 

Benzo(a)pyrene 0.052 <0.002 0.0005 <0.0001 

Phenanthrene 0.198 <0.002 0.024 0.003 

Benzene 112.8 4.92 7.25 1.6 

Total PCBs 0.012 <0.0001 <0.0001 <0.0001 

THC 503 30 1081 139 

Tributyl tin 0.00008 <0.001 <0.0002 <0.001 

Phenols 0.474 <0.3 0.412 0.37 

Organic acids 876 2.7 7.6 8.6 
 
 

9.6 Water samples collected during the initial phase of the Attic Oil Recovery Project 

Our operations on attic oil recovery (AOR) started in Q2 2016, with the drilling of subsea access holes in 
Cell 7 and Cell 10 so that the remaining hydrocarbon inventory could be pumped into Cell 6. The pumping 
required the addition of a chemical to reduce the viscosity of the interphase materials but the mobile fluids 
were successfully transferred into Cell 6. The operation will be completed at a later stage after the topside 
has been removed. 

During this operation, the opportunity was taken to collect further water samples. A pressurized sample was 
collected in each of the three cells using the same sampling tool that we used during the CSP project.The 
samples were sent to the same laboratory for chemical analysis. Duplicate measurements were carried out; 
the average TPH values are presented in Table 26. 
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The main driver behind this additional sampling was the need to further assess the residual hydrocarbon 
content in order to evaluate the extent of the bulk de-oiling in the storage across the Brent Delta platform. 

 
Table 26 TPH concentrations measured on the water samples collected during the AOR project 

Parameter 
Average for  
Cell 6 

Average for  
Cell 7 

Average for  
Cell 10 

TPH (mg/l) 21.9 40.9 19.7 

 

These results show fairly low levels of residual hydrocarbons in all the three cells. Cell 6 was bulk de-oiled 
and taken out of service in 2005. Cell 7 and Cell 10 were used throughout the last phase of production. 
They will have also received various amounts of fluids after cessation of production during the abandonment 
phase. 

 

9.7 Overview of the residual hydrocarbon concentrations in the water phase across the Brent 
Delta storage cells 

The residual hydrocarbon concentrations measured on the water samples from the storage cells have shown 
significant variability. Their operation history including the final bulk de-oiling is also different (cf. Table 5). 
 
Table 27 Residual hydrocarbon concentrations measured in the water phase samples collected from the 

storage cells on Brent Delta during the late life of the platform. 

 
Cell 

number 

Year and determinand 
2009 2014 2016 

Samples collected at 
the manifold during an 
outflow test (OIW in 

mg/l) 

Pressurized samples 
collected during the CSP 

project (TPH in mg/l) 

Pressurized samples 
collected during the initial 
phase of the AOR project 

(TPH in mg/l) 
2 114.6 

  4 195.2 
  6 65.3 
 

21.9 
7 124 

 
40.9 

9 
 

30 
 10 

  
19.7 

17 
 

1,081 
 18 

 
139 

  
When we cross-check the analytical results from Table 27 with the bulk de-oiling history presented in Table 
5, several observations can be made: 
 

 The cells that were bulk de-oiled in 2005 (i.e. Cells 6, 8, 9, 13, 14, 16 and 19) exhibit low 
residual hydrocarbon concentration according to the measurements in Cell 6 and Cell 9. 

 The cells last connected to the manifold and bulk de-oiled in 2015 (i.e. Cells 2, 4, 7 and 10) also 
exhibit low residual hydrocarbon concentrations according to the measurements in Cell 7 and Cell 
10. 

 The cells that were bulk de-oiled in 2009 (i.e. Cells 11, 12, 15, 17 and 18) exhibit the highest 
residual hydrocarbon concentrations according to the measurements in Cell 17 and Cell 18. 
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From these observations, it would appear that the risk of finding high concentrations of residual hydrocarbon 
within the water phase is limited to the sub-set of cells that were bulk de-oiled in 2009 (i.e. Cells 11, 12, 
15, 17 and 18). Nevertheless the latest measurements from the AOR in 2016 further support the 
assumptions used in the fate modeling and EIA. 
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10 CELL SURVEY ON BRENT BRAVO 

10.1 Introduction 

In parallel to the development of the subsea access used during the sampling operation on Brent Delta, we 
have continued exploring and developing technologies to enable access through the existing pipework. This 
effort had two key objectives: 
 
1. To collect additional data on Brent Bravo to further confirm that the set of assumptions used for the cell 
content was appropriate. 

2. To develop a less onerous mean of access for Brent Bravo where the subsea access is not required for the 
attic oil recovery due to the different configuration of the pipework. 

 
After several unsuccessful attempts using various devices developed with engineering contractors, we started 
another development project in collaboration with the National Aeronautics and Space Administration 
(NASA) through a technology development partnership set up between Shell and NASA. 
 

10.2 Methodology 

The work undertaken with NASA led to the development of a sphere (Figure 31) small enough to travel 
through the 10’ line. As 3D sonar could not fit within the desired dimensions, a smaller 2D sonar was used 
in combination with advanced post-processing developed by NASA. The sphere was also equipped with a 
front and rear camera to observe the pipework condition. In addition to the cameras, the tether was marked 
every meter in order to locate the sphere inside the pipework. 
 
Figure 31. Photograph of the NASA sphere containing the 2D sonar. 

 
 

In order to introduce the sphere inside the pipework a hot tap was installed on the line from the +71m level 
inside the utility leg. This hot tap system enabled the deployment of the sphere with the tether whilst keeping 
the pipework under pressure (Figure 32). After its introduction inside the line via the hot tap, the sphere was 
then flushed using service water all the way through the entry point inside the storage cell (Figure 33). 

The details of the operation are presented in the NASA Report NASA Cell Access – Brent Bravo Cell 18 
Deployment Report [13]. 
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Figure 32. Photograph of the hot-tap system being tested in the workshop. 

 
 
Figure 33 Schematic of the pipework used for the deployment of the NASA sphere inside the storage cell 

 

 

10.3 Results 

In June 2016, the project team succeeded in accessing storage Cell 18 on Brent Bravo and surveying the 
cell contents. Seven sonar scans were recorded inside the storage cell at positions measured using tether 
markings indexed to the cell entry point (the exit of the cell fill line bell-mouth Figure 33. Initially, an oil 
and/or emulsion layer appeared to obscure the sediment surface at the bottom of the cell, so the sonar 
sphere was lowered into the cell until the image became clear. Once the bottom was visible, four scans 
were taken at two vertical positions, and the sonar sphere was subsequently lowered until contact was made 
with the sediment surface. This allowed us to verify the measurements taken with the sonar using both the 
known storage cell radius and the measured length of tether, and all of these measurements were found to 
be in good agreement. 
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Figure 34 Schematic of the NASA sphere surveying storage Cell 18 

 
 

The profile of the sediment surface measured by the sonar was found to be predominately horizontal with a 
small depression at one radial location (Figure 35). It is likely that this “well” has formed around the location 
of the water ballast pipe outlet, where the sediment is expected to be disturbed by the liquid flow. 

 

Figure 35 3D reconstruction of the sediment surface (colour coded by depth) 

 
 

An abrupt transition in visibility of the sediment surface was found to exist at a differential tether length of 
approximately 14 m (below the bellmouth). Based upon this transition and other sonar data, we believe that 
an oil/emulsion layer extends from the top of the cell down to this level. However, it is not possible to 
determine the composition of this layer from sonar data alone. 

The raw data recorded during the deployment of the sonar sphere was “post-processed” using special 
software to filter out noise and check the cell radius measured by the sonar against the known value from the 
as-built drawings. The two sweeps taken at tether mark 60 have the best signal to noise ratio of all of the 
sweeps recorded and therefore were used make our best estimate of the sediment surface profile and 
volume.Since small deviations in cell radius can result in large changes in volume, both the mark 60 data 
sets (see Table 28) were processed a fixed radius of 9.27 m. 
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Figure 36 Sample post-processed sonar point cloud 

 
 

10.4 Calculation of the sediment volume from the processed data 

The volume of sediments in the Brent Bravo cells were calculated by NASA from the 2D sonar surveys of the 
Brent Bravo cells, using the following definitions [13]: 

 Distance between bellmouth and cell floor  = d1 
 Distance between bellmouth and sonar sphere (as measured from tether markings during 

deployment) = d2 
 

Figure 37 Schematic showing the key dimensions measured during the survey 

 
 
Calculations: 
Distance between sonar plane and cell floor (d3) at tether mark 60: 
 d1 – d2 = d3 

44.5m – (60m – 29m) = 13.5 m 
 
Total volume of cell between sonar plane and cell floor (VT): 
 VT = (π*(cell radius) 2) * (d3) 

(π * (9.27m)2) * 13.5m = 3,645 m3 
 
The data processing software actually computes the volume of water between the sonar plane and the 
sediment surface (Vwater). The sediment volume is then determined by subtraction  
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Table 28 Comparison of sonar sweeps from mark 60 

Dataset Volume of Water 
(m3) 

Min Depth (m) Max Depth (m) Mean Depth (m) 

164303 2,898 9.50 14.41 10.62 

164851 2,893 9.51 14.42 10.62 

Mean 2,896 9.50 14.42 10.62 

 
Estimate of the volume of sediment using the mean water volume: 
 VT – Vwater = Vsediment 

3,645 m3 – 2,896 m3 = 749.0 m3 
Vsediment = 749.0 m3 

 
NASA concluded that the calculated volume of sediment in Cell 18 on Brent Bravo is of the same order of 
magnitude as those measured in Cell 9, Cell 17 and Cell 18 on Brent Delta. This further supports the 
hypothesis according to which there could be a maximum depth of sediment that can accumulate in a given 
storage cell. This depth would range between 3m and 4m from the cell floor and would be a limitation 
arising from the position of the water ballast line. Above this maximum depth, the excess sediment will have 
been evacuated overboard with the produced water. 

Even though Brent Bravo has received the production fluid from Brent Alpha and the online sand analyzer 
have shown higher readings than on Brent Delta, this has not translated into a higher volume of sediment 
accumulated at the bottom of Cell 18 according to this survey. 
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OPTIONS FOR THE MANAGEMENT OF CELL CONTENTS 

Sections 11 and 12 describe the engineering solutions that we examined for managing the cell contents – 
the attic oil, interphase material, water phase and sediment. 
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Intentionally left blank 
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11 METHODS FOR THE REMOVAL OF ATTIC OIL AND INTERPHASE MATERIAL 

11.1 Introduction 

We will remove the attic oil and interphase material from every cell. The removal of the attic oil and 
interphase material is common to all of the shortlisted options for managing the cell sediments (Sections 13.3 
to 13.7) and does not serve to differentiate those options. This section describes the currently-preferred 
method for removing these materials and outlines alternative methods that may be employed on specific 
GBSs. 

11.2 Proposed Method for Removing Attic Oil 

11.2.1 Introduction 

The current preferred method for recovering the remaining oil and interphase material from the Brent 
Delta storage cells after CoP is to create a new subsea access into each cell and pump out the mobile 
hydrocarbons from 15 of the cells into a chosen collection cell. This work can be done pre or post-topside 
removal but the base case is to do it while the Delta topside is  still in place to take advantage of the 
additional barrier provided by draw down. Once collected into a single cell, it is likely that the mobile 
hydrocarbons will then be transferred directly from the cell to a vessel, for onshore treatment and disposal. 
An optimisation of this concept would be to use the platform export system, and this is still under 
consideration. This concept could also be applied to all three GBSs but various opportunities are still being 
investigated to take advantage of differences between the platforms. 

The new subsea access method will be undertaken using only an ROV and is currently preferred because 
we believe it would be very reliable; it would not require the use of divers and would be less dependent on 
existing infrastructure with known and unknown integrity issues. This method has now been definitively 
selected for Brent Delta. For Brent Bravo and Brent Charlie, however, there are alternatives to this method 
and these are still being considered because they may bring significant benefit under certain circumstances. 
Some of these alternatives are discussed in the following section. 

11.2.2 Programme of Work to Create New Access 

The following programme of work will be undertaken to collect the attic oil through a small new subsea 
access and store it into one cell. The main steps in the operation are illustrated in Figure 39. 

The ROV will clear the cell caps by removing debris and, if necessary, very limited quantities of drill cuttings 
from the cell cap. It will manoeuvre the location plate into place on the cell top and fit the core drill tool onto 
it. This tool is controlled via an umbilical from the surface and will drill a 206 mm diameter hole part way 
into, but not through, the concrete cell dome; the concrete core will be caught by the tool and removed. 

Figure 38 Core Drilling Tool. 
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The drill tool will then be replaced by the anchor hub, a connector which mechanically locks into the walls of 
the cored hole and provides the location fitting for subsequent tools. The hub is pressure tested and then the 
installation tool and the location plate are removed (Figure 39). A double block and bleed valve block 
assembly is then fitted onto the anchor hub; this assembly seals the cell and enables other tools to be fitted. 

These preparations allow another drill to drill through the rest of the cell dome and into the attic oil space, 
providing a new subsea access point for this cell. This process is repeated on the remaining 13 cells on 
Brent Delta which were not fitted with base plates during the 2014 cell survey campaign. 

After the removal of the drilling tool a pump tool is attached to the valve block on the donor cell, and 
connected by a transfer hose to the connector on the nominated collection cell (Figure 39). The pump is then 
used to transfer the mobile hydrocarbons out of the donor cell (Figure 39). A window in the pump tool allows 
visual and Ultra-violet (UV) monitoring of what is flowing from the cell and a conductivity sensor is also 
incorporated to assist in determining when the transfer is complete. Several pump combinations will be 
available so that the hydrocarbons can be pumped out in the most efficient way depending on viscosity 
found. Once the transfer is complete, the isolation valves are closed, the hose flushed with sea water into 
the storage cell, disconnected and the pump tool recovered. 

Once the transfer is complete and access to the cell no longer required, a retrievable mechanical plug is set 
through the valve block into the anchor hub. Once tested the valve block is removed to surface and a debris 
cap locked onto the anchor hub. 
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Figure 39 Main Stages in Operation to Pump Attic Oil and Interphase Material from all Cells to a 
Storage Cell. 

  
1. Installing the location plate 2. Drilling the core 

  
3. Installing the anchor hub 4. Anchor hub sealed in place 

  
5. Fitting the double block and valve assembly 6. Drilling through cell dome to attic oil space 

  
7. Pumping attic oil to nominated storage cell 8. Installing the debris cap 
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11.2.3 Programme of Work to Access Sampled Cells on Brent Delta 

Three of the cells, 9, 17 and 18, were accessed and sampled in 2014 and therefore already have base 
plates with isolation valves installed. For these cells it is not necessary to drill an additional hole as described 
above, and instead a connector has been fabricated to connect the pump tool and hose to the existing base 
plate. In order to inject or extract fluids from the storage cells a module will be deployed subsea and latched 
onto the baseplate via the subsea connector (Figure 40). Figure 40 also illustrates the main components that 
will be used. 

Figure 40 Main Components used to Access Previously Sampled Cells on Brent Delta. 

  
1. The existing baseplate 2. Baseplate with connector 

  

3. Drilling stack 4. Fluid head module 
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11.2.4 Pumping Fluids from the Storage Cells to a Vessel 

To pump the fluids in and out of the storage cells, a subsea pumping module will be installed on the seabed 
next to the platform. This module is also designed to inject chemicals such as H2S scavengers in order reduce 
the concentration of H2S in the fluids being pumped back to the vessel. This pumping and agitation module 
comprises the following elements: 

 Subsea pump 

 Subsea agitators 

 Isolation valve 

 Two 4 inch hot stab receptacles (for fluids recovery riser and jumper) 

 One 1 inch hot stab receptacle (for scavenger hose connection) 

 Electrical connection interface 

 Pipework 

 Mudmat and protection frame 

 Optional jumper basket on upper frame 

Figure 41 and Figure 42 show schematic diagrams of the pumping and agitation module. The pumping 
module will be located next to the GBS and ideally it would remain in position for the duration of the whole 
programme of work to remove the attic oil and interface material. The pumping module can be sited some 
distance from the GBS in order to minimise disturbance to the seabed or any drill cuttings, and to minimise 
the risk of dropped objects onto the cells. A flexible hose would be put in place by an ROV to connect the 
pumping unit and the fluid head module on the cell top. 

Once the full system is in place and connected to the vessel, the attic oil and interphase material will be 
pumped onto the vessel whilst H2S scavenger is being injected at the pumping and agitation module located 
on the seabed. While the fluids are being extracted from the storage cell, seawater will be let in through the 
decommissioned drawdown system in order to compensate for the volume extracted. On completion of the 
recovery process on each cell, the valve on the baseplate will be closed pending further intervention. 

Figure 41 General Arrangement of the Pipework of the Pumping and Agitation Module. 
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Figure 42 General Arrangement of the Pumping and Agitation Module. 

 

With the support of a vessel operator we simulated different plans for deploying the various pieces of 
equipment and fluid containers which would be required on the vessel. Given the available space, one 
suitable arrangement would be to use 20 ISO storage tanks of 25 m3 each; this would provide 500 m3 
of fluids storage capacity in addition to the existing 150 m3 storage tank on the vessel (Figure 43). In this 
configuration, the available storage capacity would permit four cells to be treated before the vessel would 
have to return to port to offload its cargo and replenish its store of chemicals. The schedule created for this 
option recognises the fact that this operation would be weather-dependent. 

The permanent and temporary tanks would be used to store and transport the following fluids: 

 Hydrocarbons extracted from the storage cells 

 H2S scavenger 

 Fluids recovered during the injection of H2S scavenger 

The attic oil will be re-used or recycled depending on its composition and characteristics after recovery. 
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Figure 43 Storage Tank Deck Layout Arrangement. 

 

11.3 Alternative Options for Removal of Attic Oil and Interphase Material 

11.3.1 Brent Bravo 

On Brent Bravo the oil fill lines run outside the cell dome before penetrating the wall of the storage cell. 
This configuration does not lead to the creation of significant attic space in which the oil can be trapped or 
stranded. There is, however, evidence that there is a residual hydrocarbon inventory in each cell, comprising 
mainly interphase material. The recovery of this hydrocarbon inventory could not be completed during the 
final water flushing using the existing pumps because the physical properties of the interphase material are 
not the same as those of crude oil (e.g., it has a higher viscosity). Most of these oil fill lines were disused 
after the corresponding storage cell was taken out of service. 

Additional mapping has been carried out in Cell 18 through the NASA survey (cf. Section 10). It is not 
proposed to conduct further sediment mapping or sampling on Brent Bravo as the results of the NASA survey 
confirmed the initial assumption regarding the sediment volume. Therefore, the sole remaining driver to create 
a subsea access in all of the storage cells would be the recovery of the remaining hydrocarbons. In such 
event, consideration could be given to opportunistic additional mapping and sampling of the storage cells. 

Under those circumstances, the opportunity lies in the potential benefits arising from using the existing 
pipework to recover the remaining hydrocarbon instead of creating new subsea accesses. 

This would require removing the gel from the oil fill line to re-instate full circulation. A small fit-for-purpose 
pump would need to be installed down the leg in order to pump the more viscous fluids. The recovered fluids 
would then be recycled or disposed of onshore. 
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11.3.2 Brent Charlie 

On Brent Charlie we have decided to try to remove the attic oil and interphase material using the vent lines. 
As described in our report Remediation of Brent Charlie Peripheral cells [14], this will require access down 
the legs C1 and C4 and the topside to be fully operating. It would be beneficial if this method could be 
used because both the number of cells and the estimated volume of attic oil are greater on Brent Charlie than 
on either Brent Bravo or Brent Delta. The current condition and integrity of this pipework is not fully 
understood, however, and it may not be possible to remove the attic oil from all cells. 

The vent lines system can be divided in two main parts: 

 One section servicing the storage and connected up Leg C4 

 One section made of two branches (Table 29 and Figure 44) servicing the peripheral cells and 
connected to 4 inch header penetrating inside Leg C1 at cell top level 

Since the 4 inch headers of the vent lines servicing the storage cells are already connected above the GTF in 
Leg C4, the connection can be easily re-established to attempt pumping. 

For the peripheral cells, the system must be modified before attempting a recovery. Each of the 22 
peripheral/conductor cells (including the three peripheral cells that could contain sediment) has a 2 inch vent 
line in its cell-dome. These vent lines are connected to one of two 4 inch manifolds that rise open-ended into 
Leg C1 at cell top level. This implies that these open-ended terminations are currently under water below 
the GTF. 

Table 29 Identification of the Peripheral Cells on each Branch of the Vent Line System. 

Peripheral Cell Manifold Cells Vented Notes 

West and south cells B11, B17, B23, B24, B25, B26, B27, B28, 
B29, B30, B31 and B32 

Includes conductor cells 

North and east cells B1, B2, B3, B4, B5, B6, B7, B10, B16 
and B22 

West/south manifold 

 
Figure 44 Schematic of the West/South Branch of the Peripheral Cells Vent Lines System. 
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Instead of accessing each peripheral cell individually through the concrete of the cell-dome, it may be 
feasible to access them in manifolded groups by re-using the existing cell-dome vents. Connections onto these 
two vent manifolds could be made either internally within Leg C1 or externally through the concrete wall of 
the cell-dome structure. The hydraulic feasibility of removing attic-oil through these cell-dome vents and a 
temporary system installed within Leg C1 has already been demonstrated but the mechanics and safety of 
such an operation have yet to be confirmed. 

Within Leg C1 the open ends of the two cell-dome vent manifolds are submerged approximately 40 m 
below the GTF. These two pipes might be reached either by personnel, after lowering the GBS drawdown 
below EL 60 m (an operation last performed in 2003), or remotely by ROV. Facilities installed in 2012 
during the BC Restart Project have improved the handling of oil/gas ‘glugs’11 into Leg C1 while also 
reducing their frequency, but the potential for such events will remain until all attic-oil has been removed. 
Further development of this option is therefore restricted to implementation methods that do not deploy 
personnel below the GTF, namely: 

 GTF-based ROVs (Leg C1 remains flooded to normal drawdown level) 

 Remote handling techniques after drawdown lowered below EL 60 m (e.g., pole-deployed camera) 

The feasibility of these two access techniques has been explored. ROVs are preferred as they would require 
the GTF to be opened for the shortest period of time, but the pole-deployed devices will be retained as a 
contingency in case the ROV techniques fail due to low visibility. We have assessed the equipment and 
facilities that would be required for the combined operation of supporting ROV deployment below the GTF 
and pumping attic-oil into the topside Closed Drains Degasser. Once installed, these would be capable of 
accommodating unexpectedly large volumes of attic-oil should this be encountered. 

  

                                                
11 ‘Oil glug’ is the term used to describe an ingress of hydrocarbon into Leg C1 on Brent Charlie. The vent 
lines of the peripheral cells terminate open-ended at the bottom of Leg C1 at cell top level. Because there are 
regular transfers of oil from the storage cells into the peripheral cells, oil finds its way to Leg C1 through the 
2 inch vent lines. 
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12 SCREENING OF ENGINEERING OPTIONS FOR THE MANAGEMENT OF THE 
CELL SEDIMENT 

12.1 Introduction 

This section identifies a number of possible engineering solutions for managing the cell contents, and 
provides explanations as to why some of these solutions were not carried forward into the full CA. The 
selected shortlisted options for the management of cell sediments are described in detail in Section 13. 

12.2 Screening Approach 

While preparing the Final Field Development Plan (FFDP) in support of our application to DECC to agree 
CoP, we examined the feasibility of numerous options for the Brent Field and its facilities. We then performed 
a high level review of a longlist of alternative uses for the Brent facilities as described in the Brent Field DP 
[2]. 

We have not identified any opportunities for the continued use of any of the Brent GBS platforms for the 
production or export of oil or gas. Neither the platforms nor the field are suitable for use in carbon capture 
and storage (CCS) programmes. All other possible non-oil and gas uses for the platforms at their present 
locations or other sites are technically infeasible and/or economically unviable. We have therefore 
concluded that the Brent GBS platforms, and the material contained within them, must be decommissioned. 

On the basis of the assumed data on the volume, composition and physical characteristics of the sediments 
that we predicted to have accumulated in the oil storage cells, we carried out a wide-ranging review and 
assessment of possible procedures and technologies that could be used to manage and/or remediate the 
sediments (Table 30). 

Table 30 Longlist of Possible Solutions for the Management of Cell Contents. 

In situ Treatment Biological degradation of hydrocarbons in water and sediment 

Chemical degradation of hydrocarbons in water and sediment 

Solvent extraction of hydrocarbons in water and sediment  

Incineration 

Physical Treatment Capping of sediment layer 

Topsides Treatment Injection of retrieved sediment and water slurry in existing or new platform well 

De-watering of retrieved slurry and treatment of solids onshore 

De-watering of slurry, treatment of solids by Low Thermal Desorption on topsides 

Remote Treatment Injection of retrieved slurry at new sub-sea well 

Onshore Treatment De-watering of slurry then Low Thermal Desorption treatment of solids 
 
It became clear from our review of possible solutions that they all had to deal with one or more of the 
following engineering or technical problems: 

 Gaining access to the cells 

 Retrieving material and transporting it from the cells 

 Treating the cell contents either in place, or after retrieval 

 Disposing of untreated or treated cell material 

In most options for the management of the cell contents, most or all of these topics or issues interact. Viable 
options therefore comprise technically feasible ways of executing the various sub-programmes of access, 
retrieval, transportation, treatment and disposal. 
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Consequently, rather than assessing all of the longlist of possible solutions this section now describes and 
examines these fundamental ‘building blocks’ of possible solutions. The selected ‘shortlist’ of options (Sections 
13.3 to 13.7) is thus derived from combinations of feasible technical solutions for these issues. 

12.3 Options for Accessing the Oil Storage Cell Contents 

12.3.1 Introduction 

The options for accessing the cell contents can be grouped into the following four categories: 

1. Using the existing pipework. 

2. Creating a new small-diameter subsea access through the cell dome. 

3. Creating a new medium-sized diameter subsea access through the cell dome. 

4. Creating a new large-diameter subsea access through the cell dome. 

12.3.2 Access through the Existing Pipework 

12.3.2.1 Pipework: Information and Issues 

The existing pipework comprises two systems; the oil fill lines and the water ballast lines. The oil fill lines are 
normally used to pump the hydrocarbons to and from the storage cells. The water ballast lines are used to let 
water in and out to compensate for the volume of hydrocarbons moved in the storage cells, and to maintain 
the drawdown at its nominal elevation. 

The oil fill line system comprises 16 carbon steel lines each servicing one storage cell from the manifold 
located in the utility leg. These lines are 10 inch in diameter and include a large number of horizontal and 
vertical bends (Figure 45 and Figure 46). Table 31 summarises the distance from the utility leg and the 
various bends associated with each line. 

Figure 45 Schematic of the Oil Fill Line System. 
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Figure 46 Configuration of the Oil Fill Lines on Brent Delta. 

 

Table 31 Summary of the Distances from the Utility Leg and the Various Bends Associated with each 
Oil Fill Line on Brent Delta. 

Line to Cell Numbers Approximate Length (m) Horizontal Bends Vertical Bends 

2, 6, 7, 8, 18, 19 13 Straight run 1 x 90°, 2 x 45° 

4, 10, 16 42 2 x 90° 1 x 90°, 2 x 45° 

9, 17 33 2 x 90° 1 x 90°, 2 x 45° 

11,15 60 4 x 90° 1 x 90°, 2 x 45° 

12 60 4 bends, 30° to 45° 1 x 90°, 3 x 45° 

13 69 4 bends, 30° to 45° 1 x 90°, 2 x 45° 

14 60 4 bends, 30° to 45° 1 x 90°, 2 x 45° 
 
The water ballast line system comprises one central piece of pipework inside the utility leg made of cement-
lined epoxy-coated steel, and sixteen 12 inch fibreglass lines running from the minicell into the bases of each 
storage cell (Figure 47). Each line terminates with a downward-facing bellmouth inside the storage cell that 
is only 1 m above the concrete slab (Figure 48). 
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Figure 47 Schematics of the Water Ballast Line System across the Platform (Left) and inside the 
Minicell (Right). 

 

Figure 48 Termination of the Water Ballast Line inside the Storage Cell. 
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12.3.2.2 Pipework: Findings 

The main findings from the studies on using existing pipework to access the cells were presented in the report 
by Aker Kvaerner GBS cell access through existing pipework [15] and are as foll0ws: 

Advantages: 

 The pipework is in place and accessible via the utility leg 

 There are existing operational procedures and experience for working down the utility leg 

 It reduces the amount of subsea activities required (marine spread and diving) 

Disadvantages: 

 It is likely that the use of the cell fill line will require personnel to work down the utility leg in a 
hazardous environment (e.g. confined space, risk of H2S and restricted access) 

 The small diameter of the pipes (10 inch and 12 inch) and their convoluted routes severely limit the 
type and size of equipment that can be deployed through them 

 From the leg wall onwards the integrity of the pipework is unknown but it is thought to be poor. 
We cannot be sure that the remaining thickness of the pipe walls is sufficient to cope with the forces 
that would be applied to them by crawlers and other devices applying forces on the pipe wall 

 Because the use of the existing pipework would require the topsides to be in place, some form of 
drawdown would have to be to be maintained or implemented. Therefore, in order to break into the 
pipework from a lower level, a hot tapping arrangement would be required 

12.3.2.3 Pipework: Conclusions 

Several important conclusions have been drawn from the engineering studies on the re-use of the existing 
pipework. These conclusions are taken into account later when designing complete concepts for the 
remediation of the cell contents. 

 The existing pipework could be used to pump fluids to and from the storage cells 

 The cell fill lines could be used as a conduit to deploy sonar devices inside the storage cells. 
Considerably greater challenges, however, would have to be dealt with if sampling devices were 
to be deployed through the pipework 

 The existing pipework is not suitable for the deployment of equipment capable of recovering or 
agitating the storage cell sediment 

12.3.3 New Small Diameter Subsea Access Hole 

12.3.3.1 Small Hole: Information and Issues 

The methodology for creating a small diameter (i.e. <9 inch) access hole in the domes of storage cells has 
been studied extensively, as it is the method that we have selected to obtain sediment samples from the Delta 
cells. The method is fully described in Section 9. 

12.3.3.2 Small Hole: Findings 

Advantages: 

 This access can be created with or without the drawdown in place 

 A small amount of debris and drill cuttings would have to be removed 

 The drilling required is well within the capability of existing technology 
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Disadvantages: 

 There are very few commercially-available tools that can be deployed through such a small diameter 
hole. It is therefore likely that new, bespoke tools would have to be sourced, at least for certain tasks 
as demonstrated during the recent CSP project 

 Although the technology can be used with or without the drawdown in place, the over/under 
pressure associated with the transfer of fluids in and out of the storage cells would have to be 
managed carefully to protect the integrity of the concrete structure 

12.3.3.3 Small Hole: Conclusions 

 Such new subsea access is well-suited to the vertical deployment of small tools such as those for 
sampling, sonar mapping or fluid injection 

 A step change in complexity would be required to engineer a system capable of moving a sediment 
suction tool away from the centre of the cell 

12.3.4 New Medium Size Subsea Access Hole 

12.3.4.1 Medium Hole: Information and Issues 

We are aware that in 1988, a third party performed a test of underwater drilling of large diameter holes 
(1,280 mm) through high strength reinforced concrete slabs. The test was performed on test samples from 
450 mm to 1,150 mm thick, reinforced to typical GBS quantities but without any pre-stressing strands. 
The samples were positioned in both horizontal and angled orientations. The tests were carried out inside 
a container filled with water, and the holes were cut using a drill bit with diamond teeth, driven by hydraulic 
motor (Figure 49). The tests demonstrated the viability of the technology. 

Figure 49 Illustrations of Concrete Coring Tests. 

 

In order to gain early access for deploying various sampling tools with the topside in place, we completed 
engineering work and associated onshore testing to further assess the technology for drilling medium-sized 
holes with a 370 mm diameter coring bit. 
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The tests were carried out on a concrete block replicating the GBS storage cell concrete plug12. Several 
holes were drilled intersecting the rebar in different positions; Figure 50 shows the test arrangement and 
concrete core that resulted from the drilling trial. Even though the testing was considered to have 
demonstrated the feasibility of the method, not all the attempts were successful. On several occasions the 
coring bit was damaged (Figure 51), indicating that further improvements in design were needed. Several 
additional issues were identified such the need to capture the core rather than letting it fall to the bottom of 
the storage cell where it could become an impediment to sediment sampling. 

Figure 50 Test Drilling for Brent GBS Cell Access. 

 

Figure 51 Example of Damage Caused during the Onshore Coring Tests. 

 

                                                
12 The plug is the 5.4 m diameter 1 m thick concrete seal set into the dome that closes each of the oil 
storage cells on Bravo and Delta. 
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We have concluded that the actual drilling method for larger diameter holes can be considered proven but 
such an operation has additional technical challenges, the main one being the design, installation and 
operation of much larger equipment above the borehole itself. Two important requirements must be met: 

 When the topside is in place and drawdown is required, the pressure difference (4 bars) between 
the marine environment and the storage cell must be maintained. This implies that isolation valves 
and sealing devices would have to be used in order to establish and maintain the necessary 
double-barrier 

 The use of larger diameter tools will imply larger structures in order to deploy them inside the 
storage cells 

Figure 52 shows the design and size of the type of structure that would have to be installed on the cell top in 
order to drill a 370 mm diameter hole and deploy various sampling and sonar mapping tools. Extensive 
subsea activities, including diving, would be required to assemble and install such a structure. With the 
topside in place, the deployment of the various structural components would also require rigging from 
underneath the PGDS because the vessel crane cannot directly plumb most of the cell tops. 

Figure 52 Schematic of the Structure Required to Deploy Tools through a 370 mm Diameter Hole 
on a Cell Top. 
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12.3.4.2 Medium Hole: Findings 

Advantages: 

 This method would permit the deployment of larger diameter tools inside the storage cells 

 This method would permit access to the storage cell whilst maintaining drawdown 

Disadvantages: 

 Although considered feasible, the design is not fully matured; further development is required to meet 
the Shell minimum requirements for offshore execution 

 Major failure could cause leaks with a flow rate exceeding the pumping capacity of the platform, 
and this would lead to a complete loss of drawdown 

 Extensive clearance of the cell-top drill cuttings would be required to enable installation of the 
structure and associated diving activities, adding time and cost 

 The access structure would be very difficult to deploy on central cells with the topside in place 

12.3.4.3 Medium Hole: Conclusions 

This type of subsea access would enable the deployment of larger diameter tools but also implies a very 
significant increase in engineering complexity and associated risks [16]. This type of access would only be 
envisaged if a remediation activity required both the deployment of large diameter tools and the support of 
the topside. 

12.3.5 New Large Diameter Subsea Access Hole 

12.3.5.1 Large Hole: Information and Issues 

We investigated the possibility of creating a very large opening (3 m to 5 m diameter) on the cell dome. 
Such a large opening cannot be drilled out or cored; a whole circular section of the cell dome would have 
to be detached by cutting around the perimeter and lifting it clear. A developing technology known as the 
very high pressure abrasive water-jet cutting tool was identified for cutting through the cell dome underwater. 

The energy required for cutting hard materials such as reinforced concrete by water jetting is generated in 
two main steps. The ultra-high pressure pump or intensifier first pressurises the water up to 2,800 bars, then, 
the water is forced through a small diamond orifice to form an intense cutting stream moving at a speed of 
up to Mach 3 (three times the speed of sound). To cut concrete, abrasive garnet is fed into the abrasive 
mixing chamber (which is part of the cutting head body), to produce an extremely energetic abrasive 
jet stream. 

This technology is widely used onshore for the precision cutting of steel and other very hard materials. Its use 
in the underwater environment is only emerging as it is competing with other well-established technology such 
as diamond wire cutting. 
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Figure 53 Schematic of the Various Components of an Abrasive Water Jet Cutting. 

 

To confirm the feasibility and assess the efficiency of this technology, dry and near-shore underwater testing 
was carried out using a very high pressure abrasive water-jet cutting tool on a concrete block replicating the 
cell top concrete plug. : The cutting head was mounted on a support frame attached to the surface of a 
concrete block replicating the Brent Delta cell top concrete plug (Figure 54 on the left hand side), and set to 
cut a small cylinder through the entire thickness of the concrete. The dry test was successful in cutting in the 
cylinder (Figure 54 on the right hand side) but several limitations were identified: 

 Beyond a depth of 0.9 m to 1.0 m in the concrete the cut was no longer clean and some scattering 
of the water-jet occurred 

 When starting the cut at certain angles, the nozzle of the cutting head can quickly be damaged 
when exposed to reflection of the water-jet 

Figure 54 Set up for the Abrasive Cutting Tool Dry Test (Left) and Picture of the Core Cut During the 
Test (Right). 
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The underwater test emphasised some of the limitations highlighted by the dry test. The water-jet did not cut 
through the entire thickness (1.2 m) of reinforced concrete (Figure 55). The concrete core was cut clean 
down to a depth of 1.03 m but the water-jet failed to completely cut the lower set of reinforcing bars. 

Figure 55 Picture of the Partial Core Retrieved at the End of the Underwater Test (Left) and View of the 
Borehole from Underneath the Concrete Block (Right). 

 

It was concluded that further development would be required in order to cut reinforced concrete more than 
1 m thick underwater. Cutting through thinner concrete (<1 m), however, would also require further testing 
to evaluate the impact of: 

 Greater water depths (the test was conducted at a depth of 10 m) 

 Longer utility hoses, with associated losses (the test was with 120 m lengths) 

The subsequent engineering was undertaken on the basis that this technology could be used to cut concrete 
underwater as long as it was less than 1 m thick. The use of this technology for creating a large access was 
examined for all three GBS platforms to determine whether their specific designs would challenge the current 
limitations of the technology. 

On Brent Bravo, the preferred option is to remove the entire concrete plug by cutting just outside the edge of 
the plug. At this location the cut would be made through 0.52 m of concrete, which is well within the limits 
of the existing technology (1.0 m). 

On Brent Bravo, however, the oil fill lines run outside the structure and penetrate the storage through the 
centre of the concrete plug. This implies that a section of the external pipe and its encasing concrete would 
first have to be removed in order to clear the path of the abrasive cutting tool (Figure 56). This is considered 
feasible assuming that any residual hydrocarbon inventory has been removed from the storage cell to avoid 
leaks into the marine environment. 
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Figure 56 A Cross Section of Half of a Brent Bravo Cell Dome Showing the Section of Oil Fill Line to be 
Removed. 

 

On Brent Delta, the preferred option is to remove the entire concrete plug by cutting just outside the edge 
of the plug, where the concrete is 0.52 m thick. The oil fill lines on Delta run inside the storage cells  
(Figure 57) and this implies that the cut would have to be made between the edge of the concrete plug 
and the last bracket supporting the oil fill line. 

Figure 57 A Cross Section of Half of a Brent Delta Cell Dome Showing the Internal Oil Fill Line. 
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On Brent Charlie, the design and geometry of the cell top is significantly different from that of Brent Bravo 
and Brent Delta (Figure 58). More importantly, the cell dome is 1.0 m thick and the rebar is 30 mm diameter 
rather than the 20 mm on Bravo and Delta. These characteristics clearly challenge the limitations of the 
underwater abrasive cutting technology highlighted during the testing program in 2009. The technology 
would appear to have been improved since this initial test but test results have not been made available to 
confirm and evaluate current performance and capability. Further testing and/or development would be 
required to confirm that the specific design of the Charlie cell tops does not prevent the use of the underwater 
abrasive cutting tool. 

Figure 58 Cross Section of a Brent Charlie Cell Dome Showing the Section of the Roof to be Removed. 

 

For all three platforms, the abrasive cutting tool would be mounted on a steel frame which would be attached 
to the part of the structure to be removed. The frame could be connected using chemical anchors (resin) 
drilled into the concrete. If a small hole had already been created for the removal of the attic oil or any other 
purpose such as sampling or sonar mapping, it could be used to insert a lifting plug. 

Once the cut had been completed, the cut concrete section would be lifted onto the deck by the vessel’s 
crane and taken onshore for recycling or disposal. Depending on the platform, a 5.4 m diameter section 
would have a submerged weight of approximately 33 tonnes to 37 tonnes, and a dry weight of 
approximately 54 tonnes to 62 tonnes. These weights are well within the capacity of available vessel 
cranes. If the GBS legs have not been partially removed, however, a significant outreach would be required 
in order to reach the central cells while maintaining a safe distance from the legs. The outreach has been 
estimated at 25 m for Brent Bravo and Brent Delta and 30 m for Brent Charlie. Such a combination of lifting 
capacity and outreach will only be available on a small number of lift vessels. 
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12.3.5.2 Large Hole: Findings 

Advantages: 

 Enables the deployment of large dredging equipment 

Disadvantages: 

 Requires the topside to be removed and the drawdown decommissioned 

 Requires the remaining hydrocarbon inventory to be removed (i.e. attic oil, interphase and water 
of any quality that prevents its release into the marine environment) 

 Requires significant further testing/development 

12.3.5.3 Large Hole: Conclusions 

The findings of these studies are presented in the report by Smit Salvage Brent Delta GBS Cell Contents 
Subsea Removal Study: Results of abrasive cutting trials [17]. Such a large access would only be created if 
the sediment were to be removed and could only be implemented after removal of the topsides. 

12.4 Options for the Transportation of Waste from the Storage Cells 

12.4.1 Introduction 

It has been envisaged from the outset that the remediation of the storage cell content may require moving 
(‘transporting’) large amount of fluid and/or solids from the platform to another location offshore or onshore. 
Engineering studies were therefore completed to identify and evaluate the various transportation options. 
Section 12.4.2 to Section 12.4.4 present the main findings for each of the three main methods we 
identified for transporting cell contents, namely: 

 Existing pipeline 

 New pipeline 

 Vessel 

12.4.2 The Existing Pipeline 

Two pipelines run between Brent Delta and Brent Charlie, the 4 km long 20 inch oil export line 
PL046/N0304and the 4.2 km long 24 inch gas export line PL044/N0405. They are obviously designed 
to transport oil and gas, and both could be used to transport water as well. The pumping facilities on Delta 
would, however, have to be modified to cope with the fluid characteristics and flow rate that would be 
experienced if cell slurry were to be transported. 

Solids extracted from the storage cells would have to be slurrified to be pumped through the pipeline. 
The main technical issue identified in this stage is the potential for the solid particles to settle inside the 
pipeline during transportation and block the pipeline. It could be difficult to remove these blockages, and 
two pumping techniques were identified to avoid such settlement: 

 Keeping the fluid velocity high enough to prevent any settling. A technique for managing shut-down 
events would also have to be developed, however, to prevent settling if the flow of slurry was halted 

 Adjusting the viscosity of the slurry before pumping, so that the slurry could be pumped at a lower 
speed and lower overall flow rate 
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This still results in a severe constraint which would require the slurry to be pumped from Delta to Charlie 
at a high flow rate ranging from 2,000 m3/hr to 4,000 m3/hr. At this stage, it already appeared that such 
a constraint would not necessarily be compatible with either the rate at which sediment could be mobilised 
and recovered from the cells, or the capacity of the topsides buffer tank. We therefore considered the 
alternative of deploying a smaller 3 inch diameter flexible pipe through one of the existing pipeline. This 
would permit the slurry to be pumped at a lower flow rate and would be more operationally manageable. A 
pipe-in-pipe transportation strategy would be a novel solution, however, that has not been undertaken before 
in a similar environment, and although it might be technically achievable it has the following very significant 
risks: 

 The 20 inch pipeline could fail due to friction loads from the pulling wire needed to deploy the 
internal 3 inch pipe 

 Significant consequences of mechanical failure leading to a no-flow situation and sediment 
settlement. It would be even more difficult to remove the sediment once it had settled in the 3 inch 
line than in the 20 inch line 

 Potential for the smaller 3 inch pipe to buckle inside the 20 inch line where it goes round bends 

The advantages of this alternative are: 

 Flexibility both in terms of its ability to deal with volumetric uncertainties as well as delays and 
problems in the recovery of the sediment 

 Continuous operability, 24 hours a day if required 

Brent Charlie may not be the final destination of the slurry but other pipelines already exist to transport the 
water phase and/or the sediment slurry further away. The existing pipeline network also offers the ability to 
transport the slurry to the other platforms in the Brent Field, namely Bravo and Alpha. The technical issues 
associated with using those pipelines are very similar to the ones highlighted for the pipelines between 
Brent Delta and Brent Charlie. 

Transportation outside the Brent Field back to shore has also been investigated. Two main pipelines connect 
the Brent Field installations to shore namely: 

 The 30 inch oil export line PL001/N0501 from Brent Charlie to Cormorant Alpha then to Sullom 
Voe on the Shetland Islands 

 The FLAGS 36 inch gas export system PL002/N0201 from Brent Alpha to St. Fergus, Peterhead, 
Scotland 

Numerous technical reasons rule out the use of the gas export system but the oil export system could be used 
to transport batches of slurry to Sullom Voe. Relatively small volumes (a few thousands of cubic metres) of 
waste fluids have been pumped down this line in the past. The transportation of large volumes of slurry, 
however, is not considered feasible for both technical and commercial reasons; the Brent export system 
pipeline is not owned by Shell. 

12.4.3 New Pipeline 

Cell fluids or sediment slurry could be transported using a new pipeline specifically installed for that purpose. 
Based on the velocity at which the sediment would settle inside a line we have concluded that it would be 
possible to transport sediment to one of the other Brent platforms via a 3 inch line. With a smaller line it 
would be much easier to keep the slurry above the critical deposition velocity. To this end, we studied the 
feasibility of installing a new dedicated independent pipeline from Delta to Charlie. Although the installation 
of a new pipeline is a standard procedure, this option would incur additional cost to install appropriate risers 
and crossovers. 
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12.4.4 Transportation by Vessel 

It would be feasible to transport the slurry by sea, given the availability of off-loading sites, a competitive 
sea transportation market, local experience of sludge transportation using shuttle tankers and smaller 
hydrocarbon-rated vessels. Two types of shipping were studied: 

 Bulk shipping is considered feasible as a similar operation has already been completed with a 
smaller volume of material (10,000 m3). The size of the tanker will be limited by the constraints of 
the selected off-loading site. Modifications will also be required to load and off-load the sediment 
slurry. To load the material onto a tanker would require either the use of a Dynamic Positioning (DP) 
tanker or an offshore loading buoy 

 Shipping in Intermediate Bulk Containers (IBC) on supply vessels would also be a viable method 
for moving fluids and sediment slurry. This method is well established but is mainly used for small 
volumes of fluids. Large volumes of material would necessarily require a very large number of round 
trips for supply vessels 

12.4.5 Conclusions on Transportation 

With respect to the transportation of large volumes of fluids and sediment slurry, we have drawn the 
following main conclusions: 

 Fluids could be transported to another platform in the Brent Field using the existing pipelines. 
Transportation back to shore could only be undertaken through the oil export pipeline, with strict 
limitations and would require the Brent system owner’s permission 

 Transporting the sediment slurry to another platform might be feasible but would require further 
technical development and still implies severe operational constraints in term of, e.g., flow rate and 
fluid viscosity 

 Transporting the sediment slurry back to shore via the existing pipeline is not considered feasible 

 The sediment slurry and/or the fluids could be shipped back to shore. The very large volumes 
involved suggest that it would be preferable to use medium-sized shuttle tankers 

12.5 Options for Treatment of the Storage Cell Sediment 

12.5.1 Introduction 

Many different treatment technologies were considered during the engineering phase and they were 
grouped into two categories: those associated with the removal of the sediment and those associated 
with in situ treatment the sediment. This section presents a summary of the different techniques. 

12.5.2 Treatments after Removal 

12.5.2.1 Pre-disposal Phase Separation 

Decanting (solid-liquid-liquid) centrifuge-separation is a mature technology which has been employed 
extensively throughout the offshore oil and gas industry. The primary aim of this technology (and pre-
processing treatment) is to separate denser solid particles from the lighter liquids to enhance the performance 
of the subsequent handling and treatment processes. This technology could be used to separate the three 
phases making up the sediment – the hydrocarbon, sand and water. It has also recently been improved 
with the use of chemicals to enhance the separation of the hydrocarbons. 

This technology is well-suited to pre-process the sediment slurry onshore after its removal from the storage 
cells, prior to the disposal or further treatment of the separated phases. 
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12.5.2.2 Thermal Desorption 

Thermal desorption is a non-destructive, non-chemical process in which volatile and semi-volatile organic 
compounds are vaporised and stripped from the solid (inorganic) sediment material. This is achieved by 
heating the feed material in an enclosed vessel through either direct heating or friction-based methods. 
Organic materials recovered from the main thermal desorption unit are cooled and separated into gaseous 
and liquid product streams. The gas is either flared or re-used as a fuel source for direct-fired units, and the 
liquid is recovered and disposed of elsewhere. Thermal desorption processes can be roughly grouped into 
two types: 

 Low Temperature Thermal Desorption (LTTD) refers to a group of processes in which desorption takes 
place at 200°C to 300°C within the desorber unit. LTTD is commonly used offshore for the treatment 
of drill cuttings, before the treated solids are discharged to sea. The drilling mud can often be 
stripped from the solid waste and recycled. Heating is usually achieved through friction 

 High Temperature Thermal Desorption (HTTD) refers to a group of processes in which desorption 
takes place at 300°C to 560°C within the desorber unit. Several variations of thermal desorption 
have been developed over the years but the majority of commercially available units are either 
direct fired, indirect rotary kilns or hot oil processors. HTTD has never been deployed on an offshore 
platform 

LTTD is deemed to be of potential use for the treatment of cell sediment. The residual hydrocarbon content 
in the recovered solids can be as low as 0.1%. The process is energy-intensive and would need to be 
optimised by removing as much water as possible from the slurry. 

12.5.2.3 Incineration 

Incineration involves the combustion of waste organic materials at very high temperatures (approximately 
1,200°C to 1,500°C) to convert them into materials that are either non-hazardous or less hazardous than 
they were before incineration. Incineration can be used to destroy organic waste that is highly toxic, highly 
flammable, and resistant to biological breakdown, or poses high levels of risk to human health and the 
environment. 

The incineration of organic wastes offshore is prohibited by OSPAR regulations because the gaseous wastes 
produced by the incineration are typically more toxic than the original waste. Off-gases may contain highly 
toxic dioxins and furans representing significant potential risks to the environment and health of offshore 
personnel. The use of a high temperature incineration package (high temperature heat source, >1,100°C) 
on an offshore facility also introduces an additional fire and explosion hazard. Furthermore, even 
low-capacity incineration plants can be extremely large in size, and it is unlikely that a bespoke 
incineration plant could be practically installed on one of the Brent platforms. 

Neither platform-based nor vessel-based incineration is considered to be a viable option for offshore use. 
Existing waste treatment facilities using incineration will, however, be considered for the treatment of waste 
brought back onshore. 

12.5.2.4 Direct Chemical Oxidation 

Direct Chemical Oxidation (DCO) is a non-thermal, ambient pressure, aqueous-based technology for the 
oxidative destruction of the organic components of hazardous or mixed waste streams. This relatively new 
process has been developed for application in demilitarisation and low-level nuclear waste treatment 
strategies, but is still in the laboratory/trial phase of development. 

Large volumes of oxidant chemicals would be required and this would lead to significant storage 
requirements offshore and high purchasing costs. For a chemical reaction to take place throughout the entire 
volume of sediment significant mixing would be required, and this could only be achieved by inserting 
agitating tools inside the cells. In addition, the oxidant chemicals used by this process are fairly hazardous 
and their handling especially for the volumes that would be required can pose significant safety issues. 
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This technology could reduce the hydrocarbon content of the sediment and the water phase but the offshore 
management of large quantities of aggressive chemical oxidant such as hydrogen peroxide is highly 
undesirable. It would also require appropriate mixing which would be very difficult to implement with the 
topside in place because the drawdown system would still be required. 

12.5.3 Treatments in Situ 

12.5.3.1 Biological Treatment 

Introduction 

As described in the URS Report Re-work of Ramboll Bioremediation and MNA [18], several different 
biological techniques are commonly used in the treatment of contaminated sediments; their primary aim is to 
reduce the amount of biodegradable organic compounds. Remediation methodologies based on biological 
process range from engineered active solutions (bioremediation) to passive monitored activities relying on 
existing natural processes. Bioremediation is an engineered activity that exploits the ability of microorganisms 
to biodegrade or bio-transform toxic organic and inorganic pollutants to less toxic or innocuous products. 
Natural Attenuation (NA) is totally reliant on the effects of natural processes (mostly biological) to achieve 
this, and needs to be verified through a monitoring programme (and hence is referred to as Monitored 
Natural Attenuation (MNA). The biological processes employed can be classed as either aerobic or 
anaerobic, depending on whether or not the treatment process is carried out in the presence of free oxygen. 
Most biodegradation occurs as a result of the microbial cell using the contaminant as a source of energy and 
growth. Growth-promoting mechanisms may be based upon either the biological oxidation or the reduction 
of the contaminant, both of which involve the transfer of electrons from an electron donor to an electron 
acceptor. 

Within the GBS cell, the majority of the contamination consists of hydrocarbons and their derivatives. For 
these compounds, the most significant biodegradative mechanisms are (i) biological oxidation, whereby the 
compound is used as an electron donor (primary growth substrate) in a coupled oxidation-reduction reaction; 
and (ii) fermentation, whereby the compound serves as both an electron acceptor and an electron donor. 

Biological oxidation can take place under aerobic and anaerobic conditions whereas fermentation takes 
place anaerobically. Under aerobic conditions, the electron acceptor is dissolved oxygen. Under anaerobic 
conditions, nitrate, manganese (iv), iron (iii), and sulphate, may all serve as alternative electron acceptors, 
being ultimately reduced to nitrogen, manganese (ii), iron (ii) and sulphide. 

Several important factors must be considered in the design of a biological treatment – including the 
biodegradability of the contaminant; the identity of the electron acceptor; the availability of nutrients; 
bioavailability; the prevailing temperature; and the presence of agitation or mixing – and these are briefly 
discussed below. 

Biodegradability 

Not all of the expected contaminants in the cell sediments are biodegradable; biological processes will 
mainly target the hydrocarbons. Within the petroleum hydrocarbon family, almost all of them are believed to 
be degradable under aerobic conditions. Under the most favourably engineered conditions, however, it is 
considered unlikely that even over the long-term bioremediation will achieve more than a 60% reduction in 
mass of contaminants. 
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The Electron Acceptor 

The main elements of a bio-remedial system are the provision of an electron acceptor (either oxygen (O2), 
nitrate (NO3) or sulphate (SO4), the latter being a ‘free’ supply from sea water) supplemented with 
macro-nutrients (Table 32). 

Table 32 List of Biological Processes and their Associated Chemical Reaction. 

Process Reaction 

Aerobic 

 O2 + 4e− + 4H+ → 2H2O 

Anaerobic 

Denitrification 2NO3
− + 10e− + 12H+ → N2 + 6H2 

Manganese IV reduction MnO2 + 2e− + 4H+ → Mn2+ + 2H2O 

Iron III reduction Fe(OH)3 + e− + 3H+ → Fe2+ + 3H2O 

Sulphate reduction SO4
2− + 8e− +10 H+ → H2S + 4H2O 

Fermentation 2CH2O → CO2 + CH4 
 

The most effective electron acceptor for achieving degradation within a reasonable time scale is oxygen. 
This could be delivered as molecular oxygen through direct infusion or sparging of air, given that pure 
oxygen diffusion at the present pressure in the GBS cells would result in an oxygen concentration of more 
than 200 ppm. It is likely that a pressurised oxygen diffusion plant on the topsides would be the most 
effective way of obtaining sufficient oxygen mass transfer. 

Of the remaining electron acceptors, nitrate (as one of its salts such as sodium or calcium) is probably the 
most suitable alternative, based upon its solubility and additional beneficial effects such as inhibiting the 
formation of hydrogen sulphide and methane. Engineering a system for the delivery of nitrate is therefore 
considered a potentially feasible option. As with sulphate, however, the universality of nitrate as an electron 
acceptor for the full spectrum of hydrocarbons (as well as the associated alcohols, aldehydes, organic acids 
and other heterocyclic hydrocarbons containing Nitrogen, Sulphur and Oxygen (NSO)) likely to be present 
has not been demonstrated. 

Nutrients 

Due to their entrapment, adsorption and general association with the mineral faction, there is likely to be 
a greater accumulated pool of nutrients for biodegradation within the sediment compared to the aqueous 
phase, though this may be less available to the microflora. It can be assumed that following CoP the 
concentrations of nitrogen, phosphorus and possibly potassium will eventually become limiting to 
biodegradation, following the depletion of the electron acceptor. 

Bioavailability 

There will be significant differences in bioavailability, depending on the physical state of the contaminants. 
For the hydrocarbons, the least bioavailable will be compounds that are tightly bound to the mineral surface 
where they have been present for a significant period of time. Bioavailability decreases with time as a result 
of a weathering effect and is likely to be particularly pronounced for compounds that are also of inherently 
low degradability such as the heavier Poly-aromatic Hydrocarbons (PAH). 

The addition of surfactants or other compounds may enhance bioavailability, but this is expected to have 
most effect through the emulsification of residual oil in the water phase and less of an effect on aged residues 
that are tightly bound to mineral surfaces. 

An alternative to the application of surfactants is the application of cyclodextrins, which occur as natural 
biodegradation products of starch. The inherent biodegradability and low toxicity of cyclodextrins make them 
attractive solubilisation agents for application in bioremediation. 

http://en.wikipedia.org/wiki/Denitrification
http://en.wikipedia.org/wiki/Manganese
http://en.wikipedia.org/wiki/Iron
http://en.wikipedia.org/wiki/Sulfate
http://en.wikipedia.org/wiki/Fermentation_(biochemistry)
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Temperature 

A few months after CoP, the temperatures of materials in the cells will have fallen to be close to that of the 
ambient sea temperature at these depths in the northern North Sea (5°C to 12°C). Although the aerobic 
process is efficient above 15°C, its optimal efficiency is between 20°C and 30°C. Biodegradation 
processes do take place at low temperature but the reaction rates are significantly lower. This can be 
partially compensated by extending the duration of the treatment but testing would be required to fully 
assess its efficiency across the suite of petroleum hydrocarbons in the cells. 

Agitation or Mixing 

For the biological process to take place the micro-organisms, substrate, nutrients, and electron acceptor must 
all come in contact. If the sediment is not mixed, the process will be limited to the surface layer within which 
the various chemicals can diffuse; this diffusion layer is not expected to be more than 20 cm to 30 cm thick. 
Given the volume and consistency of the sediment, we assess that there would be significant challenges to 
be overcome in designing and installing a system capable of agitating the sediments in the bottom of the 
GBS oil storage cells. 

12.5.3.2 Conclusion on Treatment 

As discussed by URS [18], there are several major hurdles to the application of bioremediation as a 
remedial approach for contaminants located within the GBS cells and, in particular, the substances 
associated with the sediment phase. These are: 

 The intrinsic nature of the contamination itself. A significant proportion of the oil trapped within the 
sediment is likely to consist of asphaltenes, waxes and high molecular weight cyclic and branched 
alkanes that are of inherently low biodegradability 

 The reduced bioavailability of the contamination, both in terms of its occurrence as free product, 
and its adsorption onto mineral particles. The longer the contaminants have been in contact with 
particles, the more tightly bound they will have become 

 The very high concentration of carbonaceous contaminants that will impose exceedingly high 
demands on oxygen or alternative ‘electron acceptors’ and also the nutrients required for 
bioremediation. Nitrate is preferred over oxygen due to its increased solubility and simpler delivery 
requirements 

 The need for agitation or mixing to bring the micro-organisms in contact with the substrate and the 
various chemicals required to sustain the biodegradation process 

 Under the most favourably-engineered conditions, however, it is unlikely that even over the long term 
bioremediation would reduce the mass of contaminants by more than 60% 

12.5.4 Capping 

12.5.4.1 Information and Issues 

As described by Ramboll in their report Brent Delta GBS Cell Capping [19], in situ capping is a widely used 
method for protecting the environment from contaminants leaking from waste. In the case of the sediment in 
the Brent GBS cells, in situ capping could be used to contain the large majority of the sediment within the 
cells by covering it with an inert material such as sand, clay, bentonite, grout or a mixture of these materials. 
The capping layer should be designed to meet two main objectives: 

 Minimise the uncontrolled release of cell sediments to the environment when the GBSs eventually 
collapse 

 Minimise the migration of contaminants from the cell sediments into the cell water phase 

  



 BRENT GBS CONTENTS DECOMMISSIONING 
 TECHNICAL DOCUMENT 
 

Page | 104 

Capping would not reduce the amounts of contaminants within the sediment but would encapsulate them 
within the cell(s) and therefore limit the environmental impact associated with the exposure or discharge of 
the sediment from the cells when structural failure occurs. Several important parameters would need to be 
considered when designing a possible capping layer, particularly the bearing capacity of the cell sediment 
and its profile in the base of the cells, and the size and location of access points that can be created in 
order to place the capping material layer in the cell. In addition, in order to be effective the volumes of the 
capping agent would be considerable and this would have an impact on logistic complexity and cost. 

12.5.4.2 Conclusions on Capping 

Capping would not result in any reduction in contaminant concentration but would help to delay the eventual 
environmental impact. The technology for deploying capping material inside the storage cells through a small 
subsea access is very immature and would require significant development. 

In addition insufficient bearing capacity would imply the need to inject a structural agent such as coarse 
gravels in large volume (i.e. 500 m3/cell of structural agent in addition to 300 m3/cell of capping agent) 
rendering this remediation concept twice as onerous. 

