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BRENT FIELD DECOMMISSIONING PROGRAMMES

EXECUTIVE SUMMARY

1 EXECUTIVE SUMMARY

Introduction

This document contains two Decommissioning Programmes (DP), for (1) the Brent Field installations and (2]
the Brent Field pipelines (Figure 1). The owners of the infrastructure are Shell U.K. Limited (Shell, the operator)
50%, and Esso Exploration and Production UK Limited (Esso] 50%. Shell has prepared these Programmes in
accordance with Section 29 of the Petroleum Act 1998 [1], and Esso confirms that it supports the proposals
described in them. A leffer of support from Esso is presented at the end of this Executive Summary.
Throughout this document therefore, the terms ‘owners’, ‘we’, 'us’, and ‘our’ refer to ‘Shell and Esso’.

The Petroleum Act provides the framework for the implementation in the UK of OSPAR’ Decision 98,3 on the
Disposal of Disused Offshore Installations [2]. The DECC Guidance Notes: Decommissioning of Offshore Oil
and Gas Installations and Pipelines under the Petroleum Act 1998 [3] provide guidance and advice in the
preparation of DPs.

Background

At the time of its discovery the expected lifespan of the Brent Field was 25 years. Through confinuous
improvement and significant investment in the 1990s, we have extended the life of the Field well beyond
original expectations. After many years of service to the UK, however, the Brent Field is now reaching the
stage where all the economically recoverable reserves of oil and gas have been extracted. The next step is
fo ‘decommission’ the Field's four platforms and their related infrastructure. Before considering
decommissioning options, we explored potential ways to reuse the platforms ranging from wind farms to
carbon capture and storage facilities. After a thorough review, we concluded that reuse was not a credible
option because of the age of the infrastructure, its distance from shore, the lack of demand for reuse and the
cost of converting the facilities. We have therefore concluded that the Field must be decommissioned.

Figure 1 Brent Field Installations

" OSPAR, Oslo Paris Commission, profecting and conserving the North-East Atlantic [including the North
Sea] and its resources.
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The Brent Field is located in the East Shetland Basin in Block 211/29 (Figure 2), midway between the
Shefland Islands and Norway. The nearest oil and gas installation is the Statfjord B platform operated by

Statoil Petroleum (9.6 km) (Figure 5). Shipping activity is low and dominated at present by oil industry

support vessels, and there are no Ministry of Defence (MOD) exercise areas near the Field. The nearest

submarine cable is the CANTAT 3 operated by BT located approximately 60 km away. There are no

renewable energy developments or dredging or aggregate extraction operations in the area.

Figure 2 Location of the Brent Field
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Several species of fish and shellfish are
present in the area, but none is protected
or of conservation importance. The Brent
area is subject to commercial fishing
operations, and although bottom trawling is
the predominant vessel activity, the weight
and value of landings from this area are
dominated by mid-water (pelagic) species.
Fishing intensity is low to moderate in
comparison with other areas of the North
Sea and is classified by Marine Scotland
as being of ‘low’ value. The main species
landed by UK vessels are mackerel, herring

and haddock.

Many species of seabirds are found in the
area and their abundances vary
seasonally. The most frequently sighted
species of marine mammal in the Field is
the bottlenose dolphin. With the exception
of marine mammals, there are no species
or habifats in the area which have been
designated for their conservation
importance. The nearest Special Area of
Conservation is the Braemar Pockmark,
approximately 225 km from the Field.
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Figure 3 Layout of Facilities in the Brent Field
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The Brent Field infrastructure comprises four installations Alpha, Bravo, Charlie and Delta, which support
topsides that house the accommodation block, helipad, drilling and other operational areas (Figure 3).

The support structure at Alpha is a steel jacket weighing 31,500 fonnes. The support structures at Bravo,
Charlie and Delta are concrefe gravity base structures (GBS) weighing more than 300,000 tonnes each.

Figure 4 Brent Charlie GBS during construction, showing the cells at the bottom of the legs

The Bravo and Delta GBSs comprise 16 reinforced concrefe tanks,
called cells, that were used fo sfore and separate crude oil before
export (Figure 4 and Figure 6). On Charlie the GBS comprises 32
cells; 10 were used to store and separate oil and the other 22
were used fo provide additional ballast.

The Field is served by 103 km of pipeline and 4 small seabed
structures which are part of the pipelines system. Overall, the 1.8
million fonnes of material covered by the two DPs includes
approximately 295,000 tonnes of sfeel, 568,000 fonnes of
concrete, 238,000 tonnes of sand ballast and 16,000 tonnes of

rock-dump.

Table 1 provides an overview of the installations being

decommissioned. Table 3 provides an overview of the pipelines
being decommissioned.
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Figure 5 Location of Adjacent Facilities
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Materials in the GBS

The cells of the GBS are made of concrete just under 1 m thick, reinforced with steel bars. On Bravo and

Delta the cells are circular and approximately 60 m tall and 20 m in diameter, and on Charlie the cells are
rectangular and approximately 60 m tall and 13 m by 13 m. Of the total of 74 cells in the GBSs, 10 serve
as the bases of the legs, 42 were designed for oil storage, 2 confain conductors and 20 contain circulating

cooling water. The cells formerly used for oil sforage typically now contain the following materials, in

descending order from the top of the cell:

An estimated 50 m? (Delta) or 600 m* (Charlie) layer of crude oil (called attic oil) at the top of the oil
storage cells?

A layer of inferphase material
A large intermediate layer of water

A layer of sediment comprising a mixture of oil, sand particles and water; on average this layer

is 4 m thick
A 22 cm thick concrete diaphragm, covering the sand ballast

A 14 m thick layer of sand ballast®

Figure 6 Materials in the GBS oil storage cells

One of our commitments fo stakeholders was to

W'\:ORT/EXPORT sample the sediment prior to submitting our DPs. We
LINE

INTERPHASE ATTIC OIL

had previously estimated the volume and composition
of the cell contents from our historical operating
records and computer modelling studies, but we
wanted to verify our assumptions about volume and

WATER { composition with sediment samples. Taking samples

within the cells had never been done before, and the

42m technologies and know-how did not exist. It took six
years and a number of unsuccessful attempts to

SEDIMENT  develop the techniques and expertise to overcome the
inherent complexity associated with this challenging

= fask. In 2014, we were able to collect up to 6 kg of
v

sediment from three different cells on Brent Delta, as

IMPORT/ | CONCRETE ,
EXPORT " SLAB well as water samples. A 3D sonar device was also
LINE 18m .
l successfully launched in each of the three cells, fo

measure the sediment’s surface fopography fo enable
the volume of sediment fo be calculated.

The survey and sampling programme found that, for the three cells sampled, the average volume of sediment

in each cell was 1,044 m?, which is close to our assumption of 1,080 m®. Physically, the sediment is a

mixture of about 50% water, 25% oil and 25% sand. Chemically, the sediment contains no significant

amounts of non-biodegradable compounds. This was in line with our assumptions.

2 We do not think there is any attic oil in the Brent Bravo oil storage cells.

® There is no concrete diaphragm or sand ballast in the Brent Charlie cells.
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Table 1 Installations being Decommissioned in DP1.
Field BRENT Blocks 211/29 UKCS Water depth 140 mto 142 m
Shell U.K. Limited 50%
Owners
Esso Exploration and Production UK Limited 50%
Operator ‘ Shell UK. Limited

Section 29 Notices issued to Owners

12 December 2014

Distance to UK

Pre-decommissioning
environmental survey

136 km, Shetland Islands

Distance to median line

2007 Full baseline benthic survey at all 4 locations; physical, chemical and
biological data; MBES?. Included sampling/coring of seabed cuttings piles.

11 km Norway

Previous surveys

At various platforms in 1986, 1997, 2004, and 2006.

Cuttings pile screening

As reported 2007, all screening results below both of the OSPAR thresholds.

Nearest SAC

Braemar Pockmark, 225 km

Nearest platform

Statfjord B, 9.6 km NE

ICES rectangle

A45F]

Fishing intensity

‘low’

Fishing value

‘low’

Shigging octiviz Llow’ MOD octiviz None Wrecks None

Cells®

Facility Alpha Bravo Charlie Delta
Type Drilling, Production | Drilling, Production | Drilling, Production | Drilling, Production
Topsides (fonnes) | Modular, Modular, Modular, Modular,

16,000 24,100 31,000 24,200
Support siructure | 6 leg steel piled 3 leg GBS with 4 leg GBS with 3 leg GBS with
(tonnes) jacket; 25,834 storage; 340,717 | storage; 290,880 | storage; 325,418
GBS cell sediment | No cells 16 cells; 11 cells’; 16 cells;

17,280 m* 6,035 m* 17,280 m*

Drill cutings in Tr No Tri-Cells 12,039 m? No open Tri-Cells | 14,733 m*

Historic drill
cuttings piles

Seabed 6,300m*®

CelHop 1,887m*
Seabed 5,300m*

CellHop 7,735m?
Seabed 4,922m?

CellHop 3,790m*
Seabed 2,230m*®

Extent of pile

25 m from platform

60 m from platform

45 m from platform

80 m from platform

Derogation
candidate

Yes >10,000 Te

Yes, concrete GBS

Yes, concrete GBS

Yes, concrete GBS

4 Multi-Beam Echo Sounder

> On Charlie there is sediment in the 8 oil storage cells and in 3 of the ballast water cells.

© Estimated maximum volume
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Stakeholder Engagement

Since 2007 we have been working on the longterm planning necessary fo stop production and
decommission the Brent Field. This has involved in-depth work with independent experts, academics and
other interested stakeholders.

Stakeholder engagement has played a significant role in the development of the Brent Decommissioning
Programmes. For more than 10 years we have carried out a thorough and transparent process of stakeholder
engagement with interested parties. This has involved discussing and informing stakeholders of the different
risks, challenges and benefits associated with decommissioning. More than 180 organisations across Europe
have been engaged including non-governmental organisations such as environmental groups, government
representatives and bodies, academics and professional insfitutes, fisheries organisations, oil and gas
industry bodies, and media and community groups. Our stakeholder engagement activities have included
individual visits to stakeholders, hosting larger stakeholder events (facilitated by independent third-party
facilitators The Environment Council and then latterly Resources for Change), publishing an online newsletter
and maintaining o dedicated Brent Decommissioning website.

