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1 THE OWNERS OF THE BRENT FIELD 

This Technical Document has been prepared by Shell U.K. Limited (Shell), the Operator of the Brent Field,  
on behalf of itself and Esso Exploration and Production UK Limited (Esso), who are the owners in equal shares of 
the Brent Field. Throughout this document therefore, the terms ‘owners’, ‘we’, ‘us’, and ‘our’  
refer to ‘Shell and Esso’. 

Under the Petroleum Act 1998, and the three Section 29 Notices that have been served on the owners  
(for the Brent Delta topside, the other installations, and the Brent 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 Programme. 
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2 BRENT FIELD DECOMMISSIONING DOCUMENTATION 

The Brent Field comprises four installations, 28 pipelines and four subsea 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 installations 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 several 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 (BEIS1), we have chosen  
to present essential, detailed, descriptive and factual information, and where necessary full Comparative 
Assessments (CA), in six separate Technical Documents (TD), which support and inform the Brent Field 
Decommissioning Programme (DP) [1] . The Decommissioning Programme 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 the owners will have for any assets or material remaining in the Brent 
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 number in brackets [ ] as listed in 
Section 13. 

  

                                                

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

 

  



 BRENT FIELD DRILL CUTTINGS DECOMMISSIONING 
 TECHNICAL DOCUMENT 
 

Page | 10 

3 EXECUTIVE SUMMARY 

This Technical Document presents information on the decommissioning of the Brent Field drill cuttings piles.  
It summarises the most recent information gathered on the status of the historic drill cuttings piles in the Brent Field. 
It presents evidence from the surveys of the drill cuttings piles and long-term fate modelling, which indicates that 
all the seabed drill cuttings piles in the Brent Field do not exceed either the oil loss rate or the area persistence 
thresholds in OSPAR Recommendation 2006/5 on a Management Regime for Offshore Cuttings Piles [2]. The 
cell-top drill cuttings piles of the Brent Bravo and Brent Delta are also believed to fall below the OSPAR 
thresholds. Accordingly, the recommended management option for undisturbed cuttings piles is to leave them in 
situ to continue to degrade naturally. The Brent Charlie cell-top drill cuttings pile was found to exceed one of the 
thresholds so in accordance with OSPAR Recommendation 2006/5 we have carried out a further assessment to 
evaluate management options for this drill cuttings pile against leaving the cuttings pile in situ.  

Some of the drill cuttings piles are in close proximity to other Brent Field infrastructure and will inevitably  
be disturbed during the decommissioning of these items. As a result of detailed and exhaustive engineering, 
technical and risk assessments, we have concluded that it is not technically feasible to remove any of the Brent 
Bravo, Brent Charlie and Brent Delta Gravity Based Structures (GBS) by refloating. The only disturbance to the 
present seabed drill cuttings piles around these structures will therefore be minimal when, for example, pipelines 
are disconnected from the GBS. This minimal disturbance in order to complete decommissioning works in line 
with OSPAR Decision 98/3 on the Disposal of Disused Offshore Installations [3] is allowed  
by the UK regulator on the basis that it is necessary for the removal of infrastructure and will form part of the 
permitting requests for undertaking this work, as required. 

In order to assess the decommissioning options for the Brent Alpha jacket footings, our studies have indicated 
that the entire Brent Alpha seabed drill cuttings piles would have to be disturbed for one of the options (complete 
removal, with external pile-cutting). We have completed a CA of the potential management options for the 
disturbance and recovery of this drill cuttings pile, which has recommended that the Brent Alpha seabed drill 
cuttings pile should remain in situ. The drill cuttings assessment from this document was incorporated into a 
combined jacket and drill cuttings assessment which ultimately recommended the partial removal of the jacket, 
and to leave the cuttings pile in situ. This assessment is presented in full in the Brent Alpha Jacket 
Decommissioning Technical Document [4]. 

The cell-top drill cuttings on the Brent Bravo and Brent Delta GBS are mostly located within the valleys between 
the cell domes. Although the drill cuttings could have been left undisturbed under the OSPAR Recommendation, 
in order to sample the cell contents and recover the attic oil and interphase material,  
a small proportion of the drill cuttings (in the order of tens of cubic metres) on Brent Delta had to be displaced to 
deploy the cell access equipment. On Brent Bravo, it may be possible to reinstate the existing oil fill lines to 
recover the attic oil and interphase material; if not, then a new access point through the cell-caps would have to 
be created. The CA of options for the management of these cell-top drill cuttings piles has indicated that if a 
small access hole is required, the displacement of a small amount of drill cuttings into the water column by water-
jet is the preferred option. If a larger diameter access hole is required, for any reason, then the recommendation 
would be to recover the drill cuttings to shore for treatment and disposal.  

The Brent Charlie cell-top drill cuttings pile is the largest in the Brent Field because the external conductors have 
acted as a support framework for the drill cuttings as they were discharged from the drill cuttings chute and 
accumulated on the cell-tops. Modelling studies of this cell-top drill cuttings pile have indicated that it is likely to 
have exceeded the oil loss rate threshold defined in OSPAR Recommendation 2006/5 and as such a Stage 2 
assessment has been carried out and is presented in this document. The conclusion of this assessment is that the 
Brent Charlie cell-top drill cuttings pile should be left undisturbed to naturally degrade  
in situ. However, although the attic oil and interphase material might be recoverable via the Brent Charlie vent 
lines, the drill cuttings pile may be disturbed by other scopes of work. The large drill cuttings pile is unlikely to 
remain intact after any level of disturbance and the CA has indicated that if disturbance is required the entire drill 
cuttings pile should be recovered and taken to shore for treatment and disposal.  

Due to the construction of the GBS caissons on Brent Bravo and Brent Delta, there are triangular voids between 
the storage cells called tri-cells. As discharged drill cuttings settled through the water column and  
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on to the cell-tops, some drill cuttings have fallen into the tri-cells. If it is assumed that the tri-cells are full  
of drill cuttings, these accumulations represent the largest volume of drill cuttings within the Brent Field. 
Information on the tri-cell drill cuttings is limited but on the basis that the drill cuttings were created during the 
same operations as the cell-top and seabed drill cuttings they have also been considered against the OSPAR 
2006/5 Recommendation thresholds and we have concluded that these drill cuttings are unlikely to exceed 
either the oil loss rate or area persistence thresholds; our recommendation for these drill cuttings is to leave them 
in situ to degrade naturally. 

Where the drill cuttings piles remain undisturbed oil and gas debris may be wholly or partially buried by  
the drill cuttings. Any visible sections of this debris partially embedded in the drill cuttings will be severed  
as close to the drill cuttings as possible without causing disturbance to the drill cuttings and recovered. Wholly 
buried debris items will be left in situ. If any of this debris is uncovered during necessary disturbance of the drill 
cuttings piles, for example to complete other project scopes of work, these items will also be recovered. In the 
future, if any of this debris becomes uncovered due to the degradation or movement of the drill cuttings, we will 
consult with BEIS to discuss and agree the most appropriate course of action. 

The drill cuttings piles remaining in the Brent Field will be monitored as part of the post-decommissioning survey 
and subsequent environmental surveys yet to be discussed and agreed with BEIS.  
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4 INTRODUCTION 

This Technical Document presents detailed information on the decommissioning of the Brent Field drill cuttings 
piles. As a result of permitted discharges during historic drilling operations drill cuttings have accumulated on the 
seabed at Brent Alpha, Brent Bravo, Brent Charlie, Brent Delta and Brent South and on the tops of the Brent 
Bravo, Brent Charlie and Brent Delta GBS caissons and also within the tri-cells and drilling legs of the Brent 
Bravo and Brent Delta GBS.  

This Brent Field Drill Cuttings Decommissioning Technical Document: 

 Describes the Brent Alpha, Brent Bravo, Brent Charlie, Brent Delta and Brent South drill cuttings  
piles and presents information about the historic and current characteristics of the drill cuttings  
that may influence the technical, safety, environmental, societal and economic performances  
of decommissioning options 

 Identifies and summarises the decommissioning options that were examined 

 Describes how the drill cuttings piles were categorised according to OSPAR Recommendation 2006/5 
[2] 

 Presents the method and criteria that were used to undertake a CAs of the options as detailed  
in OSPAR Recommendation 2006/5 

 Evaluates the performance of each option in each criterion 

 Identifies the recommended option by comparing the overall performances of the options, and presents 
a narrative reviewing the advantages and disadvantages of this option in comparison  
with the other options 

 Summarises the proposed programme of work for decommissioning the drill cutting piles 

 Describes the condition of the seabed and drill cuttings piles in the Brent Field once the proposed 
decommissioning programme has been successfully completed 
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5 THE BRENT FIELD DRILL CUTTINGS PILES 

5.1 Historic Drilling Activities 

Drilling was carried out in the Brent Field between 1976 and 2004. During this time Water-based Muds 
(WBM), Oil-based Muds (OBM)2, and synthetic based muds (SBM)3 were used. Table 1 summarises the 
proportion of wells at each Brent location that were drilled with the different types of drilling muds.  
When the drill cuttings from the earlier wells were generated, they would have undergone limited cleaning  
or separation prior to discharge to sea: usually drill cuttings from this period of activity would have been 
processed by running them over various shale shakers and sieves to remove the bulk of the drilling fluids from the 
solid drill cuttings. The fluids would then have been reconditioned and reused in further drilling operations whilst 
the drill cuttings would have been discharged to sea, so they would still have been contaminated with some of 
the drilling muds used to drill the wells. The prohibition of the discharge to the marine environment  
of drill cuttings contaminated with more than 1% oil by weight of oil based fluids (OBF) on dry cuttings (OSPAR 
Decision 2000/3 on the Use of Organic Phase Drilling Fluids [OPF] and the Discharge of  
OPF-Contaminated Cuttings [5]) came into force on 16th January 2001. Notwithstanding this Decision,  
we had already stopped discharging drill cuttings contaminated with organic phase fluids to sea in response to 
in internal Shell requirements in 1998. Following this, the arrival of new processing equipment on the market 
which could clean contaminated drill cuttings to the required standards of OSPAR Decision 2000/3, caused a 
revision of the internal Shell requirements and we began to discharge drill cuttings contaminated with OPF in line 
with the OSPAR Decision. 

From our historic drilling records, we have been able to establish a pattern in the different types of drilling muds 
used when drilling the Brent wells: WBMs were used in the upper sections of the wells (typically the 26”, 17½” 
and 12¼” sections) and OBMs were used for the deeper sections of the well and side-tracks (typically the 8½” 
section and occasionally the 12¼” section). Each well was drilled in turn, depositing any discharged drill 
cuttings in alternating WBM and OBM contaminated layers. 

  

                                                

2 OBM can include diesel based drilling muds and low toxicity oil based mud (LTOBM), both of which are 
based on hydrocarbon derived mineral oil. They differ from SBM in that SBM uses synthetically derived base oil. 
However, in the North Sea because OBM, LTOBM and SBM are all based on organic phase fluids (OPF) under 
OSPAR Decision 2000/3 the discharge of these muds is limited to 1% by weight on dry cuttings. This Decision 
also prohibits the use of diesel based drilling fluids. 
3 SBM can also be referred to as POBM (Pseudo-Oil Based Mud), particularly in older drilling records. The term 
POBM has now largely been replaced with SBM. 
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Table 1 Drilling History at each Brent Location. 

  

Location 

Brent 
Alpha 

Brent 
Bravo 

(refer to 
Note 1) 

Brent 
Charlie 
(refer to 
Note 1) 

Brent 
Delta 

Brent 
South 

% of drill cuttings at 
each location 
contaminated with 
different drilling muds 

Number of wells 28 38  
(refer to 
Note 2) 

40  
(refer to 
Note 2) 

48 3 

OBM (%) 25 23 23 32 26 

WBM (%) 
(refer to Note 3) 

74 72 76 68 74 

Notes: (1) The drilling records for Brent Bravo and Charlie indicate a proportion of drill cuttings for which 
the type of drilling muds used are unknown. This represents 5% and 1% of the total volume of drill 
cuttings respectively. 

 (2) These values include conductor only wells; on Brent Bravo 37 wells generated drill cuttings, on 
Brent Charlie 38 wells generated drill cuttings and on Brent Delta 40 wells generated drill 
cuttings. 

 (3) Where appropriate according to the drilling records, gypsum based muds are included in the 
WBM percentages. 

5.2 Regulation of Drill Cuttings Piles 

The discharge of OPF-contaminated drill cuttings and the resulting potential environmental impact led  
to a UKOOA (now Oil and Gas UK) Joint Industry Project (JIP) [6]. This project included work on the 
characterisation of the physical and chemical properties of the drill cuttings piles, their possible environmental 
effects, and management or remediation strategies. The project concluded that the historic drill cuttings piles on 
the United Kingdom Continental Shelf (UKCS) did not require immediate remedial action, but that at the time of 
decommissioning the management of the drill cuttings pile should be determined on a case-by-case basis. 
However, the report also noted the potential environmental impacts arising from physical smothering  
of the seabed fauna, the contamination of seabed sediment by hydrocarbons and the loss of hydrocarbons to 
the water column. This work contributed to the further consideration of the effects of historic drill cuttings piles by 
OSPAR. 

Following on from previous legislative controls to minimise the pollution of the marine environment from 
anthropogenic activities – such as PARCOM Decision 92/2 on the Use of Oil-Based Muds [7] – OSPAR 
Decision 2000/3 [5] came into effect in 2001. This decision prohibited the discharge of drill cuttings 
contaminated with OPF greater than 1% by weight on dry cuttings. In 2006, OSPAR Recommendation 2006/5 
[2] came into force which required all drill cuttings piles to be assessed against thresholds to determine if any 
were of immediate environmental concern. These thresholds were based on information derived from the 
UKOOA JIP [6]. Each drill cuttings pile had to be assessed in terms of persistence and possible rates of leaching 
of oil into the marine environment. Any cuttings pile below these thresholds  
could remain in situ on the seabed; any cuttings pile which exceeded one or both of the thresholds  
required immediate action in the form of a Best Available Technique (BAT) or Best Environmental Practice (BEP) 
assessment to determine the best management option for the pile. Any pile below the thresholds, and therefore a 
candidate to remain in situ has to be re-examined at the time of decommissioning to ensure that the thresholds 
are not exceeded. This is achieved through required sampling of the drill cuttings pile as part of the preparations 
for decommissioning operations.  
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The OSPAR thresholds are: 

 Rate of oil loss to water column: 10 tonnes/yr 

 Persistence over the area of seabed contaminated (at a level of 50 mg/kg): 500 km2yr.  
A persistence of 500 km2yr could mean an area of 1 km2 is contaminated for 500 years  
or an area of 500 km2 is contaminated for 1 year 

The 50 mg/kg value for Total Hydrocarbon Concentration (THC) was recognised through the UKOOA JIP [6] 
and recommended by OSPAR as the level below which significant environmental impact does not occur in 
benthic macrofauna (Figure 2). 

Figure 2 OSPAR-identified Levels of Concern relating to Historic Drill Cuttings Piles and Likely Best 
Environmental Strategy (Source: [6]). 

 
 

5.3 Location of Drill Cuttings Discharge Points in the Brent Field 

5.3.1 Brent Alpha 

Brent Alpha is the only jacket-supported platform in the Brent Field. The single drill cuttings discharge chute  
is located on the western face of the jacket and discharged the cuttings at a depth of -25 m below Lowest 
Astronomical Tide (LAT); therefore one large drill cuttings pile was created on the seabed. 

5.3.2 Brent Bravo 

Brent Bravo is one of three GBSs in the Brent Field and has two drill cuttings chutes. One chute discharges  
at approximately 2 m above LAT, and for this chute the presence of the large GBS substructure has impeded the 
discharge of drill cuttings directly to the seafloor. The second chute is lower and ultimately runs along  
the top of Cell 11 of the GBS and exits off the top of this cell onto the seabed at the east side of structure.  
As a result of the configurations of the two chutes, drill cuttings are present on top of the GBS cells (from the 
surface chute) and on the seabed. 

5.3.3 Brent Charlie 

Brent Charlie is also a GBS-supported platform and has one drill cuttings chute. This exits from the bottom  
of the cellar deck, and so drill cuttings have settled on top of the GBS cells and on the seabed. 
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5.3.4 Brent Delta 

Brent Delta is similar to Brent Bravo and has two drill cuttings chutes – one on the east drilling leg at -14 m LAT 
and one on the west drilling leg at -15.5 m LAT. Like Brent Bravo, drill cuttings have settled on the top  
of the GBS cells and on the seabed. 

5.3.5 Brent South 

Brent South was a subsea installation consisting of three wells (two production and one water injection).  
The wells were drilled using a semi-submersible drilling rig before being tied-back to the Brent Alpha platform. 
The discharge drill cuttings chute of the drilling rig deposited the cuttings onto the seabed.  
The Brent South wells were Plugged and Abandoned (P&A) in 2004. 

5.4 Surveys of the Brent Drill Cuttings Piles 

In compliance with OSPAR Recommendation 2006/5 each of the drill cuttings piles and the historic drilling 
records were examined and the nature, volume and characteristics of the piles determined and compared to the 
thresholds. The Brent drill cuttings piles have been the subject of mapping and sampling surveys since the late 
1990s. We completed another survey in 2015, which included further sampling of the drill cuttings piles. This 
survey did not include the Brent Charlie drill cuttings piles; given the expected length of time until Brent Charlie 
cessation of production (COP) is reached, we will sample these drill cuttings pile again closer to COP. The 
samples from the 2015 survey are currently being analysed.  

5.4.1 Drilling Record Estimates of Drill Cuttings Volumes 

From the drilling records we have estimated the maximum volume of drill cuttings that could have been 
discharged to sea from the Brent wells over the lifetime of the Field (Table 2). These estimates are expected to be 
conservative i.e. an overestimation of the volume discharged as a full data set was not available and estimates 
had to be made based on the type and depth of each well. In addition, it is possible that some drill cuttings 
were returned to shore for processing and disposal rather than discharged to sea and our drilling records 
indicate some drill cuttings were re-injected down-hole under permit. The volumes presented in Table 2 do not 
account for these possibilities. The volumes presented in Table 2 also assume that any WBM drill cuttings will 
have comingled with the existing OBM drill cuttings and therefore may also be contaminated with OPF. 

Table 2 Estimated Volumes of OPF-contaminated Drill Cuttings Discharged over the  
Life of the Brent Field. 

Platform Brent Alpha Brent Bravo Brent Charlie Brent Delta Brent South 

Volume discharged (m3) 20,047 21,761 22,444 21,616 1995 

 

5.4.2 Survey Estimates of Drill Cuttings Volumes 

Various surveys have been conducted at different sites in the Brent Field over most of the field life  
(since 1977). Some surveys were specifically tasked with mapping and sampling the drill cuttings piles; those 
which were not sometimes included information on the status of the drill cuttings pile. The surveys conducted in 
1996, 1997, 2004, 2007 and 2011 were all specifically designed to gather information  
on the seabed drill cuttings piles and/or the GBS cell-top drill cuttings piles (Table 3). These surveys included an 
estimation of the area covered by each drill cuttings pile and the total volume of the piles. Although we were 
unable to sample the full depth of any of the drill cuttings piles, because of the information from the drilling 
records (Section 5.1) which indicate that the drill cuttings were deposited in a repeating, alternating pattern of 
WBM and OBM contaminated layers, we believe the samples recovered during these surveys are representative 
of the characteristics of the whole drill cuttings pile.  
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Table 3 Drill Cuttings Surveys in the Brent Field 1996 to 2011. 

Year 
Platform and Type of Survey 

Brent Alpha Brent Bravo Brent Charlie Brent Delta Brent South 

1996  M M M  

1997 M M M  M 

2004 M, P, C, CR  M  M 

2005*  M  M  

2006    C  

2007 M, P, C, CR, B M, P, C, CR, B M, P, C, CR, B M, P, C, CR, B M, P, C, CR, B 

2011*   C, CR   

* Survey of the Brent Charlie cell-top only. 

Key: 

 No data was gathered at this location 

M The extent of the drill cuttings pile was mapped using remote techniques (i.e. Multi-beam Echo 
Sounder (MBES)) 

P The physical characteristics of the pile were assessed (e.g. Particle Size Analysis (PSA), Sediment 
Profile Imaging (SPI)) 

C The chemical composition of the pile was assessed 

CR Cores were taken from the pile. Note that due to the depth of some of the piles and the limitations 
of the coring equipment, only data for the upper layers of the piles were reported. 

B The biological profile of stations in and around the pile were assessed 
 

5.4.2.1 The 2007 Benthic Survey 

In 2007 we carried out a comprehensive benthic survey around all five sites in the Brent Field; Table 3 shows 
the types of data that were acquired at each site during this survey. The main purpose of this survey was to 
provide the detailed environmental information necessary to inform our: 

 Identification of potential decommissioning options for all the facilities 

 Formal CAs for facilities that were candidates for derogation under OSPAR 98/3 [3] 

The survey provided information on the extent, height and volume of the piles on the seabed and the  
cell-tops. We also used the data, along with data on the concentrations of hydrocarbons in the surface  
layer of the piles, to assess the status of each pile with respect to the two thresholds set out in OSPAR 
Recommendation 2006/5 [2]. 

The seabed drill cuttings piles have all been directly sampled by piston and box corers and cores have  
been taken by a Remotely Operated Vehicle (ROV) from the Brent Alpha seabed (Section 6.4), the Brent Charlie 
cell-tops (Section 6.8) and the Brent Delta cell-tops drill cuttings piles (Section 6.10). The Brent Bravo cell-top drill 
cuttings pile was too thin to deploy the ROV corer. The seabed sediment around each installation was  
also sampled at stations arranged in a cruciform pattern centred on the jacket, GBS or subsea completion. 
Sediment Profiling Imaging (SPI) samples were also taken at the seabed sample stations. Two reference stations 
situated away from possible contamination sources were also sampled for comparison purposes.  
The retrieved samples have been analysed for a number of physical, chemical and biological parameters; full 
details are presented in the pre-decommissioning environmental survey reports Brent A, Brent B, Brent C and 
Brent South Pre-decommissioning Environmental Survey Report [8], Brent Delta Pre-decommissioning 
Environmental Survey Report [9], and Brent C Cell-top Drill Cuttings Environmental Survey Report [10].  
These reports were in turn informed by a series of MBES surveys which are reported in a series of reports Shell 
Brent Decommissioning Project, MBES Survey, by Subsea7 [11], [12], [13], [14] and [15]. 
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Accurate estimation of the drill cuttings volume using survey data can be difficult. It is known that there are 
structures (the GBS cell-top domes) and/or debris items within the drill cuttings and so following the MBES survey 
in 2007, the data on the drill cuttings pile were re-examined using the Shell Plant Design Management System 
(PDMS). This process excluded the volumes of such items and hence determined the likely volume of each drill 
cuttings pile. The PDMS estimates of the seabed and cell-top drill cuttings are our best estimates of the volumes 
present in the Brent Field. The results are presented in our report PDMS assessment of cell-top and seabed 
cuttings [16]. A summary of the findings from this work and previous surveys is presented in Table 4 to Table 7. 

Table 4 Seabed Drill Cuttings Volume Estimates Calculated from Previous Surveys. 

Location 
Seabed Volume (m3) 

1997 (max) 2007 PDMS 

Brent Alpha 25,243 ±15% 6506 6300 

Brent Bravo 9228 ±10% 4635 5300 

Brent Charlie 16,687 ±5% 5266 4922 

Brent Delta – 1575 2230 

Brent South 4164 ±10% 2016 2166 
 
Table 5 Seabed Drill Cuttings Area Estimates Calculated from Previous Surveys. 

Location 
Seabed Area (m2) 

1997 2007 

Brent Alpha 14,988 8880 

Brent Bravo 8414 3414 

Brent Charlie 8244 3143 

Brent Delta – 1632 

Brent South 8979 1620 
 
Table 6 Cell-top Drill Cuttings Volume Estimates Calculated from Previous Surveys. 

Location 
Cell-top Volume (m3) 

2007 PDMS 

Brent Bravo 592 1887 

Brent Charlie 6973 7735 

Brent Delta 798 3790 
 
Table 7 Cell-top Drill Cuttings Area Estimates Calculated from Previous Surveys. 

Location 
Cell-top Area (m2) 

1997 2007 

Brent Bravo – 673 

Brent Charlie 1239 2148 

Brent Delta – 234 
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5.4.3 Brent Delta Cell-top Cap Survey 

In early 2015 operations to remove debris items from the Brent Delta cell-tops began. An area of 3 m diameter 
on each of the 5 m diameter cell-top caps had to be made free of debris and drill cuttings to allow deployment 
of the location plates to install the anchor hubs and create the new subsea access points for the removal of attic 
oil and interphase material. Three cell-top caps were cleared using a water-jet system as part of the Cell Survey 
Project (CSP) which utilised baseplates to enable the installation of equipment for creating new subsea access 
points into the cells and for the subsequent cell sampling activities. The debris items recovered from the clearance 
operations were returned to shore for recycling. 

In order to quantify the volume of debris and drill cuttings present on the remaining 13 cell-top caps,  
an ROV-based visual survey of the cell-tops was conducted. This survey captured both video and still footage of 
the cell-top caps only and indicated that the volume of drill cuttings present on the Brent Delta cell-top caps is 
very small. The estimated volumes on the cell-top caps are presented in Table 8. During the visual survey  
it was not always possible to clearly see all of the cell caps due to the presence of debris, therefore an average 
and worst case estimate of the drill cuttings volume present on each cell cap was made.  
As described, the purpose of the survey was to examine the cell-top caps only; therefore no estimation  
of the volume of drill cuttings or debris present in the cell valleys can be made. 

Table 8 Estimated Drill Cuttings Volumes on the Brent Delta Cell Caps  
(Marine Licence Reference ML/57/3). 

Cell Number Average Estimate (m3) Worse Case Estimate (m3) 

1 (refer to Note 1) – – 

2 0.18 0.7 

3 (refer to Note 1) – – 

4 1.4 2.8 

5 (refer to Note 1) – – 

6 0 0.7 

7 0 0.7 

8 0 0.35 

9 (refer to Note 2) – – 

10 0 0.7 

11 0 0.7 

12 0 0.35 

13 0 0.35 

14 2.5 6.5 

15 0 0.35 

16 2.1 5 

17 (refer to Note 2) – – 

18 (refer to Note 2) – – 

19 0 0.7 

Total 6.08 19.9 

Notes: 1. These are the platform legs. 

 2. These cell caps were cleared of debris and drill cuttings, under permit, as part of the CSP 
(Marine Licence reference MCAA/303/2013). 

The worst case volume of drill cuttings that would require removal for the deployment of the location plates has 
been rounded to 20 m3. 
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5.5 Estimates of Drill Cuttings Volumes 

5.5.1 Introduction 

As can be seen from the preceding sections there is a difference between the maximum volume of OPF 
contaminated drill cuttings or WBM drill cuttings that may have been contaminated with OPF once they settled 
onto the existing drill cuttings piles (from the drilling records, Table 2) and the maximum estimates based on 
survey data (Table 4 and Table 6). As discussed in Section 5.4.1, the drilling record volumes  
are likely to be over-estimates of the discharged drill cuttings volumes and this may account for some of the 
difference with the survey volumes.  

The behaviour of the drill cuttings as they are discharged may also account for some of the difference; 
depending on the height of discharge above the seabed and the prevailing metocean conditions, the lighter 
fractions of the drill cuttings are likely to have been dispersed over a wide area and thus do not contribute  
to the drill cuttings piles mapped by the survey campaigns. Storm action and the effects of local currents around 
the GBS legs may have also resulted in the wider dispersion of drill cuttings. Drill cuttings which form part of 
large accumulations on the seabed will have become compacted under their own weight, which may partly 
account for some of the decrease in the estimated volume of the drill cuttings piles between the various surveys. 
Evidence to support this was found during cell-top clearance work at Brent Delta in 2010 where,  
as reported in Brent Delta Cell-top Debris Removal and Drill Cuttings Management Methodology [17], some of 
the existing drill cuttings could not be moved because the available WROV equipment (3000 psi zip jet) was 
considered to be inadequate for more consolidated material. 

A large proportion of the differences may be attributable to differences in the survey techniques used in the 
different campaigns. For example, in the 1997 and 2007 surveys the raw data were processed differently by 
the different survey contractors, to account for vessel movement, and different tidal data were used to define LAT. 
The 1997 survey also assumed a uniform reference height for the seabed, in substitution of the natural variation 
of bathymetry at the survey locations. As the mapped volume of drill cuttings relates to the material above the 
reference seabed, differences between surveys in the selected reference seabed could result in significant 
differences in the estimates. Finally, when the conditions at the time of the survey are reviewed it can be seen 
that external forces such as the degree of swell vary and this can also affect the estimated volumes. 

At Brent South, some of the differences in estimated volume are likely to be the result of historic disturbance  
of the drill cuttings pile during well abandonment in 2004 when the drill cuttings were pushed across the seabed 
to allow the wellheads to be recovered. 

5.5.2 Other locations of drill cuttings 

5.5.2.1 Introduction 

Using survey data and Shell mapping tools, Table 9 presents our current understanding of the volumes of the 
historic drill cuttings in the Brent Field. This table shows that when compared with our historic drilling records, 
there are volumes of discharged drill cuttings at each site that cannot be accounted for in the mapped volumes 
on the seabed and cell-tops – even allowing for differences arising from survey error or natural weathering 
processes such as dispersal. In the Brent Bravo and Brent Delta GBSs, however, there are two types of void 
space – the tri-cells and the drilling legs – in which drill cuttings have accumulated within the GBS structures 
themselves. 
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Table 9 Estimated Volumes and Locations of Drill Cuttings. 

Volume (m3) Brent Alpha Brent Bravo Brent Charlie Brent Delta Brent South 

Drilling records  20,047 21,761 22,444 21,616 1995 

PDMS seabed 6300 5300 4922 2230 2166 

PDMS cell-top – 1887 7735 3790 – 

Total mapped cuttings 
(PDMS) 

6300 7187 12,657 6020 2166 

Volume unaccounted for 13,747 14,574 9787 15,596 -171 
 

5.5.2.2 GBS Tri-cells 

On Brent Bravo and Brent Delta, the grouping of the circular cells results in the creation of triangular gaps 
between the cells, with sides of approximately 5.8 m, referred to as tri-cells. There are 22 tri-cells on each  
of these GBS and they extend from the tops of the cells to the base of the cells (approximately 61 m).  
The tri-cells are partially filled with sand ballast, leaving void spaces above of approximately 414 to 596 m3  
in each tri-cell on Brent Bravo and approximately 337 to 772 m3 in each tri-cell on Brent Delta. On these two 
installations, the tri-cells are open to sea and it is therefore likely that some proportion of the discharged drill 
cuttings have accumulated in these spaces. The tri-cells of Brent Bravo have not yet been sampled; but the Brent 
Delta tri-cells were sampled in the Brent pre-decommissioning survey completed in 2015. Initial results from these 
samples are presented in Section 8.1.3. The Brent Bravo tri-cells drill cuttings are assumed to be similar to the 
Brent Delta tri-cell drill cuttings. 

5.5.2.3 GBS Drilling Legs 

The drilling legs of Brent Bravo and Brent Delta contain the drilling conductors and risers used to extract the oil 
and gas from the Brent reservoir, as well as auxiliary pipework and equipment. The Brent Bravo drilling legs are 
open to the sea through six 10” diameter cooling openings which means that the internal seawater level varies 
with the tidal state. In the base of each GBS drilling leg there are 19 (Brent Bravo) and 24 (Brent Delta) 36” 
diameter conductor guide sleeves which were fabricated as part of the structures and penetrate the concrete 
base slab and grout layer at the bottom of the GBS. In order to drill the wells, the grout at the base of the GBS 
was also drilled through. When drilling, the uppermost section of the well (the top-hole) was drilled without risers 
i.e. the drill cuttings created during this process were discharged directly to the inside of the drilling legs. The 
top-hole drilling used seawater rather than any drilling mud to lubricate the drill bit and recover the drill cuttings. 
Once the top-hole section had been drilled, the conductors were run through the conductor guide sleeves into the 
seabed. Drilling then continued using appropriate drill muds and the contaminated drill cuttings were transported 
through the conductors to the topsides for treatment and disposal. At the end of drilling, the material at the 
bottom of the drilling legs was uncontaminated drill cuttings and possibly pieces of grout from the penetration of 
the guide sleeves through the concrete base. Recent sampling indicates that since drilling operations ended, the 
drill cuttings located at the base of the drilling legs have been contaminated with material, most likely from the 
well-bay. All of the conductors in the Brent Delta east drilling leg were installed in one batch and therefore any 
contamination would be expected to lie on top of the top-hole drill cuttings in one layer; however, the conductors 
in the west leg were installed in four discrete batches and therefore any contamination may be inter-mixed with 
the top-hole cuttings. To confirm the status of the material, the Brent Delta west drilling leg was sampled in 2009 
and 2010; the Brent Delta east drilling leg was sampled in 2014. The nature of the material in the GBS drilling 
legs is described fully in the Brent GBS Contents Decommissioning Technical Document [18].  

We have calculated the volumes of the void spaces inside the tri-cells and the drilling legs on Brent Bravo and 
Delta (Table 10), and this represents the upper estimate of drill cuttings that could be accommodated within 
these spaces. 
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Table 10 Estimates of the Volume of Drill Cuttings in GBS Internal Spaces. 

 
Volume to 

Account for  
(m3) 

Estimated Drill 
Cuttings Volume 
in Drilling Legs 

(m3) 

Remaining 
Volume to 

Account for  
(m3) 

Internal 
Capacity  

of the Tri-cells 
(m3) 

Remaining 
Volume  

(m3) 

Brent Bravo 14,574 480 14,094 12,039 2055 

Brent Delta 15,596 480 15,116 14,733 383 

Note: To date, only the Brent Delta drilling legs have been surveyed; the volume and characteristics of any 
material at the base of the Brent Bravo legs are assumed to be similar to the material in the Brent Delta 
drilling legs. 

As can be seen from Table 10, once the estimated volume of drill cuttings in the drilling legs of Brent Bravo have 
been subtracted from the unaccounted volume drill cuttings, the remaining volume (14,094 m3) could, for the 
most part, be accommodated within the Brent Bravo tri-cells which have a capacity of 12,039 m3. For Brent 
Delta, after allowing for the volume of drill cuttings estimated to be present in the drilling legs (480 m3), almost 
all of the remaining drill cuttings (15,116 m3) could be accommodated within the Brent Delta tri-cells which have 
a capacity of (14,733 m3). 

Some of the 9787 m3 unaccounted for at Brent Charlie and the 13,747 m3 unaccounted for at Brent Alpha may 
be the result of inaccuracies in the drilling records and the surveys, and weathering, but it is unlikely that such a 
large volume of drill cuttings could be accounted for by weathering processes alone. 

5.5.3 Conclusions 

Using our drilling records, data sources, survey data and mapping tools we have calculated the maximum 
possible volumes of OPF-contaminated drill cuttings that could be present within the Brent Field. Table 11 
presents our understanding of the volume and location of the historic drill cuttings in the Brent Field. 

Table 11 Summary of Brent OPF-contaminated Drill Cuttings. 

 Brent Alpha Brent Bravo Brent Charlie Brent Delta Brent South 

Drilling records 20,047 m3 21,761 m3 22,444 m3 21,616 m3 1995 m3 

Seabed 

1997 survey 
(max) 

25,243 ±15% 9228 ±10% 16,687 ±5% – 4164 ±10% 

2007 survey 6506 4635 5266 1575 2016 

PDMS 6300 5300 4922 2230 2166 

Cell-top 

2007 survey – 592 6973 798 N/A- 

PDMS – 1887 7735 3790 N/A 

Other locations 

Drilling legs 
(refer to Note) 

N/A 480 N/A 480 N/A- 

Tri-cells 
(refer to Note) 

N/A 12,039 N/A 14,733 N/A 

Note: Estimated volumes. 

N/A: Not Applicable 
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5.6 Drill Cuttings under OSPAR Recommendation 2006/5 

The seabed drill cuttings piles at Brent Alpha, Bravo, Charlie, Delta and South are drill cuttings accumulations 
derived from more than one well which are contaminated with OBM. They are therefore considered and 
assessed under OSPAR Recommendation 2006/5 [2]. 

The GBS cell-top drill cuttings originate from the same sources as the seabed drill cuttings piles and they would 
have formed part of the seabed accumulations if they had not settled on the GBS caisson as they fell through the 
water column. The Brent Charlie and Delta cell-top drill cuttings have been variously sampled and they, along 
with the Brent Bravo cell-top drill cuttings, are considered and assessed under OSPAR Recommendation 
2006/5. 

Any drill cuttings that have accumulated in the tri-cells on Brent Bravo and Delta are also OPF-contaminated drill 
cuttings and although they are not on the seabed, they would have formed part of the seabed accumulations if 
the platform sub-structure had not impeded their deposition. We are therefore also considering these drill cuttings 
under OSPAR Recommendation 2006/5. 

The drill cuttings at the bottom of the Brent Bravo and Delta drilling legs were drilled using seawater and are 
thought to have been contaminated with material from the well-bay floor and consequently they are not 
considered as drill cuttings under OSPAR Recommendation 2006/5. Descriptions of this material and any 
material present in the mini-cells and the proposed programme of work to deal with it are presented in the GBS 
Contents TD [18]; this material is not discussed further here. 
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6 STATUS OF THE BRENT DRILL CUTTINGS PILES 

6.1 Introduction 

When drilling muds are discharged at deep water sites with relatively low current speeds they tend to 
accumulate on the seabed beneath and around offshore installations, forming a pile that may be roughly conical 
in shape. 

The physical extent of the pile can be assessed by techniques such as MBES, or seabed sampling followed by 
analysis of physical and chemical parameters such as particle size, hydrocarbon concentration and barium 
concentration. Barium sulphate is typically used as a weighting agent in drilling muds and can  
be regarded as a ‘marker’ for historic discharges of drill cuttings as it is insoluble in water. 

Typically, a large drill cuttings pile formed by a multi-well programme will comprise an obvious cone-shaped pile 
(formed of layers of e.g. oily cuttings, clean sediment and cement), surrounded by an area of seabed where the 
natural sediments have been contaminated to a lesser or greater extent by hydrocarbons and other materials 
present in the drilling mud and/or the drill cuttings such as heavy metals.  

The following sections present a short summary of the most recent understanding of the characteristics of the Brent 
drill cuttings piles, primarily using data from the 2007 seabed and 2011 cell-top surveys. Full details  
of the most recent survey results are presented in the survey reports [8], [9], [10]. 

6.2 Physical Changes of the Seabed Drill Cuttings Piles 

Different analytical techniques have been used on the samples from the Brent drill cuttings piles from different 
surveys. This limits the degree to which some data can be compared to establish changes with time. However, 
some stations have been sampled repeatedly and the data have been used to describe the observed changes in 
the drill cuttings pile and surrounding sediment over time. The physical changes are summarised in Table 12 to 
Table 14. 

Table 12 Change in Observed Area of Seabed Drill Cutting Pile with Time. 

Year 
Total Observed Area of Drill Cuttings Pile at each Platform (m2) 

Brent Alpha Brent Bravo Brent Charlie Brent Delta Brent South 

1997 (refer to Note) 14,988 8414 8244 – 8979 

2004 7830 – – – 5162 

% change  
(1997 to 2004) 

-48% – – – -42.5 

2007 8880 3414 3143 1632 1620 

% change  
(2004 to 2007) 

+13% – – – -69% 

% change  
(1997 to 2007) 

-41% -59% -62% – -82% 

Note: Maximum estimated area presented in the survey report. 