12.6 Options for the Disposal of the Storage Cell Sediment 

12.6.1 Introduction 

This section describes the options we examined for the final disposal of either treated or untreated cell 
sediments. The following four options were investigated: 

1. Overboard, into the offshore marine environment. 

2. Below the seabed, through downhole re-injection. 

3. Onshore, through authorised treatment facilities. 

4. Left in situ inside the GBS, with or without treatment. 

The starting condition for all these options is that the attic oil and the interphase material has been removed; 
the cells would thus contain sediment in the base with oily water above and a film of oil on the cell walls. 

12.6.2 Overboard 

The overboard discharge of the waste stream has been investigated for those remediation concepts where 
the sediment slurry is recovered on the topsides. We assumed that residual contaminant thresholds for 
the liquids and solids similar to those applicable to an operating platform would still apply during the 
decommissioning phase. Overboard discharges of a similar waste stream from a vessel were not 
contemplated, however, as this could be interpreted as a breach of the London Dumping Convention [20]. 

It is likely that the solid phase would be treated by LTD; this would mainly reduce the hydrocarbon content. 
There is space on the GBS topsides to fit a low temperature thermal desorption unit. Our preliminary 
assessment shows, however, that regardless of the difficulties of supplying the necessary additional power, 
there might not be enough space on the topsides to fit the facilities that would be needed to separate and 
treat the water from the slurry before it could be discharged under permit to sea. 
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12.6.3 Re-injection 

We studied the possibility of injecting the sediment into the rock formation, and our conclusions are 
presented in our report Summary Subsurface Report: Brent Delta Cell Contents Disposal by Reinjection [21]. 
If the cell sediments were retrieved, it is most likely that they would be brought back to the surface using some 
type of dredging tool which would generate a slurry. To estimate the total volume of fluids that would be 
recovered we assumed that the dilution ratio for the slurry would be 1:10. If there were 17,000 m3 of 
sediment in the Delta storage cells, this would result in the production of 170,000 m3 of slurry and we used 
this value in our evaluation of options for disposing of slurry downhole. 

Geological investigations identified two potential formations for the disposal of slurry, namely the shallower 
Frigg/Skade sands and the deeper Brent/Statfjord formations. Benchmarking studies identified that solids 
injection projects world-wide are typically into shallower ‘soft’ rock formations such as Frigg/Skade; we 
did not find any suitable analogues for solids injection into deep, stiff and ‘hard’ rock formations such as 
Brent/Statfjord. The main issues complicating possible solids injection are high permeability and depletion, 
and the great stiffness of the rock. This means that in the Brent/Statfjord formations there is a high risk of 
screen-out and great difficulty in propagating fractures to achieve the required storage capacity. This is 
consistent with the historical inability to inject cuttings in these formations. Furthermore, the highly uncertain 
prevailing stress state and rock properties render simulations ineffective as the basis for any robust project 
design for disposal into the Brent/Statfjord formations. The following options (Figure 59) were investigated 
in detail: 

 Using existing wells available on the platform 

 Drilling new wells from the platform into the reservoir formation (Brent) 

 Drilling new wells from the platform into shallow formations (Frigg or Horda shale) 

 Drilling new subsea wells into shallow formation (Frigg) 
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Figure 59 Configuration of the Various Re-injection Options. 

 

We evaluated existing Brent Delta wells and concluded that due to their integrity they were unsuitable for use 
as injectors for retrieved slurry. Consequently, new disposal wells would have to be drilled if the cell contents 
were to be disposed of downhole. 

We investigated the technical issues associated with drilling new wells into the Brent formation, and found 
that because of the high depletion in the Brent formation there is no conventional drilling window and that 
even utilising wellbore strengthening techniques, the well could not be completed to the functional 
requirements. 

Drilling a subsea injector for direct injection into the Frigg Sandstone formation was studied and we 
concluded that it would be technically feasible to drill such a well from a semi-submersible drilling rig. 

Injecting into a hydrocarbon-containing formation (i.e. the Brent or Statfjord formations) where the wells have 
been abandoned, introduces a risk that hydrocarbon containment may be compromised. 

As a result of our work investigating the possibilities of re-injection, we have concluded that all options save 
new injector wells into the Frigg Sandstone formation have associated technical issues which increase the 
likelihood of failure to an unacceptably high level. 

The re-injection of the entire assumed contents of the storage cells on all three Brent GBSs would require 
drilling 3 or 4 new subsea wells targeting the Frigg formation with a fit-for-purpose completion. It is likely 
that these wells would require work-overs between each re-injection campaign for each platform. 
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12.6.4 Onshore 

If the cell sediments were retrieved using a dredging tool that generated a slurry with a 1:10 ratio of solids 
to liquids, this would create 190,080 m3, 66,385 m3, and 190,080 m3 of slurry from Bravo, Charlie and 
Delta respectively. The assumed total volume of slurry that would have to be treated from the Field would thus 
be approximately 446,000 m3. 

To handle the slurry from the Brent Field, a multi-stage treatment unit would be installed at an existing onshore 
treatment facility. In theory, this treatment unit could be scaled to allow us to process approximately 350 m3 
of slurry per day, and existing storage tanks capacity that could be made available for storage are in the 
range of 50,000 m3 to 100,000 m3. The slurry would be processed by using an initial settlement to remove 
the heavy solids, and the resulting water would be filtered to remove ultra-fine NORM particulate if present. 
The smaller volume of heavier solids would then be heated and passed through a multi-stage centrifuge 
process similar to those employed in a Mud Treatment Plant. This would separate the solids from the water 
and the recoverable oil. All liquid phases would again be filtered to remove any ultra-fine NORM 
particulate. The recovered oil would be recycled, the treated water would be discharged to sea under 
permit, and the treated solids would be disposed of to landfill. 

By processing at this rate we would attempt to have the onshore storage tanks emptied and ready for the 
next delivery in around 30 days allowing us to complete the treatment of all the slurry over a period of 
approximately 3 years. 

12.6.5 Leave in Situ 

The cell sediment could be left in situ with or without treatment, and in this case the storage cell would 
become its final disposal destination. The options for in situ treatment were presented in Section 12.5.2.4, 
Section 12.5.3.1 and Section 12.5.4. 

Excluding the technical issues associated with any treatment, the only uncertainties associated with this option 
are the longevity of the concrete GBSs (with or without the whole legs in place) and the ways in which the 
degrading GBSs will fail and begin to fall apart. It is anticipated that as the GBSs begin to collapse, some 
of the cell sediment will be exposed to and/or ejected into the marine environment. The acceptability of the 
eventual exposure of untreated cell sediments will, therefore, depend on: 

 The environmental impact associated with such releases into the marine environment 

 The legal framework to support such decision 

12.7 Options for the Location of a Remediation Support Base 

12.7.1 Introduction 

Remediation work could be performed from the platform topside or from a vessel. Several issues need to be 
considered to evaluate the limitations of performing remediation work either of these locations (Table 33). 

Table 33 Comparison of Constraints Between Topside and Vessel-based Operations. 

Topside-Based Operations Vessel-Based Operations 

Drawdown 

Drawdown must be maintained. This clearly limits 
the size of any new subsea access that could be 
created on the cell dome 

Vessel-based operation could be deployed after the 
topside has been removed, when drawdown has 
ceased 

Deployment of Equipment on the Cell Top 

Light equipment could be deployed from the 
topside, but heavy equipment (>10 t to 15 t) would 
require assistance from a vessel and rigging from 
underneath the PGDS 
Complex rigging arrangements needed 

Equipment could be deployed from the vessel using 
the crane. Some limitations have been identified for 
the central cell where the crane may require to be 
fully extended 
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Weather Sensitivity 

Low to moderate. There could be limitations to 
launching equipment from the platform in bad 
weather. Installation of subsea equipment would still 
probably require vessel intervention, which itself is 
sensitive to weather conditions. There could also be 
indirect effects from activities that are sensitive to 
weather conditions, such as diesel supply or 
personnel change-out 

High. The up-time in the winter would be low. 
A preference would be given to concentrating the 
activities over the summer even if it implies splitting 
the programme of work across several seasons. 

Available Footprint for Laying Down Equipment 

Limited. Some additional clearance could be made 
by removing some modules but this is contrary to 
the selected SLV removal concept 

Limited. The footprint is limited to the available 
deck space 

Discharge 

Potential discharge allowed with suitable permit 
in place 

No over-board discharge of primary or secondary 
waste allowed 

Transport 

There several means of disposal; through a 
pipeline; by back-loading onto a vessel; or by 
controlled over-board discharge 

Recovered waste would have to be stored on 
board or pumped onto another vessel for shipping 
back to shore or to another platform 
Control overboard discharge for treated water 

POWER SUPPLY 

Would become severely limited when the platforms 
switch to diesel generators. Extra activities may 
require the installation of temporary generators 
whose number would be limited by deck space 
and diesel storage/supply 

Limited to the power supply from the vessel and 
small additional temporary diesel generators 

 
During the engineering work several important remediation activities were identified: 

 Mapping and sampling 

 Injection and extraction of fluids 

 Injection of inert materials (e.g. sand, gravel, bentonite) 

 Recovery of the sediment 

12.7.2 Mapping and Sampling 

These activities involve the deployment of sampling tools, sonar and other tools inside the storage cells. 
Although the use of the existing pipework cannot be completely excluded, the use of a new subsea access 
is preferred as it reduces the constraints on the length and diameter of the tool that can be deployed. 

The deployment can be achieved from both the topside and a vessel. However, the central cells may prove 
difficult to reach for both divers and equipment lifted from the topside. 

12.7.3 Injection and Extraction of Fluids 

The injection or extraction of fluids could be achieved from the topsides. Two options are available: the use 
of the existing pipework or a newly-created subsea access connected to the topside. 

Injection of fluids: Fluids could be injected inside the storage cells via the existing pipework. An equivalent 
amount of fluids would be displaced through the water ballast lines (as produced water was during 
production). 
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There is operational evidence that the oil fill lines are not in good condition; on Brent Delta at least one cross-
over leak has been identified. No guarantee can therefore be given that the injected fluid will be deposited 
in only the targeted cell. 

Extraction of fluids: The export system is designed to evacuate the oil from the storage cells but the pumps 
were not designed to lift to the topsides fluids with a density close to that of water. Such an operation would 
require changing the pumps to match the physical properties of the fluid to be pumped. 

Fluids could also be displaced through the water ballast system using the produced water pumps but this 
system is designed for direct overboard discharge and would have to be modified if the fluids were to be 
directed elsewhere. The cell contents would have to be displaced by a driving fluid, and so additional 
modifications would be required to feed this fluid (seawater for instance) through the oil-fill line. On Brent 
Delta and Brent Bravo, 12 of the 16 oil fill lines have been mothballed with anti-corrosion gel in order to 
prevent further degradation of those lines and protect the drawdown system. The gel would have to be 
removed if those lines were to be used. 

The existing pipework is in a poor or unknown condition. It cannot be used as it is to support remediation 
activities. Modifications and re-instatement would be required to make it suitable for use. 

12.7.4 Injection of Inert Materials 

Some remediation concepts comprise the injection of inert materials to form a layer on the surface of the 
sediment at the bottom of the storage cells. 

It is very likely, however, that the injection of inert material would plug the water ballast lines located at the 
bottom of each storage cell. These lines must be kept clear to preserve the hydraulic connexion with the 
header tank in the utility leg. Without this connection the drawdown system would not function correctly, 
and without any form of drawdown the GBSs would no longer meet structural safety requirements. 

We have therefore concluded that no capping concept could be undertaken while the topsides were in 
place because the capping agent would prevent the drawdown system from working properly. Capping 
material could only be deployed from a vessel, after removal of the topsides or at least after the cessation 
of drawdown. 

12.7.5 Recovery of the Sediment 

When considering the sediment recovery with or without the topside in place, two engineering scopes 
were critically affected; the extraction of the sediment from the storage cells back to the surface and the 
treatment/disposal of the recovered waste stream. These are discussed below. 

12.7.5.1 Extraction of the Sediment from the Storage Cells 

As described in Sections 12.3.3, 12.3.4 and 12.3.5, various sizes of subsea access could be created 
through the concrete domes of the storage cells. Only the small hole, however, would enable access whilst 
maintaining drawdown and keeping the size and weight of the equipment within boundaries allowing 
deployment underneath the PGDS. 

We have undertaken significant research and engineering to identify, modify and/or develop sediment 
extraction tools that could be deployed through a small subsea access. This has included the studies by Mi-
Swaco Brent Delta Mobilisation of Cell Sediments Engineering Study [22], Geoprober Brent Remediation 
and Mixing [23], and URS Brent Delta Mixing/Mobilisation and Removal Study [24] and Brent 
Decommissioning Cell Sediment retrieval – Tool selection report [25]. The initial research on commercially-
available tools clearly showed that there was no device that would immediately meet all the requirements; 
every tool would require modification and development. 

The engineering work on the sediment retrieval tool was divided in two parts: development of the 
mobilisation tool (also called the ‘end- effecter’) and development of the deployment mechanism. The end-
effecter is the device that is put in contact with the cell sediment to mobilise it and initiate its retrieval. The 
deployment mechanism is the device that moves the end-effecter inside the storage cell and transports the 
waste stream from the end-effecter to the top of the cell. 
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Several different types of end-effecters were investigated (Table 34) and tested against the project 
requirements using selection criteria such as size, removal rate and technology readiness. 

Table 34 The End-effectors Studied for Removal of Sediment from Cells. 

Multi-jet effecter (or confined sluicing end-effecter) Twin rotating blades 

Lateral jet lance Bow spring centraliser 

Jet lance Auger 

Rotating arm Viper tongue 

Vibration transducer Mudsnapper 

Lawnmower effecter Hydro jet 

Angled jet lance Submersible mixing pump 

Jet sword Water jet chainsaw  
 
The engineering review concluded that the most promising technology would be an end-effecter using two 
sets of water jet; one for shearing and mobilising the sediment and one for positioning and manoeuvring the 
end-effecter at the bottom of the cell. It was clear that any such tool would have to be a bespoke design 
requiring a significant amount of development. There is, therefore, a considerable degree of uncertainty 
about how such a tool would perform, how efficient sediment recovery would be, and what proportion 
of solids might be entrained in the recovered slurry. 

A large number of deployment systems were also investigated, for all sizes of subsea access, as listed 
below. These were tested against the project requirements in order to identify the technology which, 
with the necessary additional development, had the best prospect of meeting those requirements. 

Table 35 The Deployment Systems Studied for Removal of Sediment from Cells. 

Tracked deployment arm Jet propulsion fibrespar 

Central spar Arm with extending lateral boom 

Composite flexible pipe Pre-bent pipe 

ROV Angled section of steel pipe 

Hydraulic flex pipe Robotic arm 
 
The engineering studies came to the interim conclusion that the preferred solution would be a set of flexible 
hoses providing support, utilities and waste stream transport to the end-effecter. The other technologies could 
not be fitted through a small access hole and/or support their own weight over the 40 m distance from the 
dome to the bottom of the cell. 

Based upon these two sets of findings further engineering work was conducted in order to develop a full 
system that could be operated from the topside. Figure 60 shows the schematic of the various components of 
the sediment recovery tool, which would need to be connected to a subsea pumping unit. Spare risers were 
identified as the preferred option to serve as protective conduits for the various flexible hoses running from the 
topside to the pumping station. Figure 61 shows a schematic of the overall subsea system. 
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Figure 60 Schematic of the Components of the Sediment Recovery Tool. 

 

Figure 61 Schematic of the Overall Subsea Sediment Recovery Tool. 

 

12.7.5.2 Treatment/Disposal of the Recovered Waste Stream 

For those remediation options where the waste stream would be brought back to the topside, further 
engineering was carried out to evaluate the possibilities for treating and/or disposing of the waste. As the 
platform does not have any significant storage capacity on the topside, the design was based upon a 
treatment/disposal rate which would match the potential rate of sediment retrieval. Two remediation options 
where the use of the topside could bring potential value were investigated. The first involved the re-injection 
of the waste stream down wells, and the second involved the treatment of the waste stream in order to able 
to discharge treated materials to sea under licence. 

As described in Section 12.6.3 the engineering studies carried out on the various options for disposing of 
the waste stream downhole concluded that neither the re-use of existing platform wells nor the construction of 
new wells from the platform would meet our minimum engineering requirements with respect to likelihood of 
technical failure, and technical and safety risk. If the waste stream were to be re-injected, new dedicated 
subsea wells would need to be drilled in the field and in such circumstances the topside would not 
be needed. 

In parallel with the above studies, additional engineering work was undertaken to evaluate whether a waste 
treatment unit could be installed and operated on the topside. We set remediation targets which met or 
exceeded the current level for overboard discharges of produced water and solids from the producing 
platform. The use of this assumption does not imply that such thresholds are anticipated to remain applicable 
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throughout decommissioning but, in the absence of clear regulatory targets, it was selected as a pragmatic 
basis for understanding the implications of such a remediation option. Figure 62 shows the flow scheme 
representing the overall treatment unit that would be installed on the topsides and Table 36 shows the 
equipment list. 

Figure 62 Flow Scheme for Topsides Treatment. 

 

Once the processing scheme was designed and the corresponding equipment list drawn up, a 3D 
construction simulation was prepared to determine if the equipment could be fitted into the available deck 
space on the platform. The results showed that the required footprint would reach the limit of what could be 
accommodated on the platform. Figure 63 shows a potential layout in which it was assumed that power 
would be provided by the platform, and thus additional generators would not be required. 

This potential process would have a power requirement of approximately 5.1 MW in addition to the 
3.5 MW peak demand for the existing topsides; this means that only the existing platform fuel gas powered 
sources could satisfy the total demand of >8.6 MW. We have concluded that this is too large a load to be 
supplied at any stage by a temporary diesel generation system; a temporary system of this size would not be 
feasible given the space constraints on the platform. There would also be issues regarding the supply and 
storage of the quantities of diesel required to power a demand of this magnitude. 

The design of this processing plant was based upon a 50 m3/hr flowrate of sediment slurry with a 
1:10 dilution ratio, which implies that the remediation activities would run for approximately 2 years. 
When adding time for contingencies and other operations, this means that sufficient fuel gas must be made 
available for 3 years following the completion of the wells P&A programme. This would be completely 
contrary to the concept of cessation of production; e.g., Brent Delta had to switch to diesel generators before 
the end of the P&A programme. 
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Table 36 Equipment List for Topsides Treatment. 

Equipment Comments 

Buffer storage Capacity ~ 200 m3 

Heater Electric (required duty 2.6 – 5.5 MW)   

Upfront bulk phase separation Decanter centrifuge 

Bulk oil water separator Tilted plate separator, API 13separator or disk stacked centrifuge 

Primary water treatment Compact floatation unit, e.g. EPCON 

Polishing unit Adsorption column, e.g. crudesorb 

Equipment  Comments 

Coarse filtration Generic 

Chemical injection H2S scavenger injection, Chemical demulsifier, pH modifier, Flocculant 
Corrosion inhibitor 

Solids treatment Thermal desorption package 

 

Figure 63 3D Illustration of the Topside Layout of the Waste Treatment Scheme. 

 

 

                                                
13 API, American Petroleum Institute 
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12.7.6 Conclusion on Topsides Treatment 

On the basis of the findings of the engineering investigations described above, we have concluded that 
the topside would not provide meaningful support to the cell remediation activities, and in particular for the 
recovery, treatment and disposal of sediment. The installation and operation of a waste treatment plant 
on the topsides poses excessive challenges with respect to the required footprint and power generation. 
In addition, keeping the topside in place adds many significant constraints such as limitations on new 
subsea access and the need to maintain drawdown. We therefore decided to focus the remaining 
engineering work on those remediation concepts that could be performed from vessels. 



BRENT GBS CONTENTS DECOMMISSIONING  

TECHNICAL DOCUMENT  
 

Page | 115 

13 SHORTLISTED OPTIONS FOR THE MANAGEMENT OF CELL SEDIMENTS 

13.1 Introduction 

As a result of the technical feasibility studies and screening described in Section 12, the following 
five options for the management of the cell sediments were studied further and taken forward for full CA 
(Table 37). They would all be performed from vessels, after removal of the topsides and after drawdown 
had ceased. 

Table 37 Shortlisted Options for Management of Cell Sediments. 

Option Name Short Name 

1 Recover and Re-Inject RnR 

2 Vessel to Onshore VtO 

3 Capping LiP – Cap 

4 Enhanced Monitored Natural Attenuation LiP – MNA 

5 Leave in Place LiP 
 
Each remediation option is described in detail in Sections 13.3 to 13.7. For each option, a summary 
table presents the proposed remediation objective for both the water and the sediment. For all options, the 
sequence of remediation activities starts with the recovery of the attic oil, which is a pre-requisite to the start 
of the water phase treatment. The proposed method for recovering the attic oil and interphase material is to 
extract these materials through a new, small subsea access hole as described in Section 11. The selection of 
the remediation option for the water phase is discussed in Section 14. If an opportunity arose to recover the 
attic oil while the topsides were still in place, consideration would need to be given to dealing with the 
water phase through the existing pipework from the topsides (e.g. the water phase could be pumped to 
the topsides and then to Brent Charlie via one of the pipelines before being stored on Charlie for further 
separation/dilution). 

These sections do not constitute a commitment to use the technology described, because changes or 
alternatives could arise as a result of detailed design requirements, modifications proposed by the execution 
contractor or the incorporation of technological improvements. Such changes might materialise late in the 
process and would be dealt with at the time. However, all the options presented in Sections 13.3 to 13.7 
can be deployed after the removal of the topsides. Therefore, even a late change could still be 
accommodated. 

13.2 Consequences and Extrapolation of Survey Findings to Remediation Options for 
all GBS Cells 

Whilst the results from the cell survey project were mostly in line with assumptions, some discrepancies 
were identified along with a few additional measurements. These additional measurements were added 
to incorporate stakeholder feedback during engagement around the analytical programme set up for the 
samples. The impact of these results on the remediation options were investigated with a particular focus 
on the parameters that could have a negative effect on the current evaluation of the option. 
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On the basis of the analytical results obtained through the cell survey project, none of the remediation option 
design was greatly affected except for the LIP – Capping concept where a significant additional step 
(i.e. injection of a structural agent) would appear to be now required for achieving a successful end point. 

13.3 Option 1 Recover and Re-inject (RnR) 

13.3.1 Introduction 

In this option the entire contents of the GBS storage cells would be completely removed and the recovered 
waste stream would be disposed of into new subsea wells created solely for this purpose. Table 38 
summarises the remediation targets and the methods selected to attain them. 

Table 38 Summary of Remediation Targets and Methods for Option 1 Recover and Re-inject. 

Phase Remediation Target Method Comments 

Attic oil Full removal Recover through subsea 
access 

A pre-requisite for all options, 
and not part of this scope 

Interphase Full removal Recover through subsea 
access 

A pre-requisite for all options, 
and not part of this scope 

Water Full removal Recover through a subsea 
access for transport and 
downhole re-injection in 
new subsea wells 

Filtering may be required prior 
to re-injecting 

Sediment Full removal Recover through a large 
subsea access for transport 
and downhole re-injection 
in new subsea wells 

Significant chemistry adjustments 
may be required, e.g. increase 
of viscosity or addition of O2 
scavenger 

 

13.3.2 Description of Option 1 

A Mobile Offshore Drilling Unit (MODU) would drill new subsea wells with the appropriate completion to 
target the Frigg sandstone formation, as described in Section 12.6.3. We estimate that up to four wells 
(which would take approximately 120 days’ to 160 days’ drilling) would be required to accommodate all 
the retrieved slurry from all three GBSs. 

After removal of the attic oil and interphase material through a small hole in the top of each cell, the cells 
would be dosed with H2S scavenger to reduce the H2S concentration of the fluids that would have to be 
handled on the vessel. The water phase would then be pumped out through the small access hole and 
replaced by seawater through the water ballast lines. A large access hole would be created, as described 
in Section 12.3.5, with suitable arrangements for preventing the water phase from escaping to sea. 
This access would allow subsea dredging equipment to be deployed into the cell to recover the 
sediment. We have investigated the possible use of four types of tool: 

1. Fixed hydraulic arm (Figure 65) 

2. Suspended grab manoeuvred with thrusters (refer to Figure 65) 

3. ROV-mounted dredger (Figure 64, www.oceaneering.no) 

4. Crawler (refer to Figure 64, www.scanmudring.no) 

Because of their commercial availability, size and performance, the ROV-dredger and the crawler 
appear particularly suited to the task. They are both dredging tools and this implies that a large amount 
of water would be recovered with the sediment. The ratio of solids to liquids will depend on the physical 
characteristics of the sediment, and as stated earlier we have assumed a ratio of 1:10 sediment to water 
in our engineering studies. 

http://www.oceaneering.no/
http://www.scanmudring.no/
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Figure 64 ROV-mounted Dredging Tool (Left) and Dredging Tool Mounted on a Crawler (Right). 

 

Figure 65 Fixed Hydraulic Arm (Left) and Sediment Grabber (Right). 

 

Once the large subsea access hole had been created the dredging tool would be lowered inside the 
storage cell using the vessel’s crane (Figure 66). The position of the tool inside the cell would be monitored 
from the vessel using subsea cameras and sonar devices. 

Figure 66 Schematic of a Dredging Tool being Lowered into a GBS Cell through a Large Access Hole. 
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A Discflo pump would be used to move the slurry from the cell to the surface; the pump could be installed 
on the top of the cell or on the adjacent seabed. A Discflo pump uses rotating discs and the viscosity of the 
fluid to transfer the energy via the boundary layer. The working principle is not influenced by solid particles 
present in the fluid, or by entrapped gas. The pump characteristics can be optimised by customising the 
configuration of the disc packs. A pump with a high head (180 m) would be required for moving sediment 
slurry and this could be achieved by using ribbed discs. The pump characteristics for a Discflo pump with 
a 14 inch disc pack are presented in Figure 67, which confirms that the required flow capacity and the 
required pressure could be achieved in a single stage. 

We have calculated that, using this equipment, it might take 8 days to remove all the estimated sediment 
from one of the GBS oil storage cells. 

Figure 67 Pump Curves for a Discflo pump with 14 inch Disc Pack. 

 

The sediment slurry would be pumped to the deck of the Construction Support Vessel (CSV) that had been 
used to create the access. It would then be transferred by floating hose to a tanker for temporary storage. 
The full tanker would then transport the slurry to the selected injection well where it would be injected by a 
Light Well Intervention Vessel (LWIV) (Figure 69), in an operation taking approximately 6 days per cell. 
Because the LWIV could not store the large volume of slurry, the storage tanker would have to remain in 
position near the LWIV throughout the injection operation, slowly transferring slurry to the LWIV via a floating 
hose. On the LWIV the slurry would be stored in a small buffer tank where adjustments to its chemistry could 
be made; chemicals such as viscosifiers, O2 scavengers or H2S scavengers may have to be added to the 
slurry before it was pumped down the well. 

There are few tankers equipped with a dynamic positioning system, so normal tankers might have to be 
used, stationed on anchors whilst loading and unloading. This might require the installation of offshore 
loading buoys (Figure 68) for use during both the transfer from the CSV to the tanker and from the tanker 
to the LWIV. This vessel-based operation would, of course, be weather-dependent and our estimates of 
schedules have taken this into account. 
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Figure 68 Tanker Loading from an Offshore Loading Buoy. 

 

It is likely that the subsea wells would require work-overs once the sediment from each platform had been 
injected, and allowances for such activities have been made in the plan. Once all the waste from all three 
platforms had been re-injected the wells would be plugged and abandoned by the LWIV or the MODU. 

13.3.3 Consequences of Sample Data on Remove and Re-inject  

This concept is mostly affected by the sediment volume and the physical characteristics of the sediment. 
The volume of sediment measured with the 3D sonar was very close to the initial assumption and, therefore, 
did not necessitate any adjustment in the design of this option. 

Positive impact on the RnR concept: 

 During the offshore execution of the cell survey project, several measurements of the H2S 
concentration were made. All of these indicated very low level of H2S in line with the very low 
counts of Sulphate Reducing Bacteria (SRB). If the concentrations of H2S were indeed low and 
remained low at the time of a potential execution of this project, it could minimise the safety and 
corrosion issues associated with the handling and processing of a sour fluid 

Negative impact on the RnR concept: 

 The shear strength measurements on the sediment samples exceeded the initial assumption used as 
input data in the fate model. Whilst there is an amount of uncertainty around the values measured 
due to the fact that the samples were disturbed during the extraction from the sampling tool, it can 
still be argued that the actual shear strength is significantly higher than the initial assumption. As a 
consequence, the efficiency of the sediment dredging is likely to be worse than initially assumed. 
This has a direct effect on the duration of the execution of this concept. The ratio sediment/fluid 
initially assumed was 1/10 and was considered as an average efficiency for sediment dredging. 
In the absence of actual measurements it is difficult to quantify the effect on the dredging efficiency. 
However, it can be envisaged that it would take longer to complete the offshore operations if the 
shear strength was indeed much higher unless devices such as the cutting head were engineered 
to overcome the issue of the shear strength 
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Figure 69 Picture of a Light Well Intervention Vessel (Well Enhancer – Helix). 

 

13.4 Option 2 Vessel to Onshore  

13.4.1 Introduction 

In this option the entire contents of the GBS storage cells would be completely removed and the recovered 
slurry would be disposed of onshore. Figure 66 summarises the remediation targets and the methods selected 
to attain them. 

Table 39 Summary of Remediation Targets and Methods for Option 2 Vessel to Onshore. 

Phase Remediation Target Method Comments 

Attic oil Full removal Recover through subsea 
access 

A pre-requisite for all options, 
and not part of this scope 

Interphase Full removal Recover through subsea 
access 

A pre-requisite for all options, 
and not part of this scope 

Water Full removal Recover through a subsea 
access for transport and 
onshore disposal 

Onshore disposal process 
depends on actual composition 

Sediment Full removal Recover through a large 
subsea access for transport 
and onshore disposal 

Onshore disposal process 
depends on actual composition 

 

13.4.2 Description of Option 2 

The initial steps of this option are identical to those of Option 1 Recover and Re-inject (RnR) (Section 13.3). 
The following activities are strictly identical; the only difference is the choice for the disposal of the waste: 

 Creation of a new small subsea access 

 Recovery of the attic oil 

 Recovery of the water phase 

 Creation of a large subsea access 

 Recovery of the cell sediment 
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A suction dredger would then be deployed from the CSV to excavate the sediment and mix it with the water 
phase. The resultant slurry would then be pumped via the Discflo pump to the MSV and then via floating 
hose to the storage tanker (Figure 70). 

Once fully loaded the tanker would transport the slurry to the UK and offload its cargo at a port conveniently 
close to a suitable treatment facility. Such a site would have to have sufficient storage capacity to receive 
the tanker’s full cargo; several potential offloading sites have been identified on the east coast of the UK 
(Figure 71). 

The three phases in the waste stream (oil, water and solids) would be separated at the reception site. 
The water phase would be treated on site and discharged under permit to sea. The dewatered solids 
might require further treatment, such as thermal desorption or incineration, before being disposed of at 
an appropriate landfill site. The type of secondary treatment, and the selection of the final disposal site, 
would depend on the exact composition of the cell sediment. In addition to the hydrocarbon content, 
the concentration of NORM or heavy metals such mercury could strongly influence the final process. 

13.4.3 Consequences of Sample Data on Vessel to Onshore  

This concept can be affected by the chemical composition, the physical characteristics of the sediment and 
the volume of sediment. The volume of sediment measured with the 3D sonar was very close to the initial 
assumption and, therefore, did not generate adjustment in the design of this option. 

Positive impact on the VtO concept: 

 The analytical results showed very low concentrations for contaminant such as NORM or heavy 
metals (e.g. mercury) which could have caused significant problems for the final onshore disposal of 
the solids. These contaminants are difficult to treat or separate from the solids, and through the 
various treatment steps they tend to accumulate into the solid phase and make it very difficult and 
expensive to dispose of solids in a landfill. The absence of these contaminants is likely to simplify the 
final disposal of the solids and minimise the associated disposal cost. The design of this remediation 
option was not modified but the options for the disposal of the solids were discussed with the 
waste management contractor and the cost estimate adjusted 

Negative impact on the VtO concept: 

 The shear strength measurements on the sediment samples exceeded the initial assumption used as 
input data in the fate model. Whilst there is an amount of uncertainty around the values measured 
due to the fact that the samples were disturbed during the extraction from the sampling tool, we 
still assess that the actual shear strength is significantly higher than the initial assumption. As a 
consequence, the sediment dredging is likely to be less efficient than initially assumed. This has a 
direct effect on the duration of the execution of this concept. The ratio of sediment to fluid initially 
assumed was 1/10 and this was considered as an average efficiency for sediment dredging.  
In the absence of actual measurements, it is difficult to quantify the effect on the dredging efficiency. 
However, it can be envisaged that the offshore operations would take longer if the shear strength 
was indeed much higher, unless devices such as the cutting head were engineered to overcome 
the issue of the shear strength. 
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Figure 70 Schematic of the Offshore Set-up for Retrieval to Shore. 
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Figure 71 Aerial Views of Possible Onshore Storage Sites for Recovered Slurry. 

 

13.5 Option 3 Capping (LiP – Cap) 

13.5.1 Introduction 

In this option, a physical barrier (‘cap’) would be created on top of the sediment in each cell to minimise the 
potential dispersion of sediment when the GBSs collapse. Figure 67 summarises the remediation targets and 
the methods selected to attain them. 

Table 40 Summary of Remediation Targets and Methods for Option 3 Capping (LiP – Cap). 

Phase Remediation Target Method Comments 

Attic oil Full removal Recover through subsea 
access 

A pre-requisite for all options, 
and not part of this scope 

Interphase Full removal Recover through subsea 
access 

A pre-requisite for all options, 
and not part of this scope 

Water Reduction of 
hydrocarbon content 

Bio-stimulation of anaerobic 
micro-organisms 

Reduction of the 
biodegradable hydrocarbon 
fraction. Limited and slower 
build-up of H2S 

Sediment Minimise dispersion in 
case of major structural 
failure of GBS, 
and minimise 
re-contamination 
of water phase 

Install a layer of inert material 
on top of the sediment 

No reduction in concentrations 
of contaminants. Provides 
mechanical protection to 
minimise environmental impact 
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13.5.2 Description of Option 3 

The exact method of executing this option would depend on the nature and amount of capping material that 
was deployed, and this would determine the deployment mechanism. 

13.5.2.1 Design of Capping Agent 

In order to adequately design the capping agent it is essential to know several physical parameters for the 
cell sediments. Unfortunately, since these are not available at present, the design work had to address them 
as uncertainties. Amongst those physical characteristics, two vital ones, the cell sediment surface topography 
and the ability to support the capping layer, were addressed by making a number of assumptions. In 
addition to the various constraints detailed in Section 12.5.4 the capping agent design would have to satisfy 
the following requirements: 

 Resist erosion by waves and currents after the failure of the GBS 

 Resist biodegradation 

 Maintain its structural integrity over a long period of time 

 Remain unaffected by the build-up of H2S within the sediment 

The following capping materials or combinations of materials were investigated during the engineering work: 

 Sand 

 Gravel and sand 

 Sand and cement/concrete 

 Gravel and sand and cement/concrete 

 Bentonite and Organo-Clay 

 Light concrete and bentonite in shifting layers 

 AquaBlok 

 Pumice 

These were tested against the various scenarios built to represent the main cell sediment uncertainties, namely 
surface topography and physical resistance. The results of the actual measurements carried out during the 
CSP project are presented in Section 9.4.1. The results of these investigations can be summarised as follows: 

 Sand is the preferred capping agent with recommended layer of 1 m 

 Gravel could be used as a structural agent when given our understanding that that sediment is too 
soft to support the sand layer 

 The volume of sand required would vary depending on the sediment surface topography from 
270 m3 per cell to 830 m3 per cell. The estimated total volume of capping material for each GBS 
therefore ranges from 4,000 m3 to 12,000 m3 presenting an additional logistical challenge 

Figure 72 shows a schematic sand layer installed on top of the cell sediment. 
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Figure 72 Configuration of the Sand Layer on Top of the Cell Sediment. 

 

The capping option would also involve the reduction of the hydrocarbon content of the water phase using 
the bio-stimulation or enhanced MNA processes described in Section 14. In this option, however, smaller 
amounts of chemicals would be needed to promote the biological process, because only the contaminants in 
the water phase would be targeted. Table 41 provides an estimate of the amounts of chemicals required to 
promote the biodegradation of the biodegradable fraction of hydrocarbon within the water phase for either 
Delta or Bravo. Most of the storage cells on Charlie are still in use and will be for the years to come; the final 
hydrocarbon content in the Brent Charlie water phase is currently unknown and will depend on the cleaning 
procedure applied during the final de-oiling of the storage cells. 

Table 41 Estimated Dosing of Chemicals in Option 3 to Promote the Biodegradation of Hydrocarbons 
in the Water Phase on Brent Delta or Brent Bravo. 

Chemical Per Storage Cell Per Platform 

Calcium Nitrate Ca(NO3)2 50 m3 to 80 m3 800 m3  to 1,280 m3 

Sodium Hexametaphosphate Na(PO3)6 5 m3 to 7 m3 80 m3 to 112 m3 
 
The volume requirements for Brent Charlie were obtained by extrapolation using the total volume of water 
inside the GBS caisson. The figures are presented in Table 42. 

Table 42 Estimated Dosing of Chemicals in Option 3 to Promote the Biodegradation of Hydrocarbons 
in the Water Phase for Brent Charlie. 

Chemical For Brent Charlie 

Calcium Nitrate Ca(NO3)2 1,526 m3  to 2,242 m3 

Sodium Hexametaphosphate Na(PO3)6 153 m3 to 214 m3 
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13.5.2.2 Deployment Method 

The capping agent could be deployed through the same small subsea access that would be created to 
remove the attic oil. The procedure would comprise two main steps: the installation of the capping agent, 
and the dosing of the water phase to promote the bio-stimulation. Both activities would involve very similar 
arrangements and the system would have two main subsea components: a capping agent injection tool, 
and a subsea pumping unit. A schematic of the overall system is shown in Figure 74. 

The deployment of a structural agent such as coarse gravels or small rocks is very likely to require a larger 
hole. It would also certainly require the vessel to stand closer from the legs in order to use gravity to inject 
these materials that can be pumped. 

Figure 73 Schematic of the Capping Agent Injection Tool (Left) and 3D Drawing of the Tool Launching 
Frame (Right). 

 
 

The capping agent injection tool has an articulated elbow to control the direction in which the capping 
material is ejected near the base of the cell. This feature is intended to minimise the amount of material that 
would be needed to cover the entire surface of sediment with an adequate thickness of capping agent. 
The main body of the tool would be a pipe-in-pipe system where the capping agent is injected through the 
centre pipe while water is extracted through the annulus between the pipes, thus avoiding over-pressurising 
the cell. The displaced water would be recovered onto the vessel and stored, and would be disposed 
of onshore. 
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In order to pump an inert capping material such as sand through the various flexible lines, a carrier fluid must 
be engineered, and it should meet the following requirements: 

 Prevent the sand from settling-out within the injection system 

 Break up inside the storage to enable the sand to settle properly 

 Not cause any environmental impact 

 Not interfere with the bio-stimulation process 

Several potential carrier fluids were identified but no testing has been carried out. This part of the technology 
is recognised as immature and was assessed as such during our evaluation of technology readiness. 
This aspect is therefore reflected in the comparative assessment. 

After the capping material had been installed, a sonar mapping tool would be launched to confirm that 
the cell sediment was fully covered with the appropriate thickness of sand. 

These activities are then repeated for each cell and each platform. 

13.5.3 Consequence of Sampling Data on LiP – Capping 

This concept is not affected by variation in sediment chemical composition. However, it is sensitive to 
change in the physical characteristics of the sediment. As with the enhanced MNA concept, its design can 
be affected by variation in the chemical composition of the water as it comprises a chemical injection to 
treat the water phase. 

Positive impact on the LIP – Capping concept: 

 The surface topography of the sediment established with the 3D sonar is fairly flat with a limited 
depletion near the water ballast line outlet. This geometry is very favourable to optimise the volume 
of capping agent necessary to put in place a 1 m thick layer of capping agent across the entire 
surface of sediment. In response, the design of this concept was adjusted to reflect the smaller 
quantities of capping agent required. 

 The steep slope of the sediment deposit near and around the water ballast pipe would indicate that 
the deeper layers of the sediment exhibit physical properties (shear strength and bearing capacity) 
sufficient to minimize the volume of structural agent. 

Negative impact on the LIP – Capping concept: 

 Although the bearing capacity was not measured, the examination of the sediment samples from the 
surface layer) during their recovery from the sampling tool revealed a low stiffness. This could cause 
the capping agent to sink into the sediment during the injection. In response, the design of this 
concept was amended to incorporate the likely need for a structural agent to support the capping 
agent. This structural agent would comprise coarse gravel or small rocks that would be injected into 
the cell before the capping agent itself. The gravel would sink and mix with the soft sediment, and 
this mixture of sediment and structural agent would then exhibit a bearing capacity sufficient to 
support the weight of the capping agent. This could necessitate a very large volume of structural 
agent with resultant increase in complexity and considerable logistic costs.  
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Figure 74 Capping Agent Injection System Overall Schematic. 
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13.6 Option 4 Enhanced Monitored Natural Attenuation (LiP – MNA) 

13.6.1 Introduction 

In this option a variety of chemicals would be injected into the cells to promote in situ natural biodegradation 
of the hydrocarbons. The reduction in hydrocarbon content would contribute to reducing the environmental 
impact of the eventual exposure or release of the cell contents when the GBSs collapse. Table 43 
summarises the remediation targets and the methods selected method to reach them. 

Table 43 Summary of Remediation Targets and Methods for Option 4 LiP – MNA. 

Phase 
Remediation 

Target 
Method Comments 

Attic oil Full removal Recover through subsea access A pre-requisite for all options, 
and not part of this scope 

Interphase Full removal Recover through subsea access A pre-requisite for all options, 
and not part of this scope 

Water Reduction of 
hydrocarbon 
content 

Bio-stimulation of anaerobic 
microorganisms 

Reduction of the biodegradable 
hydrocarbon fraction. Limited and 
slower build-up of H2S 

Sediment Partial reduction 
(within the 20 to 
30 cm surface 
layer) of 
hydrocarbon 
content 

Bio-stimulation of anaerobic 
microorganisms 

Reduction of the biodegradable 
hydrocarbon fraction within the 
top 20 to 30 cm surface layer. 
No effect on potential heavy 
metals or NORM 

 

13.6.2 Description of Option 4 

The implementation of a bio-stimulation process comprises three essential steps: 

1. The selection and verification of the biological process to be promoted. 

2. The design of the chemical injection. 

3. The monitoring programme and mitigation measures. 

13.6.2.1 The Selection and Verification of the Biological Process 

The chemistry of the media must be fully assessed through sampling. The results from the 2009 sampling 
operation were used as a basis for defining the most appropriate treatment and the results from the 2014 
sampling operation confirmed the initial assumptions, but further sampling would be required in order to carry 
out onshore biodegradation testing. Onshore testing is usually also strongly recommended before full-scale 
deployment, to assess the actual efficiency and identify potential flaws such as the creation of unwanted toxic 
by-products. After CoP the temperature inside the storage cell will to fall to the ambient sea temperature (8°C 
to 12°C), which is not optimum for promoting in situ biodegradation. There are few published studies on the 
efficacy of biological processes in such specific conditions, so it is difficult to predict how effective in situ 
bio remediation would be. 

The selected process is based on stimulating nitrate reduction under anaerobic conditions. Two chemicals 
have been identified to bring the required amount of Nitrate and Phosphate into the water phase (Table 44). 
The biological degradation is expected to promote hydrocarbon reduction in the following media and 
locations: 

 Within the water phase, above the sediment 

 Within the top 20 cm to 30 cm surface layer of cell sediment 

 On the surface of the deposit on the cell walls 
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Table 44 Estimated Dosing of Chemicals in Option 4 to Promote the Biodegradation of Hydrocarbons in 
the Water Phase and the Top Layer of Sediment on Brent Delta or Brent Bravo. 

Chemical14 For each Storage Cell For the Platform 

Calcium Nitrate Ca(NO3)2 150 m3 to 240 m3  2,400 m3 to 3,840 m3  
 
The volume requirements for Brent Charlie were obtained by extrapolation using the total volume of water 
inside the GBS caisson. The figures are presented in Table 45. 

 

Table 45 Estimated Dosing of Chemicals in Option 4 to Promote the Biodegradation of Hydrocarbons 
in the Water Phase and the Top Layer of Sediment for Brent Charlie. 

Chemical For Brent Charlie 

Calcium Nitrate Ca(NO3)2 4,580 m3  to 7,329 m3 

Sodium Hexametaphosphate Na(PO3)6 458 m3 to 641 m3 
 

13.6.2.2 The Design of the Chemical Injection 

The small subsea access created to recover the attic oil would also be used to inject the various chemicals. 
A schematic of the overall system is presented in Figure 77. This system has two main subsea components: 
a tool for chemical injection and a subsea pumping unit (SPAM15) (Figure 76). The main body of the tool 
comprises a pipe-in-pipe system; the chemicals would be injected through the centre pipe and water 
extracted through the annulus between the pipes, to avoid over-pressurising the cell. The excess water 
would be recovered to the vessel and stored for onshore disposal. 

Numerical simulations were carried out in order to verify that adequate mixing could be achieved. Two 
different injection head designs were tested; (i) the pressure chamber, which directs the flow towards the 
bottom of the cell; and (ii) the deflection plate, which directs the flow towards the cell walls. 

Figure 75 shows the profile of the increase in the concentration of nitrate after 15 minutes of injection using 
a pressure chamber. The simulation also evaluated the difference in performance caused by extracting the 
water from the top of the cell through the annulus or from the bottom of the cell through the water ballast 
lines. It was found that optimal mixing could be more effectively achieved if the excess water was removed 
from the top of the cell, through the annulus. 

The subsea pumping unit (SPAM unit on Figure 76) has two purposes: 

1. To contain a submersible pump for the delivery of the draw-off water to the topsides to equalise the 
inward flow of chemicals injected through the chemical injection tool. 

2. To inject H2S scavenger and mix it with the recovered water phase fluids in the agitator/mixer modules. 
It is essential for the efficient scavenging of H2S that the fluids have an adequate residence time 
(10 minutes) to allow the scavenger to react with H2S and neutralise any entrained gases before 
the fluids arrive in the vessel storage tanks. 

  

                                                
14 All chemicals will be injected inside the storage cells as saturated solutions. 
15 SPAM, Scavenger, Pumping and Agitation Manifold 
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The diameter and length of this hose (current design is based on a hose 300 m long and 4 inch diameter) 
together with the specified pumping flow rate (<25 m3/hr) would maintain the 10 minute residence time 
required. In this case the injection rate of 440 m3 per day (equivalent to 18 m3/hr) would be the controlling 
rate, and therefore would be matched by the SPAM pump flow rate to achieve a balance between inlet and 
outlet flow rates to prevent over-pressurising the cell. 

Figure 75 Profile of the Increase in Nitrate Concentration after 15 minutes of Injection using 
a Pressure Chamber. 

 

Both the chemical injection tool and the SPAM unit would be deployed using the vessel’s crane. The SPAM 
unit would be deployed onto a pre-installed concrete mattress which would be removed when capping had 
been completed. 

Figure 76 3D Schematic of the Subsea Pumping Unit (SPAM). 
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Figure 77 Chemical Injection System Overall Schematic. 
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Figure 78 Schematic of the Chemical Injection Tool (Left) and 3D Drawing of the Tool Launching 
Frame (Right). 

 
 

13.6.2.3 The Monitoring Programme and Mitigation Measures 

The implementation of any biological remediation process involves significant monitoring, to assess the 
performance of the process against pre-set targets and to detect unexpected/unwanted phenomena such 
as a variation in pH or the appearance of a toxic by-product. Monitoring is usually achieved by in situ 
measurements and/or collection of samples for laboratory analyses. The frequency of measurements or 
sampling needs to be adapted as much as possible to rate of the process to be controlled which is, by 
nature, impossible with the unexpected phenomena. Adjustments to monitoring programmes are therefore 
often necessary to take into account the latest information. 

The monitoring programme would provide the data necessary to demonstrate that remediation had taken 
place as planned, and to determine if mitigation measures – such as adding further nutrients had to be 
initiated. 

13.6.3 Consequence of Sample Data on LIP: Bio-stimulation or Enhanced MNA 

This concept is mostly affected by both the chemical composition and the quantities of contaminants. 

Positive impact on the LIP – MNA concept: 

 The results obtained from the sediment and water samples did not detected significant amounts 
of contaminants such as NORM, Heavy metals or PCBs. Whilst the absence of significant level of 
these persistent compounds does not affect the design of this concept, it does confirm that the option 
remains applicable for the contaminants of concern 
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Negative impact on the LiP – MNA concept: 

 The mass of hydrocarbon, in particular, in the sediment is higher than initially assumed. This is likely 
to require injection of larger volumes of chemical (electron acceptor, nutrients and bioavailability 
enhancer) in order for the biological process to reach completion. In term of design for this concept, 
the chemicals are planned to be injected close to their saturation in water. Therefore, if more 
chemicals were required, they would need to be injected through additional campaigns. The 
concept includes two injection campaigns alternated with monitoring events to follow up on the 
biodegradation process 

 The analysis of the water samples revealed very low bacterial populations in all the water samples. 
This is not an ideal starting condition for promoting biodegradation through the bio-stimulation of 
indigenous bacteria. It is believed that biological processes in the cells may have stalled as a result 
of lack of nutrients. It is assumed that the bacterial population would grow again if it were provided 
with the appropriate mixture of chemicals. Whilst these findings did not result in a change to the 
design of this concept, it clearly brought an element of uncertainty regarding the efficiency of this 
concept 

13.7 Option 5 Leave in Place  

13.7.1 Introduction 

In this option both the water phase and the sediment phase would be left in place in the cells, untreated, 
after the removal of the attic oil. Table 46 summarises the remediation targets and the methods selected to 
attain them. 

Table 46 Summary of Remediation Targets and Methods for Option 5 Leave in Place (LiP). 

Phase Remediation Target Method Comments 

Attic oil Full removal Recovery through subsea 
access 

A pre-requisite for all options, 
and not part of this scope 

Interphase Full removal Recover through subsea 
access 

A pre-requisite for all options, 
and not part of this scope 

Water None No process Limited reduction in 
contaminants. H2S may 
build-up 

Sediment None No process No reduction in contaminants 
 

13.7.2 Description of Option 5 

In this option the only activities would be the removal of the attic oil through a new small subsea access hole, 
and the sonar mapping and sampling required to comply with the requirement to provide a full inventory of 
the waste left inside the GBS structure. 
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13.7.3 Consequences of Sample Data on the Leave in Place Option 

The two critical elements for this option are the accuracy of the inventory and the corresponding assessment 
of the potential environmental impact when the cell contents are eventually exposed or released to the marine 
environment. 

Positive impact on the LIP concept: 

 The results obtained from the sediment and water samples did not detected significant amounts 
of contaminants such as NORM, Heavy metals or PCBs known to be persistent in the environment. 
The environmental impact assessment based upon the initial assumptions did not flag any significant 
impacts associated with these compounds, and the analytical results from the sampling operation 
re-inforce the current conclusions 

 The shear strength measurements on the sediment samples exceeded the initial assumption used as 
input data in the fate model. Whilst there is an amount of uncertainty around the values measured 
due to the fact that the samples were disturbed during the extraction from the sampling tool, it can 
still be argued that the actual shear strength is significantly higher than the initial assumption. As a 
consequence, the prediction of the fate model regarding the dimensions footprint of the sediment 
on the seabed would be significantly reduced 

Negative impact on the LIP concept: 

 The mass of hydrocarbon indicated by the analytical results is higher than initially assumed by 
28%. In response, the fate model was re-run using the actual figures from the cell survey project 
in order to update the model. The revised output was subsequently used to refresh and update the 
EIA. Whilst the conclusions of the EIA were not negatively affected, there will be a larger mass of 
hydrocarbon left in place for this concept 

 Some of the storage cells, in particular Cell 17, contained amounts of hydrocarbon which 
separated out of the water phase under laboratory pressure and temperature conditions. This implies 
that in case of release, the hydrocarbon could rise to the surface and potentially form a sheen. To 
address the exceedance of the initial assumption in hydrocarbon concentration, the fate model was 
run again using the updated figures. In addition to this, an additional fate model (OSCAR) was used 
to evaluate the fate of a potential sheen forming as a result of the separation of the hydrocarbon 
during the rise of the contaminated water through the water column. Neither of these additional fate 
modelling outputs generated any significant concern in the revised EIA 

 The results also revealed the presence of ethoxylates (nonylphenol and octylphenol) in the sediment 
and the water phase. In response, the fate model was run in order to evaluate the footprint 
associated with these compounds. The revised output was subsequently used to refresh and update 
the EIA. Whilst these compounds are on the OSPAR list for priority actions, the EIA did not identify 
significant impact 
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14 MANAGEMENT OF THE WATER PHASE 

There are several remediation processes that could be applied to the water phase. Instead of building all 
possible combinations, however, one remediation activity was selected to be combined with each of the cell 
sediment remediation options. 

The following factors were considered when selecting the method to remediate the water phase. 

1. The coherence with the cell sediment remediation activities: (e.g. if new subsea wells were drilled 
specifically to dispose of the sediment slurry) it would be logical to dispose of the water phase in the 
same way. In the absence of clearly identified numerical remediation targets, it also makes sense to 
adopt an option that results in a similar end point. 

2. The similarity of the equipment involved: because it would be time consuming to design and test 
bespoke equipment, and their efficiency would remain unproven until first use, it would be logical to 
apply a single system and set of equipment to all remediation activities. 

Based upon the above considerations, the remediation options for the cell sediment and the water phase 
were paired as shown in Table 47. The engineering activities involved with the water phase remediation 
were described in Sections 13.3 to 13.7 with the corresponding cell sediment remediation option. 

Table 47 Pairing of the Water Phase Treatment Option with the Shortlisted Options for Remediation of 
the Cell Sediment. 

Cell sediment 
Remediation 

Option 

Water Phase Treatment Option 

Recovery and 
Offshore Re-injection 

Recovery and 
Onshore Disposal 

In situ Enhanced 
MNA 

None 

Recovery and 
Re-injection 

Selected Possible but 
misaligned with the 
rationale of the 
option for the 
sediment 

Not possible Not possible 

Vessel to 
Onshore 

Possible but 
misaligned with the 
rationale of the 
option for the 
sediment 

Selected Not possible Not possible 

Capping Possible but 
misaligned with the 
rationale of the 
option for the 
sediment 

Possible Selected Possible if the cell 
sediment is the sole 
remediation target 

Enhanced 
MNA or 
bio-stimulation 

Possible but 
misaligned with the 
rationale of the 
option for the 
sediment 

Possible but 
misaligned with the 
rationale of the 
option for the 
sediment 

Selected Co-treatment of 
water with the top 
layer of sediment 

LiP Possible but 
misaligned with the 
rationale of the 
option for the 
sediment 

Possible Possible Selected 
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15 STUDIES TO INFORM THE CAS FOR CELL CONTENTS 

15.1 Introduction 

None of the five shortlisted options for the management of the cell sediments – in combination with a 
programme to manage the cell water phase – would use the existing platform topsides for remediation 
activities. In some options, the sediments would be left in place, with or without treatment, and in two options 
a considerable amount of offshore and onshore work would be completed to retrieve and dispose of the cell 
contents. 

The previous sections have discussed some of the technical and engineering issues associated with each 
of the shortlisted options. This work then formed the basis for the construction of a narrative describing the 
option, and a schedule and costing for the options which we developed internally. On the basis of these 
schedules, we calculated the safety risk to project personnel offshore and onshore. 

In order to support the assessment of the decommissioning options for the GBS cell contents, we 
commissioned a number of external technical studies and modelling assessments. These focussed on 
assessing and modelling the likely fate and effects of the cell contents when they became exposed to, or 
released into, the marine environment. These in turn informed the full EIA, which examined the potential 
impacts of each of the five options in the offshore, nearshore and onshore environments. 

15.2 Degradation of GBS Caisson 

It is acknowledged that due to lack of data and the long time-scales involved, it is impossible to estimate 
exactly how long the GBSs will survive, or how soon they may begin to fail, or exactly how they may fail. To 
inform the assessment of the possible fate and effects of cell contents left in place, we used information from 
the study on the mechanisms of GBS degradation, reported more fully in the GBS TD [5], to obtain a 
“working scenario” for the degradation and fate of the GBS. In summary, best estimates suggest that parts of 
the legs may begin to spall off after approximately 75 years; that the legs themselves if left upright might fail 
at around sea level after approximately 250 years; and that the caissons, if not impacted by falling legs, 
may begin to fail after approximately 1,000 years. 

When the cell domes are breached and a pathway to the open sea is created, the water in the cells 
may begin to escape to sea. Since the pressure in the cells will by that time be equal to the ambient water 
pressure, and the temperature of the cell fluids would be same as the surrounding seawater, there would be 
few forces acting to drive the water out of the cell, except perhaps some slight additional buoyancy created 
by the presence of oil in the water phase. 

As the cell degraded further, through a combination of damage from large items of falling debris from the 
legs and eventual failure of the cell dome and cell walls, the sediment in the cells would be partially exposed 
to the sea. Some sediment might be ejected from the bottom of the cells if impacted forcefully enough by 
falling concrete debris. It is likely, however, that the majority of sediment would remain in the bottom of the 
cells, partially shielded by fallen concrete debris, and be subject to very gradual erosion by currents and 
storm waves. 

15.3 Modelling the Dispersion of Exposed Cell Contents 

15.3.1 Introduction 

If the water phase and cell sediment were left in place, either with or without treatment, they would eventually 
be released into, or exposed to, the marine environment in the Brent Field. This exposure would occur as a 
result of the degradation and collapse of the GBSs. We therefore engaged the specialist consultants BMT 
Cordah Limited to examine the fate in the marine environment of (i) a release or escape of the water phase, 
and (ii) the exposure of the sediment phase, for each GBS separately, and for all three GBSs together. 
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15.3.2 Programme of Work 

The work involved two main steps: 

1. The use of a numerical model to evaluate the potential dispersion of the cell contents when 
exposed in the marine environment, and2. An evaluation of the environmental risk 
associated with the potential release and subsequent dispersion of the cell contents. 

The modellers used the comprehensive data set on the presumed or estimated composition, characteristics 
and volumes of cell sediment and cell water phase (Table 14, Table 15 and Table 16). Potential exposure 
scenarios were derived by Shell engineers based on the overall description of the possible longevity, 
degradation and final collapse of the GBSs [5]. 
The results of this work are summarised in the BMT report GBS Cell Water and Sediment Modelling - 
Overarching Report [26]. 

 

15.3.3 Exposure Scenarios 

Two different fate modelling studies were carried out: one for the sediment and one for the water phase. 
Different combinations of input parameters for the model were also used, after discussion and comment by 
the Independent Review Group (IRG). The intent of the modelling was to obtain some indication of the likely 
dispersion of the water phase, and the likely spread of the cell sediments, once exposed to the environment. 
Using this information, and the estimated starting concentrations and total amounts of contaminants in the 
cells, the modellers then calculated the likely concentrations of different contaminants in the seawater and in 
the seabed sediments, at different times and distances from the platform following exposure. This information, 
in turn, was then used to determine what the possible toxicological and ecological effects of the modelled 
exposure scenarios might be. 

Cell water will be released into the sea as a result of cracking of the cell domes, either through natural 
degradation or through impact damage caused by parts of degrading legs falling onto the domes. Cell 
sediment likewise will be exposed at a given stage of the GBS caisson degradation. The GBSs are 
predicted to last for 250 to 1,000 years before significant degradation and collapse of the main structure 
(the caisson comprising the storage cells). During that time, the sediment in the cells will remain contained 
and protected; even if the cell tops were cracked by falling debris, the water phase is likely to escape only 
slowly into the water column causing low environmental impact before dispersing into the marine 
environment. The final stage of degradation of the storage cells leading to the exposure of the sediment is 
directly linked the failure mode of the legs. For the sediment at the bottom of the storage cells to be released 
into the marine environment, large pieces of the legs must fall directly onto the cell tops. In such events, the 
degradation of the storage cells can be described in two phases: a single or series of collapse events 
followed by a long term erosion process of the resulting mixture of rubbles and sediment. During the collapse 
phase, the containment of the cell sediment is breached and the sediment exposed to the marine 
environment. If large pieces of concrete were to fall directly onto the sediment, a proportion of the sediment 
could be re-suspended in the water column and re-settle on the seabed around the platform where it would 
biodegrade. When the collapse has reached its end, the cell sediment is likely to remain partially shielded 
by the concrete remains of the structure. At that point, biodegradation and erosion will take place at the 
surface of the sediment exposed to the marine environment... The fate modelling work has covered both 
phase of the GBS degradation: the long term erosion of the pile resting on the seabed after the collapse and 
the dispersion in the water column and resettling of a proportion of the cell sediment during the collapse of 
storage cells. 