These discussions have enabled stakeholders to share their views and concerns, which we have taken into
account when assessing the different decommissioning options. Their expertise and input have made a
valuable contribution to the project (see Section 10).

Independent Review

To inform decision-making, we complefed a wide range of engineering and technical studies, using either
our own expertise or external companies and consultancies. All the important supporting studies have been
scrutinised by an independent review group (IRG) chaired by Professor John Shepherd of Southampton
University. Professor Shepherd appointed a team of leading academics from across Europe, comprising
fechnical, engineering and environmental experts, and their remit was to review and report on the
complefeness, objectivity and rigour of supporting studies and the validity of the conclusions or findings (see
Section 10.9). The IRG has produced a final report, over which we did not have any ediforial control.

Cell Management Stakeholder Task Group

The samples we collected from the GBS storage cells were taken in controlled conditions, with the offshore
operation witnessed throughout by independent observers from Bureau Veritas, a global leader in testing,
inspection and certification. A specialist independent laboratory carried out chemical and physical analyses
of the samples. The results were shared with an invited group of 15 highly engaged stakeholders, the Cell
Management Stakeholder Task Group (CMSTG), which we established to provide input on how to manage,
safely and effectively, the contents of the oil storage cells (see Section 10.8).

Comparative Assessments

Decommissioning in the UK sector of the North Sea takes place under a mature regulatory process that is
stipulated in the UK's Petroleum Act and regulated by the Department for Business, Energy and Industrial
Strategy (BEIS”), formerly the Department of Energy and Climate Change (DECC). OSPAR 98/3 requires

7 In July 2016 the Department of Energy and Climate Change [DECC) was replaced by Department for
Business, Energy and Industrial Strategy (BEIS) and further reference to DECC should be taken as BEIS.
However, at that time a number of DECC regulatory responsibilities also transferred to the new Oil and
Gas Authority (OGA) and where this is the case that will be notified accordingly.
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that af the end of their lifecycles, qualifying offshore installations must be removed from the sea. In
accordance with the Petroleum Act and OSPAR 98/3 we will therefore complete the following programmes
of work (see Table 2):

e Plugging and making safe the wells
e Removing all four of the installations’ topsides
e Removing all sea-bed debris that originated from oil and gas activities

e Removing the attic oil atf the top of some of the GBS oil sforage cells.

OSPAR 98/ 3 recognises, however, that there may be particular difficulties associated with the removal of
large steel structures or the gravity bases of concrete platforms. OSPAR 98 /3 therefore provides for
operators to make a case for exemption from the general rule of complete removal, known as a ‘derogation’.
Operators who wish to seek a derogation are required to demonstrate, by way of a fully evaluated and
reasoned Comparative Assessment (CA|, that there are significant reasons why leaving in place is preferable
fo re-use, recycling or final disposal on land.

All the Brent installations are derogation candidates under OSPAR 98/3 and as such we have prepared
a CA for each one. Considerations for the CA include balancing the safety risks, technical feasibility,
sociefal impacts, environmental impacts and cost of each viable option (see Section 8.5).

Over the last ten years, we and expert consultants have completed o wide range of studies to inform the
CAs. Each one of those studies has been subsequently reviewed by the IRG to ensure that they are robust.
The results of the CAs form the basis of the evaluation to inform our decision making process. Broader
considerations, including stakeholder feedback and other non-technical elements have also been taken into
account fo inform the recommendations. We have conducted CAs for:

o The Brent Alpha steel jacket footings

e Each of the GBSs

e The contents of each GBS, namely the contents of the oil storage cells and the materials in the
minicell annulus and the drilling legs

e Some of the drill cuttings piles

e Each of the 28 Pipelines

Decommissioning the Brent Field — Our Recommendations

Table 2 presents our proposed programmes for the facilities covered in DP1 Installations, and Table 3
presents our proposals for DP2 Pipelines.
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Table 2 Summary of Proposed Decommissioning Programme DP1, Installations.

1 WELLS

Selected Option: Plug and make safe.
Reason for Selection: Meets regulatory requirements.

Proposed Decommissioning Solution: All platform wells (Brent South already plugged and abandoned) will
be plugged and made safe in accordance with Oil & Gas UK Guidelines for the Suspension and
Abandonment of Wells. All necessary permitry will be obtained.

2 TOPSIDES

Selected Option for all 4 topsides: Complete removal to shore.
Reason for Selection: Meets regulatory requirements.

Proposed Decommissioning Solution: After suitable preparation the topsides will be cut from the
substructures and transported in one piece to the shore for recycling, with a target of recycling 97% of the
material refurned fo shore.

3 SUBSTRUCTURE BRENT ALPHA STEEL JACKET

Selected Option Partial removal to 84.5m below Lowest Astronomical Tide (LAT).

Reason for Selection: CA indicafes that removal fo the top of the footings provides the best option on
safety, technical and cost grounds.

Proposed Decommissioning Solution: Using diamond wire cutting, the upper part of jacket will be removed
down to -84.5m, leaving footings 55.5m high on the seabed. Removed section will be transported to
shore for recycling.

4 SUBSTRUCTURES BRENT BRAVO, CHARLIE and DELTA GBSs

Selected Option Leave in place, legs upright.
Reason for Selection: GBSs cannot be refloated or dismantled in place. CA indicates that leaving place
with legs upright provides the best option on safety, fechnical and cost grounds.

Proposed Decommissioning Solution: After removal of the fopsides, the cut ends of the legs will be closed
with concrefe caps and fitted with Aids to Navigation. The status of the GBSs will be marked on charts
and on FishSAFE®,

5 ATTIC OIL and INTERPHASE MATERIAL IN GBS CELLS

Selected Option Complete removal to shore.
Reason for Selection: Meets regulatory requirements.

Proposed Decommissioning Solution: Attic oil and interphase material (where present) will be removed and
faken to shore for recycling and disposal.

6 GBS CELL CONTENTS

Selected Option Leave in place.

Reason for Selection: CA indicates that leaving the contents contained in the concrefe GBS cells provides
the best option on safety, technical and cost grounds.

Proposed Decommissioning Solution: After removal of the attic oil and interphase material, if present, the
cells will be sealed.

® FishSAFE is an electronic means of alerting vessels to the proximity of a sfructure in the sea.
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Table 2, continued Summary of Proposed Decommissioning Programme DP1, Installations.

7 MATERIAL IN GBS DRILUNG LEGS and MINICELL ANNULUS

Selected Option: Leave in place.

Reason for Selection: CA indicates that leaving these materials enclosed in the base of the concrete GBS
legs provides the best option on safety, technical and cost grounds.

Proposed Decommissioning Solution: After removal of the fopsides, the legs will be closed with concrefe
caps.

8 DRILL CUTTINGS

Selected Option: Leave in place.

Reason for Selection: Meets regulatory requirements. Except for the Charlie cell-fop pile, modelling supports
earlier desktop screening which suggests that all the Brent cuttings piles fall below both thresholds in
OSPAR Recommendation 2006/5. In Charlie, the modelled oil-loss rate in some cases exceeds 10Te/Yr.
A Stage 2 CA for this pile indicates that leaving it undisturbed in place provides the best optfion on
environmental, technical, and safety grounds.

Proposed Decommissioning Solution: Piles on seabed under Alpha, around the bases of the GBS, on the
GBS celltops, and in GBS ftricells will be left undisturbed, and will not be significantly affected by any
decommissioning activities on other Brent facilities. As required, small amounts of cell4op drill cuttings on
Bravo and Delta will be displaced by water-jetting to gain access to cells for removal of attic oil.

8 SUBSEA INSTALLATIONS PLEM, SSIV, SPLITTER BOX and VASP

Selected Option: Complete removal to shore.
Reason for Selection: Meets regulatory requirements.

Proposed Decommissioning Solution: Subsea installations will be cut from lines, with anchoring piles (if
present) cut 3m below the seabed. All material will be refurned to shore for recycling.

@ SEABED DEBRIS

Selected Option: Complete removal to shore.
Reason for Selection: Meets regulatory requirements.

Proposed Decommissioning Solution: All visible protruding parts of seabed and cellHop debris relating to
oil and gas operations in the Field that is present within 500m radius of installations or a 200m wide
corridor centred on each pipeline, will be removed and taken to shore for recycling.

10 MARKING OF REMAINS

Brent Alpha footings: 500 m safety zone; UK Hydrographic office nofified; marked on FishSAFE.

Each GBS: Automatic Aid to Navigation on 1 leg; 500 m safety zone; UK Hydrographic office notified;
marked on FishSAFE.

11 MONITORING

'As left’ survey of remains once programme complefed. First post-decommissioning environmental survey on
completion of whole programme. Second post-decommissioning environmental survey about 5 years lafer.
Subsequent long-term environmental monitoring and maintenance schedule o be agreed with BEIS.

11 INTERDEPENDENCIES

Removal of the Alpha jacket to top of the footings will leave the seabed drill cuttings pile undisturbed.
All 3 GBS in place, legs upright, will leave seabed and cellop drill cuttings piles undisturbed.

leaving all 3 GBSs in place, legs upright, will leave the GBS cell contents, materials in the drilling legs
and minicell annulus, and the drill cuttings in the tricells undisturbed.

The removal of all four subsea installations will facilitate subsequent decommissioning operations on those
pipelines (see Table 3).
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Table 3 Installations being Decommissioned and Summary of Proposed Programme in DP2, Pipelines.