Between 1997 and 2007, the area of the physical drill cuttings piles had decreased at all locations, excluding 
Brent Delta for which there is insufficient data. The greatest reduction in pile area (82%) had occurred at Brent 
South. 
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Table 13 Change in Observed Volume of Seabed Drill Cutting Pile with Time. 

Year 
Total Observed Volume at Platform (m3) 

Brent Alpha Brent Bravo Brent Charlie Brent Delta Brent South 

1997 (refer to Note) 25,243 9228 16,687 – 4164 

2004 12,325 – – – 2702 

% change  
(1997 to 2004) 

-51% – – – -35% 

2007 6506 5227 12,239 2373 2016 

% change  
(2004 to 2007) 

-47% – – – -25% 

% change 
(1997 to 2007) 

-74% -43% -27% – -52% 

Note: Maximum estimated value. 

Table 14 Change in Observed Height of Seabed Drill Cutting Pile with Time. 

Year 
Total Observed Height at Platform (m) 

Brent Alpha Brent Bravo Brent Charlie Brent Delta Brent South 

1997 (refer to Note) 9.8 9 8.1 – 1.7 

2004 3 10.4 – – – 

% change  
(1997 to 2004) 

-69% +16% – – – 

2007 4 11.2 9.5 10.3 2.85 

% change  
(2004 to 2007) 

+33% +8% – – - 

% change  
(1997 to 2007) 

-59% +24% +17% – +68% 

Note: Maximum estimated value. 

Between 1997 and 2007, the drill cuttings piles at Brent Alpha, Bravo, Charlie and South had decreased  
in volume, with Brent Alpha exhibiting the greatest decrease (-74%). This apparent decrease cannot be 
accounted for solely by the biodegradation of the oil content, and is thought to be due to a combination of some 
or all of the following factors: (i) consolidation of the pile material over time; (ii) some physical erosion of material 
from the surface of the pile; and (iii) inconsistencies in the offshore survey techniques, particularly in regard to the 
selection of seabed datum levels. 

The drill cuttings pile at the Brent Alpha platform exhibited the greatest reduction in volume, whilst the area of the 
drill cuttings pile exhibited the smallest reduction in size. The reduction in volume at Brent Alpha is likely to have 
been driven – at least in part – by a marked decrease in the height of the pile (from 9.8 m to 4 m) over the same 
timescale (Table 14). The Brent Bravo, Charlie and South cuttings piles showed a greater reduction in area than 
the Brent Alpha pile (Table 12), but over the same timescales the volume of these drill cuttings piles decreased 
by a much smaller amount than Brent Alpha (Table 13). Survey data indicate that there was an apparent 
increase in the maximum height of the drill cuttings piles at Brent Bravo, Brent Charlie and Brent South (Table 14) 
in contrast to a decrease in height at Brent Alpha. There is no obvious explanation for this finding, except 
perhaps differences in the degree of swell experienced at Brent Alpha during the survey compared with the 
degree of swell at the other locations, which may have affected the data from the bathymetric sensor. 
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6.3 Biological Thresholds and Effects 

There are various thresholds or concentrations which are used to establish the quality of the environment  
and the ecological significance of concentrations of hazardous substances found in the environment.  
Such thresholds can therefore be divided into those which establish the health of the environment and those 
which indicate the potential for environmental harm. For the North Sea, many of these thresholds have been 
established or derived from the work carried out under the Joint Assessment and Monitoring Programme (JAMP), 
which itself is a programme of work required under Annex 4 of the OSPAR Convention. 

Under OSPAR Agreement 1997-14, a series of Background Reference Concentrations (BRCs) were adopted for 
contaminants in seawater, biota and sediments for use in the preparation of the Quality Status Report 2000. 
These values were usually presented as a range and so in 2004 were revisited to try to eliminate the ranges 
where possible and also to expand the thresholds to include more substances. This review resulted  
in the creation of the Background Concentrations (BCs) and Background Assessment Concentrations (BACs) but 
where BCs cannot as yet be defined, BRCs are still sometimes used for assessment purposes. 

Background Concentrations (BC) are related to naturally occurring substances such as metals and represent 
concentrations of substances at remote or pristine sites, free of anthropogenic inputs. They describe the 
environmental conditions that would be expected if certain industrial developments had not occurred, thus BCs 
for man-made substances are zero. BCs are based on historical or contemporary data, in the absence of 
significant mineralisation and/or oceanographic influences and are applied across the OSPAR maritime area. 
There will be substantial variability in the natural background concentrations of contaminants across the maritime 
area because of differing geological or oceanographic characteristics. Local conditions of the study area should 
therefore be taken into account when assessing the significance of any exceedance of a BC. 

Low Concentrations (LCs) are used where it has not been possible to derive BCs from a remote or pristine area. 
LCs are based on data from areas that could be considered to be remote but cannot be guaranteed  
to be free from the influence of long range atmospheric transport of contaminants. Natural BCs may be  
lower than the LCs and may not be directly applicable across the entire OSPAR maritime area. 

Background Assessment Concentrations (BACs) are statistical tools defined in relation to BCs or LCs which are 
used to establish whether an observed concentration can be considered to be at or close to BCs.  
Based on what is known about variability in the observations, there is a 90% probability that the observed mean 
concentration will be below the BAC when the true mean concentration is at the BC. Where this is the case, the 
true concentrations can be regarded as ‘near background’ (for naturally occurring substances) or ‘close to zero’ 
(for artificial, man-made substances). Because BACs are calculated on the basis of variability within the current 
OSPAR Co-ordinated Environmental Monitoring Programme (CEMP) data which is itself being refined as more 
data are gathered, the BACs themselves may also be subject to change. 

Effects Range values were developed by the United States National Oceanic and Atmospheric Administration 
(NOAA) for assessing the ecological significance of sediment contaminant concentrations  
and are used to protect against the potential for adverse biological effects on organisms. Contaminant 
concentration data were gathered from sediments in which adverse biological effects had been observed. The 
Effect Range Low (ERL) value is the lower tenth percentile of this data set; adverse effects are rarely observed 
when the concentration of a contaminant falls below the ERL. Effects Range Medium (ERM) is the median of the 
concentrations associated with biological effects. ERL values have some parallels with the philosophy of OSPAR 
Environmental Assessment Criteria (EAC) and the Water Framework Directive Environmental Quality Standards 
(EQSs) but are derived differently and should not be taken to be directly comparable. ERL values are used to 
assess the effects of contaminants in sediments as an interim solution when recommended EACs are not 
available. 
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Environmental Assessment Criteria (EAC) are OSPAR criteria, which represent the concentration of a contaminant 
in sediment and biota, below which no chronic effects are expected to occur in the biota,  
even in the most sensitive species. Where the concentration of a contaminant falls below the EAC,  
no significant risk to the environment is expected and the concentration of the contaminant is unlikely to result in 
unacceptable biological effects; however it should be noted that EACs do not take into account certain long-term 
effects such as the disruption of endocrine systems or genotoxicity. 

Of the metals measured in the 2007 and 2011 surveys which are reported here, OSPAR BCs and BACs are 
available for arsenic, cadmium, chromium copper, lead, mercury, nickel and zinc and EAC and ERL data are 
available for cadmium, mercury and lead. BRCs are available for lithium and vanadium. No benchmarks are 
currently available for aluminium. These data are presented in Table 15. 

Table 15 Summary of Published Heavy Metal Benchmark Concentrations. 

Heavy Metal 

Sediment mg kg-1 Dry Weight 

Range of BRC 

(refer to Note 1) 
BC 

(refer to Note 1) 
BAC 

(refer to Note 1) 
EAC 

(refer to Note 2) 
ERL 

Arsenic – 15 25 – – 

Cadmium – 0.2 0.31 0.06 1.2 

Chromium – 60 81 – – 

Copper – 20 27 – – 

Lead – 25 38 2.2 47 

Lithium 22 to 44 – – – – 

Mercury – 0.05 0.07 0.22 0.15 

Nickel – 30 36 – – 

Vanadium 60 to 110 – – – – 

Zinc – 90 122 – – 

Notes: 1. Normalised to 5% aluminium. 

 2. Normalised to 1% Total Organic Carbon (TOC). 

In the following sections, a summary of the results for notable heavy metals is presented for each drill cuttings pile 
in the Brent Field; full details are presented in the survey reports [8], [9] and [10]. In the 2007 campaign, we 
analysed the same suite of heavy metals in all seabed and cell-top samples; in the 2011 Brent Charlie cell-top 
sampling campaign we also tested for iron and mercury. 

6.4 Brent Alpha Seabed Drill Cuttings Pile 

6.4.1 Physical Extent 

As described in Section 5.3.1, the drill cuttings created by the drilling of the Brent Alpha wells were discharged 
from a chute located to the south of the western face of the jacket. There are no structures beneath the chute and 
so the drill cuttings have formed a single large pile which is largely contained within the perimeter of the base of 
the jacket (which is 77 m x 75 m). From the MBES data collected in 2007  
(Table 16), it appears that the drill cuttings pile is approximately in the centre of the jacket footings and is highest 
in the area of the conductors. Figure 3 shows the mapped seabed pile; Figure 4 shows the location of the cross 
sections shown in Figure 5 and Figure 6. 
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Table 16 Physical Characteristics of the Brent Alpha Seabed Drill Cuttings Pile in Relation  
to the jacket Footings. 

Parameter Value 

Diameter of cuttings pile, north-south 95 m 

Width of jacket footings, north-south 77 m 

Diameter of cuttings pile, east-west 120 m 

Width of jacket footings, east-west 75 m 

Maximum of pile height above seabed 4 m 

Area of cuttings pile over seabed 8880 m2 

Base area of jacket footings 5775 m2 

Volume of cuttings pile (2007 data) 6506 m3 

PDMS estimate of volume of cuttings pile 6300 m3 
 
Figure 3 MBES Image of the Brent Alpha Cuttings Pile [11]. 
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Figure 4 Plan View of the Brent Alpha Seabed Drill Cuttings Pile within the Jacket Footprint and the 
Orientation of the Cross-sections presented in Figure 5 and Figure 6. 
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Figure 5 Profile of the Brent Alpha Cuttings Pile (North-south). 

 
Note: Reference depth for the seabed at Brent Alpha is -140.4 m. 

Figure 6 Profile of the Brent Alpha Cuttings Pile (East-west) [11]. 

 

Note: Reference depth for the seabed at Brent Alpha is -140.4 m. 

Figure 7 presents the seabed sampling stations from the 2007 survey and Figure 8 shows the bathymetry data 
collected at Brent Alpha in the 2007 survey. 
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Figure 7 Target and Actual Sample Station Locations for Brent Alpha [8]. 
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Figure 8 Bathymetry at Brent Alpha [8]. 
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6.4.2 Composition of the Brent Alpha Seabed Drill Cuttings Pile 

6.4.2.1 Total Hydrocarbon Concentration 

The piston and box core samples indicate a gradient of increasing THC with increasing sample depth.  
This may be for a number of reasons: the surface layers of the drill cuttings pile are exposed to natural 
weathering processes (such as bio-turbation, bio-degradation and erosion) and therefore it is expected that 
oil will leach from the surface layers first. The gradient in concentration may also be a result of improvements 
in cutting cleaning technology with older, deeper drill cuttings retaining a greater proportion of hydrocarbons 
at the time of discharge than more recent cutting discharges [8]. 

As shown in Figure 9, THC from the Brent Alpha samples decreases with increasing distance from the 
platform. At distances greater than 250 m from the platform, the THCs are below 50 mg/kg (50 µg g-1). 

Figure 9 Maximum THC Levels within and around the Brent Alpha Seabed Cuttings Pile  
(2007 Survey Data). 

 

 

6.4.2.2 Heavy Metals 

Analyses through the depth of the box and piston core samples taken from within the Brent Alpha drill cuttings 
pile indicate that there is no consistent pattern of increasing or decreasing heavy metal concentration with 
increasing depth for the Brent Alpha pile. Peak concentrations at mid and bottom core depths were recorded 
in chromium and copper. Peak concentrations at mid-depth may indicate that the core passed through to 
natural seabed below the drill cuttings pile in that particular sampling location. 

When heavy metal contamination is examined in relation to distance from the platform, a general trend  
of decreasing maximum concentration with increasing distance can be seen.  
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Maximum levels of arsenic fall below the OSPAR BC and BAC at stations 150 m from the platform which 
indicates that the concentration of arsenic is near that found at locations remote from anthropogenic 
influences. Chromium and nickel both fall below the published OSPAR BCs and BACs at all sample stations 
again reflecting concentrations found at sites remote from anthropogenic influences. Cadmium levels fall 
below the BAC and BC concentration at most stations 250 m from the platform, indicating concentrations 
near to or below those naturally occurring at remote sites while at stations greater than 150 m from the 
platform, levels fall below the ERL concentration, indicating that adverse effects from this metal would not  
be expected. Zinc and copper reach their BCs at 350 m from the platform for the majority of the stations, 
with copper exceeding the BAC at one station 800 m to the west of the platform. Lead concentrations 
approach the OSPAR BC 450 m from the platform and fall below the OSPAR ERL value 350 m from the 
platform. Like copper, lead exhibits a slight increase, exceeding the BC at a distance of 751 m to 1000 m 
before falling below this level again.  

There are no OSPAR BCs recorded for barium, lithium, vanadium and aluminium but BRCs exist for  
lithium and vanadium; the concentrations found in the samples for these metals do not exceed these  
levels. Aluminium shows a significant decrease in concentration between the 0 m to100 m distance band  
(12,300 µg g-1) and the 101 m to 250 m band (3350 µg g-1), with a general trend of decreasing 
concentrations with increasing distance from the platform. No pattern can be identified for the barium 
concentrations [8].  

6.4.2.3 Radioactivity 

The majority of the radioactivity levels recorded both within and beyond the physical Brent Alpha drill cuttings 
pile samples were near to or below the limit of detection (LoD) (0.05 Bq g-1) for the analysis [8]. 

6.4.2.4 Polychlorinated Biphenyls (PCBs) 

The levels of PCBs in the Brent Alpha samples were all lower than the LoD (5.0 ng g-1) of the assay; therefore 
no comparison to the published data on environmental thresholds, and/or background concentrations could 
be made [8].  

6.4.2.5 Alkylphenolpolyethoxylates (APEs) 

The levels of individual alkylphenolpolyethoxylates (APEs) within the Brent Alpha samples were all less than 
the LoD of the assay (0.1 µg g-1 or 0.5 µg g-1 depending on the APE); therefore no comparison with 
published data on environmental thresholds, and/or background concentrations could be made [8]. 

6.4.3 Biological Effects from the Brent Alpha Seabed Drill Cuttings Pile 

The 2007 survey faunal sampling stations that were selected were all located beyond the physical  
drill cuttings pile and were placed to investigate the seabed communities and any effects that could be 
attributable to the drill cuttings piles. The seabed macrofaunal results for Brent Alpha indicate a community  
of average density and species richness. There was one exception to this: Station GR4 (100 m southeast  
of the platform) was dominated by the opportunistic species Capitella, a genus of polychaete worms and 
thus showed effects of an area under environmental stress. With the exception of Station GR4 and after the 
removal of juvenile individuals from the samples, the composition of the seabed community was found to be 
broadly typical of the North Sea where polychaetes have been found to account for approximately 50%  
of species. The results from the 1990 survey indicated a highly disturbed community 200 m from the platform 
but Station GR15 in the 2007 survey, 200 m from the platform showed no such effect and so it can be 
concluded that the seabed fauna is recovering from past environmental stresses [8]. 
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Statistical analysis of the faunal and physical and chemical characteristics of the samples showed an 83% 
correlation between the level of THC and the faunal community. Four of the stations that were sampled for 
faunal analysis recorded THC above the 50 mg/kg (50 µg g-1) threshold (Stations GR3, GR4, GR11 and 
GR15). The highest THC of 14,886 µg g-1 was found at Station GR4. However, Stations GR3, GR11 and 
GR15 had a seabed community that was indistinguishable from Stations GR2, GR8 and GR10 where the 
THC was below 50 µg g-1. The macrofaunal community (organisms at least 1 mm in length) was not 
investigated at every sample station so it is not possible to conclusively assess the impact of discharges from 
the Brent Alpha platform but it can be stated that an ecological impact has occurred at Station GR4 where 
all the statistical analyses indicated an effected (depleted) community which has been attributed to drilling 
discharges [8]. 

6.5 Brent Bravo Seabed Cuttings Pile 

6.5.1 Physical Extent 

Drill cuttings discharged from the near-surface and sub-surface discharge chutes have accumulated on the 
cell-tops and the seabed near the GBS. Some drill cuttings are also presumed to have fallen into the tri-cell 
spaces between the GBS cells. No true conical drill cuttings pile exists at Brent Bravo; the drill cuttings have 
collected on the seabed around the base of the GBS piled up against the vertical walls of the caisson;  
a large seabed deposit of cuttings was identified below the discharge point of the sub-surface discharge 
chute at Cell 11 (Figure 10 and Figure 11). This accumulation has been studied in a number of surveys; 
Table 17 presents the data from the 2007 survey; the sampling locations and the bathymetry of the area  
are shown in Figure 12 and Figure 13. 

Table 17 Physical Characteristics of the Brent Bravo Seabed Drill Cuttings Pile around Cell 11. 

Parameter Value 

Maximum height above seabed 11 m 

Perimeter of cuttings pile 329 m 

Distance of cuttings pile from cell 11 (south-east) 35 to 40 m 

Area of cuttings pile over seabed 3414 m2 

Volume of cuttings pile 4635 m3 

PDMS estimate of volume of cuttings pile 5300 m3 
 
  



 BRENT FIELD DRILL CUTTINGS DECOMMISSIONING 
 TECHNICAL DOCUMENT 
 

Page | 36 

Figure 10 MBES Image of the Seabed Cuttings Pile at Brent Bravo Cell 11 [12]. 

 

 
Figure 11 Profile of the Brent Bravo Seabed Cuttings Pile to the South-east of Cell 11 [12]. 
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Figure 12 Target and Actual Sample Station Locations for Brent Bravo [8]. 

 

Note: The white space is the GBS caisson structure or the GBS legs which were not surveyed. 
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Figure 13 Bathymetry at Brent Bravo [8]. 
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6.5.2 Composition of the Brent Bravo Seabed Drill Cuttings Pile 

6.5.2.1 Total Hydrocarbon Concentration 

The piston core sample indicated a decreasing THC with increasing sample depth for the Bravo drill cuttings 
pile. Two of the box core samples showed greater THCs in the mid-sample depth than at the top or bottom 
sample depths, but the mid-sample box core depth is almost the same as the surface depth of the piston  
core sample and it is therefore unsurprising that the THCs would be similar. The third box core sample  
station recorded a significantly higher THC (148,012 µg g-1) in the deep sample than in either the surface 
(21,570 µg g-1) or middle (16,882 µg g-1) sample depth [8]. 

As shown in Figure 14, THCs decrease with increasing distance from the Brent Bravo GBS. THC is below 
50 mg/kg at distances of 500 m or greater from the GBS. 

Figure 14 Maximum THC Levels within and around the Brent Bravo Seabed Cuttings Pile  
(2007 Survey Data) 

 

 

6.5.2.2 Heavy Metals 

Analyses of the box and piston core samples from within the Brent Bravo drill cuttings pile indicate that  
there is no general pattern of increasing metal concentration with increasing depth; arsenic and lead 
concentrations in the samples appear to decrease with depth whereas nickel concentrations appear  
to increase. 

A general trend of decreasing heavy metal concentrations with increasing distance from the Bravo GBS  
is seen in the 2007 sample data. Nickel concentrations were close to or below the BC and BAC values  
at all stations and therefore can be considered to be at background concentrations. Arsenic concentrations 
were found to exceed the BC and BAC values at both 100 m stations but then decreases below the levels at 
increasing distance. Copper, zinc and lead concentrations fell below the BAC and BC values at all stations 
500 m or more from the platform. Cadmium was below the BAC threshold 250 m from the platform and 
below the BC threshold at all but one station at this distance and below the ERL at two of the three stations 
100 m from the platform. Chromium concentrations were below BAC levels at all sample stations and 
therefore is classed as near background levels. Analysis showed that chromium the concentration was also 
below the BC value at all sampling stations further than 100 m from the platform.  
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Lithium results were below the BRC range at all sampling stations, with the exception of two stations 100 m 
from the platform. The concentrations of lithium, aluminium and zinc are all an order of magnitude higher in 
the samples from within the physical drill cuttings pile than the sediment samples taken from more than 100 m 
from the GBS. The barium concentration is at its highest 101 m to 250 m from the GBS before decreasing 
with increasing distance [8]. 

6.5.2.3 Radioactivity 

The majority of the radioactivity levels recorded both within and beyond the physical Brent Bravo drill cuttings 
pile were near to or below the LoD (0.05 Bq g-1) for the analysis [8]. 

6.5.2.4 Polychlorinated Biphenyls (PCBs) 

All measured PCB concentrations in the Brent Bravo samples were below the LoD (5.0 ng g-1), with the 
exception of Station GR6 (500 m SSE), GC1 MID (68 m ESE, 0.58 m to 0.61 m core depth), BC1 MID  
(68 m SE, 0.09 m to 0.12 m core depth) and BC3 MID (70 m ESE, 0.09 m to 0.12 m core depth). The 
total for the seven PCB congeners (PCB7) at stations GC1, BC1 and BC3 exceeded the BAC, but not all 
concentrations of PCB congeners were above the limit of detection and so it was not possible to conclude 
whether they exceeded the EAC. At Station GR6, only four of the seven congeners were present at 
concentrations greater than LoD but were of sufficient concentrations for the total concentration of the 
congeners to exceed the OSPAR EAC [8]. 

6.5.2.5 Alkylphenolpolyethoxylates (APEs) 

All measured APE concentrations from the samples were below the LoD (0.1 µg g-1 or 0.5 µg g-1 depending 
on the APE), therefore no comparison with background data could be made [8]. 

6.5.3 Biological Effects from the Brent Bravo Seabed Drill Cuttings Pile 

Analysis of the 2007 seabed samples indicated a seabed macrofaunal community of average density and 
species richness. Once the juvenile individuals of all invertebrate species were removed from the samples, 
the composition of the seabed communities was broadly typical of the North Sea area where polychaetes 
have been found to account for approximately 50% of the species. As with Brent Alpha, all of the 
macrofaunal sampling stations were located outside of the physical drill cuttings pile. Analysis of the 
similarities between the sample stations indicated that Station GR11 (250 m north-east of the Brent Bravo 
platform) was statistically distinct from the other stations and this appears to be due to a slight change in the 
community in which some species which are known to be intolerant to hydrocarbon contamination were 
absent. Station GR11 is the only station which showed any signs of environmental stress. This may be the 
result of the presence of Low Toxicity Oil Based Mud (LTOBM) but LTOBM was also found at three other 
stations which were at the same distance as GR11 or closer to the platform which did not exhibit signs of 
stress [8].  

Statistical analysis of the physical, chemical and faunal characteristics of the samples showed a 67% 
correlation between the THC and concentrations of lead and the faunal community. Three of the stations that 
were sampled for faunal analysis (GR5, GR11 and GR14) recorded THC above the 50 mg/kg (50 µg g-1) 
threshold with the highest THC recorded at Station GR11 (150 µg g -1). Despite the elevated levels of 
hydrocarbons found at Stations GR5 and GR14, the seabed communites at these locations were 
indistinguishable from stations which had THCs below (50 µg g-1). Not every sample station was analysed 
for the seabed communities present so the impact of discharges from the Brent Bravo platform cannot be 
conclusively assessed but it can be stated that an ecological effect was found at Station GR11 because the 
analysis showed a slightly disturbed community [8]. 
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6.6 Brent Bravo Cell-top Drill Cuttings Pile 

6.6.1 Physical Extent 

The MBES data gathered in 2007 indicated the presence of drill cuttings on top of the domed cells of the 
Brent Bravo GBS (Table 18). A visual survey at this time found no evidence of the drill cuttings but did 
observe a large amount of debris; it was not possible to establish if there were drill cuttings beneath this 
debris. Material was, however, identified in the cell valleys below the level of the cell domes but due  
to the debris it could not be characterised visually using the ROV. The cell domes, which are identifiable  
in Figure 15 and Figure 16, are 4.5 m above the cell-top base; the material below the domes has a 
calculated height of approximately 3 m above the cell-top base.  

The 2007 survey had planned to take ROV core samples of the drill cuttings from between the platform legs; 
however, on arrival it was found that the drill cuttings in this area were of insufficient depth to carry out the 
sampling. The Bravo cell-top drill cuttings pile has therefore not been sampled. 

Table 18 Physical Characteristics of the Brent Bravo Cell-top Drill Cuttings. 

Parameter Value 

Maximum height above the top of the cell wall (refer to Note) 3 m 

Perimeter of cuttings pile 120 m 

Area of cuttings pile  673 m2 

Volume of cuttings pile (2007) 592 m3 

PDMS estimate of volume of cuttings pile 1887 m3 

Note: Note that the majority of the drill cuttings are below the height of the cell domes which are 4.5 m 
above the cell base. 

Figure 15 MBES Image of the Brent Bravo Cell-top Domes and Material [12]. 
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Figure 16 Depth of Material on the Brent Bravo GBS Cells [12]. 

 

 
Figure 17 Brent Bravo PDMS Model showing MBES Survey Data (Cell 14 Highlighted) [16]. 
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6.7 Brent Charlie Seabed Drill Cuttings Pile 

6.7.1 Physical Extent 

The single drill cuttings discharge chute on Brent Charlie exits from the cellar deck on the south-west side  
of Leg C3 which is situated on the south-east corner of the platform. The south-east side of the platform 
therefore exhibits the greatest volume of seabed and cell-top drill cuttings. The external drilling conductors  
of Brent Charlie have had the effect of capturing and retaining the large amount of cell-top drill cuttings  
on this platform (Section 6.8.1). The largest accumulation of seabed drill cuttings is adjacent to Cell 31 
(Figure 18 and Figure 19). The data from the 2007 MBES survey are presented in Table 19. The sample 
stations from the 2007 survey are shown in Figure 20 and the bathymetry of the area is shown in Figure 21. 

Table 19 Physical Characteristics of the Brent Charlie Seabed Drill Cuttings Pile next to Cell 31. 

Parameter Value 

Maximum height above seabed 9.5 m 

Perimeter of cuttings pile 272 m 

Distance of cuttings pile from Cell 31 (south-east) 35 to 40 m 

Area of cuttings pile over seabed 3143 m2 

Volume of cuttings pile (2007) 5266 m3 

PDMS estimate of volume of cuttings pile 4922 m3 
 
Figure 18 MBES Image of the Seabed Cuttings Pile at Brent Charlie Cell 31 [13]. 
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Figure 19 Profile of the Brent Charlie Seabed Cuttings Pile to the South-east of Cell 31 [13]. 
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Figure 20 Target and Actual Sample Station Locations for Brent Charlie [8]. 

 

Note: The white space is the GBS caisson structure or the GBS legs which were not surveyed. 
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Figure 21 Bathymetry at Brent Charlie [8]. 
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6.7.2 Composition of the Brent Charlie Seabed Drill Cuttings Pile 

6.7.2.1 Total Hydrocarbon Concentration 

The piston core samples indicate a marked decrease in THC with increasing depth through the drill cuttings 
pile, as far into the pile that the coring equipment was able to reach. Two of the box core stations (BC1  
and BC2) recorded increasing THC with depth and BC3 indicated a maximum THC at the mid-level sample 
depth. When the different depth of samples between the different coring equipment is considered, at depths 
of 0.09 m to 0.21 m the THCs exceeded 80,000 µg g-1 [8]. 

From the 2007 survey data, the THCs at the Brent Charlie seabed drill cuttings pile decrease with increasing 
distance from the GBS. The concentrations decrease to below 50 mg/kg beyond 250 m from the GBS 
(Figure 22). 

Figure 22 Maximum THC Levels within and around the Brent Charlie Seabed Cuttings Pile  
(2007 Survey Data). 

 

 

6.7.2.2 Heavy Metals 

The analyses of the box and piston core samples taken from the drill cuttings pile do not indicate a single 
general trend for all of the heavy metals; however, the cadmium, copper, zinc and lead concentrations all 
decrease with increasing depth through the seabed pile. 

All heavy metal concentrations are greatest within 100 m of the Brent Charlie GBS, then generally decrease 
with increasing distance. The highest barium concentration occurs within 100 m of the centre of the GBS  
with a second spike of similar magnitude in the 251 to 500 m distance band before continuing to decrease. 
Following the peak concentrations within the 100 m distance band, several metal concentrations decrease 
dramatically in the 101 m to 250 m distance band; this pattern applies to aluminium, arsenic, cadmium, 
chromium, copper, lead, nickel, zinc and vanadium.  

Arsenic concentrations were below the BAC at all sampling stations and below the BC at all but one station 
100 m from the platform. Chromium and cadmium concentrations fell below the BAC and BC 225 m from 
the platform while copper fell below the BAC at two of the three sampling stations 250 m from the platform 
and below the BC at 1 station at this distance and all other sampling stations further from the platform. Lead 
and zinc concentrations were below the BAC and BC values and for lead the ERL, 475 m from the platform. 
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Vanadium and lithium concentrations were below the lowest value of the BRC ranges for these metals at all 
sample stations and nickel concentrations across the stations did not exceed either the BAC or BC [8]. 

6.7.2.3 Radioactivity 

The majority of the radioactivity levels recorded both within and beyond the physical Brent Charlie drill 
cuttings pile were close to or below the LoD (0.05 Bq g-1) for the analysis [8]. 

6.7.2.4 Polychlorinated Biphenyls (PCBs) 

Most of the PCB concentrations measured in the Brent Charlie cuttings pile samples were below the LoD  
(5.0 ng g-1) with the exception of Station BC2 (MID) (83 m SSE, 0.09 to 0.12 m core depth) and BC3 
(MID) (91 m SSE, 0.09 to 0.12 core depth). Although not all concentrations of PCB congeners were 
measurable, it can be concluded that total PCB concentrations at BC2 (MID) exceeded the OSPAR EAC 
value, whilst concentrations at BC3 (MID) exceeded the OSPAR BAC [8]. 

6.7.2.5 Alkylphenolpolyethoxylates (APEs) 

All measured APE concentrations from the recovered samples were below the LoD (0.1 µg g-1 or 0.5 µg g-1 
depending on the APE), so no comparison with background data could be made [8]. 

6.7.3 Biological Effects from the Brent Charlie Seabed Drill Cuttings Pile 

The 2007 sampling stations were all located outside the area containing the physical drill cuttings pile,  
as determined by the MBES survey data [18] to investigate whether any contaminants arising from the drill 
cuttings pile had affected the local benthos. The macrofaunal community sampled at Brent Charlie was  
of average density and species richness with a composition broadly typical of the North Sea in which 
polychaetes account for approximately 50% of the species richness [8]. The sampling programme at Brent 
Charlie was, however, conducted over two separate months – April and June – and at the stations sampled 
in June, the samples showed consistently higher numbers of taxa and individuals. This limits the conclusions 
that can be drawn from the macrofaunal results. The analysis of the samples showed a 67% correlation 
between the concentrations of zinc and the pattern of benthic organisms. Two stations sampled for faunal 
analysis (GR3 and GR14 both 250 m from the platform but in different directions, north-west and south-west 
respectively) showed THCs above the 50 mg/kg (50 µg g-1) threshold but the statistical analysis of the 
communities at these stations showed they were indistinguishable from the communities found at stations 
where the THC was below 50 µg g-1). The data collected at Brent Charlie do not, therefore, demonstrate  
an ecological effect on the seabed fauna from any discharges from the platform [8]. 

6.8 Brent Charlie Cell-top Drill Cuttings Pile 

6.8.1 Physical Extent 

The MBES data from 2007 (Table 20) indicated the presence of a significant volume of drill cuttings on the 
cell-tops with the highest point of the drill cuttings pile (7 m above the cell-tops) within the rows of conductors 
between legs C3 (south-east) and C4 (south-west), almost adjacent to leg C3. The pattern of deposition 
radiated from this point to the centre of the cell-tops and toward the south, apparently spilling over this face 
onto the seabed (Figure 23 to Figure 26). Brent Charlie GBS cells tops are trapezoid in shape, unlike the 
domed structures of Brent Bravo and Delta and there are cell valleys into which drill cuttings could fall. 
Because the cells are rectangular, there are no tri-cells between them (Figure 27). 

 

  



BRENT FIELD DRILL CUTTINGS DECOMMISSIONING  
TECHNICAL DOCUMENT  
 

Page | 49 

Table 20 Physical Characteristics of the Brent Charlie Cell-top Cuttings. 

Parameter Value 

Maximum height above the top of the cell wall (refer to Note) 11.2 m 

Perimeter of cuttings pile 171 m 

Area of cuttings pile  2148 m2 

Volume of cuttings pile 6973 m3 

PDMS estimate of volume of cuttings pile 7735 m3 

Note: This equates to a height above the cell dome of 8.5 m. 

Figure 23 MBES Image of the Brent Charlie Cell-top Material [13]. 

 

Figure 24 MBES Image of the Height of the Brent Charlie Cell-top Material [13]. 
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Figure 25 Brent Charlie PDMS model showing MBES survey data [16]. 

 

 
Figure 26 Profile of the Brent Charlie Cell-tops from Cell 30 to Cell 4 [13]. 
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Figure 27 Plan view of the Brent Charlie Cell-tops with Orientation of the Cross-section presented  
in Figure 28. 

 

 
As described in the Xodus report Drill Cuttings Pile Characterisation Brent Installations [19], the profile of the 
Brent Charlie cell-tops material was established in both the 1997 and 2007 surveys. When these results are 
compared, it is clear that the profile has altered slightly; the drill cuttings pile has slumped a little and has a 
lower maximum height and flatter profile (Figure 28). It has also been noted that the height of the seabed drill 
cuttings pile has increased in the same period, suggesting that cell-top material has fallen to the seafloor. 
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Figure 28 Profiles of the Brent Charlie GBS, Cell-top and Seabed Cuttings Pile [19]. 

 

 
In 2011, the Brent Charlie cell-top drill cuttings pile was tested for geotechnical properties by cone 
penetration test (CPT) to investigate the average shear strength of the drill cuttings pile. These tests showed 
that the drill cuttings are largely consistent and that the material is predominantly a very loose silt or fine sand 
substance. The average shear strength of the drill cuttings is below 100 kPa (at least within the sampling 
range of the CPT equipment, which is 3 to 4 meters deep) which is within the capability of standard 
dredging equipment, and means that the recovery of the drill cuttings should be possible, if necessary. The 
only area of concern may be the shallower crust like surfaces on the cell-tops and possibly the cell valleys. 
Such areas, if present, would most probably be easily broken up with standard subsea tooling/jetting 
available for WROVs, as described in our report Brent Charlie GBS Cell-top Debris and Removal of Drill 
Cuttings Methodology [20]. 
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6.8.2 Composition of the Brent Charlie Cell-top Drill Cuttings Pile 

6.8.2.1 2007 ROV Samples 

During the 2007 MBES survey of the Brent drill cuttings piles, two ROV core samples were taken from the 
Brent Charlie cell-top drill cuttings pile (Figure 29). The THC results of the samples are presented in Table 21. 

Figure 29 Location of 2007 ROV Core Samples taken from the Brent Charlie Cell-top Cuttings Pile [10]. 

 

 
Table 21 Summary of Hydrocarbon Concentrations from Core Samples taken from the Brent Charlie  

Cell-top Drill Cuttings Pile (Source: [10]). 

Core Sample Location Total Hydrocarbon Concentration µg g-1 Dry Weight Sediment 

ROV 1(5) 32 m SE 88,692.7 

ROV 1(15) 40 m SE 95,206.1 
 
Heavy metal results from these ROV samples show that levels of cadmium, chromium, copper, lead and zinc 
all exceed the OSPAR background concentrations [10]. OSPAR background concentrations were not 
available for barium, lithium, aluminium and vanadium so no comparisons could be made. 

6.8.2.2 Total Hydrocarbon Concentration 

On the basis of the 2007 survey and our on-going studies into the possible decommissioning options for  
the Brent facilities, we concluded that one of the options for the Brent Charlie cell sediment was full removal. 
To execute this piece of work, we would have to disturb a large proportion of the Brent Charlie cell-top drill 
cuttings pile. In view of this possibility, we commissioned a more detailed survey of this pile in 2011 and 
obtained more ROV samples to characterise the drill cuttings pile. The cores were then sub-sampled for 
chemical analyses, which resulted in different contaminants being measured at slightly different depths of the 
drill cuttings pile: the hydrocarbon samples were taken from the top 3 cm and between 11 cm and 13 cm of 
the drill cuttings pile whereas the heavy metal sample was taken from a depth of 6 cm to 7 cm. The sample 
locations for this survey are shown in Figure 30. 
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Figure 30 Target and Actual Sample Station Locations for Brent Charlie (Source: [10]). 

 

Note: The white space is the GBS caisson structure or the GBS legs which were not surveyed. 
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Figure 31 Bathymetry at Brent Charlie (Source: [10]). 
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The Brent Charlie cell-top drill cuttings pile exhibits lower maximum THCs in the uppermost layers than  
at deeper layers (Figure 32), although some degree of variation is found between core samples of the  
same depth. This would indicate that the surface layers (0 to 3 cm) are experiencing weathering of some  
kind, whereas deeper layers of drill cuttings retain a greater proportion of hydrocarbon contamination.  
Using the minimum recorded THC (84,872.9 µg g-1, in the 43 cm-45 cm core depth) and maximum  
THC (333,626.4 µg g-1, 11 cm-13 cm core depth) this equates to oil percentages of 8.5% and 33.4% 
respectively. The maximum THC found in the cell-top samples was more than twice the maximum THC  
found in the seabed samples taken from within the physical seabed drill cuttings pile (333,626 µg g-1  
and 157,108 µg g-1 respectively [10]. 

Figure 32 THC Concentrations across Sampling Stations of the Brent Charlie Cell-top Cuttings Pile 
(Source: [10]). 

 

 
As discussed in Section 5.6, given that the source of the cell-top drill cuttings is the same as the seabed drill 
cuttings accumulations, we are considering each cell-top drill cuttings pile against the OSPAR 2006/5 
thresholds. At all depths and all sampling stations of the Brent Charlie cell-top drill cuttings piles, THCs 
exceed 50 mg/kg or 50 µg g-1, so the whole area of the drill cuttings pile must be compared against the 
OSPAR area persistence threshold. 

6.8.2.3 Heavy Metals 

The heavy metals found in the Brent Charlie cell-top drill cuttings pile samples can be grouped into those 
which reach a maximum in the surface core depth (arsenic, cadmium, copper and mercury), mid-core depth 
(barium and lead) and deep core depth (lithium, aluminium, chromium, iron, nickel and vanadium).  
The concentrations of most of the heavy metals exceed the OSPAR background concentration levels at one  
or more sample depths. Compared with the Brent Charlie seabed drill cuttings pile results, the cell-top 
concentrations are higher than the concentrations of the seabed drill cuttings pile and surrounding seabed 
sediments for barium, lithium, vanadium and aluminium; the cell-top samples showed lower concentrations 
than both the seabed drill cuttings piles and sediments for arsenic, copper and lead. The cell-top drill cuttings 
sample concentrations were lower than those of the seabed drill cuttings pile – but similar to those found  
in the surrounding seabed sediments – for cadmium, chromium and nickel. Zinc levels were higher in the  
cell-top drill cuttings samples than the seabed drill cuttings samples but were lower than the levels found  
in the surrounding sediments.  
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The levels of arsenic and nickel in the Brent Charlie cell-top drill cuttings piles were below both the BAC  
and the BC and can therefore be considered to be lower than levels at remote sites unaffected by human 
industrial processes. The maximum chromium concentration was above the BC but below the BAC but the 
maximum cadmium concentration was slightly above the published BAC value. Lithium and vanadium 
concentrations both exceed the highest BRC values published for these metals; copper and zinc both  
exceed the published BCs and BACs and are therefore considered to be elevated above naturally  
occurring concentrations. Finally, lead concentrations in the cell-top drill cuttings pile exceed the published 
ERL, indicating that an adverse biological effect might be experienced [10]. 