To provide some basis for modelling of the long term erosion, we considered three exposure scenarios in 
which 3,000 m3, 6,000 m3 and 13,000 m3 of cell sediment would be released ‘instantaneously’ into the 
marine environment. For the scenario with the largest volume, we also increased the contaminant 
concentrations by three fold in the initial sediment pile. Each volume corresponds to several combinations of 
release scenarios. For instance, if we assume that each cell on Delta and Bravo contains approximately 
1,000 m3 of sediment, the release into the marine environment of 3,000 m3 could result from the failure and 
release of all the contents of 3 cells or 50% of 6 cells or 25% of 12 cells or any combination leading to such 
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a total volume. Different model runs were completed for these volumes using various combinations of the 
important model parameters of sediment particle size, specific gravity, critical shear stress, and erosion 
coefficient [26]. 

For the modelling of the sediment release during the collapse of the structure, we have considered scenarios 
where we actively release sediment within the water column instead of just letting the erosion transport the 
sediment away from the pile. We considered two sediment release rate: 1000 m3 in 24 hrs and 10 m3 per 
day over 12 months. We also varied key input parameters such as the specific gravity of the solid particles 
or the particle size distribution (PSD). 

For the water phase, it was assumed that 100,000 m3 of water (of the total of 160,000 m3 contained in the 
storage cells of Bravo or Delta) would be released in one ‘instantaneous’ event [26]. This was taken as a 
pragmatic worst-case for the release of the water phase following a catastrophic failure of containment 
caused by legs falling on top of the caisson, breaching approximately 10 cells. 

It is not possible to predict if all the legs on any one GBS will fail at the same time, or indeed if all the legs 
on all three GBSs will fail at the same time. However, the water phase modelling shows that dispersion 
would be very rapid and that the concentrations of most contaminants would fall to very low levels within a 
few days of exposure. It is therefore very unlikely that cumulative impacts would be found from the co-
exposure or release of cell water from adjacent GBSs. 

To model the effects of the exposure of cell sediment, three scenarios were constructed in which increasing 
amounts of sediment (derived from the co-exposure of one or more cells on a GBS) were imagined to be 
simultaneously and instantaneously exposed. For the purposes of the long term erosion modelling, these 
masses of sediment were assumed to be a single mass, conical in shape, and completely exposed. We 
believe that these exposure scenarios are conservative, that is they will tend to over-estimate the amounts of 
contaminants that would be eroded every year into the water column or re-settled away from the pile onto the 
seabed, and thus over-estimate the likely concentrations of contaminants in these two media at different times 
and at different distances from the GBS. The scenarios are conservative because the modellers imaged the 
whole selected mass of cell sediment to be fully exposed to the sea. In reality the sediments would be buried 
to a large extent by debris from the collapsed leg, cell dome and/or the caisson. The modelling work also 
excluded any biodegradation processes; this adds a significant conservative aspect to the results as the 
contamination is mostly composed of hydrocarbons prone to biodegradation even in cold marine 
environment. The model did not therefore account for the hydrocarbon reduction that would naturally occur in 
the marine environment. 

15.3.4 Assessing Potential Impacts 

Modelling was used to estimate the concentrations of selected contaminants in both the water column 
and the seabed sediments following various release or exposure scenarios. The possible environmental 
or ecological effects of such concentrations were examined by comparing the Predicted Environmental 
Concentration (PEC) with published data on the Predicted No-Effects Concentration (PNEC) for selected 
species or groups representing different trophic levels. When the PEC:PNEC ratio is greater than 1, 
organisms may experience an effect as a result of exposure to the specific chemical (as described in 
European Commission Technical Guidance Document on Risk Assessment in Support of Commission Directive 
93/67/EEC on Risk Assessment for the New Modified Substances [27]. The PEC:PNEC ratio is an 
indication of the likelihood of a risk and not a quantification of the environmental impact. A PEC:PNEC ratio 
greater than 1 does not automatically suggest the concentration of the contaminant is at an unsafe level, but 
rather that a more refined assessment is required in order to assess the risk more accurately. 

 

15.3.5 Summary of Results 

15.3.5.1 Water Phase 

Once drawdown is decommissioned, the water pressure inside the cells will be equal to that of the outside 
seawater. If the cells were cracked, the water phase would be released into the marine environment and mix 
with the seawater. It is likely that this would be a slow process, unless the breach was large. Only if one or 
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more large sections of leg fell onto a cell would a large volume of water be forcibly ‘ejected’ into the 
surrounding water column. For the purpose of modelling, two scenarios were built to investigate the fate of 
the instantaneous release of approximately 30,000 m3 and 100,000 m3 in the marine environment. 

The numerical modelling has shown that under conservative assumptions, if cell water were released through 
a crack or breach of the cell dome (i.e. at a depth of approximately 80 m) the contaminant plume is likely to 
disperse and that concentrations would fall below any level of concern within a week. This, in turn, implies 
that the long-term chronic effects of the contaminants are not a significant issue. 
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15.3.5.2 Sediment Phase 

The modelled sediment eroded extremely slowly when exposed to the seabed currents and occasional storm 
wave events experienced in the Brent Field. This is demonstrated by the example of a sediment pile which 
has an initial volume of 6,000 m3, a diameter of 43.6 m, a maximum height on the seabed of 2.6 m, 
and covers an area of approximately 1,494 m2. Modelling showed that after 1,000 years of exposure, 
assuming a low critical shear stress and a high erosion coefficient, this pile would have spread such that 
an area of some 37,500 m2 of seabed (i.e. out to approximately 112 m from the original centre of the 
pile) would exhibit a layer of cell sediment >5 mm thick. The area of seabed exhibiting a sediment layer 
>500 mm thick would be approximately 1,650 m2, i.e. a radius of approximately 28 m, hardly changed 
from the 21.8 m radius of the initial pile. Given the assumed physical and chemical characteristics of the cell 
sediment, hydrocarbons would be slowly removed from the very surface layer of the pile by the processes of 
sediment erosion, slow leaching and possibly bio-turbation. There would be few forces, however, acting to 
drive hydrocarbons from the deeper parts of the pile to the surface, so these deeper hydrocarbons would 
only be exposed by sediment erosion. Table 48 summarises the results of cell sediment modelling based on 
the outputs from 1, 10 and 100 year runs. 

Table 48 Summary of the Main Findings from Modelling of Cell Sediment Exposure. 

Model Conditions Summary Results 

Low Volume (3,000 m3) 
High Critical Shear Stress (CSS) 
Low Erosion Coefficient (EC) 

 25 m is max. distance for PEC:PNEC16>1 
 Only phenanthrene exceeds mean PEC:PNEC>1 
 Largest area PEC:PNEC>1 is 0.0013 km2 

Low Volume (3,000 m3) 
Low CSS 
High EC 

 2,000 m is max. distance for PEC:PNEC>1 
 Naphthalene, benzo(a)pyrene, phenanthrene and THC exceed 

mean PEC:PNEC>1 
 Largest area PEC:PNEC>1 is 1.2 km2 

High Volume (6,000 m3) 
Low CSS 
High EC 

 2,000 m is max. distance for PEC:PNEC>1 
 Naphthalene, benzo(a)pyrene, phenanthrene and THC exceed 

mean PEC:PNEC>1 
 Largest area PEC:PNEC>1 is  2.2 km2 

High Volume (6,000 m3) 
Low CSS 
Mid EC 

 250 m is max. distance for PEC:PNEC>1 
 Only phenanthrene exceeds mean PEC:PNEC>1 
 Largest area PEC:PNEC>1 is 0.082 km2 

High Volume (6,000 m3) 
Very High CSS 
High EC 

 250 m is max. distance for PEC:PNEC>1 
 Only phenanthrene exceeds mean PEC:PNEC>1 
 Largest area PEC:PNEC>1 is 0.017 km2 

Very High Volume (12,000 m3) 
Triple Chemical Concentration 
(Note) 
Low CSS 
High EC 

 4,000 m is max. distance for PEC:PNEC>1 
 Naphthalene, benzo(a)pyrene, phenanthrene, THC and phenols 

exceed mean PEC:PNEC>1 
 Largest area PEC:PNEC>1 is 6.4 km2 

Note: A concentration three times that assumed in other scenarios. 

 

  

                                                
16 The PEC/PNEC ratio is the ratio between the predicted concentration and the concentration at which 
adverse effects could arise. A PEC/PNEC ratio of 1 or above indicates the areas where the predicted 
concentration will possibly exceed a level raising environmental concern. This does not necessarily 
automatically imply that there will be an environmental impact. 
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Modelling of the exposure or release of the water and sediment phases shows that these two events occur 
over very different time scales. If a cell were breached, the water phase might be released over a period of 
hours or days, whereas the sediment phase would only be truly exposed to the marine environment when the 
cell had substantially collapsed, long after the water phase would have been released and dispersed. 
However, under some extreme GBS degradation modes where one or two of the legs were to collapse and 
fall onto the storage cells, a proportion of the sediment could be re-suspended and released alongside with 
the water phase. 

The long term fate modelling of the sediment is also not predicting any overlap of the sediment footprints on 
the seabed from the three GBSs. As shown on Figure 79, after 100 years of erosion, there are no overlaps 
of the sediment footprints whilst excluding any biodegradation of the hydrocarbons. 

Figure 79 Representation of 100 year Sediment Plumes following a Catastrophic Failure from 
Multiple Platforms. 

 

The main conclusions from the modelling study were as follows [26]: 

 The modelling and risk assessment suggests that a release or exposure of GBS cell sediments may 
pose a risk to the marine environment beyond any initial pile, if the sediments exhibit a low critical 
shear stress and high erosion coefficient 

 There is no significant erosion in the first 100 years with any of the scenarios investigated 
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 Under naturally occurring hydrodynamic conditions, the modelling results for sediment dispersion in 
the water column for Year 1 through to Year 1,000 do not exhibit any instance where the water 
column PEC:PNEC ratios exceed 1 

 Based on the agreed modelling parameters, for most chemicals the risk to the environment is 
confined to a relatively small area of the North Sea (<1 km2) 

 Phase 2 modelling which used PNECs based on sediment quality criteria and regulatory criteria 
against the mean PEC, resulted in instances where the revised PEC:PNEC ratio is >1 for 
phenanthrene, naphthalene, benzo(a)pyrene and THC. Phenol was exceeded only under the 
elevated initial concentrations used in Scenario 14 

 Although the spatial distribution of the chemicals increased over time, it is important to note that the 
model calculates the chemical concentrations directly from the physical dispersion of the sediment, 
assuming no leaching or biodegradation of the chemicals 

 Between the initial PNEC and the revised PNEC, there was a significant difference in the number 
and range of chemicals exceeding a PEC:PNEC>1 

 

15.4 DNV-GL Toxicological Assessment 

15.4.1 Introduction 

The purpose of this study was to determine if the modelled exposure scenarios would be likely to cause 
impacts in the marine environment, and to determine the extent and duration of such impacts, and their 
significance to the local ecosystem. The results of this work are summarised in the DNV-GL report Impact 
Assessment of the Exposure of Brent Field GBS Cell Contents to the Marine Environment [28]. 

15.4.2 Method 

Using the results of the water phase and cell sediment modelling [26], DNV-GL completed an assessment of 
the potential ecological impacts of the release or exposure of the contaminants believed to be present in the 
cells. 

The modelling by BMT is considered to be conservative; it deliberately did not take account of processes 
such as chemical degradation, oxidation or biological degradation that would act on the contaminants and 
reduce their toxicity or render then biologically non-available. 

DNV-GL took the estimated concentrations of contaminants and compared these with published data on the 
concentrations of those substances known to cause lethal and non-lethal impacts in various marine organisms 
representing different trophic levels in the ecosystem. Bearing in mind the additional modelling information on 
the durations of elevated concentrations and the volume of water or area of seabed that might be effected by 
such elevated concentrations, they were able to comment on the likelihood that the exposures would have 
impacts. 
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15.4.3 Results 

15.4.3.1 Water Phase 

For the release of up to 100,000 m3 of contaminated cell water, the results showed that the maximum PEC 
exceeded the PNEC for many substances, most notably for H2S. For this release, however, DNV-GL 
concluded as follows: 

 When taking account of the instability of H2S in alkaline environments such as seawater (pH8.2), 
the acute impact from this toxic substance is likely to be minor 

 The modelled impacts from copper, zinc and benzene also appear overly-conservative because 
complexation of metals and biodegradation of benzene have not been considered. Acute impacts 
are therefore expected to be minor 

 Released amounts of other bioaccumulating substances, mainly PCBs (1.2 kg released in worst 
case) and mercury (0.2 kg released in worst case) are too small to represent a threat to higher 
trophic levels 
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15.4.3.2 Sediment Phase 

The area of seabed beneath the exposed sediment pile will experience high concentrations of hydrocarbons, 
and this would have a severe effect on the benthic fauna beneath the pile and very close to it – in the same 
way as OBM drill cuttings piles affect the benthos around platforms as described in the Technical Document 
Brent Field Cuttings Piles Decommissioning [29]. For the release of up to 12,000 m3 of contaminated cell 
sediment, DNV-GL assessed the effects of the concentrations predicted 10 years after release or exposure. 
The results showed that the PEC exceeded the PNEC for many substances, most notably phenanthrene. DNV-
GL concluded as follows: 

 The chemically-impacted area as result of a worst-case release will be relatively small, reaching 
1.7 km2 for phenanthrene at each platform 10 years after release (without considering the effects 
of biodegradation). (A circular area of 1.7 km2 has a radius of approximately 736 m) 

 The area impacted from physical stressors i.e. changes in sediment grain size, burial, and oxygen 
depletion (which were not modelled) is estimated to be smaller than the chemically impacted area 

 The biodegradation rates of most of the hydrocarbons released are expected to be relatively high 
based on the modelled prediction that contaminated sediments will form thin layers (<1 cm) on the 
seafloor. For more complex hydrocarbons (particularly benzo(a)pyrene) and xenobiotic substances 
such as PCBs and TBT, biodegradation will be slow, possibly taking decades before non-toxic 
sediment concentrations are achieved. The impacted seafloor area is nevertheless too small to 
have an effect on the population level of benthic fauna 

 A potential concern from a cell content release is from bioaccumulating and prioritised substances 
which may give rise to delayed toxic effects in higher trophic levels. The major portion of released 
mercury will accumulate in sediments where it will become susceptible to methylation and 
subsequent release to the water column. The rate of methylmercury release has not been modelled 
but may be significant; however, the released amount of mercury (261kg in a worst case scenario) 
is not considered sufficient to have any measurable effects on higher trophic levels, including 
humans. Benzo(a)pyrene would be released in significant amounts in a worst case scenario 
(10.7 tonnes) but efficient metabolism of this substance in fish and other vertebrates will hinder 
bioaccumulation in higher trophic levels. Furthermore, benzo(a)pyrene has limited mobility and 
would largely remain adsorbed to the sediments on the seafloor 

DNV-GL state that a combined release of cell water and sediment would not significantly alter the total risk of 
the assessed substances. The amount of bioaccumulating and persistent substances released with cell water 
which are likely to accumulate in marine sediments is small compared to the amount that would be released 
with the cell sediments. Leakage of hydrocarbons from cell sediments to the water column would be slow 
and the impact on water column resources would be localised. 

In conclusion DNV-GL state that, based on modelling results and the estimates of the concentrations of 
released substances, a major release of cell water and sediment from the Brent GBS cells would pollute the 
local environment but would not be expected to induce any measurable effects at the population level. Effects 
on water column resources would be restricted to acute and transient effects close to the release point. A 
worst-case sediment release would result in an impacted area that is comparable to the area around each 
platform already impacted by drill cuttings (although it is likely that this area will have at least partially 
recovered by the time the cell contents were exposed). In theory, the released amounts of persistent, bio-
accumulating and toxic substances (PCBs and potentially organic mercury) have the potential to bio-magnify 
in marine food webs, but results show that the environmental impact would be localised and transient owing 
to the relatively small amounts of bio-accumulating substances involved. 
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Material from the cells of all three GBSs might be released or exposed simultaneously. DNV-GL state that the 
cumulative impact from all three GBSs (based on the worst-case modelling results) would be increased 
localised pollution and short-term acute effects (but most likely at different times), but it is not expected that 
there would be measurable effect at the population level. There would in theory be some increased potential 
for bio-magnification in marine food webs, but because the environmental impact would remain localised 
and transient in nature owing to the relatively small amounts of bio-accumulating substances involved it is 
unlikely that this would have any measurable effects on higher trophic levels including humans. 

Figure 79 shows an example of the numerical modelling work carried out to evaluate the dispersion of the 
sediment around the platforms after 100 years if the cell sediment were to be exposed into the marine 
environment [26]. 

15.4.4 Ecotoxicological Conclusion 

The paragraph below is the statement made by DNV-GL to summarise their evaluation of the legacy impacts 
associated with the Leave in Place option. 

‘In 2012 BMT Cordah conducted modelling of the release of cell water from the GBS following collision 
or collapse of the GBS legs. Results showed that maximum Predicted Environmental Concentration (PEC) 
exceeded Predicted No Effect Level (PNEC) for several chemical substances. However, the exposure based 
on duration of impact appears to be low, concluding that relatively small areas of the North Sea will be at 
risk to exposure for a short period as a result of such a release. The modelling was deliberately conservative, 
and refinement of assumptions to more realistic thresholds of effect is likely to show that the impact is over-
stated. Additional updated modelling results are expected, which may affect this assessment. In this regard, 
the overall legacy impact under Option 5 Leave in place is currently assessed to be ‘moderate negative’. 

15.5 Stakeholder Views 

15.5.1 Introduction 

Throughout the Brent Decommissioning Project we have sought the views of all stakeholders on a wide range 
of issues. Our programme of stakeholder engagement and a summary of our stakeholders’ views and 
concerns is presented in our Brent Field Decommissioning Stakeholder Dialogue Report [30]. 

For the assessment of options for the GBS cell contents we invited a sub-group stakeholders to perform a 
more detailed examination of the options and evaluate the relative performances of the options in criteria that 
were important to them. Accordingly, a group called the Cell Management Stakeholder Task Group 
(CMSTG) was created comprising 16 stakeholders who had expressed a willingness and desire to 
undertake an in-depth assessment of the shortlisted options for the management of the cell contents. This 
section presents a summary of the results of the CMSTG work, which informed the deliberations in our CAs of 
options for the cell sediments. The full programme of work and the results of the CMSTG are presented in the 
Catalyze report ‘Shell Cell Management Stakeholder Task Group: MCDA Model Criteria and Scales’ [31]. 

15.5.2 CMSTG Programme of Work 

Over a period of 21 months from September 2011 to June 2013 we completed a total of five workshops 
in which the advantages and disadvantages of the options were examined and discussed, and the 
performances of the options assessed against a range of criteria (Figure 80). The work of the CMSTG was 
facilitated by the independent consultant Catalyze, with the Shell team providing data and information as 
requested and available before the Cell Survey Project. To manage the data and assessment, Catalyse 
used the proprietary software HiView3 to permit the CMSTG to build and then interrogate a Multi-Criteria 
Decision Analysis (MCDA) model. The CMSTG identified the criteria with which they wished to assess the 
performance of the options, scored the performances of the options in each criterion, and weighted the 
criteria relative to each other. 
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Figure 80 The CMSTG Process. 

 

15.5.3 CMSTG Model 

The CMSTG elected to examine the performance of the five shortlisted options for the cell sediments using 
34 criteria grouped into four categories, as shown in Figure 81. The categories were: 

Benefits: Measures of all the positive consequences of the option. 

Downsides: All the known and avoidable residual (i.e. after mitigation) negative consequences of the option. 
These are expected to occur if the option is selected. 

Risks: All the unplanned negative consequences of the option. These might happen if the option is selected. 

Costs: The total costs of the option. Technical risks were also modelled as costs because these risks affect the 
duration of the operation and hence the cost. 

Figure 81 Simplified Schematic of the Model Constructed by the CMSTG. 

 

For some criteria (e.g. energy use, safety risk), Shell provided quantitative data or best estimates (based on 
our assumptions at that time about the volume and composition of the cell contents) with which to measure the 
performance of each option. These were then transformed or normalised onto a scale ranging from ‘1’ to ‘0’. 
For other criteria, the CMSTG discussed and assessed each option’s performance qualitatively, and then 
placed the options on the 1 to 0 scale according to their collective agreed views. By placing both the 
quantitative data and the qualitative data onto the same scale, all the different measures were transformed 
into the same unit. 

The CMSTG then spent a considerable time discussing and comparing the different criteria. Although the 
wide range of criteria allowed the group to take into consideration all the issues that they thought were 
important for comparing the options, it was clear that the group felt that some criteria were more important 
than others. This could be because the differences between options in this criterion were very large and 
the performances of some options were very poor. It could also be that, based on their principles or 
values, some criteria (e.g. safety) were intrinsically of greater importance to them than others. To take these 
differences into account, the group conducted a detailed exercise (known as ‘swing weighting’) to compare 
the criteria and weight them one against the other. 

  



 BRENT GBS CONTENTS DECOMMISSIONING 
 TECHNICAL DOCUMENT 
 

Page | 148 

After considerable discussion and further examination over two meetings, the CMSTG settled on the 
weightings shown in Figure 82, where the criteria are listed in order of weightings. This figure shows 
that fewer than half of the criteria have a weight of more than 2%. The significant weightings given to the 
criterion Marine Environment End Point (which favours the ‘remove’ option), and the criteria Natural 
Resources Operations and Natural Resources End Point (which favour ‘leave in place’ options) highlight the 
main trade-off in the model. 

Figure 82 CMSTG Criteria and Weights for Cell Sediment Options. 

 

15.5.4 Results 

Figure 83 shows the results of the CMSTG assessment of options for the GBS cell sediments. In this figure, 
the total performance of each option in all of the criteria is shown by the total height of the column; the 
higher the column, the better the performance. The contribution of each sub-criterion is shown by the size 
of the corresponding coloured portion of the bar. Not all of the sub-criteria will contribute to the ‘good’ 
performance of each option; if one or more sub-criteria do not feature in the coloured column this 
means that their performance did not contribute at all to the overall performance of the option. 
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Figure 83 Results of the CMSTG Assessment of Options for Cell Sediments. 

 

The CMSTG found that the options were finely balanced but that Option 3 ‘Leave in place’ capped was 
the best option (or the ‘preferred’ option) by a narrow margin, followed closely by Option 1 ‘Remove and 
re-inject’. 

The results were examined and discussed by the group, and various tests and analyses of the robustness 
of the results were performed by the group under the facilitation of Catalyze. Testing the robustness of the 
outcome involved (i) checking the scores given to each of the assessments, and, more importantly (ii) varying 
the weightings on some of the main criteria to determine if this would lead to changes in the final results. 

The CMSTG judged that the most important criteria in differentiating the options were: 

1. The medium and long-term effects on the marine environment. 

2. The use of natural resources, including landfill. 

3. The potential reaction of the public. 

4. The acquisition of knowledge about the cell contents and about technologies for cell management, 
which could be applied to future projects. 

5. The current readiness of technologies for cell management. 
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Catalyse summarised the findings of the CMSTG work as follows [31]: 

‘Analysis of the model provides the following insights, based on data and the judgement of the CMSTG: 

 Option 5 ‘Leave in place’, performs well on minimising the use of natural resources, and in other 
factors including safety and technology readiness, but in the final model these factors are not 
enough to compensate for concerns over the long-term effects on the marine environment, and the 
poor contribution to knowledge gained. However, under certain scenarios, this does become the 
preferred option 

 Option 4 ‘Leave in place with MNA’, is not the preferred option in any of the scenarios examined 

 Option 3 ‘Leave in place capped’, is on balance the best performing option, by a small margin; 
a significant factor here is that capping is assumed to mitigate the long-term impact to the marine 
environment 

 Option 2 ‘Vessel to onshore’, is constrained by the use of natural resources including landfill, 
coupled with perceived risks to the marine environment during operations. However, this does 
become the preferred option under certain circumstances 

 Option 1 ‘Remove and re-inject’, is a close second in the final model, removing long-term impact to 
the marine environment while using limited [amounts] of natural resources, and avoiding the use of 
landfill. However, significant concerns over this option have been raised, a point not covered 
explicitly in the model 

The most significant criteria in the model favour different options, i.e. pull in different directions. Also, as one 
of the CMSTG members noted in the final workshop, none of the effects modelled are very significant; the 
risks and impacts evaluated in the model are all relatively small. 

The net effect is that when the ‘pros and cons’ are aggregated there is little to choose between the options. 
The resulting model is finely balanced and sensitive to changes in criteria weights; however, it also 
represents a wealth of information and judgement. The report aims to explore and explain that information 
to support Shell’s comparative assessment process. 

15.5.5 Incorporating the CMSTG Work into the Shell Comparative Assessment 

The purpose of the CMSTG work was to inform our consideration of the performances of the technically 
feasible options for the cell contents; it was clearly understood by the CMSTG that they were not being 
asked to select a recommended option on our behalf. 

We took the work of the CMSTG into account in our CA in three ways. Through working with the CMSTG 
and supporting them in their deliberations and listening to their discussions, we: 

 Gained a deep appreciation of the criteria that they wished to take into account when comparing 
the options 

 Obtained a clear view of the relative importance of each criterion, and a strong steer on the criteria 
that they thought were particularly important in identifying a recommended option 

 Gained a great insight into the ‘trade-offs’ between options that were important for our stakeholders 

The work of the CMSTG helped us to interrogate our own findings and to determine which criteria might in 
fact be ones on which we should be placing emphasis. It also informed our deliberations about some of the 
qualitative scores or rankings that we made. The CMSTG gave us a very clear picture of the ‘drivers’ that 
were important to our stakeholders. 
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16 METHOD USED FOR THE COMPARATIVE ASSESSMENT OF OPTIONS 

16.1 Introduction 

OSPAR Decision 98/3 does not include ‘GBS cell contents’, or the materials in the drilling legs or minicell 
annuli, as categories of ‘disused offshore installations where derogation may be considered’, nor do the 
DECC Guidance Notes specifically indicate that a CA of options should be undertaken for these materials. 

With respect to the CAs for GBS structures themselves, however, the Framework in OSPAR 98/3 Annex 2 
states that ‘the assessment …shall be based on descriptions of the characteristics of the installation, including 
the substances contained within it’. We performed the assessments of options for the GBSs [5] without any 
consideration of the implications of the material in the cells or the legs. This showed that the GBSs could not 
be refloated with anything other than small residual amounts of sediments in the cells. Refloating was not a 
feasible method of returning these sediments or materials to shore and thus for any GBS refloat option the 
sediments would have to be removed offshore. 

In light of the requirement to consider the substances contained within the GBSs, and the fact that significant 
quantities of waste material are thought to be present in each GBS, we have performed full CAs on the cell 
sediment options, and on the options for the material in the drilling legs and minicell annuli, to identify the 
Best Environmental Practice (BEP) and determine how best to manage these materials. 

16.2 Comparative Assessment Criteria 

The CAs for the Brent Bravo, Brent Charlie and Brent Delta GBS cell contents and for the materials in 
the drilling legs and minicell annuli, were performed following the DECC Guidance Notes and the Shell 
Brent Decommissioning Programme (BDP) Comparative Assessment Procedure, with appropriate modification 
for the materials and the options under consideration. Technically feasible options were assessed using the 
five main DECC 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 
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In line with this guidance, therefore, we assessed each option’s performance by dividing that criterion into 
more specific sub-criteria. E.g., the main criterion ‘Environment’ 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 release of the GBS contents to the marine 
environment. 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 49). The sub-criteria are defined in Appendix 1. 

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 described 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 49 The Five Main DECC Criteria and the Selected Sub-criteria used in all Brent CAs. 

DECC Main 
Criterion 

Sub-criterion Description 

Safety 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 long-term 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 onshore programme of work 

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

Societal 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 

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

Economic Cost An estimate of the total likely cost of the option, including an 
allowance for long-term monitoring and maintenance 
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For the CAs of the various materials in the Brent GBSs, it should be noted that only 10 of the 12 sub-criteria 
listed in Table 49 are applicable. There is no evidence that fishermen are, or could be put, at risk due to the 
presence of and interaction with the GBS cell contents or materials in the legs or minicell annuli, or that these 
materials would have any effect on the success or viability of commercial fishing operations. Any interaction 
would be with the GBSs themselves and we have completed CAs for these structures in the Technical 
Document Brent GBS Decommissioning  [32]. The exclusion of these sub-criteria is discussed further in 
Appendix 1. To maintain consistency across all of the Brent Field CAs, the sub-criteria remain included in the 
assessment but the scores for all options are recorded as ‘nil’ (not 0 as this could be interpreted as a data 
value). In this way, the distribution of the weights in all of the scenarios remains consistent but the two sub-
criteria have no effect on the total weighted scores of the options. 

16.3 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 (e.g. 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. E.g., 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 49, 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 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. 
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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; e.g. 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. 

A plenary Technical Feasibility 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 the Catalyze and witnessed by the IRG. 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 facility-based 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 prepare the Brent Field Decommissioning Environmental Statement [33]. 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 (e.g. 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 Environmental Statement (ES) 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 a plenary workshop, again 
facilitated by the MCDA experts 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 50) 
and a set of global scales for each sub-criterion (Table 51). 
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Table 50 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 
 
Table 51 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 (Note) Score 1.00 0.00 

Effects on commercial fisheries GBP 2,318,040 0.00 

Employment Man years 2,128 0.00 

Communities (Note) Score 1.00 0.00 

Cost GBP (million) 0.00 534.14 

Note: The maximum possible score for these sub-criteria is 1.0. 
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16.4 Assessing the Performance of Each Option 

To begin our assessment and comparison of options, we decided to weight each of the five main DECC 
criteria equally. Where a criterion was represented by more than one sub-criterion, we decided that these 
too should be weighted equally. Table 52 shows the weightings for the criteria and sub-criteria, in a 
weighting scenario we have called the ‘standard weighting’. 

Table 52 ’Standard Weights’ for the Five Main DECC Criteria and Sub-criteria. 

Selected sub-criteria DECC Main Criteria 

Description Weight Weight Description 

Safety risk to offshore project personnel 6.7% 

20% Safety Safety risk to other users of the sea 6.7% 

Safety risk to onshore project personnel 6.7% 

Operational environmental impacts 5.0% 

20% Environmental 
Legacy environmental impacts 5.0% 

Energy use (GJ) 5.0% 

Emissions (CO2) 5.0% 

Technical feasibility 20.0% 20% Technical 

Effects on commercial fisheries 6.7% 

20% Societal Employment 6.7% 

Communities 6.7% 

Cost 20.0% 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’. 

16.5 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’ [3]. 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’ [4]. 

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 53 lists the five scenarios we used and Table 54 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. 
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Table 53 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 Five main DECC criteria without Economic 
 
Table 54 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% 15.0% 15.0% 15.0% 15.0% 20.0% 

(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. 

Key to Weighting Scenarios 

Scenario Description 

1 Standard weighting; equal weight to the five main DECC criteria 

2 Weighted to Safety 

3 Weighted to Environmental 

4 Weighted to Technical 

5 Weighted to Societal 

6 Five main DECC criteria, without Economic 
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16.6 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 Cell remediation 
options being assessed via 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 84. 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 85. 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 ‘Leave in place’ is better than 
Option 1 ‘Partial removal’, and red bars show where Option 1 is better than Option 2. 

Figure 84 Example of a Bar Chart Showing the Total Weighted Scores of Three Options. 

 

Figure 85 Example of a Difference Chart Showing the Difference between Two Options in each of the 
Sub-criteria. 
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17 RESULTS OF COMPARATIVE ASSESSMENT OF OPTIONS FOR THE 
MANAGEMENT OF THE GBS CELL CONTENTS 

17.1 Introduction 

This section presents the results of our assessments of the five technically feasible options for the contents 
of the former oil storage cells in the GBSs. 

It begins with the results for Brent Delta, the only GBS from which samples of cell sediment have been 
obtained. It then presents the results for Brent Bravo (which are based on the samples and estimates of cell 
sediment in Delta and therefore almost identical to the Delta CA), and then the result for Brent Charlie which 
are based pro rata on the samples and estimates obtained from Delta. Based on a measured depth of 4 m 
in the surveyed Brent Delta cells, we have assumed that for Delta and Bravo each former oil storage cell 
contains 1,080 m3 of sediment (a total of 17,280 m3 for each GBS) and for Charlie, pro rata for depth, 
we have assumed that each oil storage cell will contain 676 m3 (a total of 5,406 m3). 

In line with BEIS requirements we present the CA for the contents of each GBS individually, in its own right, 
but to minimise the repetition of data and text, some of the tables, graphs and narrative for Bravo and 
Charlie have been edited. 

As described in Section 16.2, two sub-criteria were not used in the CAs for the cell contents. The safety risk 
for other users of the sea would arise as a result of the long-term presence of the remains of GBSs at their 
present locations, not from any of the operations around the GBSs (which would be within the existing 
500 m safety zone) or around the site of any new remote well (which would be short-lived and notified to 
mariners). The potential safety risks for other users of the sea would thus be the same in all options. The 
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 
cell contents. 

17.2 Options Assessed 

As described in Section 13, five options were taken forward to the full CA of the Brent GBS cell contents. 
Two options involved the recovery and subsequent management of the contents, two involved in situ 
management and in the final option the contents would be left in place with no treatment (Table 55). 

For the purposes of the CAs, we have assumed that the attic oil and interphase material in any of the former 
oil storage cells has already been removed. 

Table 55 Options Assessed in the CAs for the Brent GBS Cell Contents. 

Option  Option Name Option Description 

1 Remove and re-inject: new 
remote well 

Mobilise sediment and water slurry, retrieve to a vessel 
and re-inject in newly-drilled subsea wells away from site 

2 Remove: vessel to onshore Mobilise sediment and water slurry, retrieve to a vessel 
and transport to shore for treatment and disposal 

3 Leave in place capped Cap or cover in situ in the cells using (e.g.) mixture of 
sand and/or gravel 

4 Leave in place with MNA Leave in situ in the cells for enhanced MNA 

5 Leave in place Leave in situ in the cells without further treatment 
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17.3 Brent Delta Cell Contents 

17.3.1 Data and Weighted Scores for Delta Cell Contents 

The raw data on the performance of each option in each sub-criterion is presented in Table 56. The data 
were then transformed onto the global scales and weighted according to the ‘standard weighting’ described 
in Section16.4. The weighted scores are shown in Table 57. 

Table 56 Raw Data on in each Sub-criterion for the Five Options for the Brent Delta Cell Contents. 

Sub-criterion 
Options 

1 2 3 4 5 

Safety risk offshore project personnel 
(PLL) 

0.2640 0.1100 0.0858 0.0973 0.0004 

Safety risk to other users of the sea 
(PLL) 

     

Safety risk onshore project personnel 
(PLL) 

0.0000 0.0011 0.0000 0.0000 0.0000 

Operational environmental impacts 
(score) 

0.65 0.72 0.90 0.90 1.00 

Legacy environmental impacts (score) 0.93 1.00 0.41 0.44 0.30 

Energy use (GJ) 1,508,007 387,502 415,204 523,514 23,145 

Emissions (Te CO2) 112,356 28,577 30,960 38,949 2,042 

Technical feasibility (score) 0.00 0.20 0.70 0.90 1.00 

Effects on commercial fisheries (£)      

Employment (man-years) 2,128.1 519.6 227.9 265.8 10.5 

Communities (score) 1.00 0.50 0.95 0.95 1.00 

Cost (£ million) 534.14 130.43 57.21 66.72 2.64 

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

 

Option 1 Remove and re-inject in new remote well 

Option 2 Remove and treat onshore 

Option 3 Leave in place capped 

Option 4 Leave in place with MNA 

Option 5 Leave in place 
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Table 57 Transformed and Weighted Sub-criteria Scores for the Five Options for the Brent Delta 
Cell Contents. 

Sub-criterion 
Options 

1 2 3 4 5 

Safety risk offshore project personnel 
(PLL) 

0.00 3.89 4.50 4.21 6.66 

Safety risk to other users of the sea 
(PLL) 

     

Safety risk onshore project personnel 
(PLL) 

6.67 6.64 6.67 6.67 6.67 

Operational environmental impacts 
(score) 

3.25 3.60 4.50 4.50 5.00 

Legacy environmental impacts (score) 4.65 5.00 2.05 2.20 1.50 

Energy use (GJ) 0.66 3.89 3.81 3.49 4.93 

Emissions (Te CO2) 1.42 4.09 4.01 3.76 4.93 

Technical feasibility (score) 0.00 4.00 14.00 18.00 20.00 

Effects on commercial fisheries (£)      

Employment (man-years) 6.67 1.63 0.71 0.83 0.03 

Communities (score) 6.67 3.34 6.34 6.34 6.67 

Cost (£ million) 0.00 15.12 17.86 17.50 19.90 

Total weighted score 29.00 51.19 64.45 67.51 76.30 

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

 
Option1 Remove and re-inject in new remote well 

Option 2 Remove and treat onshore 

Option 3 Leave in place capped 

Option 4 Leave in place with MNA 

Option 5 Leave in place 
 
On the basis of this assessment, the ‘CA-recommended option’ for the Brent Delta cell contents is Option 5 
‘Leave in Place’. It has a total weighted score of 76.30, in contrast to Option 4’s total weighted score of 
67.51. Figure 86 illustrates the total weighted scores and the contributions of the sub-criteria, and Figure 87 
shows the contributions of the five main DECC criteria. 
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Figure 86 The Total Weighted Scores of the Options for the Brent Delta Cell Contents, 
and the Contributions of the Sub-criteria. 

 

Figure 87 The Total Weighted Scores of the Options for the Brent Delta Cell Contents, and the 
Contributions of the Five Main DECC Criteria. 
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17.3.2 Assessing the Sensitivity of the CA-recommended Option for the Brent Delta Cell Contents 

17.3.2.1 Introduction 

To test the sensitivity of the CA-recommended option we applied five weighting scenarios to the transformed 
scores (as described in Section 16.5). 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. 

17.3.2.2 Results of Sensitivity Analysis 

Table 58 presents the results of the sensitivity analysis showing the total weighted scores in the standard 
weighting and each weighting scenario. Figure 88 illustrates the results of this sensitivity analysis in terms 
of the five main DECC criteria. 
In all six of the scenarios, the order of the five options does not change as a result of the changes in 
weighting. Option 5 ‘Leave in place’ always has a higher total weighted score than the next best option 
which is Option 4 ‘Leave in place with MNA’, and in terms of total weighted scores the descending order 
of the options in every scenario is Option 5, Option 4, Option 3, Option 2 and finally Option 1. 

Across the six scenarios Option 5 ‘Leave in place’ has a total weighted score that is from 10% to 15% 
greater than that of Option 4. The difference is greatest in Scenario 2 ‘weighted to Safety’ (9.7 weighted 
points, 15% greater than Option 4), followed by Scenario 3 ‘weighted to Environment (9.6 points, 14% 
greater) and then the ‘standard weighting’ (8.8 points, 13% greater). 

Option 2 is consistently the better of the two ‘removal’ options; it has a total weighted score that is 14% to 
93% greater than that of Option 1. 

Option 3 ‘Leave in place capped’ and Option 4 ‘Leave in place MNA’ have very similar scores under each 
of the sensitivity scenarios. Option 4 is always better than Option 3, having a total weighted score that is 
from 1.77 weighted points to 7.3 weighted points (2.7% to 11.1%) greater than that of Option 3. There is a 
marked difference in all the scenarios between the better of the ‘removal ’options, Option 2 and the option 
above it which is Option 3; Option 3 has a total weighted score that is from 7.2 weighted points to 22.4 
weighted points (12.1% to 51.7%) greater than that of Option 2. 

Finally, there is a marked difference between Option 5 (the CA-recommended option) and Option 2 (the 
better of the ‘removal’ options). The total weighted score for Option 5 is from 31% to 89% greater than that 
for Option 2. The difference is greatest in Scenario 4 ‘weighted to Technical’ (38.8 weighted points, 89% 
greater than Option 2), then Scenario 6 ‘DECC 5 without economic’ (20.3 points, 56% greater) and then 
the ‘standard weighting’ (25.1 points, 49% greater). 

From this examination of sensitivity Option 5 ‘Leave in place’ remains the option with the best overall 
performance, and is thus identified as the ‘Emerging recommendation’. 
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Table 58 Total Weighted Scores and Ranking of the Options for the Brent Delta Cell Contents under 
Different Weighting Scenarios. 

Weighting Scenario 
Option 

1 2 3 4 5 

1. Five main DECC criteria 

Rank 

29.99 51.19 64.45 67.51 76.30 

5 4 3 2 1 

2. Weighted to Safety 

Rank 

30.81 51.54 62.28 64.21 73.86 

5 4 3 2 1 

3. Weighted to Environmental 

Rank 

34.96 59.10 66.29 68.06 77.68 

5 4 3 2 1 

4. Weighted to Technical 

Rank 

22.48 43.39 65.83 73.12 82.22 

5 4 3 2 1 

5. Weighted to Societal 

Rank 

39.14 44.58 57.14 59.58 65.59 

5 4 3 2 1 

6. Five main DECC criteria without Economic 

Rank 

29.99 36.07 46.59 50.00 56.40 

5 4 3 2 1 

 
Option1 Remove and re-inject in new remote well 

Option 2 Remove and treat onshore 

Option 3 Leave in place capped 

Option 4 Leave in place with MNA 

Option 5 Leave in place 
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Figure 88 Results of the Sensitivity Analysis of the Options for the Brent Delta Cell Contents. 

   

Options for Delta cell contents Scenario 1:  
Standard weighting: DECC 5 criteria equal. 

Options for Delta cell contents Scenario 2: 
Weighted to Safety. 

Options for Delta cell contents Scenario 3: 
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Options for Delta cell contents Scenario 4:  
Weighted to Technical. 

Options for Delta cell contents Scenario 5: 
Weighted to Societal. 

Options for Delta cell contents Scenario 6: 
DECC 5 main criteria without Economic. 
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17.3.3 Identification and Discussion of the Recommended Option for the Brent Delta Cell Contents 

17.3.3.1 Introduction 

Option 1 ‘Remove and re-inject in new remote well’ and Option 2 ‘Remove and treat onshore’ would both 
result in the removal of the cell sediment from its present location at the bottom of the former oil storage cells 
of the GBS, and thus prevent the eventual exposure of the sediment (and the oily water above it) to the 
marine environment. Option 2 is the better of the ‘removal’ options. 

Option 5 ‘Leave in place’ is consistently the best option with a total weighted score that is from 10% to 15% 
greater than the next best option (Option 4). Option 5’s total weighted score is significantly and consistently 
greater than that of the better of the ‘removal’ options, Option 2. The difference is least in Scenario 3 
‘weighted to Environment (18.6 weighted points, 1.4% greater than Option 2) and greatest in Scenario 4 
‘weighted to Technical’ (38.8 weighted points, 89.4% greater than Option 2). The sections below therefore 
examine the differences between Option 2 ‘Remove and treat onshore’ (the better of the ‘removal’ options) 
and the emerging recommendation, Option 5 ‘Leave in place’. 

Examination of both the transformed unweighted data (Table 56) and the weighted scores (Table 57) for 
each of the sub-criteria shows that the differences between the two options are driven by the differences in 
performance in ‘technical feasibility’, ‘cost’, ‘impact on communities’ and ‘safety risk to offshore project 
personnel’ (which are better in Option 5 ‘Leave in place’) and in ‘employment’, and ‘legacy environmental 
impacts’ (which are better in Option 2 ‘Remove and treat onshore’). All the other sub-criteria show only small 
differences between the options in terms of their weighted scores. This is illustrated in Figure 89 which shows 
the differences (positive or negative) in the weighted scores in each sub-criterion for these two options for the 
Brent Delta cell contents; the green bars indicate sub-criteria where Option 5 has the better performance and 
the red bars indicate sub-criteria where Option 2 has the better performance. 

Figure 89 Difference Chart Comparing the Weighted Scores for each Sub-criterion in Two Options for 
the Brent Delta Cell Contents, under the Standard Weighting. 

 

Green bars: Option 5 ‘Leave in place’ is better than 
Option 2 ‘Remove and treat onshore’ 

Red bars: Option 2 ‘Remove and treat onshore’ is better 
than Option 5 ‘Leave in place’ 

 
It is therefore instructive to examine the differences between Option 5 and Option 2 to determine if the 
relatively poorer performance of Option 2 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 89, and determine the 
extent to which differences in performance are material in reaching a recommendation for the Brent Delta cell 
contents. 
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17.3.3.2 Technical Feasibility 

Option 5 achieved the highest possible technical feasibility score. This is because in this option, there would 
be no further operations once the attic oil and interphase material had been removed. (The removal of the 
attic oil and interphase material is part of a separate programme of work that will be performed regardless 
of which option is approved for the cell sediments, and so does not fall within the scope of the CA for the 
cell sediment). 

For Option 2, there are significant concerns about the Technical Feasibility of mobilising and removing the 
cell sediment to shore (as described in Section 12 and Section 13.4). Although a credible programme of 
work has been described for removing the sediment (as a slurry in combination with the water phase), no 
FEED or design work has been undertaken. An extensive and detailed programme of design, fabrication and 
testing, lasting several years, would be required before a full scale attempt at removing the cell sediment 
could be undertaken. Important aspects that would require attention are (i) the development of a tool and 
system for cutting a large hole in each cell dome (a larger hole than that required solely for the removal of 
attic oil); (ii) the design of a cell-top access system that would enable the dredging tool to be deployed into 
the cell while containing the oily water phase and preventing fugitive escapes to sea; (iii) the development 
and testing of a dredging tool; and (iv) the design and trialling of an onshore treatment plant capable of 
dealing efficiently with large volumes of watery slurry. 

We have therefore concluded that the sub-criterion ‘Technical Feasibility’ is a very strong differentiator 
between the options. 

17.3.3.3 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 5 is £2.6 million, and is for the post-decommissioning surveys. The estimated 
cost for Option 2 is approximately £130 million, and reflects the amounts of offshore and onshore work, and 
in particular the vessel time, that would be required. Although this option attains quite a high (good) score on 
the global scale (0.76) 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. 

17.3.3.4 Impact on Communities 

In Option 2 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 at 
the onshore reception and treatment site  [33]. This assessment assumed that the sediment slurry would be 
treated and disposed of through an existing well-managed onshore site. There would be no impacts on 
amenities in Option 5 because nothing would be done onshore. 

As described in the ES [33] 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 treatment and disposal of 
the slurry. 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 treatment and disposal of the slurry 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. 
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The treatment and disposal of the cell sediment slurry would not be a unique operation but the volumes being 
treated at any one time and the durations of operations would render this quite an intense onshore operation. 
The impacts on amenities and local communities from the treatment and disposal of the cell sediments scored 
0.5 on the global scale of 1.0, and would be similar in nature to previous effects, mostly contained with the 
treatment site, and amenable to additional mitigation measures. The slurry would be transported to shore by 
tanker and quickly off-loaded into onshore storage tanks, but processing would proceed at a measured pace 
and take many days. There would therefore be opportunities for careful control and management of the 
onshore operations, and, if warranted, for improvements and additional controls to be put in place as the 
treatment and disposal operations progressed. 

Because of the scale and intensity of the onshore operations that would be required to deal with this waste, 
including the ultimate disposal of treated solids to landfill, we have concluded that the sub-criterion ‘impact 
on communities’ is a strong differentiator between the options. 

17.3.3.5 Safety Risk to Offshore Project Personnel 

In Option 2 ‘Remove and treat onshore’ the safety risk for project personnel offshore is estimated to be a PLL 
of 0.1100. That is, if about 9 ‘Brent Delta cell contents’ were to be decommissioned in this way, with the 
sediment being slurrified in the cell water, then pumped to a tanker and taken to shore for treatment and 
disposal, there might be one fatality among the exposed group ‘offshore project personnel’. 

PLLs are often expressed in scientific notation, and for Option 2 the risk would be 110 x 10 -3, which is about 
100 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 project personnel in Option 2 ‘Remove and treat onshore’ are very significant. The 
safety risk for offshore project personnel in Option 5 is 0.0004 (a PLL of 0.4 x 10 -3). 

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 As Low As Reasonably Practicable (ALARP). The risks to our project 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. Nevertheless, the estimated safety risk to offshore 
project personnel is significant. 

Consequently, we have concluded that the sub-criterion ‘safety risk to offshore project personnel’ is a strong 
differentiator between the options. 

17.3.3.6 Operational Environmental Impacts 

In Option 2 ‘Remove and treat onshore’, the operations to access the cells, recover the sediment slurry, pump 
it to a tanker, and transport it to shore and into holding tanks, would involve a variety of vessels working at 
the site for several months. With the exception of the tanker transportation to shore, all the operations would 
be performed within the existing 500 m safety zone. The main impact of these operations would be 
underwater noise from vessels. DNV-GL [33] estimated that this might affect some marine mammals in 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. In addition, DNV-GL identified some risk from the possibility of fugitive 
emissions and spillages from the dredging system or the tanker during the recovery of the slurry. There are no 
offshore impacts in Option 5 ‘Leave in place’ because nothing would be done. 

The potential for actual operational impacts in Option 2 is small and amenable to further mitigation, 
particularly with respect to ensuring that all the material in the cells is contained during the recovery 
operations. Consequently, we have concluded that the sub-criterion ‘operational environmental impacts’ 
is not a strong differentiator between the options. 
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17.3.3.7 Energy Use and Gaseous Emissions 

The estimated total net energy use for Option 2 (387,502 GJ) is approximately 17 times greater than that 
for Option 5 (23,145 GJ). In both options the vast majority of energy use would be direct use, primarily 
associated with the use of vessels. 

The estimated total CO2 emissions from Option 2 (28,577 tonnes) is approximately ten times greater than 
that in Option 5 (2,042 tonnes) and equivalent to approximately 7% and 0.5% respectively of the total 
annual CO2 emissions from all Brent platforms when they were operating; as presented in the CMSTG report  
[31] the total CO2 emissions from all four Brent platforms in 2011 was 396,000 Te. The estimated 
emissions from the Brent Delta cell sediment options are very low in comparison with the total CO2 emissions 
from all UKCS oil and gas platforms which, as reported in the Oil & Gas UK Environment Report 2013 [34], 
amounted to 14.22 million tonnes in 2011. They are also very small in comparison with the UK commitment 
under the Climate Change Act [35] which implies an average annual reduction of 47.6 million tonnes CO2 
each year from 2013 to 2017. 

The absolute amounts of energy and gaseous emissions in both options are small. Consequently, we have 
concluded that the sub-criteria ‘energy use’ and ‘gaseous emissions’ are not strong differentiators between the 
options. 

17.3.3.8 Safety Risk to Onshore Project Personnel 

There is no risk to onshore project personnel in Option 5 ‘Leave in place’ because nothing would be done. 
In Option 2 ‘Remove and treat onshore’ the safety risk for project personnel onshore is estimated to be a PLL 
of 0.0011. That is, if about 900 ‘Brent Delta cell contents’ were to be decommissioned in this way, with the 
sediment being treated and disposed of onshore, there might be one fatality among the exposed group 
‘offshore project personnel’. 

PLLs are often expressed in scientific notation, and for Option 2 the risk would be 1.1 x 10 -3, which is 
approximately equal to the value that would be regarded as tolerable in the E&P industry (1 x 10 -3). The 
estimated safety risk in this option is low and would be amenable to further mitigation; the operations would 
be onshore, would be subject to site and project-specific mitigation measures, and could be monitored 
closely and paused if concerns arose. 

Consequently, we have concluded that the sub-criterion ‘safety risk to onshore project personnel’ is not 
a strong differentiator between the options. 

17.3.3.9 Employment 

A major difference between the options in societal impacts is the effects on employment; Option 2 would 
support about 520 man-years of employment in comparison to the 10.5 man-years provided by Option 5. 

The total employment in Option 2 would probably be derived from several phases of offshore work – 
creating access, dredging, sealing the cells, transportation – involving the crews on a number of different 
types of vessel. Work onshore would progress steadily but slowly at an existing site over a period of months. 
Although a number of jobs might be supported, involving personnel from different disciplines for varying 
lengths of time, that number is not significant in comparison with other activities in the Brent decommissioning 
programme. 

Consequently, we have concluded that the sub-criterion ‘employment’ is not a strong differentiator between 
the options. 
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17.3.3.10 Legacy Environmental Impacts 

The removal of the cell sediments and water phase in Option 2 would eliminate the potential for any legacy 
environmental impacts, and thus attained the highest possible score of 1.0 on the global scale for legacy 
impacts. 

In Option 5 ‘Leave in place’, the score of 0.30 determined by DNV-GL was informed primarily by their 
assessment of the effects on the marine ecosystem of the escape and eventual exposure of the cell water 
phase and then the cell sediments. 

As reported in the ES [33] and supporting technical studies, the potential environmental effects of the release, 
exposure and possible ejection of the cell contents into the sea and onto the seabed have been assessed by 
detailed modelling [26] and then an assessment of the potential eco-toxicological effects [28]. These studies 
were informed by comprehensive desktop investigations of the possible physical and chemical nature of the 
cell contents, which were validated by samples of cell water and cell sediment obtained in 2014. Modelling 
of the possible dispersion of the water phase and spread of the cell sediments was performed using a 
number of conservative assumptions that would tend to over-estimate the extent of spread and the durations 
of elevated concentrations of contaminants in the environment. In particular, no account was taken of 
biodegradation processes that would begin to act on the hydrocarbon content of the water phase and 
the sediment phase once exposed to the oxygenated conditions of the open sea. In addition, for the cell 
sediment, it was assumed that the modelled volume of material would be instantaneously and fully exposed 
on the seabed. It is more likely, however, that as the GBS caisson degrades and collapses, a large 
proportion of the cell sediment will be covered by pieces of concrete debris from the cell domes and, 
later, the cell walls, and this will physically restrict the release of contaminants from the cell sediment. 

Consequently, we have concluded that the sub-criterion ‘legacy environmental impact’ is not a strong 
differentiator between the options. 

17.3.4 Conclusions for Brent Delta GBS Cell Contents 

The drivers and trade-offs for the decommissioning of the Brent Delta cell contents involve a consideration of 
how feasible and safe it would be to remove the cell sediments (as a slurry mixed with the oily water phase) 
and how proportionate this would be in relation to the elimination of a localised but low-level and long-term 
impact to the marine ecosystem that might otherwise occur after 200 years to 500 years when the cell 
contents are exposed following the collapse of the cell domes and then the cell walls. 

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 the significant sub-criteria serving to strongly differentiate the options are ‘technical feasibility’, ‘cost’, 
‘impact on communities’, and ‘safety risk to project personnel offshore’, and these are the significant reasons 
why ‘leave in place’ is preferable to ‘remove and treat onshore’. The CA has shown that the technical 
difficulties and cost associated with the removal of the sediment would be disproportionate to the benefit 
of eliminating the legacy environmental impact and supporting employment. 

17.3.5 Recommended Option for the Brent Delta Cell Contents 

Following the removal of any attic oil and interphase material trapped at the tops of the GBS cells, the 
recommended option for the Brent Delta cell contents is Option 5 ‘Leave in place’. 
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17.4 Brent Bravo Cell Contents 

17.4.1 Data and Weighted Scores for Brent Bravo Cell Contents 

The raw data on the performance of each option in each sub-criterion is presented in Table 59. The data 
were then transformed onto the global scales and weighted according to the ‘standard weighting’ described 
in Section 16.4. The weighted scores are shown in Table 60. 

Table 59 Raw Data on in each Sub-criterion for the Five Options for the Brent Bravo Cell Contents. 

Sub-criterion 
Options 

1 2 3 4 5 

Safety risk offshore project personnel 
(PLL) 

0.2050 0.1100 0.0863 0.0975 0.0004 

Safety risk to other users of the sea 
(PLL) 

     

Safety risk onshore project personnel 
(PLL) 

0.0000 0.0011 0.0000 0.0000 0.0000 

Operational environmental impacts 
(score) 

0.65 0.72 0.90 0.90 1.00 

Legacy environmental impacts (score) 0.93 1.00 0.41 0.44 0.30 

Energy use (GJ) 1,506,197 387,502 421,044 524,850 23,145 

Emissions (Te CO2) 112,218 28,577 31,391 39,047 2,042 

Technical feasibility (score) 0.00 0.20 0.70 0.90 1.00 

Effects on commercial fisheries (£)      

Employment (man-years) 2,102.7 519.6 229.9 266.7 10.5 

Communities (score) 1.00 0.50 0.95 0.95 1.00 

Cost (£ million) 527.77 130.43 57.71 66.94 2.64 

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

 
Option1 Remove and re-inject in new remote well 

Option 2 Remove and treat onshore 

Option 3 Leave in place capped 

Option 4 Leave in place with MNA 

Option 5 Leave in place 
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Table 60 Transformed and Weighted Sub-criteria Scores for the Five Options for the Brent Bravo 
Cell Contents. 

Sub-criterion 
Options 

1 2 3 4 5 

Safety risk offshore project personnel 
(PLL) 

1.49 3.89 4.49 4.21 6.66 

Safety risk to other users of the sea 
(PLL) 

     

Safety risk onshore project personnel 
(PLL) 

6.67 6.64 6.67 6.67 6.67 

Operational environmental impacts 
(score) 

3.25 3.60 4.50 4.50 5.00 

Legacy environmental impacts (score) 4.65 5.00 2.05 2.20 1.50 

Energy use (GJ) 0.67 3.89 3.79 3.49 4.93 

Emissions (Te CO2) 1.42 4.09 4.00 3.75 4.93 

Technical feasibility (score) 0.00 4.00 14.00 18.00 20.00 

Effects on commercial fisheries (£)      

Employment (man-years) 6.59 1.63 0.72 0.84 0.03 

Communities (score) 6.67 3.34 6.34 6.34 6.67 

Cost (£ million) 0.24 15.12 17.84 17.49 19.90 

Total weighted score 31.65 51.19 64.39 67.49 76.30 

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

 
Option1 Remove and re-inject in new remote well 

Option 2 Remove and treat onshore 

Option 3 Leave in place capped 

Option 4 Leave in place with MNA 

Option 5 Leave in place 
 
On the basis of this assessment, the ‘CA-recommended option’ for the Brent Bravo cell contents is Option 5 
‘Leave in place’. It has a total weighted score of 76.30, in contrast to Option 4’s total weighted score of 
67.49. Figure 90 illustrates the total weighted scores and the contributions of the sub-criteria, and Figure 87 
shows the contributions of the five main DECC criteria. 
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Figure 90 The Total Weighted Scores of the Options for the Brent Bravo Cell Contents, 
and the Contributions of the Sub-criteria. 

 

Figure 91 The Total Weighted Scores of the Options for the Brent Bravo Cell Contents, and the 
Contributions of the Five Main DECC Criteria. 
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17.4.2 Assessing the Sensitivity of the CA-recommended Option for the Brent Bravo Cell Contents 

17.4.2.1 Introduction 

To test the sensitivity of the CA-recommended option we applied five weighting scenarios to the transformed 
scores (as described in Section 16.5). 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. 

17.4.2.2 Results of Sensitivity Analysis 

Table 61 presents the results of the sensitivity analysis showing the total weighted scores in the standard 
weighting and each weighting scenario. Figure 88 illustrates the results of this sensitivity analysis in terms 
of the five main DECC criteria. 
In all six of the scenarios, the order of the five options does not change as a result of the changes in 
weighting. Option 5 ‘Leave in place’ always has a higher total weighted score than the next best option 
which is Option 4 ‘Leave in place with MNA’, and in terms of total weighted scores the descending order 
of the options in every scenario is Option 5, Option 4, Option 3, Option 2 and finally Option 1. 

Across the six scenarios Option 5 ‘Leave in place’ has a total weighted score that is from 10% to 15% 
greater than that of Option 4. The difference is greatest in Scenario 2 ‘weighted to Safety’ (9.7 weighted 
points, 15% greater than Option 4), followed by Scenario 3 ‘weighted to Environment (9.6 points, 14% 
greater) and then the ‘standard weighting’ (8.8 points, 13% greater). 

Option 2 is consistently the better of the two ‘removal’ options; it has a total weighted score that is from 
11% to 83% greater than that of Option 1. 

Option 3 ‘Leave in place capped’ and Option 4 ‘Leave in place MNA’ have very similar scores under each 
of the sensitivity scenarios. Option 4 is always better than Option 3, having a total weighted score that is 
from 1.8 weighted points to 7.3 weighted points (3.3% to 11.1%) greater than that of Option3. There is a 
marked difference in all the scenarios between the better of the ‘removal ’options, Option 2 and the option 
above it which is Option 3; Option 3 has a total weighted score that is from 7.1 weighted points to 22.4 
weighted points (12.0% to 51.6%) greater than that of Option 2. 

Finally, as with the Brent Delta cell contents, there is a marked difference between Option 5 (the 
CA-recommended option) and Option 2 (the better of the ‘removal’ options). The total weighted score 
for Option 5 is from 31% to 89% greater than that for Option 2. The difference is greatest in Scenario 4 
‘weighted to Technical’ (38.8 weighted points, 89% greater than Option 2), then Scenario 6 ‘DECC 5 
without economic’ (20.3 points, 56% greater) and then the ‘standard weighting’ (25.1 points, 49% greater). 

From this examination of sensitivity Option 5 ‘Leave in place’ remains the option with the best overall 
performance, and is thus identified as the ‘Emerging recommendation’. 
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Table 61 Total Weighted Scores and Ranking of the Options for the Brent Bravo Cell Contents under 
Different Weighting Scenarios. 