Field BRENT | Blocks | 211/29, 211/28, and 211/26 UKCS | Depth | 140-42m
Shell U.K. Limited 50% Operator
Owners
Esso Exploration and Production UK Limited 50%
Section 29 Notices issued to Owners 23 January 2014
Min. distance to UK | 136 km, Shetland Islands Min. distance to median line | 11 km Norway
ICES rectangles Fishing infensity | ‘low’ to Fishing value "low' fo
45F1 and 45F2 ‘Moderate’ 'Moderate’
Line number Diam. Present status Length (km) | Recommended option for
whole length

PLO51/N0402 36" Surface-laid 2.6 Trench and backfill
PLO52/N0403 36" Surface-laid 2.3 Trench and backill
PLOO2 /N0201 36" Surface-laid 1.3 Trench and backill
PLO51/NO402A 36" Surface-laid 0.15 Remove by cut and lift
PLOO1/NO501 30" Part frenched 35.9 Partial french and rock-dump
PLO47 /N0404 30" Surface-laid 4.4 Trench and backill
PLO50/N0401 28" Surfacelaid 3 Trench and backfill
PLO45/N0303 24" Surfacelaid 4.6 Trench and backfill
PLO44 NO405 24" Surfaceaid 4.2 Trench and backill
—/NOQ03A 24" Surfacelaid 1.7 Trench and backill
—/N9Q03B 24" Surface-laid 1.7 Trench and backill
PLO46 NO304 20" Surfaceaid 4 Trench and backill
PLO49/NO301 16" Surface-laid 2.8 Trench and backill
PLO48 /N0302 16" Surface-laid 2.3 Trench and backill
PLO17/N0601 16" Surface-aid 0.4 Remove by cut and lift
PL1955/N0310 12"/14" Surfacelaid 2.7 Remove by reverse reeling
PL1955/N0311 12" Surfacedaid | 0.27 Remove by reverse reeling
PLO87A/NO738 10" | Trenched & rock-dumped 5 leave in trench
PLO8/A/NO/39 10" Surface-laid 1.8 leave in french
PLO88A/NO913 8" Trenched & rock-dumped 5 leave in french
PLO5S0/N0952 8" Rockdumped | 0.03 leave in existing rock-dump
PIO87A1-3/N0841 5" Trenched & rock-dumped 53 leave in french
—/N1844 5" Surfacelaid 2.9 Remove by reverse reeling
—/N9902 4" Surface-laid 2.3 Remove by cut and lift
—/N990 1 4" Surface-laid 2.2 Remove by cut and lift
—/N@200 4" Surfaceaid 2.1 Remove by cut and lift
—/N0830 4" Trenched and backdilled 0.5 Remove by reverse reeling
—/N280]1 2.5" Surface-laid 0.4 Remove by reverse reeling
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Installations being Decommissioned, Summary of Programme in DP2, Pipelines.

GENERIC EXPLANATION OF SELECTIONS

Cut and Lift

Removes the whole line. Provides a clear seabed and removes a snagging risk for
fishermen.

Reverse Reeling

Removes the whole line. Provides a clear seabed and removes a snagging risk for
fishermen.

Partial Trench and
Rock-dump

lowers an already partially trenched line so that adequate cover over the top of
pipe (af least O.6m) is obtained. Rock-dump on selected sections that cannot be
adequately buried provides additional cover and stability, and minimises future
snagging risk.

Leave in Existing
Rock-dump

Line lies under existing and stable rock-dump, in area where incidence of
spanning is low.

Leave in Existing
Trench

Line lies in existing french with adequate [>0.6m) cover over top of pipe, in area
where incidence of spanning is low. Cut ends of line will be stabilised by a short
section of additional rock-dump.

ADDITIONAL INFORMATION on PIPELINE DECOMMISSIONING

Cleaning

Regardless of decommissioning option all the pipelines will be flushed o remove
hydrocarbon inventory. The oil lines will also be pigged, to remove any residual
hydrocarbons adhering to the walls of the pipe.

Treatment of ends

All disconnected ends on seabed will be buried or profected by rock-dump.

Mattresses All mattresses which are associated with subsea structures and pipelines that are fo
be removed, will be removed if safe to do so.

Grout Bags All grout bags will be removed if safe to do so, unless needed to protect in sitv
pipe.

Rock-dumps Existing stable rock-dumps will be left in place.

Supporting Studies

We engaged with a wide range of engineering, safety and environmental experts to examine all the opfions

subject to CA. Their reports are listed in the DPs and in the Technical Documents (TD) that support them. In

addition to the Environmental Statement, prepared with support from DNV GL, the aspecis or issues

examined by major supporting studies included:

e Refloating or liffing the Brent Alpha jacket in one piece

e Refloating the Brent GBSs

e Partially removing the GBSs

e Safely risk to other users of the sea from GBSs left in place

e Degradation and collopse of GBSs left in place

e Sampling and analysis of GBS cell contents

e Modelling dispersion and fate of exposed GBS cell contents

e Ecotoxicological assessment of effects of exposure of cell contents

e Safely risk fo fishermen from decommissioned Brent pipelines

e  Economic effects on commercial fisheries from structures left in Brent Field

e Employment and economic effects of proposed Brent decommissioning programmes of work

Key Recommendations
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Decommissioning the Gravity Base Structures: The GBSs are very large structures made from thick concrefe
reinforced with steel bars. They contain solid ballast and during installation were ballasted down by flooding
the cells with water. Decommissioning was not a design consideration or a regulatory requirement when they
were built, and they were not infended to be removed once they had been placed on the seabed.

The only way to remove the GBSs would be to refloat them, in a long, complex multi-phase programme
including preparation, refloating without loss of control, fowing, and dismantling while floating at a deep
water site near the shore. Given their size, age and condition, and the reality that many systems and parts of
the structures are now inaccessible or inoperable, it is impossible to categorically confirm that any such
operation would be successful. Our analysis has shown that the risk of not being able to complete refloat
operations successfully is unacceptably high, some 40-70 times higher than would normally be accepted for
any new project in the offshore oil and gas industry. Similarly, the risk that project personnel would be killed
or seriously injured is much higher than we would ever be prepared to accept. As a result of the high risk of
technical failure and the unacceptable risk to human life, we have concluded that for all 3 GBSs the option
‘Refloat and dismantle near shore' is not viable. In accordance with the DECC Guidance Notes, this option

was ruled out of the CA process.

Two options were taken forward for detailed CA (i) ‘Partial removal” which involves removing the upper part
of the legs to -55 m below sea level in line with International Maritime Organisation’s (IMO) guidance and
(ii) ‘leave in place’. After a detailed review of partial removal we concluded that cutting and removing the
upper parts of the concrete legs (each 20 m diameter, about 6,000 tonnes weight), which has never been
done before, would be extremely technically challenging. The legs would have to be cut underwater, lifed
clear of the water and carried to shore for dismantling. On balance there are few tangible safety,
environmental or societal benefits to be gained from the removal of the upper legs, and the risks associated
with partial removal outweigh the benefits. Multiple divers would have to be deployed which would
substantially increase the safety risk to offshore personnel. The potential risk of snagging on the submerged
leg 'stubs’ is also recognised by fishermen, who prefer the legs fo be left upright where they can be seen.

As a result of this analysis and extensive stakeholder engagement, our recommendation is to leave the GBS
structures in place. They would be fitted with remotely operated navigation aids, marked on charts and
included on the FishSAFE database. The very small risk of collision risk fo other users of the sea from leaving
the legs in place will be further reduced by the navigational and warning measures described above.

Our studies suggest it is likely that the visible part of the legs would remain in place for 150-250 years. We
predict that the legs would degrade slowly as the seawater penetrates the concrete and the sfeel bars begin
fo corrode. This slow process of degradation and corrosion would have no measurable impact on the
environment. It is difficult to predict how and when the legs will eventually collapse, but once the visible part
has degraded the subsea section of the legs is expected to last for another 300-500 years. The present
500 m radius safety zones would remain in place as long as any part of the GBSs was above sea level,
and we would apply for a continuation of these zones once the GBSs were no longer visible.

Decommissioning the GBS Cell Contents: After consultation with BEIS, we carried out a CA for the cell
confents, to ensure there was consistency in the process across the different Brent facilities. A comprehensive
list of potential management options was created using expert input from chemical engineers, environmental
scientists and remediation specialists. Further analysis indicated that there were five technically feasible
options, comprising three ‘leave in place’ options (with or without /n situ freatment] and two ‘removal’

options.

Both of the removal options involve cutting large (3-5m diameter) holes into the top of all 42 oil storage cells
in the GBSs, and removing the cell water and sediment as a watery “slurry”. The slurry, which would be
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approximately 10 fimes the volume of the actual sediment removed, would then be handled several times,
either to transport it to another location for pumping down a new well, or fo shore for storage and then
treatment and disposal. For the purpose of the CAs of these feasible options, we assessed the safety risks,
environmental impacts, sociefal risks, technical feasibility and cost implications of activities and operations
both offshore and onshore. An important part of these studies was the assessment of the environmental
implications of leaving unfreated or partially treated materials in the GBSs.

Our longerm fate modelling studies and ecotoxicological assessment — both of which were undertaken by
independent organisations — show that while the GBSs remain infact litle will happen to the sediment if it is
left untreated inside the cells. The Environmental Impact Assessment (EIA), supported by the ecotoxicological
assessment and the extensive numerical fate modelling, has concluded that release of the cell contents would
not have a significant negative impact on the marine environment. For the water phase, the results show that
there would be acute fransient potfential impacts that would not exceed 17 km from the point of release at the
platform and would not last more than 3-5 days. For the sediment phase, there would be a long-term but
localised impact on the seabed within 2 km of the platform, but this would only occur in the unlikely event
that a significant proportion of the sediment were fully exposed on the seabed after the final degradation and
collapse of the GBSs. Given the estimated volume and characteristics of the cell sediment, and ifs location
deep within concrete cells, the recommended option for its management is to leave it in place untreated,
encased in the cells. The significant technical difficulties and cost of mobilising and removing the cell
sediment, as well as onshore treatment and disposal, proves disproportionate to the small and localized
environmental legacy impact of leaving the sediment in place.

Conclusion

The final recommendations contained in this document are the result of 10 years of exhaustive studies, the
completion of the detailed CA process and extensive stakeholder engagements. In order to understand the
environmental impact of the recommendations, an EIA has been performed by DNV GL for Shell and is
presented in the Brent Field Decommissioning Environmental Statement (ES). The EIA shows that
decommissioning operations offshore and onshore would not be likely to have any significant adverse
environmental or societal impacts. The legacy effects offshore would either be transient or confined to areas
within 2km of the platforms, and in both cases would not be likely to result in noticeable negative impacts at
a regional level.

Decommissioning is under way and is estimated to be completed by 2026. We have started with Brent
Delta and will finish with the programme of subsea debris clearance around Brent Charlie. The proposed
programmes of work are expected fo generate approximately 10,000 person-years of work over the period
2016 to 2026. About 36% would be associated with the remaining P&A programme, 48% with offshore
preparations and lifting, and 16% with onshore dismantling and disposal. On completion of the offshore
decommissioning operations, we propose that two surveys would be undertaken around each Brent site to
defermine if the decommissioning programmes have had any measurable effects on the adjacent seabed.
The first survey would be shortly affer decommissioning, and the second about five years later. The timing,
frequency and scope of subsequent environmental surveys will be discussed and agreed with BEIS. On
completion of all the offshore programmes of work, a detailed survey of each structure, pipeline and cuttings
pile would be undertaken to assess and record its ‘asleft’ condition. The timing, frequency and scope of
subsequent visual surveys will be discussed and agreed with BEIS.