6.8.2.4 Radioactivity 

All of the sample activity levels were close to, or below the LoD (0.05 Bq g-1) for analysis [10]. 

6.8.2.5 Polychlorinated Biphenyls (PCBs) 

All measured PCB concentrations in the samples were below the LoD (5.0 ng g-1), therefore no comparison 
to the published data on environmental thresholds and/or background data could be made [10]. 

6.8.2.6 Alkylphenolpolyethoxylates (APEs) 

All measured APE concentrations in the recovered samples were below the LoD (0.1 µg g-1 or 0.5 µg g-1 
depending on the APE); therefore no comparison with published data on environmental thresholds, and/or 
background data could be made [10]. 

6.9 Brent Delta Seabed Drill Cuttings Pile 

6.9.1 Physical Extent 

As with Brent Bravo, the two drill cuttings discharge chutes on Brent Delta have resulted in drill cutting 
deposits on the cell-tops, cell valleys and sea floor. Some drill cuttings have also fallen into the tri-cells.  
Two cuttings piles have been identified on the seabed at the base of Brent Delta, below the location  
of the discharge chutes. One is close to Cell 14 and the other at Cell 16.  

Table 22 Physical Characteristics of the Brent Delta Seabed Cuttings Piles at Cells 14 and 16. 

Parameter Value (Cell 14) Value (Cell 16) 

Maximum height above seabed (at cell wall) 10.3 m 6.7 m 

Perimeter of cuttings pile 362 m 

Distance of cuttings pile from cell wall (south-west) 15 m 

Area of cuttings pile over seabed 1632 m2 

Volume of cuttings pile (2007) 1575 m3 

PDMS estimate of volume of cuttings pile 2230 m3 
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Figure 33 MBES Image of the Seabed Cuttings Piles at Brent Delta [14]. 

 

 
Figure 34 Depth Profile Image of Seabed Cuttings Pile at Brent Delta [14]. 
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Figure 35 Profile of the Brent Delta Seabed Cuttings Pile at Cell 14 [14]. 

 

 
Figure 36 Profile of the Brent Delta Seabed Cuttings Pile at Cell 16 [14]. 
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Figure 37 Target and Actual Sample Station Locations for Brent Delta [9]. 

 

Note: The white space is the GBS caisson structure or the GBS legs which were not surveyed. 
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Figure 38 Bathymetry at Brent Delta [9]. 
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6.9.2 Composition of the Brent Delta Seabed Drill Cuttings Pile 

6.9.2.1 Total Hydrocarbon Concentration 

The box core samples indicate increasing THC s with increasing sample depth. The box core surface core 
depth ranges from 0.00 to 0.03 m whereas the piston core surface sample depth is taken from between 
0.11 m and 0.13 m, and this difference may help to explain the differences in the values, which in turn  
may be evidence of weathering of the drill cuttings pile in the uppermost layers [9]. 

As can be seen in Figure 39 the maximum THC generally decreases with increasing distance and reaches 
50 mg/kg in the distance band 500 to 1000 m from the centre of the GBS. 

Figure 39 Maximum THC Levels within and around the Brent Delta Seabed Cuttings Pile  
(2007 Survey Data). 

 

 

6.9.2.2 Heavy Metals 

There is no general trend that can be used to describe the variations in concentrations with sample depth 
through the drill cuttings pile for any heavy metal, with the exception of copper and zinc which both appear 
to increase in concentration with increasing depth. 

As distance from the Delta GBS increases the concentration of all the heavy metals generally decreases.  
For most of the metals, there is a significant peak in concentration in the 0 to 100 m distance band from the 
centre of the GBS, before concentrations decline sharply in the 101 to 250 m distance band. Examples of 
this include aluminium, copper, nickel and vanadium. The concentrations for arsenic fall below the OSPAR 
BCs in the 101 to 250 m distance band  Copper, lead and zinc all fall below their respective OSPAR BAC 
and BC (and ERL for lead) approximately 500 m from the centre of the GBS, with the exception of one 
sample of lead exceeding the BC at 500 m from the GBS. Nickel and chromium concentrations do not 
exceed the respective BAC and BC at any station sampled. Cadmium concentrations were close to the  
ERL of 1.2 µg g-1 within 100 m of the platform and below the BAC and BC for this metal 250 m from the 
platform. Vanadium and lithium concentrations were below the lowest BRC range values at all stations [9]. 
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6.9.2.3 Radioactivity 

The majority of the radioactivity levels recorded both within and beyond the physical Brent Delta drill cuttings 
pile were near to or below the LoD (0.05 Bq g-1) for the analysis [9]. 

6.9.2.4 Polychlorinated Biphenyls (PCBs) 

All the PCB concentrations in the samples were below LoD (5.0 ng g-1), so no comparison with background 
data could be made [9]. 

6.9.2.5 Alkylphenolpolyethoxylates (APEs) 

All measured APE concentrations in the samples were below the LoD (0.1 µg g-1 or 0.5 µg g-1 depending  
on the APE), so no comparison with background data could be made [9]. 

6.9.3 Biological Effects from the Brent Delta Seabed Drill Cuttings Pile 

The sampling stations selected to investigate the local benthic community and any effects arising from 
contaminants from the drill cuttings pile at Brent Delta were all located beyond the physical drill cuttings  
pile as determined by the most recent MBES survey [14]. The results of the macrofaunal analysis show  
a community of average density and species richness and after removal of juvenile individuals was found  
to be broadly typical of the North Sea, with polychaetes accounting for approximately 50% of the species. 
The results indicated a slight variation in the seabed community with increasing distance from the platform but 
there was no correlation with either the physical or chemical characteristics of the corresponding sediments. 
Stations GR3, GR5 and GR11 all showed THC above the 50 mg/kg (50 µg g-1) threshold but there was no 
significant difference in the macrofauna at these stations when compared to stations which had THC levels 
below 50 µg g-1. Sampling of the Brent Delta area was split into two sampling periods which makes it 
difficult to draw further conclusions from the results. This, in combination with the limited number of sampling 
stations, means that it cannot be conclusively stated that the drill cuttings pile has had any ecological effect 
on the communities of the surrounding sediments [9]. 

6.10 Brent Delta Cell-top Drill Cuttings Pile 

6.10.1 Physical Extent 

The MBES survey identified the presence of a drill cuttings pile on the cell-tops around the south-west leg  
(Leg 5), which extended out to the edge of the GBS cell-tops (Table 23). This area is underneath one  
of the two discharge chutes. There are also drill cuttings located between the legs and on the outer cell-tops 
(Figure 40 to Figure 43). A large amount of debris was also identified on top of the cells. As described in 
Section 5.4.3, the 2015 ROV survey of the cell-top caps indicated that only small volumes of drill cuttings 
are present; however, as a worst case, we have assumed throughout this document that there is a total 
volume of 3790 m3 across the cell-tops, including the cell valleys. 

Table 23 Physical Characteristics of the Brent Delta Cell-top Drill Cuttings. 

Parameter Value 

Maximum height above the top of the cell wall (refer to Note) 6.8 m 

Perimeter of cuttings pile 88 m 

Area of cuttings pile  234 m2 

Volume of cuttings pile 798 m3 

PDMS estimate of volume of cuttings pile 3790 m3 

Note: This equates to a height above the cell-tops of 2.3 m. 
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Figure 40 MBES Image of the Brent Delta Cell-top Domes and Material [14]. 

 

 

Figure 41 Depth of Material on the Brent Delta GBS Cells [14]. 
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Figure 42 Profile of the Brent Delta Cell-tops from Leg 5 to Cell 15 [14]. 

 

 

Figure 43 Brent Delta PDMS Model showing MBES Survey Data (Cell 18 highlighted) [14]. 

 

 

  

Cell 18 
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6.10.2 Composition of the Brent Delta Cell-top Drill Cuttings Pile 

6.10.2.1 Total Hydrocarbon Concentration 

During the 2007 MBES survey two ROV core samples were taken at Brent Delta; analysis showed that the 
THCs exceeded 50 mg/kg in both samples (Table 24, Figure 44). The cores each penetrated a total of 
15 cm into the drill cuttings. Once collected, the cores were sub-sampled to test for various contaminants.  
This means that different contaminants were measured at slightly different depths of the cuttings pile: the 
hydrocarbon sample was the uppermost sample and was taken from the top 3 cm of the cuttings pile 
whereas the radiation sample was taken from a depth of 9 cm to11 cm. The two spare samples account  
for the 11 cm to 15 cm depth of the core [9]. 

Table 24 Summary of Hydrocarbon Concentrations from Core Samples taken from the Brent Delta  
Cell-top Drill Cuttings Pile. 

Corer Total Hydrocarbon Concentration µg g-1 Dry Weight Sediment 

ROV1(4) 83,493.6 

ROV1(11) 48,888.9 

 

Figure 44 Maximum THC Levels within and around the Brent Delta Cell-top Cuttings Piles  
(2007 Survey Data). 
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6.10.2.2 Heavy Metals 

The concentrations of cadmium, copper, lead and zinc from the Brent Delta cell-top drill cuttings pile samples 
exceed the OSPAR BC and BAC. The cadmium concentration is below the ERL for this metal so it is unlikely 
that a biological effect would be observed. In contrast the lead concentration found in the samples exceeded 
the published ERL indicating that a biological effect might occur. The concentrations found in the cell-top 
samples for arsenic, lithium, chromium, nickel and vanadium were all below the respective OSPAR BCs, 
BACs and BRCs. The majority of the concentrations found in the cell-top samples were lower than those 
found in the samples from the Brent Delta seabed drill cuttings pile and the samples from the surrounding 
seabed sediments [9]. 

6.10.2.3 Radioactivity 

The majority of the radioactivity levels recorded both within and beyond the physical Brent Delta drill cuttings 
pile were near to or below the LoD (0.05 Bq g-1) for the analysis [9]. 

6.10.2.4 Polychlorinated Biphenyls (PCBs) 

All measured PCB concentrations in the samples were below the LoD of the assay (5.0 ng g-1), so no 
comparison with background data could be made [9]. 

6.10.2.5 Alkylphenolpolyethoxylates (APEs) 

All measured APE concentrations in the samples were below the LoD (0.1 µg g-1 or 0.5 µg g-1 depending  
on the APE), so no comparison with background data or environmental thresholds could be made [9]. 

6.11 Brent South Seabed Drill Cuttings Pile 

6.11.1 Physical Extent 

The Brent South wells were drilled using a semi-submersible drilling rig. The drill cuttings were discharged 
directly to sea creating a cuttings pile approximately 80 m in diameter and more than 2 m high above the 
mean seabed level. It should be noted that determining the precise footprint of the drill cuttings pile was 
impeded by the presence of rock-dump in the area. All three of the Brent South wells have been plugged 
and abandoned. This process included the removal of the well infrastructure and has resulted in three clear 
depressions (approximately 6 m wide and 2 m deep) in the cuttings pile where the drill cuttings have fallen 
into the holes left by the removal of the well equipment (Figure 45). During the well abandonment operations 
in 2004, some drill cuttings were relocated subsea i.e. physically pushed clear, to allow recovery chains to 
be attached to the wellhead structures to allow them to be removed in one lift. This accounts for the clear 
areas of drill cuttings around each of the three well locations visible in Figure 45. 

Table 25 Physical Characteristics of the Brent South Drill Cuttings Pile. 

Parameter Value 

Diameter of cuttings pile 80 m 

Maximum of pile height above seabed 2.85 m 

Perimeter of cuttings pile 384 m 

Area of cuttings pile over seabed 1620 m2 

Volume of cuttings pile (2007) 2016 m3 

PDMS estimate of volume of cuttings pile 2166 m3 
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Figure 45 MBES Image of the Seabed Cuttings Pile at Brent South [15]. 

 

 

Figure 46 Profile of the Brent South Seabed Cuttings Pile at the Location of the Fully Abandoned  
Well BS1 [15]. 
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Figure 47 Target and Actual Sample Station Locations for Brent South [8]. 
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Figure 48 Bathymetry at Brent South [8]. 

 

 



BRENT FIELD DRILL CUTTINGS DECOMMISSIONING  
TECHNICAL DOCUMENT  
 

Page | 73 

6.11.2 Composition of the Brent South Seabed Drill Cuttings Pile 

6.11.2.1 Total Hydrocarbon Concentration 

Four core samples were taken from the drill cuttings pile at Brent South – three box cores and one piston 
core. The piston core and one of the box core samples show a definite decrease in THC with increasing 
sample depth in the pile and the second box core sample showed a definite decrease from the surface core 
depth to the greater core depths. The third box core only sampled the surface (to approximately 3 cm depth) 
[8]. 

Figure 49 presents the THC results from the 2007 survey of the Brent South area. The data show that the 
maximum THC decreases with increasing distance from the centre of the Brent South site, and from 
approximately 250 m THC is below 50 mg/kg. 

Figure 49 Maximum THC Levels within and around the Brent South Seabed Cuttings Pile  
(2007 Survey Data). 

 

 

6.11.2.2 Heavy Metals 

The maximum concentrations for all the heavy metals except vanadium were found in either the piston or box 
core samples from the Brent South drill cuttings pile, though the sub-samples were not necessarily from the 
same depth between the two types of coring equipment. The piston core data taken 5 m from the centre of 
Brent South showed that concentrations of aluminium, chromium and nickel decrease with increasing depth 
through the drill cuttings pile.  

From examination of the maximum recorded concentrations for each distance band the highest 
concentrations for all metals occur within 100 m of the centre of the site with the exception of vanadium 
which occurs within 250 m, lead which occurs in the 125 m distance band and chromium which occurs  
in the 500 m distance band. Following the maximum values, the concentrations decrease with increasing 
distance. Beyond the drill cuttings pile, the maximum concentrations of arsenic, chromium, copper, zinc and 
nickel were all below the OSPAR BC and BAC values. Cadmium concentrations exceeded the BC and  
EAC but were below the BAC and ERL values indicating that a biological effect would not be expected.  
The maximum lead concentration in the surrounding sediments exceeded the BC, BAC and EAC values but 
was below the ERL threshold, again indicating that a biological effect would not be expected. Lithium and 
vanadium concentrations were below the BRC within and beyond the physical drill cuttings pile [8]. 
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6.11.2.3 Radioactivity 

The majority of the radioactivity levels recorded in the Brent South samples were near to or below the LoD 
(0.05 Bq g-1) for the analysis [8]. 

6.11.2.4 Polychlorinated Biphenyls (PCBs) 

All of the PCB congener concentrations in the Brent South samples were lower than the LoD of the assay 
(5.0 ng g-1) and so no comparison with background levels could be made [8]. 

6.11.2.5 Alkylphenolpolyethoxylates (APEs) 

All measured APE concentrations in the Brent South samples were below the LoD (0.1 µg g-1 or 0.5 µg g-1 
depending on the APE), so no comparison with environmental thresholds and/or background data could  
be made [8]. 

6.11.3 Biological Effects from the Brent South Seabed Drill Cuttings Pile 

The macrofaunal community at Brent South was of average density and species richness and after removal  
of juvenile individuals was found to be broadly typical of the North Sea, with polychaetes accounting for 
approximately 50% pf the species. Stations GR4 and GR8 were found to be statistically different to the other 
stations due to the presence or increased abundance of certain species which are known to be tolerant of 
hydrocarbon contamination such as the polychaete Capitella. The other sampling stations then divided into 
two groups but this difference was accounted for by the fact that the samples were taken in two different 
sampling periods. It was concluded that the distance from Brent South has little or no influence on the faunal 
communities beyond 250 m. It was noted, however, that there is strong evidence of recovery at Brent South 
since 1994 when there were signs of environmental stress, expressed as decreased diversity in the seabed 
communities and the dominance of Capitella at stations approximately between 100 m and 200 m  
south-south-east of Brent South [8]. 

No strong correlation was found between the seabed communities and contaminants in the seabed 
sediment. The statistically different stations (GR4 and GR8) were the only two stations at which the THC  
was above the 50 m g/kg (50 µg g-1) threshold. Again because the fauna was not sampled at every Brent 
South station no conclusions regarding the effect of discharges from Brent South on the benthic communities 
can be made, beyond stating that an ecological effect was found at GR4 and GR8 which showed 
statistically distinct communities [8]. 

6.12 Summary of the Biological Effects of the Brent Seabed Drill Cuttings Piles 

Successive surveys of the seabed drill cuttings piles and the surrounding sediments have shown that the 
benthic communities are recovering from the impacts of the discharge of drill cuttings. The THCs in the 
sediments adjacent to the drill cuttings piles have decreased, probably due to weathering and 
biodegradation, and the area exhibiting a THC >50 mg/kg has decreased. At stations close to the pile,  
the dominance of the pollution-tolerant polychaete Capitella has decreased as other species have been  
able to recolonize this area, and this is evidenced by increase in both species richness and species diversity. 
Full details of the statistical analysis of the results and preliminary comparisons with earlier survey results are 
presented in the Gardline reports [8] and [9]. 

The evidence from our series of benthic surveys shows that the seabed and its benthic communities are 
continuing to recover from the effects of the historic discharge of drill cuttings, albeit at different rates  
at different locations. Providing there is no significant addition of pollutants into the area as a result of 
decommissioning activities, this recovery will continue. We will be conducting a post-decommissioning 
survey to establish whether any of our operations have affected the area and any future monitoring 
programme will be designed, discussed and agreed with the regulator on the basis of the results. 
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6.13 GBS Cell-top Oil and Gas Debris 

6.13.1 Introduction 

Over the many years of production in the Brent Field, various items of oil and gas debris have accumulated 
on the GBS cell-tops and nearby seabed; the amount of debris either on the seafloor or the cell-tops varies 
across the Brent installations. Debris surveys conducted over the years have shown that the debris items 
include individual scaffolding poles as well as larger items that have most likely been lost over the side 
during bad weather or other unplanned events. Under the BEIS requirements, this debris must be cleared 
within a 500 m area around the installations and from within a 200 m corridor along the pipelines. 
Following discussions with BEIS, we propose that should any debris be buried in drill cuttings, we will only 
remove the visible parts of this debris so as to minimise the disturbance of the drill cuttings. There is a 
possibility that any degradation or movement of the drill cuttings in the future may uncover debris items; 
should our monitoring surveys detect such items, we will discuss and agree appropriate action with BEIS. 
In addition, debris may have to be cleared from the cell-tops to allow the safe and sufficient deployment of 
equipment for a variety of potential decommissioning operations, e.g. attic oil recovery. 

The location, estimates of the mass, and programme of work for clearing the seabed debris is included in the 
Brent Field Pipelines Decommissioning Technical Document [21]. The description and planned programme  
of work for the cell-tops debris is presented here. As will be discussed later, the removal of the debris might 
disturb the drill cuttings, unless another operation has already required the drill cuttings to be removed. 

6.13.2 Brent Bravo 

The debris on the Brent Bravo cell-tops consists primarily of metallic objects such as scaffolding, but also 
includes two failed fenders from Legs 1 and 3 (Figure 50, Figure 51). As reported in our study Brent Bravo 
Extent and Method for Cell-top Debris Removal [22], using data compiled from the 2005, 2007 and 2011 
cell-top surveys, the following items are believed to be present on the cell-top surface. 

 Significant quantity of scaffold debris across 40% of the cell-top areas, mainly appearing  
as individual scaffold poles of varying lengths 

 Accumulations of drill cuttings/mud within the valleys between the cell-top domes. No drill cuttings 
are apparent on any of the cell caps 

 Larger items of debris, including two complete riser fender structures, several large sections of pipe, 
some clamps and larger scaffolding assemblies 

The small volume of drill cuttings on the Bravo cell-tops and the tendency for the drill cuttings to fall into the 
cell-top valleys means that the majority of the debris is free from drill cuttings. It should be noted that previous 
operations have already grouped some items on the cell-tops. 
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Figure 50 Brent Bravo 2005 Cell-top Debris Survey Results [22]. 

 

 
Figure 51 Example of Brent Bravo Cell-top Debris [22]. 
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6.13.3 Brent Charlie 

The presence of the large cell-top drill cuttings pile on Charlie hinders a complete assessment of the amount, 
type and location of the accumulated debris. It is believed that a large, almost complete scaffolding tower is 
on the cell-top. A drawing created from the 2004 cell-top survey is presented in Figure 52. It has been noted 
in previous campaigns that the drill cuttings to the south of the cell caisson have become compacted and 
may have solidified. 

Figure 52 Brent Charlie 2004 Cell-top Debris Survey Results [20]. 

 

 

6.13.4 Brent Delta 

From the surveys, the debris on Brent Delta appears to be mainly scaffolding or other small items of metal. 
Although there is a greater volume of drill cuttings on this cell-top than Bravo, the drill cuttings have mostly 
accumulated in the cell valleys. It is likely that most, but perhaps not all of the debris is clear of drill  
cuttings, particularly those items on the cell-top caps, given the evidence of the recent ROV visual survey 
(Section 5.4.3). To date, a total length of 1710 m of scaffolding poles has been recovered to shore.  
It is currently estimated that 18,000 m of scaffolding poles and a currently unquantified number of other  
small debris items remain on the cell-tops awaiting recovery.  
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Figure 53 Example of Brent Delta Cell-top Debris [17]. 
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7 SUMMARY OF TECHNICAL STUDIES 

7.1 Safety Risk 

7.1.1 Assessment of Safety Risk to Project Personnel 

In our CAs we have assessed the relative safety risk of each option by calculating the Potential Loss of Life 
(PLL) for three groups of people – offshore personnel, onshore personnel and other users of the sea – who 
might be exposed to risk as a result of carrying out a decommissioning operation or as a result of the final 
end-point or condition of the facility or site on completion of decommissioning. The PLL for project personnel 
was derived by multiplying published values for the Fatal Accident Rate (FAR) by the estimated total man-
hours of exposure. Unlike other facilities under consideration in the Brent Decommissioning Project (BDP), 
there is no evidence of drill cuttings posing a safety risk to other users of the sea (for example, to fishermen); 
therefore no PLLs were calculated for this group. 

PLL is one of the prime outputs of a Quantitative Risk Assessment (QRA). It provides a measure of cumulative 
risk which is directly dependent on the number of people exposed to the risk and the duration of the activity. 
In this context it therefore provides a simple measure of the relative safety risk between project personnel  
who may be engaged in operations to complete an option, and third-parties who may be exposed to the 
long-term risk from the planned end-point of the option. PLLs can and are therefore used in the overall 
decision making process (such as in a CA) along with considerations of the environmental impacts,  
cost and other criteria. 

There are absolute values of risk tolerability used by authorities, such as the Health and Safety Executive 
(HSE) e.g. risks between 1 x 10-1 and 1 x 10-3 are considered intolerable and risks between 1 x 10-3  

and 1 x 10-6 are in the region where it has to be shown that the risks are tolerable and are as As Low As 
Reasonably Practicable (ALARP). However, within a decision making process, such as a CA, it should be 
stressed that PLL figures should not be used as an absolute measure of risk because the total PLLs here 
represent the cumulative predicted risk for different groups of people and activities, and there is no analysis 
of the options to determine the effects of any risk-reduction measures that would or could be applied. Such 
detailed analysis occurs once an option has been selected, and it is at this point that the specific PLLs for  
a given activity could be compared with the HSE thresholds above. 

In Section 11, the performance of the various decommissioning options for each drill cuttings pile for  
offshore personnel and onshore personnel are described and discussed. It should be noted in all cases, the 
assessments of safety risks to project personnel are unmitigated assessments, made in the absence of any site 
or project-specific safety measures. We would never embark on any activity that was 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.  

7.2 Drill Cuttings Modelling Studies 

7.2.1 Introduction 

We commissioned two separate modelling studies by BMT. The first, Long Term Fate and Effects of Cuttings 
Pile at Brent Alpha and Brent Charlie [23] investigated the potential long-term impact of leaving the Brent drill 
cuttings piles in situ and whether the OSPAR Recommendation 2006/5 thresholds of 10 tonnes/year oil 
released or 500 km2years area persistence of sediment THC of 50 mg/kg or above would be exceeded. 
The second, Effects of Human Disturbance on the Brent Alpha and Brent Charlie Cuttings Piles [24] 
investigated the potential impact of disturbing the drill cuttings piles. A short description of the studies and  
the conclusions is presented in the following sections. 
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7.2.2 Long-term Fate Modelling 

The study examined the long-term fate of the Brent Alpha seabed drill cuttings pile, the Brent Charlie seabed 
drill cuttings pile, the Brent Charlie cell-top pile and the combined Brent Charlie seabed and cell-top drill 
cuttings piles, should they be left undisturbed to degrade naturally. Brent Alpha and Charlie were selected  
for study as they are the two largest seabed and cell-top accumulations of drill cuttings in the Brent Field.  
The Long-term Fate Model (LTFM) comprises two mathematical models. The first, the Short-term Model (STM), 
determined the rate of physical erosion, re-sedimentation and the spreading of the drill cuttings piles.  
This model used the parameters of drill cuttings particle size distribution and density, wave probabilities and 
currents to estimate the physical forces that might move and redeposit the drill cuttings. The STM estimates the 
net loss of mass of material from the drill cuttings pile and the redistribution of the material due to 
hydrodynamic dispersion. 

The LTFM uses the outputs from the STM model and combines it with long-term biological, chemical and 
physical processes to predict the persistence of the drill cuttings pile volume, the hydrocarbon content of the 
drill cuttings pile over time, the rate of oil loss to the marine environment and the area persistence of the 
seabed expected to have a THC above 50 mg/kg. A number of scenarios were modelled to test the 
sensitivity of the results to the initial THC level and surface oil loss rate (the rate at which oil is lost from the 
surface layers of the drill cuttings pile), resulting in four scenarios for each drill cuttings pile: 

1. Lower surface loss rate and lower initial THC. 

2. Higher surface loss rate and lower initial THC. 

3. Lower surface loss rate and higher initial THC. 

4. Higher surface loss rate and higher initial THC. 

Each scenario was set to run for 1000 years. As expected, those scenarios in which the higher surface loss 
rate was used gave the maximum predicted oil loss rate and smallest area persistence; the lower surface loss 
rate resulted in the larger area persistence values and lowest oil loss rates. All scenarios predicted that the 
rate of oil loss to the environment would decrease with time. The persistence values determined by the report 
and presented here are cumulative persistence values. A final area persistence value could not be calculated 
by the model for the Brent Alpha seabed or Brent Charlie cell-top and seabed cuttings piles or the Brent 
Charlie combined scenario because at the end of the model time (1000 years) all the piles still exhibited  
an area in which THC remained higher than 50 mg/kg.  

7.2.2.1 Brent Alpha Results 

The Brent Alpha seabed drill cuttings pile area persistence was predicted to reach a maximum  
of 3.04 km2years (lower surface loss rate (0.4 yr-1) and higher initial THC (65,103.6 mg/kg)) by the end  
of the 1000 year model time. The lowest predicted persistence was 1.68 km2years (higher surface loss rate  
(7.31 yr-1) and lower initial THC (11,631.29 mg/kg)) (Table 26). The maximum oil loss rate for the seabed 
drill cuttings pile occurred in the first decade of the model time and was predicted to range from 
0.45 tonnes/year (lower surface loss rate (0.4 yr-1) and lower initial THC (11,631.29 mg/kg)) to 
3.83 tonnes/year (higher surface loss rate (7.31 yr-1) and higher initial THC (65,103.6 mg/kg)) (Table 27). 

Table 26 Brent Alpha Drill Cuttings Pile Area Persistence Summary [23]. 

Brent Alpha 
Area Persistence (km2years) 

1 year 50 years 100 years 250 years 500 years 1000 years 

Minimum 0.01 0.34 0.50 0.81 1.18 1.68 

Mean 0.01 0.40 0.64 1.13 1.66 2.33 

Maximum 0.01 0.45 0.78 1.48 2.19 3.04 
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Table 27 Brent Alpha Drill Cuttings Pile Oil Loss Rate Summary [23]. 

Brent Alpha 
Oil Loss Rate (Tonnes/Year) 

1 year 50 years 100 years 250 years 500 years 1000 years 

Minimum 0.4535 0.0002 3x10-6 7x10-34 1x10-42 1x10-42 

Mean 1.8800 0.7488 0.5196 0.2816 0.1307 0.0639 

Maximum 3.8319 1.4368 1.0507 0.5794 0.2667 0.1328 
 

7.2.2.2 Brent Charlie Results 

The LTFM of the seabed drill cuttings pile at Brent Charlie predicted that the area persistence values would 
range from 2.25 km2years (higher surface loss rate (7.31 yr-1) and lower initial THC (30,528.9 mg/kg))  
to 2.40 km2years (lower surface loss rate (0.4 yr-1) and higher initial THC (157,108.3 mg/kg)) at 1000 
years (Table 28). The maximum oil loss rate was predicted to occur within the first decade of model time and 
at Year 1 ranged from 0.34 tonnes/year (lower surface loss rate (0.4 yr-1) and lower initial THC 
(30,528.9 mg/kg)) to 2.5 tonnes/year (higher surface loss rate (7.31 yr-1) and higher initial THC 
(157,108.3 mg/kg)) (Table 29). 

For the cell-top drill cuttings pile, the effect of being closer to the sea surface was that greater erosion force 
was exerted on the drill cuttings pile. The STM model predicted that there would be very little re-deposition  
of mobilised drill cuttings onto the existing cell-top drill cuttings pile. For this reason, the LTFM modelling  
was altered to apply only the erosion process for the cell-top drill cuttings pile. The modelling of the area 
persistence was similar for all scenarios given that the area of the cell-top itself remains unchanged.  
The highest oil loss rate occurred within the first decade of the model time and ranged from 9.8 tonnes/year 
(lower surface loss rate (0.4 yr-1), 333,626 mg/kg) to 13.6 tonnes/year (higher surface loss rate  
(7.31 yr-1), 333,626 mg/kg) (Table 29). The area persistence at the end of 1000 years of model time 
ranged from 3.04 km2years (higher surface loss rate (7.31 yr-1), 333, 636 mg/kg) to 3.09 km2year  
(lower surface loss rate 0.4 yr-1, 333, 626 mg/kg) (Table 28). The modelling results therefore indicate that 
one of the thresholds in OSPAR Recommendation 2006/5 has been exceeded. This is discussed further  
in Section 8.1.4. 

The final part of the modelling study examined the possible interaction of drill cuttings from the cell-top drill 
cuttings pile with the seabed drill cuttings pile at Brent Charlie. The previously-completed seabed assessment 
was amended to include the deposition of material from the cell-top drill cuttings pile onto the seabed pile. 
The area persistence values were calculated to range between 5.29 km2years and 5.50 km2years  
(Table 28) and the maximum total oil loss rate, which occurred in the first decade, ranged from  
10.1 tonnes/year to 16.1 tonnes/year (Table 29). 
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Table 28 Brent Charlie Drill Cuttings Piles Area-Persistence Summary [23]. 

Brent Charlie 

Area persistence (km2year) 

1 year 50 years 100 years 250 years 500 years 
1000 
years 

Seabed pile Minimum 0.0062 0.1327 0.2614 0.6476 1.2414 2.2513 

Mean 0.0062 0.1572 0.2859 0.6721 1.2822 2.3302 

Maximum 0.0062 0.1816 0.3103 0.6966 1.3213 2.4094 

Cell-top pile Minimum 0.0057 0.2578 0.4893 1.0773 1.8349 3.0362 

Mean 0.0057 0.2616 0.4958 1.0891 1.8524 3.0614 

Maximum 0.0057 0.2652 0.5023 1.1009 1.8699 3.0866 

Combined 
system 

Minimum 0.0119 0.391 0.7508 1.7249 3.0762 5.2875 

Mean 0.0119 0.41871 0.7817 1.7612 3.1346 5.3915 

Maximum 0.0119 0.4469 0.8126 1.7975 3.1912 5.4959 
 
Table 29 Brent Charlie Drill Cuttings Piles Oil Loss Rate Summary [23]. 

Brent Charlie 

Oil loss rate (tonnes/year) 

1 year 50 years 100 years 250 years 500 years 
1000 
years 

Seabed pile Minimum 0.337 0.245 0.207 0.141 0.080 0.030 

Mean 1.262 0.758 0.638 0.456 0.264 0.099 

Maximum 2.511 1.279 1.072 0.773 0.451 0.169 

Cell-top pile Minimum 9.747 6.425 4.990 2.955 1.624 0.668 

Mean 11.684 6.519 5.047 2.993 1.649 0.675 

Maximum 13.622 6.613 5.104 3.031 1.674 0.683 

Combined 
system 

Minimum 10.084 6.673 5.197 3.096 1.707 0.698 

Mean 12.947 7.277 5.685 3.450 1.913 0.774 

Maximum 16.132 7.874 6.176 3.805 2.124 0.852 
 

7.2.3 Human Disturbance Modelling 

The human disturbance modelling study examined the possible short-term impact of disturbance on the Brent 
Alpha and Brent Charlie seabed drill cuttings piles from over-trawling and the suction dredging of the Brent 
Charlie cell-top drill cuttings pile. The STM model was used to predict the redistribution of the drill cuttings 
and associated hydrocarbons. The potential environmental risks of the THC were assessed by examination  
of the ratio of Predicted Environmental Concentration (PEC) to Predicted No Effect Concentration (PNEC) 
(PEC:PNEC). A PEC:PNEC ratio of 1 or above is indicative of possible adverse effects in the environment; 
where the PEC:PNEC ratio is less than 1 then no adverse effects are anticipated. Once the new deposition 
of the drill cuttings had been predicted, the STM was used again to provide inputs on erosion, sedimentation 
and spreading rates by natural processes and the results used to estimate the persistence and oil loss to the 
environment in the LTFM. Full details of the method are presented in the BMT modelling report [24]. 
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7.2.3.1 Disturbance by Trawling 

The Brent Alpha drill cuttings form a single pile beneath the jacket. For the purposes of the modelling study,  
it was assumed that no part of the jacket – the main structure or the footings – remained on the seabed to 
impede the trawling operation. The route that agitated the largest volume of drill cuttings was modelled as a 
worst case for both the Brent Alpha and Brent Charlie seabed drill cuttings pile. It was assumed that at both 
sites 10% of the volume of the cuttings piles would be disturbed by the over-trawling event, which was 
assumed to last for 45 seconds. 

The PEC calculated for the Brent Charlie over-trawling operation was higher than that for the Brent Alpha 
over-trawling operation. This is likely to be due to the higher THC levels in the Brent Charlie seabed drill 
cuttings pile. This resulted in the PEC:PNEC ratios being greater for the Brent Charlie for all trophic groups 
(Table 30). The highest ratio was for the zooplankton and total water column tropic levels, which have the 
same PNEC value. The maximum PEC:PNEC of any model time-step for this trophic level was 13,940. 
When the time-averaged mean PEC concentration is used, the PEC:PNEC ratio for this trophic level is 3907. 
Any value equal to or greater than 1 indicates that the predicted environmental concentration is the same as 
or exceeds the predicted no effect concentration, hence there is the potential for harm to occur. These results 
therefore indicate that an impact might occur as a result of the disturbance to and resettling of drill cuttings 
agitated by over-trawling but it is not possible from the model results to determine the type of effect or how 
long it might last. The distance from the origin of the release to locations where the PEC:PNEC ratio was 
equal to or greater than one (≥ 1) was also estimated by the model, using the maximum PEC recorded 
during the model run and the time-averaged mean (refer to Table 31). The total water column/zooplankton 
and crustacean trophic groups were found to have PEC:PNEC ≥ 1 at the model boundary; they therefore 
demonstrate the greatest distances at which the ratio remains ≥ 1 but it is impossible to determine the 
distance at which the PEC:PNEC ratio drops below the threshold of 1.  
Note that the maximum distance a particle could travel in a straight line from the release point (the centre  
of the 20 km square model domain) is 14,142 m, from the release point to a corner of the model domain,  
as demonstrated in Figure 54.  

Figure 54 Spatial Extent of the Model Domain 
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Table 30 Maximum PEC:PNEC Ratio for each Trophic Group in Entire Model Domain for Brent Alpha 
and Charlie Seabed Over-Trawling Operations using Time-averaged and Single Maximum 
Time-step PEC [24]. 

Scenario 

Maximum PEC:PNEC in Entire Model Domain 

Fish Algae 
Total Water 
Column and 
Zooplankton 

Crustacean 

Using 
mean 
PEC 

Using 
max. 
PEC 

Using 
mean 
PEC 

Using 
max. 
PEC 

Using 
mean 
PEC 

Using 
max. 
PEC 

Using 
mean 
PEC 

Using 
max.  
PEC 

Brent A seabed 238 892 476 1783 952 3566 411 883 

Brent C seabed 977 3485 1953 6970 3907 13,940 2391 6667 
 
Table 31 Maximum Distance where PEC:PNEC ≥ 1 for each Trophic Group for Brent Alpha and Charlie 

Seabed Over-Trawling Operations using Time-averaged and Single Maximum Time-step  
PEC [24]. 

Scenario PEC type 

Maximum Distance of PEC:PNEC ≥ 1 (m) 

Fish Algae 
Total Water 
Column and 
Zooplankton 

Crustacean 

Brent A seabed Using mean PEC 3675 4479 5242 5242 

Using max. PEC 4771 5660 6912 6912 

Brent C seabed Using mean PEC 4527 5104 5729 5729 

Using max. PEC 5729 6440 8249 8249 
 

7.2.3.2 Disturbance by Suction Dredging 

The disturbance of the Brent Charlie cell-top drill cuttings pile by suction dredging was modelled because  
it is the largest cell-top drill cuttings pile that could be actively disturbed by our decommissioning operations. 
It was assumed that 10% of the cuttings pile volume might be dispersed into the marine environment during 
the dredging operation, which was assumed to last for 65 days. 

The PEC values calculated for this operation were lower than those for the over-trawling scenarios. The 
highest PEC:PNEC ratio was again for the water column/zooplankton trophic level when both the maximum 
recorded and time-averaged PEC was used (refer to Table 32). In terms of distances from the origin in 
which the ratio is ≥ 1, both the total water column/zooplankton and crustacean trophic groups recorded 
PEC:PNEC ratios ≥ 1 at the edge of the model domain (20 km square) (refer to Table 33). It is therefore 
impossible to give an absolute distance at which the ratio falls below this threshold for these groups. Note 
that the maximum absolute distance a particle could travel from the release point before it is ‘lost’ from the 
model domain is 14,142 m (Section 7.2.3.1, Figure 54).  
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Table 32 Maximum PEC:PNEC Ratio for each Trophic Group in Entire Model Domain for Brent  
Charlie Cell-top Suction Dredging Operation using Time-averaged and Single Maximum  
Time-step PEC [24]. 

Scenario 

Maximum PEC:PNEC in Entire Model Domain 

Fish Algae 
Total Water 
Column and 
Zooplankton 

Crustacean 

Using 
mean 
PEC 

Using 
max. 
PEC 

Using 
mean 
PEC 

Using 
max. 
PEC 

Using 
mean 
PEC 

Using 
max. 
PEC 

Using 
mean 
PEC 

Using 
max. 
PEC 

Brent C  
Cell-top 

3.0 67 6.1 134 12.2 269 0.7 9.0 

 
Table 33 Maximum distance where PEC:PNEC ≥ 1 for Each Trophic Group for Brent Charlie Cell-Top 

Suction Dredging Operation using Time-averaged and Single Maximum Time-step PEC [24]. 