Weighting Scenario 
Option 

1 2 3 4 5 

1. Five main DECC criteria 

Rank 

31.65 51.19 64.39 67.49 76.30 

5 4 3 2 1 

2. Weighted to Safety 

Rank 

33.92 51.54 62.23 64.19 73.86 

5 4 3 2 1 

3. Weighted to Environmental 

Rank 

36.22 59.10 66.21 68.04 77.68 

5 4 3 2 1 

4. Weighted to Technical 

Rank 

23.73 43.39 65.79 73.11 82.22 

5 4 3 2 1 

5. Weighted to Societal 

Rank 

40.29 44.58 57.10 59.57 65.59 

5 4 3 2 1 

6. Five main DECC criteria without Economic 

Rank 

31.41 36.07 46.55 49.99 56.40 

5 4 3 2 1 

 
Option1 Remove and re-inject in new remote well 

Option 2 Remove and treat onshore 

Option 3 Leave in place capped 

Option 4 Leave in place with MNA 

Option 5 Leave in place 
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Figure 92 Results of the Sensitivity Analysis of the Options for the Brent Bravo Cell Contents. 
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Standard weighting: DECC 5 criteria equal. 

Options for Bravo cell contents Scenario 2: 
Weighted to Safety. 

Options for Bravo cell contents Scenario 3: 
Weighted to Environment. 
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17.4.3 Identification and Discussion of the Recommended Option for the Brent Bravo Cell Contents 

17.4.3.1 Introduction 

The results of the CA for the Brent Bravo cell contents are very similar to those presented in Section 17.3 for 
the Brent Delta cell contents; both assessments use the same source data on sediment volume because only 
Brent Delta has been sampled and it is assumed that the cells on Bravo contain the same type and amount 
of material. 

Option 5 ‘Leave in place’ is consistently the best option with a total weighted score that is from 10% to 15% 
greater than the next best option (Option 4). Option 2 is the better of the ‘removal’ options. 

Examination of both the transformed unweighted data (Table 56) and the weighted scores (Table 57) for 
each of the sub-criteria shows that the differences between the two options are driven by the differences in 
performance in ‘technical feasibility’, ‘cost’, ‘impact on communities’ and ‘safety risk to offshore project 
personnel’ (which are better in Option 5 ‘Leave in place’) and in ‘employment’, and ‘legacy environmental 
impacts’ (which are better in Option 2 ‘Remove and treat onshore’). All the other sub-criteria show only small 
differences between the options in terms of their weighted scores. This is illustrated in Figure 93 which shows 
the differences (positive or negative) in the weighted scores in each sub-criterion for these two options for the 
Brent Bravo cell contents; the green bars indicate sub-criteria where Option 5 has the better performance and 
the red bars indicate sub-criteria where Option 2 has the better performance. 

Figure 93 Difference Chart Comparing the Weighted Scores for each Sub-criterion in Two Options for 
the Brent Bravo Cell Contents, under the Standard Weighting. 

 

Green bars: Option 5 ‘Leave in place’ is better than 
Option 2 ‘Remove and treat onshore’ 

Red bars: Option 2 ‘Remove and treat onshore’ is better 
than Option 5 ‘Leave in place’ 

 
The following sections discuss the performances of the options in each of the sub-criteria in turn, as ordered 
in Figure 93, and determine the extent to which differences in performance are material in reaching a 
recommendation for the Brent Bravo cell contents. After examining the information we concluded that the 
assessment performed for the Brent Delta cell contents was entirely applicable to the Brent Bravo sediment, 
and is summarised here for completeness. 
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17.4.3.2 Technical Feasibility 

Option 5 achieved the highest possible technical feasibility score because there would be no further 
operations once the attic oil and interphase material had been removed. For Option 2, there are significant 
concerns about the Technical Feasibility of mobilising and removing the cell sediment to shore. Although a 
credible programme of work for removing the sediment has been described, no FEED or design work has 
been undertaken. An extensive and detailed programme of design, fabrication and testing, lasting several 
years, would be required before a full scale attempt at removing the cell sediment could be undertaken. 
Important aspects that would require attention are (i) the development of a tool and system for cutting a large 
hole in each cell dome (a larger hole than that required solely for the removal of attic oil); (ii) the design of a 
cell-top access system that would enable the dredging tool to be deployed into the cell while containing the 
oily water phase and preventing fugitive escapes to sea; (iii) the development and testing of a dredging tool; 
and (iv) the design and trialling of an onshore treatment plant capable of dealing efficiently with large 
volumes of watery slurry. 

We have therefore concluded that the sub-criterion ‘Technical Feasibility’ is a very strong differentiator 
between the options. 

17.4.3.3 Cost 

The estimated cost for Option 5 is £2.6 million, and is for the post-decommissioning surveys. The estimated 
cost for Option 2 is approximately £130 million and reflects the amounts of offshore and onshore work that 
would be required. This is a significant sum, and 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. 

17.4.3.4 Impact on Communities 

In Option 2 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 at 
the onshore reception and treatment site [33]. This assessment assumed that the sediment slurry would be 
treated and disposed of through an existing well-managed onshore site. There would be no impacts on 
amenities in Option 5 because nothing would be done onshore. 

As described in the ES[33] [33] 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 treatment and disposal of 
the slurry. 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 treatment and disposal of the slurry 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. 

The treatment and disposal of the GBS cell sediment slurry would not be a unique operation but the volumes 
being treated at any one time and the durations of operations would render this quite an intense onshore 
operation. The impacts on amenities and local communities from the treatment and disposal of the cell 
sediments scored 0.5 on the global scale of 1.0, and would be similar in nature to previous effects, mostly 
contained with the treatment site, and amenable to additional mitigation measures. The slurry would be 
transported to shore by tanker and quickly off-loaded into onshore storage tanks, but processing would 
proceed at a measured pace and take many days. There would therefore be opportunities for careful control 
and management of the onshore operations, and, if warranted, for improvements and additional controls to 
be put in place as the treatment and disposal operations progressed. 

Because of the scale and intensity of the onshore operations that would be required to deal with this waste, 
including the ultimate disposal of treated solids to landfill, we have concluded that the sub-criterion ‘impact 
on communities’ is a strong differentiator between the options. 
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17.4.3.5 Safety Risk to Offshore Project Personnel 

In Option 2 ‘Remove and treat onshore’ the safety risk for project personnel offshore is estimated to be a PLL 
of 0.1100, or 110 x 10-3, which is about 100 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 project personnel in Option 2 ‘Remove and treat 
onshore’ are very significant. The safety risk for offshore project personnel in Option 5 is 0.0004 (a PLL of 
0.4 x 10-3). 

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 project 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. Nevertheless, the estimated safety risk to offshore project personnel is significant. 

Consequently, we have concluded that the sub-criterion ‘safety risk to offshore project personnel’ is a strong 
differentiator between the options. 

17.4.3.6 Operational Environmental Impacts 

In Option 2 the main impact from operations would be underwater noise from vessels. DNV-GL [33] 
estimated that this might affect some marine mammals in 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. In addition, DNV-
GL identified some risk from the possibility of fugitive emissions and spillages from the dredging system or the 
tanker during the recovery of the slurry. There are no offshore impacts in Option 5 ‘Leave in place’. 

The potential for actual operational impacts in Option 2 is small and amenable to further mitigation, 
particularly with respect to ensuring that all the material in the cells is contained during the recovery 
operations. Consequently, we have concluded that the sub-criterion ‘operational environmental impacts’ 
is not a strong differentiator between the options. 

17.4.3.7 Energy Use and Gaseous Emissions 

The estimated total net energy use for Option 2 (387,502 GJ) is approximately 17 times greater than that 
for Option 5 (23,145 GJ). In both options the vast majority of energy use would be direct use, primarily 
associated with the use of vessels. 

The estimated total CO2 emissions from Option 2 (28,577 tonnes) is approximately ten times greater than 
that in Option 5 (2,042 tonnes) and equivalent to approximately 7% and 0.5% respectively of the total 
annual CO2 emissions from all Brent platforms when they were operating (396,000 Te). The estimated 
emissions from the Brent Delta cell sediment options are very low in comparison with the total CO2 emissions 
from all UKCS oil and gas platforms and very small in comparison with the UK commitment under the 
Climate Change Act [35]. 

The absolute amounts of energy and gaseous emissions in both options are small. Consequently, we have 
concluded that the sub-criteria ‘energy use’ and ‘gaseous emissions’ are not strong differentiators between 
the options. 

17.4.3.8 Safety Risk to Onshore Project Personnel 

There is no risk to onshore project personnel in Option 5 ‘Leave in place’ because nothing would be done. 
In Option 2 ‘Remove and treat onshore’ the safety risk for project personnel onshore is estimated to be a PLL 
of 0.0011 or 1.1 x 10-3, which is approximately equal to the value that would be regarded as tolerable in 
the E&P industry (1 x 10-3). The estimated safety risk in this option is low and would be amenable to further 
mitigation; the operations would be onshore, would be subject to site and project-specific mitigation 
measures, and could be monitored closely and paused if concerns arose. 

Consequently, we have concluded that the sub-criterion ‘safety risk to onshore project personnel’ is not a 
strong differentiator between the options. 
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17.4.3.9 Employment 

Option 2 would support about 520 man-years of employment in comparison to the 10.5 man-years 
provided by Option 5. Although a number of jobs might be supported by Option 2, involving personnel 
from different disciplines for varying lengths of time, that number is not significant in comparison with other 
activities in the Brent decommissioning programme. 

Consequently, we have concluded that the sub-criterion ‘employment’ is not a strong differentiator between 
the options. 

17.4.3.10 Legacy Environmental Impacts 

The removal of the cell sediments and water phase in Option 2 would eliminate the potential for any legacy 
environmental impacts, and thus attained the highest possible score of 1.0 on the global scale for legacy 
impacts. 

In Option 5 ‘Leave in place’, the score of 0.30 determined by DNV-GL was informed primarily by their 
assessment of the effects on the marine ecosystem of the escape and eventual exposure of the cell water 
phase and then the cell sediments. 

As reported in the ES [33] and supporting technical studies, the potential environmental effects of the release, 
exposure and possible ejection of the cell contents into the sea and onto the seabed have been assessed by 
detailed modelling [26] and then an assessment of the potential eco-toxicological effects[28]. These studies 
were informed by comprehensive desktop investigations of the possible physical and chemical nature of the 
cell contents, which were validated by samples of cell water and cell sediment obtained in 2014. Modelling 
of the possible dispersion of the water phase and spread of the cell sediments was performed using a 
number of conservative assumptions that would tend to over-estimate the extent of spread and the durations 
of elevated concentrations of contaminants in the environment. In particular, no account was taken of 
biodegradation processes that would begin to act on the hydrocarbon content of the water phase and 
the sediment phase once exposed to the oxygenated conditions of the open sea. In addition, for the cell 
sediment, it was assumed that the modelled volume of material would be instantaneously and fully exposed 
on the seabed. It is more likely, however, that as the GBS caisson degrades and collapses, a large 
proportion of the cell sediment will be covered by pieces of concrete debris from the cell domes and, 
later, the cell walls, and this will physically restrict the release of contaminants from the cell sediment. 

Consequently, we have concluded that the sub-criterion ‘legacy environmental impact’ is not a strong 
differentiator between the options. 

17.4.4 Conclusions for Brent Bravo Cell Contents 

The drivers and trade-offs for the decommissioning of the Brent Bravo cell contents involve a consideration of 
how feasible and safe it would be to remove the cell sediments (as a slurry mixed with the oily water phase) 
and how proportionate this would be in relation to the elimination of a localised but low-level and long-term 
impact to the marine ecosystem that might otherwise occur after 200 to 500 years when the cell contents 
are exposed following the collapse of the cell domes and then the cell walls. 

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 the significant sub-criteria serving to strongly differentiate the options are ‘technical feasibility’, ‘cost’, 
‘impact on communities’, and ‘safety risk to project personnel offshore’, and these are the significant reasons 
why ‘leave in place’ is preferable to ‘remove and treat onshore’. The CA has shown that the technical 
difficulties and cost associated with the removal of the sediment would be disproportionate to the benefit 
of eliminating the legacy environmental impact and supporting employment. 

17.4.5 Recommended Option for the Brent Bravo Cell Contents 

Following the removal of any attic oil and interphase material trapped at the tops of the GBS cells, the 
recommended option for the Brent Bravo cell contents is Option 5 ‘Leave in place’. 
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17.5 Brent Charlie Cell Contents 

17.5.1 Data and Weighted Scores for the Brent Charlie Cell Contents 

The raw data on the performance of each option in each sub-criterion is presented in Table 62. The data 
were then transformed onto the global scales and weighted according to the ‘standard weighting’ described 
in Section 16.4. The weighted scores are shown in Table 63. 

Table 62 Raw Data on in each Sub-criterion for the Five Options for the Brent Charlie Cell Contents. 

Sub-criterion 
Options 

1 2 3 4 5 

Safety risk offshore project personnel 
(PLL) 

0.2400 0.0778 0.0646 0.0710 0.0004 

Safety risk to other users of the sea 
(PLL) 

     

Safety risk onshore project personnel 
(PLL) 

0.0000 0.0004 0.0000 0.0000 0.0000 

Operational environmental impacts 
(score) 

0.65 0.79 0.90 0.90 1.00 

Legacy environmental impacts (score) 0.95 1.00 0.58 0.60 0.50 

Energy use (GJ) 1,204,833 264,797 322,474 386,241 23,145 

Emissions (Te CO2) 89,749 19,529 23,905 28,609 1,827 

Technical feasibility (score) 0.00 0.20 0.70 0.90 1.00 

Effects on commercial fisheries (£)      

Employment (man-years) 1,804.3 370.6 176.0 195.8 10.5 

Communities (score) 1.00 0.70 0.99 0.99 1.00 

Cost (£ million) 452.88 93.03 44.19 49.15 2.64 

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

 
Option1 Remove and re-inject in new remote well 

Option 2 Remove and treat onshore 

Option 3 Leave in place capped 

Option 4 Leave in place with MNA 

Option 5 Leave in place 
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Table 63 Transformed and Weighted Sub-criteria Scores for the Five Options for the Brent Charlie 
Cell Contents. 

Sub-criterion 
Options 

1 2 3 4 5 

Safety risk offshore project personnel 
(PLL) 

0.61 4.70 5.04 4.88 6.66 

Safety risk to other users of the sea 
(PLL) 

     

Safety risk onshore project personnel 
(PLL) 

6.67 6.66 6.67 6.67 6.67 

Operational environmental impacts 
(score) 

3.25 3.95 4.50 4.50 5.00 

Legacy environmental impacts (score) 4.75 5.00 2.90 3.00 2.50 

Energy use (GJ) 1.54 4.24 4.07 3.89 4.93 

Emissions (Te CO2) 2.14 4.38 4.24 4.09 4.94 

Technical feasibility (score) 0.00 4.00 14.00 18.00 20.00 

Effects on commercial fisheries (£)      

Employment (man-years) 5.66 1.16 0.55 0.61 0.03 

Communities (score) 6.67 4.67 6.60 6.60 6.67 

Cost (£ million) 3.04 16.52 18.35 18.16 19.90 

Total weighted score 34.32 55.28 66.92 70.40 77.31 

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

 
Option1 Remove and re-inject in new remote well 

Option 2 Remove and treat onshore 

Option 3 Leave in place capped 

Option 4 Leave in place with MNA 

Option 5 Leave in place 
 
On the basis of this assessment, the ‘CA-recommended option’ for the Brent Charlie cell contents is Option 5 
‘Leave in place’. It has a total weighted score of 76.30, in contrast to Option 4’s total weighted score of 
67.49. Figure 94 illustrates the total weighted scores and the contributions of the sub-criteria, and Figure 95 
shows the contributions of the DECC 5 main criteria. 
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Figure 94 The Total Weighted Scores of the Options for the Brent Charlie Cell Contents, 
and the Contributions of the Sub-criteria. 

 

Figure 95 The Total Weighted Scores of the Options for the Brent Charlie Cell Contents, and the 
Contributions of the Five Main DECC Criteria. 
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17.5.2 Assessing the Sensitivity of the CA-recommended Option for the Brent Charlie Cell Contents 

17.5.2.1 Introduction 

To test the sensitivity of the CA-recommended option we applied five weighting scenarios as described 
in Section 16.5. 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. 

17.5.2.2 Results of Sensitivity Analysis 

Table 64 presents the results of the sensitivity analysis showing the total weighted scores in the standard 
weighting and each weighting scenario. Figure 96 illustrates the results of this sensitivity analysis in terms 
of the five main DECC criteria. 
In all six of the scenarios, the order of the five options does not change as a result of the changes in 
weighting. Option 5 ‘Leave in place’ always has a higher total weighted score than the next best option 
which is Option 4 ‘Leave in place with MNA’, and in terms of total weighted scores the descending order 
of the options in every scenario is Option 5, Option 4, Option 3, Option 2 and finally Option 1. The total 
weighted scores for all the options for Brent Charlie in all the weighting scenarios are, generally, a little 
greater than those for Bravo and Delta. This reflects the fact that because the total estimated volume of 
cell sediment in the SeaTank Brent Charlie (5,406 m3) is about 1/3 that estimated for the Condeeps 
(17,280 m3), the programmes of work for each option are slightly less onerous, risky, time-consuming 
or expensive as those for the Condeeps. 

Across the six scenarios Option 5 ‘Leave in place’ has a total weighted score that is from 7% to 11% greater 
than that of Option 4. The difference is greatest in Scenario 2 ‘weighted to Safety’ (7.4 weighted points, 
11.0% greater than Option 4), followed by Scenario 3 ‘weighted to Environment (7.55 points, 10.5% 
greater) and then Scenario 4 ‘weighted for Technical’ (7.7 points, 10.2% greater). 

Option 2 is consistently the better of the two ‘removal’ options; it has a total weighted score that is from 
19% to 81% greater than that of Option 1. 

Option 3 ‘Leave in place capped’ and Option 4 ‘Leave in place MNA’ have very similar scores under each 
of the sensitivity scenarios. Option 4 is always better than Option 3, having a total weighted score that is 
from 3.3% to 10.9% greater than that of Option 3. There is a marked difference in all the scenarios between 
the better of the ‘removal ’options, Option 2 and the option above it which is Option 3; Option 3 has a total 
weighted score that is from 10% to 46% greater than that of Option 2. 

Finally, there is a marked difference between Option 5 (the CA-recommended option) and Option 2 (the 
better of the ‘removal’ options). The total weighted score for Option 5 is from 26% to 79% greater than that 
for Option 2. The difference is greatest in Scenario 4 ‘weighted to Technical’ (36.5 weighted points, 79% 
greater than Option 2), then Scenario 6 ‘DECC 5 without economic’ (18.7 points, 48% greater) and then 
the ‘standard weighting’ (22.0 points, 40% greater). 

From this examination of sensitivity Option 5 ‘Leave in place’ remains the option with the best overall 
performance, and is thus identified as the ‘Emerging recommendation’. 
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Table 64 Total Weighted Scores and Ranking of the Options for the Brent Charlie Cell Contents under 
Different Weighting Scenarios. 

Weighting Scenario 
Option 

1 2 3 4 5 

1. Five main DECC criteria 
Rank 

34.32 55.28 66.92 70.40 77.31 

5 4 3 2 1 

2. Weighted to Safety 
Rank 

34.82 55.65 64.80 67.21 74.62 

5 4 3 2 1 

3. Weighted to Environmental 
Rank 

40.32 63.41 69.82 72.14 79.69 

5 4 3 2 1 

4. Weighted to Technical 
Rank 

25.73 46.45 67.88 75.29 82.97 

5 4 3 2 1 

5. Weighted to Societal 
Rank 

41.12 48.73 59.12 61.81 66.34 

5 4 3 2 1 

6. Five main DECC criteria without Economic 
Rank 

31.27 38.76 48.57 52.24 57.41 

5 4 3 2 1 

 
Option1 Remove and re-inject in new remote well 

Option 2 Remove and treat onshore 

Option 3 Leave in place capped 

Option 4 Leave in place with MNA 

Option 5 Leave in place 
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Figure 96 Results of the Sensitivity Analysis of the Options for the Brent Charlie Cell Contents. 

   

Options for Charlie cell contents Scenario 1: 
Standard weighting: DECC 5 criteria equal. 

Options for Charlie cell contents Scenario 2: 
Weighted to Safety. 

Options for Charlie cell contents Scenario 3: 
Weighted to Environment. 

   

Options for Charlie cell contents Scenario 4: 
Weighted to Technical. 

Options for Charlie cell contents Scenario 5: 
Weighted to Societal. 

Options for Charlie cell contents Scenario 6: 
DECC 5 main criteria without Economic. 
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17.5.3 Identification and Discussion of the Recommended Option for the Brent Charlie Cell Contents 

17.5.3.1 Introduction 

The results of the CA for the Brent Charlie cell contents are very similar to those presented in Section 17.3 
and Section 17.4 for the Brent Delta and Brent Bravo cell contents respectively. 

Option 5 ‘Leave in place’ is consistently the best option with a total weighted score that is from 10% to 15% 
greater than the next best option (Option 4). Option 2 is the better of the ‘removal’ options. 

Examination of both the transformed unweighted data (Table 62) and the weighted scores (Table 63) for 
each of the sub-criteria shows that the differences between the two options are driven by the differences in 
performance in ‘technical feasibility’, ‘cost’, ‘impact on communities’ and ‘safety risk to offshore project 
personnel’ (which are better in Option 5 ‘Leave in place’) and in ‘employment’, and ‘legacy environmental 
impacts’ (which are better in Option 2 ‘Remove and treat onshore’). All the other sub-criteria show only small 
differences between the options in terms of their weighted scores. Figure 97 shows the differences in the 
weighted scores in each sub-criterion for these two options; the green bars indicate sub-criteria where 
Option 5 has the better performance and the red bars indicate sub-criteria where Option 2 has the better 
performance. 

Figure 97 Difference Chart Comparing the Weighted Scores for each Sub-criterion in Two Options for 
the Brent Charlie Cell Contents, under the Standard Weighting. 

 

Green bars: Option 5 ‘Leave in place’ is better than 
Option 2 ‘Remove and treat onshore’ 

Red bars: Option 2 ‘Remove and treat onshore’ is better 
than Option 5 ‘Leave in place’ 

 
The following sections discuss the performances of the options in each of the sub-criteria in turn, as ordered 
in Figure 97, and determine the extent to which differences in performance are material in reaching a 
recommendation for the Brent Charlie cell contents. 
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17.5.3.2 Technical Feasibility 

Option 5 achieved the highest possible technical feasibility score because there would be no further 
operations once the attic oil and interphase material had been removed. For Option 2, there are significant 
concerns about the Technical Feasibility of mobilising and removing the cell sediment to shore. Although a 
credible programme of work for removing the sediment has been described, no FEED or design work has 
been undertaken. An extensive and detailed programme of design, fabrication and testing, lasting several 
years, would be required before a full scale attempt at removing the cell sediment could be undertaken. 
Important aspects that would require attention are (i) the development of a tool and system for cutting a large 
hole in each cell dome (a larger hole than that required solely for the removal of attic oil); (ii) the design of a 
cell-top access system that would enable the dredging tool to be deployed into the cell while containing the 
oily water phase and preventing fugitive escapes to sea; (iii) the development and testing of a dredging tool; 
and (iv) the design and trialling of an onshore treatment plant capable of dealing efficiently with large 
volumes of watery slurry. 

We have therefore concluded that the sub-criterion ‘Technical Feasibility’ is a very strong differentiator 
between the options. 

17.5.3.3 Cost 

The estimated cost for Option 5 is £2.6 million, and is for the post-decommissioning surveys. The estimated 
cost for Option 2 is approximately £93 million and reflects the amounts of offshore and onshore work that 
would be required. This is a significant sum, and 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. 

17.5.3.4 Impact on Communities 

In Option 2 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 at 
the onshore reception and treatment site [33]. This assessment assumed that the sediment slurry would be 
treated and disposed of through an existing well-managed onshore site. There would be no impacts on 
amenities in Option 5 because nothing would be done onshore. 

As described in the ES [33] 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 treatment and disposal of 
the slurry. 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 treatment and disposal of the slurry 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. 

The treatment and disposal of the cell sediment slurry would not be a unique operation but the volumes being 
treated at any one time and the durations of operations would render this quite an intense onshore operation. 
The impacts on amenities and local communities from the treatment and disposal of the cell sediments scored 
0.7 on the global scale of 1.0, and would be similar in nature to previous effects, mostly contained with the 
treatment site, and amenable to additional mitigation measures. The slurry would be transported to shore by 
tanker and quickly off-loaded into onshore storage tanks, but processing would proceed at a measured pace 
and take many days. There would therefore be opportunities for careful control and management of the 
onshore operations, and, if warranted, for improvements and additional controls to be put in place as the 
treatment and disposal operations progressed. 
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For Brent Charlie, about 54,000 m3 of slurry would be brought ashore for dewatering and treatment, in 
comparison to the approximately 173,000 m3 that would be taken to shore for Bravo or Delta. The potential 
impacts to onshore communities would consequently be smaller because of the reduced scale and intensity of 
the onshore operations. Consequently, we have concluded that the sub-criterion ‘impact on communities’ is 
not a strong differentiator between the options. 

17.5.3.5 Safety Risk to Offshore Project Personnel 

In Option 2 ‘Remove and treat onshore’ the safety risk for project personnel offshore is estimated to be a PLL 
of 0.0778, or 78 x 10-3, which is about 80 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 project personnel in Option 2 ‘Remove and treat 
onshore’ are very significant. The safety risk for offshore project personnel in Option 5 is 0.0004 (a PLL of 
0.4 x 10-3). 

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 project 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. Nevertheless, the estimated safety risk to offshore project personnel 
is significant. 

Consequently, we have concluded that the sub-criterion ‘safety risk to offshore project personnel’ is a strong 
differentiator between the options. 

17.5.3.6 Operational Environmental Impacts 

In Option 2 the main impact from operations would be underwater noise from vessels. DNV-GL [33] 
estimated that this might affect some marine mammals in 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. In addition, DNV-
GL identified some risk from the possibility of fugitive emissions and spillages from the dredging system or the 
tanker during the recovery of the slurry. There are no offshore impacts in Option 5 ‘Leave in place’. 

The potential for actual operational impacts in Option 2 is small and amenable to further mitigation, 
particularly with respect to ensuring that all the material in the cells is contained during the recovery 
operations. Consequently, we have concluded that the sub-criterion ‘operational environmental impacts’ 
is not a strong differentiator between the options. 

17.5.3.7 Energy Use and Gaseous Emissions 

The estimated total net energy use for Option 2 (264,797 GJ) is approximately 11 times greater than that 
for Option 5 (23,145 GJ). In both options the vast majority of energy use would be direct use, primarily 
associated with the use of vessels. 

The estimated total CO2 emissions from Option 2 (19,529 tonnes) is approximately 11 times greater than 
that in Option 5 (1,827 tonnes) and equivalent to approximately 5% and 0.5% respectively of the total 
annual CO2 emissions from all Brent platforms when they were operating (396,000 Te). The estimated 
emissions from the Brent Delta cell sediment options are very low in comparison with the total CO2 emissions 
from all UKCS oil and gas platforms and very small in comparison with the UK commitment under the 
Climate Change Act [35]. 

The absolute amounts of energy and gaseous emissions in both options are small. Consequently, we have 
concluded that the sub-criteria ‘energy use’ and ‘gaseous emissions’ are not strong differentiators between 
the options. 
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17.5.3.8 Safety Risk to Onshore Project Personnel 

There is no risk to onshore project personnel in Option 5 ‘Leave in place’ because nothing would be done. 
In Option 2 ‘Remove and treat onshore’ the safety risk for project personnel onshore is estimated to be a PLL 
of 0.0004 or 0.4 x 10-3, which is within the range that would be regarded as tolerable in the E&P industry 
(1 x 10-3). The estimated safety risk in this option is low and would be amenable to further mitigation; the 
operations would be onshore, would be subject to site and project-specific mitigation measures, and could 
be monitored closely and paused if concerns arose. 

Consequently, we have concluded that the sub-criterion ‘safety risk to onshore project personnel’ is not 
a strong differentiator between the options. 

17.5.3.9 Employment 

Option 2 would support about 371 man-years of employment in comparison to the 10.5 man-years 
provided by Option 5. Although a number of jobs might be supported by Option 2, involving personnel 
from different disciplines for varying lengths of time, that number is not significant in comparison with other 
activities in the Brent decommissioning programme. Consequently, we have concluded that the sub-criterion 
‘employment’ is not a strong differentiator between the options. 

17.5.3.10 Legacy Environmental Impacts 

The removal of the cell sediments and water phase in Option 2 would eliminate the potential for any legacy 
environmental impacts, and thus attained the highest possible score of 1.0 on the global scale for legacy 
impacts. 

In Option 5 ‘Leave in place’, the score of 0.50 determined by DNV-GL was informed primarily by their 
assessment of the effects on the marine ecosystem of the escape and eventual exposure of the cell water 
phase and then the cell sediments. 

As reported in the ES [33] and supporting technical studies, the potential environmental effects of the release, 
exposure and possible ejection of the cell contents into the sea and onto the seabed have been assessed by 
detailed modelling [26] and then an assessment of the potential eco-toxicological effects [28]. These studies 
were informed by comprehensive desktop investigations of the possible physical and chemical nature of the 
cell contents, which were validated by samples of cell water and cell sediment obtained in 2014. Modelling 
of the possible dispersion of the water phase and spread of the cell sediments was performed using a 
number of conservative assumptions that would tend to over-estimate the extent of spread and the durations 
of elevated concentrations of contaminants in the environment. In particular, no account was taken of 
biodegradation processes that would begin to act on the hydrocarbon content of the water phase and 
the sediment phase once exposed to the oxygenated conditions of the open sea. In addition, for the cell 
sediment, it was assumed that the modelled volume of material would be instantaneously and fully exposed 
on the seabed. It is more likely, however, that as the GBS caisson degrades and collapses, a large 
proportion of the cell sediment will be covered by pieces of concrete debris from the cell domes and, 
later, the cell walls, and this will physically restrict the release of contaminants from the cell sediment. 

Consequently, we have concluded that the sub-criterion ‘legacy environmental impact’ is not a strong 
differentiator between the options. 

17.5.4 Conclusions for the Brent Charlie Cell Contents 

The drivers and trade-offs for the decommissioning of the Brent Charlie cell contents involve a consideration 
of how feasible and safe it would be to remove the cell sediments (as a slurry mixed with the oily water 
phase) and how proportionate this would be in relation to the elimination of a localised but low-level and 
long-term impact to the marine ecosystem that might otherwise occur after 200 years  to 500 years when the 
cell contents are exposed following the collapse of the cell domes and then the cell walls. 
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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 the significant sub-criteria serving to strongly differentiate the options are ‘technical feasibility’, 
‘cost’, and ‘safety risk to project personnel offshore’, and these are the significant reasons why ‘leave in 
place’ is preferable to ‘remove and treat onshore’. The CA has shown that the technical difficulties and cost 
associated with the removal of the sediment would be disproportionate to the benefit of eliminating the 
legacy environmental impact and supporting employment. 

17.5.5 Recommended Option for the Brent Charlie Cell Contents 

Following the removal of any attic oil and interphase material trapped at the tops of the oil storage cells, 
the recommended option for the Brent Charlie cell contents is Option 5 ‘Leave in place’. 
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OPTIONS FOR THE MANAGEMENT OF MATERIAL WITHIN THE MINICELL ANNULUS 
AND THE DRILLING LEGS 

 

Section18 to Section 21 present our assessment of the options for the management of the other materials 
inside the GBSs. We know that there is oily material in the minicell annulus on Delta, and contaminated drill 
cuttings in the bottom of the drilling legs of Delta. In the absence of further samples, we have assumed that 
similar deposits are present in the minicell and drilling legs on Bravo. There is no minicell on Charlie, and the 
Charlie legs were not used for drilling (the conductors are external). 

We have examined options for the management of these materials and subjected them to a full CA. 
Although originating from a different source or activity, some features of the characteristics and composition 
of these materials have similarities with those of the cell sediment. Consequently, some of the modelling and 
impacts assessments carried out on the cell sediments can be used to inform the assessments for these 
materials. 
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18 MANAGEMENT OF THE OILY MATERIAL AT THE BOTTOM OF THE MINICELL 
ANNULUS 

18.1 Brent Delta 

18.1.1 Origin and Location of Oily Material in Minicell Annulus 

In the mid-1990s, maintenance work was performed on the pipework inside the minicell. During the 
implementation, a volume of hydrocarbon-containing material was discovered in the bottom of the minicell. 
This contaminated material had to be displaced in order to perform the planned maintenance work. It was 
decided at the time to pump out the material and dispose of it over the wall into the minicell annulus on top 
of the ballast sand. This material has been sitting there since the mid-1990s (Figure 98). 

Figure 98 Location of Oily Material in the Minicell Annulus on Delta. 

 

18.1.2 Final Status of the Delta Utility Leg and Minicell 

The minicell is located in the utility leg, so the final state of that leg affects the final state of the minicell. 

Most of the infrastructure presently inside the leg will be left in place. The water level currently sits at around 
EL+74 m. The existing drawdown system will be decommissioned when HV power is no longer available, 
and from that time it will no longer be possible to gain access down the utility leg. An interim form of 
drawdown will then be implemented using water pumps (Figure 99) whilst the topsides are still in place 
and manned. When the topsides are removed, the utility leg will be flooded up to sea level. 
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Figure 99 Modify Drawdown by Flooding Utility Leg. 

 

18.1.3 Samples from Delta Minicell Annulus 

18.1.3.1 Introduction 

The oily material at the bottom of minicell annulus was sampled at the end of 2010 by deploying a free fall 
corer from the new +71 m level platform which was installed during the IMPACT project in 2005 (Figure 
100). The winder was used to determine the depths at each sampling location; to measure the depth the 
counter was lowered with its weight to the EL+55.2 m level platform and then zeroed, then lowered to the 
level of the oily material. 

When the sampling operation was carried out the water level both inside the minicell and within the annulus 
was just below the top of the minicell. The corresponding overall volume of water was approximately 
11,000 m3 comprising 8,740 m3 in the minicell annulus and 2,230 m3 inside the minicell itself. The water 
level was later raised back to +74 m through the addition of seawater. Consequently, the concentrations for 
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contaminants in water reported in Section 18.4.2 will now be considerably reduced through dilution with 
additional seawater. 

 

Figure 100 New EL+71 m Platform 

 

 

18.1.3.2 Sample Locations 

Samples were collected from the five locations described below and shown in Figure 101. In summary 
a total of 12 samples were taken, comprising five fluid samples and seven samples of the oily solid material. 

Sample Area A:  Was located north-east where the EL+55.2 m deck was penetrated by the Plunger pump 
hosing. Due to the size of the penetration and the proximity of the hose only one sample of oily material was 
collected. The free-fall corer required multiple ‘drops’ at this site due to what must be a very hard surface. 
Even after multiple attempts only a small sample of oily material was obtained. A water sample was obtained 
at the same depth as the sample of oily material. 

Sample Area B:  Was located at the east of the annulus. The penetration allowed for two different samples 
to be taken within the area. The free-fall corer worked much better at this site and much larger samples were 
obtained. A water sample was also taken just above the layer of oily material. 

Sample Area C:  Was located south-east of the annulus, using a small deck penetration at the EL+55.2 m 
level. This penetration was directly below the existing EL+72 m level and thus scaffolding had to be erected 
to allow gratings to be removed to gain access. Due to the size and shape of the deck penetration there was 
room for only one sample site, but two samples were taken in the same area because the first attempt only 
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retrieved a small amount of oily material. A fluid sample was also obtained from this area just above the 
layer of oily material. 

Sample Area D:  Was located south-west of the annulus where the pipework for the bilge pump penetrates 
both the EL+72 m and EL+55.2 m deck. Multiple attempts were made with the coring tool but no successful 
samples were obtained of the solid oily material; a fluid sample was taken. 

Sample Area E:  Was located north-west of the annulus. This was a much larger penetration in the 
EL+55.2 m deck here which allowed sufficient space to obtain two different samples from the site. The free-
fall corer worked well in this area, and the solid oily material was found to be ‘softer’. A fluid sample from 
just above the layer of oily solids was also taken. 

Figure 101 Overview of Sampling Locations in Delta Utility Leg. 

 

18.1.3.3 Sample Results 

In two locations, B and E, the cores went through the entire thickness of the deposited contaminated material 
and reached the clean ballast sand below (Figure 102). No samples of oily material were recovered from 
location D, and partial samples were recovered from location A and C. 

The samples indicated that the thickness of the oily solid material ranged from 60 cm to 120 cm. The volume 
of oil material sitting at the bottom of the minicell annulus was thus estimated at between 135 m3 and 
270 m3. During the engineering of the remediation options as well as for the environmental impact 
evaluation, a volume of contaminated materials of 250 m3 has been assumed [40]. 

Figure 102 Core Samples from Delta Minicell Annulus. 
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18.2 Sampling on Brent Bravo 

No sampling has been carried out in the Bravo minicell annulus. The sampling operation conducted on 
Brent Delta will be duplicated on Brent Bravo in 2016. Meanwhile, we have assumed that the Brent Bravo 
minicell annulus has a similar volume of oily material as that estimated to be present in the bottom of the 
Delta minicell annulus. 

In absence of the survey results for Brent Bravo, a volume of contaminated materials of 250 m3 has also 
been assumed during the engineering of the remediation options as well as for the environmental impact 
evaluation [40]. 

18.3 Brent Charlie 

Brent Charlie does not have a minicell. 

18.4 Characteristics of Samples from Delta Minicell Annulus 

18.4.1 Sediment Samples 

The sediment samples were analysed by the external laboratory Intertek, and the results are presented 
in Appendix 5. 

Sample Location A: The sample from Sample Location A consisted of a small quantity of solid mixed 
within fluid. There was insufficient volume to perform contaminant analysis on the collected solid and full 
contaminant analysis on the collected fluid, therefore only the heavy metal content of the fluid was analysed. 
The solid extracted from the fluid contained a significant amount of iron, indicating the presence of corrosion 
products. 

Sample Location B: Two samples of oily solid material were collected, B1 and B2, and a fluid sample was 
also collected. Sample B1 consisted of a black/cream mix, merging into a fine white sand at the bottom of 
the core. These different sections – B1(a) the white fine sand, and B1(b) the black/cream mix – were 
analysed separately. 

B1(a) consisted mainly of fine white sand. The analytical results showed presence of petroleum hydrocarbon 
including PAHs and alkylated phenols. B1(b) consisted mainly of mineral material and corrosion products; 
significant amounts of petroleum hydrocarbons were measured including PAHs. 

B2 consisted of a creamy fine sand mixed with different layers of black solid throughout the core. The core 
was split into three samples for analysis – B2(a), B2(b) and B2(c). 

All three sections contained small amounts of petroleum hydrocarbons associated with traces of PAHs, and 
they all exhibited similar concentrations of alkylated phenols. The fluid sample contained very significant 
concentrations of chromium and copper, indicating the presence of corrosion products. 

Sample Location C: Two samples of oily solid material were collected from the same sample site at Sample 
Location C, but only one was of sufficient volume to perform the analytical programme. The sample of oily 
material was a black oily solid containing very significant amounts of petroleum hydrocarbons including 
PAHs and alkylated phenols. The heavy metals analysis indicated traces of corrosion products. A significant 
concentration of TBT was also measured, which was probably associated with the degradation of old 
painted equipment. 

A fluid sample was also collected, but the only analysis carried out was the TSS content and an elemental 
analysis on the extracted solids. 

Sample Location D: As stated above, only one fluid sample was obtained from Sample Location D. 

Sample Location E: Two samples of oily solid material were obtained at sample location E. Sample E1 
consisted of cream/black solid mixed in different consistencies throughout the core. The core was split into 
two sub-samples for analysis – E1(a) the bottom and E1(b) the top of the core. 

Sample E1 consisted mainly of fine sand with corrosion products sitting on top. Very significant 
concentrations of petroleum hydrocarbons including large amounts of PAHs were detected in the samples. 
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Tri-butyl tin (TBT) was also detected in the bottom part of the core, which suggested that there were 
potentially higher concentrations in the upper part of the core where they could not be measured due to the 
lack of sample quantity. Sample E2 was not split. The analytical results are similar to those measured for the 
top of the E1 core sample. 

A fluid sample was also obtained. Two important parameters (TPH, TBT) could not be measured due to the 
lack of sample volume. Traces of heavy metals such as copper, zinc and cadmium indicated the presence 
of corrosion products. 

The particle size distribution was measured for the seven of the samples of oily material. The analysis showed 
that the mean particle size for the different samples fall within a narrow range of from 301 μm to 1.68 μm. 

From the analysis of samples of oily material it appears that the black-coloured layer of oily material resting 
on top of the fine white sand has a high hydrocarbon content including significant concentration of PAHs. 
The heavy metal content is symptomatic of corrosion by-products. The BTEX concentrations were very low, 
probably as a result of various degradation processes. 

Some samples showed significant amounts of TBT, indicating the presence of old paint residues. 

Although the fine white sand ballast showed traces of contamination, the concentrations were much lower 
than in the oily material deposited on top of it. It is likely that at greater depth, beyond the layer where it has 
mixed with the oily material, the sand ballast will not be contaminated. 

The fluid samples had significant concentrations of heavy metals such as zinc and copper along with traces 
of alkylated phenols. 

18.4.2 Water Samples 

The water samples were collected with a sample bottle lowered just below the water level, and the results 
are shown in Table 65. 

The hydrocarbon concentrations in the water samples varied between the minicell (32.1 mg/l) and the 
annulus (<1 mg/l). The measured PAH concentrations were significant especially within the minicell. 
Both water samples revealed significant concentrations of heavy metals (zinc, copper, cadmium and lead,) 
associated with corrosion by-products. The concentrations of contaminants in water samples from the minicell 
were notably higher than those from samples taken in the annulus. 

The main contaminants identified within the water phase were hydrocarbons, predominantly the heavy-end 
poorly-biodegradable hydrocarbons, and the heavy metals associated with the corrosion by-products. These 
compounds will accumulate in locations where this is little renewal of the water with fresh seawater. 

TBT seemed to have also accumulated within the annulus as it was detected both in the oily solid material 
and in the fluids above. 

Table 65 Minicell and Minicell Annulus Water Analysis, 2010. 

Analysis  Minicell  Minicell Annulus  

Density (g/l)  1.029  1.028  

OIW ppm (mg/l)  <1  32.1  

TSS (mg/l)  Not measured  68.4  

pH  Not measured  6.8  

Total PCB mg/l  <0.01  <0.01  

Total Alkylated Phenols (μg/l)  <0.1  1.8  

Heavy metals  

(As) Arsenic (μg/l)  0.81  1.33  

(Cd) Cadmium (μg/l)  8.77  0.74  

(Cr) Chromium (μg/l)  1.48  3.64  

(Cu) Copper (μg/l)  17  10.7  



BRENT GBS CONTENTS DECOMMISSIONING  

TECHNICAL DOCUMENT  
 

Page | 201 

Analysis  Minicell  Minicell Annulus  

(Hg) Mercury (μg/l)  0.41  0.15  

(Ni) Nickel (μg/l)  26.9  7.47  

(Pb) Lead (μg/l)  2.43  3.37  

(Zn) Zinc (μg/l)  1595  202  

PAH (μg/kg) 

Naphthalene (μg/l)  <0.1  0.5  

Phenanthrene (μg/l)  67.0  3.9  

Dibenzothiophene (μg/l)  9.6  1.1  

Methylphenanthrenes (μg/l)  15.6  14.6  

Methyldibenzothiophenes (μg/l)  11.6  4  

C2 Naphthalenes (μg/l)  <0.1  6.8  

C2 Phenanthrenes (μg/l)  8.2  30.5  

C2 Dibenzothiophenes (μg/l)  8.8  13.6  

C3 Naphthalenes (μg/l)  <0.1  61.8  

C3 Phenanthrenes (μg/l)  24.3  23.1  

C3 Dibenzothiophenes (μg/l)  10.8  17.9  

Acenaphthylene (μg/l)  <0.1  0.1  

Acenaphthene (μg/l)  11.0  1.1  

Fluorene (μg/l)  10.4  1.2  

Anthracene (μg/l)  9.1  <0.1  

Fluoranthene (μg/l)  19.9  1.0  

Pyrene (μg/l)  20.7  1.3  

Benz(a)anthracene (μg/l)  13.4  0.5  

Chrysene (μg/l)  2.0  0.9  

Benzo(b)fluoranthene (μg/l)  1.8  0.7  

Benzo(k)fluoranthene (μg/l)  0.7  0.3  

Benzo(a)pyrene (μg/l)  1.8  0.9  

Indeno(1,2,3,cd)pyrene (μg/l)  11.8  0.3  

Dibenz(a,h)anthracene (μg/l)  8.5  0.2  

Benzo(g,h,I)perylene (μg/l)  13.6  0.4  

Total (μg/l)  281  186.8  

BTEX 

Benzene (μg/l)  <100  <100  

Toluene (μg/l)  <100  <100  

Ethyl benzene (μg/l)  <100  <100  

M-and p-Xylene (μg/l)  <100  <100  

O-Xylene (μg/l)  <100  <100  

Total (μg/l)  <100  <100  

Microbial activity 

SRB (cells/ml)  60  2.7  

NRB (cells/ml)  17,250  7,125,000  
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18.5 Options for the Management of Oily Material in Minicell Annulus 

18.5.1 Introduction 

Five feasible remediation options have been identified for the management of the oily material in the minicell 
annulus. All options could potentially be deployed with or without the topside in place. The remediation 
options are listed below and subsequent sections provide a high level view of the engineering activities 
involved with each remediation options. 

1. Recover and re-injection: The oily material is dredged out from the minicell annulus and re-injected into 
shallow formation through new dedicated subsea wells. 

2. Recover and onshore disposal: The oily material is dredged out from the minicell annulus and shipped to 
shore for treatment and disposal. 

3. Leave in Place (LiP) with Capping: The oily material is left in place but a layer of inert material such as 
sand is laid over it to provide a mechanical protection and limit further contamination of the water phase 
above. 

4. LiP with in situ bio-stimulation: The oily material is left in place but various chemicals are added in the 
water phase above to promote the biodegradation of the organic compounds. 

5. LLiP: No proposed remedial actions. 

Whilst the topsides are still in place and fully operational in order to maintain the necessary utilities, access 
down the utility leg is possible down to the +71 m floor. The deployment of equipment however is limited in 
size and weight. Large and/or heavy equipment must winched down through the access hatches present 
on each individual floor. 

Access further down below the +71 m floor is currently not permitted, following a Safety Review some years 
ago. There are no stairs or lift. Access for personnel would involve abseiling and necessitate breathing 
apparatus, which would extend significantly any execution scope due to personnel change-out. 

There are no existing pipes or down-lines in the minicell annulus that are suitable for the recovery of the 
sediment or the deployment of the capping material. For any of Options 1 to 4, new flexible-lines would 
therefore need to be installed following the creation of a new access into the leg once the topsides have 
been removed, utilising a workclass ROV, at an elevation just above the top of the cells. To reach the 
sediment in the annulus, however, the flexible lines would have to pass through new penetrations in the 
underwater deck at EL+57 m and ROV access would have to be gained to the platform around the mini 
cell annulus at approx. EL+ 58.5 m. 
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Figure 103 Section through Utility Shaft on Brent Bravo from the Top of the Minicell Showing the Water 
Ballast Lines. 

 

The detail design and location of the hole would need to consider potential internal obstructions left within 
the legs that cannot be removed prior to topsides removal due to access restrictions. It is currently estimated 
that the size of this new subsea access should be approximately 2.5 x2.5 m in order to enable the 
passage of the necessary equipment (WCROV, pumps, flexible lines etc.). A block of reinforced concrete 
approximately 2.5 x 2.5 m x 1.2 thick would weigh in the region of 9 Te in water. Therefore, a support 
frame will need to be bolted on the concrete block to maintain it in position during the cut. This support frame 
will also comprise a mechanism to draw out the cut piece of concrete so that it can be lifted or displaced 
from its original location. 

Once the access hole has been created, the WCROV can be used to create new penetrations through the 
deck inside the minicell annulus. The pump or dredging equipment along with the flexible flow lines and 
necessary umbilicals can then be deployed through these new penetrations. All equipment must be selected 
to fall within the payload of the WCROV. 

Down-lines for Options 1 and 2 would require to be designed to allow for the reducing level of the sediment 
during recovery as well as the varying level of fluidisation injection points. The sediment recovery could be 
achieved by use of a submersible slurry pump being lowered in to the sediment in approximately six 
locations. The sediment would then be boosted to the loading buoy by a booster pump located on the 
seabed or the nearest cell top. 

For Option 3 deployment of capping material requires the down-lines to discharge just above the sediment 
level in order to avoid desegregation of the capping agent or excessive disturbance of the oily material at 
the bottom of the minicell annulus. 

For Option 4 deployment of bio-stimulation chemicals requires the down-lines to discharge within the 
sediment level in order to provide the required mixing and circulation. 

18.5.2 Recover and Re-inject 

This option involves pumping or dredging the oily material from the minicell annulus up to a tanker, via 
loading buoy or equivalent, in order to ship the slurry to a LWIV and subsequently re-inject into new subsea 
wells. For this option, drilling new subsea wells in the Brent field would be required. Considering the very 
significant pre-investment associated with the new subsea wells, it is likely that this option would only 
come into consideration if the decision was made to recover and re-inject the sediment from the storage 
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cells. In this case, the facilities would be available for use at a reasonable cost. Although the volume of 
contaminated waste is only 135 m3 to 270 m3, the volume of water coming with it could range between 
2,000 and 3,000 m3 depending on the dilution rate achieved with the pumping or dredging system. 

The pump or dredge will create a breach in the oily material/sand as it begins to remove material, with an 
estimated angle of repose of approximately 30° (Figure 104). As the breach widens and the sediment 
level drops away from the pump it will be necessary to lower the pump to ensure sediment continues to be 
removed efficiently. At each location the effective radius of the breach would be approximately 4.5 m and 
the submerged pump would drop by approximately 1.9 m to 2.4 m to clear all or most of the 0.6 m thick 
layer of oily material and adjacent contaminated ballast sand; approximately 45.5 m3 of material is 
removed at each location. As shown in Figure 105, we have determined that six pumping locations would 
be necessary to remove the majority of the oily material. 

Figure 104 Removal Profile for Oily Material– Estimated Angle of Repose 30°. 

 

 

Figure 105 Potential Removal Pattern (Six Locations) for Oily Material – Plan View. 
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To remove 200 m3 of oily material with a 10% solid dilution ratio, assuming a 50 m3/hr flow rate would 
require a week of pumping, excluding the time required to change the location of the submerged pump or 
dredge and associated flexible lines and umbilicals. 

Figure 106 shows a schematic of the equipment that in order to carry out the recovery of the contaminated 
sediment. 

Figure 106 Schematic for the Recovery of the Contaminated Sediment within the Minicell Annulus. 

 

18.5.3 Recover and Onshore Disposal 

This concept is similar to the recovery and re-inject concept in every step except for the disposal of 
the recovered solid phase For this option, the solids are now shipped back to shore for treatment and 
disposal. Although the volume of contaminated waste is only 135 m3 to 270 m3, the volume of water 
coming with it could range between 2,000 m3 and 3,000 m3 depending on the dilution rate achieved with 
the dredging system. 

The recovered slurry would be disposed of through our waste disposal contractor at that time. Laboratory 
analytical results have been provided to the current contractor and they have confirmed that it is feasible to 
dispose of the oily material onshore. 

Once onshore, the solid waste would follow the same disposal route as that for oil-based mud drill cuttings. 
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18.5.4 Leave in Place with Capping 

In this option the oily material in the minicell annulus would be covered with a layer of capping material 
approximately 1 m thick, which equates to approximately 247 m3 of capping material. The capping 
material has not yet been selected; several types of inert material are still being considered. In this document 
bentonite is used as an example of a capping material but others, including mixtures such as sand with 
bentonite, could be used if they fit the purpose and are fully inert. The aim of capping is to prevent the 
transfer of contaminants from the contaminated layer of solid oily material to the water layer, and to prevent 
the suspension of contaminated solids into the water phase when large pieces of concrete from the utility leg 
fall into the minicell annulus (Figure 107). During the final stage of the decommissioning we will flood the 
utility leg by opening the existing connections to the open sea, and this will equalise the water levels inside 
and outside the leg. 

Figure 107 Schematic of procedure for capping minicell material with topside in place. 

 

In the absence of the topside, the capping agent will be deployed from a MSV utilising a capping carrier 
fluid pumping package. The method for generating access to pump material into the minicell annulus is the 
same as that described for option1. 

Control equipment such as 3D sonar could potentially be fitted onto an ROV small enough to run through the 
various subsea accesses. 

18.5.5 Leave in Place with In Situ Bio-stimulation 

Several potential biological treatments – both aerobic and anaerobic – were investigated. Because aerobic 
degradation requires the continual mixing of oily material to provide a regular source of oxygen, it is not 
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considered practical for application in the minicell annulus. The only pragmatic option from a safety and 
operational point of view was the enhancement of the biodegradation by the addition of nitrate. This option 
is based upon bringing potassium nitrate, in the form of small solid pellets or powder, and diluting it in the 
minicell annulus water phase. The addition of electron-donor species to the system enables the micro-
organisms to function in an environment with little oxygen. In the anaerobic decomposition process, the 
hydrocarbons present in the water phase and the solid oily material phase will be metabolised into carbon 
dioxide, nitrogen and water with following the chemical reaction: 

NO3 + Hydrocarbon →  CO2 + H2O + 0.5 N2 

URS estimated that only 60% of the hydrocarbon will be metabolised through the action of the 
microorganisms [18]. 

In their study Bioremediation of hydrocarbon containing deposits within the minicell annulus and inside the 
drilling legs [36], Biosoil recommended that potassium nitrate should be used as the electron acceptor for 
anaerobic remediation in the minicell, with urea and MAP (Mono Ammonium Phosphate) (as nutrients), used 
in quantities as shown in Table 66. 

Table 66 Materials Required for Anaerobic Remediation in the Minicell. 

Substance Duty Total Mass (kg) Notes 

Nitrate (ion) Electron acceptor 62,080.0 
 Potassium nitrate Electron acceptor 102,130.0 1 

Urea Nutrient 229.0 
 MAP Stimulus/enhancer  93.0 
 Notes: (1) An assumed sediment volume of 250 m3 is used with an efficiency factor of 0.5 added 

to compensate for losses during dosing. 

 
This would be achieved by circulating the water through a vessel installed on an MSV The amount 
of potassium nitrate to be added is currently estimated to be approximately 100 tonnes. 

It is anticipated that this bio-stimulation degradation process would take several decades. In addition, 
this process will, at best, only biodegrade 60% of the hydrocarbons and, by definition, will not modify 
the concentration of any of the non-biodegradable contaminants such as heavy metals. 

As sufficient mixing could be provided through the pressurised injection, only one set of down-line and 
injection head is currently envisaged. 

18.5.6 Leave in Place 

This option does not involve any offshore or onshore activities. No further sampling operations are required 
at this stage for Brent Delta. The sampling operation carried out on Brent Delta is scheduled to be repeated 
on Brent Bravo. 

Eventually, most of the oily material in the minicell annulus will be covered by concrete rubble as the legs and 
caisson degrade and collapse. If the upper parts of the legs are removed, however, the material in the 
minicell annulus would be in direct contact with seawater and there would be a route by which contaminants 
(in the water and bound to particulates) could be exposed into the marine environment. 

As there are no further activities involved in this option, it is not affected by the availability or not 
of the topside. 
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19 RESULTS OF COMPARATIVE ASSESSMENT OF OPTIONS FOR THE 
MANAGEMENT OF THE MATERIAL IN THE MINICELL ANNULUS 

19.1 Introduction 

This section presents the results of our assessments of the technically feasible options for the material found 
in the minicell annuli on Brent Delta and Brent Bravo. It begins with the results for Brent Delta, the only GBS 
from which samples of minicell annulus material have yet been obtained. It then presents the results for Brent 
Bravo, which are based on the assumption that the Bravo minicell annulus contains the same type and 
quantity of waste material as has been found on Delta. To minimise unnecessary repetition, some of the data, 
tables and text of results for Bravo which are exact duplicates of the results for Delta, have been edited. 

As described in Section 16.2 for the CAs of the cell contents, we have concluded that the two sub-criteria 
‘safety risk to other users of the sea’ and ‘effects on commercial fisheries’ are not applicable to the CAs of the 
material in the minicell annuli. The safety risk for other users of the sea would be the same in all options and 
would arise as a result of the long-term presence of the remains of GBSs at their present locations, not from 
any of the operations on or around the GBSs or around the site of any new remote well. The effects on 
commercial fisheries are determined by how much additional fishing ground may become available after 
decommissioning, and none of the options for the material in the minicell annuli would affect this since the 
GBSs themselves would remain in place. 

19.2 Options Assessed 

As described in Section 18.5, five options were taken forward to the full CA of the material in the minicell 
annuli; they would have the same outcome as the options for the cell sediment but different execution 
strategies. Two options involved the recovery and subsequent management of the material, two involved 
in situ management and in the final option the material would be left in place (Table 67). 

Table 67 Options Considered for the Material in the Minicell Annuli on Brent Bravo and Brent Delta. 

Option Option Name Option Description 

1 Remove and re-inject:  
New remote well 

Mobilise material, retrieve to a vessel and re-inject 
in newly-drilled subsea wells away from site 

2 Remove: Vessel to onshore Mobilise material, retrieve to a vessel and transport 
to shore for treatment and disposal 

3 Leave in place capped Cap or cover in situ in the minicell annulus using  
(e.g.) mixture of sand and/or gravel 

4 Leave in place with MNA Leave in situ in the minicell annulus for enhanced MNA 

5 Leave in place Leave in situ in the minicell annulus without further 
treatment 

 

19.3 Material in Brent Delta Minicell Annulus 

19.3.1 Data and Weighted Scores for the Material in the Brent Delta Minicell Annulus 

The raw data on the performance of each option in each sub-criterion is presented in Table 68. The data 
were then transformed onto the global scales and weighted according to the ‘standard weighting’ described 
in Section 16.4. The weighted scores are shown in Table 69. 
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Table 68 Raw Data on in each Sub-criterion for the Five Options for the Material in the Brent Delta  
Minicell Annulus. 

Sub-criterion 
Options 

1 2 3 4 5 

Safety risk offshore project personnel 
(PLL) 

0.0193 0.0096 0.0091 0.0082 0.0000 

Safety risk to other users of the sea 
(PLL) 

     

Safety risk onshore project personnel 
(PLL) 

0.0000 0.0000 
(Note 1) 

0.0000 0.0000 0.0000 

Operational environmental impacts 
(score) 

0.80 0.96 0.97 0.97 1.00 

Legacy environmental impacts (score) 1.00 1.00 0.96 0.96 0.95 

Energy use (GJ) 141,914 72,305 59,105 50,071 0 

Emissions (Te CO2) 10,476 5,342 4,361 3,694 1 

Technical feasibility (score) 0.00 0.00 0.22 0.22 1.00 

Effects on commercial fisheries (£)      

Employment (man-years) 167.5 61.9 53.4 49.5 0 

Communities (score) 1.00 0.95 1.00 1.00 1.00 

Cost (£ million) 42.05 15.54 13.42 12.42 0 

Notes: (1) There is a very small safety risk for onshore personnel in this option, but it is less than 
0.0000. 

 (2) High values for the sub-criteria assessed as ‘scores’ indicate good or desirable performance. 

 
Option1 Remove and re-inject in new remote well 

Option 2 Remove and treat onshore 

Option 3 Leave in place capped 

Option 4 Leave in place with MNA 

Option 5 Leave in place 
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Table 69 Transformed and Weighted Sub-criteria Scores for the Five Options for the Material in the Brent 
Delta Minicell Annulus. 

Sub-criterion 
Options 

1 2 3 4 5 

Safety risk offshore project personnel 
(PLL) 

6.18 6.43 6.44 6.46 6.67 

Safety risk to other users of the sea 
(PLL) 

     

Safety risk onshore project personnel 
(PLL) 

6.67 6.67 6.67 6.67 6.67 

Operational environmental impacts 
(score) 

4.00 4.80 4.85 4.85 5.00 

Legacy environmental impacts (score) 5.00 5.00 4.80 4.80 4.75 

Energy use (GJ) 4.59 4.79 4.83 4.86 5.00 

Emissions (Te CO2) 4.67 4.83 4.86 4.88 5.00 

Technical feasibility (score) 0.00 0.00 4.40 4.40 20.00 

Effects on commercial fisheries (£)      

Employment (man-years) 0.53 0.19 0.17 0.16 0.00 

Communities (score) 6.67 6.34 6.67 6.67 6.67 

Cost (£ million) 18.43 19.42 19.50 19.54 20.00 

Total weighted score 56.73 58.47 63.19 63.28 79.76 

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

 
Option1 Remove and re-inject in new remote well 

Option 2 Remove and treat onshore 

Option 3 Leave in place capped 

Option 4 Leave in place with MNA 

Option 5 Leave in place 
 
On the basis of this assessment, the ‘CA-recommended option’ for the material in the Brent Delta minicell 
annulus is Option 5 ‘Leave in place’. It has a total weighted score of 79.76, in contrast to Option 4’s total 
weighted score of 63.28. Figure 108 illustrates the total weighted scores and the contributions of the 
sub-criteria, and Figure 109 shows the contributions of the five main DECC criteria. 

  



BRENT GBS CONTENTS DECOMMISSIONING  

TECHNICAL DOCUMENT  
 

Page | 211 

Figure 108 The Total Weighted Scores of the Options for the Material in the Brent Delta Minicell Annulus, 
and the Contributions of the Sub-criteria. 