In accordance with the Pefroleum Act 1998, the responsibility for the subsequent management of on-going
residual liabilities, including managing and reporting the results of the agreed post-decommissioning
moniforing, evaluation and any remedial programme, will remain with the present owners. All the structures
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and pipelines which are proposed to be left in place remain the property and responsibility of the Brent Field
licensees.

Page | 29






BRENT FIELD DECOMMISSIONING PROGRAMMES

PARTNER LETTER OF SUPPORT FROM
ESSO EXPLORATION AND PRODUCTION UK LIMITED

PARTNER LETTER OF SUPPORT FROM
ESSO EXPLORATION AND PRODUCTION UK LIMITED

Page | 31



BRENT FIELD DECOMMISSIONING PROGRAMMES

PARTNER LETTER OF SUPPORT FROM
ESSO EXPLORATION AND PRODUCTION UK LIMITED

Intentionally left blank

Page | 32



BRENT FIELD DECOMMISSIONING PROGRAMMES

PARTNER LETTER OF SUPPORT FROM
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Ex¢onMobil

ExxonMobil International Limited Carole J Gall
Union Plaza Asset Manager,
1 Union Wynd Central/ Northern North Sea
Aberdeen
AB10 1SL

+44 (0)1224 264453 Telephone
+44 (0)1224 264490 Facsimile
e-mail: carole | galig@exxonmobil com

Department for Business, Energy and Industrial Strategy
Offshore Decommissioning Unit

AB1 Building, 3" floor

Crimon Place

Aberdeen

AB10 1BJ

30" January 2017

Dear Sir or Madam

PETROLEUM ACT 1998
BRENT FIELD DECOMMISSIONING PROGRAMMES

We acknowledge receipt of your letters dated 23 January 2014 and 12" December 2014
regarding the abandonment programmes for the Brent pipelines and the Brent installations
respectively.

We, Esso Exploration and Production UK Limited, confirm that we authorise Shell U.K. Limited
to submit on our behalf abandonment programmes relating to the Brent installations and Brent
pipelines as directed by the Secretary of State on the above date.

We confirm that we support the proposals detailed in the consultation draft of the Brent
Decommissioning Programmes document, which is to be submitted in February 2017 by Shell
U K. Limited.

Yours faithfully

Carole J Gall
CNNS Asset Manager - UK Joint Interest

For and on behalf of Esso Exploration and Production UK Limited

Registered in England

Number 3834848

Registered Office

ExxonMobil House, Ermyn Way
| satherhead Surrey KT22 811X
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PART ONE
INTRODUCTION AND BACKGROUND INFORMATION

These Sections present:

1.

O~ LN

Background information about the Brent Field and ifs history.
A summary of the environmental conditions in the Brent Field.
A description of how we have managed the Brent end-offield-life operations.

An overview of the range of facilities to be decommissioned.

A summary inventory of the materials on and in the facilities to be decommissioned.
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2 INTRODUCTION

This document presents the Decommissioning Programmes (DP) for the Brent Field installations and associated
pipelines (Figure 10 and Table 5). Shell UK. Limited (the operator of the Brent Field) and Esso Exploration
and Production UK Limited are the owners in equal shares of the Brent Field.

The Brent Field comprises 4 platforms, 28 pipelines and 4 subsea structures with a total mass of about
1.8 million tonnes. In various ways all the platforms are linked o each other or to third party assets, and
in our initial planning we carefully considered the chronological sequence of decommissioning and the
implications for other platforms and systems. We started planning these complex decommissioning
programmes in 2006, and as a result of this extensive period of study, evaluation and assessment there
is a substantial body of work which:

o Describes the facilities and their environmental settings

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

e Examines the advantages and disadvantages of technically feasible options

After discussion with BEIS 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 DPs. The DPs in this document therefore focus on describing:

e The process we followed to identify technically feasible options.

e The safety, technical, environmental, economic and societal implications of different options.
e The important differences between options.

e The recommended options for each of the facilifies.

e The proposed programmes of work for decommissioning the Brent Field.

e The continuing responsibilities that we will have for any assefs or material remaining in the Brent

Field.

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

Figure 7 shows the suife of documentation for the DPs. The TDs are designed to be read affer the DP
document, supplementing it and providing detail fo the facts, assessments and conclusions presented in the
DPs. The full tile of each reference is given when first cited, and thereafter by the document's number in
brackets [ ] as listed in Section 25 Supporting Material.
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Figure 7 Brent Field Decommissioning Programmes and their Supporting Documentation.
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The decommissioning of oil and gas faciliies on the United Kingdom Continental Shelf (UKCS) is regulated
by the Petroleum Act 1998 (1] and amendments, which provides the framework for the implementation in the
UK of OSPAR Decision 98,3 on the Disposal of Disused Offshore Installations [2]. The DFCC Guidance
Notes: Decommissioning of Offshore Oil and Gas Installations and Pipelines under the Petroleum Act 1998
[3] provide guidance and advice in the preparation of DPs. Owners must prepare a programme for the
decommissioning of all installations and pipelines, and submit a formal DP to BEIS in a timely manner for
review and approval.

As a result of OSPAR Decision 98/3 there is a presumption that all installations will be removed from their
present locations on the seabed, and re-used, recycled, or disposed of onshore. OSPAR 98/3 recognises,
however, that this may not be practical or safe in all circumstances, and has indicated certain categories of
facilities that may be candidates for derogation from the general presumption of total removal. If a facility is
a candidate for derogation, the owners are required to carry out a CA of feasible options, including the
option of full removal.

Under the Petroleum Act 1998 and the Section 2@ Notices that have been served on the coventurers,
Shell and Esso have a joint and several obligation for the decommissioning of the Brent Field. Esso confirms
that it fully supports and endorses the proposed programmes, and that it authorises Shell to submit DPs as
directed by the UK Secretary of State.

The installations and facilities in the Brent Field are covered by two Section 29 Notfices, and in accordance
with the Notices that have been issued to the owners, and as required by the Pefroleum Act 1998, two DPs
are presented in this document (Table 4). The Brent Delta topside is covered by a separate Section 29
Notice, dated 12" December 2014, and the Brent Delta Topside Decommissioning Programme [4] was
approved in July 2015.
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Table 4 The Two Decommissioning Programmes in this Document.

Decommissioning

Section 29 Notice Date Facilities Covered
Programme

DP1 — Installations 12th December 2014 Brent Alpha, Bravo and Charlie platforms,
and the Brent Delta substructure being the
whole of the structure located beneath the
steel transition pieces on fop of the concrete
legs, and including without limitation all
associated subsea equipment.

DP2 — Pipelines 23rd January 2014 The Brent Field pipeline system, and
associated seabed infrastructure, namely:
PLOOT
PLOO2
PLOO2A’
PLO17
PLO44
PLO45
PLO46
PLO4/
PLO48
PLO49Q
PLOSO
PLOST
PLO52
PLO87A
PLO87A.1
PL98/A.2
PLOB7A.3
PL?88A
PL1®55

It is noted that some of these PWA'®
numbers cover several of Shell's pipelines
number prefix ‘N'.

Table 5 shows how the various Sections of this Decommissioning Programmes document relate to these two
Programmes.

? PLOO2A is listed on the Section 29 Notice, but is not within the scope of the Brent Decommissioning Project

' PWA: Pipeline Works Authorisation
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Table 5 The Arrangement of Sections in this Decommissioning Document.
No Section Heading | DP]. DP2 Pipeline
nstallations System
Executive Summary
] Executive Summary Combined
Partner Lefter of Support Combined
Part 1: Introduction and Background Information
2 | Infroduction Combined
3 | Background Information Combined
4 | End of Field Life Management Combined
5 | Facilities to be Decommissioned Combined
6 | Inventory of Materials Combined
Part 2: Assessment of Decommissioning Options
7 | Alternative Uses for Platforms and Facilities Combined
8 | Decommissioning Options and Comparative Assessment Method Combined
9 | Method used to Assess Environmental Impacts Combined
10 | Stakeholder Engagement Combined
Part 3: Decommissioning the Brent Facilities
11 Decommissioning the Brent Field Wells 11 N/A
12 | Decommissioning the Platform Topsides 12 N/A
13 | Decommissioning of the Brent Alpha Steel Jacket 13 N/A
14 | Decommissioning the Brent Concrete GBSs 14 N/A
15 | Decommissioning the GBS Cell Contents 15 N/A
16 | Decommissioning Other Materials in the GBSs 16 N/A
17 | Decommissioning the Brent Field Drill Cuttings Piles 17 N/A
18 | Decommissioning the Seabed Infrastructure 18 N/A
19 | Decommissioning the Brent Pipeline System N/A 19
20 | Programme of Work for Debris Clearance Combined
Part 4: Programme Management
21 | Schedule and Industrial Implications Combined
22 | Environmental Impact Assessment Combined
23 | Project Management and Verification Combined
24 | Pre- and PostDecommissioning Monitoring Combined
Part 5: Supporting Material
25 | Supporting Material Combined
26 | Acronyms and Glossary Combined
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3 BACKGROUND INFORMATION

3.1 Introduction

The Brent Field and its pipeline system are located in Block 211/29 of the UK sector of the North Seq,
approximately 136 km east of the Shefland Islands (Figure 8). The Field is part of the extensive oil and gas
infrastructure which has been established over the last 40 years in the East Shetland Basin; there are

11 platforms, 3 floating installations, 17 templates and 4 subsea clusters within 25 km of the Brent locations

covered in this DP document (Figure 9).

Figure 8 Block Location of the Brent Field and Pipeline System.
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Figure @ Location of Other Facilities within 25 km of the Brent Field.
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Figure 10 The General Arrangement of Facilities in the Brent Field.
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3.2  Development History

Brent was discovered in 1971, and during 40 years of operations (Table 6) has produced approximately

2 billion barrels of oil and 6.0 frillion cubic feet of gas, together amounting to some 3 billion barrels of oil
equivalent. At its peak in the late 1980s to early 1990s, the Brent Field alone provided approximately 8% of
the UK's total gas consumption. To date, about 99.5% of the economically recoverable reserves in the Brent
Field have been recovered, a historically high value for North Sea fields. The Brent Field has also created
and sustained thousands of jobs, contributed more than £20 billion'" in tax revenue, and provided the UK
with a substantial amount of ifs cil and gas.