Scenario PEC type 

Maximum distance of PEC:PNEC ≥ 1 (m) 

Fish Algae 
Total Water 
Column and 
Zooplankton 

Crustacean 

Brent C  
Cell-top 

Using mean PEC 112 255 461 N/A 

Using max. PEC 3004 3331 4168 3672 
 
N/A: Not Applicable; the mean PEC was not sufficiently high to result in a PEC:PNEC ratio of 1 or above. 

7.2.3.3 Short-term Impacts by Disturbance 

The modelling of the short-term impacts of the over-trawling of the Brent Alpha and Brent Charlie seabed drill 
cuttings piles and dredging of the Brent Charlie cell-top drill cuttings pile indicates that there is likely to be 
some degree of impact to the marine environment. Precisely what impact this would have on individuals or 
populations cannot be quantified. For example, in the Brent Charlie cell-top scenario the average exposure 
time to the possible risk indicated by a PEC:PNEC ratio ≥1 was calculated to be 42 days for the entire 
volume of water at risk. The level of lasting impact on marine flora and fauna from such concentrations for 
such periods of time cannot be accurately determined but we believe any effects would be insignificant at a 
population or regional level  

7.2.3.4 Long-term Impacts from Disturbance 

In order to run the LTFM on the drill cuttings re-deposited by disturbance, a predicted re-deposited drill 
cuttings thickness of 1 cm or more was required. For the Brent Charlie cell-top dredging scenario, the STM 
did not predict that this thickness of drill cuttings would be achieved; the LTFM was therefore not conducted 
for this scenario. 

The predicted thicknesses of the disturbed Brent Alpha and Brent Charlie seabed drill cuttings were filtered  
to find all locations with thicknesses greater than 1 cm. These newly re-deposited piles were then subjected  
to the LTFM model as described in Section 7.2.2. The model was run for 100 years. 
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The Brent Alpha seabed re-deposited drill cuttings pile was predicted to completely erode by natural forces  
in 28 years. The Brent Charlie seabed re-deposited drill cuttings pile retained a thick core of material which 
was predicted to exist for longer than the 100 year model time. The area-persistence was calculated for 
Brent Alpha to be a maximum of 0.15 km2 years, assuming the lower rate of surface oil loss. Because the  
re-deposited Brent Charlie drill cuttings pile was still extant by the end of the model time, it is not possible  
to give a final value for area persistence; however, the rate of increase of area persistence had become  
so small by this time (because only a small area remained with decreasing THC) that a final maximum value 
of 0.11 km2years has been estimated. The re-deposited drill cuttings piles at Brent Alpha and Brent Charlie 
therefore do not exceed the 500 km2year OSPAR threshold (refer to Table 34). The loss of hydrocarbon 
content occurred more rapidly from these re-deposited drill cuttings piles than in the original drill cuttings piles  
(Table 35). At no point is the OSPAR threshold of 10 tonnes/year expected to be exceeded. 

Table 34 Re-deposited Brent Alpha and Charlie Drill Cuttings Pile Area-Persistence Summary [24]. 

 
Area Persistence (km2year) 

1 year 5 years 10 years 50 years 100 years 

Brent Alpha 
seabed 

0.0015 to 
0.019 

0.02 to 0.09 0.02 to 0.15 N/A N/A 

Brent Charlie 
seabed 

0.007 to 
0.008 

0.02 to 0.04 0.03 to 0.07 0.04 to 0.11 0.04 to 0.11 

 
N/A: Not Applicable; the model has predicted that the seabed sediment THC will have fallen below the 
50 mg/kg threshold for area persistence by this point 

Table 35 Re-deposited Brent Alpha and Charlie Drill Cuttings Piles Oil Loss Rate Summary [24]. 

 
Oil loss rate (tonnes/year) 

1 year 5 years 10 years 50 years 100 years 

Brent Alpha 
seabed 

2.1 to 5.3 0.1 to 0.4 0.001 to 0.02 N/A N/A 

Brent Charlie 
seabed 

2.2 to 5.7 0.7 to 0.9 0.3 to 0.4 0.02 to 0.05 0.002 

 
N/A: Not Applicable; the model has predicted that oil will no longer be released from the drill cuttings pile 
by this point 
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8 ASSESSMENT OF THE BRENT DRILL CUTTINGS PILES UNDER OSPAR 
RECOMMENDATION 2006/5 

8.1 Comparison with the OSPAR thresholds 

In 2007 and in accordance with the requirement of OSPAR Recommendation 2006/5, we completed  
a desk-top screening study of the drill cuttings piles within the Brent Field to establish whether the cuttings 
piles exceeded either the oil loss rate or area persistence thresholds as defined in the Recommendation.  
 

Subsequently, as part of our preparations for decommissioning the Brent Field, we commissioned a long-term 
fate modelling study by BMT Cordah ([23] (Section 7.2.2) to facilitate prediction of whether the future 
behaviour of the drill cuttings piles would lead to either OSPAR threshold being exceeded. The two drill 
cuttings piles selected for the study were the Brent Alpha seabed drill cuttings pile and the Brent Charlie cell-
top drill cuttings pile. These cuttings piles were selected because they represent the largest seabed and cell-
top accumulations respectively in the Brent Field; we surmised that if the modelling indicated that the long-
term behaviour of these piles would not exceed the OSPAR thresholds in the future, then we could assume 
that neither would the smaller drill cuttings piles on the seabed at Brent South and on the seabed and cell-
tops at Brent Bravo and Brent Delta. 

8.1.1 Seabed Drill Cuttings Piles 

8.1.1.1 Rate of Oil Loss 

For both the Brent Alpha and Charlie seabed drill cuttings pile (without consideration of the influence of the 
Brent Charlie cell-top cuttings pile), the model predicted that the rate of oil loss would peak in the first year  
at maximum values of 3.8 tonnes/year and 2.5 tonnes/year respectively – both of which are below the 
OPSAR oil loss rate threshold of 10 tonnes/year. After the first year of model time, the rate of oil loss from 
both piles is predicted to decrease with time. The maximum THC found in the 2007 samples of the Brent 
Bravo and Delta seabed drill cuttings piles fall within the THCs modelled for Brent Alpha and Brent Charlie 
and the Brent South maximum THC was below the modelled THCs. We therefore believe that none of the 
seabed drill cuttings piles will exceed the OSPAR oil loss rate threshold.  

8.1.1.2 Area Persistence 

For both the Brent Alpha and Charlie seabed drill cuttings pile (without consideration of the influence of the 
Brent Charlie cell-top cuttings pile), the model predicted that by 1000 years, the area persistence values 
would be 3.0 km2years and 2.4 km2years respectively, well below the 500 km2years threshold4.  
The footprints of the other seabed drill cuttings piles are all smaller than the Brent Alpha footprint and similar 
to or smaller than the Brent Charlie seabed footprint. On the basis of the modelling results for Brent Alpha 
and Brent Charlie we believe it unlikely that any of the other seabed drill cuttings piles will exceed the 
OSPAR area persistence threshold. 

  

                                                

4 A persistence of 500km2 yr could mean an area of 1 km2 is contaminated for 500 years or an area of 
500km2 is contaminated for 1 year. 
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8.1.2 Cell-top Drill Cuttings Piles 

8.1.2.1 Rate of Oil Loss 

The model predicted that the rate of oil loss from the Brent Charlie cell-top drill cuttings pile would reach a 
maximum of 13.6 tonnes/year in the first year. From this peak, the rate of oil loss is expected to decrease 
with time, exhibiting a maximum loss rate of 0.7 tonnes/year at 1000 years. It was assumed that as Brent 
Charlie has the largest cell-top drill cuttings pile in the Field, these results would represent a worst case in 
terms of oil loss, meaning that the piles on Brent Bravo and Delta are likely to exhibit lower oil loss rates.  
In addition, the original Brent Charlie cell-top modelling study used the maximum 2007 Brent Charlie seabed 
THC (157,108.3 mg/kg) as the starting THC for the cell-top drill cuttings because the samples from the two 
2007 cell-top showed lower THCs. When the additional sampling of the Brent Charlie cell-top drill cuttings 
pile in 2011, found higher THCs in the cuttings pile, the LTFM modelling was revised. However, the initial 
modelling results for the Brent Charlie cell-tops cuttings can be used to draw conclusions about the Brent 
Delta cell-top drill cuttings pile: using the THC value of 157,108.3 mg/kg, the LTFM indicated a maximum 
oil loss rate of 6.4 tonnes/year in the first year, decreasing over time to a maximum oil loss rate of 
0.3 tonnes/year at 1000 years. Given that the maximum THC found in the 2007 samples from Brent 
Delta was 83,493.6 mg/kg we conclude that it is unlikely that the Brent Delta cell-top drill cuttings pile will 
exceed the oil loss rate threshold. No samples could be retrieved from the Brent Bravo cell-top drill cuttings 
pile in 2007; however, due to the similarities between the drilling records for Brent Bravo and Brent Delta 
we believe that it is unlikely that the Brent Bravo cell-top drill cuttings pile will exceed the oil loss rate 
thresholds.  

The LTFM modelling study also looked at the combined oil loss rate if the Brent Charlie seabed and cell-top 
drill cuttings piles were considered a single source of contamination. These results indicated that the 
maximum oil loss rate for the combined system would be 16.1 tonnes/year in the first year of the model  
run from which point the oil loss rate was predicted to decline until reaching a maximum oil loss rate  
of 0.9 tonnes/year at 1000 years. The oil loss rate for the combined Brent Charlie system was predicted  
to fall below the 10 tonnes/year oil loss threshold after approximately 30 years in all of the modelling 
combined scenarios. As the input data for the model was based on the 2011 survey data this would mean 
the oil loss rate is predicted to fall below 10 tonnes/year in 2041. 

8.1.2.2 Area Persistence 

We assume that the THC of the whole Brent Charlie cell-top drill cuttings pile exceeds 50 mg/kg; therefore 
the entire area covered by the drill cuttings pile across the top of the GBS needs to be considered against 
the area persistence threshold of 500 km2year. The area of the cell-top is approximately 0.008 km2, 

including the area occupied by the legs and external conductors, on which no drill cuttings have 
accumulated. This means that the maximum available area occupied by the cuttings pile is 0.008 km2. 
From this data, it is clear that the Brent Charlie cell-top drill cuttings pile will not result in an area of 
contamination above 50 mg/kg of 500 km2 for a single year. In order to exceed the threshold based on the 
actual area of contamination of 0.008 km2, the pile would have to persist – excluding any decrease in area 
or level of oil contamination – for more than 60,000 years. From this data, it is clear that the Brent Charlie 
cell-top drill cuttings pile will never exceed the OSPAR Recommendation 2006/5 area persistence threshold 
of 500 km2years. 

As a worst case it has been assumed that the THC of all Brent Bravo and Brent Delta cell-top drill cuttings 
would exceed 50 mg/kg. Allowing for the area occupied by the drilling and utility legs on each platform, 
the maximum area that could be covered by drill cuttings is 0.005 km2. As with Brent Charlie, the area of 
contamination threshold cannot be exceeded in one year because of the small area available on the Bravo 
and Delta cell-tops. Using this area, and assuming the level of contamination there exceeds 50 mg/kg and 
continues to do so with no reduction in either oil concentration or area (i.e. no weathering of the drill cuttings 
pile occurs), the cuttings pile would have to exist for in excess of 90,000 years to breach the 500 km2years 
threshold. 

The LTFM studies we commissioned (Section 7.2.2) assumed that the three cell-top drill cuttings piles will be 
weathered by natural processes. The area persistence of the Brent Charlie cell-top drill cuttings pile will have 
reached 3.0 to 3.1 km2year after 1000 years’ model time and hence is unlikely to breach the persistence 
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threshold. When the combined Brent Charlie cell-top and seabed system was considered, the maximum  
area persistence calculated was 5.5 km2year at 1000 years  

8.1.3 Tri-cell Drill Cuttings 

Any drill cuttings that have accumulated within the tri-cells will be of the same origin as the seabed and  
cell-top drill cuttings piles and therefore have similar characteristics. It was theorised that as there is minimal 
water movement across or within the tri-cells, little or no natural weathering would have occurred within these 
confined drill cuttings, nor would it occur whilst the GBSs remain structurally sound. 

In November 2015 an ROV camera survey was carried out to explore which tri-cells would be candidates 
for sampling using a 1 m long corer deployed by an ROV. The survey determined that several of the tri-cells 
could not be sampled due a number of factors: in some, drill cuttings could not be visually confirmed by the 
camera, indicating that if any were present they were too far down the tri-cell for the corer to reach;  
in others, debris items on the cell-tops would prevent deployment of the corer and in some instances  
(where the tri-cell was situated in close proximity to the drill cuttings chute) the tri-cell aperture could not be 
located. Ultimately, only one tri-cell, located between Cells 4 and 14 and Leg 5 was a candidate for 
sampling. Two core samples were retrieved from this tri-cell for analysis. 

The two core samples were sub-sampled for the analysis of hydrocarbon and other contaminants.  
The hydrocarbon analysis used two techniques: gas chromatography with a flame ionisation detector  
(GC-FID) and by infra-red spectroscopy (IR). The results from the IR process were always found to be higher 
than those from the GC-FID process. The maximum THC found in the sub-samples using IR was 
92,300 mg/kg in the 0 to 10 cm sub-sample band. The maximum THC found in the sub-samples using  
GC-FID was 43,100 m/kg and was found in the deepest sub-sample band (58 to 68 cm). In one core 
sample (BDROV5), the THC values for both the IR and GC-FID testing protocols indicated decreasing THC 
with increasing depth; however, the second core sample results only showed this pattern for the IR results – 
the GC-FID results showed no clear pattern. 

These results indicate that the THCs of the sampled tri-cell drill cuttings are an order of magnitude lower than 
those used in the modelling of the Brent Charlie cell-top drill cuttings pile but are a similar order of magnitude 
to the maximum THC in the Brent Alpha seabed drill cuttings pile (65,103 mg/kg); the tri-cell maximum THC 
is approximately one third greater than the Brent Alpha maximum, which was modelled in [23]. For the Brent 
Alpha seabed drill cuttings pile, the maximum predicted oil release rate occurred in year 1 of the model and 
was 3.8 tonnes of oil per year. The Brent Alpha drill cuttings pile will, however, experience stronger erosion 
and weathering forces than might be expected to affect the tri-cell drill cuttings. We have tried to estimate the 
potential oil loss rate of the tri-cell drill cuttings by comparing them with the Brent Alpha seabed drill cuttings 
pile as this drill cuttings pile has been more extensively sampled and modelled. The surface area of each  
tri-cell is approximately 14.9 m2, giving a total surface area on Bravo on 357.6 m2 and 357.6 m2 on Delta. 
The seabed drill cuttings pile at Brent Alpha covers an area of 8880 m2 and will have a surface area  
slightly greater than this. The maximum modelled oil release rate from the Brent Alpha drill cuttings pile  
is 3.8 tonnes/year [23] and this is a function of a number of factors including the area of cuttings pile 
exposed to erosion and water movement. Given that the total surface area of exposed tri-cell drill cuttings  
(if present) is about 4% of the area covered by the Brent Alpha seabed drill cuttings pile it is reasonable to 
suppose that there may be a similar relationship between the oil release rates of these two accumulations of 
drill cuttings. Therefore, the likely rate of oil loss from the tri-cell drill cuttings will be very small (<1 tonne/year 
per platform) compared to that from the seabed or cell-top drill cuttings and would make only a marginal 
difference to the total annual input of oil to the marine environment.  
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In order to calculate the area persistence of the tri-cells we have assumed that the drill cuttings in the tri-cells 
in each GBS have a THC of 50 mg/kg or above. A tri-cell has an area of 14.9 m2 and there are  
24 tri-cells on both Brent Bravo and Delta and assuming all tri-cells are free from obstruction, this gives a total 
surface area of tri-cells exposed to the sea of 357.6 m2 (0.000358 km2) on each GBS. Any drill cuttings 
within the tri-cells will have landed on the ballast within each tri-cell so would not have directly contaminated 
the seabed underneath, but using the area calculations above, the tri-cell drill cuttings would have to exist 
within the confines of the tri-cell for 1.3 million years to exceed the OSPAR area persistence threshold of 
500 km2years. As discussed in the Brent GBS Decommissioning Technical Document [25] there is 
considerable uncertainty about the way in which the GBSs would degrade and collapse, and in particular 
about the rate of degradation, the timing of the main phases of collapse (upper legs, legs, cell domes, 
caisson), and the overall duration of degradation. Best estimates suggest that, in the absence of severe 
damage from falling concrete from the legs, the GBS caissons may remain intact for at least 500 years and 
more or less intact for at least 1000 years and that during this time the containment of the tri-cells would be 
preserved [25]. As pieces of concrete fall to the seabed, however, any drill cuttings pile still extant on the 
cell-tops and seabed would be displaced and once the outer walls were breached the tri-cell drill cuttings 
would be exposed or released. If the tri-cells are full of drill cuttings, then the volumes in the Brent Bravo and 
Brent Delta tri-cells are 12,039 m3 and 14,733 m3 respectively (Section 5.5.2.3, Table 10). Both these 
estimated values are approximately twice the volume of the Brent Alpha seabed drill cuttings pile, for which 
we have completed long-term fate modelling which at 1000 years predicted an area persistence of 
3.0 km2years. Although in reality such disturbance events from the impact of debris or the collapse of the 
GBS would result in the re-suspension of the tri-cell drill cuttings into the water column and subsequent 
resettling of the drill cuttings onto the seabed ,if it is assumed that once exposed on the seabed, the Brent 
Bravo and Delta tri-cells drill cuttings assume a physical shape similar to the present Brent Alpha seabed drill 
cuttings pile, then it would be logical to assume that their area footprints might be twice as large and, given 
the same weathering processes, exhibit twice the area persistence i.e. approximately 6.0 km2years at 1000 
years. 

8.1.4 Conclusion 

The long-term fate modelling predicted that under natural weathering conditions the Brent seabed drill  
cuttings piles would not exceed the OSPAR thresholds for oil loss rate or area persistence. To the best of our 
knowledge, the drill cuttings piles have not been contaminated with other discharges. Therefore, under the 
OSPAR Recommendation 2006/5, the conclusion is that the undisturbed seabed drill cuttings piles within the 
Brent Field should be left in-situ to degrade naturally. 

As described in Section 7.2.2, the long-term fate modelling has predicted that the oil loss rate threshold as 
defined in OSPAR Recommendation 2006/5 will have been breached for both the Brent Charlie cell-top 
drill cuttings pile and for the combined Brent Charlie cell-top and seabed drill cuttings pile. As required by 
the Recommendation, a Stage 2 Assessment for this drill cuttings pile has been conducted. A Stage 2 
Assessment is needed to determine, by comparative assessment, BAT and/or BEP for the drill cuttings pile. 
This comparative assessment should be made on the same basis as a comparative assessment made under 
OSPAR Decision 98/3 and should consider leave in situ and management options for the drill cuttings pile. 
A full CA, according to the BDP procedure, has been completed for the Brent Charlie cell-top drill cuttings 
pile and the results are presented in Section 11.3. 

The drill cuttings piles within the Brent Field are not isolated from the other infrastructure which needs to be 
decommissioned in line with BEIS and OSPAR requirements. The Brent Alpha seabed drill cuttings pile is 
located directly below the Brent Alpha jacket and needs to be taken into consideration when evaluating the 
decommissioning options for the Brent Alpha jacket. Similarly, some of the options currently under 
consideration for accessing the GBS cell contents may require the removal of some or most of the cell-top  
drill cuttings on Bravo and Delta. As such, we have decided that it would be best practice to also use the 
CA methodology to determine the BAT and/or BEP and hence the recommended management option for  
the GBS cell-top and Brent Alpha seabed drill cuttings piles. 
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9 TECHNICALLY FEASIBLE OPTIONS FOR THE MANAGEMENT OF THE BRENT 
DRILL CUTTINGS 

9.1 Disturbance of the Seabed Drill Cuttings 

The seabed drill cutting piles in the Brent Field fall below the thresholds of oil loss and area persistence as 
defined within OSPAR Recommendation 2006/05. As such, the recommended management option for all 
the seabed drill cuttings piles (Brent Alpha, Bravo, Charlie, Delta and South) is to leave them undisturbed to 
degrade naturally. However, the full removal of the Brent Alpha jacket structure or the Brent Bravo, Brent 
Charlie and Brent Delta GBS would directly disturb the seabed cuttings pile (not Brent South). Our analysis 
has shown that the complete removal of the GBS is not considered to be technically feasible; the risks of 
partial or complete failure are unacceptably high, as are the consequent safety risks to project personnel. 
Hence, these seabed drill cuttings piles will not be disturbed beyond the necessary minimal disturbance to 
disconnect any pipelines and to remove any subsea structures and debris [25] 

Full removal of the Brent Alpha footings is, however, considered to be technically feasible. This would require 
either external excavation of the jacket footings to sever the steel piles, inevitably disturbing the drill cuttings 
pile; or drilling/milling of the pile bore grout and internal cutting of the steel piles using abrasive water jetting 
(ABWJ), which would allow the seabed drill cuttings pile to remain largely undisturbed as sections of footings 
were removed. The Brent Alpha Jacket TD [4] presents the findings of the CA of the full and partial removal 
options for the Alpha jacket ignoring the presence of the seabed drill cuttings pile, and also a combined 
assessment of the options for the Alpha jacket and the implications of leaving the Alpha seabed cuttings pile 
undisturbed (in the case of partial jacket removal and full jacket removal after internally cutting the piles) and 
removing the seabed cuttings pile (in the case of full jacket removal after externally cutting the piles). A stand-
alone assessment of the disturbance of the Brent Alpha seabed cuttings pile – ignoring the presence of the 
Brent Alpha jacket – is presented in Section 11.1 of this document. 

9.2 Technically Feasible Options for the Management of the Seabed Drill Cuttings Pile 

Table 36 presents the options which were considered during the CA of the Brent Alpha drill cuttings pile. 
Because one of the options for the complete removal of the Alpha jacket footings requires the disturbance of 
the seabed drill cuttings pile, we have started from the presumption of full removal of the seabed drill cuttings 
pile, with the option to leave in situ as described in OSPAR Recommendation 2006/5 [2] as the last option. 

Re-injection of recovered drill cuttings into an existing Brent well is not considered to be a technically feasible 
option: although re-injection of drill cuttings has occurred across the Brent Field during drilling, recent studies 
by Shell well engineers have concluded that the re-injection of solid material (cell contents or drill cuttings) 
into the Brent reservoirs would no longer be advisable: the existing well structures are not suitable for 
injection purposes and do not have sufficient integrity to allow modification for this purpose. Drilling new 
wells into the Statfjord and/or Brent formations is also problematic because the Brent and Statfjord reservoirs 
are deep, stiff and ‘hard’ rock formations. Consequently, there is a high risk of screen-out5 and there would 
be great difficulty in propagating the fractures necessary to create the required storage capacity. In addition, 
injection into the Brent and Statfjord reservoirs is highly problematic because of the high depletion in these 
formations and even using well bore strengthening techniques it would be unlikely that a new well could be 
completed to the required standards for re-injection. For these reasons, the option to re-inject into either an 
existing Brent well or a new well drilled into the Brent Field formations are excluded from the CA. 

  

                                                

5 The term screen-out in this context means that the solids contained within the re-injection slurry have blocked 
the pore or fracture spaces in the rock formation, making further injection impossible. 
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Table 36 Technically Feasible Options for the Brent Alpha Seabed Drill Cuttings Pile 

Option Option Name Option Description 

Option 1 Treat on topsides Dredge, transfer to Brent Charlie topside, separate the slurry, treat 
both liquid and solids and discharge cleaned material to sea 

Option 2 Treat slurry onshore Dredge, transfer to a vessel and transport to shore for treatment 
and disposal 

Option 3 Treat solids onshore Dredge, transfer to Brent Charlie topside, separate and treat the 
slurry and discharge cleaned water to sea and transport solids to 
shore for treatment and disposal 

Option 4 Re-inject in a new well Dredge, transfer to a vessel and re-inject into a new remote well 

Option 5 Leave in situ Leave in place 
 
One of the options for the full removal of the Brent Alpha jacket, including the footings, requires the Alpha 
seabed drill cuttings pile to be cleared away to allow external cutting of the footings piles. In addition, the 
upper layer of seabed sediment directly beneath the drill cuttings pile which is very likely to be contaminated 
by the drill cuttings material would also need to be removed. Once the drill cuttings and the contaminated 
seabed sediments have been removed, pits would be excavated around each of the platform legs and as 
described in the Brent Alpha Jacket Drill Cuttings Removal – Technical Note [26], this assumed clean seabed 
material would be relocated away from the work area. In this assessment, it has been assumed that the 
following volumes of material would be removed: 

 Seabed drill cuttings pile: 6500 m3  

 Estimated contaminated seabed layer (0.25 m thick) below the present drill cuttings pile: 1425 m3 

 Total volume of solid material recovered: 7925 m3 

In each of the removal options, a suction dredge and slurry lift system would be deployed and controlled 
from a surface vessel. The suction dredge equipment pumps seawater into an ejector creating a vacuum at 
the suction nozzle, allowing materials to be sucked in, creating a slurry. For the purposes of this assessment  
a slurry with a 10:1 water:solids ratio has been assumed, on the advice of subsea suction dredging 
contractors. Normally, suction dredge equipment is generally used in excavation and trenching operations 
and the recovered material is usually ejected via an exhaust hose to the nearby seabed. However, when 
recovering drill cuttings, this arrangement is not suitable. We have spoken with industry specialists who have 
suggested a system which is in development at time of writing that would provide a secondary stage to the 
dredging system which will capture and lift the dredged material slurry to the surface using a submersible 
slurry pump. The lift system will most likely restrict the recovery rate of the slurry. 

9.2.1 Option 1: Offshore Recovery, Separation and Discharge of Cleaned Liquids and Solids to Sea 

In Option 1, the modified dredging system would lift the slurry of drill cuttings and contaminated seabed 
sediments to the vessel controlling the operation e.g. an ROV Support Vessel (ROVSV). Given the likely 
restriction in storage capacity on the controlling vessel and the likely volume of slurry that would be created 
(at a ratio of 10:1, 7925 m3 of solids would create approximately 80,000 m3 of slurry), the slurry would be 
transferred to a containment vessel for transport to Brent Charlie and for holding the slurry before being batch-
transferred to the topside via a floating hose system. 

Once on the topsides, the slurry would be run over shale shakers to separate the seawater from the solid 
material. The water could be stored in the platform mud pits prior to treatment and discharge under permit. 
The dewatered solids would be stored in bulk tanks and batch-fed to a Thermomechanical Cuttings Cleaner 
(TCC) process unit which uses friction-created heat to flash-off the hydrocarbon content of the drill cuttings, 
which is then collected and can be recycled. The unit also pulverises the drill cuttings such that the three 
outputs of the system are the hydrocarbons, water contaminated with hydrocarbons (typically 10 to 15 ppm 
oil) and a powder of the solids, typically with an oil content of less than 1% oil w/w. The powder and 
treated water would be discharged from the platform and the recovered hydrocarbons transported by the 
platform support vessel back to shore [26]. 
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9.2.2 Option 2: Dredge, Transport to Shore and Treatment and Disposal Onshore 

As with Option 1, the slurry would be recovered to the ROVSV and then transferred via floating hose to a 
tanker rated for hydrocarbon duty. The tanker would then transport the slurry to an existing, licensed onshore 
site for separation, treatment and disposal. 

Once at the port, the tanker would discharge the slurry into a quayside holding tank to minimise vessel time 
and the vessel tanks would be cleaned. If necessary the slurry would then be transported by road to the 
treatment facility; there is a possibility that the treatment centre could be located adjacent to or on the 
quayside. Any road transportation of recovered drill cuttings will comply with the European Agreement 
Concerning the International Carriage of Dangerous Goods by Road (ADR) regulations. The slurry would then 
be dewatered and the water treated and discharged under the appropriate permits and the solids would go 
through a similar TCC process as described in Option 1. The recovered hydrocarbons could then be reused 
and the processed solids powder would be disposed of to a suitable, licensed, landfill site [26]. 

9.2.3 Option 3: Offshore Recovery, Topside Separation and Discharge of Cleaned Liquids; Transport 
of Dewatered Solids to Shore for Treatment and Disposal 

As described in Option 1, the slurry would be recovered to the suction dredging vessel and then to a 
holding vessel for transport to the Brent Charlie platform, before being transferred via floating hose to the 
topsides. The slurry would then be run over shale shakers to dewater the solids. The water would be treated 
and disposed of, under permit, to sea. The dewatered solids would be pumped back into the holding vessel 
and transported to shore for treatment with the hydrocarbons recovered and the treated powder disposed of 
to a suitable licensed landfill site [26]. 

9.2.4 Option 4: Dredge, Transfer to a Containment Vessel and Re-inject into a Newly Drilled  
Remote Well 

Re-injection of newly created drill cuttings is permissible under current legislation and the technology already 
exists. The re-injection of historic drill cuttings piles is therefore considered to be technically feasible. 
However, it should be noted that this operation may not be permissible under the current legislative 
framework and at the least would  require a permit for inter-field transfer and re-injection of the material. This 
option has been included in the CAs because it is technically feasible, but we are aware that there are 
potential restrictions to executing this option. 

A new well would be drilled to accommodate the recovered drill cuttings and contaminated seabed.  
The slurry would be collected and transferred to the ROVSV and then on to the containment vessel for 
transport to the new well. On arrival, the containment vessel would have to remain at the remote well  
as it is unlikely that the drilling rig would be able to store the full volume of the slurry. 

The slurry would be dewatered using shale shakers and centrifuge as in the other options and this would 
occur either on the containment vessel or in batches on the rig. The slurry would need to be dewatered  
to a liquid:solids ratio of 5:1 for re-injection. The separated seawater could either be treated and discharged 
to sea under the appropriate permit(s) or shipped to shore for disposal (injection into the well has been 
excluded from assessment). The well would then be fully abandoned in line with current legal requirements 
and Shell’s standards [26]. 

9.2.5 Option 5: Leave in situ 

This option assumes that the Brent Alpha jacket will be derogated under OSPAR Decision 98/3 [3] allowing 
the jacket footings to remain in situ; this mean that the drill cuttings pile would not have to be disturbed. 
Whilst there are no offshore operations required for this option, further monitoring and sampling surveys after 
the post-decommissioning survey will be discussed and agreed with BEIS. An allowance for this future work 
has been taken into account in the CA. 
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9.3 Disturbance of the Cell-top Drill Cuttings Piles 

Although the OSPAR Recommendation 2006/5 was not necessarily designed to account for drill cuttings 
located on structures, we believe that consideration of the environmental impact of the cell-top drill cuttings 
piles according to the thresholds defined for drill cuttings piles on the seabed is appropriate. As described  
in previous sections, the Brent Charlie cell-top drill cuttings pile has been predicted to exceed the oil loss rate 
threshold defined in OSPAR Recommendation 2006/5 and requires a Stage 2 assessment. To this end,  
we are subjecting the Brent Charlie cell-top drill cuttings pile to a full CA of the technically feasible options. 
On the basis of our surveys and modelling studies, we do not believe that the Brent Bravo or Brent Delta  
cell-tops cuttings piles will exceed either the oil loss rate or area persistence thresholds defined in the 
Recommendation. 

The presence of the cell-top drill cuttings piles on the Brent Bravo, Charlie and Delta GBS do not affect the 
decommissioning of the GBS themselves. As described in the Brent GBS TD [25], the complete removal of 
these structures is not technically feasible. The GBS cells do, however, contain volumes of attic oil, interphase 
material, water and sediment. We have committed to removing the attic oil and interphase material from the 
cells prior to decommissioning. At Brent Delta, this will be achieved by drilling new small (3”) access holes in 
each GBS cell and pumping the liquids to a surface vessel, or via another Brent platform for transportation 
onshore. For Brent Charlie, we are proposing to use the existing pipework rather than drilling new access 
holes and are working to reinstate these lines; however, if this not possible, new small (3”) access holes (as 
per Brent Delta) will be required. For Brent Bravo we think it is unlikely that there will be any significant 
amounts of attic oil or interphase material in the cells because the oil export line is located at the top of the 
cell dome.  

The sediments in all the GBS cells may also need to be removed which would require a larger diameter  
(3 to 5 m) access hole to be created in each cell. To achieve this, the cell-top drill cuttings piles would have 
to be disturbed to some degree to allow the deployment of equipment. It should also be remembered that 
large amounts of debris have been identified on top of the GBS cells and recovery of these items either as 
part of the cell access activities or as part of another decommissioning operation might also disturb the drill 
cuttings on top of the cells. For all these reasons, therefore, we have undertaken individual CAs of the 
disturbance and management of the cell-top drill cuttings piles on each of the Brent GBSs. 

9.4 Technically Feasible Options for the Management of the Cell-top Drill Cuttings Piles 

Table 37 presents the options which were considered during the CA for the management of GBS cell-top 
drill cuttings piles that would have to be disturbed. They are almost identical to the options described for the 
Brent Alpha seabed drill cuttings pile and the descriptions have been briefly repeated here for ease of 
reference. In contrast to the seabed drill cuttings pile, the assessment began with the option which would 
involve the smaller volumes and therefore cause the least impact to the environment (water-jetting). 

Brent Charlie is the only Brent platform still in production. In order to decouple the possible cell-top drill 
cuttings pile management options from the removal of the Brent Alpha, Bravo and Delta topsides, any 
management and offshore treatment of the drill cuttings piles for these installations will occur at Brent Charlie.  
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Table 37 Technically Feasible Options for the GBS Cell-top Drill Cuttings Piles 

Option Option Name Option Description 

Option 1  
(refer to Note 1) 

Water-jet Water-jet of small volumes of drill cuttings into the water column 

Option 2 Treat on topsides Dredge, transfer to Brent Charlie topside, separate the slurry, treat 
both liquid and solids and discharge cleaned material to sea 

Option 3 Treat slurry onshore Dredge, transfer to a vessel and transport to shore for treatment 
and disposal 

Option 4 Treat solids 
onshore 

Dredge, transfer to Brent Charlie topside, separate and treat the 
slurry and discharge cleaned water to sea and transport solids to 
shore for treatment and disposal 

Option 5 Re-inject in a new 
well 

Dredge, transfer to a vessel and re-inject into a new remote well 

Option 6 
(refer to Note 2) 

Leave in situ Leave in place 

Notes: 1. This option only applies to the drill cuttings on top of the Brent Bravo and Delta cell-tops; the 
drill cuttings pile on top of the Brent Charlie GBS is much larger than the others (7735 m3) 
with the majority of the pile located against the external conductors at a sharp angle of 
repose. The disturbance of such an accumulation by water-jetting might destabilise the drill 
cuttings pile with an uncontrolled dispersal of the drill cuttings into the water column and onto 
the surrounding seabed. 

 2. This Option only applies to the Brent Charlie cell-top drill cuttings pile and is included in the 
CA of the Brent Charlie options, as per the Stage 2 assessment guidelines presented in 
OSPAR Recommendation 2006/5. 

With the exception of Option 1, the same management options have been considered for the cell-top drill 
cuttings piles as for the Brent Alpha seabed drill cuttings pile. In all the recovery options (Options 2 to 5) it 
has been assumed, as a worst case, that the entire volume of the cell-top drill cuttings piles would be 
recovered; in reality, the volumes recovered might be smaller, depending on the requirements of the 
operations. For example, if only certain GBS cells had to be accessed to reach the cell contents, or the 
equipment for the cell access operation could be deployed on areas of the cell-tops relatively clear of drill 
cuttings, less of the cuttings pile would need to be disturbed and/or recovered. For Brent Charlie, a similar 
volume of slurry would be created as for the Brent Alpha drill cuttings and contaminated seabed; for Brent 
Bravo and Delta, the volumes would be significantly smaller. For these reasons each GBS has been assessed 
separately. 

9.4.1 Option 1: Water-jetting 

In this option, small amounts of the cell-top drill cuttings would be cleared from the cell-tops using a  
WROV-mounted high-pressure water jet or a venturi suction dredger. The disturbed cuttings material would 
be displaced into the water column and into the surrounding cell valleys and may eventually re-settle on the 
GBS caisson, in the cell valleys or tri-cells or on the seabed. For the purposes of the CA, it has been 
assumed that a high pressure water-jet would be used. 

9.4.2 Option 2: Offshore Recovery, Separation and Discharge of Cleaned Liquids and Solids to Sea 

A free-flying ROVSV-operated dredging unit would be deployed to add seawater to the drill cuttings, creating 
a slurry that could be pumped to the ROVSV and then onto a holding vessel via a floating hose. The slurry 
would then be transported to the Brent Charlie platform and held in the tanker until batch-transferred to the 
topsides where it would be dewatered using shakers and centrifuges as necessary. The water would be 
cleaned to the required legislative levels of contamination as a minimum and discharged from the platform. 
The solids would then enter the thermal treatment plant, also situated on the platform topsides, to remove 
hydrocarbons. The cleaned drill cuttings would be in a powder form and would also be discharged to sea 
under permit. 
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9.4.3 Option 3: Dredging and Onshore Treatment 

The drill cuttings would be recovered to a containment vessel as described in Option 2 and stored and 
transported to shore. Onshore, the slurry would be dewatered and the liquid cleaned and discharged 
according to legislative requirements. Following thermal processing, the solid cuttings material would be 
disposed of to landfill. 

9.4.4 Option 4: Offshore Recovery, Topside Separation and Discharge of Cleaned Liquids; Transport 
of Dewatered Solids to Shore for Treatment and Disposal 

The slurry would be lifted to the ROVSV and then the containment vessel for transport to Brent Charlie before 
finally being transferred in batches to the topside for separation. The cleaned water would be discharged 
offshore and the wet solids transported to an onshore processing facility for final cleaning and hydrocarbon 
removal. The cleaned drill cuttings would then be disposed of to a licensed landfill site. This option is similar 
to the processing of ‘new’ drill cuttings today i.e. those created and captured during the act of drilling the 
well. 

9.4.5 Option 5: Dredge, Transfer to a Containment Vessel and Re-inject into a Newly Drilled  
Remote Well 

The drill cuttings would be collected using the dredging system described for Options 2 to 4. The slurry 
would be recovered to a containment vessel and transported to a new remote well for re-injection, under  
an appropriate permit. 
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10 METHOD USED FOR THE COMPARATIVE ASSESSMENT OF OPTIONS  

10.1 Introduction 

The DECC Guidance Notes do not specifically detail a comparative assessment method for the options for 
disturbing and managing historic drill cuttings piles, if the cuttings piles have been shown to fall below the 
OSPAR Recommendation 2006/5 thresholds of oil loss rate and area persistence. However, both the DECC 
Guidance Notes and OSPAR Recommendation 2006/5 do however, require a BAT and/or BEP 
assessment to be carried out if the drill cuttings piles are found to exceed either of the thresholds. This study 
should characterise the drill cuttings pile and review the impacts associated with the cuttings pile in order to 
comparatively assess the options on the same basis as an assessment conducted under OSPAR Decision 
98/3 [3]. The options for such an assessment should include, but not be limited to: 

 Onshore treatment and reuse 

 Onshore treatment and disposal 

 Offshore injection 

 Bioremediation in situ 

 Covering in situ 

 Natural degradation in situ 

As discussed in Section 7.2.2.2 and 8.1.2, the Brent Charlie cell-top drill cuttings pile must undergo the 
Stage 2 assessment. Despite the fact that the Brent Alpha seabed and Brent Bravo and Delta cell-top drill 
cuttings piles do not exceed either of the OSPAR Recommendation 2006/5 thresholds, as best practice,  
we have identified feasible options for the management of these cuttings piles if they have to be moved or 
removed to allow operations on other facilities to proceed. The options are primarily based on the options 
listed in Section 9. We have studied the technical, safety, environmental, societal and cost implications of 
the options and then applied the same comparative assessment procedure to the options as for other facilities 
in the BDP, to determine a recommended option. It should be noted that although covering in situ is listed in 
OSPAR Recommendation 2006/5, we have chosen not to include such an option in our CA; this is because 
the Brent Alpha seabed and Brent Bravo and Delta cell-top drill cuttings piles fall below the OSPAR 
Recommendation 2006/5 thresholds and therefore could be left to degrade naturally. Other 
decommissioning operations however, such as the full removal of the Brent Alpha jacket footings or 
accessing the GBS cells might necessitate the disturbance or removal of the drill cuttings – covering the drill 
cuttings in situ would not remove the impediment to the other decommissioning operations and therefore has 
been discounted. 