 

Figure 109 The Total Weighted Scores of the Options for the Material in the Brent Delta Minicell Annulus, 
and the Contributions of the Five Main DECC Criteria. 
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19.3.2 Assessing the Sensitivity of the CA-recommended Option for the Material in the Brent Delta 
Minicell Annulus 

19.3.2.1 Introduction 

To test the sensitivity of the CA-recommended option we applied five weighting scenarios to the transformed 
scores (as described in Section 16.5). 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. 

19.3.2.2 Results of Sensitivity Analysis 

Table 70 presents the results of the sensitivity analysis showing the total weighted scores in the standard 
weighting and each weighting scenario. Figure 110 illustrates the results of this sensitivity analysis in terms 
of the five main DECC criteria. 

In all six of the scenarios, the order of the five options does not change as a result of the changes in 
weighting. Option 5 ‘Leave in place’ always has a higher total weighted score than the next best option 
which is Option 4 ‘Leave in place with MNA’, and in terms of total weighted scores the descending order 
of the options in every scenario is Option 5, Option 4, Option 3, Option 2 and finally Option 1. 

Across the six scenarios Option 5 ‘Leave in place’ has a total weighted score that is from 18% to 60% 
greater than that of Option 4. The difference is greatest in Scenario 4 ‘weighted to Technical’ (31.9 
weighted points, 60% greater than Option 4), followed by Scenario 6 ‘DECC 5 without economic’ (16.1 
points, 37% greater) and then the ‘standard weighting’ (16.5 points, 26% greater). 

Option 2 is consistently the better of the two ‘removal’ options but the differences between them are not as 
great as found or the cell sediment options. Option 2 has a total weighted score that is 0.9% to 4.2% 
greater than that of Option 1. 

Option 3 ‘Leave in place capped’ and Option 4 ‘Leave in place MNA’ have very similar scores under each 
of the sensitivity scenarios. Option 4 is always better than Option 3 but the differences between them are 
very small and not significant; Option 4 has a total weighted score that is from 0.1% to 0.2% greater than 
that of Option 3. There is a marked difference in all the scenarios between the better of the ‘removal 
’options, Option 2 and the option above it which is Option 3; Option 3 has a total weighted score that is 
from 5% to 21% greater than that of Option 2. 

Finally, there is a marked difference between Option 5 (the CA-recommended option) and Option 2 (the 
better of the ‘removal’ options). The total weighted score for Option 5 is from 24% to 84% greater than that 
for Option 2. The difference is greatest in Scenario 4 ‘weighted to Technical’ (41.0 weighted points, 94% 
greater than Option 2), then Scenario 6 ‘DECC 5 without economic’ (20.7 points, 53% greater) and then 
the ‘standard weighting’ (21.3 points, 36% greater). 

From this examination of sensitivity Option 5 ‘Leave in place’ remains the option with the best overall 
performance, and is thus identified as the emerging recommendation. 
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Table 70 Total Weighted Scores and Ranking of the Options for the Material in the Brent Delta Minicell 
Annulus under Different Weighting Scenarios. 

Weighting Scenario 
Option 

1 2 3 4 5 

1. Five main DECC criteria 

Rank 

56.73 58.47 63.19 63.28 79.76 

5 4 3 2 1 

2. Weighted to Safety 

Rank 

58.59 60.20 63.76 63.86 76.47 

5 4 3 2 1 

3. Weighted to Environmental 

Rank 

65.36 68.12 71.56 71.69 84.50 

5 4 3 2 1 

4. Weighted to Technical 

Rank 

42.54 43.84 52.88 52.95 84.81 

5 4 3 2 1 

5. Weighted to Societal 

Rank 

51.53 52.00 55.92 55.98 68.14 

5 4 3 2 1 

6. Five main DECC criteria without Economic 

Rank 

38.31 39.05 43.69 43.75 59.76 

5 4 3 2 1 

 
Option1 Remove and re-inject in new remote well 

Option 2 Remove and treat onshore 

Option 3 Leave in place capped 

Option 4 Leave in place with MNA 

Option 5 Leave in place 
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Figure 110 Results of the Sensitivity Analysis of the Options for the Material in the Brent Delta Minicell Annulus. 

   

Options for Delta minicell annulus material Scenario 
1: Standard weighting: DECC 5 criteria equal. 

Options for Delta minicell annulus material 
Scenario 2: Weighted to Safety. 

Options for Delta minicell annulus material 
Scenario 3: Weighted to Environment. 

   

Options for Delta minicell annulus material Scenario 
4: Weighted to Technical. 

Options for Delta minicell annulus material 
Scenario 5: Weighted to Societal. 

Options for Delta minicell annulus material 
Scenario 6: DECC 5 main criteria without 
Economic. 
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19.3.3 Identification and Discussion of the Recommended Option for the Material in the Brent Delta 
Minicell Annulus 

19.3.3.1 Introduction 

Option 1 ‘Remove and re-inject in new remote well’ and Option 2 ‘Remove and treat onshore’ would both 
result in the removal of the material from its present location at the bottom of the minicell annulus, and thus 
prevent the eventual exposure of this material to the marine environment. Option 2 is the better of the 
‘removal’ options. 

Option 5 ‘Leave in place’ is consistently the best option with a total weighted score that is from 18% to 60% 
greater than the next best option (Option 4). Option 5’s total weighted score is significantly and consistently 
greater than that of the better of the ‘removal’ options, Option 2. The difference is least in Scenario 3 
‘weighted to Environment (16.4 weighted points, 24% greater than Option 2) and greatest in Scenario 4 
‘weighted to Technical’ (41.0 weighted points, 93.5% greater than Option 2). The sections below therefore 
examine the differences between Option 2 ‘Remove and treat onshore’ (the better of the ‘removal’ options) 
and the emerging recommendation, Option 5 ‘Leave in place’. 

Examination of both the transformed unweighted data (Table 68) and the weighted scores (Table 69) for 
each of the sub-criteria shows that the differences between the two options are driven by the difference in 
performance in ‘technical feasibility’, which is very much better in Option 5 ‘Leave in place’. All the other 
sub-criteria show only very small differences between the options in terms of their weighted scores. This is 
illustrated in Figure 111 which shows the differences (positive or negative) in the weighted scores in each 
sub-criterion for these two options for the material in the Brent Delta minicell annulus; the green bars indicate 
sub-criteria where Option 5 has the better performance and the red bars indicate sub-criteria where Option 2 
has the better performance. 

Figure 111 Difference Chart Comparing the Weighted Scores for each Sub-criterion in Two Options for 
the Material in the Brent Delta Minicell Annulus, under the Standard Weighting. 

 

Green bars: Option 5 ‘Leave in place’ is better than 
Option 2 ‘Remove and treat onshore’ 

Red bars: Option 2 ‘Remove and treat onshore’ is better 
than Option 5 ‘Leave in place’ 

 
It is therefore instructive to examine the differences between Option 5 and Option 2 to determine if the 
relatively poorer performance of Option 2 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 111, and determine the 
extent to which differences in performance are material in reaching a recommendation for the material in the 
Brent Delta minicell annulus. 
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19.3.3.2 Technical Feasibility 

Option 5 achieved the highest possible technical feasibility score because there would be no operations 
in this option. All the other options receive very poor scores because of the great difficulty there would be 
in accessing the material at the bottom of the minicell annulus. As described in Section 18.5, there are very 
significant concerns about the Technical Feasibility of gaining access to the lower reaches of the utility leg, 
below the +71 m floor. With the exception of Option 5, all options would require a large hole to be cut in 
the base of the utility leg, just above the cell domes, to permit a WCROV to enter and deploy hoses through 
newly-created access holes in the decks. Although a credible programme of work has been described for 
removing the minicell material (as a slurry in combination with the sea water above it), no FEED or design 
work has been undertaken. An extensive and detailed programme of design, fabrication and testing, lasting 
several years, would be required before a full scale attempt at removing the material in the minicell annulus 
could be undertaken. Important aspects that would require attention are (i) the development of a system for 
deploying a cutting tool onto the outside of the utility leg, and for removing the large concrete block that 
would be cut; (ii) the design of a DWC cutting tool that can be deployed and set up with no internal access 
to the utility leg; and (iii) the development and testing of a dredging tool that can be operated so that the oily 
slurry is contained and fugitive escapes to sea prevented. 

We have therefore concluded that the sub-criterion ‘Technical Feasibility’ is a very strong differentiator 
between the options. 

19.3.3.3 Cost 

There is no cost for Option 5 because there would be no operations, and any monitoring of the material 
in the minicell annulus would be incorporated in the long-term monitoring programme to be discussed with 
BEIS. The estimated cost for Option 2 is approximately £16 million, and reflects the amounts of offshore and 
onshore work that would be required. In particular it reflects the effort that would be required offshore to cut a 
hole in the utility leg and then deploy a WCROV to gain access through that hole and the lower decks to the 
material in the base of the minicell annulus. 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. 

Option 5 attains a high (good) score on the global scale (0.97) in relation to some of the other much more 
expensive options considered in the full suite of CAs undertaken for the Brent facilities. Consequently, we 
have concluded that the sub-criterion ‘cost’ is not a strong differentiator between the options. 

19.3.3.4 Impact on Communities 

In Option 2 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, light and increased traffic nuisance at the onshore reception 
and treatment site [33][33]. This assessment assumed that the slurry of minicell annulus material would be 
treated and disposed of through an existing well-managed onshore site. There would be no impacts on 
amenities in Option 5 because nothing would be done onshore. 

As described in the ES [33][33] 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 treatment and disposal of 
the slurry. 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 treatment and disposal of the slurry 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. 
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The treatment and disposal of the material in the minicell annulus would not be a unique operation and the 
volumes being treated at any one time and the durations of operations would not be great. The impacts on 
amenities and local communities from the treatment and disposal of the minicell annulus material 0.95 on the 
global scale of 1.0, and would be similar in nature to previous effects, contained with the treatment site, and 
amenable to additional mitigation measures. The slurry would be transported to shore by tanker and quickly 
off-loaded into onshore storage tanks, but processing would proceed at a measured pace and take several 
days. There would therefore be opportunities for careful control and management of the onshore operations, 
and, if warranted, for improvements and additional controls to be put in place as the treatment and disposal 
operations progressed. 

We have therefore concluded that the sub-criterion ‘impact on communities’ is not a strong differentiator 
between the options. 

19.3.3.5 Safety Risk to Offshore Project Personnel 

In Option 2 ‘Remove and treat onshore’ the safety risk for project personnel offshore is estimated to be a PLL 
of 0.0096. That is, if about 100 ‘Brent Delta minicell annulus materials’ were to be decommissioned in this 
way, with the material being slurrified in the utility leg water, then pumped to a tanker and taken to shore for 
treatment and disposal, there might be one fatality among the exposed group ‘offshore project personnel’. 

PLLs are often expressed in scientific notation, and for Option 2 the risk would be 9.6 x 10-3, which is about 
10 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). The safety risk for offshore project personnel in Option 5 is 0.00. 

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. Although the estimated PLL for offshore personnel in Option 2 is about 
10 times greater than the maximum ALARP range, the risks to our project personnel offshore (and onshore) 
would be amenable to further reduction. 

Consequently, we have concluded that the sub-criterion ‘safety risk to offshore project personnel’ is not 
a strong differentiator between the options. 

19.3.3.6 Operational Environmental Impacts 

In Option 2 ‘Remove and treat onshore’, the operations to access the utility leg, recover the material in the 
minicell annulus, pump it to a tanker, and transport it to shore and into holding tanks, would involve a variety 
of vessels working at the site for several weeks. With the exception of the tanker transportation to shore, 
all the operations would be performed within the existing 500 m safety zone. The main impact of these 
operations would be underwater noise from vessels. DNV-GL [33] estimated that this might affect some 
marine mammals in 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. In addition, DNV-GL identified some risk from the 
possibility of fugitive emissions and spillages from the dredging system or the tanker during the recovery of 
the slurry. There are no offshore impacts in Option 5 ‘Leave in place’ because nothing would be done. 

The potential for actual operational impacts in Option 2 is small and amenable to further mitigation, 
particularly with respect to ensuring that all the material in the utility leg is contained during the recovery 
operations. Consequently, we have concluded that the sub-criterion ‘operational environmental impacts’ 
is not a strong differentiator between the options. 
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19.3.3.7 Energy Use and Gaseous Emissions 

There would be no use of energy or gaseous emissions in Option 5, because nothing would be done. 
The estimated total CO2 emissions from Option 2 (5,342 tonnes) are equivalent to approximately 1.3% of 
the total annual CO2 emissions from all Brent platforms when they were operating (396,000 Te). This is very 
low in comparison with the total CO2 emissions from all UKCS oil and gas platforms and insignificant in 
comparison with the UK commitment under the Climate Change Act [35]. 

The absolute amounts of energy and gaseous emissions in Option 2 are very small and consequently we 
have concluded that the sub-criteria ‘energy use’ and ‘gaseous emissions’ are not strong differentiators 
between the options. 

19.3.3.8 Safety Risk to Onshore Project Personnel 

There is no risk to onshore project personnel in Option 5 ‘Leave in place’ because nothing would be done. 
In Option 2 ‘Remove and treat onshore’ the safety risk for project personnel onshore is estimated to be a PLL 
of 0.0000863 (0.09 x 10-3). This is well within the ALARP range, and consequently, we have concluded 
that the sub-criterion ‘safety risk to onshore project personnel’ is not a strong differentiator between the 
options. 

19.3.3.9 Employment 

Option 2 would support about 62 man-years of employment over several offshore and onshore activities in 
including creating access, dredging, transportation, and onshore treatment and disposal. The total volume of 
material that might be handled is small and the periods of activity relatively short. It is unlikely that new jobs 
would be created to meet the demands of these operations and the number of jobs that might be supported 
is not significant in comparison with other activities in the Brent decommissioning programme. Consequently, 
we have concluded that the sub-criterion ‘employment’ is not a strong differentiator between the options. 

19.3.3.10 Legacy Environmental Impacts 

The removal of the material from the minicell annulus in Option 2 would eliminate the potential for any 
legacy environmental impacts, and thus attained the highest possible score of 1.0 on the global scale for 
legacy impacts. 

In Option 5 ‘Leave in place’, the score of 0.95 determined by DNV-GL was informed primarily by their 
assessment of the effects on the marine ecosystem of the escape and eventual exposure of the material in the 
minicell annuls. No specific modelling has been performed for the release or exposure of the material in the 
minicell annulus. There are at least three cell walls between the annulus material and the open sea, and in 
contrast to the cell sediments there is a strong leg above this material rather than a thin concrete dome. 
As the utility leg degrades concrete debris and, later, larger sections of leg will impact the cell walls that 
form the minicell annulus. Material on top of the sand ballast in the minicell annulus will be disturbed and 
mobilised by these events, and possibly ejected, but it will also be covered by falling debris. It is therefore 
very difficult to envisage a likely exposure scenario. DNV-GL therefore assessed the potential legacy effects 
of this material by comparison with the potential legacy effects of the cell sediment, drawing on the detailed 
modelling and toxicological assessment performed for the exposure of the cell sediment as reported in the 
ES[33]. 

We estimate that there might be 150 m3 -250 m3 of contaminated material in the Delta minicell annulus, 
in comparison to the estimated 17,280 m3 of sediment in the former oil storage cells. Its oil content is 
approximately 4% in contrast to the 25% oil content of the cell sediment. Oil and other contaminants in the 
minicell annulus material may eventually be exposed to the marine environment but a proportion, perhaps 
the greater proportion, may remain in the base of the utility leg, buried under concrete debris from the 
degradation and then collapse of the legs and the walls of the cells. 

Consequently, we have concluded that the sub-criterion ‘legacy environmental impact’ is not a strong 
differentiator between the options. 
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19.3.4 Conclusions for Material in the Brent Delta Minicell Annulus 

The drivers and trade-offs for the decommissioning of the material in the Brent Delta minicell annulus involve 
a consideration of how feasible and safe it would be to remove the material (as a slurry mixed with the oily 
water above it) and how proportionate this would be in relation to the elimination of a localised but low-level 
and long-term impact to the marine ecosystem that might otherwise occur after 200 years to 500 years when 
the material in the minicell annulus is exposed following the collapse of the legs. 

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 the significant sub-criterion serving to strongly differentiate the options is ‘technical feasibility’. 
With or without the topsides in place and functioning, the only credible and realistic way of gaining access 
to the material in the minicell annulus would be through a large hole cut in the side of the leg. This would 
enable a work-class ROV to enter the leg and create access through decking and pipework so that hoses 
and suction dredgers could be deployed remotely onto the layer of material lying on top of the and ballast 
in the annulus. Such operations have not been performed before and would require a considerable amount 
of planning and testing before they could be executed safely and with a high likelihood of success. The 
technical difficulties in gaining access to the minicell material is a significant reason why ‘leave in place’ 
is preferable to ‘remove and treat onshore’. 

The CA has shown that the technical difficulties associated with the removal of the material in the minicell 
annulus would be disproportionate to the benefit of eliminating the small additional legacy environmental 
impact. 

19.3.5 Recommended Option for the Material in the Brent Delta Minicell Annulus 

The recommended option for the material in the Brent Delta minicell annulus is Option 5 ‘Leave in place’. 

19.4 Material in Brent Bravo Minicell Annulus 

19.4.1 Data and Weighted Scores for the Material in the Brent Bravo Minicell Annulus 

We have not performed any surveys of the Brent Bravo minicell annulus and do not know if there is any oily 
material lying on top of the sand ballast. For the purposes of the Brent Field decommissioning programme, 
however, we have assumed that the Bravo minicell annuls contains the same amounts and type of material as 
that found in the Delta minicell annulus. 

We have performed a separate CA for the material in the Bravo minicell annulus, using exactly the same 
data as for Delta. The results of the CA for Bravo were therefore identical to those for Delta. The raw scores 
or data, and the weighted scores, were all the same as for Delta. The fact that the minicell in Bravo is not 
central in the utility leg (as it is in Delta) but offset to one side did not make any change to our assessments 
of safety risk, feasibility or cost. 

For completeness, however, the results of the CA for the material presumed present in the Brent Bravo minicell 
annulus are presented below in shortened form. 

  



 BRENT GBS CONTENTS DECOMMISSIONING 
 TECHNICAL DOCUMENT 
 

Page | 220 

Table 71 Transformed and Weighted Sub-criteria Scores for the Five Options for the Material in the 
Brent Bravo Minicell Annulus. 

Sub-criterion 
Options 

1 2 3 4 5 

Safety risk offshore project personnel 
(PLL) 

6.18 6.43 6.44 6.46 6.67 

Safety risk to other users of the sea 
(PLL) 

     

Safety risk onshore project personnel 
(PLL) 

6.67 6.67 6.67 6.67 6.67 

Operational environmental impacts 
(score) 

4.00 4.80 4.85 4.85 5.00 

Legacy environmental impacts (score) 5.00 5.00 4.80 4.80 4.75 

Energy use (GJ) 4.59 4.79 4.83 4.86 5.00 

Emissions (Te CO2) 4.67 4.83 4.86 4.88 5.00 

Technical feasibility (score) 0.00 0.00 4.40 4.40 20.00 

Effects on commercial fisheries (£)      

Employment (man-years) 0.53 0.19 0.17 0.16 0.00 

Communities (score) 6.67 6.34 6.67 6.67 6.67 

Cost (£ million) 18.43 19.42 19.50 19.54 20.00 

Total weighted score 56.73 58.47 63.19 63.28 79.76 

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

 
Option1 Remove and re-inject in new remote well 

Option 2 Remove and treat onshore 

Option 3 Leave in place capped 

Option 4 Leave in place with MNA 

Option 5 Leave in place 
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Figure 112 The Total Weighted Scores of the Options for the Material in the Brent Bravo Minicell Annulus, 
and the Contributions of the Sub-criteria. 

 

19.4.2 Assessing the Sensitivity of the CA-recommended Option for the Material in the Brent Bravo 
Minicell Annulus 

Table 72 presents the results of the sensitivity analysis showing the total weighted scores in the standard 
weighting and each weighting scenario. In all six of the scenarios, the order of the five options does not 
change as a result of the changes in weighting. Option 5 ‘Leave in place’ always has a higher total 
weighted score than the next best option, Option 4 ‘Leave in place with MNA’, and in terms of total 
weighted scores the descending order of the options in every scenario is Option 5, Option 4, Option 3, 
Option 2 and finally Option 1. Section 19.3.2 provides a full description of the results of the sensitivity 
analysis for the materials in the Brent Delta minicell annulus, and this is entirely applicable to the Brent Bravo 
minicell annulus. 
From this examination of sensitivity Option 5 ‘Leave in place’ remains the option with the best overall 
performance, and is thus identified as the emerging recommendation. 
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Table 72 Total Weighted Scores and Ranking of the Options for the Material in the Brent Bravo Minicell 
Annulus under Different Weighting Scenarios. 

Weighting Scenario 
Option 

1 2 3 4 5 

1. Five main DECC criteria 

Rank 

56.73 58.47 63.19 63.28 79.76 

5 4 3 2 1 

2. Weighted to Safety 

Rank 

58.59 60.20 63.76 63.86 76.47 

5 4 3 2 1 

3. Weighted to Environmental 

Rank 

65.36 68.12 71.56 71.69 84.50 

5 4 3 2 1 

4. Weighted to Technical 

Rank 

42.54 43.84 52.88 52.95 84.81 

5 4 3 2 1 

5. Weighted to Societal 

Rank 

51.53 52.00 55.92 55.98 68.14 

5 4 3 2 1 

6. Five main DECC criteria without Economic 

Rank 

38.31 39.05 43.69 43.75 59.76 

5 4 3 2 1 

 
Option1 Remove and re-inject in new remote well 

Option 2 Remove and treat onshore 

Option 3 Leave in place capped 

Option 4 Leave in place with MNA 

Option 5 Leave in place 
 

19.4.3 Identification and Discussion of the Recommended Option for the material in the Brent Bravo 
Minicell Annulus 

Option 1 ‘Remove and re-inject in new remote well’ and Option 2 ‘Remove and treat onshore’ would both 
result in the removal of the material from its present location at the bottom of the minicell annulus, and thus 
prevent the eventual exposure of this material to the marine environment. Option 2 is the better of the 
‘removal’ options. Option 5 ‘Leave in place’ is consistently the best option with a total weighted score 
that is from 18% to 60% greater than the next best option (Option 4). Option 5’s total weighted score is 
significantly and consistently greater than that of the better of the ‘removal’ options, Option 2. The difference 
is least in Scenario 3 ‘weighted to Environment (16.4 weighted points, 24% greater than Option 2) and 
greatest in Scenario 4 ‘weighted to Technical’ (41.0 weighted points, 93.5% greater than Option 2). 
The sections below therefore examine the differences between Option 2 ‘Remove and treat onshore’ 
(the better of the ‘removal’ options) and the emerging recommendation, Option 5 ‘Leave in place’. 

Examination of the weighted scores (Table 71) for each of the sub-criteria shows that the differences between 
the two options are driven by the difference in performance in ‘technical feasibility’, which is very much 
better in Option 5 ‘Leave in place’. All the other sub-criteria show only very small differences between 
the options in terms of their weighted scores. This is illustrated in Figure 113 which shows the differences 
(positive or negative) in the weighted scores in each sub-criterion for these two options for the material in the 
Brent Bravo minicell annulus; the green bars indicate sub-criteria where Option 5 has the better performance 
and the red bars indicate sub-criteria where Option 2 has the better performance. 
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Figure 113 Difference Chart Comparing the Weighted Scores for each Sub-criterion in Two Options for 
the Material in the Brent Bravo Minicell Annulus, under the Standard Weighting. 

 

Green bars: Option 5 ‘Leave in place’ is better than 
Option 2 ‘Remove and treat onshore’ 

Red bars: Option 2 ‘Remove and treat onshore’ is better 
than Option 5 ‘Leave in place’ 

19.4.4 Conclusions for Material in the Brent Bravo Minicell Annulus 

The drivers and trade-offs for the decommissioning of the material in the Brent Bravo minicell annulus involve 
a consideration of how feasible and safe it would be to remove the material (as a slurry mixed with the oily 
water above it) and how proportionate this would be in relation to the elimination of a localised but low-level 
and long-term impact to the marine ecosystem that might otherwise occur after 200 years to 500 years when 
the material in the minicell annulus is exposed following the collapse of the legs. 

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 the significant sub-criterion serving to strongly differentiate the options is ‘technical feasibility’. 
With or without the topsides in place and functioning, the only credible and realistic way of gaining access 
to the material in the minicell annulus would be through a large hole cut in the side of the leg. This would 
enable a work-class ROV to enter the leg and create access through decking and pipework so that hoses 
and suction dredgers could be deployed remotely onto the layer of material lying on top of the and ballast 
in the annulus. Such operations have not been performed before and would require a considerable amount 
of planning and testing before they could be executed safely and with a high likelihood of success. 
The technical difficulty in gaining access to the minicell material is a significant reason why ‘leave in place’ 
is preferable to ‘remove and treat onshore’. 

The CA has shown that the technical difficulties associated with the removal of the material in the minicell 
annulus would be disproportionate to the benefit of eliminating the small additional legacy environmental 
impact. 

19.4.5 Recommended Option for the Material in the Brent Bravo Minicell Annulus 

The recommended option for the material in the Brent Bravo minicell annulus is Option 5 ‘Leave in place’. 
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20 MANAGEMENT OF THE CONTAMINATED MATERIAL AT THE BOTTOM OF THE 
DRILLING LEGS 

20.1 Introduction 

Investigations have revealed that materials were present at the bottom of both drilling legs on Brent Delta. 
The materials in the drilling legs are believed to be drill cuttings from the top-hole sections of the conductor 
installation, contaminated with losses from the drill floor. The chemical composition is marked by the presence 
of hydrocarbons which may be associated with Oil Based Mud (OBM) and heavy metals which are 
probably derived from the degradation of steelwork in the leg. The latest survey report (March 2015) 
suggests that there is 112 m3 to 835 m3 of material in the bottom of the East drilling leg and 1,083 m3 to 
1,827 m3 in the West drilling leg. The Brent Bravo drilling legs have not yet been surveyed or sampled 
because various permanent equipment preventing the deployment. These obstacles (valves, pipework etc.) 
are being removed during the P&A campaign. Therefore, as per Brent Delta, we need to wait for the P&A to 
have progresses enough to provide the necessary clearance at the appropriate locations. Meanwhile we 
have assumed that they will contain the same types and amounts of material as has been found in the Delta 
drilling legs. 

20.2 Origin and Location 

20.2.1 Brent Delta 

On Delta the drilling legs are the south-east and south-west legs (Legs 3 and 5 respectively). The overall 
length of the legs, from the base level at the mud line to the top of the concrete section is 161.83 m. 
The cylindrical base section of the leg has an internal diameter of 18 m, and a wall thickness of 1.15 m. 
The height of the cylindrical base section is 55.65 m, at which point it changes from cylindrical to conical. 
The conical section is 61.05 m high and the internal diameter decreases from 18 m to 11 m. The riser 
section has an internal diameter of 11 m with a wall thickness of 0.55 m. 

The drilling legs house the drill strings, drilling conductors, conductor guide frames, riser pipework, internal 
J-tubes and anti-liquefaction pipe. They contain a total of 48 conductor slots, 24 slots in each leg. The 
conductors are 30 inch diameter and are supported by conductor guide frames. The conductor guiding 
system consists of nine guide frames situated at levels 23 m, 41 m, 59 m, 77 m, 95 m 115 m, 131 m, 
149 m and 164 m above the bottom of the steel skirts (Figure 114). 

The main source for the materials sitting at the bottom of the drilling legs is assumed to the drill returns from 
the conductor installation. On top of these materials there is a layer of waste materials mainly composed of 
drilling fluid spilled from the drill floor at the top of the legs. 

The conductors on Brent Delta were installed in five separate batches. All 24 conductors in the East Drilling 
Leg (Slots 25 to 48) were installed in a single batch between October and December 1976. In the 
West Drilling Leg, the conductors were installed in four batches: seven in November and December 1978 
(Slots 09, 13, 14, 15, 17, 18 and 20); six between July and September 1981 (Slots 01, 03, 05, 10, 
16 and 22); six during August and September 1982 (Slots 02, 04, 07, 11, 23 and 24); and five in 
May 1983 (Slots 06, 08, 12, 19 and 21). 

According to the information in the drilling logs and conductor installation records, two methods were 
used for running the conductors into the top-hole sections of the wells; these were referred to as Drill-Drive 
Methods A and B. 
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Figure 114 Overview of Drilling Leg. 

 

The first method used was to: 

 Stab the first conductor joint, drill and ream out 

 Drill ahead and ream out using a hole-opening assembly to a depth between 6 m and 24 m 
ahead of the conductor shoe. Operations were completed with the Mud Line Circulating Ports, or 
Circulating Gravity Connectors (CGCs) open. This arrangement effectively returned the drill cuttings 
from the top-hole section into the base of the Drilling Legs through openings in the conductor 
connector, located just above the base of the drilling leg 

 Drive the conductor to the end of the pre-drilled hole 

 Repeat until target shoe elevation is reached 
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The second method was to: 

 Stab conductor through the guide and drive to full penetration 

 Ream out the infill within the conductor with hole-opener assembly 

 Drill ahead of conductor shoe with CGC open. This arrangement effectively returned the drill cuttings 
from the top-hole section into the base of the Drilling Legs through openings in the conductor 
connector, located just above the base of the drilling leg 

 Add conductor joint and drive to full penetration 

 Repeat until target shoe elevation is reached 

Although the installation methodology may have been altered slightly during batch running of the conductors, 
the basic methodology remained the same. It is therefore assumed that there will be some material from 
drilling of the top-hole sections still retained within the base of the Drilling Legs. 

The methodologies described above include drilling out and driving of the 30 inch conductors down through 
the Conductor Penetrating Pipes (Figure 115), through the top-hole section of the well, and down to the 
ultimate conductor target depth. This target depth varies between 75 to 100 m into the seabed. Because the 
CGC were reported to have been open during the initial drilling and driving of the conductors it is assumed 
that there will be a certain volume of cuttings and debris, generated from the well top-hole section, still 
contained within the base of the Drilling Legs. It is noted that the CGC were closed during further drilling 
operations 

20.2.2 Brent Bravo 

Brent Bravo is of the same design as Brent Delta and it is therefore expected that similar types and amounts 
of material will have accumulated at the bottom of the drilling legs. The main difference between the two 
platforms is that the Bravo drilling legs are not open to the sea, and so there will have been no exchange 
between the open sea and fluids in the drilling legs above the contaminated drill cuttings. 

20.2.3 Brent Charlie 

There are no drilling legs on Brent Charlie as all the conductors are located externally between legs C3 and 
C4. The conductors run through two cells in the gravity base (the conductor cells, which contain only cooling 
water) via a sleeve which runs the full height of the cell. The presence of this sleeve means that there is no 
route for cuttings returns to accumulate inside the cells. 

20.3 Final State of the Drilling Legs 

During the decommissioning phase after cessation of production, the situation will evolve as follows: 

1. All the production wells will be plugged and abandoned. 

2. The conductors and risers will be cut at 4 m below LAT. The conductors have been cut just above 
guiding frame number 9. The 20 inch and 13 3/8 inch casing have also been left and cut at the 
same height. 

Work down the drilling legs also requires some form of working deck at the top of the leg. This deck would 
be the existing topside if still in place or a new small bespoke temporary deck put in place afterwards. 
Personnel and utilities would be provided from the topside or a vessel depending on the timing of the 
execution relative to the topside removal. Currently, we plan to remove the Brent Delta topside in 2017. 
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20.4 Volumes 

20.4.1 Brent Delta 

The overall volume of contaminated materials has been derived from measurements made during the 
sampling operation carried out in May 2013 for the West leg and in September 2014 for the East leg. 
Through manual probing, the overall height of materials sitting at the bottom of the drilling leg ranged 
from 5.9 to 8.9 m in the West leg and from 1.7 to 4.9 m in the East leg. These heights correspond to 
approximately 1,083 to 1,827 m3 of materials in the West drilling leg and 112 to 835 m3 of materials in 
the East drilling leg. The sediment elevations in the drilling legs are shown in Figure 115 and Figure 116. 
During the engineering of the remediation options as well as for the environmental impact evaluation, 
volumes of contaminated materials of 500 m3 and 1,500 m3 of 500 m3 have been assumed respectively for 
the East leg and West leg [40]. 

The various surface samples collected during the sampling operations revealed that the top materials were 
mainly made of OBM residue, most likely spilled from the drill floor. 

Several sediment sampling were attempted in the West drilling leg but every time the penetration of the 
gravity corer was limited to less than 1 m. Therefore, it is not possible at this stage to locate the interface 
between the clean cutting returns from the contaminated sediment. 

Figure 115 Sediment Elevations at the Bottom of the West Drilling Leg. 

 

The measurements show a notable difference between the legs in term of total volume of materials. 
The higher volume of materials inside the West drilling leg could indicate a higher volume of contaminated 
sediment compared to the East drilling leg. 
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Figure 116 Sediment Elevations at the Bottom of the East Drilling Leg. 

 

The drilling legs are located near the centre of the caisson, surrounded on all sides by individual storage 
cells. In addition, unlike the storage cells, there is no sand ballast at the bottom of the drilling legs. Therefore, 
the materials rest directly onto the concrete concave. Therefore, the materials at the bottom of the drilling legs 
are located below the sand ballast of the storage cells. Under this configuration, any release scenario into 
the marine environment is highly unlikely. 

Figure 117 shows the position of the waste at the bottom of the drilling leg compared to adjacent 
storage cells. 
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Figure 117 Position of the Material inside the Drilling Leg in Relation to the Adjacent Storage Cell. 

 

 

20.4.2 Brent Bravo 

No measurements or sampling results are currently available for the Brent Bravo drilling legs. It has the same 
number of conductors (48) as Brent Delta and they too were installed using seawater. The amount of drill 
returns accumulated at the bottom of the legs should, therefore, be very similar to the volume on Brent Delta. 
In absence of the survey results for Brent Bravo, volumes of contaminated materials of 500 m3 and 1,500 m3 
of 500 m3 have also been assumed respectively for the East leg and West leg throughout the engineering of 
the remediation options as well as for the environmental impact evaluation [40]. 

As for the various drilling fluids spilled from the drill floor, spillages are not part of normal operations. It is not 
possible to confirm that such spillages actually also occurred on Brent Bravo until a sampling operation has 
been carried out. 

In order to carry out the survey, sufficient clearance in the well bay is required to launch the sediment 
sampling tool. To reach the necessary clearance, a significant amount of plugging and Abandonment 
of the wells needs to take place in order to remove the well head and associated valves. 

20.5 Water Volumes 

20.5.1 Brent Delta 

The water level inside the drilling legs on Brent Delta is the same as the sea level since the legs are in 
communication with the sea through the six 20 inch diameter apertures. This implies that the volume will 
vary slightly with the tide providing a regular renewal of the water inside the legs, at least for the upper part 
located above the apertures. The total volume of water has been calculated to 24,521 m3 for each leg. 
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20.5.2 Brent Bravo 

The volumes of water are identical on Brent Bravo. However, the legs are not open to the sea on Brent 
Bravo; the level is maintained using pumps. Therefore, there could be a small variation on the water level 
inside the legs compared to Brent Delta. 

20.6 Sediment Composition 

20.6.1 Sampling 

Several sampling operations were conducted inside the drilling legs on Brent Delta. The sampling operation 
was repeated several times in the West leg in an effort to penetrate deeper into the contaminated materials. 
For all of the sampling operations in the West leg, the gravity corer never penetrated any deeper than 30 
cm. As a consequence, the tool never collected samples of the clean materials underneath the contaminated 
materials. Table 73 presents the main sampling operations carried inside the drilling legs on Brent Delta 
along with the main outcome. 

Table 73 Sampling Operations Carried Out in the Drilling Legs on Brent Delta. 

Location Date Water Samples Sediment Samples 

West leg August 2009 One water sample  

West leg April 2010 One water sample  

West leg December 2010  One unconsolidated small core 

West leg May 2013 Three water samples collected at 
three different depths: 
 Bottom (86 m below LAT) 
 Middle (40 m below LAT) 
 Top (10 m below LAT) 

Three small incomplete individual 
cores: 
 Sediment 1st 
 Sediment 2nd 
 Sediment 3rd  

East leg September 2014 Three water samples collected at 
three different depths: 
 Bottom (86 m below LAT) 
 Middle (40 m below LAT) 
 Top (10 m below LAT) 

One full core split into three 
sections: 
 Top 
 Middle 
 Bottom 

 
In December 2010, a limited sediment sampling operation was carried out on Brent Delta in the West leg. 
As there is no personnel access down the drilling legs, it was decided to use the hatches located in the 
Well bay area to launch the sampling tool down the drilling legs. The envisaged sampling method required 
a cable routed from a winch directly above an abandoned or spare conductor slot, down through the 
conductor slot covers to the underside of the module deck steelwork. A configuration of temporary rigging 
beams and snatch blocks would cross-haul the cable to a location directly above a suitable hatch. A mast 
would be positioned over the conductor slot at the Skid Deck level, with the wireline unit adjacent. 

Possible hatches were identified in an offshore survey. The Well bay area was still very congested as the 
well plugging and abandonment was still in progress. The hatches in the Pan Deck were opened, and a 
plumb bob lowered to check clearance in the conductor guide frames, as debris over the first conductor 
guide frame were identified. 

Out of the six hatches available, only hatch number four was thought to be of potential use, but the presence 
of a grating floor underneath prevented access into the leg. Hatch number three was thought to be 
inaccessible, but the BD04 annulus valve, which hindered access to the hatch, was removed after the 
abandonment of BD04, allowing access through hatch three. Hatch number three was subsequently 
identified as access into the west drilling leg. 
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Figure 118 Example of Access Hatch in the Wellbay Area. 

 

In December 2010, an adequate pause in the P&A programme was identified for the execution of the 
sediment sampling operation which was conducted after careful planning of the required rigging. 

In order to locate the winch above the identified access, deflection points were rigged, grating panels on the 
Production Deck level and Mezzanine Deck level were removed, and grating above the hatch location on 
the Mezzanine Deck was also removed to enable the tool string to be located directly in the centre of the 
gap in the conductor guide frame. 

The sediments were sampled using a wireline technology hydrostatic bailer. The weight and the size of the 
sampling tool were limited by several factors such as the maximum weight that could be manhandled, the 
working height within the Pan Deck level where the headroom is limited, and the size of the gaps in the 
conductor guide frame. 

The tool was successfully launched down the west drilling leg using the wireline unit and reached the 
sediment surface, but was too light to completely penetrate the sediment. The tool was, therefore, only able 
to retrieve a surface sample of the sediment which was packaged on the platform and shipped back to the 
onshore laboratory for chemical analyses. 

This operation was duplicated in May 2013 using a longer gravity corer in an attempt to penetrate deeper 
into the sediment layer. This operation provided a longer core but the analytical results presented in the 
following section indicate that the clean cuttings were not reached. Water samples were also collected 
at three distinct depths. 

In September 2014, after completion of the P&A programme, this operation was again duplicated in the 
East leg. This operation successfully collected a sediment core. The analytical results indicate that the clean 
cuttings underneath the contaminated sediment were reached. It was therefore deduced that the layer 
of contaminated sediment was not thicker than 1 m. Water samples were also collected at the same 
depths than for the West leg. 

Water samples from the west drilling leg were also collected using a point source bailer with tag line 
arrangement; two sampling campaigns were completed, in August 2009 and April 2010. 
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20.6.2 Sediment Composition 

West Leg 

The samples were extracted from the tool on the platform (Figure 119, left) and sent to the laboratory for 
chemical analyses by Intertek (Figure 119, right); the results are presented in Table 74. 

Figure 119 Brent Delta West Drilling Leg Sediment Samples. 

 

The samples were found to contain mainly hydrocarbon contamination including PAHs and traces of heavy 
metals (copper, lead and zinc). The materials are thought to have originated from OBM spilled from the drill 
floor area but no records of such spillages were previously known or found. 

Table 74 Brent Delta West Drilling Leg Sediment Analysis Results, 2010. 

Analysis Sample 1 Samples 2 

Density (kg/m³) 1,383.5 1,259.3 

THC (mg/kg) 11,575 11,594 

Total PCB (µg/kg) <180 <100 

TBT (µg/kg) <1 <1 

Chlorobenzene (mg/l) 0.2 0.7 

Tri-chlorobenzene (mg/l) <0.1 <0.1 

NORM (Bq/g) Ra-226 <0.056 <0.047 

Heavy metals (mg/kg) 

Cadmium (Cd) 9 6 

Chromium (Cr) 56 47 

Copper (Cu) 120 89 

Iron (Fe) 35,800 33,100 

Arsenic (As) 17 17 

Mercury (Hg) 0.108 0.109 

Nickel (Ni) 23 24 

Lead (Pb) 253 160 

Zinc (Zn) 1,690 1,150 
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Analysis Sample 1 Samples 2 

PAH (µg/kg) 

Naphthalene  218.2 352 

Phenanthrene  357.7 765 

Dibenzothiophene  89.4 219 

Methylnaphthalene 869.2 1843 

Methylphenanthrene 1412.9 3505 

Methyldibenzothiophene 661.8 1583 

C2 Naphthalenes 2,682.7 3,107 

C2 Phenanthrenes 4,482 9,503 

C2 Dibenzothiophenes 3,237.2 5,562 

C3 Naphthalenes 9,776 24,984 

C3 Phenanthrenes 2,825.8 5,215 

C3 Dibenzothiophenes 4170.7 6,481 

Acenaphthylene  7.2 95 

Acenaphthene  307.6 52 

Fluorene  161 303 

Anthracene 107.3 148 

Fluoranthene  121.6 167 

Pyrene  214.6 339 

Benz(a)anthracene  42.9 75 

Chrysene  50.1 51 

Benzo(b)fluoranthene 46.5 45 

Benzo(k)fluoranthene  21.5 27 

Benzo(a)pyrene  35.8 29 

Indeno(1,2,3,cd)pyrene  21.5 20 

Dibenz(a,h)anthracene 7.2 7 

Benzo(g,h,I)perylene 25 22 

Total 31,953.4 64,499 

BTEX (mg/kg) 

Benzene <0.2 <0.2 

Toluene 0.3 0.3 

Ethyl benzene <0.2 <0.2 

M-and-p-Xylene <0.2 <0.2 

O-Xylene <0.2 <0.2 

Total 1.1 1.1 

Alkylated phenols (µg/kg) 

C1-C3 4,112 1,340 

C4-C5 1,989 610 

C6-C9 20 689 

Total 6,121 2,639 
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Analysis Sample 1 Samples 2 

Microbial activity (cells/g) 

SRB 70,000 0.3 

GHB 14,000,000 950,000 

NRB 41,000,000 41,000,000 
 
The particle size distribution was determined for the two samples. Particle size varied over a wide range from 
1.68 µm to 302 µm (Figure 120), and the mean particle diameters for the samples were 64.45 µm and 
18.92 µm. 

Figure 120 Particle Size Distribution of Two Sediment Samples from the West Drilling Leg. 

 

Table 75 TPH (C6 to C40) Results on the Sediment Samples from the West Leg, 2013. 

Client Sample Ref No. Sediment 2nd Sediment 1st 

SGS sample reference BV13-00160.005 BV13-00160.006 

Parameters Results (mg/kg) Results (mg/kg) 

TPH (C6 to C40) 16,000 24,000 
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Hydrocarbon concentrations on the two sediment samples were within the same order of magnitude. 
They are also consistent with the concentrations measured during the previous sampling operation 
(December 2010) taking into consideration that the samples were analysed by a different laboratory. 

Table 76 Heavy Metals Results on the Sediment Samples from the West Leg, 2013. 

Client Sample Ref No. Sediment 2nd Sediment 1st 

SGS sample reference BV13-00160.005 BV13-00160.006 

Parameters (mg/kg) (mg/kg) 

Be 0.27 0.80 

Mg 3,341 4,516 

Al 2,734 5,392 

V 29.64 28.32 

Cr 113.4 96.19 

Mn 493.2 464.1 

Fe 66,220 62,600 

Co 6.86 12.99 

Ni 30.40 35.00 

Cu 135.1 231.8 

Zn 24,510 3,045 

As 27.67 22.20 

Se 0.61 0.48 

Sr 158.6 136.5 

Mo 19.04 50.33 

Cd 14.17 14.34 

Sb 18.94 6.97 

Ba 250.0 242.4 

Tl 0.26 0.40 

Pb 651.7 368.3 

Th 0.60 1.19 

Hg 0.434 0.446 
 
Heavy metal concentrations on the two sediment samples were within the same order of magnitude except 
for the Zinc concentration on the ‘Sediment 2nd’ sample where the Zinc concentration is one order of 
magnitude greater. Even though these new results are consistently higher than the concentrations measured 
during the previous sampling operation, as presented in our report Drilling Leg Sampling Report [37], they 
remain consistent with those results in terms of order of magnitude. Both set of samples were analysed using 
the same analytical method (i.e. ICP-MS17). The samples were analysed by different laboratories, however, 
and this trend could be the result of the different extraction methods used by the two laboratories. 

  

                                                
17 ICP-MS, Inductively Coupled Plasma Mass Spectrometry 
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Table 77 Radio-isotopes Results on the Sediment Samples from the West Leg. 

Client Sample Ref No. Sediment 2nd Sediment 1st 

SGS sample reference BV13-00160.005 BV13-00160.006 

Laboratory sample no. 5 6 

Parameters (Bq/g) (Bq/g) 

Radium – 226 < 0.020 0.029 ± 0.004 

Lead – 214 0.0098 ± 0.0038 0.014 ± 0.003 

Bismuth – 214 0.0094 ± 0.0027 0.011 ± 0.004 

Lead – 210 0.030 ± 0.014 < 0.043 

Actinium – 228 < 0.012 < 0.018 

Lead – 212 0.0091 ± 0.0012 0.0072 ± 0.0013 

Bismuth – 212 < 0.012 < 0.019 

Thallium – 208 0.0031 ± 0.0014 0.0031 ± 0.0011 

Uranium – 238 < 0.049 < 0.026 

Thorium – 228 0.0091 ± 0.0012 0.0072 ± 0.0013 

Uranium – 235 < 0.0046 < 0.0048 
 
No significant radio-isotopes concentrations were detected in any of the samples. 

 
Table 78 PAH Results on the Sediment Samples from the West Leg. 

Client Sample Ref No. Sediment 2nd Sediment 1st 

SGS sample reference BV13-00160.005 BV13-00160.006 

Laboratory sample no. 5 6 

Parameters  Results (mg/kg)  Results (mg/kg) 

Naphthalene  1.04 1.69 

Acenaphthylene 0.07 0.25 

Acenaphthene 0.13 0.78 

Fluorene 0.17 0.81 

Phenanthrene  0.24 1.33 

Anthracene 0.08 0.21 

Fluoranthene 0.19 0.41 

Pyrene 0.54 1.00 

Benz(a)anthracene 0.03 0.13 

Chrysene  0.05 0.40 

Benzo(k)fluoranthene 0.03 0.10 

Benzo(b)fluoranthene 0.02 0.06 

Benzo(a)pyrene 0.04 0.12 

Indeno(1,2,3-CD)pyrene <0.05 <0.05 

Dibenz(ah)anthracene <0.05 <0.05 

Benzo(ghi)perylene <0.05 <0.05 

Total PAH 2.63 7.29 
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PAHs concentrations in the two sediment samples are consistent with the concentrations measured during the 
previous sampling operation (December 2010). 

East Leg 

The East drilling leg has only been sampled once. The sampling operation was carried out using the same 
equipment as for the West leg using a similar rigging arrangement. The sampling tool was launched just 
once and successfully recovered a sediment core approximately 1 m long. The core was split into two parts 
offshore for transport purposes (refer to blue parts on Figure 121). Once in the laboratory, the sub-parts were 
divided again to form three distinct samples labelled Bottom, Middle and Top, corresponding respectively 
to the bottom, middle and top of the sediment layer. 

Figure 121 Schematic Describing the Relationship Between the Various Part of the Core and the 
Laboratory Samples. 

 

The analytical programme was elaborated to address both the organic and inorganic compounds. 
The results for the chemical composition are presented in Table 79 to Table 88. The results for the physical 
parameters are presented in Table 89. 

Table 79 TOC Results on the Sediment Samples from the East Leg. 

SGS Lab Sample No. 
BV14-

00168.001 
BV14-

00168.002 
BV14-

00168.003 

Client sample ID Bottom Middle Top 

Sample matrix Sediment Sediment Sediment 

Parameters (g/kg) (g/kg) (g/kg) 

Total organic carbon 10 10 40 
 
The TOC results (Table 79) seem to indicate a decreasing gradient of organic content with the depth into the 
sediment layer. 

Table 80 TPH Results on the Sediment Samples from the East Leg. 

SGS Lab Sample No. 
BV14-

00168.001 
BV14-

00168.002 
BV14-

00168.003 

Client sample ID Bottom Middle Top 

Sample matrix Sediment Sediment Sediment 

Parameters (mg/kg) (mg/kg) (mg/kg) 

TPH C6 <10 <10 <10 

TPH >C6-C8 <10 <10 <10 

TPH >C8-C10 <10 <10 <10 

TPH >C10-C12 <10 <10 52 
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SGS Lab Sample No. 
BV14-

00168.001 
BV14-

00168.002 
BV14-

00168.003 

TPH >C12-C16 16 39 1,200 

TPH >C16-C21 20 57 1,850 

TPH >C21-C35 24 99 2,870 

TPH >C35->C40 <10 <10 68 

TPH C>40 <10 <10 <10 

TPH C5-C>40 60 195 6,040 
 
The TPH results (Table 80) indicate a decreasing gradient of hydrocarbon with depth into the sediment layer. 
These results correlate well with the observation made on the TOC measurements. 

Table 81 Aromatic and Aliphatic Fraction of the TPH on the Sediment Samples from the East Leg. 

SGS Lab Sample No. 
BV14-

00168.001 
BV14-

00168.002 
BV14-

00168.003 

Client sample ID Bottom Middle Top 

Sample matrix Sediment Sediment Sediment 

Parameters (mg/kg) (mg/kg) (mg/kg) 

TPH C>5-C6 Aliphatic <10 <10 <10 

TPH C>6-C8 Aliphatic <10 <10 <10 

TPH C>8-C10 Aliphatic <10 <10 <10 

TPH C>10-C12 Aliphatic <10 <10 44 

TPH C>12-C16 Aliphatic 15 37 940 

TPH C>16-C21 Aliphatic 16 44 1,072 

TPH C>21-C35 Aliphatic 15 63 1,962 

TPH C>35-C40 Aliphatic <10 <10 79 

TPH C>40 Aliphatic <10 <10 <10 

TPH C>5-C>40 Aliphatic 46 144 4,100 

TPH C>6-C8 Aromatic <10 <10 <10 

TPH C>8-C10 Aromatic <10 <10 <10 

TPH C>10-C12 Aromatic <10 <10 <10 

TPH C>12-C16 Aromatic <10 <10 <10 

TPH C>16-C21 Aromatic <10 <10 <10 

TPH C>21-C35 Aromatic <10 <10 <10 

TPH C>35-C40 Aromatic <10 <10 <10 

TPH C>40 Aromatic <10 <10 <10 

TPH C>5-C>40 Aromatic <80 <80 <80 

TPH C>5-C>40 Ali+Aro 46 144 4,100 
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The measurements of the aromatic and aliphatic fraction of the TPH (Table 81) indicate that the hydrocarbon 
content is mainly composed of aliphatic hydrocarbon. The results correlate well with the TOC and TPH 
results. 

Table 82 BTEX Results for the Sediment Sample in the East Leg. 

SGS Lab Sample No. 
BV14-

00168.001 
BV14-

00168.002 
BV14-

00168.003 

Client sample ID Bottom Middle Top 
Sample matrix Sediment Sediment Sediment 
Parameters (mg/kg) (mg/kg) (mg/kg) 
Benzene <0.2 <0.2 <0.5 
Toluene <0.2 <0.2 <0.5 
Ethyl benzene <0.2 <0.2 <0.5 
M/p Xylene <0.2 <0.2 <0.5 
O-Xylene <0.2 <0.2 <0.5 

 
No significant concentrations of BTEX were detected in any of the samples (Table 82). 

Table 83 Heavy Metals Results for the Sediment Samples in the East Leg. 

SGS Lab Sample No. 
BV14-

00168.001 
BV14-

00168.002 
BV14-

00168.003 

Client sample ID Bottom Middle Top 
Sample matrix Sediment Sediment Sediment 
Parameters (mg/kg) (mg/kg) (mg/kg) 
Berilium (Be) 1.5 0.88 0.93 
Magnesium (Mg) 7,900 7,700 7,400 
Aluminium (Al) 14,000 12,000 9,900 
Vanadium (V) 39 38 67 
Chromium (Cr) 25.0 24 85 
Manganese (Mn) 380 392 1300 
Iron (Fe) 26,000 31,000 170,000 
Cobalt (Co) 8.3 7.5 15 
Nickel (Ni) 27 19 49 
Copper (Cu) 150 28 380 
Zinc (Zn) 230 210 5,800 
Arsenic (As) 9.5 9.1 38 
Selenium (Se) 6.2 2.8 3.8 
Strontium (Sr) 180 130 230 
Molybdenum (Mo) 4.2 1.7 26 
Cadmium (Cd) 1.4 1.1 24 
Antimony (Sb) 0.9 0.56 6.2 
Barium (Ba) 2,700 1,800 260 
Thallium (Tl) <8.5 <8.5 <8.5 
Lead (Pb) 47 43 570 
Thorium (Th) <7.9 <7.9 <7.9 
Mercury (Hg) 0.025 0.033 0.28 
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With respect to the heavy metals content (Table 83), the most contaminated sample (Top) exhibits similar 
concentrations to those detected in the West leg sediment samples (refer to Table 76). 

Table 84 PAH Results for the Sediment Samples in the East Leg. 

SGS Lab Sample No. 
BV14-

00168.001 
BV14-

00168.002 
BV14-

00168.003 

Client sample ID Bottom Middle Top 

Sample matrix Sediment Sediment Sediment 

Parameters (mg/kg) (mg/kg) (mg/kg) 

Naphthalene  <0.1 <0.1 <0.1 

Acenaphthylene <0.1 <0.1 <0.1 

Acenaphthene <0.1 <0.1 <0.1 

Fluorene <0.1 <0.1 <0.1 

Phenanthrene  <0.1 <0.1 <0.1 

Anthracene <0.1 <0.1 <0.1 

Fluoranthene <0.1 <0.1 <0.1 

Pyrene <0.1 <0.1 <0.1 

Benz(a)anthracene <0.1 <0.1 <0.1 

Chrysene  <0.1 <0.1 <0.1 

Benzo(b/j)fluoranthene <0.1 <0.1 <0.1 

Benzo(k)fluoranthene <0.1 <0.1 <0.1 

Benzo(a)pyrene <0.1 <0.1 <0.1 

Indeno(1,2,3-CD)pyrene <0.1 <0.1 <0.1 

Dibenz(ah)anthracene <0.1 <0.1 <0.1 

Benzo(ghi)perylene <0.1 <0.1 <0.1 

Benzo(a)fluoranthene <0.1 <0.1 <0.1 

Benzo(e)pyrene <0.1 <0.1 <0.1 

Perylene <0.1 <0.1 <0.1 

Dibenzo(a,l)pyrene <0.1 <0.1 <0.1 

Dibenzo(a,i)pyrene <0.1 <0.1 <0.1 

Dibenzo(a,h)Pyrene <0.1 <0.1 <0.1 

Dibenzo(a,e)pyrene <0.1 <0.1 <0.1 
 
No significant concentrations of PAH were detected in any of the samples (Table 84). This is consistent with 
the measurement of the Aromatic fraction of the TPH but is also inconsistent with the results from the West leg 
where all sediment samples have revealed various levels of PAH in excess of several mg/kg. 
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Table 85 NPD Results for the Sediment Samples in the East Leg. 

SGS Lab Sample No. 
BV14-

00168.001 
BV14-

00168.002 
BV14-

00168.003 

Client sample ID Bottom Middle Top 
Sample matrix Sediment Sediment Sediment 
Parameters (mg/kg) (mg/kg) (mg/kg) 
2-MN <0.1 <0.1 <0.1 
1-MN <0.1 <0.1 <0.1 
Biphenyl <0.1 <0.1 <0.1 
2,6-DMN and 2,7-DMN <0.1 <0.1 <0.1 
1,3-DMN and 1,7-DMN <0.1 <0.1 <0.1 
1,6-DMN <0.1 <0.1 <0.1 
1,4-DMN <0.1 <0.1 <0.1 
1,5-DMN <0.1 <0.1 <0.1 
1,4,6-TMN <0.1 <0.1 <0.1 
2,3,6-TMN <0.1 <0.1 <0.1 
1,4,5-TMN <0.1 <0.1 <0.1 
2,3,5-TMN <0.1 <0.1 <0.1 
1,2,3-TMN and 1,2,4-TMN <0.1 <0.1 <0.1 
Dibenzothiophene <0.1 <0.1 <0.1 
4-MDiBT <0.1 <0.1 <0.1 
3-MDiBT and 2-MDiBT <0.1 <0.1 <0.1 
1-MDiBT and 3-MP <0.1 <0.1 <0.1 
2-MP <0.1 <0.1 <0.1 
9-MP <0.1 <0.1 <0.1 
1-MP <0.1 <0.1 <0.1 

 
No significant concentrations of NPD were detected in any of the samples (Table 85). These compounds 
were not specifically measured on the various samples collected from the West leg but as for the PAH whilst 
this is consistent with the measurement for the Aromatic fraction of the TPH, this is not consistent with the West 
drilling leg results where Aromatic hydrocarbon have always been detected. 

Table 86 Phenols Results for the Sediment Samples in the East Leg. 

SGS Lab Sample No. 
BV14-

00168.001 
BV14-

00168.002 
BV14-

00168.003 

Client sample ID Bottom Middle Top 
Sample matrix Sediment Sediment Sediment 
Parameters (mg/kg) (mg/kg) (mg/kg) 
Phenol <0.2 <0.2 <0.2 
m/p/o-Cresol 0.86 <0.6 <0.6 
Dimetheylphenols 2.72 3.56 <1.2 
2,3,5-Trimethylphenol 0.71 0.56 0.77 
1-Naphthol <0.2 <0.2 <0.2 
2-Isopropylphenol <0.2 <0.2 0.35 
Hydroquinone <0.2 <0.2 <0.2 
Resorcinol <0.2 <0.2 <0.2 
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Small traces of phenols were detected in each of the sediment samples (Table 86). These compounds have 
not been previously investigated. 

Table 87 Radio-isotopes Results for the Sediment Samples in the East Leg. 

SGS Lab Sample No. 
BV14-

00168.001 
BV14-

00168.002 
BV14-

00168.003 

Client sample ID Bottom Middle Top 

Sample matrix Sediment Sediment Sediment 

Parameters (Bq/g) (Bq/g) (Bq/g) 

Radium – 226 <0.060 <0.093 <0.093 

Lead – 214 0.0090 ± 
0.0038 

0.016 ± 
0.004 

<0.016 

Bismuth – 214 0.014 ± 
0.004 

0.018 ± 
0.006 

<0.015 

Lead – 210 <0.030 <0.048 <0.022 

Actinium – 228 0.040 ± 
0.011 

0.026 ± 
0.010 

<0.018 

Lead – 212 0.020 ± 
0.002 

0.020 ± 
0.003 

<0.012 

Bismuth – 212 <0.020 <0.031 <0.029 

Thallium – 208 0.0084 ± 
0.0020 

0.0068 ± 
0.0022 

<0.0047 

Uranium – 238 <0.099 <0.085 <0.074 

Thorium – 228 0.020 ± 
0.002 

0.020 ± 
0.003 

<0.012 

Uranium – 235 <0.0058 <0.0083 <0.0080 
 
No significant radio-isotopes concentrations were detected in any of the samples (Table 87). These results 
are consistent with the measurement made on the samples from the West leg. 

Table 88 Tri-n-butyltin Results on the Sediment Samples in the East Leg. 

SGS Lab Sample No. 
BV14-

00168.001 
BV14-

00168.002 
BV14-

00168.003 

Client sample ID Bottom Middle Top 

Sample matrix Sediment Sediment Sediment 

Parameters (µg/kg) (µg/kg) (µg/kg) 

Tri-n-butyltin chloride <0.1 <0.1 2.3 
 
Small traces of tri-n-butyltin (Table 88) were detected on the most contaminated sample (Top). This parameter 
was not measured on the latest samples collected from the West leg in 2013 but it was measured on the 
samples collected during the 2010 sampling campaign where no detection was made at the time on the 
sediment samples. 
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Table 89 Shear Strength and Dry Residue on the Sediment Samples in the East Leg. 

SGS Lab Sample No. 
BV14-

00168.001 
BV14-

00168.002 
BV14-

00168.003 

Client sample ID Bottom Middle Top 
Sample matrix Sediment Sediment Sediment 
Parameters Units Results Results Results 
Dry residue content method A % 57 56 58 
Vane Shear Strength [SN] Pa 1,020 1,350 1,400 

 
The measured shear strengths (Table 89) are higher than expected for a loose deposit. This measurement 
was not carried on the samples previously collected in the West leg. 