Table 6 History of the Development of the Brent Field.

Date Event Date Event

1971 Brent Field discovered 1995 Brent Spar removed from the Field

1975 First platform, Brent B, installed 1995 Brent upgraded for major gas export

1976 Development drilling begins 1996 Brent South decommissioned

1976 First oil produced, from Brent Bravo 1998 Discharge of oil-based mud cuttings
ceases

1976 Brent A and D insfalled 2004 Well plug and abandonment begins
(at Brent South)

1978 Brent C installed 2009 Dates for Cessation of Production
(CoP) agreed with DECC

1981 First gas exported 2011 Brent Delfa ceases production

1988 Pipeline to Sullom Voe installed 2014 Brent Alpha and Brent Bravo cease
production

3.3 Environmental Setting

The Brent Field: The environmental setting of the Brent Field is summarised below. A full description of the
environmental settings can be found in our Brent Field Decommissioning Environmental Statement ES) [5]
which has been prepared for us by Det Norske Veritas [DNV GL). Table 7 summarises the physical,
biological and socio-economic environments in the Brent Field.

The character of the benthos, and in particular the changes that have occurred as a result of the permitted
discharge of cleaned oily cuttings and the recovery that has begun since those discharges ceased in 1996,
are well documented by a series of seabed surveys, the most recent of which was in 2015. With the
exception of work along the export pipeline PLOO1/NO0501, the vast majority of offshore work in the Field
will occur within the 500 m safety zones around the four installations, areas which have been covered by all
the benthic surveys.

Transportation route to shore and transfer site: VWe have contracted Able UK Limited to dismantle and
dispose of three topsides and the Brent Alpha upper jacket, and this work will be undertaken at the Able
Seaton Port [ASP) facility on Teesside. The characteristics of the offshore route from the Brent Field to the River
Tees, and the nearshore transfer site off The Headland at Hartlepool, are described in the ES [5]. The
proposed fransit route passes twelve offshore conservation areas and directly through one conservation areq,
the NE of Farnes Deep Marine Conservation Zone [MCZ). The fransfer site is outside but close o areas of
potential Annex 1 sandbank and reef habitats. Numerous conservation areas are present within a 40 km
radius of the centre of the proposed transfer site.

""In today’s money
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Onshore dismantling, treatment and disposal sites: The characteristics of the short tow route into the River
Tees, and the ASP facility and its environs, are described in the ES [5]. A defailed description of the onshore
facilities at the ASP facility is given in the ES and the Brent Topsides Decommissioning Technical Document
[6]. The ASP facility is located on the north side of the Tees estuary, adjacent o the Teesmouth National
Nature Reserve (NNR), where Annex Il common seals and grey seals haul out af low tide. This is the only
area on England’s north-east coast where common seals regularly breed.

Table 7 Summary of the Physical, Biological and Socio-economic Environments in the Brent Field.
Aspect Summary Data
Water column Water depth 140.2-142.1 m Tidal range 1.83m
100 year refurn wave Amplitude 26.2m Period 15.5 seconds
Maximum current speeds Surface 0.86m.s’ Seabed 0.46m.s’
Water temperature Maximum 13°C Minimum 6°C

Seabed sediments

Muddy sand, with holes and mounds created by burrowing fauna
especially Norway lobster Nephrops.

Benthos Characterised as 'North British Coastal zone” and ‘offshore Northern North
Sea’, dominated by polychaetes, crustaceans, bivalves and echinoderms.

Fish Demersal and pelagic species, predominantly cod, haddock, whiting and
herring. Platform located within spawning areas for herring, whiting, lemon
sole, Norway pout, sandeels, sprat and Nephrops.

Shellfish Norway lobster Neohrops.

Marine mammals

low densities of cetaceans; most commonly occurring species are harbour
porpoise and white-beaked dolphin. White-sided dolphin, Risso’s dolphin,

botilenose dolphin, fin whale and minke whale have also been recorded.

Seabirds

Important area for seabirds, particularly in summer, especially guillemot,
fulmar, kitiwake and razorbill. Other species include puffin, herring gull,
litle auk, arctic tern, gannet, great skua, arctic skua, sooty shearwater,
cormorant and common fem.

Conservation interests

Marine mammals are designated species. There are numerous colonies of
coral lophelia pertusa on all four platforms. The nearest offshore SAC is
Braemar Pockmark, 225 km away.

Commercial fishing

The relafive value of commercial fisheries in ICES rectangle 51F1, in the
Brent Field area, is ‘Moderate’ to ‘low’. Fishing effort in 51F1 is 'low’ and
dominated by demersal gear types.

Shipping

Within 50 km there are 14 recognised shipping lanes, used by 8,430
vessels each year. Shipping density in the Brent Field ranges from ‘low’ fo
'very low’.

Nearest oil and gas
activities

Statfiord Field, 9.6 km to the northeast.

Commercial activity

With the exception of oil and gas activity, and commercial fishing, there
is no other commercial activity at the site.

MOD activity

None

Wrecks

Nearest marked wrecks are @ km away from Brent Alpha and Brent Bravo.
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4 END OF FIELD LIFE MANAGEMENT

4.1 Managing Declining Production

The Brent Field was discovered in 1971 and production starfed in 1976. In total, 146 wells and side-tracks
have been drilled, accessing all parts of the extensive Brent reservoir.

We completed a major restructuring programme (called the Long-Term Field Development project, LTFD) in
1996 and this changed the Field from producing predominantly oil to producing predominantly gas. This
boosted production and extended field life by approximately 10 years. Further upgrades, reconfigurations
and management of the provision and distribution of fuel gas from Brent Charlie have all contributed to
maximising production and minimising costs. In recent years, therefore, Alpha has produced oil and some
gos, Bravo and Charlie have produced mostly gas, and Delta has produced mostly oil.

Up to 1991 oil was exported from the Field by shuttle tanker, loading oil from the Brent Spar buoy.
The three GBSs have storage cells that allowed oil production to be stored for several days between
fanker visits, but they were also designed to help process and separate the crude oil. VWhen the Brent
Charlie-Cormorant Alpha oil export line (PLOOT,/NO501) was commissioned, loading from the Spar
ceased and the cells were mostly used for processing oil, rather than storing it.

We have confinually evaluated the Field's performance and the state of its reservoir and producing wells,
and updated our forecasts of future production and remaining reserves. The challenge faced in managing
end-offield life is to maximize production from the reservoir safely and costeffectively. End-of-life
management, and determining a date for cessation of production (CoP), need careful consideration because
the Brent Field is a complex set of facilities and processes. The platforms in the Field interact with each other
by providing various services and functions, and also with platforms and fields belonging to third parties.

For each platform, the options available for managing end-ofield life and for eventual decommissioning

are strongly influenced by these interactions — some options may not be possible because of the influence of
other assets, and some may not be acceptable because of the influences they would have on other assets.

4.2 Timing of Cessation of Production

Plateau production levels were achieved in the period 1998 to 2002, and since then production of both ol
and gas have declined significantly. Figure 11 presents graphs showing the daily and cumulative production
of oil and water (red and blue lines respectively in the upper graph) and gas (lower graph| since 1976.
Despite detailed investigations since 2006, no viable or economically sustainable programmes or measures
can be put in place fo extend production.
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Figure 11 Brent Field Production Profile, 1976 to 2008.
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Upper graph: Red line is Cumulative Production of Oil: Blue line is Cumulative Production of water

Lower graph: Green line is Cumulative Production of Gas

In 2006 we initiated defailed discussions with DECC (now BEIS) about possible dates for CoP which
examined fiscal, economic, technical and safety implications both for ourselves as owners and the UK
Government. As these progressed it became clear that, despite earlier hopes that it would be economically
viable fo continue production on some platforms and thus carry out o phased cessation of production, all four

platforms were rapidly coming to the end of production.

Three of the four Brent platforms have now ceased production (Table 8) and we have reached agreement

with DECC (now BEIS) that Brent Charlie will cease production in the near future.

Table 8 CoP Dates for Three Brent Platforms.
Platform Date of CoP
Alpha 1*" November 2014
Bravo 1 November 2014
Delta 31% December 2011
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5 FACILITIES TO BE DECOMMISSIONED

5.1 Overview

The Field is served by four platforms, each comprising a substructure which supports the topsides. At Brent
Alpha, the substructure is a steel jacket, fixed in place by steel piles driven info the seabed. At Bravo, Charlie
and Delta the substructure is a concrefe Gravity Base Structure (GBS) comprising a matrix of large storage
cells [called the caisson) made of reinforced concrefe. The GBSs are held in place by their own weight,
additional solid ballast {in Bravo and Delta), and vertical skirts and dowels that penetrate up to @ m into the
seabed.

We have confirmed by sampling that the Brent Delta GBS contains various solid and liquid materials in the
oil storage cells. All the GBSs processed fluids from the same reservoir and operated in broadly the some
way. Samples taken from the topsides process systems on all three GBSs have very similar physical
characteristics and chemical composition. We have therefore assumed that the oil storage cells on Brent
Bravo and Brent Charlie contain the same type of solids (called ‘sediment’) as Brent Delta. From historical
records on sand production we have derived estimates of the volumes of sediment in the bottom of the ol
storage cells on all three GBSs. The sonar surveys have shown that the average mopped volume of
sediments in the 3 cells on Brent Delta (1,044 m® per cell) is close to the estimated volume we derived from
our desk-op studies (1,080 m® per cell].

We also know that the Brent Delta GBS contains various solid and liquid materials in the bottom of the
drilling legs and the minicell annulus'?. We have sampled these materials in the Brent Delta drilling legs and
minicell annulus, and in the Brent Bravo minicell annulus. We have assumed that the Brent Bravo drilling legs
have the same types and amounts of materials as Brent Delta, and will carry out sampling operations on
Bravo to confirm this.

As discussed in Section 8.1 we have considered all these materials to be substances that defermine the
characteristics of the GBSs. Options for their management were therefore assessed and compared according
to our CA procedure.