10.2 Overview of the Comparative Assessment Process 

The CAs for the cell-top and Alpha seabed drill cuttings piles were performed following the DECC Guidance 
and the Shell BDP Comparative Assessment Procedure, with appropriate modification for the drill cuttings and 
the options under consideration. Technically feasible options were assessed using the five main DECC 
criteria, namely: 

 Safety 

 Environmental 

 Technical  

 Societal 

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

 Technical and engineering aspects 

 Timing 

 Safety 

 Impacts on the marine environment 

 Impacts on other environmental compartments 

 Consumption of natural resources and energy (and climate change) 

 Other consequences to the physical environment 

 Impacts on amenities and the activities of communities 

 Economic aspects 

In line with this guidance, therefore, we assessed each option’s performance by dividing that criterion into 
more specific sub-criteria. For example, the main criterion ‘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 long-term presence and slow degradation of 
the drill cuttings pile (which is likely to be on the timescale of years). By evaluating these different impacts as 
separate sub-criteria we were able properly to 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 (refer to Table 38).  

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.  
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Table 38 The DECC 5 Main 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 offshore 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. 

 
For the CAs of the various Brent drill cuttings piles, we concluded that two of the 12 sub-criteria listed in 
Table 38 are not applicable: there is no evidence that fishermen are or could be put at risk due to the 
presence of and interaction with drill cuttings piles on the seabed. For the cell-top drill cuttings piles, any risk 
to fishermen is attributable to the presence of the GBS rather than the drill cuttings, and this is considered in 
[25]. The potential disturbance of the drill cuttings, either on the cell-tops or on the seabed during 
decommissioning operations, will occur while the 500 m exclusion zones around the platforms are in place.  
There would therefore be no operational risk to fishermen as a result of any decommissioning activities 
involving the drill cuttings piles.  Post-decommissioning, the drill cuttings piles on the seabed are not believed 
to pose a risk to fishermen whilst actively fishing. There have been no reports of incidents in which fishing 
gear has become snagged on the cuttings, though over-trawling of the cuttings by fishing gear will disturb the 
cuttings and possibly release contaminants into the sea or relocate some cuttings away from the original 
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location.  Safety risk to fishermen is therefore not considered to be an applicable sub-criterion in the CAs for 
drill cuttings piles. 

There is no evidence or available published data, to suggest that the presence of drill cuttings in the marine 
environment, as a source of contamination, has a measurable effect on the value of commercial fisheries i.e. 
there is no indication that drill cuttings piles introduce contaminants into the food chain which would 
adversely affect the value of landed fish.  The UKOOA JIP found that the potential food chain effects 
identified during the bioaccumulation study as part of the JIP were generally very slight and did not vary 
greatly from the accumulation seen in reference sediment in the southern North Sea.  Disturbance of cuttings 
piles did show the potential for toxic effects in the water column but on a very minor scale [6].  Drill cuttings 
piles have existed in the North Sea for some 30 years with no evidence that their presence has adversely 
impacted on the fishing industry.  There have not been any reports of fishing gear becoming caught on drill 
cuttings piles, although this is likely to be related to the presence of other structures (jacket, GBS) and the 
500m exclusion zones currently in place around the structures.  Commercial effects on fisheries is therefore 
not considered to be an appropriate sub-criterion in the CAs for the drill cuttings piles.  

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 actual data e.g. in 
PLLs); 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 score of an option. 

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

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

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

For the majority of the sub-criteria listed in Table 38, we generated numerical data such as PLLs, energy use 
(GJ) and cost (£). The sub-criteria ‘operational environmental impacts’, ‘legacy environmental impacts’, 
‘technical feasibility’ and ‘impact on communities’, however, required the use of expert judgements on the 
performance of the options and therefore had no fixed numerical scale against which to score the 
options.Following advice from the independent consultancy Catalyze, who are Multi-Criteria Decision 
Analysis (MCDA) experts, we established a methodology for ensuring that the scores provided by the experts 
could be used to create a global scale that maintained the mathematical accuracy of the performances  
of the options relative to each other on the global scale.  

For the ‘technical feasibility’ sub-criterion, Shell experts attended a series of facility-based workshops to 
discuss and score each of the options under consideration. An aid to scoring was developed which listed 
factors which would affect the likelihood of successfully executing the option and included considerations 



BRENT FIELD DRILL CUTTINGS DECOMMISSIONING  
TECHNICAL DOCUMENT  
 

Page | 101 

such as the novelty of the equipment required and the susceptibility of the workscope to unplanned events. 
This resulted in a score on a ‘local scale’ (which was out of 45) and an understanding of the reasons behind 
this score. The Shell experts then assessed whether the initial scores gave a realistic and justifiable measure 
of the relative technical feasibility of the options and ranked the options from best to worst. The Shell experts 
then examined the differences between each of the scores to satisfy themselves that the relative position of 
each option was consistent and justifiable; for example if Option A scored 30, Option B scored 15 and 
Option C scored 45 then the technical feasibility of Option B was half that of Option A and the difference  
in technical feasibility between Option B and Option C was twice that of the difference between Option A 
and Option B. The Shell experts discussed and agreed any adjustments to the scores that were deemed 
necessary to ensure that the scores of the options on the local scale were correct relative to each other and 
the reasons for any adjustments were recorded. 

 

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 produce the Environmental Impact Assessment (EIA) for the BDP, which is 
presented in full in DNV GL’s Brent Field Decommissioning Environmental Statement (ES) [27]. We therefore 
asked DNV GL to provide their expert judgement for the scoring of the two environmental impact sub-criteria 
and the ‘impact on communities’ sub-criterion. As an initial step, DNV GL reviewed the type and degree of 
impact for each of the options under consideration. They then discounted any impact which duplicated any 
other sub-criterion that had been separately assessed for the purpose of the CAs. For example the impact 
under the EIA category ‘Fisheries’ was removed because the commercial effect on fisheries was the subject of 
a separate sub-criterion in the CA. This resulted in a judgement of the overall impacts arising from the 
execution of the different options and the reasons for each judgement, similar to the technical feasibility 
scores produced from the facility-based workshops held by Shell. The DNV GL score for each option was 
therefore informed by the EIA but do not necessarily directly correspond to the impact assessments presented 
in the EIA document as the EIA assessments consider each facility in turn and do not assess the magnitude of 
impacts across the different facilities. DNV GL then attended a plenary workshop, again facilitated by 
Catalyze and witnessed by both the IRG and Shell representatives at which the same process as described 
for technical feasibility was followed for operational environmental impacts, legacy environmental impacts 
and impacts on communities. This workshop produced scores on global scales for each of these 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 39) 
and a global scale for each sub-criterion (Table 40). 
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Table 39 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 40 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 
(refer to Note) 

Score 1.00 0.00 

Legacy environmental impacts (refer to 
Note) 

Score 1.00 0.00 

Energy use (GJ) GJ 0 1,738,959 

Emissions (CO2) Tonnes 1 156,726 

Technical feasibility (refer to Note) Score 1.00 0.00 

Effects on commercial fisheries GBP 2,318,040 0.00 

Employment Man years 2128 0.00 

Communities (refer to 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. 

10.4 Assessing the Performance of each Option 

To begin our assessment and comparison of options, we decided to weight each of the 5 DECC main 
criteria equally. Where a criterion was represented by more than one sub-criterion, we decided that these 
too should be weighted equally. Table 41 shows the weightings for the criteria and sub-criteria, in a 
weighting scenario we have called the ‘standard weighting’. 
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Table 41 ’Standard Weights’ for the DECC Main 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’. 
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10.5 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’ [28]. 

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 42 lists the five scenarios we used and Table 43 lists the resultant weights for 
each of the sub-criteria in each of the selected weighting scenarios as well as the ‘standard weights’.  

We then examined the total weighted scores in each scenario and assessed how the scores changed, and 
determined if the order of the options changed in some scenarios. This resulted in the identification of the 
option that was the ‘Emerging recommendation’. It should be noted that this option may have been so 
identified because, although not necessarily always the best option in every scenario, overall it performed 
well in a number of the scenarios. 

Table 42 The Five Weighting Scenarios used to assess the Sensitivity of the CA-recommended 
Decommissioning Option. 

Scenario Description 

2 Weighted to Safety: DECC criterion Safety weighted 40%. 

3 Weighted to Environment: DECC criterion Environmental weighted 40%. 

4 Weighted to Technical: DECC criterion Technical Feasibility weighted 40% 

5 Weighted to Societal: DECC criterion Societal weighted 40%. 

6 DECC 5 main criteria without Economic. 
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Table 43 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  
(refer to Note 1) 

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  
(refer to Note 1) 

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%(2) 

Notes: 1. These sub-criteria are not applicable to the Brent drill cuttings CAs; the options are accorded 
a ‘nil’ value. 

 2. Note on elimination of sub-criterion ‘cost’: 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 DECC 5 main criteria 
2 Weighted to Safety 
3 Weighted to Environmental 
4 Weighted to Technical 
5 Weighted to Societal 
6 DECC 5 main criteria, without Economic 

 

10.6 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 Brent drill cuttings 
piles 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 55. 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 56. The bars show the 
difference in the total weighted score between the options in each of the sub-criteria; the longer the bar,  
the greater the difference. In this example, green bars show where Option 2 is better than Option 1, and 
red bars show where Option 1 is better than Option 2. 
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Figure 55 Example of a Bar Chart showing the Total Weighted Scores of Three Options. 

 

 

Figure 56 Example of a Difference Chart showing the difference between Two Options  
in each of the Sub-criteria. 
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11 RESULTS OF COMPARATIVE ASSESSMENT OF THE BRENT DRILL CUTTINGS 

11.1 Brent Alpha Seabed Drill Cuttings Pile 

11.1.1 Introduction 

The Brent Alpha seabed drill cuttings pile falls below both the area persistence and oil loss rate thresholds  
as defined in OSPAR Recommendation 2006/5 and as such could remain in situ to degrade naturally. 
However, due to the close proximity of the drill cuttings pile to the Brent Alpha jacket footings, in order to 
complete one of the jacket full removal options, the cuttings pile would have to be significantly disturbed to 
allow the jacket to be fully removed. In this TD, we have therefore assessed the potential decommissioning 
options for the Brent Alpha seabed drill cuttings pile, ignoring the presence of the Brent Alpha jacket 
footings; the combined assessment of the jacket footings and the-seabed drill cuttings pile is presented in the 
Brent Alpha Jacket TD [4]. 

We assessed five options in total: one leave in situ option (assuming partial removal of the Brent Alpha 
jacket or the internal cutting of the jacket footings piles) and four management options of the Brent Alpha 
seabed drill cuttings pile (assuming full removal of the Brent Alpha jacket) (Table 44). 

Table 44 Options considered for the Brent Alpha Seabed Drill Cuttings Pile. 

Option Option Name Option Description 

Option 1 Treat on topside Dredge, transfer to Brent Charlie topside, separate slurry, treat 
both liquid and solids and discharge cleaned material to sea 

Option 2 Treat slurry onshore Dredge, transfer to vessel and transport to shore for treatment and 
disposal 

Option 3 Treat solids onshore Dredge, transfer to Brent Charlie topside, treat slurry and 
discharge cleaned water to sea and transport solids to shore  
for treatment and disposal 

Option 4 Re-inject in a new well Dredge, transfer to vessel and re-inject in a remote well 

Option 5 Leave in situ Leave in place 

 

11.1.2 Data and Weighted Scores 

The raw data on the performance of each option in each sub-criterion is presented in Table 45. The data 
were then transformed onto the global scales and weighted according to the ‘standard weighting’ described 
in Section 10. The weighted scores are shown in Table 46. 
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Table 45 Raw Data in each Sub-criterion for the Brent Alpha Seabed Drill Cuttings Pile. 

Sub-criterion Option 1 Option 2 Option 3 Option 4 Option 5 

Safety risk offshore project personnel (PLL) 0.0851 0.0061 0.0092 0.0363 0.0035 
Safety risk to other users of the sea (PLL) – – – – – 
Safety risk onshore project personnel (PLL) 0.0000 0.0003 0.0001 0.0000 0.0000 
Operational environmental impacts (score) 0.32 0.36 0.36 0.15 1.00 
Legacy environmental impacts (score) 1.00 1.00 1.00 0.98 0.75 
Energy use (GJ) 158,214 88,459 121,965 233,200 30,687 
Emissions (Te CO2) 11,666 6520 9002 17,323 2296 
Technical feasibility (score) 0.75 0.81 0.75 0.75 1.00 
Effects on commercial fisheries (£) – – – – – 
Employment (man-years) 230.2 88.2 145.3 207.8 15.4 

Communities (score) 0.97 0.70 0.73 1.00 1.00 

Cost (£ million) 57.78 22.13 36.47 52.15 3.87 

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

Option 1 Treat on topside 

Option 2 Treat slurry onshore 

Option 3 Treat solids onshore 

Option 4 Re-inject in a new well 

Option 5 Leave in situ 
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Table 46 Transformed and Weighted Sub-criteria Scores of the Options for the Brent Alpha Seabed Drill 
Cuttings Pile. 

Sub-criterion Option 1 Option 2 Option 3 Option 4 Option 5 

Safety risk offshore project personnel  4.52 6.52 6.44 5.75 6.58 
Safety risk to other users of the sea  – – – – – 
Safety risk onshore project personnel  6.67 6.66 6.67 6.67 6.67 
Operational environmental impacts  1.60 1.80 1.80 0.75 5.00 
Legacy environmental impacts  5.00 5.00 5.00 4.90 3.75 
Energy use  4.55 4.75 4.65 4.33 4.91 
Emissions  4.63 4.79 4.71 4.45 4.93 
Technical feasibility  15.00 16.20 15.00 15.00 20.00 
Effects on commercial fisheries – – – – – 
Employment  0.72 0.28 0.46 0.65 0.05 
Communities  6.47 4.67 4.87 6.67 6.67 
Cost  17.84 19.17 18.63 18.05 19.86 
Total weighted score 66.99 69.83 68.23 67.22 78.41 

 
Option 1 Treat on topside 

Option 2 Treat slurry onshore 

Option 3 Treat solids onshore 

Option 4 Re-inject in a new well 

Option 5 Leave in situ 

 

On the basis of this assessment, the ‘CA-recommended option’ for the Brent Alpha seabed drill cuttings pile is 
Option 5 (Leave in situ). The total weighted score for this option is 78.41. The next best performing option is 
Option 2 (Treat slurry onshore) with a score of 69.83. Figure 57 illustrates the total weighted scores and the 
contributions of the sub-criteria and Figure 58 shows the contributions of the DECC 5 main criteria. 
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Figure 57 The Total Weighted Scores of the Options for the Brent Alpha Seabed Drill Cuttings Pile and 
the Contributions of the Sub-criteria. 

 

 

Figure 58 The Total Weighted Scores of the Options for the Brent Alpha Seabed Drill Cuttings Pile and 
the Contributions of the DECC 5 Main Criteria. 
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11.1.3 Assessing the Sensitivity of the CA-recommended Option 

11.1.3.1 Introduction 

To test the sensitivity of CA-recommended option, we applied five weighting scenarios to the transformed 
scores (as described in Section 10.4). 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 for influencing the ranking of the options. 

11.1.3.2 Results of the Sensitivity Analysis 

Table 47 presents the results of the sensitivity analysis showing the total weighted scores of each option in 
each weighting scenario. Figure 59 illustrates the results of this sensitivity analysis in terms of the DECC 5 
main criteria.  

Although the rank of Option 5 (Leave in situ) does not change in the different weighting scenarios, the  
order of other options does vary as a result of the changes in weighting that are applied in two scenarios:  
In Scenario 3 ‘weighted to Environmental’, the rank of Option 1 and Option 4 are transposed, with  
Option 1 being ranked as fourth and Option 4 being ranked as fifth. In this scenario, the weightings of the 
environmental sub-criteria are increased and therefore the difference in the operational environmental impact 
scores and to a lesser degree, the difference in the energy use between these two options are exaggerated. 
In Scenario 5 ‘weighted to Societal’ the rank of Options 1 to 4 changes: Option 1, usually ranked fifth 
becomes third, Option 2 usually ranked second becomes fourth, Option 3 usually ranked third becomes fifth 
and Option 4, usually ranked fourth becomes second. This appears to be the result of the performance of the 
options in the impact on communities sub-criterion, which in this scenario, means that the options requiring 
offshore operations (Options 1 and 4) perform better than Options 2 and 3 which involve onshore 
processing and disposal. 

The difference between Option 5 (Leave in situ) and Option 2 (Treat slurry onshore) is greatest in Scenario 4 
‘weighted to Technical’ (11.18, in contrast to the difference in the standard weighting scenario, which is 
8.58; the total weighted score for Option 5 is therefore 20% higher than Option 2 in Scenario 4). This 
difference is primarily driven by the difference in the weighted score for technical feasibility (a difference of 
7.6 out of a total difference of 11.18), which is emphasised in this Scenario. The smallest difference 
between Option 5 and Option 2 occurs in Scenario 2, ‘weighted to Safety’ (6.53, [9%]). 

Considering the options in which the drill cuttings would be recovered and managed in various ways, the 
order of the options changes as described above, but the relative position of the Option 2 (Treat slurry 
onshore) and Option 3 (Treat solids onshore) does not change in the different weighting scenarios – Option 
2 consistently scores higher than Option 3. The difference between these options is greatest in Scenario 4 
‘weighted to Technical’ (a difference of 2.71 [4%]) and is primarily the result in the difference in the 
weighted score for technical feasibility (2.4 [3%]). This indicates that the difference in total weighted scores 
between Option 2 (Treat slurry onshore) and Option 3 (Treat solids onshore) is never very great. 

From this examination of sensitivity, the ‘Emerging recommendation’ is Option 5 (Leave in situ). Of the options 
in which the cuttings are recovered, the best option is Option 2 (Treat slurry onshore). 
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Table 47 Total Weighted Scores and Ranking of the Options for the Brent Alpha Seabed Drill Cuttings 
Pile under Different Weighting Scenarios. 

Weighting Scenario 
Option 

1 2 3 4 5 

1. DECC 5 main criteria  
Rank 

66.99 69.83 68.23 67.22 78.41 

5 2 3 4 1 

2. Weighted to Safety  
Rank 

64.21 68.82 67.53 65.92 75.35 

5 2 3 4 1 

3. Weighted to Environmental  
Rank 

69.95 72.79 71.37 68.44 82.04 

4 2 3 5 1 

4. Weighted to Technical  
Rank 

68.99 72.62 69.91 69.16 83.80 

5 2 3 4 1 

5. Weighted to Societal  

Rank 

59.22 58.54 57.81 59.55 67.19 

3 4 5 2 1 

6. DECC 5 main criteria without Economic  

Rank 

49.15 50.66 49.59 49.17 58.56 

5 2 3 4 1 

 
Option 1 Treat on topside 

Option 2 Treat slurry onshore 

Option 3 Treat solids onshore 

Option 4 Re-inject in a new well 

Option 5 Leave in situ 
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Figure 59 The Sensitivity Analysis of the Options for the Brent Alpha Seabed Drill Cuttings Pile. 

   
Scenario 1: DECC 5 Main Criteria Scenario 2: Weighted to Safety Scenario 3: Weighted to Environment 

   

Scenario 4: Weighted to Technical Scenario 5: Weighted to Societal Scenario 6: DECC 5 Main Criteria without Economic 
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11.1.4 Identification and Discussion of the Recommended Option 

11.1.4.1 Introduction 

The recommended decommissioning option under the different weighting scenarios is to leave the cuttings 
pile at Brent Alpha in situ (Option 5) and is based on the consistently better performance of this option in the 
majority of the sub-criteria; in only two sub-criteria (legacy environmental impacts and employment) was 
Option 5 not the best performing option under the standard weighting scenario. No strong driver was 
identified as the cause of the difference in the total weighted scores, in the standard weighting scenario. This 
is illustrated in Figure 60 which shows the positive and negative difference in the weighted scores in each 
sub-criterion for Option 5 (Leave in situ) with Option 2 (Treat slurry onshore) under the standard weighting. 
The positive differences of Option 5 over Option 2 are shown in green and the negative differences of 
Option 5 against Option 2 are shown in red. 

Figure 60 Difference Chart Comparing the Weighted Scores for each Sub-criterion of Option 5  
(Leave in situ) with Option 2 (Treat Slurry Onshore), under the Standard Weighting. 

 

Green bars: Option 5 (Leave in situ) is better than 
Option 2 ‘(Treat slurry onshore) 

Red bars: Option 2 (Treat slurry onshore) is better than 
Option 5 (Leave in situ) 

 

As can be seen in Figure 60, Option 5 (Leave in situ) is preferable to Option 2 (Treat slurry onshore) in terms 
of technical feasibility, operational environmental impacts and to a lesser degree impact on communities, 
cost and energy and emissions but Option 3 is preferable in terms of legacy environmental impacts and 
employment. It is now important to examine these differences to see 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 discuss the performances of the options in each of the sub-criteria 
in turn, as ordered in Figure 60, and determine the extent to which differences in performance are material in 
reaching a recommendation for the Brent Alpha seabed drill cuttings pile. 

11.1.4.2 Technical Feasibility 

Option 5 (Leave in situ) achieved the highest possible technical feasibility score (1.00). This is because this 
option requires limited operations to be conducted (sampling and monitoring only) and these operations 
occur as a matter of course within the oil and gas industry. Options 1, 3 and 4 were all given the same 
score of 0.75; they would all require suction dredging of the seabed drill cuttings and the small differences 
between the options are a result of the different handling, treatment and disposal activities that would then be 
carried out. Option 2 scored slightly higher on the scale (0.81) because although this option also requires 
the use of a suction dredge to recover the drill cuttings and contaminated seabed layer, the majority of the 
handling and the processing of the slurry would occur onshore, which is considered to be more feasible as it 
is easier to address any encountered problems in an onshore environment. 
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Although there is a clear difference between executing the limited and simple operations of monitoring an  
in situ drill cuttings pile and the operations to recover and manage the drill cuttings pile, in comparison with 
other operations considered within the BDP, Option 2 is not as challenging. In particular, the process of 
recovering the drill cuttings and treating them onshore is based on existing technology that could be further 
refined for this particular purpose. This would require development and testing of equipment and procedures 
to ensure this operation could be undertaken efficiently and with minimal risk to the environment. Technical 
feasibility is therefore a driver but not a strong driver. 

11.1.4.3 Operational Environmental Impacts 

Option 5 is one of several options considered in the Brent programme where there are no or few operational 
environmental impacts. Accordingly, it has a score of 1.00. This is to be expected as in this option, the only 
operational activities would be the future monitoring and sampling of the undisturbed drill cuttings pile. 
Option 2 (Treat slurry onshore) would result in a variety of short-term environmental impacts such as noise 
from the vessel and suction dredging equipment and the release of contaminated material into the water 
column from the dredging equipment. These impacts, though relatively short-term would occur concurrently. 
The dredging of the material would, in all likelihood, release some proportion of the drill cuttings into the 
water column, releasing oil and other contaminants. The DNV GL score for Option 2 (0.36) was largely 
driven by the assessed impacts from such a release, causing a localised and temporary disturbance.  

The DNV GL assessment of these impacts was made assuming industry standard mitigations would be 
applied though it may be possible to further reduce them. In addition, in real-terms, the impacts from either 
option are not expected to be severe or long-lasting and as such, this sub-criterion is not considered to be a 
strong differentiator between the options. 

11.1.4.4 Impact on Communities 

Option 5 does not require any operations to occur on- or near-shore; it therefore attained the highest score  
of all the options under consideration for the Brent Alpha drill cuttings pile and the highest possible score  
on the global scale. In Option 2, approximately 80,000 m3 of slurry would be transported to shore and 
transferred into holding tanks. The slurry would then be dewatered before the solids were processed through 
a LTD unit to reclaim the hydrocarbons and ‘clean’ the drill cuttings for disposal to landfill. The separated 
water would be treated and made suitable for discharge. The assessment assumed that these operations 
would all occur at an existing, well-managed site with all appropriate equipment and permissions for these 
operations. DNV GL scored Option 2 as 0.70 on the global scale as a result of discharging cleaned waste 
water into the nearshore environment, the atmospheric impacts arising from the LTD process and the road 
transportation of the cleaned solids to landfill. However, none of the options is expected to result in 
significant or long-term impacts to the onshore communities, hence the relatively high score on the global 
scale. 

Although the assessment has been made assuming standard controls and mitigations would be in place,  
the volume of slurry would necessitate further planning and controls, as this volume is likely to be one of the 
largest the onshore site would be able to receive and process and may require the amendment of the 
existing site permits. This may include revising the environmental and social impact assessments which are 
usually required for onshore disposal and processing sites. Any of these eventualities would afford us the 
opportunity to work with the onshore site owners to ensure that the risks to on- or near-shore receptors were 
eliminated or reduced as far as practicable. We have therefore concluded that ‘impact on communities’ is 
not a strong differentiator between Option 5 and Option 2. 
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11.1.4.5 Cost 

Costs for the Brent Alpha drill cuttings pile options were compiled using internal Shell expertise and some 
information provided by industry contractors. These costs are indicative only as a formal tendering exercise 
had not been completed. With an estimated cost of approximately £3.9 million, Option 5 (Leave in situ) is 
about 14% of Option 2 (Treat slurry onshore) Although Option 2, at a cost of approximately £22.1 million, 
scored highly on the global cost scale (0.96) relative to other much more expensive options (such as some of 
the GBS cell content options), Option 2 nevertheless represents a five-fold increase from the cost of Option 5. 
It should also be noted that the estimated cost does not include any development of the suction dredging tool 
and subsea recovery system which would be required to allow the drill cuttings and sediment slurry to be 
lifted to the vessel. ‘Cost’, though not a strong differentiator in the difference chart, does warrant further 
consideration in this evaluation. 

11.1.4.6 Energy Use and Gaseous Emissions 

The sub-criteria energy use and gaseous emissions are directly related: the estimated energy required to 
complete an option, including vessel use and recycling of material or new manufacture of replacement 
recyclable material forms the basis of the gaseous emissions calculations. 

Option 5 would require 30,687 GJ and would give rise to 2296 tonnes of CO2 and is solely the result of 
the survey vessels used to monitor the drill cuttings pile in the future. In Option 2, the energy used would be 
marginally offset by the reuse of the recovered hydrocarbons by a third party as fuel. Overall, Option 2 
would use 88,459 GJ of energy, releasing 6520 tonnes of CO2. Option 5 would therefore give rise to 
approximately 35% of the gaseous emissions of Option 2. 

The estimated total CO2 emissions from Option 2 and Option 5 are very low (approximately 2% and less 
than 1% respectively) when compared with the total annual CO2 emissions from all four Brent installations 
whilst they were in operation which, in 2011, was 396,000 tonnes. They are also extremely low when 
compared with the total CO2 emissions from all UKCS oil and gas installations which, as reported in the  
Oil & Gas UK Environment Report 2013 [29] as 14.22 million tonnes in 2011 and when compared  
with the UK commitment under the Climate Change Act [30] which implies an average annual reduction  
of 47.6 million tonnes CO2, each year from 2013 to 2017. Drill cuttings are not materially recyclable,  
with the possible exception of recovering the adhered hydrocarbons but this only has limited use. In addition, 
drill cuttings are a by-product of oil and gas exploration and are not manufactured for direct use. Given the 
small amounts of emissions associated with Option 2 and Option 5 we have concluded that ‘energy use’ 
and ‘gaseous emissions’ are not strong differentiators between the options. 

11.1.4.7 Safety Risk to Project Personnel 

There is no documented evidence that seabed drill cuttings piles present a safety risk to other users of the 
sea. In all options, therefore, it is only project personnel who would be exposed to risk. 

Of the two best performing options, Option 2 (Treat slurry onshore) and Option 5 (Leave in situ), Option 2 
has the greater project personnel PLL of 0.0064. This is the total potential risk to complete the option which 
would take several months to complete. Expressed another way, this means that if 156 ‘Brent Alpha seabed 
drill cuttings piles’ were recovered and treated onshore there might be one fatality among the project 
personnel, with approximately 95% of the risk falling on the offshore personnel. In order to calculate a PLL for 
Option 5, we assumed a total of four surveys would be undertaken to monitor the environmental effects of 
leaving the drill cuttings pile behind, and the total PLL for this is 0.0035. Per survey the risk was calculated to 
be 0.000875 over the course of several days. All of the risk would be experienced by the offshore 
personnel involved in the surveys. 

PLLs are often expressed in scientific notation. In the E&P industry any project with a total PLL of 1 x10 -3 or 
greater is considered to be intolerable. This does not mean that the project would not be undertaken but 
rather we would work to investigate whether the PLL could be managed or reduced in any way such that the 
PLL fell between 1 x10-3 and 1 x 10-6, which is the ALARP range. Transforming the PLLs of Option 2 and 
Option 5 into this format, the initial predicted risk of Option 2 is six times higher than the intolerable value 
(6.4 x 10-3) which means we would need to mitigate this risk before sanctioning the project. Per monitoring 
survey, the PLL is already within the ALARP range without the need for further controls (0.8 x 10-3).  
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ln all cases the assessments of safety risks are unmitigated assessments, made in the absence of any site- or 
project-specific safety measures. We would never embark on any activity that was 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. This sub-criterion therefore does not serve to differentiate the 
options. 

11.1.4.8 Employment 

Neither of the two options would provide support for a significant level of employment. The estimates for 
employment are based on the cost of each option; hence Option 2, the more expensive option would 
support the greater number of man-years employment (88 years). This employment would be split between 
the offshore component of the option during the recovery of the drill cuttings and the onshore processing and 
disposal of the material. The employment would therefore not be continuous and none of the roles could be 
supported full-time by the activities of Option 2 alone. In comparison with the Brent Decommissioning well 
abandonment programme, with an estimated 3800 man-years of employment, this represents a very small 
percentage (approximately 2%). Consequently, we have concluded that the sub-criterion ‘employment’ is not 
a strong differentiator between the options. 

11.1.4.9 Legacy Environmental Impacts 

In DNV GL’s assessment of the options, they considered the legacy effects of the options across all 
environmental categories which included the use of landfill, habitat change and effects on the marine 
environment. Regarding the Brent Alpha drill cuttings, much of the score was driven by the presence or 
absence of the  
drill cuttings pile in the marine environment.  

As a result, Option 2, in which the drill cuttings pile is removed, was scored as 1.00 on the global scale; 
the long-term effects of the dredging operation and the possible resettlement of contaminated sediments or 
drill cuttings that escape the dredging tool and the subsequent effects on the characteristics of the seabed 
settlement and the use of landfill for disposal of the cleaned solids were not considered to be significant.  
The score for Option 5 was lower than that for Option 2 (0.75) and was based not on the effects of 
dredging the drill cuttings and the seabed layer but was informed by the current understanding of the 
behaviour of seabed drill cuttings piles. Over time, the drill cuttings pile will erode and release oil and 
contaminants into the water column and marine environment which will result in long-term, low level effects on 
the marine environment. The Brent Alpha seabed drill cuttings pile falls below the OSPAR Recommendation 
2006/5 thresholds and therefore is not considered to pose a significant risk to the marine environment.  
On this basis, ‘legacy environmental impacts’ is not a strong differentiator between the options. 

11.1.5 Conclusions 

Following the assessment of the weighted scores for each sub-criterion and an examination of the data 
informing those scores, we have concluded that there are no strong drivers to differentiate the options.  
Much of the concern regarding the long-term presence of drill cuttings arises from the potential for a chronic 
but low level source of contamination affecting the marine environment and the potential impact of this was 
evaluated as part of the CA process   

The removal of the drill cuttings in order to avoid the potential long-term impacts on the offshore marine 
environment would result in increased operational impacts as reflected in the scores in Table 45. The 
difference in these scores of 0.64 is larger than the difference in the legacy environmental impact scores  
of Options 2 and 5, which is only 0.25. This indicates that the increased operational impacts of recovering 
the drill cuttings pile are disproportionate to the assessed long-term impacts of leaving the drill cuttings pile  
in situ. DNV GL do not consider the long-term presence of the undisturbed drill cuttings pile to be a significant 
environmental risk so it also appears to be disproportionate to incur an extra cost of approximately £18 
million to remove the drill cuttings pile. We will continue to monitor the Brent Alpha seabed drill cuttings pile 
as it erodes in a programme agreed with BEIS. Should any environmental effects other than those considered 
within this assessment and the EIA occur then we will remain liable for executing a response or management 
plan, which again would be agreed with BEIS. 
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11.1.6 Recommended Option for the Brent Alpha Drill Seabed Cuttings Pile 

If, through the CA process, partial removal of the Brent Alpha jacket is found to be the recommended option 
and the derogation case is accepted by the OSPAR signatories, then the recommended option for the Brent 
Alpha seabed drill cuttings pile is Option 5 (Leave in situ), which exhibited a consistently high performance in 
all the scenarios. 

However, if the seabed drill cuttings pile has to be disturbed to allow the full removal of the Brent Alpha 
jacket including the footings, Option 5 is no longer applicable. In this event, Option 2 (Treat slurry onshore) 
would be the recommended option.  

These results indicate that in terms of total weighted score, no particular sub-criterion contributes significantly 
to the performance of Option 5 (Leave in situ) though differences in technical feasibility and operational 
environmental impacts can be seen in the weighted scores and figures; rather it is the slightly higher scores 
across a number of sub-criteria for Option 5 that results in its greater total weighted score.  

11.2 Brent Bravo Cell-top Drill Cuttings Pile 

11.2.1 Introduction 

If we assume that the characteristics and composition of the Brent Bravo cell-top drill cuttings pile are the 
same as those derived from the sampling of the Brent Delta cell-top cuttings pile in 2007, then it is unlikely to 
exceed either the area persistence or oil loss rate thresholds defined in OSPAR Recommendation 2006/5 
(Section 8.1.2). The drill cuttings would, therefore, be left in situ to degrade naturally. However, the drill 
cuttings might have to be disturbed to allow decommissioning or management of other facilities; for example, 
to access the GBS cell sediments. Given that the volume of drill cuttings on the cell-tops is relatively small 
(1887 m3) and that mapping shows the majority of these drill cuttings have settled within the cell valleys, it is 
probably unlikely that large scale disturbance of the drill cuttings would be required. However, as a worst 
case we have completed a CA in case large volumes of the drill cuttings have to be displaced. 

If only a small diameter hole is required to retrieve the attic oil and interphase material from the GBS cells,  
it has been assumed that only the cell-caps would need to be cleared of drill cuttings. This would be done by 
water-jetting the drill cuttings into the cell valleys, though this would result in re-suspension of the drill cuttings 
into the water column (Option 1 in Table 48). Should a large diameter hole be required to retrieve the cell 
sediments, then the drill cuttings in the cell valleys might also be disturbed: studies have estimated that the 
volume would be approximately 780 m3 [22]. However, as a worst case, we have assumed the entire 
volume of drill cuttings (1887 m3) would be dredged (Options 2 to 6 in Table 48). 

Table 48 Options considered for the Brent Bravo Cell-top Drill Cuttings Pile. 

Option Option name Option Description 

Option 1 Water-jet Water-jet of small volumes (40 m3) of drill cuttings into the water 
column 

Option 2 Treat on topside Dredge, transfer to Brent Charlie topside, separate the slurry, treat 
both liquid and solids and discharge cleaned material to sea 

Option 3 Treat slurry onshore Dredge, transfer to a vessel and transport to shore for treatment and 
disposal 

Option 4 Treat solids onshore Dredge, transfer to Brent Charlie topside, separate and treat the 
slurry and discharge cleaned water to sea and transport solids to 
shore for treatment and disposal 

Option 5 Re-inject in a new well Dredge, transfer to a vessel and re-inject into a new remote well 
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11.2.2 Data and Weighted Scores 

The raw data on the performance of each option in each sub-criterion is presented in Table 49. The data 
were then transformed onto the global scales and weighted according to the ‘standard weighting’ described 
in Section 10. The weighted scores are shown in Table 50. 

Table 49 Raw Data in each Sub-criterion for the Brent Bravo Cell-top Drill Cuttings Pile. 

Sub-criterion Option 1 Option 2 Option 3 Option 4 Option 5 

Safety risk offshore project personnel (PLL) 0.0004 0.0133 0.0057 0.0060 0.0147 

Safety risk to other users of the sea (PLL) – – – – – 

Safety risk onshore project personnel (PLL) 0.0000 0.0000 0.0001 0.0000 0.0000 

Operational environmental impacts (score) 0.94 0.39 0.43 0.43 0.15 

Legacy environmental impacts (score) 0.90 1.00 1.00 1.00 0.98 

Energy use (GJ) 3405 66,849 67,148 71,716 101,401 

Emissions (Te CO2) 270 4930 4952 5289 7498 

Technical feasibility (score) 1.00 0.75 0.80 0.75 0.70 

Effects on commercial fisheries (£) – – – – – 

Employment (man-years) 1.8 65.5 45.6 53.4 84.4 

Communities (score) 1.00 1.00 0.85 0.86 1.00 

Cost (£ million) 0.44 16.45 11.45 13.41 21.19 

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

Option 1 Water-jet 

Option 2 Treat on topside 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 
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Table 50 Transformed and Weighted Sub-criteria Scores of the Options for the Brent Bravo Cell-top  
Drill Cuttings Pile. 

Sub-criterion Option 1 Option 2 Option 3 Option 4 Option 5 

Safety risk offshore project personnel  6.66 6.33 6.53 6.52 6.30 

Safety risk to other users of the sea  – – – – – 

Safety risk onshore project personnel  6.67 6.67 6.67 6.67 6.67 

Operational environmental impacts  4.70 1.95 2.15 2.15 0.75 

Legacy environmental impacts  4.50 5.00 5.00 5.00 4.90 

Energy use  4.99 4.81 4.81 4.79 4.71 

Emissions  4.99 4.84 4.84 4.83 4.76 

Technical feasibility  20.00 15.00 16.00 15.00 14.00 

Effects on commercial fisheries  – – – – – 

Employment  0.01 0.21 0.14 0.17 0.26 

Communities  6.67 6.67 5.67 5.74 6.67 

Cost  19.98 19.38 19.57 19.50 19.21 

Total weighted score 79.17 70.86 71.38 70.37 68.23 
 

Option 1 Water-jet 

Option 2 Treat on topside 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 

 

On the basis of this assessment, the ‘CA-recommended option’ for the Brent Bravo cell-top drill cuttings pile  
is Option 1 (Water-jet). The total weighted score for this option is 79.17. The next best performing option is 
Option 3 (Treat slurry onshore) with a score of 71.38. Figure 61 illustrates the total weighted scores and the 
contributions of the sub-criteria and Figure 62 shows the contributions of the DECC 5 main criteria. 
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Figure 61 The Total Weighted Scores of the Options for the Brent Bravo Cell-top Drill Cuttings Pile  
and the Contributions of the Sub-criteria. 