20.6.3 Water Samples 

West Leg 

Water samples from the West leg have been previously collected and analysed in August 2009 and in 
April 2010. The analytical results are presented in Table 90; the full details can be found in the drilling leg 
sampling report [37]. No significant contamination was detected in the water samples during these sampling 
operations. The notable contaminant concentrations concern some of the heavy metals, with four of them 
(copper, mercury, nickel and zinc) exceeding the average concentration measured in the produced water 
discharged overboard in the Brent Field. As with the cell sediment, it is most likely that these levels of 
contaminants are associated with corrosion of the steelwork inside the drilling leg. Nevertheless, as further 
sediment sampling was required, the opportunity was taken to collect water samples at various depths to 
verify whether there could be notable variation in composition with depth. 

In 2013, three water samples were collected at 10 m, 40 m and 86 m below the water level.  
The volumes of the samples were 120 ml, 120 ml and 240 ml respectively. The results are presented 
in Table 91, Table 92 and Table 93. The complete results sheets from the laboratory can be found in our 
report Brent Delta Drilling Legs Sampling Report [38]. 

Table 90 Brent Delta West Drilling Leg Water Analysis Results, 2010. 

Chemical Analysis August 2009 April 2010 

Density (g/l) 1,026 1,027 

OIW (mg/l) 0.22 2.4 

TSS (mg/l) 2.13 68.4 

pH 7.2 6.9 

Total PCB mg/l  <10 

Total Alkylated Phenols (µg/l) 4.8 1.3 

TBT (µg/l)  <0.01 

Trichlorobenzene (µg/l)  <2 

NORM Ra-226 (Bq/g)  <0.0022 

Heavy metals 

(As) Arsenic (µg/l) 1.21 11.3 

(Cd) Cadmium (µg/l) 0.2 10.2 

(Cr) Chromium (µg/l) <2 7.81 

(Cu) Copper (µg/l) <1 275 

(Hg) Mercury (µg/l) <0.06 1.87 

(Ni) Nickel (µg/l) 3.64 49.1 
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Chemical Analysis August 2009 April 2010 

(Pb) Lead (µg/l) 2.03 18.3 

(Zn) Zinc (µg/l) 21.9 2,140 

PAH 

Naphthalene (µg/l) <0.1 <0.1 

Phenanthrene (µg/l) <0.1 <0.1 

Acenaphthylene (µg/l) <0.1 <0.1 

Acenaphthene (µg/l) <0.1 <0.1 

Fluorene (µg/l) <0.1 <0.1 

Anthracene (µg/l) <0.1 <0.1 

Fluoranthene (µg/l) <0.1 <0.1 

Pyrene (µg/l) <0.1 <0.1 

Benz(a)anthracene (µg/l) <0.1 <0.1 

Chrysene (µg/l) <0.1 <0.1 

Benzo(b)fluoranthene (µg/l) <0.1 <0.1 

Benzo(k)fluoranthene (µg/l) <0.1 <0.1 

Benzo(a)pyrene (µg/l) <0.1 <0.1 

Indeno(1,2,3,cd)pyrene (µg/l) <0.1 <0.1 

Dibenz(a,h)anthracene (µg/l) <0.1 <0.1 

Benzo(g,h,I)perylene (µg/l) <0.1 <0.1 

Total (µg/l) <0.1 <0.1 

BTEX 

Benzene (µg/l) <100 <100 

Toluene (µg/l) <100 <100 

Ethyl benzene (µg/l) <100 <100 

M-and p-Xylene (µg/l) <100 <100 

O-Xylene (µg/l) <100 <100 

Total (µg/l) <100 <100 

Microbial activity 

SRB (cells/ml) 1,400 95,000 

NRB (cells/ml) 1,400 95,000 
 
Table 91 TPH (C6 to C40) Results on the Water Samples from the West Leg, 2013. 

Client Sample Ref No. Water (10 m) Water (40 m) Water (86 m) 

SGS sample reference 
BV13-

00160.001 
BV13-

00160.002 
BV13-

00160.003 

Parameters (µg/l) (µg/l) (µg/l) 

TPH (C6 to 40) 3900 440 440 
 
The concentrations in hydrocarbon (Table 91) are similar to those previously detected in 2010. The higher 
value for the sample from the top of the water column could be related to the hydrocarbon floating on the 
surface of the water column inside the leg. 
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Table 92 Heavy Metals Results on the Water Samples from the West Leg, 2013. 

Client Sample Ref No. Water (10 m) Water (40 m) Water (86 m) 

SGS sample reference 
BV13-

00160.001 
BV13-

00160.002 
BV13-

00160.003 

Parameters (µg/l) (µg/l) (µg/l) 

Be <5 <5 <5 

Mg 1,320,000 1,360,000 1,350,000 

Al 359.1 901.7 218.0 

V 20.85 31.32 22.44 

Cr <10 <10 <10 

Mn <50 <50 <50 

Fe <1000 <1000 <1000 

Co <5 <5 <5 

Ni <100 <100 <100 

Cu <20 <20 <20 

Zn <1,000 <1,000 <1,000 

As <5 <5 8.54 

Se <20 <20 37.94 

Sr 7,543 7,678 7,615 

Mo <20 <20 45.67 

Cd <5 <5 <5 

Sb <5 <5 <5 

Ba <100 119.9 <100 

Tl <100 <100 <100 

Pb 27.31 <10 <10 

Th <100 <100 <100 
 
Traces of various elements (Al, As, Mo, Pb, V, and Ba) were found above back ground level (Table 92). 
These are most likely associated with the corrosion of steel work and drilling mud. Some of these elements 
(As and Pb) were previously detected are similar level in the sample collected in 2010. 
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Table 93 PAH Results on the Water Samples from the West Leg. 

Client Sample Ref No. Water (10 m) Water (40 m) Water (86 m) 

SGS sample reference BV13-
00160.001 

BV13-
00160.002 

BV13-
00160.003 

Parameters (µg/l) (µg/l) (µg/l) 

Naphthalene <5 <5 <5 

Acenaphthylene <5 <5 <5 

Acenaphthene <5 <5 <5 

Fluorene <5 <5 <5 

Phenanthrene <5 <5 <5 

Anthracene <5 <5 <5 

Fluoranthene <5 <5 <5 

Pyrene <5 <5 <5 

Benz(a)anthracene <5 <5 <5 

Chrysene <5 <5 <5 

Benzo(k)fluoranthene <5 <5 <5 

Benzo(b)fluoranthene <5 <5 <5 

Benzo(a)pyrene <5 <5 <5 

Indeno(1,2,3-CD)pyrene <5 <5 <5 

Dibenz(ah)anthracene <5 <5 <5 

Benzo(ghi)perylene <5 <5 <5 

Total PAH <80 <80 <80 
 
None of the PAH (Table 93) was detected above the limit of detection in the water samples from the West 
leg. These results are consistent with the previous measurement from 2009 and 2010. 

East Leg 

No water samples were previously collected in the East leg. During this operation carried out in September 
2014, three water samples were collected at 10, 40 and 86 m below LAT. The volumes of the samples 
ranged from 600 to 800 ml. 

The analytical program was elaborated to address both the organic and inorganic compounds. The results 
for the chemical composition are presented in Table 94 to Table 101. 

The results are presented in below. The complete results sheets from the laboratory can be found in the 
drilling leg sampling report [38]. 
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Table 94 TPH Results on the Water Samples from the East Leg. 

SGS Lab Sample No. 
BV14-

00168.006 
BV14-

00168.005 
BV14-

00168.004 

Client Sample ID Top (10 m) Middle (40 m) Bottom (86 m) 
Sample Matrix Water Water Water 
Parameters (mg/l) (mg/l) (mg/l) 
TPH C6 <0.2 <0.2 <0.2 
TPH >C6-C8 <0.2 <0.2 <0.2 
TPH >C8-C10 <0.2 <0.2 <0.2 
TPH >C10-C12 <0.2 <0.2 <0.2 
TPH >C12-C16 <0.2 <0.2 <0.2 
TPH >C16-C21 <0.2 <0.2 <0.2 
TPH >C21-C35 <0.2 <0.2 <0.2 
TPH >C35->C40 <0.2 <0.2 <0.2 
TPH C>40 <0.2 <0.2 <0.2 
TPH C5-C>40 <1.8 <1.8 <1.8 

 
No significant hydrocarbon concentration was detected above the limit of detection in any of the samples 
(Table 94). 

Table 95 TPH Aliphatic and Aromatic Fraction Results on the Water Samples from the East Leg. 

SGS Lab Sample No. 
BV14-

00168.006 
BV14-

00168.005 
BV14-

00168.004 

Client Sample ID Top (10 m) Middle (40 m) Bottom (86 m) 
Sample Matrix Water Water Water 
Parameters (mg/l) (mg/l) (mg/l) 
TPH C>5-C6 Aliphatic <0.2 <0.2 <0.2 
TPH C>6-C8 Aliphatic <0.2 <0.2 <0.2 
TPH C>8-C10 Aliphatic <0.2 <0.2 <0.2 
TPH C>10-C12 Aliphatic <0.2 <0.2 <0.2 
TPH C>12-C16 Aliphatic <0.2 <0.2 <0.2 
TPH C>16-C21 Aliphatic <0.2 <0.2 <0.2 
TPH C>21-C35 Aliphatic <0.2 <0.2 <0.2 
TPH C>35-C40 Aliphatic <0.2 <0.2 <0.2 
TPH C>40 Aliphatic <0.2 <0.2 <0.2 
TPH C>5-C>40 Aliphatic <1.8 <1.8 <1.8 
TPH C>6-C8 Aromatic <0.2 <0.2 <0.2 
TPH C>8-C10 Aromatic <0.2 <0.2 <0.2 
TPH C>10-C12 Aromatic <0.2 <0.2 <0.2 
TPH C>12-C16 Aromatic <0.2 <0.2 <0.2 
TPH C>16-C21 Aromatic <0.2 <0.2 <0.2 
TPH C>21-C35 Aromatic <0.2 <0.2 <0.2 
TPH C>35-C40 Aromatic <0.2 <0.2 <0.2 
TPH C>40 Aromatic <0.2 <0.2 <0.2 
TPH C>5-C>40 Aromatic <1.6 <1.6 <1.6 
TPH C>5-C>40 Ali+Aro <3.4 <3.4 <3.4 
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No significant hydrocarbon concentration was detected above the limit of detection in the aliphatic or 
aromatic fraction (Table 95). 

Table 96 Phenols Results on the Water Samples from the East Leg. 

SGS Lab Sample No. 
BV14-

00168.006 
BV14-

00168.005 
BV14-

00168.004 

Client sample ID Top (10 m) Middle (40 m) Bottom (86 m) 
Sample matrix Water Water Water 
Parameters (mg/l) (mg/l) (mg/l) 
Phenol <0.05 <0.05 <0.05 
m/p/o-Cresol <0.15 <0.15 <0.15 
Dimetheylphenols <0.3 <0.3 <0.3 
2,3,5-Trimethylphenol <0.05 <0.05 <0.05 
1-Naphthol <0.05 <0.05 <0.05 
2-Isopropylphenol <0.05 <0.05 <0.05 
Hydroquinone <0.05 <0.05 <0.05 
Resorcinol <0.05 <0.05 <0.05 

 
No phenol concentration was detected above the limit of detection in any of the water samples collected in 
the East leg (Table 96). 

Table 97 Alkylated Phenols Results on the Water Samples from the East Leg. 

SGS Lab Sample No. 
BV14-

00168.006 
BV14-

00168.005 
BV14-

00168.004 

Client sample ID Top (10 m) Middle (40 m) Bottom (86 m) 
Sample matrix Water Water Water 
Parameters (µg/l) (µg/l) (µg/l) 
Octylphenol 0.15 0.20 0.21 
Octylphenol monoethoxylate <0.1 <0.1 <0.1 
Octylphenol diethoxylate <0.1 <0.1 <0.1 
Nonylphenol 0.30 0.30 0.36 
Nonylphenol monoethoxylate <0.1 <0.1 0.10 
Nonylphenol diethoxylate 0.13 0.17 0.16 
Phenol <0.5 <0.5 <0.5 
C1 Alkylated phenols 3.1 5.2 8.0 
C2 Alkylated phenols <0.5 <0.5 <0.5 
C3 Alkylated phenols <0.5 <0.5 <0.5 
C4 Alkylated phenols <0.5 <0.5 <0.5 
C5 Alkylated phenols <0.5 <0.5 <0.5 
C6 to C9 Alkylated phenols <0.5 <0.5 <0.5 
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Small traces of octylphenol and nonyphenol were detected in all water samples from the East leg  
(Table 97). These parameters have been added to the OSPAR list for priority actions and had not been 
previously investigated. These compounds are known to be associated to the formulation of oil based mud. 
Although these have now been phased out from offshore use, they do not biodegrade readily. 

Table 98 Heavy Metals Results on the Water Samples from the East Leg. 

SGS Lab Sample No. 
BV14-

00168.006 
BV14-

00168.005 
BV14-

00168.004 

Client sample ID Top (10 m) Middle (40 m) Bottom (86 m) 

Sample matrix Water Water Water 

Parameters (µg/l) (µg/l) (µg/l) 

Beryllium (Be) <0.5 <0.5 <0.5 

Magnesium (Mg) 2,600,000 2,600,000 2,600,000 

Aluminium (Al) 260 650 740 

Vanadium (V) 3.4 4.5 6.8 

Chromium (Cr) 5.6 19 25 

Manganese (Mn) 20 99 119 

Iron (Fe) 580 8,300 8,400 

Cobalt (Co) 0.36 1.1 1.1 

Nickel (Ni) 6.3 16 21 

Copper (Cu) 20 75 110 

Zinc (Zn) 340 88 110 

Arsenic (As) 2.2 3.9 3.6 

Selenium (Se) 1.9 3.7 3.7 

Strontium (Sr) 9,500 10,000 10,000 

Molybdenum (Mo) 16 23 16 

Cadmium (Cd) 5.0 5.0 5.0 

Antimony (Sb) 0.9 2.3 2.2 

Barium (Ba) 280 1900 73 

Thallium (Tl) <8.5 <8.5 <8.5 

Lead (Pb) 6.6 59 68 

Thorium (Th) <7.9 <7.9 <7.9 

Mercury (Hg) 0.011 0.015 <0.01 
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Traces of various elements (Al, As, Mo, Pb, V, and Ba) are found above back ground level (Table 98). 
These are most likely associated with the corrosion of steel work and drilling mud. Strontium concentrations 
are consistent with those of the seawater in that region. 

Table 99 Anions Results on the Water Samples from the East Leg. 

SGS Lab Sample No. 
BV14-

00168.006 
BV14-

00168.005 
BV14-

00168.004 

Client sample ID Top (10 m) Middle (40 m) Bottom (86 m) 

Sample matrix Water Water Water 

Parameters (mg/l) (mg/l) (mg/l) 

Fluoride  <2 <2 2 

Chloride 20,700 # 21,200 # 20,900 # 

Nitrate <2 <2 <2 

Nitrite <2 <2 <2 

Phosphate 56 56 57 

Bromide <2 <2 <2 

Sulphate 2,440 2,470 2,430 

Due to high levels the Chloride analysis was performed on a diluted sample. 

# Result is outside of the test method limits and/or analytical range used in method precision study. 

 
The levels of chloride and sulphate (Table 99) are within the expected range for seawater. 

Table 100 Bacteria Count Results on the Water Samples from the East Leg. 

SGS Lab Sample No. 
BV14-

00168.006 
BV14-

00168.005 
BV14-

00168.004 

Client sample ID Top (10 m) Middle (40 m) Bottom (86 m) 

Sample matrix Water Water Water 

Parameters Units Results Results Results 

Most probable number SRB cells/ml 4.0 x 10-1 9.0 x 10-1 4.0 x 10-1 

Most probable number SRB 21 days cells/ml 1.5 x 100 9.5 x 100 2.5 x 100 

Most probable number NRB cells/ml >1.400 x 103 >1.400 x 103 >1.400 x 103 

Heterotrophic bacteria count @ 37°C 
after 44 hours 

cfu/ml 85 14 <1 

Heterotrophic bacteria count @ 22°C 
after 68 hours 

cfu/ml 905 1588 1002 
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Table 101 Physical Parameters for the Water Samples from the East Leg (2014). 

SGS Lab Sample No. 
BV14-

00168.006 
BV14-

00168.005 
BV14-

00168.004 

Client sample ID Top (10 m) Middle (40 m) Bottom (86 m) 

Sample matrix Water Water Water 

Parameters Units Results Results Results 

pH pH 7.9 7.7 7.8 

Measuring temperature °C 21.0 21.0 21.0 

Electrical conductivity 
ϒ25 

µS/cm 49,300 46,900 51,900 

Measuring temperature °C 20.0 19.9 20.0 

Redox potential mV 105 82 114 

Sample temperature at 
time of measurement 

°C 19.9 21.0 20.4 

Density at 15°C g/ml 1.0253 1.0257 1.0233 
 

20.7 Options for the Management of Drilling Leg Contaminated Material 

20.7.1 Introduction 

Five feasible remediation options have been identified for managing the contaminated cuttings at the bottom 
of the drilling legs on Delta and Bravo. For Delta these options will require a work-over platform installed 
(post topside removal) with the various services and utilities necessary for working down the leg. For Bravo 
the options may be undertaken either with the topside in place or with a work-over platform installed. 
The remediation options are: 

1. Recovery and downhole re-injection: The material is dredged from the drilling legs and shipped in the 
middle of the field to be re-injected into new subsea wells. 

2. Recovery and onshore disposal: The material is dredged from the drilling legs and shipped back 
to shore for onshore treatment. 

3. LiP with capping: The material is left in place but a layer of inert material such as sand is laid above 
to provide a mechanical protection and limit further contamination of the water phase above. 

4. LiP with in situ bio-stimulation: The material is left in place but various chemicals are added in the water 
phase above to promote the biodegradation of the organic compounds. 

5. LiP: No proposed remedial actions. 

The following sections provide a high level view of the engineering activities involved in each option. 

20.7.2 Recovery and Re-injection 

This option involves pumping the contaminated material from the bottom of the drilling legs up to the topside 
and into skips, via a de-watering unit, in order to ship it to another location in the Brent field where the waste 
will be re-injected into new subsea wells (Figure 122). Considering the very significant pre-investment 
associated with the new subsea wells, this option would likely only come into consideration if decision was 
made to recovered and re-inject the sediment from the storage cells. In this case, the facilities would be 
available for use at reasonable cost. 
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To remove as much material as possible, the pump will be moved between each spare conductor, where 
feasible, to pre-drilled holes made at different levels in the solid phase. The purpose of the de-watering unit 
would be to reduce the volume of slurry that would have to be shipped to the re-injection location, as well as 
optimising the space for storage on the topside. The separated water could be recycled inside the drilling 
legs or disposed of overboard within permitted limits. The volume of contaminated material is estimated to be 
approximately 1,083 to 1,827 m3 of materials in the West drilling leg and 112 m3 to 835 m3 of materials 
in the East drilling leg but the volume of water coming with it could exceed 20,000 m3 depending on the 
dilution rate achieved with the pumping system. The efficiency of such a removal method heavily relies on the 
ability of the contaminated materials to flow toward the conductor where the pump is installed. Because the 
material has been sitting at the bottom of the drilling legs for many years, however, some compaction will 
have taken place and it is possible that this will seriously reduce the ability of materials to flow. Therefore, 
it is proposed to pre-install a venture suction/injection system. This system can be used for both fluidising 
the sediment by injecting fluid and recovering the slurrified sediment using the Venturi effect. 

The recovered material would be re-injected in new subsea wells drilled in another location within the 
Brent Field. 

Figure 122 Schematic of Recovery of Contaminated Material from Drilling Leg. 

    

20.7.3 Recovery and Onshore Disposal 

This concept is similar to the recovery and re-inject concept in every step except for the disposal of the 
recovered solid phase. For this option, the solids are now shipped back to shore disposal. Once onshore, 
the solid waste would follow the same disposal route than the OBM drill cuttings. 

In the absence of the topside, this option will also be deployed from a small temporary deck linked to a semi-
sub vessel via a walkway providing the necessary utilities and personnel. The equipment would be installed 
either on the temporary deck or the vessel and all utilities provided by the vessel. Abrasive water jet cutting 
tool would be run inside the conductor to make all necessary cuts. 
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The 20 inch and 13 3/8 inch casings would be lifted with the vessel crane and loaded onto a transport 
barge. The de-watering unit would be located on the vessel where the slurry would be pumped from the 
temporary deck. The solid phase would be loaded into skip and ship back to shore on supply vessels. 

Once onshore, the solid waste would follow the same disposal route as the oil-based mud drill cuttings. 

As per the case with the topside in place, a 3D sonar would be run after and during the operation to follow 
recovery progress and confirm completion of the sediment removal. 

20.7.4 Leave in Place (Capping) 

In this option, the contaminated cuttings at the bottom of the drilling leg would be covered with a layer of 
capping material approximately 1 m thick. As with the cells, the capping material has not yet been selected; 
several types of material are still being considered. In this document bentonite is used as an example of 
a capping material but others, including mixtures such as sand plus bentonite, could be used if they fit the 
purpose and are fully inert. The aim of capping is to prevent the transfer of contaminants from the material at 
the bottom of the legs to the water layer, and to prevent the suspension of contaminated solids into the water 
phase if or when large pieces of concrete from the drilling leg or caisson fall into the drilling leg. During the 
final stage of the decommissioning, the conductors will be partially removed, In order to deploy the capping 
material, one or more ‘windows’ would have to be cut through the wall of the spare conductors below the 
last conductor guide frame (Figure 123). 

Figure 123 Schematic for Deploying Capping Agent through Conductors in Drilling Leg. 

 

In the absence of the topside, the capping agent will be deployed from a small temporary deck linked to 
a semi-sub vessel via a walkway providing the necessary utilities and personnel. The equipment would be 
installed either on the temporary deck or the vessel and all utilities provided by the vessel. Abrasive water jet 
cutting tool would be run inside the conductor where the holes need to be cut. 
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Computational fluid dynamics was run using a bentonite mixture and established that injection could be 
carried out from a single injection point. As there are several spare conductors in each leg, these would be 
the primary target for the injection. 

A 3D sonar survey would also be carried out before and after the installation of the capping agent to confirm 
that sufficient layer of capping material has been put in place. 

20.7.5 Leave in Place (In Situ Bio-stimulation) 

The process of in situ bio-stimulation applied to the drilling leg is similar in theory but different in the actual 
delivery from the minicell remediation (cf. Section 18.5.5. For the delivery, it will be assumed that multiple 
holes will have been drilled in the conductors just above the depth of the sediment surface. 

In this option, potassium nitrate and nutrients are injected to increase the rate of natural biodegradation 
whereby the bacteria consume oxygen and feed on the hydrocarbons present to provide energy for growth. 
The process consists of mixing water and nitrate on the topside and injecting the solution through one or 
more ‘windows’ (holes) cut through the wall of the spare conductors below the last conductor guide frame. 
The exact number of holes and their location has not been fully developed, but it would be expected that 
several holes would be drilled in the spare conductors. 

Abrasive high pressure water jetting is the currently-preferred method for creating the necessary holes  
(Figure 124). Internal pipe-cutting operations are commonly performed using abrasive water jetting 
equipment. Typical abrasive cutting equipment used for conductor recovery operations can cut through 
multi-string conductors and therefore is easily capable of cutting through the 1 inch thick wall of the empty 
conductor. Tool heads that divert the cutting jet in a circular pattern perpendicular to the conductor wall are 
available to produce a circular hole of the required diameter. The cutting tool requires a significant amount 
of equipment on the topsides. 

Figure 124 Internal Hole-cutting Tool Based upon Abrasive High Pressure Water Jetting. 

 

During production, the heat dissipated through the conductor walls should have had two positive effects on 
the natural biodegradation process that would be occurring in the material the bottom of the drilling legs. 
Firstly, the increase in temperature should have brought the micro-organisms towards their optimal working 
temperature. Secondly, the temperature gradient may have generated a circulation of water, driving warm 
water up the leg and bringing down colder seawater; this fresh cold seawater should have helped to renew 
the nutrients necessary for the micro-organisms. There is, however, no data available to confirm if either 
of these processes occurred, or if they did to what extent they might have enhanced biodegradation. 

If they have occurred, these two processes will cease once all the wells have been plugged and 
abandoned. The remaining contaminated drill cuttings will then be located approximately 70 m below the 
first opening to the sea; there will be minimal renewal of seawater, and the temperature will decrease 
towards ambient seawater temperature at this depth. Because these new conditions are far from ideal 
to sustain biodegradation processes, various ways to stimulate the biodegradation were investigated. 
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Several potential biological treatments – both aerobic and anaerobic – were investigated. Because aerobic 
degradation requires the continual mixing of material to provide a regular source of oxygen, it is not 
considered practical for application in the drilling legs. The only pragmatic option from a safety and 
operational point of view was the enhancement of the biodegradation by the addition of nitrate. This option 
is based upon bringing potassium nitrate, in the form of small solid pellets or powder, and diluting it in the 
drilling leg water phase. The addition of electron-donor species to the system enables the micro-organisms to 
function in an environment with little oxygen. In the anaerobic decomposition process, the hydrocarbons 
present in the water phase and the contaminated drill cuttings will be metabolised into carbon dioxide, 
nitrogen and water with following the chemical reaction: 

NO3 + Hydrocarbon →  CO2 + H2O + 0.5 N2 

It is estimated that only 60% of the hydrocarbon will be metabolised through the action of the 
microorganisms[18]. 

It is recommended that potassium nitrate is used as the electron acceptor for anaerobic remediation in the 
drilling legs, with urea and MAP (as nutrients), used in quantities as shown in Table 102. 

Table 102 Materials Required for Anaerobic Remediation in the Drilling Legs. 

Substance Duty 
Total Mass (kg) 

Best Case (Note 1) 
Total Mass (kg) 

Worst Case 
Notes 

Nitrate (ion) Electron acceptor 60,140 342,100 2 

Potassium nitrate Electron acceptor 98,940 562,800 
 Urea Nutrient 165 938 
 MAP Stimulus 67 390 
 Notes: (1) As the composition of the sediment in the drilling legs is not known exactly, two scenarios 

are selected where it is assumed that 15% of the material is contaminated (best case), 
whereas for the worst case scenario it is assumed 85 % of the material is contaminated. 

 (2) An assumed volume of 3,788 m3 is used with an efficiency factor of 0.5 added to 
compensate for losses during dosing [36]. 

 
This option is based on taking potassium nitrate to the platform, in the form of small solid pellets or 
powder, and diluting it by circulating seawater through a vessel installed on the topside. The flow diagram 
(Figure 125) shows the drilling leg and the proposed configuration of the topside equipment. Water is taken 
from the utility water system then injected into a stirred tank where the potassium nitrate is added by a screw 
conveyor from a topside bulk tank or container. 

If the contaminated materials only represent a small fraction of the overall mass (15%), it is estimated that 
approximately 100 tonnes of potassium nitrate would have to be added. In the absence of any mixing 
in the legs, the process will be limited by the depth to which the nutrients can diffuse into the sediment, 
approximately 0.5 m. If the contaminated layer is quite thick (>1 m) some form of mixing would therefore 
be necessary, at least during the initial phase of chemical injection. 

It is anticipated that this bio-stimulation degradation process would take several decades; once the topsides 
had been removed it would not be possible to access the legs to monitor or control this process, or perform 
further chemical injection. In addition, this process will, at best, only biodegrade 60% of the hydrocarbons 
and, by definition, will not modify the concentration of any of the non-biodegradable contaminants such as 
heavy metals. 



 BRENT GBS CONTENTS DECOMMISSIONING 
 TECHNICAL DOCUMENT 
 

Page | 256 

Figure 125 Flow Diagram for the in Situ Bio-stimulation Option. 

 

In the absence of the topside, the diluted chemical mixture will be deployed from a small temporary deck 
linked to a semi-sub vessel via a walkway providing the necessary utilities and personnel. The equipment 
would be installed either on the temporary deck or the vessel and all utilities provided by the vessel. 
Abrasive water jet cutting tool would be run inside the conductor where the holes need to be cut. 

The chemical mixture would be injected under some pressure to provide mixing within the water column but 
also within the top layer of sediment if possible. 

Sediment sampling would need to be done once or twice after the injection. This activity would therefore 
have to be conducted without the topside in place. 

20.7.6 Leave in Place 

This option does not involve any offshore or onshore activities. The full sampling programme will be carried 
out on Brent Bravo when the clearance of the well bay has progressed enough to enable the deployment 
of the gravity corer. 

Eventually, most of the material in the bottom of the drilling legs will be covered by concrete rubble as the 
legs and caisson collapse. If the upper parts of the legs are removed, however, the material in the bottom of 
the legs would be in direct contact with seawater and there would be a route by which contaminants (in the 
water and bound to particulates) could enter the marine environment. However, the bottom part of the legs 
would remain dead ends in term of hydrodynamics. Therefore, it is not expected that any significant 
convection could take place at that location to transport the contaminated materials into the marine 
environment. 

As there are no further activities involved for this option, it is not affected by the availability or not of the 
topside. 
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21 RESULTS OF COMPARATIVE ASSESSMENT FOR THE MANAGEMENT OF 
MATERIAL IN THE DRILLING LEGS 

21.1 Introduction 

This section presents the results of our assessments of the technically feasible options for the material found in 
the drilling legs on Brent Delta and Brent Bravo. It begins with the results for Brent Delta because all the 
options for the management of the drilling leg material would have to be performed in the absence of the 
topside. It then presents the results for Brent Bravo where, at present, all the management options could be 
performed with and without the topside. 

As described in Section 16.2 for the CAs of the cell contents, and in Section 18 for the material in the 
minicell annulus, we have concluded that the two sub-criteria ‘safety risk to other users of the sea’ and ‘effects 
on commercial fisheries’ are not applicable to the CAs of the material in the drilling legs. The safety risk for 
other users of the sea would be the same in all options and would arise as a result of the long-term presence 
of the remains of GBSs at their present locations, not from any of the operations on or around the GBSs or 
around the site of any new remote well. The effects on commercial fisheries are determined by how much 
additional fishing ground may become available after decommissioning, and none of the options for the 
material in the minicell annuli would affect this since the GBSs themselves would remain in place. 

21.2 Options Assessed 

As described in Section 20.7, five options were taken forward to the full CA of the material in the drilling 
legs; they would have the same outcome as the options for the cell sediment but different execution 
strategies. Two options involved the recovery and subsequent management of the material, two involved in 
situ management and in the final option the material would be left in place (Table 103). 

It should be noted that for Brent Bravo, all five options could be perform with the topside in place and 
without the topside in place. 

Table 103 Options Considered for the Material in the Drilling Legs on Brent Bravo and Brent Delta. 

Option  Option Name Option Description 

1 Remove and re-inject: new 
remote well 

Mobilise material, retrieve to a vessel and re-inject 
in newly-drilled subsea wells away from site 

2 Remove: vessel to onshore Mobilise material, retrieve to a vessel and transport 
to shore for treatment and disposal 

3 Leave in place capped Cap or cover in situ in the drilling legs using (e.g.) mixture 
of sand and/or gravel 

4 Leave in place with MNA Leave in situ in the drilling legs for enhanced MNA 

5 Leave in place Leave in situ in the drilling legs without further treatment 
 

21.3 Material in Brent Delta Drilling Legs 

21.3.1 Data and Weighted Scores for the Material in the Brent Delta Drilling Legs 

The raw data on the performance of each option in each sub-criterion is presented in Table 104. The data 
were then transformed onto the global scales and weighted according to the ‘standard weighting’ described 
in Section 16.4. The weighted scores are shown in Table 105. 
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Table 104 Raw Data on in each Sub-criterion for the Five Options for the Material in the Brent Delta 
Drilling Legs. 

Sub-criterion 
Options 

1 2 3 4 5 

Safety risk offshore project personnel 
(PLL) 

0.0725 0.0435 0.0180 0.0187 0.0000 

Safety risk to other users of the sea 
(PLL) 

     

Safety risk onshore project personnel 
(PLL) 

0.0000 0.0002 0.0000 0.0000 0.0000 

Operational environmental impacts 
(score) 

0.80 0.94 0.97 0.97 1.00 

Legacy environmental impacts (score) 1.00 1.00 0.96 0.96 0.95 

Energy use (GJ) 693,605 356,625 129,038 146,641 0 

Emissions (Te CO2) 51,788 26,939 9,892 11,229 2 

Technical feasibility (score) 0.00 0.27 0.46 0.45 1.00 

Effects on commercial fisheries (£)      

Employment (man-years) 609.5 378.9 145.7 154.5 0 

Communities (score) 1.00 0.90 0.99 0.99 1.00 

Cost (£ million) 152.97 95.10 36.58 38.78 0.00 

Notes: (1) There is a very small safety risk for onshore personnel in this option, but it is less than 
0.0000. 

 (2) High values for the sub-criteria assessed as ‘scores’ indicate good or desirable performance. 

 
Option1 Remove and re-inject in new remote well 

Option 2 Remove and treat onshore 

Option 3 Leave in place capped 

Option 4 Leave in place with MNA 

Option 5 Leave in place 
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Table 105 Transformed and Weighted Sub-criteria Scores for the Five Options for the Material in the Brent 
Delta Drilling Legs. 

Sub-criterion 
Options 

1 2 3 4 5 

Safety risk offshore project personnel 
(PLL) 

4.84 5.57 6.22 6.20 6.67 

Safety risk to other users of the sea 
(PLL) 

     

Safety risk onshore project personnel 
(PLL) 

6.67 6.67 6.67 6.67 6.67 

Operational environmental impacts 
(score) 

4.00 4.70 4.85 4.85 5.00 

Legacy environmental impacts (score) 5.00 5.00 4.80 4.80 4.75 

Energy use (GJ) 3.01 3.97 4.63 4.58 5.00 

Emissions (Te CO2) 3.35 4.14 4.68 4.64 5.00 

Technical feasibility (score) 0.00 5.40 9.20 9.00 20.00 

Effects on commercial fisheries (£)      

Employment (man-years) 1.91 1.19 0.46 0.48 0.00 

Communities (score) 6.67 6.00 6.60 6.60 6.67 

Cost (£ million) 14.27 16.44 18.63 18.55 20.00 

Total weighted score 49.71 59.08 66.74 66.37 79.76 

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

 
Option1 Remove and re-inject in new remote well 

Option 2 Remove and treat onshore 

Option 3 Leave in place capped 

Option 4 Leave in place with MNA 

Option 5 Leave in place 
 
On the basis of this assessment, the ‘CA-recommended option’ for the material in the Brent Delta drilling legs 
is Option 5 ‘Leave in place’. It has a total weighted score of 79.76, in contrast to Option 3’s total weighted 
score of 66.74. Figure 126 illustrates the total weighted scores and the contributions of the sub-criteria, and 
Figure 127 shows the contributions of the five main DECC criteria. 
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Figure 126 The Total Weighted Scores of the Options for the Material in the Brent Delta Drilling Legs, 
and the Contributions of the Sub-criteria. 

 

Figure 127 The Total Weighted Scores of the Options for the Material in the Brent Delta Drilling Legs, and 
the Contributions of the Five Main DECC Criteria. 
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21.3.2 Assessing the Sensitivity of the CA-recommended Option for the Material in the Brent Delta 
Drilling Legs 

21.3.2.1 Introduction 

To test the sensitivity of the CA-recommended option we applied five weighting scenarios to the transformed 
scores (as described in Section 16.5). 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. 

21.3.2.2 Results of Sensitivity Analysis 

Table 106 presents the results of the sensitivity analysis showing the total weighted scores in the standard 
weighting and each weighting scenario. Figure 128 illustrates the results of this sensitivity analysis in terms 
of the five main DECC criteria. 

In all six of the scenarios, the order of the five options does not change as a result of the changes in 
weighting. Option 5 ‘Leave in place’ always has a higher total weighted score than the next best option 
which is Option 3 ‘Leave in place capped’, and in terms of total weighted scores the descending order 
of the options in every scenario is Option 5, Option 3, Option 4, Option 2 and finally Option 1. 

Across the six scenarios Option 5 ‘Leave in place’ has a total weighted score that is from 15% to 38% 
greater than that of the next option below it, which is Option 3. The difference is greatest in Scenario 4 
‘weighted to Technical’ (23.3 weighted points, 38% greater than Option 3), followed by Scenario 6 
‘DECC 5 without economic’ (11.65 points, 24% greater) and then the ‘standard weighting’ (13.02 points, 
20% greater). 

Option 2 is consistently the better of the two ‘removal’ options but the differences between them are not as 
great as found or the cell sediment options. Option 2 has a total weighted score that is 11% to 37% greater 
than that of Option 1. 

Option 3 ‘Leave in place capped’ and Option 4 ‘Leave in place MNA’ have very similar scores under each 
of the sensitivity scenarios. Option 3 is always better than Option 4 but the differences between them are 
very small and not significant; Option 3 has a total weighted score that is from 0.4% to 0.9% greater than 
that of Option 3. There is a marked difference in all the scenarios between the better of the ‘removal’ 
options, Option 2 and the option above it which is Option 4: Option 4 has a total weighted score that 
is from 10% to 20% greater than that of Option 2. 

Finally, there is a marked difference between Option 5 (the CA-recommended option) and Option 2 (the 
better of the ‘removal’ options). The total weighted score for Option 5 is from 27% to 66% greater than that 
for Option 2. The difference is greatest in Scenario 4 ‘weighted to Technical’ (33.4 weighted points, 66% 
greater than Option2), then Scenario 6 ‘DECC 5 without economic’ (17.1 points, 40% greater) and then the 
‘standard weighting’ (20.7 points, 35% greater). 

From this examination of sensitivity Option 5 ‘Leave in place’ remains the option with the best overall 
performance, and is thus identified as the emerging recommendation. 
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Table 106 Total Weighted Scores and Ranking of the Options for the Material in the Brent Delta 
Drilling Legs. 

Weighting Scenario 
Option 

1 2 3 4 5 

1. Five main DECC criteria 
Rank 

49.71 59.08 66.74 66.37 79.76 

5 4 2 3 1 

2. Weighted to Safety 
Rank 

51.65 59.59 66.14 65.84 76.47 

5 4 2 3 1 

3. Weighted to Environmental 
Rank 

56.47 66.57 73.75 73.36 84.50 

5 4 2 3 1 

4. Weighted to Technical 
Rank 

37.28 51.05 61.55 61.02 84.81 

5 4 2 3 1 

5. Weighted to Societal 
Rank 

47.99 53.28 58.86 58.62 68.14 

5 4 2 3 1 

6. Five main DECC criteria without Economic 
Rank 

35.44 42.64 48.11 47.83 59.76 

5 4 2 3 1 

 
Option1 Remove and re-inject in new remote well 

Option 2 Remove and treat onshore 

Option 3 Leave in place capped 

Option 4 Leave in place with MNA 

Option 5 Leave in place 
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Figure 128 Results of the Sensitivity Analysis of the Options for the Material in the Brent Delta Drilling Legs. 
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5: Weighted to Societal. 

Options for Delta drilling leg material Scenario 
6: DECC 5 main criteria without Economic. 
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21.3.3 Identification and Discussion of the Recommended Option for the Material in the Brent Delta 
Drilling Legs 

21.3.3.1 Introduction 

Option 1 ‘Remove and re-inject in new remote well’ and Option 2 ‘Remove and treat onshore’ would both 
result in the removal of the material from its present location in the drilling legs , and thus prevent the eventual 
exposure of this material to the marine environment. Option 2 is the better of the ‘removal’ options. 

Option 5 ‘Leave in place’ is consistently the best option with a total weighted score that is from 15% to 38% 
greater than the next best option (Option 3). Option 5’s total weighted score is significantly and consistently 
greater than that of the better of the ‘removal’ options, Option 2. The difference is least in Scenario 3 
‘weighted to Environment’ (17.9 weighted points, 27% greater than Option 2) and greatest in Scenario 4 
‘weighted to Technical’ (33.8 weighted points, 66% greater than Option 2). The sections below therefore 
examine the differences between Option 2 ‘Remove and treat onshore’ (the better of the ‘removal’ options) 
and the emerging recommendation, Option 5 ‘Leave in place’. 

Examination of both the transformed unweighted data (Table 104) and the weighted scores (Table 105) for 
each of the sub-criteria shows that the differences between the two options are driven by the difference in 
performance in ‘technical feasibility’ and ‘cost’, which are very much better in Option 5 ‘Leave in place’. 
All the other sub-criteria show only very small differences between the options in terms of their weighted 
scores. This is illustrated in Figure 129 which shows the differences (positive or negative) in the weighted 
scores in each sub-criterion for these two options for the material in the Brent Delta drilling legs; the green 
bars indicate sub-criteria where Option 5 has the better performance and the red bars indicate sub-criteria 
where Option 2 has the better performance. 

Figure 129 Difference Chart Comparing the Weighted Scores for each Sub-criterion in Two Options for 
the Material in the Brent Delta Drilling Legs, under the Standard Weighting. 

 

Green bars: Option 5 ‘Leave in place’ is better than 
Option 2 ‘Remove and treat onshore’ 

Red bars: Option 2 ‘Remove and treat onshore’ is better 
than Option 5 ‘Leave in place’ 

 
It is therefore instructive to examine the differences between Option 5 and Option 2 to determine if the 
relatively poorer performance of Option 2 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 129, and determine the 
extent to which differences in performance are material in reaching a recommendation for the material in 
the Brent Delta drilling legs. 
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21.3.3.2 Technical Feasibility 

Option 5 achieved the highest possible technical feasibility score because there would be no operations 
in this option. All the other options receive very poor scores because of the difficulty there would be in 
accessing the material at the bottom of the drilling legs. As described in Section 20.7 there are very 
significant concerns about the Technical Feasibility of gaining access to and mobilising the material at the 
bottom of the drilling legs. With the exception of Option 5, all options would require the material to be 
accessed through holes cut in the conductors, and for all this work to be performed from a vessel and/or a 
temporary work platform placed on top of the drilling legs because the topside would not be available. 

Although a credible programme of work has been described for removing the material in the drilling legs (as 
a slurry in combination with the sea water above it, and probably also mixed with the top-hole cuttings lying 
beneath the layer of oily material), no FEED or design work has been undertaken. A detailed programme of 
design, fabrication and testing would be required before a full scale attempt at removing the material in the 
drilling leg could be undertaken. Important aspects that would require attention are (i) a method of working 
over the drilling legs once the topside had been removed; (ii) the development of a system for deploying a 
cutting tool into the conductors and cutting the necessary hole(s) at the required depth(s); and (iii) the 
development and testing of a suction system for mobilising the material and returning it directly to the surface 
some 100 m above without the aid of booster pumps. 

We have therefore concluded that the sub-criterion ‘Technical Feasibility’ is a very strong differentiator 
between the options. 

21.3.3.3 Cost 

There is no cost for Option 5 because there would be no operations, and any monitoring of the material in 
the drilling legs would be incorporated in the long-term monitoring programme to be discussed with BEIS. 
The estimated cost for Option 2 is approximately £95 million, and reflects the amounts of offshore and 
onshore work that would be required. In particular it reflects the effort that would be required offshore from 
a vessel to access the drilling legs, install temporary work platforms, cut holes in the conductors and then 
deploy and control a suction dredging system. 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. 

Option 2 is relatively inexpensive in relation to some options for other Brent facilities (e.g. £534 million for 
offshore re-injection of cell sediments) and thus achieves quite a high score of 0.85 on the global scale. 
Nonetheless, £95 million is a considerable sum, and, consequently, we have concluded that the sub-
criterion ‘cost’ is a strong differentiator between the options. 

21.3.3.4 Safety Risk to Offshore Project Personnel 

In Option 2 ‘Remove and treat onshore’ the safety risk for project personnel offshore is estimated to be a PLL 
of 0.0435. That is, if about 23 ‘Brent Delta drilling leg materials’ were to be decommissioned in this way, 
with the material being slurrified in the drilling leg water, then pumped to a tanker and taken to shore for 
treatment and disposal, there might be one fatality among the exposed group ‘offshore project personnel’. 

PLLs are often expressed in scientific notation, and for Option 2 the risk would be 43.5 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). The safety risk for offshore project personnel in Option 5 is 0.00. 

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. Although the estimated PLL for offshore personnel in Option 2 is about 
forty times greater than the maximum ALARP range, the risks to our project personnel offshore (and onshore) 
would be amenable to further reduction. 

Consequently, we have concluded that the sub-criterion ‘safety risk to offshore project personnel’ is not 
a strong differentiator between the options. 
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21.3.3.5 Energy Use and Gaseous Emissions 

There would be no use of energy or gaseous emissions in Option 5, because nothing would be done. 
The estimated total net energy use for Option 2 is 356,625 GJ and is largely associated with the use of 
vessels offshore to work over the legs, recover the drilling leg material and transport it to shore. 

The estimated total CO2 emissions from Option 2 (26,939 tonnes) are equivalent to approximately 6.8% of 
the total annual CO2 emissions from all Brent platforms when they were operating (396,000 Te). This is very 
low in comparison with the total CO2 emissions from all UKCS oil and gas platforms and insignificant in 
comparison with the UK commitment under the Climate Change Act [35]. 

The absolute amounts of energy and gaseous emissions in Option 2 are very small and consequently we 
have concluded that the sub-criteria ‘energy use’ and ‘gaseous emissions’ are not strong differentiators 
between the options. 

21.3.3.6 Impact on Communities 

In Option 2 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, light and increased traffic nuisance at the onshore reception 
and treatment site [33][33]. This assessment assumed that the slurry of drilling leg material would be treated 
and disposed of through an existing well-managed onshore site. There would be no impacts on amenities in 
Option 5 because nothing would be done onshore. 

As described in the ES [33] 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 treatment and disposal of 
the slurry. 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 treatment and disposal of the slurry 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. 

The treatment and disposal of the material in the drilling legs would not be a unique operation and the 
volumes being treated at any one time and the durations of operations would not be great. The impacts on 
amenities and local communities from the treatment and disposal of the drilling leg material 0.90 on the 
global scale of 1.0, and would be similar in nature to previous effects, contained with the treatment site, and 
amenable to additional mitigation measures. The slurry would be transported to shore by tanker and quickly 
off-loaded into onshore storage tanks, but processing would proceed at a measured pace and take several 
days. There would therefore be opportunities for careful control and management of the onshore operations, 
and, if warranted, for improvements and additional controls to be put in place as the treatment and disposal 
operations progressed. 

We have therefore concluded that the sub-criterion ‘impact on communities’ is not a strong differentiator 
between the options. 

21.3.3.7 Operational Environmental Impacts 

In Option 2 ‘Remove and treat onshore’, the operations to access the drilling legs, recover the material, 
pump it to a tanker, and transport it to shore and into holding tanks, would involve a variety of vessels 
working at the site for several weeks. With the exception of the tanker transportation to shore, all the 
operations would be performed within the existing 500 m safety zone. The main impact of these operations 
would be underwater noise from vessels. DNV-GL [33] estimated that this might affect some marine mammals 
in 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. In addition, DNV-GL identified some risk from the possibility 
of fugitive emissions and spillages from the dredging system or the tanker during the recovery of the slurry. 
There are no offshore impacts in Option 5 ‘Leave in place’ because nothing would be done. 
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The potential for actual operational impacts in Option 2 is small and amenable to further mitigation, 
particularly with respect to ensuring that all the material in the utility leg is contained during the recovery 
operations. Consequently, we have concluded that the sub-criterion ‘operational environmental impacts’ 
is not a strong differentiator between the options. 

21.3.3.8 Safety Risk to Onshore Project Personnel 

There is no risk to onshore project personnel in Option 5 ‘Leave in place’ because nothing would be done. 
In Option 2 ‘Remove and treat onshore’ the safety risk for project personnel onshore is estimated to be a PLL 
of 0.0002 (0.20 x 10-3). This is well within the ALARP range, and consequently, we have concluded that the 
sub-criterion ‘safety risk to onshore project personnel’ is not a strong differentiator between the options. 

21.3.3.9 Legacy Environmental Impacts 

The removal of the material from the drilling legs in Option 2 would eliminate the potential for any legacy 
environmental impacts, and thus attained the highest possible score of 1.0 on the global scale for legacy 
impacts. 

In Option 5 ‘Leave in place’, the score of 0.95 determined by DNV-GL was informed primarily by their 
assessment of the effects on the marine ecosystem of the escape and eventual exposure of the material in the 
drilling legs. No specific modelling has been performed for the release or exposure of the material in the 
minicell annulus. There are at least three cell walls between the drilling leg material and the open sea, and 
in contrast to the cell sediments there is a strong leg above this material rather than a thin concrete dome. 
As the drilling legs degrade concrete debris and, later, larger sections of leg will impact the cell walls that 
protect the drilling leg material. Material lying on the top-hole cuttings in the drilling leg will be disturbed and 
mobilised by these events, and possibly ejected, but it will also be covered by falling debris. It is therefore 
very difficult to envisage a likely exposure scenario. DNV-GL therefore assessed the potential legacy effects 
of this material by comparison with the potential legacy effects of the cell sediment, drawing on the detailed 
modelling and toxicological assessment performed for the exposure of the cell sediment as reported in the 
ES[33]. 

We estimate that there might be a total of 2,000 m3 of contaminated material in the Delta drilling legs, 
in comparison to the estimated 17,280 m3 of sediment in the former oil storage cells. Its oil content is 
approximately 4% in contrast to the 25% oil content of the cell sediment. Oil and other contaminants in the 
drilling leg material may eventually be exposed to the marine environment but a proportion, perhaps the 
greater proportion, may remain in the legs buried under concrete debris from the degradation and then 
collapse of the legs and the walls of the cells. 

Consequently, we have concluded that the sub-criterion ‘legacy environmental impact’ is not a strong 
differentiator between the options. 

21.3.3.10 Employment 

Option 2 would support about 380 man-years of employment over several offshore and onshore activities 
(and in particular through the use of vessels) including gaining access the tops of the legs, creating access 
through conductors, suction dredging, transportation, and onshore treatment and disposal. The total volume 
of material that might be handled is relatively small and the periods of activity quite short. It is unlikely that 
new jobs would be created to meet the demands of these operations and the number of jobs that might 
be supported is not large in comparison with other activities in the Brent decommissioning programme. 
Consequently, we have concluded that the sub-criterion ‘employment’ is not a strong differentiator between 
the options. 
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21.3.4 Conclusions for Material in the Brent Delta Drilling Legs 

The drivers and trade-offs for the decommissioning of the material in the Brent Delta drilling legs involve a 
consideration of how feasible and safe it would be to remove the material (as a slurry mixed with the water 
above it and some or all of the top-hole cuttings below it) and how proportionate this would be in relation 
to the elimination of a very localised but low-level and long-term impact to the marine ecosystem that might 
otherwise occur after 200 to 500 years when the material in the drilling legs is exposed following the 
collapse of the legs. 

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 the significant sub-criteria serving to strongly differentiate the options are ‘technical feasibility’ 
and ‘cost’. With the topsides no longer in place either a vessel stationed alongside the leg or a temporary 
work platform on top of the leg would have to be used to gain access to the top of the drilling leg. This 
would enable the conductors to be accessed and used as conduits for the deployment of a suction system 
and the return of slurry to the surface. Such operations have not been performed before and would require a 
considerable amount of planning and testing before they could be executed safely and with a high likelihood 
of success. The technical difficulty and cost of gaining access to the drilling leg material are significant 
reasons why ‘leave in place’ is preferable to ‘remove and treat onshore’. 

The CA has shown that the technical difficulty and cost associated with the removal of the material in the 
drilling legs would be disproportionate to the benefit of eliminating the small additional legacy environmental 
impact. 

21.3.5 Recommended Option for the Material in the Brent Delta Drilling Legs 

The recommended option for the material in the Brent Delta drilling legs is Option 5 ‘Leave in place’. 

21.4 Material in Brent Bravo Drilling Legs 

21.4.1 Options for the Management of the Material in the Brent Bravo Drilling Legs 

Since the Brent Bravo topside is still in place, it could be used as a working platform to perform all of the 
options for actively managing the drilling leg material. Consequently, Options 1 to 4 each have two 
variants, ‘a’ with the topside in place and ‘b’ with the topside removed. 

21.4.2 Data and Weighted Scores for the Material in the Brent Bravo Drilling Legs 

The raw data on the performance of each option in each sub-criterion is presented in Table 107. The data 
were then transformed onto the global scales and weighted according to the ‘standard weighting’ described 
in Section 16.5. The weighted scores are shown in Table 108. 
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Table 107 Raw Data on in each Sub-criterion for the Nine Options for the Material in the Brent Bravo Drilling Legs. 

Sub-criterion 
Options 

1a 1b 2a 2b 3a 3b 4a 4b 5 

Safety risk offshore project personnel (PLL) 0.0223 0.0725 0.0031 0.0435 0.0003 0.0180 0.0004 0.0189 0.0000 

Safety risk to other users of the sea (PLL)          

Safety risk onshore project personnel (PLL) 0.0000 0.0000 0.0002 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 

Operational environmental impacts (score) 0.80 0.80 0.94 0.94 0.97 0.97 0.97 0.97 1.00 

Legacy environmental impacts (score) 1.00 1.00 1.00 1.00 0.96 0.96 0.96 0.96 0.95 

Energy use (GJ) 298,359 693,605 119,627 356,625 694 129,038 694 146,641 0 

Emissions (Te CO2) 22,020 51,788 8,843 26,939 53 9,892 53 11,229 2 

Technical feasibility (score) 0.05 0.00 0.30 0.27 0.50 0.46 0.48 0.45 1.00 

Effects on commercial fisheries (£)          

Employment (man-years) 222.6 609.5 64.2 378.9 2.1 145.7 2.6 154.5 0 

Communities (score) 1.00 1.00 0.90 0.90 0.99 0.99 0.99 0.99 1.00 

Cost (£ million) 55.87 152.97 16.11 95.10 0.53 36.58 0.66 38.78 0.00 

Notes: (1) There is a very small safety risk for onshore personnel in this option, but it is less than 0.0000. 
 (2) High values for the sub-criteria assessed as ‘scores’ indicate good or desirable performance. 

 
Option1a Remove and re-inject in new remote well, topside in place 

Option1b Remove and re-inject in new remote well, topside removed 

Option 2a Remove and treat onshore, topside in place 

Option 2b Remove and treat onshore, topside removed 

Option 3a Leave in place capped, topside in place 

Option 3b Leave in place capped, topside removed 

Option 4a Leave in place with MNA, topside in place 

Option 4b Leave in place with MNA, topside removed 

Option 5 Leave in place 
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Table 108 Transformed and Weighted Sub-criteria Scores for the Nine Options for the Material in the Brent Bravo Drilling Legs. 

Sub-criterion 
Options 

1a 1b 2a 2b 3a 3b 4a 4b 5 

Safety risk offshore project personnel (PLL) 6.11 4.84 6.59 5.57 6.66 6.22 6.66 6.19 6.67 

Safety risk to other users of the sea (PLL)          

Safety risk onshore project personnel (PLL) 6.67 6.67 6.67 6.67 6.67 6.67 6.67 6.67 6.67 

Operational environmental impacts (score) 4.00 4.00 4.70 4.70 4.85 4.85 4.85 4.85 5.00 

Legacy environmental impacts (score) 5.00 5.00 5.00 5.00 4.80 4.80 4.80 4.80 4.75 

Energy use (GJ) 4.14 3.01 4.66 3.97 5.00 4.63 5.00 4.58 5.00 

Emissions (Te CO2) 4.30 3.35 4.72 4.14 5.00 4.68 5.00 4.64 5.00 

Technical feasibility (score) 1.00 0.00 6.00 5.40 10.00 9.20 9.60 9.00 20.00 

Effects on commercial fisheries (£)          

Employment (man-years) 0.70 1.91 0.20 1.19 0.01 0.46 0.01 0.48 0.00 

Communities (score) 6.67 6.67 6.00 6.00 6.60 6.60 6.60 6.60 6.67 

Cost (£ million) 17.91 14.27 19.40 16.44 19.98 18.63 19.98 18.55 20.00 
 

Option1a Remove and re-inject in new remote well, topside in place 

Option1b Remove and re-inject in new remote well, topside removed 

Option 2a Remove and treat onshore, topside in place 

Option 2b Remove and treat onshore, topside removed 

Option 3a Leave in place capped, topside in place 

Option 3b Leave in place capped, topside removed 

Option 4a Leave in place with MNA, topside in place 

Option 4b Leave in place with MNA, topside removed 

Option 5 Leave in place 
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On the basis of this assessment, the ‘CA-recommended option’ for the material in the Brent Bravo drilling 
legs is Option 5 ‘Leave in place’. It has a total weighted score of 79.76, in contrast to Option 3a’s total 
weighted score of 69.57. Figure 130 illustrates the total weighted scores and the contributions of the sub-
criteria, and Figure 131 shows the contributions of the five main DECC criteria. 

Figure 130 The Total Weighted Scores of the Options for the Material in the Brent Bravo Drilling Legs, 
and the Contributions of the Sub-criteria. 
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Figure 131 The Total Weighted Scores of the Options for the Material in the Brent Bravo Drilling Legs, 
and the Contributions of the Five Main DECC Criteria. 

 

21.4.3 Assessing the Sensitivity of the CA-recommended Option for the Material in the Brent Bravo 
Drilling Legs 

21.4.3.1 Introduction 

To test the sensitivity of the CA-recommended option we applied five weighting scenarios to the transformed 
scores (as described in Section 16.5). 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. 

21.4.3.2 Results of Sensitivity Analysis 

Table 109 presents the results of the sensitivity analysis showing the total weighted scores in the standard 
weighting and each weighting scenario. Figure 132 illustrates the results of this sensitivity analysis in terms 
of the five main DECC criteria. 
In all six of the scenarios, the order of the five options does not change as a result of the changes in 
weighting. Option 5 ‘Leave in place’ always has a higher total weighted score than the next best option 
which is Option 3a ‘Leave in place capped, topside on’, and in terms of total weighted scores the 
descending order of the options in every scenario is Option 5, Option 3a, Option 4a, Option 3b, 4b, 2a, 
2b,1a and finally Option 1b. In all of the options in which the material in the drilling legs might be actively 
managed, the variant with the topside in place always has a higher total weighted score than the variant 
with the topside removed. Consequently, there is no further discussion in the remainder of this section of any 
of the options that would be performed with the topside removed. 
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Across the six scenarios Option 5 ‘Leave in place’ has a total weighted score that is from 10% to 31% 
greater than that of the next option below it, which is Option 3a. The difference is greatest in Scenario 4 
‘weighted to Technical’ (20.1 weighted points, 31% greater than Option 3a), followed by Scenario 6 
‘DECC 5 without economic’ (10.2 points, 21% greater) and then the ‘standard weighting’ (10.1 points, 
15% greater). 

Option 2a ‘Remove and treat onshore, topside in place’ is consistently the better of the two ‘removal’ 
options; it has a total weighted score that is 10% to 27% greater than that of Option 1a. ‘Remove and 
re-inject in new remote well’ 

Option 3a ‘Leave in place capped’ and Option 4a ‘Leave in place MNA’ have very similar scores under 
each of the sensitivity scenarios. Option 3a is always better than Option 4a but the differences between 
them are very small and not significant; Option 3a has a total weighted score that is from 0.4% to 1.3% 
greater than that of Option 4a. There is a marked difference in all the scenarios between the better of the 
‘removal’ options, Option 2a and the option above it which is Option 4a: Option 4a has a total weighted 
score that is from 6% to 15% greater than that of Option 2a. 

Finally, there is a marked difference between Option 5 (the CA-recommended option) and Option 2a (the 
better of the ‘removal’ options). The total weighted score for Option 5 is from 18% to 52% greater than that 
for Option 2a. The difference is greatest in Scenario 4 ‘weighted to Technical’ (29.4 weighted points, 52% 
greater than Option 2a), then Scenario 6 ‘DECC 5 without economic’ (15.2 points, 34% greater) and then 
the ‘standard weighting’ (15.8 points, 25% greater). 

From this examination of sensitivity Option 5 ‘Leave in place’ remains the option with the best overall 
performance, and is thus identified as the emerging recommendation. 
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Table 109 Total Weighted Scores and Ranking of the Options for the Material in the Brent Bravo Drilling Legs. 

Weighting Scenario 
Options 

1a 1b 2a 2b 3a 3b 4a 4b 5 

1. Five main DECC criteria 
Rank 

56.49 49.71 63.93 59.08 69.57 66.74 69.16 66.37 79.76 

8 9 6 7 2 4 3 5 1 

2. Weighted to Safety 
Rank 

58.32 51.65 64.50 59.59 68.82 66.14 68.51 65.83 76.47 

8 9 6 7 2 4 3 5 1 

3. Weighted to Environmental 
Rank 

64.16 56.47 71.78 66.57 76.73 73.75 76.42 73.36 84.50 

8 9 6 7 2 4 3 5 1 

4. Weighted to Technical 
Rank 

43.61 37.28 55.44 51.05 64.67 61.55 63.87 61.02 84.81 

8 9 6 7 2 4 3 5 1 

5. Weighted to Societal 
Rank 

51.56 47.99 55.69 53.28 60.42 58.86 60.12 58.62 68.14 

8 9 6 7 2 4 3 5 1 

6. Five main DECC  without Economic 
Rank 

38.58 35.44 44.54 42.64 49.59 48.11 49.19 47.82 59.76 

8 9 6 7 2 4 3 5 1 
 

Option1a Remove and re-inject in new remote well, topside in place 

Option1b Remove and re-inject in new remote well, topside removed 

Option 2a Remove and treat onshore, topside in place 

Option 2b Remove and treat onshore, topside removed 

Option 3a Leave in place capped, topside in place 

Option 3b Leave in place capped, topside removed 

Option 4a Leave in place with MNA, topside in place 

Option 4b Leave in place with MNA, topside removed 

Option 5 Leave in place 
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Figure 132 Results of the Sensitivity Analysis of the Options for the Material in the Brent Bravo Drilling Legs. 