Drill cuttings containing amounts of hydrocarbons are present on the seabed beneath Brent Alpha and af
Brent South, and on the celltops and around the bases of Brent Bravo, Brent Charlie and Brent Delta. In a
2007 survey the total volume of seabed and cell4op drill cuttings in the Field was approximately

32,000 m®.

We complefed a further comprehensive seabed survey around all five Brent sites in 2015. This included
further sampling of the cuttings piles. The samples from the 2015 survey are currently being analysed. This
survey did not include the Brent Charlie drill cuttings piles within 50 m of the platform because of the
expected length of time unfil Brent Charlie CoP. We will sample these drill cuttings pile again closer to CoP.

The platforms are connected to each other and to other platforms by approximately 103 km of subsea
pipelines, umbilicals and power cables that fall within the scope of the Brent Field Pipelines DP. These lines
range in diameter from 2.5 inches (control umbilical) to 36 inches (gas export pipeline). Approximately
54 km (53%) of the pipeline network is either frenched info the seabed or covered by stable rock-dump.

Four subsea structures are included in this DP document; the Sub-Sea Isolation Valve (SSIV), the Pipeline End

Manifold (PLEM\), the Valve Assembly Spool-Piece (VASP) and the splitter box.

'? The minicell annulus is the space between the minicell and the wall of the utility leg, and is described and
illustrated in Section 16.3
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The subsea wells at Brent South were taken out of service in 1996. The wells were plugged and abandoned
between October 2004 and March 2005, and during this period the wellheads and upper casings were
removed and faken to shore. All that remains are the hisforic cuttings pile, four pipelines, and short sections
of rock-dump with approximately 109 concrete matiresses beneath the rock-dump.

The well af Brent 7 was taken out of service in 1977 and subsequently plugged and abandoned. All that
remains is a steel conductor guide frame.

Overall, the materials covered by the Brent Field DPs include approximately 295,000 tonnes of steel,
568,000 fonnes of concrete, 238,000 tonnes of sand ballast and 16,000 tonnes of rock-dump. Table @
summarises our best estimates of the material in the two DPs.

Table 9 Summary of Brent Field Materials.

Brent Platforms

e Brent Alpha topsides and steel jacket (including conductors|, 47,453 tonnes
e Brent Bravo topside and GBS, 364,817 tonnes

e Brent Charlie topside and GBS, 327,880 fonnes

e Brent Delta GBS, 325,418 tonnes

e Sediments in oil storage cells of the concrefe gravity base structures, approximately 73,300
fonnes in fotal

e QOily ballast water in GBS storage cells, approximately 638,500 fonnes in total
e Other solid wastes in GBS caissons and legs, approximately 8,100 fonnes in total

e Historic drill cuttings piles at all four installations and at Brent South, approximately 68,700
fonnes in tofal

e Historic drill cuttings in GBS tri-cells, approximately 53,500 tonnes in total.
e Seabed debris, approximately 600 fonnes

Brent Field Pipeline System

e 28 lines, approximately 103 km; approximately 25,129 tonnes of steel, 21,896 tonnes
of concrete and 16,000 fonnes of rock-dump

e 4 subsea structures, approximately 467 fonnes

e Concrete mattresses, approximately 489 (1,762 tonnes)

e Grout bags, approximately 4,156 (104 tonnes)
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6 INVENTORY OF MATERIALS

6.1 Introduction

We have prepared inventories of the materials presently on and in all the focilities {Table 10 and Table 11).
These are based primarily on the original plans for the structures, our databases of weight and centre-of-
gravity calculations, and the records of modifications and additions that have been made over the years.
We have surveyed the topsides, and carried out some intrusive inspection where necessary and where

it was safe fo do so. The various TDs supporting the DP present detailed information about the inventories

of individual structures and the whole pipeline system.

6.2 Condition of Facilities after CoP

After CoP the topside process systems will be drained, purged and vented (via the cold flare system),

as appropriate, fo ensure that no pockets of hydrocarbon liquid or gas are present. As a safety measure,
additional vents may be created at selected locations in the topside process system to ensure they are not
recharged from any trapped inventories. All drained systems will be left open to the atmosphere to allow
free-venting fo occur so that gases do not build up. Pipes and tanks in the topsides will be cleaned fo the
extent required fo ensure that there is no risk to personnel or the environment during the removal of the
topside, but final cleaning may be undertaken onshore where cleaning can be carried out more efficiently
and safely. A defailed description of how we will prepare the topside for removal by the Single Lift Vessel
(SLV) Pioneering Spiritis given in Section 12.

The subsea pipeline system will be depressurised and flushed to remove remaining inventory; the oil lines will
also be pigged to remove any residual solid hydrocarbons adhering fo the walls of the pipes. All the lines
will then be left filled with inhibited seawater, pending the approval of the Decommissioning Programme.
Pipeline cleaning operations are described in Section 19.7.6.
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Table 10 Inventory of Materials Covered in DP 1, Brent Field Installations.

m:reij Alpha Bravo Charlie Delta South Alrl\lifs]e °
Steel topsides 11,921 19,572 25,448 Note 2 N/A N/A
Steel support structure 18,974 33,300 57,700 35,700 N/A N/A
Crout (concrete) 5,204 12,747 9,082 12,747 N/A N/A
Risers steel 345 302 365 78 N/A N/A
Wells steel 4,285 6,039 6,357 7,628 N/A N/A
Other steel structures 5122 7,003 7,428 8,404 N/A 384
Stainless steel 459 1,349 1,732 1,311 N/A N/A
Copper and copper alloys 174 396 510 407 N/A N/A
Alloy steel 216 285 329 276 N/A N/A
Anodes 256 N,/D N,/D N,/D N/A N,/D
NORM 43 123 152 119 N/A N/A
Asbestos 4 Q 9 9 N/A N/A
Ethylene/Propylene & PVC 104 65 88 7?2 N/A N/A
Halon 0 ] 0 0 N/A N/A
Rubber and Neoprene 28 28 28 28 N/A N/A
Insulation 31 Q9 83 105 N/A N/A
lead 11 6 13 11 N/A N/A
Titanium 28 31 32 31 N/A N/A
Concrete (GBS) N/A | 132,500 | 230,000 | 142,000 N/A N/A
Paint (fopsides) 1,245 Q61 899 899 N/A N/A
Ballast sand N/A | 133,227 N/A | 115,234 N/A N/A
Attic oil N/A 0 4219 640 N/A N/A

(Note 3) (Note 4)

Oily water N/A | 163,840 | 311,667 | 163,040 N/A N/A
Sediment in GBS cells N/A 31,104 10,863 31,104 N/A N/A
Material in minicell annulus N/A 325 N/A 325 N/A N/A
Material in drilling legs N/A 2,640 N/D 2,640 N/A N/A
External drill cuttings 12,600 14,374 25,314 12,040 4,332 N/A
Cuttings in fricells (assumed) N/A 24,078 N/A 29,466 N/A N/A
Debris on seabed & celltops 109 337 109 77 0 N/A
Total 61,159 | 584,741 | 692,427 | 564,391 4,332 384

Note 1. 'All subsea’ comprises 4 structures — the SSIV, the PLEM, the splitter box and the VASP. Being
subsea structures they are technically part of DP 1.

Note 2. The Delta topside has been covered by a separate DP [4]

Note 3. Interphase material only

Note 4 Only the oil storage cells.
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Table 11 Inventory of Materials Covered in DP 2, Brent Field Pipelines.

Pipeline Type
Material {onnes| Rigid Lines Flexible Lines L;;nvkjlircélzgz(j Total
Steel 24,486 585 58 25,129
Other metals 0 0 7 7
Concrete 21,896 0 0 21,896
Zinc anodes 184 0 0 184
Asphalt enamel 1,194 0 0 1,194
Polypropylene 180 o1 2 243
Other plastics 0 73 0 73
Concrete matiresses 0 1,762 0 1,762
Total 48,005 2,478 67 50,488
Note: 1. The values in Table 11 assume that the pipelines has been flushed and pigged as

described in Section 19.7.
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PART TWO
ASSESSMENT OF DECOMMISSIONING OPTIONS

These Sections present:
1. A summary of our review of possible alterative uses for some or all of the Brent facilities.

2. A description of the procedure we used to identify suitable decommissioning options, and the method
we used to prepare defailed Comparative Assessments of options, where required.

3. A summary description of the method used to assess the potential environmental impacts of all the
options subject to Comparative Assessment.

4. An overview of the work that we performed fo establish and maintain effective dialogue with our
stakeholders.
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7 ALTERNATIVE USES FOR PLATFORMS AND FACILITIES

7.1 Screening Method

While preparing the Final Field Development Plan (FFDP) in support of our application to DECC [now BEIS)
to agree CoP, we examined the feasibility of many options for the Brent Field and its facilities. We then
performed a high level review of a long-list of alterative uses for the Brent facilities, using the following
general approach and principles:

e Options should be permissible under the current legislation, and should have due regard to the

requirements of OSPAR Decision 98/3 and the Pefroleum Act 1998.

o The level of safety risk to project personnel and third parties should be tolerable and As Low As
Reasonably Practicable (ALARP).

o The principles of the Waste Hierarchy should be followed.

e Options should be technically feasible using existing vessels, equipment, facilities and procedures,
or using vessels or facilities that are expected to become commercially proven and available within
the timescale of the Brent Decommissioning Project (BDP). It should be noted that af the time of
screening, the SLV Pioneering Spirit was still a concept, and it was not envisaged that it would be
commercially available within the timeframe of the BDP. Clearly this situation has changed, and the
SLV option is discussed in Secfion 13. The outcome of our screening of alternative uses would not
have changed, however, had the SLV been available.

e Options were considered in light of the owners’ Business principles (Shell General Business
Principles. '

After examining possible options, and in the light of the considerable general literature concerning the
viability of alfernative uses and options for offshore structures in the North Sea, we divided possible options
info three cafegories, as defined below.

No action required We did not invesfigate these options any further because we concluded that:
o The option was extremely unlikely to be undertaken
e There were no, or few, business drivers within Shell or Esso for this option

e There was litfle or no stakeholder expectation that this option would be
undertaken by anyone

Check required We considered these options in more detail because we concluded that:
e The option was technically feasible but unlikely to be undertaken

e There may be business drivers within Shell or Esso for this option,
but they were unclear

e There was some stakeholder expectation that this option would be undertaken
by someone

Studly required We completed some specific studies on these options because we concluded that:
o The option was technically feasible
e There were clear business drivers within Shell or Esso for this option
e There was a clear stakeholder expectation that this option would be undertaken

13 Shell General Business Principles; http://www.shell.com/content/dam/shell-new/local /global-content-

packages,/ corporate/sgbp-english-2014 . pdf).
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7.2 Generic Opportunities for Re-use

Generic studies have identified many possible alternative uses for decommissioned oil and gas structures
(mostly for platforms| (Figure 12).