 

 

Figure 62 The Total Weighted Scores of the Options for the Brent Bravo Cell-top Drill Cuttings Pile  
and the Contributions of the DECC 5 Main Criteria. 
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11.2.3 Assessing the Sensitivity of the CA-recommended Option 

11.2.3.1 Introduction 

To test the sensitivity of CA-recommended option, we applied five weighting scenarios to the transformed 
scores (as described in Section 10.5). 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 for influencing the ranking of the options. 

11.2.3.2 Results of the Sensitivity Analysis 

Table 51 presents the results of the sensitivity analysis showing the total weighted score and corresponding 
rank of each option in each weighting scenario when grouped by the DECC 5 main criteria. Figure 59 
illustrates the results.  

The sensitivity analysis shows that the emerging recommendation is Option 1 (Water-jet), assuming a small 
diameter hole is required for attic oil and interphase material recovery only; Option 1 always has a higher 
total weighted score that is 9% to 15% greater than Option 3 (Treat slurry onshore). If a larger hole is 
required, to access the GBS cell sediment, then the recommended option is Option 3. 

The order of Option 2 to Option 5 is affected by the different sensitivity scenarios; however, Option 3 is 
usually ranked second. The one exception to this is in Scenario 5, ‘weighted to Societal’ the positions of 
Options 2 and 3 swap and Option 2 is ranked second and Option 3 is ranked third. This is because 
Option 2 has no impact on communities, as it is a wholly offshore operation, and the emphasis on Societal 
sub-criteria in this scenario is sufficient to increase the score for Option 3 above that for Option 2 (a 
difference of 0.95).  

The difference in total weighted score between Option 1 (Water-jet) and Option 3 (Treat slurry onshore) is 
greatest in Scenario 4, ‘weighted to Technical’ (10.84, 15%) whereas in the standard weighting scenario, 
the difference between these two options is 7.79 (11%). The difference between Option1 and Option 3 is 
smallest in Scenario 2, ‘weighted to Safety’ (6.02, 9%).  

From this examination of sensitivity, the ‘Emerging recommendation’ is Option 1 (Water-jet). Of the options  
in which the drill cuttings are recovered, the best option is Option 3 (Treat slurry onshore). 
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Table 51 Total Weighted Scores and Ranking of the Options for the Brent Bravo Cell-top Drill Cuttings 
Pile under Different Weighting Scenarios. 

Weighting scenario 
Option 

1 2 3 4 5 

1. DECC 5 main criteria  
Rank 

79.17 70.86 71.38 70.37 68.23 

1 3 2 4 5 

2. Weighted to Safety  
Rank 

76.02 69.38 70.00 69.24 67.36 

1 3 2 4 5 

3. Weighted to Environmental  
Rank 

83.35 73.89 74.52 73.74 70.06 

1 3 2 4 5 

4. Weighted to Technical  
Rank 

84.37 71.89 73.53 71.52 68.66 

1 3 2 4 5 

5. Weighted to Societal  
Rank 

67.71 61.73 60.78 60.14 59.82 

1 2 3 4 5 

6. DECC 5 main criteria without Economic  
Rank 

59.19 51.48 51.81 50.87 49.02 

1 3 2 4 5 
 

Option 1 Water-jet 

Option 2 Treat on topside 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 
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Figure 63 The Sensitivity Analysis of the Options for the Brent Bravo Cell-top Drill Cuttings Pile 

   
Scenario 1: DECC 5 Main Criteria Scenario 2: Weighted to Safety Scenario 3: Weighted to Environment 

   
Scenario 4: Weighted to Technical Scenario 5: Weighted to Societal Scenario 6: DECC 5 Main Criteria without Economic 
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11.2.4 Identification and Discussion of the Recommended Option 

11.2.4.1 Introduction 

The recommended option under all the weighting scenarios was Option 1 (Water-jet). This assumes that only 
a small volume of drill cuttings would need to be cleared from the cell caps. Should a larger volume need to 
be removed, the more practical option may be to dredge the majority of the drill cuttings from the cell-tops  
to allow clear access. In this event, Option 3 (Treat slurry onshore) would be the recommended option.  
The greatest difference in the score for these two Options is 4.00 in the technical feasibility sub-criterion.  
The relative performances of Option 1 and Option 3 are illustrated in Figure 64 which shows the positive 
and negative differences between Option 1 (Water-jet) with Option 3 (Treat slurry onshore) under the 
standard weighting. For each sub-criterion, the lengths of the green bars indicate how much better Option 1 
is in comparison with Option 3, whereas the red bars show how much better Option 3 is in comparison with 
Option 1. 

Figure 64 Difference Chart Comparing the Weighted Scores for each Sub-criterion of Option 1  
(Water-jet) with Option 3 (Treat Slurry Onshore), under the Standard Weighting. 

 

Green bars: Option 1 (Water-jet) is better than Option 3 
‘(Treat slurry onshore) 

Red bars: Option 3 (Treat slurry onshore) is better than 
Option 1 (Water-jet) 

 

Option 1 (Water-jet) is preferable to Option 3 (Treat slurry onshore) in terms of technical feasibility, 
operational environmental impacts, and to a lesser degree impacts on communities, cost, energy and 
emissions and safety risk to project personnel. Option 3 is preferable in terms of employment and legacy 
environmental impacts. The following sections discuss the performances of the options in each of the sub-
criteria to determine if the relatively poorer performance of Option 3 in terms of total weighted score is 
related to significant and material differences in the data. The following sections discuss the performances  
of the options in each of the sub-criteria in turn, as ordered in Figure 64. 

11.2.4.2 Technical Feasibility 

Option 1 (Water-jet) was accorded the highest possible score on the global scale; water-jetting operations 
are routinely conducted during certain oil and gas activities; Option 3 (Treat slurry onshore) scored 0.80. 
The scores for Options 2 and 4 were given the same score of 0.74; they both require the suction dredge 
recovery of the drill cuttings and transport to the Brent Charlie platform. Option 3 scored slightly higher than 
Options 2 and 4 because although this option also requires the use of a suction dredge to recover the drill 
cuttings, the majority of the handling and processing of the slurry would occur onshore and in an onshore 
environment it is slightly easier to address any unexpected issues than in an offshore environment. 

Option 1 is a less complex operation which has already been successfully undertaken as part of the BDP 
GBS cell sampling project, to clear the cell caps for the deployment of the cell sampling equipment. Option 
3 represents a step change in complexity from Option 1 but this is not viewed as significant when compared 
with other operations under consideration or which are required to be completed in the BDP. Option 3 is 

0.002.004.006.008.0010.0012.0014.0016.0018.0020.00

Technical feasibility

Operational environmental impacts

Impact on communities

Cost

Energy use (GJ)

Gaseous emissions (CO2)

Safety risk to offshore project personnel

Safety risk to onshore project personnel

Employment

Legacy environmental impacts

-20.00-18.00-16.00-14.00-12.00-10.00-8.00-6.00-4.00-2.000.00
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based on existing technology that could be refined for the management of the drill cuttings pile, if necessary. 
Technical feasibility is therefore not considered to be a strong differentiator between the options. 

11.2.4.3 Operational Environmental Impacts 

Of the five options considered for the Brent Bravo cell-top drill cuttings pile, Option 1 (Water-jet) has the 
highest score for environmental impacts (0.94,) which indicates few environmental impacts would be 
expected to arise from the operations: the jetting of 40 m3 of drill cuttings would be expected to only have  
a short-term and localised effect on marine receptors. The score of 0.43 for Option 3 (Treat slurry onshore) 
was a result of the larger volume to be disturbed (1887 m3), of which perhaps 189 m3 might be lost to the 
water column during the dredging, increasing the potential impact to the marine environment.  

In reality, the difference between the operational impacts of the two options is unlikely to result in a material 
difference to the marine environment and therefore the sub-criterion ‘operational environmental impacts’ does 
not serve as a differentiator between the two options. 

11.2.4.4 Impact on Communities 

In terms of onshore communities, Option 1, in which no operations would occur on or near-shore, would 
have no impact and it therefore attains the highest score of all the options and the highest score on the 
global scale. The score for Option 3 (0.85) in which approximately 18,870 m3 of slurry would be 
transferred to shore was the result of discharging cleaned waste water into the nearshore environment,  
the atmospheric impacts arising from the low thermal desorption process and the road transportation of the 
cleaned solids to landfill. However, as reflected in the global score, none of these operations are expected 
to result in significant or long-term impacts to the onshore communities as the work would be conducted  
at an existing, well-managed site with all appropriate equipment and permissions for these operations.  
We have therefore concluded that ‘impact on communities’ is not a strong differentiator between Option 1 
and Option 3. 

11.2.4.5 Cost 

We used internal expertise to prepare budget estimates of the likely total cost of each option, and the results 
are presented in Table 49. These are the best estimates that can be made at present, because commercial 
tendering has not been completed. These values are therefore indicative only to allow comparison of the 
options. 

The cost of disturbing the Brent Bravo cell-top drill cuttings is, relative to the rest of the BDP, low for all 
options. The cheapest is Option 1 (Water-jet) (£0.4 million) which is to be expected as this is the least 
complex option and of shortest duration; although Option 3 (Treat slurry onshore) at a cost of £11.5 million 
scored highly on the global scale (0.98) it does represent an almost 29-fold increase in the cost of Option 1. 
Although the total sum for Option 3 is not significant when compared to other BDP options, in real-world 
terms, an increased spend of £11.1 million would be considered a differentiator.  

11.2.4.6 Energy Use and Gaseous Emissions 

Option 1 would give rise to approximately 270 tonnes of CO2, which is only 5% of the emissions generated 
in Option 3 (4952 tonnes). The total CO2 emissions from all four Brent installations in 2011 was 396,000 
tonnes, more than 1460 times higher than estimated total CO2 emissions of Option 1 or almost 80 times 
higher than those of Option 3; they are considered to represent a very small proportion of the operating 
emissions. The calculated emissions from each option are also extremely low when compared with the total 
CO2 emissions from all UKCS oil and gas installations, reported in the Oil & Gas UK Environment Report 
2013 [29] as 14.22 million tonnes in 2011 and are very low when compared with the UK commitment 
under the Climate Change Act [30] which implies an average annual reduction of 47.6 million tonnes  
CO2, each year from 2013 to 2017. Drill cuttings are not materially recyclable, with the possible exception  
of recovering the adhered hydrocarbons but any such recovered material has only limited use. In addition, 
drill cuttings are a by-product of oil and gas exploration and are not manufactured for direct use. Given the 
small amounts of emissions associated with Option 1 and Option 3 we have concluded that ‘energy use’ 
and ‘gaseous emissions’ are not strong differentiators between the options. 
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11.2.4.7 Safety Risk to Project Personnel 

There is no documented evidence that drill cuttings piles present a safety risk to other users of the sea.  
Any safety risk to other users of the sea is more likely to arise from an interaction with the GBS rather than 
with the cell-top drill cuttings and is considered in the CAs for each GBS in [25]. In all options for the Brent 
Bravo cell-top drill cuttings, therefore, it is only project personnel who would be exposed to risk. 

Of the two best performing options, Option 3 has the higher total project personnel (0.0058) due to the 
extended duration of the operations and increased number of personnel compared with Option 1 (0.0004). 
These PLLs mean that Option 3 would have to be repeated almost 172 times and Option 1 more than 
2500 times before there might be one fatality among the project personnel. The risk to onshore personnel  
is very small in Option 3 (a PLL of 0.0001) and there is no risk to onshore personnel in Option 1. In terms of 
offshore personnel, we have not assumed any further monitoring of the cell-top drill cuttings piles in Option 1 
and only one more seabed survey to confirm continuing recovery/to identify any effects from the dredging 
operations in Option 3. When compared with the PLL thresholds in the E&P industry at the start of any 
project, the PLL for Option 3 is six times higher (5.8 x 10-3) than the tolerable threshold (1 x10-3) and we 
would therefore have to introduce further mitigations and controls to move this option into the ALARP range  
of 1 x10-3 and 1 x 10-6. Option 1, with a PLL of 0.4 x10-3 already falls within the ALARP range without 
further controls. 

In all cases the assessments of safety risks are unmitigated assessments, made in the absence of any site- or 
project-specific safety measures. We would never embark on any activity that was 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. As such, we are confident that Option 3 could be executed safely 
and therefore that ‘safety risk to project personnel’ does not act as a driver between Option 1 and Option 3. 

11.2.4.8 Employment 

None of the options considered for the Brent Delta cell-top drill cuttings pile would provide a significant level 
of employment. The estimates for employment are based on the cost of each option, hence of the two  
best-performing options, the more expensive Option 3 (Treat slurry onshore), would support more man-years 
employment (46 man-years) than Option 1 (Water-jet) (2 man-years). The employment supported by Option 
3 would be split between the offshore component of the option during the recovery of the drill cuttings and 
the onshore processing and disposal of the material. The employment would therefore not be continuous and 
none of the roles could be supported full-time by the activities of Option 3 alone. When compared with the 
Brent Decommissioning well abandonment programme, with an estimated 3800, man-years of employment, 
the level of employment offered by Option 3 represents a very small percentage (approximately 1%). 
Consequently, we have concluded that the sub-criterion ‘employment’ is not a strong differentiator between 
the options. 
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11.2.4.9 Legacy Environmental Impacts 

For this CA of the Brent Bravo cell-top drill cuttings pile, as a worst case, we have assumed that there is no 
leave in situ option; i.e. even the removal of the attic oil and interphase material will require the smaller scale 
disturbance in Option 1 to allow the equipment to be deployed. The Brent Charlie cell-top drill cuttings pile 
was selected for the modelling of the effects of human disturbance [24] because it is the largest cell-top drill 
cuttings pile in the field and as such is likely to have the largest volume of drill cuttings disturbed by 
operations. The modelling of an assumed 10% loss of the total cell-top volume through losses from suction 
dredging the whole cell-top drill cuttings volume (7735 m3) was completed. Given that the volume involved 
in Option 1 is significantly smaller (40 m3) than the assumed 775 m3 in the Charlie cell-top modelling then 
the overall impact to the environment might also be expected to be significantly reduced. All options are 
currently scored for operational and legacy impacts using the data based on Charlie modelling results and 
therefore any differences in the actual expected performance of the options cannot be examined. It should be 
noted that the scoring of the impacts of both the operations and legacy sub-criteria are based on the 
proportion of the drill cuttings that are expected to ‘escape’ as part of the suction dredging/water-jetting 
operations i.e. those drill cuttings that are released into the water column to either release contaminants or to 
resettle on the seabed; the effects of those drill cuttings that are removed elsewhere, including treatment and 
disposal, are not expected to result in any significant environmental impact during or after treatment and 
disposal. 

For both options, the scores indicate that a similar level of legacy effects might occur as the scores range 
from 0.90 in Option 1 (Water-jet) to 1.00 in Option 3 (Treat slurry onshore). These scores indicate that 
neither option is expected to result in significant or long-term legacy effects when compared to other options 
in considered within the BDP. The disturbance of the small amount of drill cuttings in Option 1 and the 
subsequent resettling of the drill cuttings onto the seabed is not expected to cause significant environment 
impacts or retard the already remediating areas of effect from the existence of the Brent Bravo seabed drill 
cuttings pile, nor are any water column effects from released contaminants expected to be significant  
or long-lasting. The Brent Bravo cell-top and seabed drill cuttings piles do not exceed either of the OSPAR 
Recommendation 2006/5 thresholds, based on the modelling study [23] and their long term presence after 
the execution of the water-jetting operation is not expected to significantly impact the marine environment. 
Option 3 would remove the drill cuttings from the marine environment, eliminating any long-term risk from this 
material. Any long-term effects of the dredging operation and the possible resettlement of contaminated 
sediments or drill cuttings that escape the dredging tool and the subsequent effects on the characteristics of 
the seabed settlement and the use of landfill for disposal of the cleaned solids were also not considered to 
be significant. ‘Legacy environmental impacts’ is not considered to strongly differentiate Options 1 and 3. 

11.2.5 Conclusions 

Following the assessment of the weighted scores for each sub-criterion and an examination of the data 
informing those scores, we have concluded that there are no strong drivers to differentiate the options.  

In Option 1, approximately 40 m3 of drill cuttings would be moved into the cell valleys to allow access to the 
cell-tops for a small access hole (3” to recover the attic oil and interphase material) but some drill cuttings 
would unavoidably be dispersed into the water column to resettle. In Option 3, we have assumed that the 
entire cell-top volume of drill cuttings (1887 m3) would have to be displaced, again releasing a proportion of 
drill cuttings into the water column during the dredging operation. We believe it is unlikely that this volume of 
drill cuttings could be relocated on the cell-tops by water-jetting, nor would we elect to water-jet such a large 
volume of drill cuttings and so this option has been discounted. In real terms, there is no strong environmental 
driver to select either of the options as neither is expected to cause or result in significant environmental 
impacts in the short- or long-term. The increased operational impacts, represented by a difference in 
weighted score of 0.51 between Option 1 and Option 3, is disproportionate to the decrease in legacy 
environmental impacts that Option 3 would achieve over Option 1 (0.1). It is illogical to remove the drill 
cuttings pile in Option 3 in an attempt to remove a long-term source of contamination to the marine 
environment, when the dredging operation itself would probably release more drill cuttings into the water 
column than in Option 1. This is then compounded by the added expenditure of Option 3 to achieve the 
very minor decrease in the legacy environmental impact arising from Option 1, particularly as the legacy 
impacts for both options are considered to be low.  
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11.2.6 Recommended Option for the Brent Bravo Cell-top Drill Cuttings Pile 

There is a possibility that the attic oil and interphase material present in the Brent Bravo cells might be 
recovered via the oil fill lines already in place on the structure, if they can be returned to use. If this is 
successful then the cell-top drill cuttings piles would remain largely undisturbed, because the recovery of the 
cell-top debris is expected to cause minimal disturbance. The drill cuttings would then continue to naturally 
degrade. The CA has been completed on the worst case scenario that the oil fill lines cannot be reinstated 
and hence, as a minimum, a small diameter hole would have to be drilled to recover the fluids. 

On the assumption that only the attic oil and interphase material would need to be recovered and that this 
operation would require a small diameter hole, the recommended option is Option 1 (Water-jet). Should a 
greater volume of drill cuttings need to be disturbed, Option 3 (Treat slurry onshore) is the recommended 
option. 

11.3 Brent Charlie Cell-top Drill Cuttings Pile 

11.3.1 Introduction 

Data from the Brent Charlie cell-top drill cuttings pile obtained in 2011 and the subsequent modelling studies 
indicate that the drill cuttings pile is likely to exceed the oil loss rate threshold in OSPAR Recommendation 
2006/5. The Brent Charlie cell-top drill cuttings pile must therefore undergo a Stage 2 assessment under this 
Recommendation. In addition, the location of the drill cuttings pile on top of the GBS caisson, means that the 
drill cuttings may have to be disturbed to allow other operations to be completed: as with the other cell-top 
drill cuttings piles this may include the recovery of the attic oil and interphase material from all of the GBS 
cells and possibly the recovery of the cell contents (sediment and water) as well as debris clearance of the 
cell-tops. Our studies have indicated that volumes from 20 m3 (using a water-jet) to 6000 m3 of drill cuttings 
might have to be cleared to allow different cell-cap clearance work scenarios to be carried out, which would 
allow the recovery of some or all of the cell contents [20]. Because of the large size and structure  
of the drill cuttings pile, we believe that if water-jetting were to be used to disturb even a small volume of the 
drill cuttings, for example, to clear only the cell-caps, it would probably result in the destabilisation of the 
whole drill cuttings pile and cause it to partly or wholly disintegrate. As such, the water-jetting option has not 
been considered for Brent Charlie. As a worst case, the CA has been conducted assuming that all of the drill 
cuttings (7735 m3) are removed as it is more likely that we would recover the majority of the drill cuttings to 
leave a clear work-area for any operation that might be required. The options considered for Brent Charlie 
are presented in Table 52. 

Table 52 Options considered for the Brent Charlie Cell-top Drill Cuttings Pile. 

Option Option Name Option Description 

Option 2 Treat on topsides Dredge, transfer to topside, separate the slurry, treat both liquid 
and solids and discharge cleaned material to sea 

Option 3 Treat slurry onshore Dredge, transfer to a vessel and transport to shore for treatment 
and disposal 

Option 4 Treat solids onshore Dredge, transfer to topside, separate and treat the slurry and 
discharge cleaned water to sea and transport solids to shore for 
treatment and disposal 

Option 5 Re-inject in a new well Dredge, transfer to a vessel and re-inject into a new remote well 

Option 6 Leave in situ Leave in place 

Note: Option 1 (Water-jet) does not apply to Brent Charlie cell-top drill cuttings pile. 
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11.3.2 Data and Weighted Scores 

The raw data on the performance of each option in each sub-criterion is presented in Table 53. The data 
were then transformed onto the global scales and weighted according to the ‘standard weighting’ described 
in Section 10. The weighted scores are shown in Table 54. 

Table 53 Raw Data in each Sub-criterion for the Brent Charlie Cell-top Drill Cuttings Pile. 

Sub-criterion Option 2 Option 3 Option 4 Option 5 Option 6 

Safety risk offshore project personnel (PLL) 0.0390 0.0075 0.0084 0.0375 0.0035 

Safety risk to other users of the sea (PLL) – – – – – 

Safety risk onshore project personnel (PLL) 0.0000 0.0003 0.0001 0.0000 0.0000 

Operational environmental impacts (score) 0.24 0.29 0.29 0.05 1.00 

Legacy environmental impacts (score) 1.00 1.00 1.00 0.98 0.75 

Energy use (GJ) 179,680 111,115 138,717 234,998 30,687 

Emissions (Te CO2) 13,249 8197 10,237 17,616 2296 

Technical feasibility (score) 0.72 0.80 0.72 0.70 1.00 

Effects on commercial fisheries (£) – – – – – 

Employment (man-years) 218.6 108.2 159.2 222.3 15.4 

Communities (score) 1.00 0.70 0.72 1.00 1.00 

Cost (£ million) 54.86 27.16 39.96 55.80 3.87 

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

Option 2 Treat on topsides 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 

Option 6 Leave in situ 
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Table 54 Transformed and Weighted Sub-criteria Scores of the Options for the Brent Charlie Cell-top 
Drill Cuttings Pile. 

Sub-criterion Option 2 Option 3 Option 4 Option 5 Option 6 

Safety risk offshore project personnel  5.68 6.48 6.46 5.72 6.58 

Safety risk to other users of the sea  – – – – – 

Safety risk onshore project personnel  6.67 6.66 6.67 6.67 6.67 

Operational environmental impacts  1.20 1.45 1.45 0.25 5.00 

Legacy environmental impacts  5.00 5.00 5.00 4.90 3.75 

Energy use  4.48 4.68 4.60 4.32 4.91 

Emissions  4.58 4.74 4.67 4.44 4.93 

Technical feasibility  14.40 16.00 14.40 14.00 20.00 

Effects on commercial fisheries  – – – – – 

Employment  0.69 0.34 0.50 0.70 0.05 

Communities  6.67 4.67 4.80 6.67 6.67 

Cost  17.95 18.98 18.50 17.91 19.86 

Total weighted score 67.32 69.00 67.06 65.58 78.41 
 

Option 2 Treat on topsides 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 

Option 6 Leave in situ 

 

On the basis of this assessment, the ‘CA-recommended option’ for the Brent Charlie cell-top cuttings pile is 
Option 6 (Leave in situ) with a total weighted score of 78.41. The next best performing option is Option 3 
(Treat slurry onshore) with a score of 69.00. Figure 65 illustrates the total weighted scores and the 
contributions of the sub-criteria and Figure 66 shows the contributions of the DECC 5 main criteria. 
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Figure 65 The Total Weighted Scores of the Options for the Brent Charlie Cell-top Cuttings Pile and the 
Contributions of the Sub-criteria. 

 

 

Figure 66 The Total Weighted Scores of the Options for the Brent Charlie Cell-top Cuttings Pile and the 
Contributions of the DECC 5 Main Criteria. 
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11.3.3 Assessing the Sensitivity of the CA-recommended Option 

11.3.3.1 Introduction 

To test the sensitivity of the CA-recommended option, we applied five weighting scenarios to the transformed 
scores (as described in Section 10.5). This was to determine if the order of the options changed under 
different scenarios, and, importantly, to identify which sub-criteria were particularly significant for influencing 
the ranking of the options. 

11.3.3.2 Results of the Sensitivity Analysis 

Table 55 presents the results of the sensitivity analysis showing the total weighted score of each option  
in each weighting scenario. Figure 67 shows the results of the sensitivity analysis when grouped by the 
DECC 5 main criteria. 

In all weighting scenarios, Option 6 (Leave in situ) is always ranked first but the weighting scenarios do 
affect the ranks of the other options. Option 3 (Treat slurry onshore) is ranked second in every scenario 
except for Scenario 5, ‘weighted to Societal’. In this scenario, Option 3 is ranked as fourth and Option 2 
(Treat on topsides) and Option 5 (Re-inject in a new well) are ranked second and third respectively. This is 
because in this scenario, the impact on communities sub-criterion is emphasised, meaning that the options 
requiring offshore operations (Options 2 and 5) perform better than Options 3 and 4 which involve onshore 
processing and disposal. 

The difference between Option 6 (Leave in situ) and Option 3 (Treat slurry onshore) does not vary greatly, 
even when Option 3 is ranked as fourth in Scenario 5, ‘weighted to Societal’: the difference is greatest in 
Scenario 4, ‘weighted to Technical’ (12.05, 17% greater than Option 3) and is almost entirely due to the 
difference in the technical feasibility scores (8.00). The total weighted score of Option 6 is also 17% greater 
than Option 3 in Scenario 6, ‘DECC 5 main criteria, without Economic’. The smallest difference in the total 
weighted scores of Option 6 and Option 3 is smallest in Scenario 2, ‘weighted to Safety’ (7.19, 11%). 

From this examination of sensitivity, the ‘Emerging recommendation’ is Option 6 (Leave in situ). Of the options 
in which the cuttings are recovered, the best option is Option 3 (Treat slurry onshore). 
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Table 55 Total Weighted Scores and Ranking of the Options for the Brent Charlie Cell-top Drill Cuttings 
Pile under Different Weighting Scenarios. 

Weighting Scenario 
Option 

2 3 4 5 6 

1. DECC 5 main criteria  
Rank 

67.32 69.00 67.06 65.58 78.41 

3 2 4 5 1 

2. Weighted to Safety  
Rank 

65.91 68.16 66.68 64.66 75.35 

4 2 3 5 1 

3. Weighted to Environmental  
Rank 

69.56 71.58 69.94 66.57 82.04 

4 2 3 5 1 

4. Weighted to Technical  
Rank 

68.48 71.75 68.29 66.68 83.80 

3 2 4 5 1 

5. Weighted to Societal  
Rank 

59.67 58.00 56.91 58.38 67.19 

2 4 5 3 1 

6. DECC 5 main criteria without Economic  
Rank 

49.37 50.02 48.55 47.67 58.56 

3 2 4 5 1 
 

Option 2 Treat on topsides 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 

Option 6 Leave in situ 
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Figure 67 The Sensitivity Analysis of the Options for the Brent Charlie Cell-top Drill Cuttings Pile. 

   
Scenario 1: DECC 5 Main Criteria Scenario 2: Weighted to Safety Scenario 3: Weighted to Environment 

   
Scenario 4: Weighted to Technical Scenario 5: Weighted to Societal Scenario 6: DECC 5 Main Criteria without 

Economic 
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11.3.4 Identification and Discussion of the Recommended Option 

11.3.4.1 Introduction 

The recommended decommissioning option under the different weighting scenarios for the Brent Charlie cell-
top drill cuttings pile is Option 6 (Leave in situ). This is based on the consistently better performance of this 
option in the majority of the sub-criteria. In only two sub-criteria – legacy environmental impacts and 
employment – was Option 6 not the recommended option although it should be noted that in some of the sub-
criteria the performance of Option 3 and Option 6 were very close. This is illustrated in Figure 68 which 
shows the positive and negative difference in the weighted scores in each sub-criterion for Option 6 (Leave in 
situ) with Option 3 (Treat slurry onshore) under the standard weighting. The green bars indicate sub-criteria 
where Option 6 has the better performance and the red bars indicate sub-criteria where Option 3 has the 
better performance. 

Figure 68 Difference Chart Comparing the Weighted Scores for each Sub-criterion of Option 6  
(Leave in situ) with Option 3 (Treat Slurry Onshore), under the Standard Weighting. 

 

Green bars: Option 6 (Leave in situ) is better than 
Option 3 (Treat slurry onshore) 

Red bars: Option 3 (Treat slurry onshore) is better than 
Option 6 (Leave in situ) 

 

As can be seen in Figure 68, Option 6 (Treat slurry onshore) is preferable to Option 3 (Treat slurry onshore) 
in terms of technical feasibility, operational environmental impacts, impacts on communities, cost, energy use, 
gaseous emissions and safety risk to both onshore and offshore project personnel. Option 3 is preferable in 
the employment and legacy environmental impacts sub-criteria. It is now important to examine these 
differences to see if the relatively poorer performance of Option 3 in terms of total weighted score is related 
to significant and material differences in the raw data in various sub-criteria. The following sections discuss 
the performances of the options in each of the sub-criteria in turn, as ordered in Figure 68, and determine the 
extent to which differences in performance are material in reaching a recommendation for the Brent Charlie 
cell-top drill cuttings pile. 

11.3.4.2 Technical Feasibility 

Option 6 (Leave in situ) achieved the highest possible technical feasibility score (1.00). This is because this 
option requires limited operations to be conducted (sampling and monitoring only) and these operations 
occur as a matter of course within the oil and gas industry. It should be noted that although the Brent Charlie 
drill cuttings pile is located on the GBS caisson, we have assumed the same number of post-monitoring 
surveys would be required as for the Brent Alpha seabed drill cuttings pile. Option 3 (Treat slurry onshore) 
was accorded a score of 0.80 on the global scale. The process of recovering the drill cuttings and treating 
them onshore (Option 3) is based on existing technology that could be further refined for this particular 
purpose. In comparison to other operations considered within the BDP, this option is not as challenging 
though it should be noted that there is no experience of completely removing a large, possibly unstable pile 
such as the Brent Charlie cell-top drill cuttings pile. Some degree of development and testing would be 
required before such an extensive operation could be undertaken efficiently and with minimal risk to the 

0.002.004.006.008.0010.0012.0014.0016.0018.0020.00

Technical feasibility
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environment. ‘Technical feasibility’ although a differentiator, is not considered to be a strong driver for the 
recommendation. 

11.3.4.3 Operational Environmental Impacts 

Option 6 (Leave in situ) is one of several options considered in the Brent programme where there  
are no or few operational environmental impacts. Accordingly, this option has attained a score of 1.00, 
which is the highest possible score on the global scale. This is to be expected as the only operation activities 
required in this option is the future monitoring and sampling of the undisturbed drill cuttings pile. Option 3 
(Treat slurry onshore) would result in several short-term environmental impacts such as noise from the vessel 
and suction dredging equipment, the release of oil and other contaminants into the water column and 
perhaps seabed effects from drill cuttings that escape the dredging equipment and resettle. These impacts, 
though relatively short-term would occur concurrently. The Brent Charlie cell-top drill cuttings pile has the 
highest THC recorded in the 2007 survey and the disturbance of the drill cuttings pile was the subject of the 
modelling report [24] which was discussed in Section 7.2.3 and was provided to DNV GL to inform their 
impact assessments. The DNV GL score for Option 3 (0.29) was largely driven by the assessed impacts from 
the likely release of some proportion of the drill cuttings into the water column which would cause  
a localised and short-term environmental impact.  

The DNV GL assessment of these impacts was made assuming industry standard mitigations would be 
applied though it may be possible to further reduce them. In addition, in real-terms, the impacts from either 
option are not expected to be severe or long-lasting and as such, this sub-criterion is not considered to be a 
strong differentiator between the options. However, it should be noted that should the drill cuttings pile were 
to become unstable during the operations, the entire drill cuttings pile could collapse, re-suspending the 
material into the water column, increasing the potential environmental impact. 

11.3.4.4 Impacts on Communities 

Option 6, in which no operations would occur on- or near-shore, would have no impact on onshore 
communities and so it has been scored 1.00 in this sub-criterion.  

In Option 3, approximately 77,350 m3 of slurry would be transported to shore and transferred into holding 
tanks. The slurry would then be dewatered before the solids were processed through a LTD unit to reclaim the 
hydrocarbons and ‘clean’ the drill cuttings for disposal to landfill. The separated water would be treated and 
made suitable for discharge. The assessment assumed that these operations would all occur at an existing, 
well-managed site with all appropriate equipment and permissions for these operations. DNV GL scored  
Option 3 as 0.70 on the global scale as a result of discharging cleaned waste water into the nearshore 
environment, the atmospheric impacts arising from the LTD process and the road transportation of the cleaned 
solids to landfill. However, none of the options is expected to result in significant or long-term impacts to the 
onshore communities, hence the relatively high scores on the global scale. 

Although the assessment has been made assuming standard controls and mitigations would be in place,  
the volume of slurry would necessitate further planning and controls, as this volume is likely to be one of the 
largest the onshore site would be able to receive and process and may require the amendment of the 
existing site permits. This may include revising the environmental and social impact assessments which are 
usually required for onshore disposal and processing sites. Any of these eventualities would afford us the 
opportunity to work with the onshore site owners to ensure that the risks to on- or near-shore receptors were 
eliminated or reduced as far as practicable. We have therefore concluded that ‘impact on communities’ is 
not a strong differentiator between Option 6 and Option 3. 

11.3.4.5 Cost 

The costs for the Brent Charlie cell-top drill cuttings options have been compiled using internal Shell expertise 
and some information provided by industry contractors. These costs are currently indicative only as we have 
not conducted a formal tendering exercise.  
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Option 6 (Leave in situ) at an estimated cost of approximately £3.9 million represents 14% of the cost of 
Option 3 (Treat slurry onshore) (£27.1 million). The cost for Option 6 is lower because it only includes the 
future monitoring of the drill cuttings pile and some laboratory testing. Although Option 3 scores highly on the 
global scale (0.95) it still represents an almost seven-fold (£23.2 million) increase from the cost of Option 6. 
It should also be noted that the estimated cost does not include any development of the suction dredging tool 
and subsea recovery system which would be required to allow the drill cuttings and sediment slurry to be 
lifted to the vessel. ‘Cost’, though not a strong differentiator in the difference chart, does warrant further 
consideration in this evaluation. 

11.3.4.6 Energy Use and Gaseous Emissions 

Option 6 (Leave in situ) would use the least amount of energy (30,687 GJ); this is the predicted energy use  
of the vessels to monitor the drill cuttings pile in the future and would give rise to an estimated 2296 tonnes 
of CO2. Of the management options (Options 2 to 5), the option with the lowest predicted energy 
consumption is Option 3 (Treat slurry onshore) (111,115 GJ), creating 8197 tonnes of CO2. Option 6 
therefore represents approximately 28% of the energy use and gaseous emissions of Option 3. 

The estimated total CO2 emissions from Option 3 and Option 6 are very low (approximately 2% and less 
than 1% respectively) when compared with the total annual CO2 emissions from all four Brent installations 
whilst they were in operation which, in 2011, was 396,000 tonnes. They are also extremely low when 
compared with the total CO2 emissions from all UKCS oil and gas installations which, as reported in [29]  
as 14.22 million tonnes in 2011 and when compared with the UK commitment under the Climate Change 
Act [30] which implies an average annual reduction of 47.6 million tonnes CO2, each year from 2013  
to 2017. Drill cuttings are not materially recyclable, with the possible exception of recovering the adhered 
hydrocarbons but this only has limited use. In addition, drill cuttings are a by-product of oil and gas 
exploration and are not manufactured for direct use. Given the small amounts of emissions associated with 
Option 3 and Option 6 we have concluded that ‘energy use’ and ‘gaseous emissions’ are not strong 
differentiators between the options. 

11.3.4.7 Safety Risk to Project Personnel 

There is no documented evidence that drill cuttings piles present a safety risk to other users of the sea. Any 
safety risk to other users of the sea is more likely to arise from an interaction with the GBS rather than with the 
cell-top drill cuttings and is considered in the CAs for each GBS in [25]. In all options for the Brent Charlie 
cell-top drill cuttings, therefore, it is only project personnel who would be exposed to risk. 

Option 6 (Leave in situ) has the lowest safety risk (0.0035) of all the options considered and Option 3  
(Treat slurry onshore) has a PLL of 0.0078, which is a combination of both onshore and offshore risk.  
Option 3 would have to be completed 128 times before there might be one fatality among the personnel 
involved. The majority of the risk in Option 3 would be experienced by the offshore personnel (96%).  
As was assumed for the Brent Alpha seabed drill cuttings pile, we assumed a total of four surveys would be 
undertaken to monitor the Brent Charlie cell-top drill cuttings pile. Per survey, the offshore risk was calculated 
to be 0.000875. 

When compared with the PLL thresholds used in the first step of evaluating E&P projects, the total PLL for 
Option 3 is more than seven times greater than the intolerable threshold (7.8 x10 -3 compared with 1 x10-3) 
and we would therefore have to reduce this potential risk to an ALARP level before sanctioning the project. 
Per monitoring survey, the PLL is already within the ALARP range without the need for further controls  
(0.8 x 10-3). 

In all cases the assessments of safety risks are unmitigated assessments, made in the absence of any site- or 
project-specific safety measures. We would never embark on any activity that was 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. As such, we are confident that Option 3 could be executed safely 
and therefore that ‘safety risk to project personnel’ does not act as a driver between Option 6 and Option 3. 
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11.3.4.8 Employment 

Option 3 (Treat slurry onshore) would support a greater level of employment (108 man-years) than Option 6 
(Leave in situ) (15 man-years). The employment in Option 3 would be split between the offshore component 
of the option during the recovery of the drill cuttings and the onshore processing and disposal of the material. 
The employment would therefore not be continuous and none of the roles could be supported full-time by the 
activities of Option 3 alone. In comparison with the Brent Decommissioning well abandonment programme, 
with an estimated 3800 man-years of employment, the level of employment supported by Option 3 and 
Option 6 represent very small percentages (less than 3% and 1% respectively. Consequently, we have 
concluded that the sub-criterion ‘employment’ is not a strong differentiator between the options. 

11.3.4.9 Legacy Environmental Impacts 

In DNV GL’s assessment of the options, they considered the legacy effects of the options across all 
environmental categories which included the use of landfill, habitat change and effects on the marine 
environment. Of the two options considered in the difference chart, Option 3 has a score of 1.00 indicating 
that there would be few if any legacy impacts when compared with other options under consideration in the 
Brent project. In this option, the drill cuttings would be recovered, essentially removing the environmental 
effects on the marine environment arising from the long-term presence of the drill cuttings pile, with the 
exception of environmental effects from the resettlement of drill cuttings that escape the dredging tool. The 
score also indicates that the use of landfill for the disposal of the cleaned solids and the discharge of the 
separated water into the near-shore environment were not considered to be significant. Option 6 has the 
lowest score in this sub-criterion (0.75). This is the result of the long-term presence of the drill cuttings pile 
releasing oil and other contaminants into the water column as it continues to erode under natural 
hydrodynamic processes. Despite the fact that the modelling reports indicate that this drill cuttings pile 
currently exceeds the oil loss rate threshold of OSPAR Recommendation 2006/5, significant environmental 
impacts to the marine environment are not expected to occur. On this basis, we have concluded that the sub-
criterion ‘legacy environmental impacts’ is not a strong differentiator between the options. 