   

Options for Bravo drilling leg material Scenario 1: 
Standard weighting: DECC 5 criteria equal. 

Options for Bravo drilling leg material Scenario 
2: Weighted to Safety. 

Options for Bravo drilling leg material Scenario 
3: Weighted to Environment. 

   

Options for Bravo drilling leg material Scenario 4: 
Weighted to Technical. 

Options for Bravo drilling leg material Scenario 
5: Weighted to Societal. 

Options for Bravo drilling leg material Scenario 
6: DECC 5 main criteria without Economic. 
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21.4.4 Identification and Discussion of the Recommended Option for the Material in the Brent Bravo 
Drilling Legs 

21.4.4.1 Introduction 

Option 1a ‘Remove and re-inject in new remote well’ and Option 2a ‘Remove and treat onshore’ would both 
result in the removal of the material from its present location in the drilling legs , and thus prevent the eventual 
exposure of this material to the marine environment. Option 2a is the better of the ‘removal’ options. 

Option 5 ‘Leave in place’ is consistently the best option with a total weighted score that is from 10% to 31% 
greater than the next best option (Option 3a Leave in place capped, topside in place’). Option 5’s total 
weighted score is significantly and consistently greater than that of the better of the ‘removal’ options, Option 
2a. The difference is least in Scenario 3 ‘weighted to Environment’ (12.7 weighted points, 18% greater than 
Option 2a) and greatest in Scenario 4 ‘weighted to Technical’ (20.1 weighted points, 31% greater than 
Option 2a). The sections below therefore examine the differences between Option 2a ‘Remove and treat 
onshore, topside in place’ (the better of the ‘removal’ options) and the emerging recommendation, Option 5 
‘Leave in place’. 

Examination of both the transformed unweighted data (Table 107) and the weighted scores (Table 108) for 
each of the sub-criteria shows that the differences between the two options are driven by the difference in 
performance in ‘technical feasibility’, which is very much better in Option 5 ‘Leave in place’. All the other 
sub-criteria show only very small differences between the options in terms of their weighted scores. This is 
illustrated in Figure 133 which shows the differences (positive or negative) in the weighted scores in each 
sub-criterion for these two options for the material in the Brent Bravo drilling legs; the green bars indicate 
sub-criteria where Option 5 has the better performance and the red bars indicate sub-criteria where 

Option 2a has the better performance. 

Figure 133 Difference Chart Comparing the Weighted Scores for each Sub-criterion in Two Options for 
the Material in the Brent Bravo Drilling Legs, under the Standard Weighting. 

 

Green bars: Option 5 ‘Leave in place’ is better than 
Option 2a ‘Remove and treat onshore, topside in place’ 

Red bars: Option 2a ‘Remove and treat onshore, 
topside in place’ is better than Option 5 ‘Leave in place’ 

 
It is therefore instructive to examine the differences between Option 5 and Option 2a to determine if the 
relatively poorer performance of Option 2a 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 133, and determine the 
extent to which differences in performance are material in reaching a recommendation for the material in 
the Brent Bravo drilling legs. 
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21.4.4.2 Technical Feasibility 

Option 5 achieved the highest possible technical feasibility score because there would be no operations 
in this option. All the other options receive modest or poor scores because of the difficulty there would be 
in accessing the material at the bottom of the drilling legs. As described in Section 20.7, there are very 
significant concerns about the Technical Feasibility of gaining access to and mobilising the material at the 
bottom of the drilling legs. With the exception of Option 5, all options would require the material to be 
accessed through holes cut in the conductors, although it would be easier to do this from the existing topside 
than from a vessel or temporary work platform. 

Although a credible programme of work has been described for removing the material in the drilling legs 
(as a slurry in combination with the sea water above it, and probably also mixed with the top-hole cuttings 
lying beneath the layer of oily material), no FEED or design work has been undertaken. A detailed 
programme of design, fabrication and testing would be required before a full scale attempt at removing the 
material in the drilling leg could be undertaken. Important aspects that would require attention are (i) the 
development of a system for deploying a cutting tool into the conductors and cutting the necessary hole(s) at 
the required depth(s); and (ii) the development and testing of a suction system for mobilising the material and 
returning it directly to the surface some 100 m above without the aid of booster pumps. 

We have therefore concluded that the sub-criterion ‘Technical Feasibility’ is a very strong differentiator 
between the options. 

21.4.4.3 Impact on Communities 

In Option 2a 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, light and increased traffic nuisance at the onshore 
reception and treatment site [33]. This assessment assumed that the slurry of drilling leg material would be 
treated and disposed of through an existing well-managed onshore site. There would be no impacts on 
amenities in Option 5 because nothing would be done onshore. 

As described in the ES [33] 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 treatment and disposal of 
the slurry. 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 treatment and disposal of the slurry 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. 

The treatment and disposal of the material in the drilling legs would not be a unique operation and the 
volumes being treated at any one time and the durations of operations would not be great. The impacts on 
amenities and local communities from the treatment and disposal of the drilling leg material 0.90 on the 
global scale of 1.0, and would be similar in nature to previous effects, contained with the treatment site, and 
amenable to additional mitigation measures. The slurry would be transported to shore by tanker and quickly 
off-loaded into onshore storage tanks, but processing would proceed at a measured pace and take several 
days. There would therefore be opportunities for careful control and management of the onshore operations, 
and, if warranted, for improvements and additional controls to be put in place as the treatment and disposal 
operations progressed. 

We have therefore concluded that the sub-criterion ‘impact on communities’ is not a strong differentiator 
between the options. 
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21.4.4.4 Cost 

There is no cost for Option 5 because there would be no operations, and any monitoring of the material in 
the drilling legs would be incorporated in the long-term monitoring programme to be discussed with BEIS. 
The estimated cost for Option 2a is approximately £16 million, and is much cheaper than a similar option 
performed from a vessel or temporary work platform. 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. 

Option 2a is not expensive in relation to some options for other Brent facilities (e.g. £534 million for offshore 
re-injection of cell sediments) and thus achieves quite very score of 0.97 on the global scale. Consequently, 
we have concluded that the sub-criterion ‘cost’ is not a strong differentiator between the options. 

21.4.4.5 Energy Use 

There would be no use of energy in Option 5, because nothing would be done. The estimated total net 
energy use for Option 2a is 119,627 GJ and is largely associated with the use of a tanker to transport 
recovered slurry to shore, and the treatment of the slurry onshore. 

The absolute amount of energy in Option 2a is very small and consequently we have concluded that the 
sub-criterion ‘energy use’ is not a strong differentiator between the options. 

21.4.4.6 Operational Environmental Impacts 

In Option 2a ‘Remove and treat onshore’, the operations to access the drilling legs, recover the material, 
pump it to a tanker, and transport it to shore and into holding tanks, would involve work on the existing 
topside and the use of a tanker for few days. The main impact of these operations would be a risk of fugitive 
emissions and spillages from the dredging system or the tanker during the recovery of the slurry, and perhaps 
underwater noise from vessels. There are no offshore impacts in Option 5 ‘Leave in place’ because nothing 
would be done. 

The potential for actual operational impacts in Option 2a is very small and amenable to further mitigation, 
particularly with respect to ensuring that all the material in the drilling legs is contained during the recovery 
operations. Consequently, we have concluded that the sub-criterion ‘operational environmental impacts’ is 
not a strong differentiator between the options. 

21.4.4.7 Gaseous Emissions 

There would be no gaseous emissions in Option 5, because nothing would be done. The estimated total 
CO2 emissions from Option 2a (8,843 tonnes) are equivalent to approximately 2.2% of the total annual 
CO2 emissions from all Brent platforms when they were operating (396,000 Te). This is very low in 
comparison with the total CO2 emissions from all UKCS oil and gas platforms and insignificant in 
comparison with the UK commitment under the Climate Change Act [35]. 

Consequently, we have concluded that the sub-criterion ‘gaseous emissions’ is not a strong differentiator 
between the options. 

21.4.4.8 Safety Risk to Offshore Project Personnel 

In Option 2a ‘Remove and treat onshore, topside in place’ the safety risk for project personnel offshore 
is estimated to be a PLL of 0.0031. That is, if about 320 ‘Brent Delta drilling leg materials’ were to be 
decommissioned in this way, with the material being slurrified in the drilling leg water, then pumped to a 
tanker and taken to shore for treatment and disposal, there might be one fatality among the exposed group 
‘offshore project personnel’. 

PLLs are often expressed in scientific notation, and for Option 2 the risk would be 3.1 x 10 -3, which is about 
3 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). The safety risk for offshore project personnel in Option 5 is 0.00. 
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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. Although the estimated PLL for offshore personnel in Option 2 is about 
three times greater than the maximum ALARP range, the risks to our project personnel offshore (and onshore) 
would be amenable to further reduction. 

Consequently, we have concluded that the sub-criterion ‘safety risk to offshore project personnel’ is not a 
strong differentiator between the options. 

21.4.4.9 Safety Risk to onshore Project Personnel 

There is no risk to onshore project personnel in Option 5 ‘Leave in place’ because nothing would be done. 
In Option 2a ‘Remove and treat onshore, topside in place’ the safety risk for project personnel onshore is 
estimated to be a PLL of 0.0002 (0.20 x 10-3). This is well within the ALARP range, and consequently, we 
have concluded that the sub-criterion ‘safety risk to onshore project personnel’ is not a strong differentiator 
between the options. 

21.4.4.10 Employment 

Option 2a would support about 64 man-years of employment over several offshore and onshore activities 
including creating access through the conductors, suction dredging, transportation, and onshore treatment 
and disposal. The total volume of material that might be handled is relatively small and the periods of activity 
quite short. It is unlikely that new jobs would be created to meet the demands of these operations and the 
number of jobs that might be supported is not large in comparison with other activities in the Brent 
decommissioning programme. Consequently, we have concluded that the sub-criterion ‘employment’ 
is not a strong differentiator between the options. 

21.4.4.11 Legacy Environmental Impacts 

The removal of the material from the drilling legs in Option 2a would eliminate the potential for any legacy 
environmental impacts, and thus attained the highest possible score of 1.0 on the global scale for legacy 
impacts. 

In Option 5 ‘Leave in place’, the score of 0.95 determined by DNV-GL was informed primarily by their 
assessment of the effects on the marine ecosystem of the escape and eventual exposure of the material in 
the drilling legs. No specific modelling has been performed for the release or exposure of the material in the 
minicell annulus. There are at least three cell walls between the drilling leg material and the open sea, and 
in contrast to the cell sediments there is a strong leg above this material rather than a thin concrete dome. 
As the drilling legs degrade concrete debris and, later, larger sections of leg will impact the cell walls that 
protect the drilling leg material. Material lying on the top-hole cuttings in the drilling leg will be disturbed and 
mobilised by these events, and possibly ejected, but it will also be covered by falling debris. It is therefore 
very difficult to envisage a likely exposure scenario. DNV-GL therefore assessed the potential legacy effects 
of this material by comparison with the potential legacy effects of the cell sediment, drawing on the detailed 
modelling and toxicological assessment performed for the exposure of the cell sediment as reported in the ES 

[33]. 

In the absence of samples we have assumed that there might be a total of 2,000 m3 of contaminated 
material in the Bravo drilling legs, in comparison to the estimated 17,280 m3 of sediment in the former 
oil storage cells. Its oil content is approximately 4% in contrast to the 25% oil content of the cell sediment. 
Oil and other contaminants in the drilling leg material may eventually be exposed to the marine environment 
but a proportion, perhaps the greater proportion, may remain in the legs buried under concrete debris from 
the degradation and then collapse of the legs and the walls of the cells. 

Consequently, we have concluded that the sub-criterion ‘legacy environmental impact’ is not a strong 
differentiator between the options. 
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21.4.5 Conclusions for Material in the Brent Bravo Drilling Legs 

The drivers and trade-offs for the decommissioning of the material in the Brent Bravo drilling legs are the 
same as those for the Delta drilling legs and involve a consideration of how feasible and safe it would be to 
remove the material (as a slurry mixed with the water above it and some or all of the top-hole cuttings below 
it) and how proportionate this would be in relation to the elimination of a very localised but low-level and 
long-term impact to the marine ecosystem that might otherwise occur after 200 years to 500 years when the 
material in the drilling legs is exposed following the collapse of the legs. 

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 the significant sub-criterion serving to strongly differentiate the options is ‘technical feasibility’; all the other 
sub-criteria show no differences or trivial differences between the options. With the topsides still in place and 
the conductors cut only at about 16 m above LAT, it would be possible to use the conductors as conduits to 
the material lying on top of the top-hole cuttings in the drilling legs. A suitable suction system could be 
developed and deployed through holes cut in the conductors using technology that already exists. The 
resultant slurry could be returned to the topsides and off-loaded into a tanker for transportation to shore. 
Such operations have not been performed before and would require some planning and testing before 
they could be executed safely and with a high likelihood of success. 

The CA has, however, shown that the additional technical difficulty and extra cost associated with the 
removal of the material in the drilling legs would be disproportionate to the benefit of eliminating the 
small additional legacy environmental impact that might occur at some time well into the future. 

21.4.6 Recommended Option for the Material in the Brent Bravo Drilling Legs 

The recommended option for the material in the Brent Delta drilling legs is Option 5 ‘Leave in place’. 
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PROGRAMME OF WORK, FINAL CONDITION, AND MONITORING 

 

Section 22 to Section 24 describe the programme of work that would be carried out to decommission the 
GBS cell contents, the material in the minicell annulus and contaminated drill cuttings in the drilling legs. They 
describe the final condition of the GBSs if the proposed options were permitted, and the fate and effects of 
any materials left in place. Finally, they outline some of the issues that will be taken into consideration when 
discussing the programme of monitoring that would be put in place after decommissioning. 
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22 PROPOSED PROGRAMME OF WORK TO MANAGE CONTENTS OF GBS 

22.1 Introduction 

This section describes the programmes of work that we propose to undertake to decommission the contents of 
the GBSs, assuming that derogation is granted for the GBS structures themselves and that the GBS legs 
would be left in place and capped, and the recommended options are approved for the cell contents, 
the material in the minicell annulus and the contaminated drilling cuttings in the drilling legs. 

The individual programmes of work may change as a result of additional requirements that may emerge from 
the formal consultation process or learning from the execution of the work carried out on Brent Delta. The 
proposed programme of work includes additional sampling operations. Whilst these results are not believed 
to be required for supporting the current set of decisions, they will still be provided to the authorities as 
verification and regulatory compliance. 

22.2 Management of GBS Cell Attic Oil 

After the removal of the topsides [6][6] and in the absence of drawdown, small (3 inch to 7 inch) access 
holes will be drilled in the dome of each oil storage cell from a vessel. A chemical will be injected to reduce 
the viscosity of the residual hydrocarbons, and the attic oil and interphase material pumped into the vessel’s 
tanks, while being replaced by fresh seawater through the second pipe. All the retrieved fluid will be 
returned to shore, where oil and water will be separated. The water will be treated via an existing 
wastewater treatment plant to remove residual oil and then discharged to sea under permit; the oil will be 
recycled. 

For Brent Bravo and Brent Charlie, there are alternatives to this method relying on the use of the existing 
pipework, however, and these are still being considered because they may bring significant benefit under 
certain circumstances. 

22.3 Management of GBS Cell Water Phase 

Once the attic oil and interphase material has been removed, the water phase will be left in place, 
untreated. 

On Brent Delta, every cell will be equipped with a new subsea access in order to remove the attic oil; this 
new access will also be used to collect water samples from every storage cell. The additional samples will 
complete the set already collected and analyzed. The full set of analytical results will provide the complete 
inventory of the fluids left inside the storage cells. 

On Brent Bravo, in the event where the remaining interphase materials are recovered through the existing 
pipework, water samples will be collected at the manifold level inside the utility leg. If new subsea access is 
required to recover the residual hydrocarbon inventory, water samples will also be collected from every cell. 

On Brent Charlie, the attic oil and interphase material from the storage cells will be removed via the 2” vent 
lines connecting in leg C4 above the GTF. These lines could be used to collect water samples from the 
storage cells. If successful connection is made with the 4” header down the leg C1 to recover the attic oil 
and interphase trapped in the peripheral cells, the same access could be used to collect water samples from 
the cells. Alternatively, water samples from the bottom of leg C1 will provide a composite view of the 
residual hydrocarbon concentration in the peripheral cells. If new subsea access is required to remove the 
residual hydrocarbon from the peripheral cells, water samples will also be collected from these cells. 

22.4 Management of GBS Cell Sediment 

Once the attic oil and interphase material has been removed, the sediment in the oil storage cells (and any 
small amounts that may be present in the cooling or conductor cells on Charlie) will be left in place, 
untreated. 

No further sampling or survey of the sediment is currently planned on any of the three GBSs. Throughout their 
operating life, the three platforms have drawn from the same reservoir using the same process and the same 
suite of chemicals. Therefore, we believe that the bulk components of the sediment present in the storage cells 
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will be very similar across the three GBSs. To test this assertion we have collected sediment samples from the 
topside separators on all three platforms, and then analysed and compared the chemical composition of 
these samples across the field (Shell (2016). The results of these analyses are presented in our report 
Comparison of the analytical results from the topside separators and the Brent Delta storage cells across the 
field [39] and show good agreement, thus indicating that similar sediment composition is to be expected 
across the field. 

22.5 Management of Wastes in Minicell Annulus 

The materials in the minicell annuli will be left in place with no treatment. The sampling operation has been 
completed on Brent Delta and the results are provided in this TD. On Brent Bravo, the sampling operation is 
currently on-going and the results will be made available to the authorities in due course. 

22.6 Management of Wastes in Drilling Legs 

The material in the drilling legs will be left in place with no treatment. The sampling operation has been 
completed in both legs on Brent Delta and the results are provided in this TD. On Brent Bravo, the sampling 
operation will only proceed when sufficient clearance has been achieved in the well bay to deploy the 
sampling tool. The necessary clearance will be obtained by removing valves and pipework during the wells 
P&A programme. As the legs are not open to the sea on Brent Bravo, both the water phase and the sediment 
located at the bottom of both legs will be subject to sampling. The results will be made available to the 
authorities in due course. 
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23 FATE AND EFFECTS OF MATERIALS LEFT IN THE GBSS 

23.1 Introduction 

This section summarises our estimates of the likely long-term fate and effects of the materials that would be 
left in the GBSs if our recommendations were approved. The estimates are based on the characterisation 
of those materials derived from samples and estimates, the modelling by BMT [26], the toxicological 
assessment by DNV-GL [28] and the assessments in the DNV-GL ES [33]. 

23.2 Quantities 

Table 110 presents our current estimates of the amounts of various materials that would be left in the Brent 
GBSs if the proposed recommendations are accepted. It excludes the sand ballast and concrete diaphragm 
in the Bravo and Delta cells [5][5], and the structural steel and pipework in the legs. In total this amounts to 
approximately 640,000 tonnes of oily water and approximately 72,000 tonnes of solids (if the average 
specific gravity of the solids is 1.5). 

Table 110 Estimates of the Amounts of Materials that would be left in place in the Brent GBSs. 

Material Bravo Charlie Delta Total 

Attic oil 0 0 0 0 

Interphase material 0 0 0 0 

Oily water (m3) 163,840 311,667 163,040 638,547 

 Oil within the water (Te) (Note 1) 68 130 68 267 

Cell sediment (m3) 17,280 6,035 17,280 40,595 

 TPH within the sediment (Te) (Note 2) 4,806 1,678 4,806 11,290 

Minicell oily material (m3) 250 0 250 500 

Drilling leg oily material (m3) 2000 0 2000 4000 

Notes: (1) Calculation based on an average hydrocarbon concentration of 417 mg/l. 
 (2) Calculation based on a bulk density of 1.83 and a TPH concentration of 15.2%. 

23.3 Degradation of GBSs 

The mode of degradation and the longevity of the GBSs have been assessed using engineering data and 
judgement [5] but it is acknowledged that there is no long-term data from any similar concrete structures on 
which to base these estimates. It is thought most likely that if the legs are left ‘up’ they will begin to show 
obvious signs of degradation after about 125 years and then fail at or around sea level in perhaps 250 
years’ time. Once external degradation begins, increasingly large parts of the leg will fall onto the caisson 
below, cracking, puncturing or shattering one or more of the cell domes. Once the upper leg has fallen, it is 
estimated that the leg below sea level would take a considerable time (perhaps another 750 years) to 
degrade to the tops of the cells. As it did so, more debris would fall onto the seabed, onto the cell domes 
and into any breached cells. Eventually, perhaps after more than 1,000 years, all the cell domes and the 
upper parts of all the cell walls would have degraded and collapsed. 
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23.4 Exposure Pathways 

The GBSs are predicted to last for 250 to 1,000 years before significant degradation and collapse of the 
main structure (the caisson comprising the storage cells). During that time, the sediment and the water phase 
in the cells will remain contained and protected. 

When drawdown ceases and the topsides are removed, the cells will be at the same pressure as the 
surrounding sea.  

Cell water will eventually be released into the sea as a result of damages to the cell domes, either through 
cracks or small holes caused by the fall of small leg debris through natural degradation or through large 
openings resulting from the damages caused by larger parts of degrading legs falling onto the domes. In the 
first instance, the water will escape slowly driven by the density gradient and disperse very quickly to below 
level of concern. In the second case, a larger volume of water could be released over a short period of time. 
This would give rise to a plume of contaminated water rising in the water column and transported away from 
the point of release. This is the scenario investigated with the numerical fate modelling studies. 

 

Cell sediment likewise will be exposed to the marine environment at a given stage of the GBS caisson 
degradation. The final stage of degradation of the storage cells leading to the exposure of the sediment is 
directly linked the failure mode of the legs. For the sediment at the bottom of the storage cells to be released 
and/or exposed to the marine environment, large pieces of the legs must fall directly onto the cell tops. In 
such events, the degradation of the storage cells can be described in two phases: a single or series of 
collapse events followed by a long term erosion process of the resulting mixture of rubbles and sediment. 
During the collapse phase, the containment of the cell sediment is breached and the sediment exposed to the 
marine environment. If large concrete blocks were to fall directly onto the sediment, a proportion of the 
sediment could be re-suspended in the water column and re-settle on the seabed around the platform where 
the organic contaminants would biodegrade. When the collapse has reached its end, the cell sediment still 
present inside the storage cells is likely to remain partially shielded by the concrete remains of the structure. 
At that point, biodegradation and erosion will take place at the surface of the sediment exposed to the 
marine environment. 

The fate modelling work carried out by BMT [26] attempted to assess how far such material might spread 
and what the resultant concentrations of contaminants might be in the water column and on the seabed. For 
the long term erosion, this modelling was based on the conservative assumption that certain volumes of 
sediment would be fully exposed to the marine environment. For the transient phase, additional specific fate 
modelling work was conducted with additional release scenarios. In those scenarios, the sediment was 
released directly into the water column to investigate the transport of a proportion of sediment that could be 
mobilized and re-suspended in the water column during the collapse of the structure. . 

. 

The collapse of the leg will further expose to the marine environment the contaminated materials located 
at the bottom of the drilling legs and the minicell annulus. However, these materials, due to their location, 
are more likely to be buried under the debris from the legs. 

23.5 Environmental Impacts 

DNV-GL assessed the potential impacts of the escape or release of both the water phase and the sediment 
phase [33][33] using predictions from the BMT modelling report [26] and their own assessments of 
toxicological effects [28]. They examined the impacts from one GBS alone, and the potential cumulative 
impacts from the co-exposure from all three GBSs. 

For the water phase, the modelling done by BMT has shown that for an extreme case (i.e. 100;000 m3 of 
water released over a short period of time) the plume would dilute and disperse to below level of concern 
within a few days and stay within a distance of approximately 17km from the platform. In its summary DNV 
considers “the predicted environmental impact following a worst case release of 101,900 m3 of 
contaminated cell water to be limited to significant transient effects close to the release point. The size of the 
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impacted area is not large enough to be measurable on the population level of water column resources.” 
[28] 

For the sediment, the long term erosion of the pile would not extend beyond 2.1km after 1000 years when 
excluding biodegradation. This footprint on the seabed would therefore be significantly reduced by the 
biodegradation of the organic compounds. For the transient phase (i.e. corresponding to some of the worst 
case collapse scenarios of the GBS), the sediment footprint on the seabed doesn’t exceed 1.5 to 2km 
depending on the release scenario. DNV overall assessment for the sediment release concludes that “the 
environmental impact would be small owing to the relatively small amounts of bioaccumulating substances 
involved, so is not expected to induce any measurable effects at the regional level.” 

Modelling by BMT and assessment of the dispersion and erosion of the water phase and the sediment phase 
has shown that it is very unlikely that these two phases would generate cumulative environmental impacts. 
The water phase will, under worst case scenarios, disperse and dilute within a few days of the release such 
that, even locally, the concentrations of contaminants do not reach levels that are likely to impact the pelagic 
or benthic ecosystem. 

For a combine release of water and sediment, DNV states:”A combined release of cell water and sediment 
would not significantly alter the total risk from the assessed substances. The amount of bioaccumulating and 
persistent substances released with cell water and likely to accumulate in marine sediments, is small 
compared to what would be released with cell sediments. Release of hydrocarbons from sediment to the 
water column would be slow and the impact on water column resources (such as fish) would be very local.” 

  

The modelling performed by BMT was intended to be very conservative, in selecting input data or crafting 
release scenario. The field data obtained from the cell survey project has shown that many of the initial 
assumptions were in fact over-evaluated.  

DNV-GL concluded that up to 17 km from the GBSs, the concentrations of some contaminants might reach 
levels in that could cause harm to individual invertebrates organisms in the water column or the benthos. They 
noted, however, that this view was based on very conservative modelling that did not take account of natural 
processes such as complexation and biodegradation that in reality would serve to reduce the concentrations 
of contaminants to which organisms would actually be exposed. They concluded that neither the peak 
concentrations nor the total amounts of contaminants would be likely to cause any effects in the ecosystem 
as a whole or in higher trophic levels such as marine mammals and birds. 
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24 PROPOSED MONITORING PROGRAMME 

The proposed monitoring programmes are still to be agreed with BEIS. 

On completion of the agreed programmes of work in the Brent Field, we will perform an ‘as left’ structural 
survey of all three GBSs and a post-decommissioning environmental survey of the seabed adjacent to each 
structure, as described in the DP [2]. A second post-decommissioning environmental survey will probably be 
performed approximately 5 years later. 

If the proposed programmes of work for the GBSs [5][5] and the GBS contents (as described in this TD) are 
approved and completed successfully, the oily water in the cells and the solid wastes in the cell sediments 
and in the drilling legs and minicell annuli will be contained within the GBSs for perhaps 100-200 years. 
Once the cells are breached, however, (by falling leg debris and then later the collapse of the cell domes), 
amounts of oily water will be able to escape passively to sea and/or be ejected into the water column. 
Contaminants in the water phase are likely to be rapidly dispersed through dilution and biodegradation, and 
as shown in the EIA [33][33] are likely to cause impacts that would be local (10-15km according to the fate 
modelling) and transient (less than one week). 

The solid materials in the GBSs are not likely to be released or exposed in the marine environment until the 
late stages of degradation of the GBSs. Prior to the release, no environmental impact is expected in the 
surrounding marine environment from these materials. 

Given these likely exposure scenarios, and the long time before any exposures or releases might be 
expected, there would be no purpose in conducting an environmental monitoring programme related to the 
GBS contents. Once the contents become exposed, the EIA carried out by DNV-GL has concluded that the 
impact associated with the release of the GBS contents, principally the cell contents, would be small. This is 
a significant conclusion in support of all the ‘Leave in place’ options, which is based on a conservative 
approach to assessing potential legacy impacts where, e.g., the effects of biodegradation have not been 
taken into consideration. Nevertheless, the regulator may require monitoring activities to be carried out after 
exposure or release in order to verify that the various predictions were correct. As the exposure or release is 
not likely to take place for at least two centuries, we will propose to the regulator that the necessity and 
scope of such a monitoring programme should be discussed in due course. The monitoring programme could 
then be designed to suit the science available at that time as well as potential mitigation measures. 
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26 ACRONYMS AND GLOSSARY 

Ac Actinium 

Al Aluminium 

AOR Attic Oil Recovery (Project) 

API American Petroleum Institute 

As Arsenic 

BA Brent Alpha 

BB Brent Bravo 

BC Brent Charlie 

BD Brent Delta 

BDP Brent Decommissioning Project 

Be Beryllium 

BEIS Department for Business, Energy 
and Industrial Strategy 

BEP Best Environmental Practice 

Bq Becquerel 

BTEX Benzene, Toluene, Ethylbenzene, 
Xylene 

BV Bureau Veritas 

CA Comparative Assessment 

C (degrees) Celsius 

Cd Cadmium 

CGC Circulating Gravity Connectors 

CFU UnitCMSTG Cell Management 
Stakeholder Task Group 

Co Cobalt 

CoP Cessation of Production 

CO2 Carbon Dioxide 

Cr Chromium 

CRI Cuttings Reinjection 

CCS Carbon Capture and Storage 

CSP Cell Sampling Project 

CSS Critical Shear Stress 

CSV Construction Support Vessel 

Cu Copper 

DCO Direct Chemical Oxidation 

DECC Department of Energy and 
Climate Change 

DMN 

DNV Det Norske Veritas 

DP Decommissioning Programme 

DyP Dynamic Positioning 

DSV Diving Support Vessel 

EIA Environmental Impact Assessment 

EC Erosion Coefficient 

El Elevation 

EM Exxon Mobil 

EP Exploration and Production 

ES Environmental Statement 

ESHIA Environmental, Societal & Health 
Impact Assessment 

ESP Electric Submersible Pump 

EV Enhanced Voidage 

Fe Iron 

FEED Front End Engineering and 
Development 

FeS Ferrous Sulphate 

FFDP Final Field Development Plan 

FLAGS Far North Liquid and Associated 
Gas Systems (Pipeline) 

g gramme 

GBS Gravity Base Structure 

GHB General Heterotrophic Bacteria 

GDL Geoprober Drilling Limited. 

GJ Giga joule 

GTF Gastight Floor 

Hg Mercury 

HLV Heavy Life Vessel 

HP High Pressure 

HSE Health, Safety and Environment 

HTTD High Temperature Thermal 
Desorption 

HV High Voltage 

H2S Hydrogen Sulphide 

IBC Intermediate Bulk Containers 

ICP-MS Inductively Coupled Mass 
Spectrometry 

IMPACT Integrity of Pipework, Manifolds 
and Cells Team 

IRG Independent Review Group 

ISO International Standards 
Organisation 

K Potassium 

kg kilogramme 

l litre 

LAT Lowest Astronomical Tide 

LIP Leave in Place 

LSA Low Specific Activity 

LTFD Long Term Field Development 
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LTTD Low Temperature Thermal 
Desorption 

LWIV Light Well Intervention Vessel 

m metre 

m2 Square metre 

m3 Cubic metre 

MAP Mon Ammonium Phosphate 

MCDA Multi-Criteria Decision Analysis 

MDiBT 

MEG Mono-Ethylene Glycol 

Mg Magnesium 

mg millgrames 

micron 1 x 10-6 metres (one millionth of 
a metre) 

mm Millimetre 

MN 

Mn Manganese 

MNA Monitored Natural Attenuation 

MODU Mobile Offshore Drilling Unit 

Mo Molybdenum 

MP 

MW Megawatt 

N2 Nitrogen 

NA Natural Attentuation 

NASA National Aeronautics and Space 
Administration 

Ni Nickel 

NORM Naturally Occurring Radioactive 
Material 

NPD Napthalene, Phenanthrene, 
Dibenzothiophene 

NRB Nitrate-Reducing Bacteria 

NSO Heterocyclic hydrocarbons 
containing Nitrogen, Sulphur and 
Oxygen 

OBM Oil Based Mud 

OIW Oil-in-Water 

OSPAR Oslo Paris Convention 

P&A Plug and Abandon 

Pa Pascal 

PAH Poly-aromatic Hydrocarbons 

Pb Lead 

PCB Polychlorinated Biphenyls 

PEC Predicted Environmental 
Concentration 

PGDS Plate Girder Deck Structure 

PL Pipeline 

PLL Potential Loss of Life 

PNEC Predicted No-effects 
Concentration 

ppm Parts per Million 

Ra Radium 

RnR Recover and Reinject 

ROV Remotely Operated Vehicle 

RPM Replacement Process Module 

Sb  

Se Selenium 

SLV Single Lift Vessel 

SPAM Scavenger Pumping and 
Agitation Manifold 

SSCV Semi-submersible Crane Vessel 

Sr Strontium 

SRB Sulphate-reducing Bacteria 

TBT Tri-butyl Tin 

Th Thorium 

TD Technical Document 

THC Total Hydrocarbons 
Concentration 

TOC Total Organic Carbon 

Tl Thalium 

TMN 

TPH Total Petroleum Hydrocarbons 

TSS Total Suspended Solids 

µm 

UV Ultra violet 

V Vanadium 

VFA Volatile Fatty Acids 

VTO Vessel to Onshore 

WCROV Work-class ROV 

WOW Waiting on Weather 

Zn Zinc 
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APPENDIX 1   SCHEMATIC SHOWING POSSIBLE SYSTEM FOR RETRIEVING 
SEDIMENTS FROM A GBS OIL STORAGE CELL. 

Figure A1.1 Schematic Showing Possible System for Retrieving Sediments from a GBS Oil Storage Cell. 
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APPENDIX 2   DATA SET FOR RESULTS OF ANALYSIS OF WATER PHASE SAMPLES 
FROM BRENT DELTA CELLS. 

Table A2.1 Oil-in-water Results for Brent Delta Cell Water Phase. 

Cell 
OIW Average 

(mg/l) 

2 114.6 

4 195.15 

6 65.30 

7 124.00 

Platform average 124.76 
 
Table A2.2 Organic Acid Results for Brent Delta Cell Water Phase. 

Organic Acid 
Concentration (mg/l) 

Cell 2 Cell 4 Cell 7 Platform Average 

2-Ethyl hexanoic 0.005 0.166 0.008 0.06 

Acetic 1.300 720 1.200 240.8 

Benzoic 0.005 0.005 0.005 0.005 

Butanioc 1.000 0.900 1.000 0.97 

Decanoic 0.005 0.001 0.005 0.004 

Formic 1.000 1.000 1.000 1.000 

Glycolic 1.000 1.000 1.000 1.000 

Hexanoic 0.006 0.098 0.005 0.036 

Iso-Butanioc 1.000 1.200 1.000 1.067 

Octanoic 0.005 0.331 0.005 0.114 

Pentanoic 0.029 0.128 0.012 0.056 

Propionic 1.000 5.000 1.000 2.333 

Total 6.355 729.829 6.24 247.45 
 
Table A2.3 Heavy Metals Results for the Brent Delta Cell Water Phase. 

Cell 
Concentration (mg/l) 

Arsenic Cadmium Chromium Copper Mercury Nickel Lead Zinc 

2 0.0019 0.00007 0.0132 0.0049 0.00026 0.0117 0.0025 0.049 

4 0.0045 0.00122 0.0078 0.0155 0.00046 0.0089 0.0108 0.202 

6 0.0060 0.00100 0.0030 0.0040 0.00020 0.0010 0.0060 0.013 

7 0.0031 0.00031 0.0080 0.0024 0.00045 0.0074 0.0018 0.010 

Platform 
average 

0.0039 0.00065 0.0080 0.0067 0.00034 0.00725 0.0053 0.069 
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Table A2.4 PAH Results for Brent Delta Cell Water. 

PAH 
Concentration (mg/l) 

Cell 2 Cell 4 Cell 6 Cell 7 Platform Average 

Acenapthene 0.0007 0.0241 0.0109 0.0265 0.0155 

Acenapthylene 0.0009 0.0173 0.0042 0.0115 0.0085 

Anthracene 0.0004 0.0054 0.0014 0.0023 0.0024 

Benz(a)anthracene 0.0006 0.0033 0.0002 0.0032 0.0018 

Benzo(a)pyrene 0.0001 0.0141 0.0030 0.0042 0.0054 

Benzo(b)fluoranthene 0.0002 0.0017 NM 0.0007 0.0009 

Benzo(ghi)perylene 0.0002 0.0006 0.0002 0.0010 0.0005 

Benzo(k)fluoranthene 0.0001 0.0002 NM 0.0001 0.0001 

C2 Dibenzothiophenes 0.0297 0.1955 NM 0.0745 0.0999 

C2 Naphthalenes 0.1510 0.9150 NM 0.3585 0.4748 

C2 Phenanthrenes 0.0554 0.4020 NM 0.1429 0.2001 

C3 Dibenzothiophenes 0.0276 0.1449 NM 0.0530 0.0752 

C3 Naphthalenes 0.2165 1.4700 NM 0.5279 0.7381 

C3 Phenanthrenes 0.0250 0.2101 NM 0.0701 0.1017 

Chrysene 0.0005 0.0071 0.0039 0.0092 0.0052 

Dibenz(a,h)anthracene 0.0001 0.0003 NM 0.0002 0.0002 

Dibenzothiophene 0.0012 0.0042 NM 0.0022 0.0025 

Fluoranthene 0.0003 0.0015 NM 0.0007 0.0008 

Fluorene 0.0048 0.0050 0.0001 0.0290 0.0097 

Indeno(1,2,3)pyrene 0.0001 0.0109 0.0005 0.0091 0.0052 

Methyldibenzothiophene 0.0112 0.0477 0.0201 0.0324 0.0278 

Methylnaphthalene 0.1982 0.3633 0.0000 0.2827 0.2110 

Naphthalene 0.1335 0.2171 0.2309 0.1659 0.1869 

Phenanthrene 0.0105 0.0669 0.0422 0.0453 0.0412 

Pyrene 0.0005 0.0061 0.0018 0.0072 0.0039 

Benzo(b,j,k)fluoranthene  0.0096 0.0024 0.0225 0.0115 

Total PAHs 0.8689 4.1342 0.3195 1.8601 2.2193 

Note: NM= Not Measured 
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Table A2.5 BTEX Results for Brent Delta Cell Water. 

BTEX 
Concentration (mg/l) 

Cell 2 Cell 4 Cell 6 Cell 7 Platform Average 

(m,p)-xylenes 122 25.0 0.642 44.79 48.10 

Benzene 84.5 21.9 1.094 40.69 37.05 

Ethylbenzene 19 5.3 0.207 6.54 7.75 

P-xylene 27.5 7.4 0.411 9.71 11.25 

Toluene 196.5 60.6 0.753 114.67 93.14 

Total 449.5 120.2 3.107 216.40 197.29 
 
Table A2.6 NPD Results for Brent Delta Cell Water. 

NPD 
Concentration (mg/l) 

Cell 4 Cell 6 Cell 7 Platform Average 

Anthracene 0.007 0.001 0.005 0.005 

C1-dibenzothiophenes 0.184 0.041 0.234 0.153 

C1-naphthalenes 1.346 1.004 1.668 1.339 

C1-phenanthrenes 0.469 0.108 0.560 0.379 

C2-dibenzothiophenes 0.356 0.093 0.495 0.315 

C2-naphthalenes 2.244 1.411 2.853 2.169 

C2-phenanthrenes 0.728 0.143 0.955 0.609 

C3-dibenzothiophenes 0.361 0.064 0.422 0.282 

C3-naphthalenes 4.093 2.842 5.114 4.016 

C3-phenanthrenes 0.506 0.113 0.826 0.481 

Dibenzothiophene 0.071 0.015 0.101 0.063 

Naphthalene 0.228 0.231 0.083 0.181 

Phenanthrene 0.095 0.042 0.083 0.073 

Total NPD 10.688 6.108 13.399 10.065 
 
Table A2.7 Alkylphenol Results for Brent Delta Cell Water. 

Alkylphenols 
Concentration (mg/l) 

Cell 2 Cell 4 Cell 6 Cell 7 Platform Average 

C1-C3 Alkylphenols 0.188 2.164 2.8 0.905 1.514 

C4-C5 Alkylphenols 0.111 0.059  0.088 0.086 

C6-C9 Alkylphenols 0.013 0.033  0.013 0.02 

Total 0.311 2.256  1.006 1.191 
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Table A2.8 NORM Activity in Brent Delta Cell Water. 

Particle Activity (Bq/g) 

K-40 0.009 

Pb-210 1.2E-04 

Po-210 2.3E-06 

Ra-226 2.5E-04 

Ra-228 4.2E-04 

Th-228 3E-04 

Ac-228 NM 
 
Table A2.9 Chlorinated Compounds Results for Brent Delta Cell Water. 

 
Concentration (mg/l) 

Cell 2 Cell 4 Cell 7 Platform Average 

Chlorobenzene 0.15 0.285 0.1 0.178 
 
Table A2.10 Bacterial Activity in Brent Delta Cell Water.18 

Microbe 
Activity (cells/mg) 

Cell 2 Cell 4 Cell 7 Platform Average 

SRB 25 4,500 60 1,528 

NRB 10 1,400 15.5 475 

GHB 5,500 100,000 10,000 38,500 
 
Table A2.11 H2S Concentrations in Brent Delta Cell Water19. 

Test 
H2S concentration (mg/l) 

Cell 2 Cell 4 Cell 7 

H2S test kits 300 250 ~>300 

Twin bomb 603.1 45.0 155.0 
 
  

                                                
18 These results need to be considered with caution as the analytical work was carried out several days after 
the sampling operation. The change in temperature and pressure and the transportation time may have an 
impact on the results. 
19 Analysis of H2S was carried out using a kit method and Twin Bomb method on board the platform. 
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Table A2.12 Physical Properties of Brent Delta Cell Water. 

Physical Parameter Cell 2 Cell 4 Cell 7 Platform Average 

Density (g/ml) 1.01845 1.0175 1.0205 1.0188 

pH 7.625 7.485 7.452 7.52 

TSS (mg/l) 195 255 235 228.3 

Mean particle size (mm) 0.0014 0.00175 0.002 0.00172 
 
The Particle Size Distribution (PSD) was also measured on the water samples. The graph presented in on 
Figure A2.1 shows the PSD for the water samples collected from the storage cells 2, 4 and 7. 

Figure A2.1 Particle Size Distribution for the Water Samples Collected from the Storage Cells 2, 4 
and 7 on Brent Delta. 
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APPENDIX 3   DATA SET FOR RESULTS OF ANALYSIS OF WATER PHASE SAMPLES 
FROM BRENT BRAVO CELLS. 

Table A3.1 OIW Results for Brent Bravo Cell Water. 

Cell OIW Average (mg/l) 

8 36 

9 21 

17 120 

18 451 

Platform average 157 
 
Table A3.2 Aromatic Content of the Dispersed OIW for Brent Bravo Cell Water. 

Cell Aromatic Content (mg/l) 

8 0 

9 0 

17 0 

18 15 

Platform average 3.75 
 
Table A3.3 Heavy Metal Content for Brent Bravo Cell Water. 

Cell 
Arsenic Cadmium Chromium Copper Mercury Nickel Lead Zinc 

(mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 

8 0.0006 0.0001 0.002 0.001 0.002 0.002 0.001 0.0381 

9 0.0006 0.0001 0.002 0.001 0.002 0.002 0.001 0.0103 

17 0.0006 0.0001 0.0039 0.002 0.002 0.002 0.001 0.0117 

18 0.0006 0.0003 0.009 0.0031 0.002 0.0034 0.0056 0.0455 

Platform 
average 

0.0006 0.0002 0.0042 0.0018 0.002 0.0024 0.0021 0.0264 
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Table A3.4 PAH Laboratory Results for Brent Bravo Cell Water.  

PAH 
Cell 8 
(mg/l) 

Cell 9 
(mg/l) 

Cell 17 
(mg/l) 

Cell 18 
(mg/l) 

Average 
(mg/l) 

Acenapthene 0.0011 0.0008 0.0011 0.002 0.00125 

Acenapthylene 0.0016 0.0011 0.0018 0.0039 0.0021 

Anthracene 0.0005 0.0004 0.0006 0.0012 0.000675 

Benz(a)anthracene 0.0002 0.0002 0.0003 0.0008 0.000375 

Benzo(a)pyrene 0.0001 0.0001 0.0001 0.0002 0.000125 

Benzo(b)fluoranthene 0.0002 0.0002 0.0003 0.0007 0.00035 

Benzo(ghi)perylene 0.0001 0.0001 0.0002 0.0003 0.000175 

Benzo(k)fluoranthene 0.0001 0.0001 0.0001 0.0001 0.0001 

Chrysene 0.0019 0.0013 0.002 0.004 0.00235 

Dibenz(a,h)anthracene 0.0001 0.0001 0.0001 0.0002 0.000125 

Fluoranthene 0.0004 0.0003 0.0004 0.0011 0.00055 

Fluorene 0.009 0.0065 0.0094 0.0181 0.01075 

Indeno(1,2,3)pyrene 0.0001 0.0001 0.0001 0.0001 0.0001 

Naphthalene 0.15 0.138 0.163 0.276 0.18175 

Phenanthrene 0.015 0.011 0.016 0.037 0.01975 

Pyrene 0.0008 0.0006 0.0009 0.0023 0.00115 

Total 0.1812 0.1609 0.1964 0.3482 0.2217 
 
Table A3.5 BTEX Results for Brent Bravo Cell Water. 

BTEX 
Cell 8 
(mg/l) 

Cell 9 
(mg/l) 

Cell 17 
(mg/l) 

Cell 18 
(mg/l) 

Platform Average 
(mg/l) 

(m,p)-xylenes 1 0.9 1 0.9 0.95 

Benzene 47 45 44 40 44 

Ethylbenzene 0.4 0.6 0.6 1.2 0.7 

O-xylene 0.4 0.3 0.5 0.9 0.525 

Toluene 1.3 1.2 1.4 0.2 1.025 

Total 50.1 48 47.5 43.2 47.2 
 
Table A3.6 Alkylphenols Results for Brent Bravo Cell Water. 

Alkylphenol 
Cell 8 
(mg/l) 

Cell 9 
(mg/l) 

Cell 17 
(mg/l) 

Cell 18 
(mg/l) 

Platform Average 
(mg/l) 

C1-C3 Alkylphenols 0.325 0.43 0.616 0.447 0.455 

C4-C5 Alkylphenols 0.101 0.111 0.109 0.106 0.107 

C6-C9 Alkylphenols 0.013 0.012 0.018 0.016 0.015 

Total 0.439 0.553 0.742 0.57 0.576 
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Table A3.7 NORM Activity Recorded for Brent Bravo Cell Water. 

Cell 
Ra-226 

Particulates 
Ra-226 
Solubles 

Ac-228 
Particulates 

Ac-228 
Solubles 

Pb/Po-210 
Particulates 
and Soluble 

Units Bq/g Bq/g Bq/g Bq/g Bq/g 

8 <0.37 <5.4E-05 <1.2 <1.2E-04 0.0022 

9 <0.37 0.00014 <0.78 0.00032 0.013 

17 <0.99 0.00031 <0.21 0.00046 0.00044 

18 3.8 6.4E-05 4.4 0.00031 <0.00039 

Platform average 1.38 1.42E-04 1.65 3.03E-04 4.01E-03 
 
Table A3.8 Total PCB Content Results for Brent Bravo Cell Water. 

Cell Total PCB Content (mg/l) 

8 0.17 

9 0.23 

17 0.21 

18 0.42 

Platform average 0.2575 

Note: The presence of PCBs in the storage cell water phase is currently unexplained. However, the 
associated environmental impact is believed to be low as explained in section 15.4.3.2. 

 
Table A3.9 Chlorinated Compounds Results for Brent Bravo Cell Water. 

Chlorinated Compounds 
Cell 8 
(mg/l) 

Cell 9 
(mg/l) 

Cell 17 
(mg/l) 

Cell 18 
(mg/l) 

Platform Average 
(mg/l) 

Dichloromethane <0.05 <0.05 <0.05 <0.05 <0.05 

Trichloromethane  <0.05 <0.05 <0.05 <0.05 <0.05 

Carbon tetrachloride <0.05 <0.05 <0.05 <0.05 <0.05 

Tetrachloroethylene  <0.05 <0.05 <0.05 <0.05 <0.05 

Cis1,2dichloroethylene <0.05 <0.05 <0.05 <0.05 <0.05 

1,1,1trichloroethylene  <0.05 <0.05 <0.05 <0.05 <0.05 

Trichloroethylene  <0.05 <0.05 <0.05 <0.05 <0.05 

Chlorobenzene 0.1 0.06 0.16 0.03 0.0875 

1,2 4-trichlorobenzene <0.05 <0.05 <0.05 <0.05 <0.05 

Note: Only low traces of chlorobenzene were detected in Brent Bravo storage cell water samples. 

 
The microbial activity within the Brent Bravo cell water samples has been analysed. These results need to be 
considered with caution as the analytical work was carried out several days after the sampling operation. 
The change in temperature and pressure and the transportation time may have an impact on the results. 
The results have also been averaged across the various duplicate samples collected during the operation 
and are presented in Table A3.10. 
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Table A3.10 Bacterial Activity for Brent Bravo Cell Water. 

Microbe 
Cell8 

(Cells/mg) 
Cell9 

(Cells/mg) 
Cell17 

(Cells/mg) 
Cell18 

(Cells/mg) 
Platform Average 

(Cells/mg) 

SRB (cells/mg) 95 95 140 950 320 

NRB (cells/mg) 2,500 1,100 95,000 2,500 25,275 
 
Table A3.11 Physical Properties Brent Bravo Cell Water. 

Physical Parameter Cell 8 Cell 9 Cell 17 Cell 18 Platform Average 

Density (g/ml) 1.021 1.021 1.022 1.022 1.0215 

pH 8.4 8.3 8.2 8.1 8.25 

TSS (mg/l) 99 36.5 48.4 179 90.725 
 
The Particle Size Distribution (PSD) was also measured on the water samples. The graph presented  
in Figure A3.1 shows the PSD for the water samples collected from the storage cells 8, 9, 17 and 18. 

Figure A3.1 Particle Size Distribution for the Water Samples Collected from the Storage Cells 8, 9, 17 
and 18 on Brent Bravo. 
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APPENDIX 4   DATA SET FOR RESULTS OF ANALYSIS OF SOLIDS SAMPLES FROM THE 
BRENT PLATFORMS. 

1. Brent Spar 

 In 1998 during the decommissioning of the Brent Spar, sediment accumulated at the bottom of the 
Brent Spar were recovered and disposed of. Samples of these materials were collected and sent to a 
laboratory for analysis. 

2. Sullom Voe 

 The oil from the Brent Field is exported through a pipeline to the Sullom Voe Terminal. In 2009, the 
operator proceeded with a cleaning operation of the Brent crude receiving tanks. On this occasion, 
samples of the bottom tank sludge were collected and sent to a laboratory for analysis. 

3. Brent Delta HP Separators 

 In 2012, during the final cleaning operation of the Brent Delta HP separators, sediment samples have 
been collected and sent to a laboratory for analysis. 

4. Brent Charlie Test Separator 

 In 2010, during a maintenance operation on a Brent Charlie test separator, sediment samples have 
been collected and sent to a laboratory for analysis. 

5. Brent Delta pre-LTFD Separators 

 In 2013, during the final cleaning operation of the Brent Delta pre-LTFD separators, sediment samples 
have been collected and sent to a laboratory for analysis. 
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APPENDIX 5   DATA SETS FOR ANALYSIS OF SEDIMENT AND WATER SAMPLES FROM 
DELTA MINICELL ANNULUS. 

Sample Location A 

The sample from Sample Location A consisted of a small quantity of solid mixed within fluid. There was 
insufficient volume to perform contaminant analysis on the collected solid and full contaminant analysis on the 
collected fluid, therefore only the heavy metal content of the fluid was analysed. The solid extracted from the 
fluid was found to contain significant amount of iron indicating the presence of corrosion products. 

Table A5.1 Sample Location A Fluid Analysis. 

Analysis 

TSS (mg/l) 15,823 

Heavy metals (mg/kg) 

Cadmium (Cd)  2.83 

Chromium (Cr)  <0.1 

Copper (Cu)  17 

Iron (Fe)  2,240 

Arsenic (As)  1.21 

Mercury (Hg)  0.1 

Nickel (Ni)  <0.1 

Lead (Pb)  2.59 

Zinc (Zn)  547 
 

Sample Location B 

Two sediment samples were collected, B1 and B2, a fluid sample was also collected. Sample B1 consisted 
of a black/cream mix, merging into a fine white sand at the bottom of the core. These different sections 
were analysed separately: B1(a), the white fine sand and B1(b), the black/cream mix. 

B1(a) consisted mainly of fine white sand. The analytical results showed presence of petroleum hydrocarbon 
including PAHs and alkylated phenols. B1(b) was found to consist mainly of mineral material and corrosion 
products, significant amounts of petroleum hydrocarbons were measured including PAHs. 

B2 consisted of a cream fine sand mixed with different layers of black solid throughout the core. The core 
was split into three samples for analysis: B2(a), B2(b) and B2(c). All three sections were found to contain low 
traces of petroleum hydrocarbons associated with traces on PAHs. All samples did also exhibit similar 
concentrations of alkylated phenols. 

The fluid sample was found to contain very significant concentration of chromium and copper indicating the 
presence of corrosion products. 
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Table A5.2 Results of Analysis of Samples of Oily Solid Material from Location D in Minicell Annulus. 

Analysis B1(a) B1(b) B2(a) B2(b) B2(c) Fluid 

Intertek Lab Ref 001-00A 001-00B 002-00A 002-00B 002-00C 007-00 

TSS (mg/l)       2492  

Density (kg/m³)  1162 1360 1583 1172 1035  

THC (mg/kg)  1570 17403 386 659 745  

PCB (μg/kg)  <100 <100 <100 <100 <100  

TBT (μg/kg)  10  1 1 3 0. 542 

Chlorobenzene (mg/l)  <0.1  <0.1 <0.1 <0.1 <0.1 

Tri-chlorobenzene (mg/l)  <0.1  <0.1 <0.1 <0.1 <0.1 

NORM (Bq/g) Ra-226  <0.058 <0.1 <0.21 <0.16 <0.17  

Heavy metals (mg/kg)  

Cadmium (Cd)  1.89 20 <0.1 <0.1 1.88 <100 

Chromium (Cr)  6.32 62 14 3.22 81 545 

Copper (Cu)  63 571 15 29 61 1231 

Iron (Fe)  4560 46200 2130 3270 7320 211 

Arsenic (As)  2.64 47 1.16 2.32 5.07 <100 

Mercury (Hg)  <0.25 1.48 <0.1 <0.39 <0.21 <0.1 

Nickel (Ni)  3.31 38 0.95 <0.1 <0.1 <100 

Lead (Pb)  35.6 189 3.48 11.8 26.4 <100 

Zinc (Zi)  396 4460 24 86 628 33 

PAH (μg/kg)  

Naphthalene  18 28 1 2 1 <0.1 

Phenanthrene  150 579 5 11 23 0.9 

Dibenzothiophene  17 63 1 2 3 0.1 

Methylnaphthalene  32 55 2 4 4 0.3 

Methylphenanthrene  143 639 7 23 23 0.6 

Methyldibenzothiophene  77 297 4 15 12 0.4 

C2 Naphthalenes  295 283 6 29 19 0.8 

C2 Phenanthrenes  694 5640 16 111 121 1.2 

C2 Dibenzothiophenes  347 1815 12 67 54 8.1 

C3 Naphthalenes  2098 5614 62 357 271 7.2 

C3 Phenanthrenes  531 5530 8 84 104 0.2 

C3 Dibenzothiophenes  519 3869 20 89 95 1.3 

Acenaphthylene  11 35 1 1 2 <0.1 

Acenaphthene  68 300 2 6 10 0.1 

Fluorene  44 153 2 4 7 0.3 

Anthracene  43 234 1 3 6 0.1 

Fluoranthene  168 1438 2 6 32 0.2 

Pyrene  140 1399 2 7 26 <0.1 

Benz(a)anthracene  75 889 2 2 13 <0.1 

Chrysene  32 971 1 2 5 <0.1 

Benzo(b)fluoranthene  61 1039 1 2 14 <0.1 

Benzo(k)fluoranthene  28 246 1 1 5 <0.1 

Benzo(a)pyrene  47 556 1 1 10 <0.1 

Indeno(1,2,3,cd)pyrene  33 715 1 1 6 <0.1 
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Analysis B1(a) B1(b) B2(a) B2(b) B2(c) Fluid 

Intertek Lab Ref 001-00A 001-00B 002-00A 002-00B 002-00C 007-00 

Dibenz(a,h)anthracene  8 175 1 1 2 <0.1 

Benzo(g,h,I)perylene  33 732 1 1 6 <0.1 

Total  5,712 33,294 165 832 874 22.9 

BTEX (mg/kg)  

Benzene  <0.2 <0.2 <0.2 <0.2 <0.2 <0.1 

Toluene  <0.2 <0.2 <0.2 <0.2 <0.2 0.2 

Ethyl benzene  <0.2 <0.2 <0.2 <0.2 <0.2 0.2 

M-and-p-Xylene  <0.2 <0.2 <0.2 <0.2 <0.2 0.3 

O-Xylene  <0.2 <0.2 <0.2 <0.2 <0.2 <0.1 

Total  <0.2 <0.2 <0.2 <0.2 <0.2 0.9 

Alkylated phenols (μg/kg)  

C1-C3  1221  843 917 761 154 

C4-C5  250  49 107 59 1.1 

C6-C9  101  20 60 40 4.3 

Total  1572  912 1084 860 159.4 

Microbial activity (cells/g)  

SRB  1.8  <0.6 <0.6 <0.6  

GHB  5  5 5 5  

NRB  <0.6  <0.6 <0.6 <0.6  

 

Sample Location C 

Two sediment samples were collected from the same sample site at Sample Location C, but only one was 
of sufficient volume to perform the analytical program. 

The sediment sample was a black oily solid containing very significant amounts of petroleum hydrocarbons 
including PAHs and alkylated phenols. The heavy metals analysis indicated traces of corrosion products. 
A significant concentration of TBT was also measured, which was probably associated with the degradation 
of old painted equipment. 

A fluid sample was also collected but the only analysis carried out was the TSS content and an elemental 
analysis on the extracted solids. 

Table A5.3 Sample Location C Fluid Analysis. 

Analysis 

Intertek Lab Ref 008-00 

TSS 2486 mg/l 

Elemental analysis Major element iron indicating 
presence of corrosion products 

  



 BRENT GBS CONTENTS DECOMMISSIONING 
 TECHNICAL DOCUMENT 
 

Page | 310 

Table A5.4 Sample Location C Sediment Analysis. 

Analysis C 

Intertek Lab Ref 010-00 

Density (kg/m³) 1287 

THC (mg/kg) 91011 

PCB (μg/kg) <100 

TBT (μg/kg) 213 

Chlorobenzene (mg/l) <0.1 

Tri-chlorobenzene (mg/l) <0.1 

NORM (Bq/g) Ra-226 <0.2 

Heavy metals (mg/kg) 

Cadmium (Cd) 33 

Chromium (Cr) 81 

Copper (Cu) 270 

Iron (Fe) 35900 

Arsenic (As) 20.1 

Mercury (Hg) 2.07 

Nickel (Ni) 28 

Lead (Pb) 95 

Zinc (Zi) 7650 

PAH (μg/kg) 

Naphthalene 1,300 

Phenanthrene 2,900 

Dibenzothiophene 1,400 

Methylnaphthalene 3,200 

Methylphenanthrene 15,200 

Methyldibenzothiophene 10,000 

C2 Naphthalenes 19,800 

C2 Phenanthrenes 70,400 

C2 Dibenzothiophenes 42,500 

C3 Naphthalenes 225,900 

C3 Phenanthrenes 48,500 

C3 Dibenzothiophenes 59,400 

Acenaphthylene 700 

Acenaphthene 1,700 

Fluorene 2,000 

Anthracene 1,400 

Fluoranthene 2,000 

Pyrene 3,200 

Benz(a)anthracene 200 

Chrysene 900 

Benzo(b)fluoranthene 700 

Benzo(k)fluoranthene 200 
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Analysis C 

Intertek Lab Ref 010-00 

Benzo(a)pyrene  700 

Indeno(1,2,3,cd)pyrene 400 

Dibenz(a,h)anthracene 200 

Benzo(g,h,I)perylene 500 

Total 515,300 

BTEX (mg/kg) 

Benzene <0.2 

Toluene <0.2 

Ethyl benzene <0.2 

M-and-p-Xylene <0.2 

O-Xylene <0.2 

Total <0.2 

Alkylated phenols (μg/kg) 

C1-C3 5027 

C4-C5 20 

C6-C9 20 

Total 5067 

Microbial activity (cells/g) 

SRB 9 

GHB 5 

NRB 9 
 

Sample Location D 

One fluid sample obtained from Sample Location D. 

Table A5.5 Sample Location D Fluid Analysis. 