In planning their own decommissioning programmes, individual owners have examined some
or all of these alternatives to determine it any were applicable and viable for their specific site or platform.
For owners, the imporfant issues that must be considered in such an assessment include confirmation that:

e The proposed alterative use falls within the owners’ core business activities or is an opportunity fo
significantly advance ifs sustainable development aspirations.

e There is a sfrong demand from other industries, or society, for this use.
e The facility is suited for the new use and/or can be costeffectively converted to this use.

e The dlternative use will be economically viable, and, in particular, have no net negative effect on
the owners’ commercial operations.

e If the liability for decommissioning remains with the present owners, the alternative use will not make
the ultimate decommissioning programme riskier or more expensive.

Figure 12 Possible Alternative Uses for Decommissioned Oil and Gas Structures.
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7.2.1  Re-use Options Examined for Brent Facilities

7.2.2 Introduction

As described below, we have assessed several possible generic or specific re-use options for the Brent Field
facilities and assigned them to one of the categories defined in Section/. 1.

7.2.3  Other Oil and Gas Operations

We have checked the availability of such uses. VWe have tried to identify other oil and gas uses for the
facilities in their present locations, for example as tie-in points for small fields that could be developed using
subsea wells. We have not been able to identify any such opportunities o use Brent platforms /n sit for il
and gas operafions.

If it were technically feasible to move the whole Brent Alpha jacket, it could be installed in another field with
new or refurbished topsides, but we have not found any opportunities to use it for oil and gas operations at
any other location. Given the age and probable life-expectancy of the jacket, and the costs of repairs,
modernisation and recertification, it is very unlikely that this option would be economically viable.

7.2.4 Carbon Capture and Storage

We have conducted studies on this option. The report by Sigma3 Brent Facilities CO, reuse study [7]
examined the possibility of using the Brent Field and some or all of the platforms as a site for Carbon Capture
and Storage (CCS). We concluded that it would not be technically feasible to use the Brent Field for CCS,
and it would not be economically viable to use any of the platforms as injection sites. The recent report
Murchison Decommissioning Comparative Assessment Report [8] by Canadian Natural Resources (CNR)
highlighted the technical difficulties and economic realities of offshore CCS and reached a similar
conclusion. The main reasons why the Brent Field and facilities could not be used for CCS are as follows:

1. The Brent Field is remote from sources of Carbon Dioxide (CO,).

2. After all the Brent platforms have ceased production the FLAGS pipeline will continue to be used by
other operators for the export of gas. A major new pipeline about 450 km long would have fo be laid
fo carry gas from St Fergus (the only realistic existing landfall) to the Brent Field.

3. The facilities on the Brent platforms are not adequate for handling CO, because of the significant
corrosion risk associated with CO,, and they would have to be replaced.

4. The existing Brent wells are not in a condition to enable CO injection and would, as a minimum, have
to be worked over.

5. The present well locations may not be optimal for injection.

6. Because of the number of side-tracks info the Brent reservoir, there is a high risk that CO, would react
with the cement grout, which would eventually lead to the migration of CO,, to the surface.

7. The Brent reservoir is not suited to CCS. It would be difficult to fracture the rock and achieve sufficient
penetration to accommodate the large volume of CO, that would have to be pumped down-hole in any
commercially viable scheme. In addition, the reservoir is complex and contains several fault lines and
isolated pockets, and does not lend itself to the costeffective creation of a sub-surface store.
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7.2.5 Other Uses

We have considered the viability of these options. Historically, particularly in generic decommissioning
studies, it has offen been proposed that redundant offshore oil platforms could be converted for a variety
of non-oil and gas uses such as prisons, marine research stations, aquaculture, or renewable energy.

No such conversions have been undertaken on the UKCS to date, and any such proposals are likely o fail
the tests of technical feasibility and commercial viability. Put simply, the costs of maintaining and running
ageing platforms for alternative uses would be too high, and any extension of useful life would just delay
the eventual decommissioning.

We have concluded that no alternative use option for any Brent platform would be technically feasible or
economically viable, and therefore that no further action is required on any of them.

7.2.6 Arificial Reefs

We have considered the viability of this option. Redundant oil platforms have been used as ‘modules’

in artificial reefs in other parts of the world, most notably in the Gulf of Mexico where they help to support
a thriving offshore sports fishing industry. Several coastal states in America have State Artificial Reef Plans
that are managed under the auspices of the National Arificial Reef Plan. There are clear guidelines for the
selection of reef sites and the approval of materials for donation to reefs, and there are legally binding
agreements on the transfer of the ownership of, and liability for, reef modules.

No such framework exists in the North Sea, and there is evidence to suggest that commercial fishermen

in general do not support the creation of offshore reefs on the European continental shelf. OSPAR has
established Guidelines on artificial reefs in relation o living marine resources [9] which explicitly excludes the
use of redundant oil and gas platforms as reefs materials, unless they are first brought to shore and cleaned.
Such onshore cleaning operations would negate any reductions in safety risk or cost that could be achieved
by leaving the structures in sifv or moving them while submerged fo an approved reef location.

Finally, research work undertaken by UKOOA in the late 1980s and early 1990s, culminating in a report
for the Offshore Decommissioning Communications Project (ODCP) called Creating artificial reefs from
decommissioned platforms in the North Sea [10], indicates that the beneficial effects of individual, isolated
offshore platform reefs would be small in relation fo the sizes and geographic distribution of North Sea fish
stocks.

With litlle support from European fishermen, no framework for the transfer of ownership and liability,
marginal ecological benefits, and the need for expensive and risky cleaning and preparatory work,

we have concluded that it would be neither feasible nor economically viable to develop the Brent platforms
info artificial reefs and, therefore, that no further action is required.

7.3 Conclusion

We have not been able to identify any technically feasible and economically viable alternative uses for any
of the Brent facilities, either for oil and gas or non-oil and gas opportunities. Accordingly, all the facilities
covered by these two DPs will have o be decommissioned.
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8 DECOMMISSIONING OPTIONS AND THE
COMPARATIVE ASSESSMENT METHOD

8.1 Introduction

OSPAR Decision 98/ 3 states: The dumping, and the leaving wholly or partly in place, of disused offshore
installations within the maritime area is prohibited’. OSPAR recognised, however, that there may be
difficulties in removing the footings of large steel jackets weighing more than 10,000 tonnes, and in
removing concrefe installations, and created a provision for owners of such structures to apply for derogation
from the general rule of complete removal. If owners wish to apply for derogation, they must demonstrate that
"..an assessment shows that there are significant reasons why an alfernative disposal [option] is preferable
fo re-use or recycling or final disposal on land’[2]. To achieve this, the owners must carry out a CA of viable
opfions, including the opfion of complete removal.

OSPAR Decision 98/3 lists the following categories of installations (excluding their topsides) where
derogation may be considered:

a.  Steel installations weighing more than 10,000 tonnes in air'“,
b.  Gravity based concrete installations.
c.  Floating concrefe installations.

d.  Any concrete anchor-base which results, or is likely to result, in interference with other legitimate uses
of the sea’.

We completed CAs in accordance with the OSPAR requirements for all four installations [2], and in
accordance with the requirements of the DECC Guidance Notes [3] for each of the pipelines. Having
devised a quantitative method for performing these CAs, and after consultation with BEIS, we applied exactly
the same method fo the assessment of options for the cell contents (since they are substances contained
within the GBSs’ and the GBSs are subject to CA|, and to the materials in the minicell annulus and the
drilling legs (because they oo are 'substances in the GBS', and because the CA fulfils the role of a Best
Available Technique (BAT) assessment for the purposes of identifying a suitable option for the management of
these materials). All the seabed drill cuttings piles in the Brent Feld fall below both the thresholds set out in
OSPAR Recommendation 2006,/5 on a Management Regime for Offshore Cuttings Piles [ 11], but because
the Brent Alpha seabed would have to be disturbed in one of the options for the Brent Alpha footings we
performed a CA of options for the management of that pile to inform recommendations about the BA
footings. The cellfop cuttings piles on Bravo and Delta both fall below the OSPAR thresholds, but we
performed precautionary CAs for them in case they have o be moved fo permit decommissioning operations
fo be carried out on other facilities or materials. Modelling showed that the cell4op cuttings pile on Charlie
exceed the annual oil loss rate, and so we performed a Stage 2 CA of management options for this pile, as

required by OSPAR Recommendation 2006,/5 [11].
This section:
e Summarises the options that were compared for each facility
e Identifies and describes the criteria that we selected to compare options

e Summarises the method that we used to complete the Comparative Assessments

'“ DECC Guidance Notes [3] state that only the footings or part of the footings may be left in place.
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The results of the Comparative Assessments are presented in Sections 13 to 19 which:
o Describe the important aspects of the options for each facility
e Idenfify the recommended option for each facility, and the reasons for that recommendation

A comprehensive description of our CA procedure, with some discussion of sensitivity to changes

in weightings, is presented in our document Brent Field Decommissioning Comparative Assessment
Procedure [12].

8.2  Decommissioning the Topsides

The topsides of all four Brent platforms, which are not subject to any CA, will be removed and returned
fo shore for dismantling and recycling as described in Section 12. The removal of the Delta topside has
already been approved following our submission of a separate DP [4]. We have determined that no
fechnically feasible option for the platform support structures (the BA jacket and the concrete GBSs) would
require the continuing presence of the fopsides. The options for the BA jacket and for the GBSs therefore
assume that the fopsides have been removed, and the removal of the topsides does not form any part of
their programmes of work.

8.3  Infeasible Options for Substructures

As a result of our defailed studies we came to the following conclusions, which have defermined the
fechnically feasible options for the Brent substructures:

1. As described fully in the Brent Ajpha Jacket Decommissioning Technical Document [13] and summarised
in Section 13.2 to Section 13.4, there is no technically feasible method for removing the whole of the
Brent Alpha jacket in one piece. All options, including the use of the SLV Pioneering Spirit. would
require the jackef to be removed in two or more pieces, beginning with the removal of the upper jacket
down to 84.5 m below Lowest Astronomical Tide (LAT). Consequently, we confirm that the upper part of
the Brent Alpha jacket will be removed to shore for dismantling and recycling, and our CA considers
only the technically feasible options for the decommissioning of the footings (see Section 13.3 for o
definition of footings).