11.3.5 Conclusions 

Following the assessment of the weighted scores for each sub-criterion and an examination of the data 
informing those scores, we have concluded that there are no strong drivers that differentiate the best removal 
option, Option 3 and Option 6. Much of the concern regarding the long-term presence of drill cuttings arises 
from the potential for a chronic but low level source of contamination affecting the marine environment and 
this concern may be elevated in the case of the Brent Charlie cell-top drill cuttings pile given the results of the 
long-term fate modelling study [23] and the predicted exceedance of the OSPAR Recommendation 2006/5 
oil loss rate threshold. In real terms, there is no strong environmental driver to select either of the options as 
neither is expected to cause nor result in significant environmental impacts: The assessments made by DNV 
GL do not indicate any severe environmental impacts from leaving the Brent Charlie drill cuttings pile in place 
and the score for legacy environmental impacts in Option 6 reflects this. However, given the concern 
regarding the Brent Charlie cell-top drill cuttings pile we have looked at the two environmental impact  
sub-criteria in more detail. The removal of the drill cuttings in order to avoid the potential long-term impacts  
on the offshore marine environment would result in increased operational impacts as reflected in the scores in 
Table 53. The difference between the two options in the score for legacy environmental impacts sub-criterion 
is 0.25 with Option 3 performing better than Option 6. The difference between the two options in the score 
for operational environmental impact is 0.71, with Option 6 performing better than Option 3. This indicates 
that the increase in operational impacts of recovering the drill cuttings pile is disproportionate to the assessed 
long-term impacts of leaving the drill cuttings pile in situ. It also suggests that the increased expenditure of 
Option 3 (approximately £23 million) would not result in a material decrease in long-term environmental 
impacts. 
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There is also some debate as to whether the marine environment and the receptors within the environment 
are better able to cope with short periods of high physiological stress (acute effects) such as might be 
experienced during the dredging operations or longer periods of lower physiological stress (chronic effects). 
Both scenarios occur as a result of oil and gas activities, but in the case of drill cuttings, we have evidence  
of the natural remediation of the seabed around the historic drill cuttings piles. Although the Brent Charlie  
cell-top cuttings pile is located on the GBS caisson, at least some of the drill cuttings will have fallen and  
will continue to fall onto the seabed. We therefore think it prudent to avoid disturbing the drill cuttings  
if at all possible. 

11.3.6 Recommended Option for the Brent Charlie Cell-top Drill Cuttings Pile 

There appears to be no strong driver for the recommendation of a particular option for the Brent Charlie  
cell-top drill cuttings pile. The environmental benefits of removing the long-term chronic effects of an in situ  
drill cuttings pile are likely to be outweighed by the potential acute effects of removing the drill cuttings; 
therefore it appears that no tangible environmental benefit could be achieved by incurring the extra cost of 
removing the drill cuttings. If the drill cuttings do not have to be disturbed or removed for the purposes of 
other decommissioning operations, the recommended decommissioning option for the Brent Charlie cell-top 
drill cuttings pile is Option 6 (Leave in situ). 

The Brent Charlie GBS cells have vent lines within the structure and we intend to use these lines to recover 
any attic oil and interphase material trapped at the top of the cells, eliminating the need for new access 
points to be made. If the vent lines cannot be reinstated then Option 6 no longer applies. Even if it is 
possible to recover the attic oil and interphase material through the vent lines, there is the possibility that other 
required decommissioning scopes of work might require substantial disturbance of the Brent Charlie cell-top 
drill cuttings. In addition, if a larger diameter (3 to 5 m) access point were required to access the cell 
sediment then again, large scale disturbance of the cuttings pile would be necessary. In such circumstances, 
the recommended option for the Brent Charlie cell-top drill cuttings pile is Option 3 (Treat slurry onshore).  

11.4 Brent Delta Cell-top Drill Cuttings Pile 

11.4.1 Introduction 

As with the Brent Bravo cell-top drill cuttings pile, the results and modelling completed for the Brent Charlie 
cell-top drill cuttings pile have been extrapolated for the Brent Delta cell-top drill cuttings pile and we believe 
that this cuttings pile is unlikely to breach either the area persistence or oil loss rate threshold in OSPAR 
Recommendation 2006/5. As with the other cell-top drill cuttings piles, surveys appear to indicate that most 
of the drill cuttings have accumulated in the cell valleys. To allow access for the recovery of the attic oil and 
interphase material, we have estimated that approximately 20 m3 of the drill cuttings would have to be 
disturbed. Because most the drill cuttings are within the cell valleys, there would need to be only limited 
disturbance to them to retrieve any debris items. Given the small volume and scattered nature of the drill 
cuttings, water-jetting is once again a feasible option, as with Brent Bravo. As a worst case, we have 
assumed that should a larger diameter hole be required for cell sediment remediation activities or any other 
reason, then the whole volume (3790 m3) would be disturbed.  
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Table 56 Options considered for the Brent Delta Cell-top Drill Cuttings Pile. 

Option Option Name Option Description 

Option 1 Water-jet Water-jet small volumes (20 m3) of drill cuttings into the water 
column 

Option 2 Treat on topsides Dredge, transfer to Brent Charlie topside, separate the slurry, treat 
both liquid and solids and discharge cleaned material to sea 

Option 3 Treat slurry onshore Dredge, transfer to a vessel and transport to shore for treatment 
and disposal 

Option 4 Treat solids onshore Dredge, transfer to Brent Charlie topside, separate and treat the 
slurry and discharge cleaned water to sea and transport solids to 
shore for treatment and disposal 

Option 5 Re-inject in a new well Dredge, transfer to a vessel and re-inject into a new remote well 

 

11.4.2 Data and Weighted Scores 

The raw data on the performance of each option in each sub-criterion is presented in Table 57. The data 
were then transformed onto the global scales and weighted according to the ‘standard weighting’ described 
in Section 10. The weighted scores are shown in Table 58. 

Table 57 Raw Data in each Sub-criterion for the Brent Delta Cell-top Drill Cuttings Pile. 

Sub-criterion Option 1 Option 2 Option 3 Option 4 Option 5 

Safety risk offshore project personnel (PLL) 0.0003 0.0232 0.0065 0.0076 0.0224 

Safety risk to other users of the sea (PLL) – – – – – 

Safety risk onshore project personnel (PLL) 0.0000 0.0000 0.0001 0.0001 0.0000 

Operational environmental impacts (score) 0.95 0.31 0.36 0.36 0.10 

Legacy environmental impacts (score) 0.85 1.00 1.00 1.00 0.98 

Energy use (GJ) 2327 101,531 81,111 89,201 136,545 

Emissions (Te CO2) 272 7487 5986 6577 10,171 

Technical feasibility (score) 1.00 0.74 0.80 0.74 0.70 

Effects on commercial fisheries (£) – – – – – 

Employment (man-years) 1.3 112.3 66.8 89.8 129.1 

Communities (score) 1.00 1.00 0.78 0.79 1.00 

Cost (£ million) 0.33 28.18 16.77 22.55 32.40 

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

Option 1 Water-jet 

Option 2 Treat on topsides 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 
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Table 58 Transformed and Weighted Sub-criteria Scores of the Options for the Brent Delta Cell-top Drill 
Cuttings Pile. 

Sub-criterion Option 1 Option 2 Option 3 Option 4 Option 5 

Safety risk offshore project personnel  6.66 6.08 6.51 6.48 6.10 

Safety risk to other users of the sea  – – – – – 

Safety risk onshore project personnel  6.67 6.67 6.67 6.67 6.67 

Operational environmental impacts  4.75 1.55 1.80 1.80 0.50 

Legacy environmental impacts  4.25 5.00 5.00 5.00 4.90 

Energy use  4.99 4.71 4.77 4.74 4.61 

Emissions  4.99 4.76 4.81 4.79 4.68 

Technical feasibility  20.00 14.80 16.00 14.80 14.00 

Effects on commercial fisheries – – – – – 

Employment  0.00 0.35 0.21 0.28 0.40 

Communities  6.67 6.67 5.20 5.27 6.67 

Cost  19.99 18.94 19.37 19.16 18.79 

Total weighted score 78.98 69.54 70.33 68.99 67.32 
 

Option 1 Water-jet 

Option 2 Treat on topsides 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 

 

On the basis of these results, the ‘CA-recommended option’ for the Brent Delta cell-top drill cuttings is Option 
1 (Water-jet) with a total weighted score of 78.98. If a large diameter hole were required to access the  
GBS cell sediment, then the recommended option is Option 3 (Treat slurry onshore) with a score of 70.33. 
Figure 69 illustrates the total weighted scores and the contributions of the sub-criteria and Figure 70 shows 
the contributions to the total weighted score by the DECC 5 main criteria. 
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Figure 69 The Total Weighted Scored of the Options for the Brent Delta Cell-top Drill Cuttings Pile,  
and the Contributions of the Sub-criteria. 

 

 

Figure 70 The Total Weighted Scores of the Options for the Brent Delta Cell-top Drill Cuttings Pile,  
and the Contributions of the DECC 5 Main Criteria. 
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11.4.3 Assessing the Sensitivity of the CA-recommended Option 

11.4.3.1 Introduction 

To test the sensitivity of the CA-recommended option we applied five weighting scenarios to the transformed 
scores (as described in Section 10.5). 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 for influencing the ranking of the options. 

11.4.3.2 Results of the Sensitivity Analysis 

Table 59 presents the results of the sensitivity analysis showing the total weighted score and corresponding 
rank of each option in each weighting scenario when grouped by the DECC 5 main criteria. Figure 71 
illustrates these results. 

The sensitivity analysis shows that the emerging recommendation is Option 1 (Water-jet), assuming a small 
diameter hole is required for attic oil and interphase material recovery only; Option 1 always has a higher 
total weighted score that is 10% to 16% greater than Option 3 (Treat slurry onshore). If a larger hole is 
required, to access the GBS cell sediment, then the recommended option is Option 3. 

The order of Option 2 to Option 5 is affected by the different sensitivity scenarios; however, Option 3  
is usually ranked second. The one exception to this is in Scenario 5, ‘weighted to Societal’ the positions  
of Option 2, Option 3 and Option 4 change – Option 2 moves from fourth to second, Option 3 moves  
from second to third and Option 4 moves from third to fourth. This is because Option 2 has no impact on 
communities, as it is a wholly offshore operation, and the emphasis on Societal in this scenario is sufficient  
to increase the score for Option 3 above that for Option 2 (a difference of 2.93).  

The difference in total weighted score between Option 1 (Water-jet) and Option 3 (Treat slurry onshore)  
is greatest in Scenario 4, ‘weighted to Technical’ (11.49, [16%]) whereas in the standard weighting 
scenario, the difference between these two options is 8.65 (12%). There is also a difference of 16% 
between Option 3 and Option 1 in Scenario 5, ‘DECC 5 main criteria without Economic’. The difference 
between Option1 and Option 3 is smallest in Scenario 2, ‘weighted to Safety’ (6.69 [10%]).  

From this examination of sensitivity, the ‘Emerging recommendation’ is Option 1 (Water-jet). Of the options  
in which the drill cuttings are recovered, the best option is Option 3 (Treat slurry onshore). 
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Table 59 Total Weighted Scores and Ranking of the Options for the Brent Delta Cell-top Cuttings Pile 
under Different Weighting Scenarios. 

Weighting scenario 
Option 

1 2 3 4 5 

1. DECC 5 main criteria  
Rank 

78.98 69.54 70.33 68.99 67.32 

1 3 2 4 5 

2. Weighted to Safety  
Rank 

75.88 68.08 69.19 68.15 66.43 

1 4 2 3 5 

3. Weighted to Environmental  
Rank 

82.96 72.17 73.21 72.15 68.84 

1 3 2 4 5 

4. Weighted to Technical  
Rank 

84.23 70.65 72.74 70.23 67.98 

1 3 2 4 5 

5. Weighted to Societal  
Rank 

67.56 60.92 59.50 58.67 59.32 

1 2 3 5 4 

6. DECC 5 main criteria without Economic  
Rank 

58.99 50.59 50.96 49.83 48.53 

1 3 2 4 5 
 

Option 1 Water-jet 

Option 2 Treat on topsides 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 
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Figure 71 The Sensitivity Analysis of the Options for the Brent Delta Cell-top Drill Cuttings Pile. 

   
Scenario 1: DECC 5 Main Criteria Scenario 2: Weighted to Safety Scenario  

   
Scenario 4: Weighted to Technical Scenario 5: Weighted to Societal Scenario 6: DECC 5 Main Criteria without Economic 
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11.4.4 Identification and Discussion of the Recommended Option 

11.4.4.1 Introduction 

The recommended option under all the weighting scenarios was Option 1 (Water-jet). This assumes that only 
a small volume of cuttings would need to be cleared from the cell caps. Should a larger volume need to be 
removed, the more practical option may be to dredge the majority of the drill cuttings from the cell-tops  
to allow clear access. In this event, Option 3 (Treat slurry onshore) would be the recommended option.  
The greatest difference in the score for these two Options is 4.00 in the technical feasibility sub-criterion.  
The relative performances of Option 1 and Option 3 are illustrated in Figure 72 which shows the positive 
and negative differences between Option 1 (Water-jet) with Option 3 (Treat slurry onshore) under the 
standard weighting. For each sub-criterion, the lengths of the green bars indicate how much better Option 1 
is in comparison with Option 3, whereas the red bars show how much better Option 3 is in comparison  
with Option 1. 

Figure 72  Difference Chart Comparing the Weighted Scores for each Sub-criterion of Option 1 
(Water-Jet) with Option 3 (Treat Slurry Onshore), under the Standard Weighting. 

 

Green bars: Option 1 (Water-jet) is better than Option 3 
(Treat slurry onshore) 

Red bars: Option 3 (Treat slurry onshore) is better than 
Option 1 (Water-jet) 

 

Option 1 (Water-jet) is preferable to Option 3 (Treat slurry onshore) in terms of technical feasibility, 
operational environmental impacts, and to a lesser degree impacts on communities, cost, energy and 
emissions and safety risk to project personnel. Option 3 is preferable in terms of employment and legacy 
environmental impacts. The following sections discuss the performances of the options in each of the  
sub-criteria to determine if the relatively poorer performance of Option 3 in terms of total weighted score  
is related to significant and material differences in the data. The following sections discuss the performances 
of the options in each of the sub-criteria in turn, as ordered in Figure 72. 

11.4.4.2 Technical Feasibility 

Option 1 (Water-jet) was accorded the highest possible score on the global scale; water-jetting operations 
are routinely conducted during certain oil and gas activities; Option 3 (Treat slurry onshore) scored 0.80. 
The scores for Options 2 and 4 were given the same score of 0.74; they both require the suction dredge 
recovery of the drill cuttings and transport to the Brent Charlie platform. Option 3 scored slightly higher than 
Options 2 and 4 because although this option also requires the use of a suction dredge to cover the drill 
cuttings, the majority of the handling and processing of the slurry would occur onshore – in an onshore 
environment it is slightly easier to address any unexpected issues than in an offshore environment. 

Option 1 is a less complex operation which has already been successfully undertaken as part of the BDP 
GBS cell sampling project, to clear the cell caps for the deployment of the cell sampling equipment. Option 
3 represents a step change in complexity from Option 1 but this is not viewed as significant when compared 
with other operations under consideration or which are required to be completed in the BDP. Option 3 is 

0.002.004.006.008.0010.0012.0014.0016.0018.0020.00

Technical feasibility

Operational environmental impacts

Impact on communities

Cost

Energy use (GJ)

Gaseous emissions (CO2)

Safety risk to offshore project personnel

Safety risk to onshore project personnel

Employment

Legacy environmental impacts

-20.00-18.00-16.00-14.00-12.00-10.00-8.00-6.00-4.00-2.000.00
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based on existing technology that could be refined for the management of the drill cuttings pile, if necessary. 
‘Technical feasibility’ is therefore not considered to be a strong differentiator between the options. 

11.4.4.3 Operational Environmental Impacts 

Of the five options considered for the Brent Bravo cell-top drill cuttings pile, Option 1 (Water-jet) has the 
highest score for environmental impacts (0.95,) which indicates few environmental impacts would be 
expected to arise from the operations: the jetting of 20 m3 of drill cuttings would be expected to only have  
a short-term and localised effect on marine receptors. The score of 0.36 for Option 3 (Treat slurry onshore) 
was a result of the much larger volume to be disturbed (3790 m3), of which perhaps 379 m3 might be lost  
to the water column during the dredging, increasing the potential impact to the marine environment.  

In reality, the difference between the operational impacts of the two options is unlikely to result in a material 
difference to the marine environment and therefore this sub-criterion does not serve as a differentiator 
between the two options. 

11.4.4.4 Impact on Communities 

In terms of onshore communities, Option 1, in which no operations would occur on- or near-shore,  
would have no impact and it therefore attains the highest score of all the options and the highest score  
on the global scale. The score for Option 3 (0.78) in which approximately 37,900 m3 of slurry would be 
transferred to shore was the result of discharging cleaned waste water into the nearshore environment,  
the atmospheric impacts arising from the low thermal desorption process and the road transportation of the 
cleaned solids to landfill. However, as reflected in the global score, none of these operations are expected 
to result in significant or long-term impacts to the onshore communities as the work would be conducted  
at an existing, well-managed site with all appropriate equipment and permissions for these operations.  
We have therefore concluded that ‘impact on communities’ is not a strong differentiator between Option 1 
and Option 3. 

11.4.4.5 Cost 

We used internal expertise to prepare budget estimates of the likely total cost of each option, and the results 
are presented in Table 57. These are the best estimates that can be made at present, because commercial 
tendering has not been completed. These values are therefore indicative only to allow comparison of the 
options. 

The cost of disturbing the Brent Bravo cell-top drill cuttings is, relative to the rest of the BDP, low for all 
options. The cheapest is Option 1 (Water-jet) (£0.3 million) which is to be expected as this is the least 
complex option and of shortest duration; although Option 3 (Treat slurry onshore) at a cost of £16.8 million 
scored highly on the global scale (0.97) it does represent a 56-fold increase in the cost of Option 1. 
Although the total sum for Option 3 is not significant when compared to other BDP options, in real-world 
terms, an increased spend of £16.5 million would be considered a differentiator.  

11.4.4.6 Energy Use and Gaseous Emissions 

Option 1 would give rise to approximately 272 tonnes of CO2, which is only 5% of the emissions generated 
in Option 3 (5986 tonnes). The total CO2 emissions from all four Brent installations in 2011 were 396,000 
tonnes, more than 1450 times higher than estimated total CO2 emissions of Option 1 or 66 times higher 
than those of Option 3; they are considered to represent a very small proportion of the operating emissions. 
The calculated emissions from each option are also extremely low when compared with the total CO2 

emissions from all UKCS oil and gas installations, reported in the Oil & Gas UK Environment Report 2013 
[29] as 14.22 million tonnes in 2011 and are very low when compared with the UK commitment under  
the Climate Change Act [30] which implies an average annual reduction of 47.6 million tonnes CO2,  
each year from 2013 to 2017. Drill cuttings are not materially recyclable, with the possible exception  
of recovering the adhered hydrocarbons but any such recovered material has only limited use. In addition, 
drill cuttings are a by-product of oil and gas exploration and are not manufactured for direct use. Given the 
small amounts of emissions associated with Option 1 and Option 3 we have concluded that ‘energy use’ 
and ‘gaseous emissions’ are not strong differentiators between the options. 
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11.4.4.7 Safety Risk to Project Personnel 

There is no documented evidence that drill cuttings piles present a safety risk to other users of the sea.  
Any safety risk to other users of the sea is more likely to arise from an interaction with the GBS rather than 
with the cell-top drill cuttings and is considered in the CAs for each GBS in [25]. In all options for the Brent 
Bravo cell-top drill cuttings, therefore, it is only project personnel who would be exposed to risk. 

Of the two best performing options, Option 3 has the higher total project personnel (0.0067) due to the 
extended duration of the operations and increased number of personnel compared with Option 1 (0.0003). 
These PLLs mean that Option 3 would have to be repeated almost 150 times and Option 1 more than 
3330 times before there might be one fatality among the project personnel. The risk to onshore personnel  
is very small in Option 3 (a PLL of 0.0001) and there is no risk to onshore personnel in Option 1. In terms of 
offshore personnel, we have not assumed any further monitoring of the cell-top drill cuttings piles in Option 1 
and only one more seabed survey to confirm continuing recovery/to identify any effects from the dredging 
operations in Option 3. When compared with the PLL thresholds in the E&P industry at the start of any 
project, the PLL for Option 3 is six times higher (6.7 x 10-3) than the tolerable threshold (1 x10-3) and we 
would therefore have to introduce further mitigations and controls to move this option into the ALARP range  
of 1 x10-3 and 1 x 10-6. Option 1, with a PLL of 0.3 x10-3 already falls within the ALARP range without 
further controls. 

In all cases the assessments of safety risks are unmitigated assessments, made in the absence of any site- or 
project-specific safety measures. We would never embark on any activity that was 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. As such, we are confident that Option 3 could be executed safely 
and therefore that ‘safety risk to project personnel’ does not act as a driver between Option 1 and Option 3. 

11.4.4.8 Employment 

None of the options considered for the Brent Delta cell-top drill cuttings pile would provide a significant  
level of employment. The estimates for employment are based on the cost of each option, hence of the two 
best-performing options, the more expensive Option 3 (Treat slurry onshore), would support more man-years 
employment (67 man-years) than Option 1 (Water-jet) (1 man-year). The employment supported by Option 3 
would be split between the offshore component of the option during the recovery of the drill cuttings and the 
onshore processing and disposal of the material. The employment would therefore not be continuous and 
none of the roles could be supported full-time by the activities of Option 3 alone. When compared with the 
Brent Decommissioning well abandonment programme, with an estimated 3800 man-years of employment, 
the level of employment offered by Option 3 represents a very small percentage (less than 2%). Consequently, 
we have concluded that the sub-criterion ‘employment’ is not a strong differentiator between the options. 

11.4.4.9 Legacy Environmental Impacts 

For this CA of the Brent Delta cell-top drill cuttings pile, as a worst case, we have assumed that there is no 
leave in situ option; i.e. even the removal of the attic oil and interphase material will require the smaller scale 
disturbance in Option 1 to allow the equipment to be deployed. The Brent Charlie cell-top drill cuttings pile 
was selected for the modelling of the effects of human disturbance [24] because it is the largest cell-top drill 
cuttings pile in the field and as such is likely to have the largest volume of drill cuttings disturbed by 
operations. The modelling of an assumed 10% loss of the total cell-top volume through losses from suction 
dredging the whole cell-top drill cuttings volume (7735 m3) was completed. Given that the volume involved 
in Option 1 is significantly smaller (20 m3) than the assumed 775 m3 in the Charlie cell-top modelling then 
the overall impact to the environment might also be expected to be significantly reduced. All options are 
currently scored for operational and legacy impacts using the data based on Charlie modelling results and 
therefore any differences in the actual expected performance of the options cannot be examined. It should be 
noted that the scoring of the impacts of both the operations and legacy sub-criteria are based on the 
proportion of the drill cuttings that are expected to ‘escape’ as part of the suction dredging/water-jetting 
operations i.e. those drill cuttings that are released into the water column to either release contaminants or 
to resettle on the seabed; the effects of those drill cuttings that are removed elsewhere, including treatment 
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and disposal, are not expected to result in any significant environmental impact during or after treatment 
and disposal. 

For both options, the scores indicate that a similar level of legacy effects might occur as the scores range 
from 0.85 in Option 1 (Water-jet) to 1.00 in Option 3 (Treat slurry onshore). These scores indicate that 
neither option is expected to result in significant or long-term legacy effects when compared to other options 
in considered within the BDP. The disturbance of the small amount of drill cuttings in Option 1 and the 
subsequent resettling of the drill cuttings onto the seabed is not expected to cause significant environment 
impacts or retard the already remediating areas of effect from the existence of the Brent Bravo seabed drill 
cuttings pile, nor are any water column effects from released contaminants expected to be significant  
or long-lasting. The Brent Bravo cell-top and seabed drill cuttings piles do not exceed either of the OSPAR 
Recommendation 2006/5 thresholds, based on the modelling study [23] and their long term presence after 
the execution of the water-jetting operation is not expected to significantly impact the marine environment. 
Option 3 would remove the drill cuttings from the marine environment, eliminating any long-term risk from 
these drill cuttings. Any long-term effects of the dredging operation and the possible resettlement of 
contaminated sediments or drill cuttings that escape the dredging tool and the subsequent effects on the 
characteristics of the seabed settlement and the use of landfill for disposal of the cleaned solids were also  
not considered to be significant. ‘Legacy environmental impacts’ is not considered to strongly differentiate 
Options 1 and 3. 

11.4.5 Conclusions 

Following the assessment of the weighted scores for each sub-criterion and an examination of the data 
informing those scores, we have concluded that there are no strong drivers to differentiate the options.  

In Option 1, approximately 20 m3 of drill cuttings would be moved into the cell valleys to allow access to the 
cell-tops for a small access hole (3” to recover the attic oil and interphase material) but some drill cuttings 
would unavoidably be dispersed into the water column to resettle. In Option 3, we have assumed that the 
entire cell-top volume of drill cuttings (3790 m3) would have to be displaced, again releasing a proportion  
of drill cuttings into the water column during the dredging operation. We believe it is unlikely that this volume 
of drill cuttings could be relocated on the cell-tops by water-jetting, nor would we elect to water-jet such  
a large volume of drill cuttings and so this option has been discounted. In real terms, there is no strong 
environmental driver to select either of the options as neither is expected to cause or result in significant 
environmental impacts in the short- or long-term. The increased operational impacts represented by a 
difference in weighted score of 0.59 between Option 1 and Option 3, is disproportionate to the decrease 
in legacy environmental impacts Option 3 would achieve over Option 1 (0.15). It is illogical to remove the 
drill cuttings pile in Option 3 in an attempt to remove a long-term source of contamination to the marine 
environment, when the dredging operation itself would probably release more drill cuttings into the water 
column than in Option 1. This is then compounded by the added expenditure of Option 3 to achieve the 
very minor decrease in the legacy environmental impact arising from Option 1, particularly as the legacy 
impacts for both options are considered to be low.  

11.4.6 Recommended Option for the Brent Delta Cell-top Cuttings Pile 

The recommendation for managing a small volume of historic drill cuttings on the Brent Delta cell-tops is to 
water-jet them (Option 1). This would allow a new small access hole to be created through which the attic oil 
and interphase material could be recovered. Should a larger diameter hole be required, a greater volume  
of drill cuttings would need to be disturbed; Option 3 (Treat slurry onshore) would then be the recommended 
option.  
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12 BRENT DRILL CUTTINGS DECOMMISSIONING PROGRAMME OF WORK 

12.1 Introduction 

This section presents the programme of work that would be undertaken to manage the drill cuttings piles  
in the Brent Field, as recommended by the individual CAs of the various available options. The final 
programme of work will be the subject of a competitive tendering process and so the details of the 
programme will in part be determined by the chosen contractor’s approach.  

12.2 Seabed Drill Cuttings Piles 

12.2.1 Brent Alpha 

The Brent Alpha drill cuttings pile, in its current configuration is unlikely to exceed either of the OSPAR 
thresholds of area persistence or oil loss rate. The CA indicated that of all the options available to manage 
the drill cuttings pile, it was preferable to leave the pile in situ to continue to degrade naturally. As has 
previously been discussed, the close proximity of the drill cuttings pile to the Brent Alpha jacket structure 
meant that for one of the options considered for full removal of the jacket, the drill cuttings pile would have  
to be disturbed to allow external cutting of the jacket legs. The combined impact of the best-performing 
disturbance option for this drill cuttings pile (recover and return to shore for processing and disposal) and full 
removal of the BA jacket were compared against the combined impact of leaving the cuttings pile in situ and 
partially removing the jacket or internally cutting the jacket leg piles to allow full removal in the Brent Alpha 
Jacket Decommissioning Technical Document [4] and further details are presented in that document. The 
recommended option from the combined CA is partial removal of the jacket which would leave the seabed 
drill cuttings pile undisturbed; there may be some necessary disturbance to the pile in order to complete other 
programmes of work, such as pipeline disconnection or debris recovery, but every effort will be made to 
minimise this disturbance. 

Consequently, there is no programme of work required to manage the Brent Alpha seabed drill cuttings pile. 
The area around the seabed drill cuttings pile will be included in the post-decommissioning survey and the 
cuttings pile itself might be resampled at this time. The parameters of the post-decommissioning survey and 
subsequent long-term monitoring programme, including the recovery of any debris items that may become 
uncovered as the drill cuttings move or degrade will be discussed and agreed with BEIS. 

12.2.2 Brent GBS 

The seabed drill cuttings piles present against the cell walls of the Brent Bravo, Brent Charlie and Brent  
Delta GBS are all expected to remain below both the area persistence and oil loss rate thresholds defined  
in OSPAR 2006/5 [2], based on the information presented in the long-term fate modelling of the Brent 
Alpha drill cuttings pile. These drill cuttings piles will therefore be left largely undisturbed. There may be  
a small amount of disturbance to the drill cuttings when other programmes of work are completed such  
as the disconnection of pipelines or debris recovery. This work is necessary to decommission these items and 
though some disturbance might result in short-term environmental impacts, the requirement of OSPAR Decision 
98/3 [3] requires this work to be completed. Steps will be taken to ensure any disturbance is minimised  
as far as is practicable. We will discuss and agree the scope of the post-decommissioning survey of the 
Brent Field and any long-term monitoring strategies with BEIS, which may include future sampling of the drill 
cuttings piles and possibly the future recovery of any debris items uncovered by the degradation or movement 
of the drill cuttings. 
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12.2.2.1 Brent GBS Tri-cells 

As discussed in Sections 5.5.2, 5.6 and 8.1.3 any drill cuttings that are present in the tri-cells will have 
been created during the same drilling operations that have created the Brent Bravo and Brent Delta cell-top 
and seabed drill cuttings piles and will be contaminated with OPF. We have therefore considered them 
under OSPAR Recommendation 2006/5 and although we have not specifically modelled the long-term fate 
of these drill cuttings, we have estimated their potential oil loss rate and area persistence and concluded that 
neither in isolation nor when combined with the other drill cuttings present will they exceed either threshold  
as described in this Recommendation. There are no planned operations that would disturb the tri-cell drill 
cuttings; they will be released and/or disturbed during the eventual collapse of the GBS caissons but given 
their location within the structure, this is likely to occur in several hundred years’ time (Section 8.1.3). These 
drill cuttings will therefore be left undisturbed. 

12.2.3 Brent South 

The infrastructure at Brent South has been removed and the wells have been plugged and abandoned.  
There is currently no programme of work in which the drill cuttings pile at this location might have to be 
disturbed. The Brent South drill cuttings pile is smaller in volume and area of contamination and also shows 
lower levels of hydrocarbon contamination than the Brent Alpha drill cuttings pile so extrapolating from the 
long-term fate modelling completed for Brent Alpha, the Brent South drill cuttings pile is unlikely to breach 
either of the OSPAR drill cuttings thresholds. This drill cuttings pile will therefore be left to degrade naturally. 
Post-decommissioning, the Brent South area may be sampled again to confirm the ongoing recovery of this 
area; this will be agreed with BEIS. 

12.3 Cell-top Drill Cuttings Piles 

12.3.1 Brent Bravo and Delta 

On the assumption that only a small diameter access hole would be required to remove the attic oil and 
interphase material from the Brent Delta cells, we intend to disturb only small amounts of drill cuttings into the 
water-column. This is required to clear the area for the necessary equipment and to remove items of debris to 
create a safe working area for the cell access equipment. If the oil export lines of Brent Bravo can be 
reinstated there will be no need to disturb even small volumes of the cell-top drill cuttings and they will be left 
to degrade naturally. If the lines cannot be reinstated then a small volume of drill cuttings will be disturbed  
as at Brent Delta. Small scale disturbance has already occurred, under permit, at the Brent Delta cell-top to 
allow the cell sampling project to retrieve a sample of the cell contents. This was done by deploying an ROV 
from the platform equipped with water-jetting equipment which allowed precise, diver-less clearance of the 
drill cuttings from the cell caps. It is therefore likely that any further clearance from this cell-top or the Bravo 
cell-top will be completed in the same way. 

The area around the GBS onto which the disturbed drill cuttings might settle will be sampled in the  
post-decommissioning survey and may be included in the long-term monitoring requirements of the field.  
The details and precise sample points of these surveys will be discussed and agreed with BEIS. 

12.3.2 Brent Charlie 

Assuming that the Brent Charlie vent lines can be reinstated and used to recover the attic oil and interphase 
material, there would be no need to disturb the cell-top drill cuttings pile to complete these operations.  
In addition, it has been agreed with BEIS that any visible debris would be cut back to near the drill cuttings 
and recovered, leaving any completely buried pieces within the cuttings pile, thus minimising disturbance to 
the drill cuttings. In the longer term, such items might become uncovered as the drill cuttings degrade with 
time. As with the seabed drill cuttings piles, if the monitoring surveys find that this has occurred, we will 
discuss and agree the appropriate action with BEIS. 

However, if the pipework cannot be reinstated or if a larger diameter hole was required to remediate the  
cell sediments, then the entire drill cuttings pile would be recovered using a suction dredge deployed from  
a vessel and returned to shore for processing and disposal. Clearing the cell-tops of drill cuttings for any  
of these programmes of work will then also give us access to recover the debris items present on the cell-tops 
at the end of our operations.  



BRENT FIELD DRILL CUTTINGS DECOMMISSIONING  
TECHNICAL DOCUMENT  
 

Page | 153 

In the event that the drill cuttings have to be disturbed, for any reason, an ROV equipped with a suction 
dredger will be deployed from the platform and will recover the drill cuttings through a flexible hose first to 
the ROV-control vessel and then on to a hydrocarbon-rated storage vessel. A subsea lift pump might need to 
be temporarily installed on top of the GBS caisson to assist in the recovery of the slurry. The slurry will be 
transported by the tanker to shore where it will be decanted into onshore storage tanks. Based on currently 
available facilities, it may be possible to secure quayside storage tanks on or adjacent to a processing site;  
if not, then the slurry would have to be transported by road in enclosed skips (bulk tankers are not suitable  
for this material) to the processing facility. Once on-site, the slurry will be dewatered (i.e. the liquid will  
be separated from the solids) until a certain liquid load, required for efficient processing, is achieved.  
The separated water will be cleaned and discharged under the appropriate permit to nearshore waters.  
The dewatered solids, which are assumed to be of a similar character to newly produced drill cuttings, will 
enter a TCC process unit, which separates the oil and water from the solids using thermal desorption. This 
results in ‘clean’ drill cutting solids i.e. with a low hydrocarbon contamination level and the recovered liquids, 
from which the hydrocarbons can be recovered and the water cleaned and discharged, under permit. The 
solid material will be sent to landfill. 

As with the Bravo and Delta cell-top drill cuttings piles, the area around the Brent Charlie GBS might be 
affected by the disturbance of the drill cuttings and/or other operations in the immediate vicinity and so will 
form part of the post-decommissioning survey and ongoing monitoring requirements, which will be agreed 
with BEIS. 
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14 ACRONYMS AND GLOSSARY 

APE Alkylphenolpolyethoxylates.  
A group of chemicals of 
possible concern as endocrine 
disruptors 

ABWJ Abrasive water jetting 

BAC Background Assessment 
Concentrations 

BAT Best Available Technology 

BC Background Concentration 

BDP Brent Decommissioning Project 

Benthic Pertaining to the bottom of a 
body of water (in this case  
the seabed) 

Benthic  The community of organisms 
community that live in and on the seabed. 
 Also known as the ‘benthos’ 

Benthic survey A survey to assess the physical, 
chemical and biological 
characteristics of the seabed 

BEP Best Environmental Practice 

BPEO Best Practicable Environmental 
Option 

CAPEX Capital expenditure 

CO2 Carbon Dioxide 

Congener A chemical substance closely 
related to another; a member of 
the same kind, class or group 

COP Cessation of Production. The 
point at which production has 
reached the economic limit and 
production from the installation 
ends 

DECC Department of Energy and 
Climate Change 

Drill cuttings The fragments of rock 
generated during the process  
of drilling a well 

EAC Environmental Assessment 
Criteria. A method of assessing 
if the concentrations of 
hazardous substances are at 
levels which may pose an 
unacceptable risk to the 
environment 

EIA Environmental Impact 
Assessment 

EERL Effect Range Low 

ES Environmental Statement.  
The document describing the 
results of the Environmental 
Impact Assessment 

Fauna The animals found in a 
particular area or habitat which 
are considered as a group 

Footings The lower part of the jacket, 
from the top of the bottles/pile 
sleeve or pile stick up to the 
seabed 

GBS Gravity base structure 

GJ Gigajoule 

HSE UK Health and Safety Executive 

Hydrocarbon Any compound containing only 
hydrogen and carbon 

ICES International council for the 
exploration of the seas 

Jacket The steel structure that supports 
the topsides. The lower section 
or ‘legs’ of an offshore platform 

JIP Joint Industry Project 

LAT Lowest Astronomical Tide 

LoD Limit of Detection 

LTFM Long term fate model 

LTOBM Low Toxicity Oil Based Mud.  
A drilling mud based on a 
hydrocarbon derived mineral 
oil. LTOBM has a lower toxicity 
than the traditional diesel based 
drilling mud 

Macrofauna Benthic organisms which are 
greater than 1 mm in length 

MBES Multi-beam echo sounder 

mg/kg Milligram per kilogram. An 
expression of concentration 

µg g Microgram per gram. An 
expression of concentration. 
Interchangeable withmg/kg i.e. 
10 mg/kg is equivalent  
to 10 µg g-1 

OBM Oil based mud. A fluid used in 
drilling to provide hydrostatic 
pressure, cool the drill bit and to 
remove drill cuttings from the 
well bore. 