Analysis  C  

Intertek Lab Ref 010-00  

TSS (mg/l) 6729 

TBT (μg/kg) 0.947 

Heavy Metals (mg/kg)  

Cadmium (Cd) <0.1 

Chromium (Cr)  <0.1 

Copper (Cu) 0.24 

Iron (Fe) 41 

Arsenic (As) <0.1 

Mercury (Hg) <0.1 

Nickel (Ni) <0.1 

Lead (Pb) <0.1 

Zinc (Zi) 13 
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Analysis  C  

Intertek Lab Ref 010-00  

PAH (μg/kg) 

Naphthalene <0.1 

Phenanthrene 0.7 

Dibenzothiophene 0.1 

Methylnaphthalene 0.4 

Methylphenanthrene 0.4 

Methyldibenzothiophene 0.4 

C2 Naphthalenes 0.4 

C2 Phenanthrenes 0.7 

C2 Dibenzothiophenes 0.7 

C3 Naphthalenes 2.7 

C3 Phenanthrenes 0.5 

C3 Dibenzothiophenes 0.7 

Acenaphthylene <0.1 

Acenaphthene <0.1 

Fluorene 0.1 

Anthracene <0.1 

Fluoranthene 0.1 

Pyrene <0.1 

Benz(a)anthracene <0.1 

Chrysene <0.1 

Benzo(b)fluoranthene <0.1 

Benzo(k)fluoranthene <0.1 

Benzo(a)pyrene <0.1 

Indeno (1,2,3,cd)pyrene <0.1 

Dibenz (a,h)anthracene <0.1 

Benzo (g,h,I)perylene <0.1 

Total 9.2 

BTEX (mg/kg) 

Benzene <0.1 

Toluene 0.2 

Ethyl benzene 0.2 

M-and-p-Xylene 0.3 

O-Xylene <0.1 

Total 0.9 

Alkylated phenols (μg/kg) 

C1-C3 121 

C4-C5 157 

C6-C9 2.3 

Total 280.3 



BRENT GBS CONTENTS DECOMMISSIONING  

TECHNICAL DOCUMENT  
 

Page | 313 

Analysis  C  

Intertek Lab Ref 010-00  

Microbial activity (cells/g) 

SRB 4.5 

GHB 1.5 x 106 

NRB 7.5 x 105 
 

Sample Location E 

Two sediment samples were taken from sample location E, E1 and E2 and the results of the analyses are 
shown in Table A5.6. 

E1 consisted of cream/black solid mixed in different consistencies throughout the core. The core was split 
into two sub-samples for analysis: E1(a) the bottom, and E1(b) the top of the core. 

Sediment sample E1 was found to consist mainly of fine sand with corrosion products sitting on top. Very 
significant concentrations of petroleum hydrocarbons including large amounts of PAHs were detected in the 
sample. TBT were also detected in the bottom part of the core. This suggested potential higher concentrations 
in the upper part of the core where they could not be measured due to the lack of sample quantity. Sediment 
sample E2 was not split. The analytical results are similar to those measured for the top of the E1 core 
sample. 

A fluid sludge was also obtained. Two important parameters (TPH, TBT) could not be measured due to the 
lack of sample volume. Traces of heavy metals such as Cu, Zn and Cd indicated the presence of corrosion 
products. 
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Table A5.6 Results of Analysis of Sediment and Fluid From Location E in the Minicell Annulus. 

Analysis E1(a) E1(b) E2 Fluid 

Intertek Lab Ref 003-00A 003-00B 004-00 012-00 

TSS (mg/l)     1342 

Density (kg/m³)  1160 1273 1425  

THC (mg/kg)  7104 83283 66967  

PCB (μg/kg)  <100 <100 <100  

TBT (μg/kg)  6    

Chlorobenzene (mg/l)  <0.1   <0.1 

Tri-chlorobenzene (mg/l)  <0.1   <0.1 

NORM (Bq/g) Ra-226  <0.19 <0.13 <0.22  

Heavy metals (mg/kg)  

Cadmium (Cd)  1.9 34 57 0.751 

Chromium (Cr)  16 120 161 <0.1 

Copper (Cu)  78 498 932 5.45 

Iron (Fe)  6090 60300 106000 911 

Arsenic (As)  2.87 17.8 21.7 0.356 

Mercury (Hg)  <0.11 1.31 3.47 <0.1 

Nickel (Ni)  11 63 77 <0.1 

Lead (Pb)  9.17 86 137 0.434 

Zinc (Zi)  377 8770 12300 146 

PAH (μg/kg)  

Naphthalene  110 400 200 0.1 

Phenanthrene  1034 2,700 1,700 1 

Dibenzothiophene  78 800 600 0.2 

Methylnaphthalene  162 1,300 1,200 0.6 

Methylphenanthrene  401 16,100 10,100 0.7 

Methyldibenzothiophene  150 9,500 5,500 0.6 

C2 Naphthalenes  271 19,500 11,500 0.8 

C2 Phenanthrenes  1909 88,300 57,900 1.5 

C2 Dibenzothiophenes  549 86,700 26,400 1.3 

C3 Naphthalenes  2731 248,900 182,400 11 

C3 Phenanthrenes  2025 55,600 41,000 0.8 

C3 Dibenzothiophenes  1142 64,400 51,100 0.8 

Acenaphthylene  62 200 200 <0.1 

Acenaphthene  420 2,000 1,100 0.2 

Fluorene  277 1,500 900 0.4 

Anthracene  263 1,700 1,000 0.2 

Fluoranthene  1173 3,400 1,600 0.2 

Pyrene  854 4,400 2,700 0.1 

Benz(a)anthracene  491 1,300 200 <0.1 

Chrysene  182 1,300 1,200 <0.1 

Benzo(b)fluoranthene  433 1,200 600 <0.1 
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Analysis E1(a) E1(b) E2 Fluid 

Intertek Lab Ref 003-00A 003-00B 004-00 012-00 

Benzo(k)fluoranthene  151 300 100 <0.1 

Benzo(a)pyrene  308 1,000 400 <0.1 

Indeno(1,2,3,cd)pyrene  202 800 300 <0.1 

Dibenz(a,h)anthracene  52 300 100 <0.1 

Benzo(g,h,I)perylene  188 900 400 <0.1 

Total  15,618 614,500 400,400 20.5 

BTEX (mg/kg)  

Benzene  <0.2  <0.2 <0.1 

Toluene  <0.2  <0.2 0.2 

Ethyl benzene  <0.2  <0.2 0.2 

M-and-p-Xylene  <0.2  <0.2 0.3 

O-Xylene  <0.2  <0.2 <0.1 

Total  <0.2  <0.2 0.9 

Alkylated phenols (μg/kg)  

C1-C3  2041 6520 4640 145 

C4-C5  986 2633 1835 233 

C6-C9  78 20 485 4.5 

Total  3105 9173 6960 382.5 

Microbial activity (cells/g) 

SRB  5    

GHB  9    

NRB  5    
 

Particle Size Distribution 

The particle size distribution was measured for the seven of the different sediment samples. Figure A5.1 
shows the distribution for these samples. The mean particle diameter for the different samples is shown in 
Table A5.7. 
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Figure A5.1 Particle Size Distribution of Minicell Annulus Sediment Samples. 

 

Table A5.7 Mean Particle Size of the Minicell Annulus Sediment Samples. 

Sample Mean Particle Size (μm) 

B1(a) 32.35 

B1(b) 53.06 

B2(a) 28.61 

B2(b) 33.07 

B2(c) 25.86 

E1(a) 37.98 

E1(b) 54.01 
 
  



BRENT GBS CONTENTS DECOMMISSIONING  

TECHNICAL DOCUMENT  
 

Page | 317 

The analysis shows that the mean particle size for the different samples fall within a narrow range. 
The particle sizes range from 301μm to 1.68μm. 

From the sediment analysis results it appears that the black coloured sediment layer resting on top of the fine 
white sand has a high hydrocarbon content including significant concentration of PAHs. The heavy metal 
content is symptomatic of corrosion by-products. The BTEX concentrations were very low probably as a result 
of various degradation processes. 

Some samples showed significant amounts of TBT indicating the presence of old paint residues. 

Although the fine white sand ballast showed traces of contamination, the concentrations were much lower 
than in the oily material deposited on top of it. This sand ballast is likely to be clean deeper beyond the layer 
where it mixed with the oily material. 

The fluid samples collected alongside the sediment samples were found to have significant concentrations 
of heavy metals such as zinc or copper along with traces of alkylated phenols. 

Water Composition 

The water samples were simply collected with a sample bottle lowered just below the water level by 
operating technicians. The water level was at 55.2 m for the sampling and access was gained from the 
EL+71 m platform. 

All fluids samples collected during the operation were analysed in an external laboratory (Intertek); the results 
are presented in Table A5.8. 
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Table A5.8 Minicell and Minicell Annulus Water Analysis. 

Analysis Minicell Minicell Annulus 

Density (g/l)  1.029 1.028 

OIW ppm (mg/l)  <1 32.1 

TSS (mg/l)  Not measured 68.4 

pH  Not measured 6.8 

Total PCB mg/l  <0.01 <0.01 

Total Alkylated Phenols (μg/l)  <0.1 1.8 

Heavy metals (mg/kg) 

(As) Arsenic (μg/l)  0.81 1.33 

(Cd) Cadmium (μg/l)  8.77 0.74 

(Cr) Chromium (μg/l)  1.48 3.64 

(Cu) Copper (μg/l)  17 10.7 

(Hg) Mercury (μg/l)  0.41 0.15 

(Ni) Nickel (μg/l)  26.9 7.47 

(Pb) Lead (μg/l)  2.43 3.37 

(Zn) Zinc (μg/l)  1595 202 

PAH (μg/kg) 

Naphthalene (μg/l)  <0.1 0.5 

Phenanthrene (μg/l)  67.0 3.9 

Dibenzothiophene (μg/l)  9.6 1.1 

Methylphenanthrenes (μg/l)  15.6 14.6 

Methyldibenzothiophenes (μg/l)  11.6 4 

C2 Naphthalenes (μg/l)  <0.1 6.8 

C2 Phenanthrenes (μg/l)  8.2 30.5 

C2 Dibenzothiophenes (μg/l)  8.8 13.6 

C3 Naphthalenes (μg/l)  <0.1 61.8 

C3 Phenanthrenes (μg/l)  24.3 23.1 

C3 Dibenzothiophenes (μg/l)  10.8 17.9 

Acenaphthylene (μg/l)  <0.1 0.1 

Acenaphthene (μg/l)  11.0 1.1 

Fluorene (μg/l)  10.4 1.2 

Anthracene (μg/l)  9.1 <0.1 

Fluoranthene (μg/l)  19.9 1.0 

Pyrene (μg/l)  20.7 1.3 

Benz(a)anthracene (μg/l)  13.4 0.5 

Chrysene (μg/l)  2.0 0.9 

Benzo(b)fluoranthene (μg/l)  1.8 0.7 

Benzo(k)fluoranthene (μg/l)  0.7 0.3 

Benzo(a)pyrene (μg/l)  1.8 0.9 

Indeno(1,2,3,cd)pyrene (μg/l)  11.8 0.3 

Dibenz(a,h)anthracene (μg/l)  8.5 0.2 
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Analysis Minicell Minicell Annulus 

Benzo(g,h,I)perylene (μg/l)  13.6 0.4 

Total (μg/l)  281 186.8 

BTEX 

Benzene (μg/l)  <100 <100 

Toluene (μg/l)  <100 <100 

Ethyl benzene (μg/l)  <100 <100 

M-and-p-Xylene (μg/l)  <100 <100 

O-Xylene (μg/l)  <100 <100 

Total (μg/l)  <100 <100 

Microbial activity 

SRB (cells/ml)  60 2.7 

NRB (cells/ml)  17,250 7,125,000 
 
The water samples were found to have different hydrocarbon concentrations between the minicell 
(32.1 mg/l) and the annulus (<1 mg/l). The measured PAHs concentrations were significant especially 
within the minicell. Both water samples revealed significant concentrations of heavy metals (zinc, copper, 
cadmium and lead) associated with corrosion by-products. The concentrations were also notably higher 
within the minicell than within the annulus. 

The main contaminants identified within the water phase are the hydrocarbons, predominantly the heavy end 
poorly biodegradable, and the heavy metals associated with the corrosion by-products. These compounds 
will accumulate in spaces where this is little renewal of the water with fresh seawater. 

TBT seemed to have also accumulated within the annulus as it was detected both in the oily solid material 
and in the fluids above. 

Since those water samples were collected the water level has been raised back from +55 m up to +70 m 
by the addition of clean seawater. The measured concentrations will therefore now have been significantly 
diluted. 
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APPENDIX 7   BRENT BRAVO GBS CELL CONTENTS TOTAL WEIGHTED SCORES 
UNDER EACH SUB-CRITERION AND DECC CRITERIA UNDER THE 
SET WEIGHTING SCENARIOS. 

Scenario 1: Five Main DECC criteria 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 6.7% 1.49 3.89 4.49 4.21 6.66 

Safety risk to fishermen 6.7%      

Safety risk to onshore project personnel 6.7% 6.67 6.64 6.67 6.67 6.67 

Operational environmental impacts 5% 3.25 3.60 4.50 4.50 5.00 

Legacy environmental impacts 5% 4.65 5.00 2.05 2.20 1.50 

Energy use  5% 0.67 3.89 3.79 3.49 4.93 

Emissions  5% 1.42 4.09 4.00 3.75 4.93 

Technical feasibility 20% 0.00 4.00 14.00 18.00 20.00 

Effects on commercial fisheries 6.7%      

Employment  6.7% 6.59 1.63 0.72 0.84 0.03 

Communities  6.7% 6.67 3.34 6.34 6.34 6.67 

Cost  20% 0.24 15.12 17.84 17.49 19.90 

Total 100.2% 31.65 51.19 64.39 67.49 76.30 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

20% Safety 8.16 10.53 11.16 10.88 13.33 

20% Environmental 9.99 16.57 14.34 13.95 16.37 

20% Technical 0.00 4.00 14.00 18.00 20.00 

20% Societal 13.26 4.96 7.06 7.17 6.70 

20% Economic 0.24 15.12 17.84 17.49 19.90 

 Total 31.65 51.19 64.39 67.49 76.30 

 Rank 5 4 3 2 1 
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Scenario 2: Weighted for Safety 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 13.3% 2.98 7.78 8.97 8.41 13.31 

Safety risk to fishermen 13.3%      

Safety risk to onshore project personnel 13.3% 13.33 13.28 13.33 13.33 13.33 

Operational environmental impacts 3.8% 2.44 2.70 3.38 3.38 3.75 

Legacy environmental impacts 3.8% 3.49 3.75 1.54 1.65 1.13 

Energy use  3.8% 0.50 2.91 2.84 2.62 3.70 

Emissions  3.8% 1.06 3.07 3.00 2.82 3.70 

Technical feasibility 15.0% 0.00 3.00 10.50 13.50 15.00 

Effects on commercial fisheries 5.0%      

Employment  5.0% 4.94 1.22 0.54 0.63 0.02 

Communities  5.0% 5.00 2.50 4.75 4.75 5.00 

Cost  15.0% 0.18 11.34 13.38 13.12 14.93 

Total 100.1% 33.92 51.54 62.23 64.19 73.86 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

40% Safety 16.31 21.05 22.30 21.74 26.64 

15% Environmental 7.49 12.43 10.75 10.46 12.28 

15% Technical 0.00 3.00 10.50 13.50 15.00 

15% Societal 9.94 3.72 5.29 5.38 5.02 

15% Economic 0.18 11.34 13.38 13.12 14.93 

 Total 33.92 51.54 62.23 64.19 73.86 

 Rank 5 4 3 2 1 
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Scenario 3: Weighted for Environmental 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 5.0% 1.12 2.92 3.37 3.15 4.99 

Safety risk to fishermen 5.0%      

Safety risk to onshore project personnel 5.0% 5.00 4.98 5.00 5.00 5.00 

Operational environmental impacts 10.0% 6.50 7.20 9.00 9.00 10.00 

Legacy environmental impacts 10.0% 9.30 10.00 4.10 4.40 3.00 

Energy use  10.0% 1.34 7.77 7.58 6.98 9.87 

Emissions  10.0% 2.84 8.18 8.00 7.51 9.87 

Technical feasibility 15.0% 0.00 3.00 10.50 13.50 15.00 

Effects on commercial fisheries 5.0%      

Employment  5.0% 4.94 1.22 0.54 0.63 0.02 

Communities  5.0% 5.00 2.50 4.75 4.75 5.00 

Cost  15.0% 0.18 11.34 13.38 13.12 14.93 

Total 100.0% 36.22 59.10 66.21 68.04 77.68 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

15% Safety 6.12 7.90 8.37 8.15 9.99 

40% Environmental 19.98 33.15 28.68 27.89 32.74 

15% Technical 0.00 3.00 10.50 13.50 15.00 

15% Societal 9.94 3.72 5.29 5.38 5.02 

15% Economic 0.18 11.34 13.38 13.12 14.93 

 Total 36.22 59.10 66.21 68.04 77.68 

 Rank 5 4 3 2 1 
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Scenario 4: Weighted for Technical 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 5.0% 1.12 2.92 3.37 3.15 4.99 

Safety risk to fishermen 5.0%      

Safety risk to onshore project personnel 5.0% 5.00 4.98 5.00 5.00 5.00 

Operational environmental impacts 3.8% 2.44 2.70 3.38 3.38 3.75 

Legacy environmental impacts 3.8% 3.49 3.75 1.54 1.65 1.13 

Energy use  3.8% 0.50 2.91 2.84 2.62 3.70 

Emissions  3.8% 1.06 3.07 3.00 2.82 3.70 

Technical feasibility 40.0% 0.00 8.00 28.00 36.00 40.00 

Effects on commercial fisheries 5.0%      

Employment  5.0% 4.94 1.22 0.54 0.63 0.02 

Communities  5.0% 5.00 2.50 4.75 4.75 5.00 

Cost  15.0% 0.18 11.34 13.38 13.12 14.93 

Total 100.2% 23.73 43.39 65.79 73.11 82.22 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

15% Safety 6.12 7.90 8.37 8.15 9.99 

15% Environmental 7.49 12.43 10.75 10.46 12.28 

40% Technical 0.00 8.00 28.00 36.00 40.00 

15% Societal 9.94 3.72 5.29 5.38 5.02 

15% Economic 0.18 11.34 13.38 13.12 14.93 

 Total 23.73 43.39 65.79 73.11 82.22 

 Rank 5 4 3 2 1 
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Scenario 5: Weighted for Societal 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 5.0% 1.12 2.92 3.37 3.15 4.99 

Safety risk to fishermen 5.0%      

Safety risk to onshore project personnel 5.0% 5.00 4.98 5.00 5.00 5.00 

Operational environmental impacts 3.8% 2.44 2.70 3.38 3.38 3.75 

Legacy environmental impacts 3.8% 3.49 3.75 1.54 1.65 1.13 

Energy use  3.8% 0.50 2.91 2.84 2.62 3.70 

Emissions  3.8% 1.06 3.07 3.00 2.82 3.70 

Technical feasibility 15.0% 0.00 3.00 10.50 13.50 15.00 

Effects on commercial fisheries 13.3%      

Employment  13.3% 13.17 3.25 1.44 1.67 0.07 

Communities  13.3% 13.33 6.67 12.66 12.66 13.33 

Cost  15.0% 0.18 11.34 13.38 13.12 14.93 

Total 100.1% 40.29 44.58 57.10 59.57 65.59 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

15% Safety 6.12 7.90 8.37 8.15 9.99 

15% Environmental 7.49 12.43 10.75 10.46 12.28 

15% Technical 0.00 3.00 10.50 13.50 15.00 

40% Societal 26.50 9.92 14.10 14.33 13.40 

15% Economic 0.18 11.34 13.38 13.12 14.93 

 Total 40.29 44.58 57.10 59.57 65.59 

 Rank 5 4 3 2 1 
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Scenario 6: Five Main DECC Criteria without Economic 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 6.7% 1.49 3.89 4.49 4.21 6.66 

Safety risk to fishermen 6.7%      

Safety risk to onshore project personnel 6.7% 6.67 6.64 6.67 6.67 6.67 

Operational environmental impacts 5% 3.25 3.60 4.50 4.50 5.00 

Legacy environmental impacts 5% 4.65 5.00 2.05 2.20 1.50 

Energy use  5% 0.67 3.89 3.79 3.49 4.93 

Emissions  5% 1.42 4.09 4.00 3.75 4.93 

Technical feasibility 20% 0.00 4.00 14.00 18.00 20.00 

Effects on commercial fisheries 6.7%      

Employment  6.7% 6.59 1.63 0.72 0.84 0.03 

Communities  6.7% 6.67 3.34 6.34 6.34 6.67 

Cost  20% 0.00 0.00 0.00 0.00 0.00 

Total 100.2% 31.41 36.07 46.55 49.99 56.40 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

20% Safety 8.16 10.53 11.16 10.88 13.33 

20% Environmental 9.99 16.57 14.34 13.95 16.37 

20% Technical 0.00 4.00 14.00 18.00 20.00 

20% Societal 13.26 4.96 7.06 7.17 6.70 

20% Economic 0.00 0.00 0.00 0.00 0.00 

 Total 31.41 36.07 46.55 49.99 56.40 

 Rank 5 4 3 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 8   BRENT CHARLIE GBS CELL CONTENTS TOTAL WEIGHTED SCORES 
UNDER EACH SUB-CRITERION AND DECC CRITERIA UNDER THE SET 
WEIGHTING SCENARIOS 

Scenario 1: Five Main DECC Criteria 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 6.7% 0.61 4.70 5.04 4.88 6.66 

Safety risk to fishermen 6.7%           

Safety risk to onshore project personnel 6.7% 6.67 6.66 6.67 6.67 6.67 

Operational environmental impacts 5.0% 3.25 3.95 4.50 4.50 5.00 

Legacy environmental impacts 5.0% 4.75 5.00 2.90 3.00 2.50 

Energy use  5.0% 1.54 4.24 4.07 3.89 4.93 

Emissions  5.0% 2.14 4.38 4.24 4.09 4.94 

Technical feasibility 20.0% 0.00 4.00 14.00 18.00 20.00 

Effects on commercial fisheries 6.7%           

Employment  6.7% 5.66 1.16 0.55 0.61 0.03 

Communities  6.7% 6.67 4.67 6.60 6.60 6.67 

Cost  20% 3.04 16.52 18.35 18.16 19.90 

Total 100.2% 34.32 55.28 66.92 70.40 77.31 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

20% Safety 7.28 11.36 11.71 11.55 13.33 

20% Environmental 11.67 17.57 15.71 15.48 17.38 

20% Technical 0.00 4.00 14.00 18.00 20.00 

20% Societal 12.33 5.83 7.16 7.22 6.70 

20% Economic 3.04 16.52 18.35 18.16 19.90 

 Total 34.32 55.28 66.92 70.40 77.31 

 Rank 5 4 3 2 1 
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Scenario 2: Weighted for Safety 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 13.3% 1.21 9.40 10.07 9.75 13.31 

Safety risk to fishermen 13.3%      

Safety risk to onshore project personnel 13.3% 13.33 13.31 13.33 13.33 13.33 

Operational environmental impacts 3.8% 2.44 2.96 3.38 3.38 3.75 

Legacy environmental impacts 3.8% 3.56 3.75 2.18 2.25 1.88 

Energy use  3.8% 1.15 3.18 3.05 2.92 3.70 

Emissions  3.8% 1.60 3.28 3.18 3.07 3.71 

Technical feasibility 15.0% 0.00 3.00 10.50 13.50 15.00 

Effects on commercial fisheries 5.0%      

Employment  5.0% 4.24 0.87 0.41 0.46 0.02 

Communities  5.0% 5.00 3.50 4.95 4.95 5.00 

Cost  15.0% 2.28 12.39 13.76 13.62 14.93 

Total 100.1% 34.82 55.65 64.80 67.21 74.62 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

40% Safety 14.54 22.71 23.40 23.08 26.64 

15% Environmental 8.75 13.17 11.78 11.61 13.03 

15% Technical 0.00 3.00 10.50 13.50 15.00 

15% Societal 9.24 4.37 5.36 5.41 5.02 

15% Economic 2.28 12.39 13.76 13.62 14.93 

 Total 34.82 55.65 64.80 67.21 74.62 

 Rank 5 4 3 2 1 
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Scenario 3: Weighted for Environmental 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 5.0% 0.45 3.53 3.78 3.66 4.99 

Safety risk to fishermen 5.0%      

Safety risk to onshore project personnel 5.0% 5.00 4.99 5.00 5.00 5.00 

Operational environmental impacts 10.0% 6.50 7.90 9.00 9.00 10.00 

Legacy environmental impacts 10.0% 9.50 10.00 5.80 6.00 5.00 

Energy use  10.0% 3.07 8.48 8.15 7.78 9.87 

Emissions  10.0% 4.27 8.75 8.47 8.17 9.88 

Technical feasibility 15.0% 0.00 3.00 10.50 13.50 15.00 

Effects on commercial fisheries 5.0%      

Employment  5.0% 4.24 0.87 0.41 0.46 0.02 

Communities  5.0% 5.00 3.50 4.95 4.95 5.00 

Cost  15.0% 2.28 12.39 13.76 13.62 14.93 

Total 100.0% 40.32 63.41 69.82 72.14 79.69 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

15% Safety 5.45 8.52 8.78 8.66 9.99 

40% Environmental 23.35 35.13 31.42 30.95 34.75 

15% Technical 0.00 3.00 10.50 13.50 15.00 

15% Societal 9.24 4.37 5.36 5.41 5.02 

15% Economic 2.28 12.39 13.76 13.62 14.93 

 Total 40.32 63.41 69.82 72.14 79.69 

 Rank 5 4 3 2 1 
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Scenario 4: Weighted for Technical 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 5.0% 0.45 3.53 3.78 3.66 4.99 

Safety risk to fishermen 5.0%      

Safety risk to onshore project personnel 5.0% 5.00 4.99 5.00 5.00 5.00 

Operational environmental impacts 3.8% 2.44 2.96 3.38 3.38 3.75 

Legacy environmental impacts 3.8% 3.56 3.75 2.18 2.25 1.88 

Energy use  3.8% 1.15 3.18 3.05 2.92 3.70 

Emissions  3.8% 1.60 3.28 3.18 3.07 3.71 

Technical feasibility 40.0% 0.00 8.00 28.00 36.00 40.00 

Effects on commercial fisheries 5.0%      

Employment  5.0% 4.24 0.87 0.41 0.46 0.02 

Communities  5.0% 5.00 3.50 4.95 4.95 5.00 

Cost  15.0% 2.28 12.39 13.76 13.62 14.93 

Total 100.2% 25.73 46.45 67.68 75.29 82.97 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

15% Safety 5.45 8.52 8.78 8.66 9.99 

15% Environmental 8.75 13.17 11.78 11.61 13.03 

40% Technical 0.00 8.00 28.00 36.00 40.00 

15% Societal 9.24 4.37 5.36 5.41 5.02 

15% Economic 2.28 12.39 13.76 13.62 14.93 

 Total 25.73 46.45 67.68 75.29 82.97 

 Rank 5 4 3 2 1 
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Scenario 5: Weighted for Societal 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 5.0% 0.45 3.53 3.78 3.66 4.99 

Safety risk to fishermen 5.0%      

Safety risk to onshore project personnel 5.0% 5.00 4.99 5.00 5.00 5.00 

Operational environmental impacts 3.8% 2.44 2.96 3.38 3.38 3.75 

Legacy environmental impacts 3.8% 3.56 3.75 2.18 2.25 1.88 

Energy use  3.8% 1.15 3.18 3.05 2.92 3.70 

Emissions  3.8% 1.60 3.28 3.18 3.07 3.71 

Technical feasibility 15.0% 0.00 3.00 10.50 13.50 15.00 

Effects on commercial fisheries 13.3%      

Employment  13.3% 11.30 2.32 1.10 1.23 0.07 

Communities  13.3% 13.33 9.33 13.20 13.20 13.33 

Cost  15.0% 2.28 12.39 13.76 13.62 14.93 

Total 100.1% 41.12 48.73 59.12 61.81 66.34 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

15% Safety 5.45 8.52 8.78 8.66 9.99 

15% Environmental 8.75 13.17 11.78 11.61 13.03 

15% Technical 0.00 3.00 10.50 13.50 15.00 

40% Societal 24.63 11.65 14.30 14.42 13.40 

15% Economic 2.28 12.39 13.76 13.62 14.93 

 Total 41.12 48.73 59.12 61.81 66.34 

 Rank 5 4 3 2 1 
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Scenario 6: Five main DECC criteria without Economic 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 6.7% 0.61 4.70 5.04 4.88 6.66 

Safety risk to fishermen 6.7%           

Safety risk to onshore project personnel 6.7% 6.67 6.66 6.67 6.67 6.67 

Operational environmental impacts 5% 3.25 3.95 4.50 4.50 5.00 

Legacy environmental impacts 5% 4.75 5.00 2.90 3.00 2.50 

Energy use  5% 1.54 4.24 4.07 3.89 4.93 

Emissions  5% 2.14 4.38 4.24 4.09 4.94 

Technical feasibility 20% 0.00 4.00 14.00 18.00 20.00 

Effects on commercial fisheries 6.7%           

Employment  6.7% 5.66 1.16 0.55 0.61 0.03 

Communities  6.7% 6.67 4.67 6.60 6.60 6.67 

Cost  20% 0.00 0.00 0.00 0.00 0.00 

Total 100.2% 31.27 38.76 48.57 52.24 57.41 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

20% Safety 7.28 11.36 11.71 11.55 13.33 

20% Environmental 11.67 17.57 15.71 15.48 17.38 

20% Technical 0.00 4.00 14.00 18.00 20.00 

20% Societal 12.33 5.83 7.16 7.22 6.70 

20% Economic 0.00 0.00 0.00 0.00 0.00 

 Total 31.27 38.76 48.57 52.24 57.41 

 Rank 5 4 3 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 9   BRENT DELTA GBS CELL CONTENTS TOTAL WEIGHTED SCORES 
UNDER EACH SUB-CRITERION AND DECC CRITERIA UNDER THE SET 
WEIGHTING SCENARIOS. 

Scenario 1: Five Main DECC Criteria 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 6.7% 0.00 3.89 4.50 4.21 6.66 

Safety risk to fishermen 6.7%      

Safety risk to onshore project personnel 6.7% 6.67 6.64 6.67 6.67 6.67 

Operational environmental impacts 5.0% 3.25 3.60 4.50 4.50 5.00 

Legacy environmental impacts 5.0% 4.65 5.00 2.05 2.20 1.50 

Energy use  5.0% 0.66 3.89 3.81 3.49 4.93 

Emissions  5.0% 1.42 4.09 4.01 3.76 4.93 

Technical feasibility 20.0% 0.00 4.00 14.00 18.00 20.00 

Effects on commercial fisheries 6.7%      

Employment  6.7% 6.67 1.63 0.71 0.83 0.03 

Communities  6.7% 6.67 3.34 6.34 6.34 6.67 

Cost  20% 0.00 15.12 17.86 17.50 19.90 

Total 100.2% 29.99 51.19 64.45 67.51 76.30 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

20% Safety 6.67 10.53 11.17 10.88 13.33 

20% Environmental 9.98 16.57 14.37 13.95 16.37 

20% Technical 0.00 4.00 14.00 18.00 20.00 

20% Societal 13.34 4.96 7.05 7.17 6.70 

20% Economic 0.00 15.12 17.86 17.50 19.90 

 Total 29.99 51.19 64.45 67.51 76.30 

 Rank 5 4 3 2 1 
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Scenario 2: Weighted for Safety 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 13.3% 0.00 7.78 9.00 8.42 13.31 

Safety risk to fishermen 13.3%      

Safety risk to onshore project personnel 13.3% 13.33 13.28 13.33 13.33 13.33 

Operational environmental impacts 3.8% 2.44 2.70 3.38 3.38 3.75 

Legacy environmental impacts 3.8% 3.49 3.75 1.54 1.65 1.13 

Energy use  3.8% 0.50 2.91 2.85 2.62 3.70 

Emissions  3.8% 1.06 3.07 3.01 2.82 3.70 

Technical feasibility 15.0% 0.00 3.00 10.50 13.50 15.00 

Effects on commercial fisheries 5.0%      

Employment  5.0% 5.00 1.22 0.54 0.62 0.02 

Communities  5.0% 5.00 2.50 4.75 4.75 5.00 

Cost  15.0% 0.00 11.34 13.39 13.13 14.93 

Total 100.1% 30.81 51.54 62.28 64.21 73.86 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

40% Safety 13.33 21.05 22.33 21.75 26.64 

15% Environmental 7.48 12.43 10.78 10.46 12.28 

15% Technical 0.00 3.00 10.50 13.50 15.00 

15% Societal 10.00 3.72 5.29 5.37 5.02 

15% Economic 0.00 11.34 13.39 13.13 14.93 

 Total 30.81 51.54 62.28 64.21 73.86 

 Rank 5 4 3 2 1 
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Scenario 3: Weighted for Environmental 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 5.0% 0.00 2.92 3.38 3.16 4.99 

Safety risk to fishermen 5.0%      

Safety risk to onshore project personnel 5.0% 5.00 4.98 5.00 5.00 5.00 

Operational environmental impacts 10.0% 6.50 7.20 9.00 9.00 10.00 

Legacy environmental impacts 10.0% 9.30 10.00 4.10 4.40 3.00 

Energy use  10.0% 1.33 7.77 7.61 6.99 9.87 

Emissions  10.0% 2.83 8.18 8.02 7.51 9.87 

Technical feasibility 15.0% 0.00 3.00 10.50 13.50 15.00 

Effects on commercial fisheries 5.0%      

Employment  5.0% 5.00 1.22 0.54 0.62 0.02 

Communities  5.0% 5.00 2.50 4.75 4.75 5.00 

Cost  15.0% 0.00 11.34 13.39 13.13 14.93 

Total 100.0% 34.96 59.10 66.29 68.06 77.68 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

15% Safety 5.00 7.90 8.38 8.16 9.99 

40% Environmental 19.96 33.15 28.74 27.90 32.74 

15% Technical 0.00 3.00 10.50 13.50 15.00 

15% Societal 10.00 3.72 5.29 5.37 5.02 

15% Economic 0.00 11.34 13.39 13.13 14.93 

 Total 34.96 59.10 66.29 68.06 77.68 

 Rank 5 4 3 2 1 
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Scenario 4: Weighted for Technical 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 5.0% 0.00 2.92 3.38 3.16 4.99 

Safety risk to fishermen 5.0%      

Safety risk to onshore project personnel 5.0% 5.00 4.98 5.00 5.00 5.00 

Operational environmental impacts 3.8% 2.44 2.70 3.38 3.38 3.75 

Legacy environmental impacts 3.8% 3.49 3.75 1.54 1.65 1.13 

Energy use  3.8% 0.50 2.91 2.85 2.62 3.70 

Emissions  3.8% 1.06 3.07 3.01 2.82 3.70 

Technical feasibility 40.0% 0.00 8.00 28.00 36.00 40.00 

Effects on commercial fisheries 5.0%      

Employment  5.0% 5.00 1.22 0.54 0.62 0.02 

Communities  5.0% 5.00 2.50 4.75 4.75 5.00 

Cost  15.0% 0.00 11.34 13.39 13.13 14.93 

Total 100.2% 22.48 43.39 65.83 73.12 82.22 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

15% Safety 5.00 7.90 8.38 8.16 9.99 

15% Environmental 7.48 12.43 10.78 10.46 12.28 

40% Technical 0.00 8.00 28.00 36.00 40.00 

15% Societal 10.00 3.72 5.29 5.37 5.02 

15% Economic 0.00 11.34 13.39 13.13 14.93 

 Total 22.48 43.39 65.83 73.12 82.22 

 Rank 5 4 3 2 1 
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Scenario 5: Weighted for Societal 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 5.0% 0.00 2.92 3.38 3.16 4.99 

Safety risk to fishermen 5.0%      

Safety risk to onshore project personnel 5.0% 5.00 4.98 5.00 5.00 5.00 

Operational environmental impacts 3.8% 2.44 2.70 3.38 3.38 3.75 

Legacy environmental impacts 3.8% 3.49 3.75 1.54 1.65 1.13 

Energy use  3.8% 0.50 2.91 2.85 2.62 3.70 

Emissions  3.8% 1.06 3.07 3.01 2.82 3.70 

Technical feasibility 15.0% 0.00 3.00 10.50 13.50 15.00 

Effects on commercial fisheries 13.3%      

Employment  13.3% 13.33 3.25 1.43 1.67 0.07 

Communities  13.3% 13.33 6.67 12.66 12.66 13.33 

Cost  15.0% 0.00 11.34 13.39 13.13 14.93 

Total 100.1% 39.14 44.58 57.14 59.58 65.59 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

15% Safety 5.00 7.90 8.38 8.16 9.99 

15% Environmental 7.48 12.43 10.78 10.46 12.28 

15% Technical 0.00 3.00 10.50 13.50 15.00 

40% Societal 26.66 9.92 14.09 14.33 13.40 

15% Economic 0.00 11.34 13.39 13.13 14.93 

 Total 39.14 44.58 57.14 59.58 65.59 

 Rank 5 4 3 2 1 
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Scenario 6: Five Main DECC Criteria without Economic 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 6.7% 0.00 3.89 4.50 4.21 6.66 

Safety risk to fishermen 6.7%      

Safety risk to onshore project personnel 6.7% 6.67 6.64 6.67 6.67 6.67 

Operational environmental impacts 5% 3.25 3.60 4.50 4.50 5.00 

Legacy environmental impacts 5% 4.65 5.00 2.05 2.20 1.50 

Energy use  5% 0.66 3.89 3.81 3.49 4.93 

Emissions  5% 1.42 4.09 4.01 3.76 4.93 

Technical feasibility 20% 0.00 4.00 14.00 18.00 20.00 

Effects on commercial fisheries 6.7%      

Employment  6.7% 6.67 1.63 0.71 0.83 0.03 

Communities  6.7% 6.67 3.34 6.34 6.34 6.67 

Cost  20% 0.00 0.00 0.00 0.00 0.00 

Total 100.2% 29.99 36.07 46.59 50.00 56.40 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

20% Safety 6.67 10.53 11.17 10.88 13.33 

20% Environmental 9.98 16.57 14.37 13.95 16.37 

20% Technical 0.00 4.00 14.00 18.00 20.00 

20% Societal 13.34 4.96 7.05 7.17 6.70 

20% Economic 0.00 0.00 0.00 0.00 0.00 

 Total 29.99 36.07 46.59 50.00 56.40 

 Rank 5 4 3 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 10   BRENT BRAVO MINICELL ANNULUS TOTAL WEIGHTED SCORES 
UNDER EACH SUB-CRITERION AND DECC CRITERIA UNDER THE SET 
WEIGHTING SCENARIOS. 

Scenario 1: Five Main DECC Criteria 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 6.7% 6.18 6.43 6.44 6.46 6.67 

Safety risk to fishermen 6.7%      

Safety risk to onshore project personnel 6.7% 6.67 6.67 6.67 6.67 6.67 

Operational environmental impacts 5.0% 4.00 4.80 4.85 4.85 5.00 

Legacy environmental impacts 5.0% 5.00 5.00 4.80 4.80 4.75 

Energy use  5.0% 4.59 4.79 4.83 4.86 5.00 

Emissions  5.0% 4.67 4.83 4.86 4.88 5.00 

Technical feasibility 20.0% 0.00 0.00 4.40 4.40 20.00 

Effects on commercial fisheries 6.7%      

Employment  6.7% 0.53 0.19 0.17 0.16 0.00 

Communities  6.7% 6.67 6.34 6.67 6.67 6.67 

Cost  20% 18.43 19.42 19.50 19.54 20.00 

Total 100.2% 56.73 58.47 63.19 63.28 79.76 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

20% Safety 12.85 13.10 13.11 13.13 13.34 

20% Environmental 18.26 19.42 19.34 19.39 19.75 

20% Technical 0.00 0.00 4.40 4.40 20.00 

20% Societal 7.20 6.53 6.84 6.83 6.67 

20% Economic 18.43 19.42 19.50 19.54 20.00 

 Total 56.73 58.47 63.19 63.28 79.76 

 Rank 5 4 3 2 1 
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Scenario 2: Weighted for Safety 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 13.3% 12.36 12.84 12.87 12.92 13.33 

Safety risk to fishermen 13.3%      

Safety risk to onshore project personnel 13.3% 13.33 13.33 13.33 13.33 13.33 

Operational environmental impacts 3.8% 3.00 3.60 3.64 3.64 3.75 

Legacy environmental impacts 3.8% 3.75 3.75 3.60 3.60 3.56 

Energy use  3.8% 3.44 3.59 3.62 3.64 3.75 

Emissions  3.8% 3.50 3.62 3.65 3.66 3.75 

Technical feasibility 15.0% 0.00 0.00 3.30 3.30 15.00 

Effects on commercial fisheries 5.0%      

Employment  5.0% 0.39 0.15 0.13 0.12 0.00 

Communities  5.0% 5.00 4.75 5.00 5.00 5.00 

Cost  15.0% 13.82 14.56 14.62 14.65 15.00 

Total 100.1% 58.59 60.20 63.76 63.86 76.47 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

40% Safety 25.69 26.17 26.20 26.25 26.66 

15% Environmental 13.69 14.57 14.51 14.54 14.81 

15% Technical 0.00 0.00 3.30 3.30 15.00 

15% Societal 5.39 4.90 5.13 5.12 5.00 

15% Economic 13.82 14.56 14.62 14.65 15.00 

 Total 58.59 60.20 63.76 63.86 76.47 

 Rank 5 4 3 2 1 
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Scenario 3: Weighted for Environmental 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 5.0% 4.63 4.82 4.83 4.85 5.00 

Safety risk to fishermen 5.0%      

Safety risk to onshore project personnel 5.0% 5.00 5.00 5.00 5.00 5.00 

Operational environmental impacts 10.0% 8.00 9.60 9.70 9.70 10.00 

Legacy environmental impacts 10.0% 10.00 10.00 9.60 9.60 9.50 

Energy use  10.0% 9.18 9.58 9.66 9.71 10.00 

Emissions  10.0% 9.33 9.66 9.72 9.76 10.00 

Technical feasibility 15.0% 0.00 0.00 3.30 3.30 15.00 

Effects on commercial fisheries 5.0%      

Employment  5.0% 0.39 0.15 0.13 0.12 0.00 

Communities  5.0% 5.00 4.75 5.00 5.00 5.00 

Cost  15.0% 13.82 14.56 14.62 14.65 15.00 

Total 100.0% 65.36 68.12 71.56 71.69 84.50 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

15% Safety 9.63 9.82 9.83 9.85 10.00 

40% Environmental 36.52 38.84 38.68 38.78 39.50 

15% Technical 0.00 0.00 3.30 3.30 15.00 

15% Societal 5.39 4.90 5.13 5.12 5.00 

15% Economic 13.82 14.56 14.62 14.65 15.00 

 Total 65.36 68.12 71.56 71.69 84.50 

 Rank 5 4 3 2 1 
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Scenario 4: Weighted for Technical 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 5.0% 4.63 4.82 4.83 4.85 5.00 

Safety risk to fishermen 5.0%      

Safety risk to onshore project personnel 5.0% 5.00 5.00 5.00 5.00 5.00 

Operational environmental impacts 3.8% 3.00 3.60 3.64 3.64 3.75 

Legacy environmental impacts 3.8% 3.75 3.75 3.60 3.60 3.56 

Energy use  3.8% 3.44 3.59 3.62 3.64 3.75 

Emissions  3.8% 3.50 3.62 3.65 3.66 3.75 

Technical feasibility 40.0% 0.00 0.00 8.80 8.80 40.00 

Effects on commercial fisheries 5.0%      

Employment  5.0% 0.39 0.15 0.13 0.12 0.00 

Communities  5.0% 5.00 4.75 5.00 5.00 5.00 

Cost  15.0% 13.82 14.56 14.62 14.65 15.00 

Total 100.2% 42.54 43.84 52.88 52.95 84.81 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

15% Safety 9.63 9.82 9.83 9.85 10.00 

15% Environmental 13.69 14.57 14.51 14.54 14.81 

40% Technical 0.00 0.00 8.80 8.80 40.00 

15% Societal 5.39 4.90 5.13 5.12 5.00 

15% Economic 13.82 14.56 14.62 14.65 15.00 

 Total 42.54 43.84 52.88 52.95 84.81 

 Rank 5 4 3 2 1 
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Scenario 5: Weighted for Societal 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 5.0% 4.63 4.82 4.83 4.85 5.00 

Safety risk to fishermen 5.0%           

Safety risk to onshore project personnel 5.0% 5.00 5.00 5.00 5.00 5.00 

Operational environmental impacts 3.8% 3.00 3.60 3.64 3.64 3.75 

Legacy environmental impacts 3.8% 3.75 3.75 3.60 3.60 3.56 

Energy use  3.8% 3.44 3.59 3.62 3.64 3.75 

Emissions  3.8% 3.50 3.62 3.65 3.66 3.75 

Technical feasibility 15.0% 0.00 0.00 3.30 3.30 15.00 

Effects on commercial fisheries 13.3%           

Employment  13.3% 1.05 0.39 0.33 0.31 0.00 

Communities  13.3% 13.33 12.66 13.33 13.33 13.33 

Cost  15.0% 13.82 14.56 14.62 14.65 15.00 

Total 100.1% 51.53 52.00 55.92 55.98 68.14 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

15% Safety 9.63 9.82 9.83 9.85 10.00 

15% Environmental 13.69 14.57 14.51 14.54 14.81 

15% Technical 0.00 0.00 3.30 3.30 15.00 

40% Societal 14.38 13.05 13.66 13.64 13.33 

15% Economic 13.82 14.56 14.62 14.65 15.00 

 Total 51.53 52.00 55.92 55.98 68.14 

 Rank 5 4 3 2 1 
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Scenario 6: Five Main DECC Criteria without Economic 

  Option 

  1 2 3 4 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 6.7% 6.18 6.43 6.44 6.46 6.67 

Safety risk to fishermen 6.7%      

Safety risk to onshore project personnel 6.7% 6.67 6.67 6.67 6.67 6.67 

Operational environmental impacts 5% 4.00 4.80 4.85 4.85 5.00 

Legacy environmental impacts 5% 5.00 5.00 4.80 4.80 4.75 

Energy use  5% 4.59 4.79 4.83 4.86 5.00 

Emissions  5% 4.67 4.83 4.86 4.88 5.00 

Technical feasibility 20% 0.00 0.00 4.40 4.40 20.00 

Effects on commercial fisheries 6.7%      

Employment  6.7% 0.53 0.19 0.17 0.16 0.00 

Communities  6.7% 6.67 6.34 6.67 6.67 6.67 

Cost  20% 0.00 0.00 0.00 0.00 0.00 

Total 100.2% 38.31 39.05 43.69 43.75 59.76 

Rank 5 4 3 2 1 
 

 

 

Total Weighted Score Across DECC Criteria 

 Option 

 1 2 3 4 5 

20% Safety 12.85 13.10 13.11 13.13 13.34 

20% Environmental 18.26 19.42 19.34 19.39 19.75 

20% Technical 0.00 0.00 4.40 4.40 20.00 

20% Societal 7.20 6.53 6.84 6.83 6.67 

20% Economic 0.00 0.00 0.00 0.00 0.00 

 Total 38.31 39.05 43.69 43.75 59.76 

 Rank 5 4 3 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. 

Note: The weighted scores for Brent Delta minicell annulus are the same as those presented above for 
Brent Bravo  
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APPENDIX 11   BRENT BRAVO DRILLING LEG TOTAL WEIGHTED SCORES UNDER EACH SUB-CRITERION AND DECC CRITERIA UNDER 
THE SET WEIGHTING SCENARIOS. 

Scenario 1: Five Main DECC Criteria 

  Option 

  1a 1b 2a 2b 3a 3b 4a 4b 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 6.7% 6.11 4.84 6.59 5.57 6.66 6.22 6.66 6.19 6.67 

Safety risk to fishermen 6.7%          

Safety risk to onshore project personnel 6.7% 6.67 6.67 6.67 6.67 6.67 6.67 6.67 6.67 6.67 

Operational environmental impacts 5.0% 4.00 4.00 4.70 4.70 4.85 4.85 4.85 4.85 5.00 

Legacy environmental impacts 5.0% 5.00 5.00 5.00 5.00 4.80 4.80 4.80 4.80 4.75 

Energy use  5.0% 4.14 3.01 4.66 3.97 5.00 4.63 5.00 4.58 5.00 

Emissions  5.0% 4.30 3.35 4.72 4.14 5.00 4.68 5.00 4.64 5.00 

Technical feasibility 20.0% 1.00 0.00 6.00 5.40 10.00 9.20 9.60 9.00 20.00 

Effects on commercial fisheries 6.7%          

Employment  6.7% 0.70 1.91 0.20 1.19 0.01 0.46 0.01 0.48 0.00 

Communities  6.7% 6.67 6.67 6.00 6.00 6.60 6.60 6.60 6.60 6.67 

Cost  20% 17.91 14.27 19.40 16.44 19.98 18.63 19.98 18.55 20.00 

Total 100.2% 56.49 49.71 63.93 59.08 69.57 66.74 69.16 66.37 79.76 

Rank 8 9 6 7 2 4 3 5 1 
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Total Weighted Score Across DECC Criteria 

 Option 

 1a 1b 2a 2b 3a 3b 4a 4b 5 

20% Safety 12.78 11.51 13.26 12.24 13.33 12.89 13.33 12.86 13.34 

20% Environmental 17.44 15.35 19.07 17.82 19.65 18.96 19.65 18.87 19.75 

20% Technical 1.00 0.00 6.00 5.40 10.00 9.20 9.60 9.00 20.00 

20% Societal 7.37 8.58 6.20 7.19 6.61 7.06 6.61 7.09 6.67 

20% Economic 17.91 14.27 19.40 16.44 19.98 18.63 19.98 18.55 20.00 

 Total 56.49 49.71 63.93 59.08 69.57 66.74 69.16 66.37 79.76 

 Rank 8 9 6 7 2 4 3 5 1 
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Scenario 2: Weighted for Safety 

  Option 

  1a 1b 2a 2b 3a 3b 4a 4b 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 13.3% 12.20 9.67 13.17 11.13 13.31 12.42 13.31 12.38 13.33 

Safety risk to fishermen 13.3%                   

Safety risk to onshore project personnel 13.3% 13.33 13.33 13.32 13.32 13.33 13.33 13.33 13.33 13.33 

Operational environmental impacts 3.8% 3.00 3.00 3.53 3.53 3.64 3.64 3.64 3.64 3.75 

Legacy environmental impacts 3.8% 3.75 3.75 3.75 3.75 3.60 3.60 3.60 3.60 3.56 

Energy use  3.8% 3.11 2.25 3.49 2.98 3.75 3.47 3.75 3.43 3.75 

Emissions  3.8% 3.22 2.51 3.54 3.11 3.75 3.51 3.75 3.48 3.75 

Technical feasibility 15.0% 0.75 0.00 4.50 4.05 7.50 6.90 7.20 6.75 15.00 

Effects on commercial fisheries 5.0%                   

Employment  5.0% 0.52 1.43 0.15 0.89 0.00 0.34 0.01 0.36 0.00 

Communities  5.0% 5.00 5.00 4.50 4.50 4.95 4.95 4.95 4.95 5.00 

Cost  15.0% 13.43 10.70 14.55 12.33 14.99 13.97 14.98 13.91 15.00 

Total 100.1% 58.32 51.65 64.50 59.59 68.82 66.14 68.51 65.83 76.47 

Rank 8 9 6 7 2 4 3 5 1 
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Total Weighted Score Across DECC Criteria 

 Option 

 1a 1b 2a 2b 3a 3b 4a 4b 5 

40% Safety 25.53 23.00 26.50 24.46 26.64 25.75 26.64 25.71 26.66 

15% Environmental 13.08 11.52 14.31 13.36 14.73 14.22 14.73 14.15 14.81 

15% Technical 0.75 0.00 4.50 4.05 7.50 6.90 7.20 6.75 15.00 

15% Societal 5.52 6.43 4.65 5.39 4.95 5.29 4.96 5.31 5.00 

15% Economic 13.43 10.70 14.55 12.33 14.99 13.97 14.98 13.91 15.00 

 Total 58.32 51.65 64.50 59.59 68.82 66.14 68.51 65.83 76.47 

 Rank 8 9 6 7 2 4 3 5 1 
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Scenario 3: Weighted for Environmental 

  Option 

  1a 1b 2a 2b 3a 3b 4a 4b 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 5.0% 4.58 3.63 4.94 4.18 4.99 4.66 4.99 4.64 5.00 

Safety risk to fishermen 5.0%          

Safety risk to onshore project personnel 5.0% 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 

Operational environmental impacts 10.0% 8.00 8.00 9.40 9.40 9.70 9.70 9.70 9.70 10.00 

Legacy environmental impacts 10.0% 10.00 10.00 10.00 10.00 9.60 9.60 9.60 9.60 9.50 

Energy use  10.0% 8.28 6.01 9.31 7.95 10.00 9.26 10.00 9.16 10.00 

Emissions  10.0% 8.60 6.70 9.44 8.28 10.00 9.37 10.00 9.28 10.00 

Technical feasibility 15.0% 0.75 0.00 4.50 4.05 7.50 6.90 7.20 6.75 15.00 

Effects on commercial fisheries 5.0%          

Employment  5.0% 0.52 1.43 0.15 0.89 0.00 0.34 0.01 0.36 0.00 

Communities  5.0% 5.00 5.00 4.50 4.50 4.95 4.95 4.95 4.95 5.00 

Cost  15.0% 13.43 10.70 14.55 12.33 14.99 13.97 14.98 13.91 15.00 

Total 100.0% 64.16 56.47 71.78 66.57 76.73 73.75 76.42 73.36 84.50 

Rank 8 9 6 7 2 4 3 5 1 
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Total Weighted Score Across DECC Criteria 

 Option 

 1a 1b 2a 2b 3a 3b 4a 4b 5 

15% Safety 9.58 8.63 9.94 9.17 9.99 9.66 9.99 9.64 10.00 

40% Environmental 34.88 30.71 38.15 35.63 39.29 37.93 39.29 37.74 39.50 

15% Technical 0.75 0.00 4.50 4.05 7.50 6.90 7.20 6.75 15.00 

15% Societal 5.52 6.43 4.65 5.39 4.95 5.29 4.96 5.31 5.00 

15% Economic 13.43 10.70 14.55 12.33 14.99 13.97 14.98 13.91 15.00 

 Total 64.16 56.47 71.78 66.57 76.73 73.75 76.42 73.36 84.50 

 Rank 8 9 6 7 2 4 3 5 1 
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Scenario 4: Weighted for Technical 

  Option 

  1a 1b 2a 2b 3a 3b 4a 4b 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 5.0% 4.58 3.63 4.94 4.18 4.99 4.66 4.99 4.64 5.00 

Safety risk to fishermen 5.0%                   

Safety risk to onshore project personnel 5.0% 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 

Operational environmental impacts 3.8% 3.00 3.00 3.53 3.53 3.64 3.64 3.64 3.64 3.75 

Legacy environmental impacts 3.8% 3.75 3.75 3.75 3.75 3.60 3.60 3.60 3.60 3.56 

Energy use  3.8% 3.11 2.25 3.49 2.98 3.75 3.47 3.75 3.43 3.75 

Emissions  3.8% 3.22 2.51 3.54 3.11 3.75 3.51 3.75 3.48 3.75 

Technical feasibility 40.0% 2.00 0.00 12.00 10.80 20.00 18.40 19.20 18.00 40.00 

Effects on commercial fisheries 5.0%                   

Employment  5.0% 0.52 1.43 0.15 0.89 0.00 0.34 0.01 0.36 0.00 

Communities  5.0% 5.00 5.00 4.50 4.50 4.95 4.95 4.95 4.95 5.00 

Cost  15.0% 13.43 10.70 14.55 12.33 14.99 13.97 14.98 13.91 15.00 

Total 100.2% 43.61 37.28 55.44 51.05 64.67 61.55 63.87 61.02 84.81 

Rank 8 9 6 7 2 4 3 5 1 
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Total Weighted Score Across DECC Criteria 

 Option 

 1a 1b 2a 2b 3a 3b 4a 4b 5 

15% Safety 9.58 8.63 9.94 9.17 9.99 9.66 9.99 9.64 10.00 

15% Environmental 13.08 11.52 14.31 13.36 14.73 14.22 14.73 14.15 14.81 

40% Technical 2.00 0.00 12.00 10.80 20.00 18.40 19.20 18.00 40.00 

15% Societal 5.52 6.43 4.65 5.39 4.95 5.29 4.96 5.31 5.00 

15% Economic 13.43 10.70 14.55 12.33 14.99 13.97 14.98 13.91 15.00 

 Total 43.61 37.28 55.44 51.05 64.67 61.55 63.87 61.02 84.81 

 Rank 8 9 6 7 2 4 3 5 1 
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Scenario 5: Weighted for Societal 

  Option 

  1a 1b 2a 2b 3a 3b 4a 4b 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 5.0% 4.58 3.63 4.94 4.18 4.99 4.66 4.99 4.64 5.00 

Safety risk to fishermen 5.0%                   

Safety risk to onshore project personnel 5.0% 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 

Operational environmental impacts 3.8% 3.00 3.00 3.53 3.53 3.64 3.64 3.64 3.64 3.75 

Legacy environmental impacts 3.8% 3.75 3.75 3.75 3.75 3.60 3.60 3.60 3.60 3.56 

Energy use  3.8% 3.11 2.25 3.49 2.98 3.75 3.47 3.75 3.43 3.75 

Emissions  3.8% 3.22 2.51 3.54 3.11 3.75 3.51 3.75 3.48 3.75 

Technical feasibility 15.0% 0.75 0.00 4.50 4.05 7.50 6.90 7.20 6.75 15.00 

Effects on commercial fisheries 13.3%                   

Employment  13.3% 1.39 3.82 0.40 2.37 0.01 0.91 0.02 0.97 0.00 

Communities  13.3% 13.33 13.33 12.00 12.00 13.20 13.20 13.20 13.20 13.33 

Cost  15.0% 13.43 10.70 14.55 12.33 14.99 13.97 14.98 13.91 15.00 

Total 100.1% 51.56 47.99 55.69 53.28 60.42 58.86 60.12 58.62 68.14 

Rank 8 9 6 7 2 4 3 5 1 
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Total Weighted Score Across DECC Criteria 

 Option 

 1a 1b 2a 2b 3a 3b 4a 4b 5 

15% Safety 9.58 8.63 9.94 9.17 9.99 9.66 9.99 9.64 10.00 

15% Environmental 13.08 11.52 14.31 13.36 14.73 14.22 14.73 14.15 14.81 

15% Technical 0.75 0.00 4.50 4.05 7.50 6.90 7.20 6.75 15.00 

40% Societal 14.72 17.15 12.40 14.37 13.21 14.11 13.21 14.16 13.33 

15% Economic 13.43 10.70 14.55 12.33 14.99 13.97 14.98 13.91 15.00 

 Total 51.56 47.99 55.69 53.28 60.42 58.86 60.12 58.62 68.14 

 Rank 8 9 6 7 2 4 3 5 1 
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Scenario 6: Five Main DECC Criteria without Economic 

  Option 

  1a 1b 2a 2b 3a 3b 4a 4b 5 

 Weight Weighted Score Across Sub-criteria 

Safety risk to offshore project personnel 6.7% 6.11 4.84 6.59 5.57 6.66 6.22 6.66 6.19 6.67 

Safety risk to fishermen 6.7%                   

Safety risk to onshore project personnel 6.7% 6.67 6.67 6.67 6.67 6.67 6.67 6.67 6.67 6.67 

Operational environmental impacts 5% 4.00 4.00 4.70 4.70 4.85 4.85 4.85 4.85 5.00 

Legacy environmental impacts 5% 5.00 5.00 5.00 5.00 4.80 4.80 4.80 4.80 4.75 

Energy use  5% 4.14 3.01 4.66 3.97 5.00 4.63 5.00 4.58 5.00 

Emissions  5% 4.30 3.35 4.72 4.14 5.00 4.68 5.00 4.64 5.00 

Technical feasibility 20% 1.00 0.00 6.00 5.40 10.00 9.20 9.60 9.00 20.00 

Effects on commercial fisheries 6.7%                   

Employment  6.7% 0.70 1.91 0.20 1.19 0.01 0.46 0.01 0.48 0.00 

Communities  6.7% 6.67 6.67 6.00 6.00 6.60 6.60 6.60 6.60 6.67 

Cost  20% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total 100.2% 38.58 35.44 44.54 42.64 49.59 48.11 49.19 47.82 59.76 

Rank 8 9 6 7 2 4 3 5 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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Total Weighted Score Across DECC Criteria 

 Option 

 1a 1b 2a 2b 3a 3b 4a 4b 5 

20% Safety 12.78 11.51 13.26 12.24 13.33 12.89 13.33 12.86 13.34 

20% Environmental 17.44 15.35 19.07 17.82 19.65 18.96 19.65 18.87 19.75 

20% Technical 1.00 0.00 6.00 5.40 10.00 9.20 9.60 9.00 20.00 

20% Societal 7.37 8.58 6.20 7.19 6.61 7.06 6.61 7.09 6.67 

20% Economic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 Total 38.58 35.44 44.54 42.64 49.59 48.11 49.19 47.82 59.76 

 Rank 8 9 6 7 2 4 3 5 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. 

Note: The weighted scores for Brent Delta drilling leg are the same as options 1b, 2b, 3b, 4b and 5 presented above for Brent Bravo  

 

 



 

 

 