OPEX Operating expenditure 
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OPF Organic Phase Fluid.  
An emulsion of water and 
additives which is based  
on an animal, vegetable or 
mineral organic fluid 

OSPAR Oslo and Paris Convention for 
the Protection of the Marine 
Environment of the North-East 
Atlantic 

OSPAR 98/3 OSPAR Decision of the disposal 
of disused offshore installations. 
Passed at Ministerial Meeting of 
the OSPAR Commission, Sintra; 
22-23 July 1998 

OSPAR OSPAR Decision on the Use of 
Decision  Organic-Phase Drilling Fluids 
2000/3 (OPF) and the Discharge 
 of OPF-Contaminated Cuttings 

OSPAR OSPAR Recommendation on a 
Recommendation Management Regime for 
2006/5 Offshore Cuttings Piles 

PARCOM Paris Commission 

PCB Poly Chlorinated Bi-phenyls.  
A group of chemicals of 
possible concern as endocrine 
disruptors 

PDMS Plant Design Management 
System. A 3-D design modelling 
tool used by Shell during 
detailed engineering studies 

PEC Predicted Environmental 
Concentration 

PEC:PNEC ratio Ratio of Predicted Environmental 
Concentration to Predicted No 
Effect Concentration 

PLL Potential Loss of Life 

PNEC Predicted No Effect 
Concentration 

ile Heavy beam of concrete or 
steel driven into the seabed as 
a foundation or support for the 
jacket or subsea structure 

PLL Potential Loss of Life 

PNEC Predicted No Effect 
Concentration 

POBM Pseudo-oil based mud.  
An alternative term for SBM, 
no longer commonly used 

PSA Particle Size Analysis 

ROV Remotely Operated Vehicle 

ROVSV ROV support vessel 

SBM Synthetic oil based mud. A mud 
system based on a synthetically 
derived base oil 

SPI Sediment Profile Imaging 

STM Short term model 

Taxa The plural of taxon; a collection 
of more than one taxonomic 
group (e.g. class, order, family, 
genus or species) 

THC Total Hydrocarbon 
Concentration 

UKCS United Kingdom Continental 
Shelf 

WBM Water based mud. A mud 
system based on a form of 
water (fresh water, seawater or 
brine) 

WROV Work-class ROV 
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APPENDIX 1 BRENT ALPHA SEABED CUTTINGS PILE TOTAL WEIGHTED SCORES 
UNDER EACH SUB-CRITERION AND DECC CRITERIA UNDER THE SET WEIGHTING 
SCENARIOS  

Scenario 1: DECC 5 Main Criteria 

 Weight 

Option 

1 2 3 4 5 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 6.7% 4.52 6.52 6.44 5.75 6.58 

Safety risk to other users of the sea 6.7%      

Safety risk to onshore project personnel 6.7% 6.67 6.66 6.67 6.67 6.67 

Operational environmental impacts 5% 1.60 1.80 1.80 0.75 5.00 

Legacy environmental impacts 5% 5.00 5.00 5.00 4.90 3.75 

Energy use (GJ) 5% 4.55 4.75 4.65 4.33 4.91 

Gaseous emissions (CO2) 5% 4.63 4.79 4.71 4.45 4.93 

Technical feasibility 20% 15.00 16.20 15.00 15.00 20.00 

Effects on commercial fisheries (£) 6.7%      

Employment 6.7% 0.72 0.28 0.46 0.65 0.05 

Impact on communities 6.7% 6.47 4.67 4.87 6.67 6.67 

Cost (£) 20% 17.84 19.17 18.63 18.05 19.86 

Total 100.2% 66.99 69.83 68.23 67.22 78.41 

Rank 5 2 3 4 1 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

1 2 3 4 5 

20% Safety 11.19 13.18 13.11 12.42 13.25 

20% Environmental 15.77 16.34 16.16 14.43 18.59 

20% Technical 15.00 16.20 15.00 15.00 20.00 

20% Societal 7.19 4.95 5.32 7.32 6.72 

20% Economic 17.84 19.17 18.63 18.05 19.86 

Total 66.99 69.83 68.23 67.22 78.41 

Rank 5 2 3 4 1 
 
Option 1 Treat on topside 

Option 2 Treat slurry onshore 

Option 3 Treat solids onshore 

Option 4 Re-inject in a new well 

Option 5 Leave in situ 
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Scenario 2: Weighted to Safety 

 Weight 

Option 

1 2 3 4 5 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 13.3% 9.03 13.02 12.87 11.50 13.15 

Safety risk to other users of the sea 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% 1.20 1.35 1.35 0.56 3.75 

Legacy environmental impacts 3.8% 3.75 3.75 3.75 3.68 2.81 

Energy use (GJ) 3.8% 3.41 3.56 3.49 3.25 3.68 

Gaseous emissions (CO2) 3.8% 3.47 3.59 3.53 3.34 3.70 

Technical feasibility 15.0% 11.25 12.15 11.25 11.25 15.00 

Effects on commercial fisheries (£) 5.0%      

Employment 5.0% 0.54 0.21 0.34 0.49 0.04 

Impact on communities 5.0% 4.85 3.50 3.65 5.00 5.00 

Cost (£) 15.0% 13.38 14.38 13.98 13.54 14.89 

Total 100.1% 64.21 68.82 67.53 65.92 75.35 

Rank 5 2 3 4 1 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

1 2 3 4 5 

40% Safety 22.36 26.34 26.19 24.83 26.48 

15% Environmental 11.83 12.25 12.12 10.82 13.94 

15% Technical 11.25 12.15 11.25 11.25 15.00 

15% Societal 5.39 3.71 3.99 5.49 5.04 

15% Economic 13.38 14.38 13.98 13.54 14.89 

Total 64.21 68.82 67.53 65.92 75.35 

Rank 5 2 3 4 1 
 
Option 1 Treat on topside 

Option 2 Treat slurry onshore 

Option 3 Treat solids onshore 

Option 4 Re-inject in a new well 

Option 5 Leave in situ 
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Scenario 3: Weighted to Environmental 

 Weight 

Option 

1 2 3 4 5 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 5.0% 3.39 4.88 4.83 4.31 4.93 

Safety risk to other users of the sea 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% 3.20 3.60 3.60 1.50 10.00 

Legacy environmental impacts 10.0% 10.00 10.00 10.00 9.80 7.50 

Energy use (GJ) 10.0% 9.09 9.49 9.30 8.66 9.82 

Gaseous emissions (CO2) 10.0% 9.26 9.58 9.43 8.89 9.85 

Technical feasibility 15.0% 11.25 12.15 11.25 11.25 15.00 

Effects on commercial fisheries (£) 5.0%      

Employment 5.0% 0.54 0.21 0.34 0.49 0.04 

Impact on communities 5.0% 4.85 3.50 3.65 5.00 5.00 

Cost (£) 15.0% 13.38 14.38 13.98 13.54 14.89 

Total 100.0% 69.95 72.79 71.37 68.44 82.04 

Rank 4 2 3 5 1 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

1 2 3 4 5 

15% Safety 8.39 9.88 9.83 9.31 9.93 

40% Environmental 31.55 32.68 32.32 28.85 37.18 

15% Technical 11.25 12.15 11.25 11.25 15.00 

15% Societal 5.39 3.71 3.99 5.49 5.04 

15% Economic 13.38 14.38 13.98 13.54 14.89 

Total 69.95 72.79 71.37 68.44 82.04 

Rank 4 2 3 5 1 
 
Option 1 Treat on topside 

Option 2 Treat slurry onshore 

Option 3 Treat solids onshore 

Option 4 Re-inject in a new well 

Option 5 Leave in situ 
  



 BRENT FIELD DRILL CUTTINGS DECOMMISSIONING 
 TECHNICAL DOCUMENT 
 

Page | 162 

Scenario 4: Weighted to Technical 

 Weight 

Option 

1 2 3 4 5 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 5.0% 3.39 4.88 4.83 4.31 4.93 

Safety risk to other users of the sea 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% 1.20 1.35 1.35 0.56 3.75 

Legacy environmental impacts 3.8% 3.75 3.75 3.75 3.68 2.81 

Energy use (GJ) 3.8% 3.41 3.56 3.49 3.25 3.68 

Gaseous emissions (CO2) 3.8% 3.47 3.59 3.53 3.34 3.70 

Technical feasibility 40.0% 30.00 32.40 30.00 30.00 40.00 

Effects on commercial fisheries (£) 5.0%      

Employment 5.0% 0.54 0.21 0.34 0.49 0.04 

Impact on communities 5.0% 4.85 3.50 3.65 5.00 5.00 

Cost (£) 15.0% 13.38 14.38 13.98 13.54 14.89 

Total 100.2% 68.99 72.62 69.91 69.16 83.80 

Rank 5 2 3 4 1 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

1 2 3 4 5 

15% Safety 8.39 9.88 9.83 9.31 9.93 

15% Environmental 11.83 12.25 12.12 10.82 13.94 

40% Technical 30.00 32.40 30.00 30.00 40.00 

15% Societal 5.39 3.71 3.99 5.49 5.04 

15% Economic 13.38 14.38 13.98 13.54 14.89 

Total 68.99 72.62 69.91 69.16 83.80 

Rank 5 2 3 4 1 
 
Option 1 Treat on topside 

Option 2 Treat slurry onshore 

Option 3 Treat solids onshore 

Option 4 Re-inject in a new well 

Option 5 Leave in situ 
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Scenario 5: Weighted to Societal 

 Weight 

Option 

1 2 3 4 5 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 5.0% 3.39 4.88 4.83 4.31 4.93 

Safety risk to other users of the sea 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% 1.20 1.35 1.35 0.56 3.75 

Legacy environmental impacts 3.8% 3.75 3.75 3.75 3.68 2.81 

Energy use (GJ) 3.8% 3.41 3.56 3.49 3.25 3.68 

Gaseous emissions (CO2) 3.8% 3.47 3.59 3.53 3.34 3.70 

Technical feasibility 15.0% 11.25 12.15 11.25 11.25 15.00 

Effects on commercial fisheries (£) 13.3%      

Employment 13.3% 1.44 0.55 0.91 1.30 0.10 

Impact on communities 13.3% 12.93 9.33 9.73 13.33 13.33 

Cost (£) 15.0% 13.38 14.38 13.98 13.54 14.89 

Total 100.1% 59.22 58.54 57.81 59.55 67.19 

Rank 3 4 5 2 1 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

1 2 3 4 5 

15% Safety 8.39 9.88 9.83 9.31 9.93 

15% Environmental 11.83 12.25 12.12 10.82 13.94 

15% Technical 11.25 12.15 11.25 11.25 15.00 

40% Societal 14.37 9.88 10.64 14.63 13.43 

15% Economic 13.38 14.38 13.98 13.54 14.89 

Total 59.22 58.54 57.81 59.55 67.19 

Rank 3 4 5 2 1 
 
Option 1 Treat on topside 

Option 2 Treat slurry onshore 

Option 3 Treat solids onshore 

Option 4 Re-inject in a new well 

Option 5 Leave in situ 
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Scenario 6: DECC 5 Main Criteria without Economic 

 Weight 

Option 

1 2 3 4 5 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 6.7% 4.52 6.52 6.44 5.75 6.58 

Safety risk to other users of the sea 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% 1.60 1.80 1.80 0.75 5.00 

Legacy environmental impacts 5.0% 5.00 5.00 5.00 4.90 3.75 

Energy use (GJ) 5.0% 4.55 4.75 4.65 4.33 4.91 

Gaseous emissions (CO2) 5.0% 4.63 4.79 4.71 4.45 4.93 

Technical feasibility 20.0% 15.00 16.20 15.00 15.00 20.00 

Effects on commercial fisheries (£) 6.7%      

Employment 6.7% 0.72 0.28 0.46 0.65 0.05 

Impact on communities 6.7% 6.47 4.67 4.87 6.67 6.67 

Cost (£) 20.0% - - - - - 

Total 100.0% 49.15 50.66 49.59 49.17 58.56 

Rank 5 2 3 4 1 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

1 2 3 4 5 

20% Safety 11.19 13.18 13.11 12.42 13.25 

20% Environmental 15.77 16.34 16.16 14.43 18.59 

20% Technical 15.00 16.20 15.00 15.00 20.00 

20% Societal 7.19 4.95 5.32 7.32 6.72 

20% Economic - - - - - 

Total 49.15 50.66 49.59 49.17 58.56 

Rank 5 2 3 4 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. 

Option 1 Treat on topside 

Option 2 Treat slurry onshore 

Option 3 Treat solids onshore 

Option 4 Re-inject in a new well 

Option 5 Leave in situ 
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APPENDIX 2 BRENT BRAVO CELL-TOP CUTTINGS PILE TOTAL WEIGHTED SCORES 
UNDER EACH SUB-CRITERION AND DECC CRITERIA UNDER THE SET WEIGHTING 
SCENARIOS  

Scenario 1: DECC 5 Main Criteria 

 Weight 

Option 

1 2 3 4 5 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 6.7% 6.66 6.33 6.53 6.52 6.30 

Safety risk to other users of the sea 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% 4.70 1.95 2.15 2.15 0.75 

Legacy environmental impacts 5.0% 4.50 5.00 5.00 5.00 4.90 

Energy use (GJ) 5.0% 4.99 4.81 4.81 4.79 4.71 

Gaseous emissions (CO2) 5.0% 4.99 4.84 4.84 4.83 4.76 

Technical feasibility 20.0% 20.00 15.00 16.00 15.00 14.00 

Effects on commercial fisheries (£) 6.7%      

Employment 6.7% 0.01 0.21 0.14 0.17 0.26 

Impact on communities 6.7% 6.67 6.67 5.67 5.74 6.67 

Cost (£) 20% 19.98 19.38 19.57 19.50 19.21 

Total 100.2% 79.17 70.86 71.38 70.37 68.23 

Rank 1 3 2 4 5 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

1 2 3 4 5 

20% Safety 13.33 13.00 13.19 13.19 12.97 

20% Environmental 19.18 16.60 16.80 16.78 15.12 

20% Technical 20.00 15.00 16.00 15.00 14.00 

20% Societal 6.68 6.88 5.81 5.90 6.93 

20% Economic 19.98 19.38 19.57 19.50 19.21 

Total 79.17 70.86 71.38 70.37 68.23 

Rank 1 3 2 4 5 
 

Option 1 Water-jet 

Option 2 Treat on topside 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 
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Scenario 2: Weighted to Safety 

 Weight 

Option 

1 2 3 4 5 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 13.3% 13.31 12.66 13.04 13.03 12.59 

Safety risk to other users of the sea 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% 3.53 1.46 1.61 1.61 0.56 

Legacy environmental impacts 3.8% 3.38 3.75 3.75 3.75 3.68 

Energy use (GJ) 3.8% 3.74 3.61 3.61 3.60 3.53 

Gaseous emissions (CO2) 3.8% 3.74 3.63 3.63 3.62 3.57 

Technical feasibility 15.0% 15.00 11.25 12.00 11.25 10.50 

Effects on commercial fisheries (£) 5.0%      

Employment 5.0% 0.00 0.15 0.11 0.13 0.20 

Impact on communities 5.0% 5.00 5.00 4.25 4.30 5.00 

Cost (£) 15.0% 14.99 14.54 14.68 14.62 14.40 

Total 100.1% 76.02 69.38 70.00 69.24 67.36 

Rank 1 3 2 4 5 
 

 
 

Total Weighted Score Across DECC Criteria 

Option 

1 2 3 4 5 

40% Safety 26.64 25.99 26.37 26.36 25.92 
15% Environmental 14.39 12.45 12.60 12.58 11.34 
15% Technical 15.00 11.25 12.00 11.25 10.50 
15% Societal 5.00 5.15 4.36 4.43 5.20 
15% Economic 14.99 14.54 14.68 14.62 14.40 
Total 76.02 69.38 70.00 69.24 67.36 
Rank 1 3 2 4 5 

 
Option 1 Water-jet 

Option 2 Treat on topside 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 
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Scenario 3: Weighted to Environmental 

 Weight 

Option 

1 2 3 4 5 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 5.0% 4.99 4.75 4.89 4.89 4.72 

Safety risk to other users of the sea 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% 9.40 3.90 4.30 4.30 1.50 

Legacy environmental impacts 10.0% 9.00 10.00 10.00 10.00 9.80 

Energy use (GJ) 10.0% 9.98 9.62 9.61 9.59 9.42 

Gaseous emissions (CO2) 10.0% 9.98 9.69 9.68 9.66 9.52 

Technical feasibility 15.0% 15.00 11.25 12.00 11.25 10.50 

Effects on commercial fisheries (£) 5.0%      

Employment 5.0% 0.00 0.15 0.11 0.13 0.20 

Impact on communities 5.0% 5.00 5.00 4.25 4.30 5.00 

Cost (£) 15.0% 14.99 14.54 14.68 14.62 14.40 

Total 100.0% 83.35 73.89 74.52 73.74 70.06 

Rank 1 3 2 4 5 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

1 2 3 4 5 

15% Safety 9.99 9.75 9.89 9.89 9.72 

40% Environmental 38.36 33.20 33.60 33.55 30.24 

15% Technical 15.00 11.25 12.00 11.25 10.50 

15% Societal 5.00 5.15 4.36 4.43 5.20 

15% Economic 14.99 14.54 14.68 14.62 14.40 

Total 83.35 73.89 74.52 73.74 70.06 

Rank 1 3 2 4 5 
 

Option 1 Water-jet 

Option 2 Treat on topside 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 
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Scenario 4: Weighted to Technical 

 Weight 

Option 

1 2 3 4 5 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 5.0% 4.99 4.75 4.89 4.89 4.72 

Safety risk to other users of the sea 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% 3.53 1.46 1.61 1.61 0.56 

Legacy environmental impacts 3.8% 3.38 3.75 3.75 3.75 3.68 

Energy use (GJ) 3.8% 3.74 3.61 3.61 3.60 3.53 

Gaseous emissions (CO2) 3.8% 3.74 3.63 3.63 3.62 3.57 

Technical feasibility 40.0% 40.00 30.00 32.00 30.00 28.00 

Effects on commercial fisheries (£) 5.0%      

Employment 5.0% 0.00 0.15 0.11 0.13 0.20 

Impact on communities 5.0% 5.00 5.00 4.25 4.30 5.00 

Cost (£) 15.0% 14.99 14.54 14.68 14.62 14.40 

Total 100.2% 84.37 71.89 73.53 71.52 68.66 

Rank 1 3 2 4 5 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

1 2 3 4 5 

15% Safety 9.99 9.75 9.89 9.89 9.72 

15% Environmental 14.39 12.45 12.60 12.58 11.34 

40% Technical 40.00 30.00 32.00 30.00 28.00 

15% Societal 5.00 5.15 4.36 4.43 5.20 

15% Economic 14.99 14.54 14.68 14.62 14.40 

Total 84.37 71.89 73.53 71.52 68.66 

Rank 1 3 2 4 5 
 

Option 1 Water-jet 

Option 2 Treat on topside 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 
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Scenario 5: Weighted to Societal 

 Weight 

Option 

1 2 3 4 5 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 5.0% 4.99 4.75 4.89 4.89 4.72 

Safety risk to other users of the sea 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% 3.53 1.46 1.61 1.61 0.56 

Legacy environmental impacts 3.8% 3.38 3.75 3.75 3.75 3.68 

Energy use (GJ) 3.8% 3.74 3.61 3.61 3.60 3.53 

Gaseous emissions (CO2) 3.8% 3.74 3.63 3.63 3.62 3.57 

Technical feasibility 15.0% 15.00 11.25 12.00 11.25 10.50 

Effects on commercial fisheries (£) 13.3%      

Employment 13.3% 0.01 0.41 0.29 0.33 0.53 

Impact on communities 13.3% 13.33 13.33 11.33 11.46 13.33 

Cost (£) 15.0% 14.99 14.54 14.68 14.62 14.40 

Total 100.1% 67.71 61.73 60.78 60.14 59.82 

Rank 1 2 3 4 5 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

1 2 3 4 5 

15% Safety 9.99 9.75 9.89 9.89 9.72 

15% Environmental 14.39 12.45 12.60 12.58 11.34 

15% Technical 15.00 11.25 12.00 11.25 10.50 

40% Societal 13.34 13.74 11.62 11.80 13.86 

15% Economic 14.99 14.54 14.68 14.62 14.40 

Total 67.71 61.73 60.78 60.14 59.82 

Rank 1 2 3 4 5 
 

Option 1 Water-jet 

Option 2 Treat on topside 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 
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Scenario 6: DECC 5 Main Criteria without Economic 

 Weight 

Option 

1 2 3 4 5 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 6.7% 6.66 6.33 6.53 6.52 6.30 

Safety risk to other users of the sea 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% 4.70 1.95 2.15 2.15 0.75 

Legacy environmental impacts 5.0% 4.50 5.00 5.00 5.00 4.90 

Energy use (GJ) 5.0% 4.99 4.81 4.81 4.79 4.71 

Gaseous emissions (CO2) 5.0% 4.99 4.84 4.84 4.83 4.76 

Technical feasibility 20.0% 20.00 15.00 16.00 15.00 14.00 

Effects on commercial fisheries (£) 6.7%      

Employment 6.7% 0.01 0.21 0.14 0.17 0.26 

Impact on communities 6.7% 6.67 6.67 5.67 5.74 6.67 

Cost (£) 20.0% – – – – – 

Total 100.0% 59.19 51.48 51.81 50.87 49.02 

Rank 1 3 2 4 5 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

1 2 3 4 5 

20% Safety 13.33 13.00 13.19 13.19 12.97 

20% Environmental 19.18 16.60 16.80 16.78 15.12 

20% Technical 20.00 15.00 16.00 15.00 14.00 

20% Societal 6.68 6.88 5.81 5.90 6.93 

20% Economic – – – – – 

Total 59.19 51.48 51.81 50.87 49.02 

Rank 1 3 2 4 5 
 

Option 1 Water-jet 

Option 2 Treat on topside 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 
 
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 3 BRENT CHARLIE CELL-TOP CUTTINGS PILE TOTAL WEIGHTED SCORES 
UNDER EACH SUB-CRITERION AND DECC CRITERIA UNDER THE SET WEIGHTING 
SCENARIOS  

Scenario 1: DECC 5 Main Criteria 

 Weight 

Option 

2 3 4 5 6 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 6.7% 5.68 6.48 6.46 5.72 6.58 

Safety risk to other users of the sea 6.7%      

Safety risk to onshore project personnel 6.7% 6.67 6.66 6.67 6.67 6.67 

Operational environmental impacts 5% 1.20 1.45 1.45 0.25 5.00 

Legacy environmental impacts 5% 5.00 5.00 5.00 4.90 3.75 

Energy use (GJ) 5% 4.48 4.68 4.60 4.32 4.91 

Gaseous emissions (CO2) 5% 4.58 4.74 4.67 4.44 4.93 

Technical feasibility 20% 14.40 16.00 14.40 14.00 20.00 

Effects on commercial fisheries (£) 6.7%      

Employment 6.7% 0.69 0.34 0.50 0.70 0.05 

Impact on communities 6.7% 6.67 4.67 4.80 6.67 6.67 

Cost (£) 20% 17.95 18.98 18.50 17.91 19.86 

Total 100.2% 67.32 69.00 67.06 65.58 69.66 

Rank 3 2 4 5 1 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

2 3 4 5 6 

20% Safety 12.35 13.14 13.13 12.39 13.25 

20% Environmental 15.26 15.87 15.72 13.91 18.59 

20% Technical 14.40 16.00 14.40 14.00 20.00 

20% Societal 7.36 5.01 5.30 7.37 6.72 

20% Economic 17.95 18.98 18.50 17.91 19.86 

Total 67.32 69.00 67.06 65.58 78.41 

Rank 3 2 4 5 1 
 

Option 2 Treat on topsides 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 

Option 6 Leave in situ 
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Scenario 2: Weighted to Safety 

 Weight 

Option 

2 3 4 5 6 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 13.3% 11.36 12.95 12.91 11.44 13.15 

Safety risk to other users of the sea 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% 0.90 1.09 1.09 0.19 3.75 

Legacy environmental impacts 3.8% 3.75 3.75 3.75 3.68 2.81 

Energy use (GJ) 3.8% 3.36 3.51 3.45 3.24 3.68 

Gaseous emissions (CO2) 3.8% 3.43 3.55 3.51 3.33 3.70 

Technical feasibility 15.0% 10.80 12.00 10.80 10.50 15.00 

Effects on commercial fisheries (£) 5.0%      

Employment 5.0% 0.51 0.25 0.37 0.52 0.04 

Impact on communities 5.0% 5.00 3.50 3.60 5.00 5.00 

Cost (£) 15.0% 13.46 14.24 13.88 13.43 14.89 

Total 100.1% 65.91 68.16 66.68 64.66 75.35 

Rank 4 2 3 5 1 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

2 3 4 5 6 

40% Safety 24.69 26.27 26.23 24.77 26.48 
15% Environmental 11.45 11.90 11.79 10.43 13.94 
15% Technical 10.80 12.00 10.80 10.50 15.00 
15% Societal 5.51 3.75 3.97 5.52 5.04 
15% Economic 13.46 14.24 13.88 13.43 14.89 
Total 65.91 68.16 66.68 64.66 75.35 
Rank 4 2 3 5 1 

 
Option 2 Treat on topsides 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 

Option 6 Leave in situ 
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Scenario 3: Weighted to Environmental 

 Weight 

Option 

2 3 4 5 6 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 5.0% 4.26 4.86 4.84 4.29 4.93 

Safety risk to other users of the sea 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% 2.40 2.90 2.90 0.50 10.00 

Legacy environmental impacts 10.0% 10.00 10.00 10.00 9.80 7.50 

Energy use (GJ) 10.0% 8.97 9.36 9.20 8.65 9.82 

Gaseous emissions (CO2) 10.0% 9.15 9.48 9.35 8.88 9.85 

Technical feasibility 15.0% 10.80 12.00 10.80 10.50 15.00 

Effects on commercial fisheries (£) 5.0%      

Employment 5.0% 0.51 0.25 0.37 0.52 0.04 

Impact on communities 5.0% 5.00 3.50 3.60 5.00 5.00 

Cost (£) 15.0% 13.46 14.24 13.88 13.43 14.89 

Total 100.0% 69.56 71.58 69.94 66.57 82.04 

Rank 4 2 3 5 1 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

2 3 4 5 6 

15% Safety 9.26 9.85 9.84 9.29 9.93 

40% Environmental 30.52 31.74 31.45 27.82 37.18 

15% Technical 10.80 12.00 10.80 10.50 15.00 

15% Societal 5.51 3.75 3.97 5.52 5.04 

15% Economic 13.46 14.24 13.88 13.43 14.89 

Total 69.56 71.58 69.94 66.57 82.04 

Rank 4 2 3 5 1 
 

Option 2 Treat on topsides 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 

Option 6 Leave in situ 
  



 BRENT FIELD DRILL CUTTINGS DECOMMISSIONING 
 TECHNICAL DOCUMENT 
 

Page | 174 

Scenario 4: Weighted to Technical 

 Weight 

Option 

2 3 4 5 6 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 5.0% 4.26 4.86 4.84 4.29 4.93 

Safety risk to other users of the sea 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% 0.90 1.09 1.09 0.19 3.75 

Legacy environmental impacts 3.8% 3.75 3.75 3.75 3.68 2.81 

Energy use (GJ) 3.8% 3.36 3.51 3.45 3.24 3.68 

Gaseous emissions (CO2) 3.8% 3.43 3.55 3.51 3.33 3.70 

Technical feasibility 40.0% 28.80 32.00 28.80 28.00 40.00 

Effects on commercial fisheries (£) 5.0%      

Employment 5.0% 0.51 0.25 0.37 0.52 0.04 

Impact on communities 5.0% 5.00 3.50 3.60 5.00 5.00 

Cost (£) 15.0% 13.46 14.24 13.88 13.43 14.89 

Total 100.2% 68.48 71.75 68.29 66.68 83.80 

Rank 3 2 4 5 1 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

2 3 4 5 6 

15% Safety 9.26 9.85 9.84 9.29 9.93 

15% Environmental 11.45 11.90 11.79 10.43 13.94 

40% Technical 28.80 32.00 28.80 28.00 40.00 

15% Societal 5.51 3.75 3.97 5.52 5.04 

15% Economic 13.46 14.24 13.88 13.43 14.89 

Total 68.48 71.75 68.29 66.68 83.80 

Rank 3 2 4 5 1 
 

Option 2 Treat on topsides 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 

Option 6 Leave in situ 
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Scenario 5: Weighted to Societal 

 Weight 

Option 

2 3 4 5 6 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 5.0% 4.26 4.86 4.84 4.29 4.93 

Safety risk to other users of the sea 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% 0.90 1.09 1.09 0.19 3.75 

Legacy environmental impacts 3.8% 3.75 3.75 3.75 3.68 2.81 

Energy use (GJ) 3.8% 3.36 3.51 3.45 3.24 3.68 

Gaseous emissions (CO2) 3.8% 3.43 3.55 3.51 3.33 3.70 

Technical feasibility 15.0% 10.80 12.00 10.80 10.50 15.00 

Effects on commercial fisheries (£) 13.3%      

Employment 13.3% 1.37 0.68 1.00 1.39 0.10 

Impact on communities 13.3% 13.33 9.33 9.60 13.33 13.33 

Cost (£) 15.0% 13.46 14.24 13.88 13.43 14.89 

Total 100.1% 59.67 58.00 56.91 58.38 67.19 

Rank 2 4 5 3 1 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

2 3 4 5 6 

15% Safety 9.26 9.85 9.84 9.29 9.93 

15% Environmental 11.45 11.90 11.79 10.43 13.94 

15% Technical 10.80 12.00 10.80 10.50 15.00 

40% Societal 14.70 10.01 10.59 14.72 13.43 

15% Economic 13.46 14.24 13.88 13.43 14.89 

Total 59.67 58.00 56.91 58.38 67.19 

Rank 2 4 5 3 1 
 

Option 2 Treat on topsides 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 

Option 6 Leave in situ 
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Scenario 6: DECC 5 Main Criteria without Economic 

 Weight 

Option 

2 3 4 5 6 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 6.7% 5.68 6.48 6.46 5.72 6.58 

Safety risk to other users of the sea 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% 1.20 1.45 1.45 0.25 5.00 

Legacy environmental impacts 5.0% 5.00 5.00 5.00 4.90 3.75 

Energy use (GJ) 5.0% 4.48 4.68 4.60 4.32 4.91 

Gaseous emissions (CO2) 5.0% 4.58 4.74 4.67 4.44 4.93 

Technical feasibility 20.0% 14.40 16.00 14.40 14.00 20.00 

Effects on commercial fisheries (£) 6.7%      

Employment 6.7% 0.69 0.34 0.50 0.70 0.05 

Impact on communities 6.7% 6.67 4.67 4.80 6.67 6.67 

Cost (£) 20.0% – – – – – 

Total 100.0% 49.37 50.02 48.55 47.67 58.56 

Rank 3 2 4 5 1 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

2 3 4 5 6 

20% Safety 12.35 13.14 13.13 12.39 13.25 

20% Environmental 15.26 15.87 15.72 13.91 18.59 

20% Technical 14.40 16.00 14.40 14.00 20.00 

20% Societal 7.36 5.01 5.30 7.37 6.72 

20% Economic – -- – – – 

Total 49.37 50.02 48.55 47.67 58.56 

Rank 3 2 4 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. 

Option 2 Treat on topsides 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 

Option 6 Leave in situ 
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APPENDIX 4 BRENT DELTA CELL-TOP CUTTINGS PILE TOTAL WEIGHTED SCORES 
UNDER EACH SUB-CRITERION AND DECC CRITERIA UNDER THE SET WEIGHTING 
SCENARIOS  

Scenario 1: DECC 5 Main Criteria 

 Weight 

Option 

1 2 3 4 5 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 6.7% 6.66 6.08 6.51 6.48 6.10 

Safety risk to other users of the sea 6.7%      

Safety risk to onshore project personnel 6.7% 6.67 6.67 6.67 6.67 6.67 

Operational environmental impacts 5% 4.75 1.55 1.80 1.80 0.50 

Legacy environmental impacts 5% 4.25 5.00 5.00 5.00 4.90 

Energy use (GJ) 5% 4.99 4.71 4.77 4.74 4.61 

Gaseous emissions (CO2) 5% 4.99 4.76 4.81 4.79 4.68 

Technical feasibility 20% 20.00 14.80 16.00 14.80 14.00 

Effects on commercial fisheries (£) 6.7%      

Employment 6.7% 0.00 0.35 0.21 0.28 0.40 

Impact on communities 6.7% 6.67 6.67 5.20 5.27 6.67 

Cost (£) 20% 19.99 18.94 19.37 19.16 18.79 

Total 100.2% 78.98 69.54 70.33 68.99 67.32 

Rank 1 3 2 4 5 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

1 2 3 4 5 

20% Safety 13.33 12.75 13.17 13.15 12.77 

20% Environmental 18.98 16.02 16.38 16.33 14.68 

20% Technical 20.00 14.80 16.00 14.80 14.00 

20% Societal 6.67 7.02 5.41 5.55 7.07 

20% Economic 19.99 18.94 19.37 19.16 18.79 

Total 78.98 69.54 70.33 68.99 67.32 

Rank 1 3 2 4 5 
 

Option 1 Water-jet 

Option 2 Treat on topsides 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 
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Scenario 2: Weighted to Safety 

 Weight 

Option 

1 2 3 4 5 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 13.3% 13.31 12.16 13.00 12.95 12.20 

Safety risk to other users of the sea 13.3%      

Safety risk to onshore project personnel 13.3% 13.33 13.33 13.32 13.33 13.33 

Operational environmental impacts 3.8% 3.56 1.16 1.35 1.35 0.38 

Legacy environmental impacts 3.8% 3.19 3.75 3.75 3.75 3.68 

Energy use (GJ) 3.8% 3.74 3.53 3.58 3.56 3.46 

Gaseous emissions (CO2) 3.8% 3.74 3.57 3.61 3.59 3.51 

Technical feasibility 15.0% 15.00 11.10 12.00 11.10 10.50 

Effects on commercial fisheries (£) 5.0%      

Employment 5.0% 0.00 0.26 0.16 0.21 0.30 

Impact on communities 5.0% 5.00 5.00 3.90 3.95 5.00 

Cost (£) 15.0% 14.99 14.21 14.53 14.37 14.09 

Total 100.1% 75.88 68.08 69.19 68.15 66.43 

Rank 1 4 2 3 5 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

1 2 3 4 5 

40% Safety 26.64 25.49 26.32 26.27 25.53 

15% Environmental 14.24 12.01 12.28 12.25 11.01 

15% Technical 15.00 11.10 12.00 11.10 10.50 

15% Societal 5.00 5.26 4.06 4.16 5.30 

15% Economic 14.99 14.21 14.53 14.37 14.09 

Total 75.88 68.08 69.19 68.15 66.43 

Rank 1 4 2 3 5 
 

Option 1 Water-jet 

Option 2 Treat on topsides 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 
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Scenario 3: Weighted to Environmental 

 Weight 

Option 

1 2 3 4 5 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 5.0% 4.99 4.56 4.88 4.86 4.58 

Safety risk to other users of the sea 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% 9.50 3.10 3.60 3.60 1.00 

Legacy environmental impacts 10.0% 8.50 10.00 10.00 10.00 9.80 

Energy use (GJ) 10.0% 9.99 9.42 9.53 9.49 9.21 

Gaseous emissions (CO2) 10.0% 9.98 9.52 9.62 9.58 9.35 

Technical feasibility 15.0% 15.00 11.10 12.00 11.10 10.50 

Effects on commercial fisheries (£) 5.0%      

Employment 5.0% 0.00 0.26 0.16 0.21 0.30 

Impact on communities 5.0% 5.00 5.00 3.90 3.95 5.00 

Cost (£) 15.0% 14.99 14.21 14.53 14.37 14.09 

Total 100.0% 82.96 72.17 73.21 72.15 68.84 

Rank 1 3 2 4 5 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

1 2 3 4 5 

15% Safety 9.99 9.56 9.87 9.86 9.58 

40% Environmental 37.97 32.04 32.75 32.67 29.37 

15% Technical 15.00 11.10 12.00 11.10 10.50 

15% Societal 5.00 5.26 4.06 4.16 5.30 

15% Economic 14.99 14.21 14.53 14.37 14.09 

Total 82.96 72.17 73.21 72.15 68.84 

Rank 1 3 2 4 5 
 

Option 1 Water-jet 

Option 2 Treat on topsides 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 
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Scenario 4: Weighted to Technical 

 Weight 

Option 

1 2 3 4 5 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 5.0% 4.99 4.56 4.88 4.86 4.58 

Safety risk to other users of the sea 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% 3.56 1.16 1.35 1.35 0.38 

Legacy environmental impacts 3.8% 3.19 3.75 3.75 3.75 3.68 

Energy use (GJ) 3.8% 3.74 3.53 3.58 3.56 3.46 

Gaseous emissions (CO2) 3.8% 3.74 3.57 3.61 3.59 3.51 

Technical feasibility 40.0% 40.00 29.60 32.00 29.60 28.00 

Effects on commercial fisheries (£) 5.0%      

Employment 5.0% 0.00 0.26 0.16 0.21 0.30 

Impact on communities 5.0% 5.00 5.00 3.90 3.95 5.00 

Cost (£) 15.0% 14.99 14.21 14.53 14.37 14.09 

Total 100.2% 84.23 70.65 72.74 70.23 67.98 

Rank 1 3 2 4 5 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

1 2 3 4 5 

15% Safety 9.99 9.56 9.87 9.86 9.58 

15% Environmental 14.24 12.01 12.28 12.25 11.01 

40% Technical 40.00 29.60 32.00 29.60 28.00 

15% Societal 5.00 5.26 4.06 4.16 5.30 

15% Economic 14.99 14.21 14.53 14.37 14.09 

Total 84.23 70.65 72.74 70.23 67.98 

Rank 1 3 2 4 5 
 

Option 1 Water-jet 

Option 2 Treat on topsides 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 
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Scenario 5: Weighted to Societal 

 Weight 

Option 

1 2 3 4 5 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 5.0% 4.99 4.56 4.88 4.86 4.58 

Safety risk to other users of the sea 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% 3.56 1.16 1.35 1.35 0.38 

Legacy environmental impacts 3.8% 3.19 3.75 3.75 3.75 3.68 

Energy use (GJ) 3.8% 3.74 3.53 3.58 3.56 3.46 

Gaseous emissions (CO2) 3.8% 3.74 3.57 3.61 3.59 3.51 

Technical feasibility 15.0% 15.00 11.10 12.00 11.10 10.50 

Effects on commercial fisheries (£) 13.3%      

Employment 13.3% 0.01 0.70 0.42 0.56 0.81 

Impact on communities 13.3% 13.33 13.33 10.40 10.53 13.33 

Cost (£) 15.0% 14.99 14.21 14.53 14.37 14.09 

Total 100.1% 67.56 60.92 59.50 58.67 59.32 

Rank 1 2 3 5 4 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

1 2 3 4 5 

15% Safety 9.99 9.56 9.87 9.86 9.58 

15% Environmental 14.24 12.01 12.28 12.25 11.01 

15% Technical 15.00 11.10 12.00 11.10 10.50 

40% Societal 13.34 14.03 10.82 11.09 14.14 

15% Economic 14.99 14.21 14.53 14.37 14.09 

Total 67.56 60.92 59.50 58.67 59.32 

Rank 1 2 3 5 4 
 

Option 1 Water-jet 

Option 2 Treat on topsides 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 
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Scenario 6: DECC 5 Main Criteria without Economic 

 Weight 

Option 

1 2 3 4 5 

Weighted Score across Sub-criteria 

Safety risk to offshore project personnel 6.7% 6.66 6.08 6.51 6.48 6.10 

Safety risk to other users of the sea 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% 4.75 1.55 1.80 1.80 0.50 

Legacy environmental impacts 5.0% 4.25 5.00 5.00 5.00 4.90 

Energy use (GJ) 5.0% 4.99 4.71 4.77 4.74 4.61 

Gaseous emissions (CO2) 5.0% 4.99 4.76 4.81 4.79 4.68 

Technical feasibility 20.0% 20.00 14.80 16.00 14.80 14.00 

Effects on commercial fisheries (£) 6.7%      

Employment 6.7% 0.00 0.35 0.21 0.28 0.40 

Impact on communities 6.7% 6.67 6.67 5.20 5.27 6.67 

Cost (£) 20.0% – – – – – 

Total 100.0% 58.99 50.59 50.96 49.83 48.53 

Rank 1 3 2 4 5 
 

 
 

Total Weighted Score across DECC Criteria 

Option 

1 2 3 4 5 

20% Safety 13.33 12.75 13.17 13.15 12.77 

20% Environmental 18.98 16.02 16.38 16.33 14.68 

20% Technical 20.00 14.80 16.00 14.80 14.00 

20% Societal 6.67 7.02 5.41 5.55 7.07 

20% Economic – – – – – 

Total 58.99 50.59 50.96 49.83 48.53 

Rank 1 3 2 4 5 

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. 

Option 1 Water-jet 

Option 2 Treat on topsides 

Option 3 Treat slurry onshore 

Option 4 Treat solids onshore 

Option 5 Re-inject in a new well 

 

 



 

 

  



 

 

 