2. For a number of very significant fechnical and safety reasons that are discussed fully in the Brent Bravo,
Charlie and Delta GBS Decommissioning Technical Document[14] and summarised in Section 14.5,
the removal of any of the GBSs by refloating - essentially the reverse of the original installation
procedure — is not considered to be viable. Consequently, we confirm that we will be applying for
derogation for the each of the Brent GBSs, and our CAs examine the costs and benefits of removing
parts of the legs while leaving the bulk of the substructure in place.

8.4  Decommissioning Options
Decommissioning options comprise logical combinations of:

o The ‘operations’ that may be carried out offshore and onshore to decommission, dismantle, remove,
recycle or freat components and materials from offshore facilities.

e The legacies or consequences that may be achieved by the successful completion of operations.

This distinction between operations and legacies is useful when considering the relative advantages and
disadvantages of options. It reflects the fact that operational effects may be more or less immediate, local
and possibly shortlived, whereas end-point effects may be slow-acting and diffuse.

Table 12 lists the installations or items subjected to CA, and the technically feasible options that were
assessed. All the options are summarised in Sections 13 to 19, and the defailed CAs for each of these
facilities are presented in the Alpha Jacket TD [13], the GBS TD [14], the Brent GBS Confents
Decommissioning Technical Document[15), the Brent Field Drill Cuttings Decommissioning Technical
Document [ 16] and the Brent Field Pjpelines Decommissioning Technical Document[17].
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Table 12
was Subjected to CA.

The Technically Feasible Decommissioning Options for each Brent Installation or ltem which

Installation or ltem

Feasible Options Identified for Comparative Assessment

BA steel jacket footings, affer
removal of topside and upper jocket

J—

. Complete removal to shore.

N

. leave in place.

BA seabed cutfings pile

. Remove, treat on platform, discharge treated material fo sea.

. Remove, treat all material onshore.

. Remove, inject down hole at new remote well.

]
2
3. Remove, dewater, treat solids onshore.
4
5

. leave in place.

CelHop drill cuttings: (i/ For Charlie
because the ol release rafe exceeds
10 TE/ yvear. [ii] For other cuttings
piles that may have to be moved for
the removal affic oil and interphase
material

1. Displace small amount info water column (Bravo and Delta
only).

2. Remove, treat on platform, discharge freated material fo sea.

. Remove, treat all material onshore.

. Remove, dewater on platform, treat solids onshore.

3
4
5. Remove, inject down hole at new remote well.
6

. leave in place (Brent Charlie only).

Concrete GBSs, after removal of
fopsides

J—

. Partial removal of legs to -55 m.

N

. leave in place.

GBS cell contents

and

Material in MiniCell Annulus
and

Material in Drilling Legs

. Remove and inject info new remote wells offshore.

. Remove and treat slurry onshore, and dispose onshore.

. leave in place and cap.

]
2
3
4. leave in place with monitored natural attenuation (MINA).
5

. leave in place.

Pipelines, umbilicals and power
cables
Nofe:  This is a list of all the
fechnically feasible
options for the pipelines.
Not all of these options
apply fo every pipeline,
umbilical or power cable,
because of their size,
characteristics or present
status.

. leave tied in place with no further remediation.

. leave tied-in at platforms, french remote ends.

1
2
3. leave tied-in at platforms, rock-dump remote ends.
4

. Disconnect from platforms/infrastructure and trench and backfill
whole length.

5. Disconnect from platforms/infrastructure and rock-dump whole
length.

6. Remove whole length by cut and lift.

7. Remove whole length by reverse Say (single joint).

8. Partial french and backfill with isolated rock-dump on all

shallow trenched sections (PLOOT/NOS501 only).

Q. Partial rock-dump all shallow trenched sections (PLOOT,/NOS50 1
only).
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8.5  Method Used to Complete Comparative Assessments

8.5.1 Introduction

This section describes the method that we used to perform the CAs on those facilities that were subject to CA
(Table 12). A description and discussion of the full procedure is presented in the Brent Decommissioning
Project’s (BDP) CA Procedure [12].

Throughout this description and the subsequent narratives on CA, the term ‘performance” is used for simplicity
to describe the ability of an option to result in desirable effects, either when expressed in ferms of the raw
data or weighted score for a particular sub-criterion, or the total weighted score of the option.

8.5.2 Comparative Assessment Criteria

All the CAs were performed following the DECC Guidance Notes [3] and the Shell BDP CA Procedure [12],
with appropriate modification for the materials and the options under consideration. Technically feasible
options were assessed using the five main DECC criteria, namely:

e Safety

e Environmental
e Technical

e Sociefal

e Economic

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

e Technical and engineering aspects

e Timing

e Safety

e Impacts on the marine environment

e Impacts on other environmental compartments

e Consumption of natural resources and energy (and climate change
e Other consequences to the physical environment

e Impacts on amenities and the activities of communities

e Economic aspects

In line with this guidance, therefore, we assessed each option’s performance by dividing that criterion into
more specific sub-criteria. For example, the main criterion ‘Environmental” encompasses both the potential
environmental impacts arising during the work programme (which is likely to be on a timescale of a few
months) and the potential environmental impact arising from the exposure or release of the GBS contents

fo the marine environment over an extended period of time. By evaluating these different risks as separate
sub-criteria, we were able properly to record the performance of options in these two measures and examine
how environmental impacts changed with different options.

We decided that the main criterion ‘Safety’ should be assessed using three sub-criteria, ‘Environmental” using
four sub-criteria and 'Sociefal” using three sub-criteria (Table 13). The main criteria ‘Technical’ and
"Economic’ were each assessed by one sub-criferion.
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Table 13 The DECC 5 Main Criteria and the Selected Sub-criteria used in all Brent CAs.
DE:C.C Mcnn Sub-criterion Description
riterion
Safety risk fo offshore An estimate of the safety risk to offshore personnel as a
. result of complefing the proposed offshore programme
project personnel ok
of work.
Sofety risk 1o ofher users An estimate of the safety risk to other users of the sea from
Safety y v the long-term legacy of the structure after completion of the

of the sea

proposed programme of work.

Safety risk fo onshore
project personnel

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

Environmental

Operational
environmental impacts

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

legacy environmental
impacts

An assessment of the environmental impacts that could
arise as a result of the longferm 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 fo replace otherwise recyclable material left
at sea.

Caseous emissions

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

An assessment of the technical feasibility of being able to

Technical Technical feasibili
! ‘bility complete the proposed programme of work as planned.
An estimate of the financial gain or loss compared with
Effects on commercial the current situation that might be experienced by
fisheries commercial fishermen as a result of the successful
| completion of the planned programme of work.
Societa
! An estimate of the man-years of employment that might be
Employment .
supported or created by the option.
iy An assessment of the effects of the option on communities
Communities .
and onshore infrastructure.
Fconomic Cost An estimate of the fotal likely cost of the option, including

an allowance for long-term monitoring.
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8.5.3 Comparative Assessment Data

We elected to use a method of assessment that uses ‘global scales’” as a way of i) providing a unitless scale
on which to compare different sub-criteria (e.g. safety risk to other users of the sea 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 sfeps:

1. For each sub-criterion the data for each option for each facility 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 tumn, the ‘best” and ‘worst’ data from any option and for any facility
was used to fix the fop and bottom of the scale for that sub-criterion. For example, the option with the
highest Potential Loss of Life (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 arithmetically 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 fransformation 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 13 we generated numerical data such as values for PLL,
energy use [in gigahoules, GJ) and cost (£); the methods used to obtain these data are described in the CA
Procedure [12].

The estimation of safety risk was an important aspect of this work, and the following description of the
derivaion and application of PlLs is taken from our CA procedure [12]:

'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 fo the long-term risk from the planned end-point of the option. PLLs can
and are therefore used in the overall decision-making process (such as in a CA) along with
considerations of the environmental impacts, costs and other criteria.

There are absolute values of risk tolerability used by authorities such as the Health and Safety
Executive [HSE). For example, risks between 1 x 107" and 1 x 10° are considered intolerable and
risks between 1 x 10% and 1 x 10° are in the region where it has to be shown that the risks are
folerable and are ALARP. Within a decision-making process such as a CA, however, it should be
stressed that PLL figures should not be used as an absolute measure of risk because the total PLLs here
represent the cumulative predicted risk for different groups of people and activities, and there is no
analysis of the options to defermine 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'.

The assessment of four of the sub-criteria - ‘operational environmental impacts’, ‘legacy environmental
impacts’, ‘technical feasibility and ‘impact on communities’ - 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.
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For the sub-criterion ‘Technical Feasibility’ (TF), Shell engineers attended a series of facility-based workshops
fo discuss and score each of the options under consideration. An aid to scoring was developed, which listed
factors which would affect the likelihood of successtully executing the option and included considerations
such as the novelty of the equipment required and the susceptibility of the workscope to unplanned events.
This resulted in a score on a ‘local scale” (which was out of 45) and an understanding of the reasons

behind this score. The Shell engineers 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 engineers then examined the differences between each of the scores to safisfy 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 engineers discussed and agreed any adjustments to the scores
that they deemed necessary fo ensure that the scores of the options on the local scale were correct relative fo
each other, and the reasons for any adjustments were recorded.

A plenary TF workshop was then held at which the technical feasibilities 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 focilitated by
Catalyze and witnessed by the IRG. In summary, using the judgement of the Plenary TF Team, the best option
with respect to 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 ploced on the global scale, referring to the record of the facility-
based workshops as necessary. The infermediate options (those between ‘best’ and ‘worst’) were placed
onto the global scale by 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 environmental impacts that could arise from each of the options under
consideration in the CA as part of their work to complete the EIA. 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-criferion. 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
subcriterion 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 process used in the facility-based
workshops held by Shell to generate scores for TF. The DNV GL scores for the environmental impacts of
each option were therefore informed by the EIA, but do not necessarily directly correspond to the impact
assessments presented in the ES because 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 facilitoted by the MCDA experts and witnessed by both the IRG and Shell representatives. The same
process as described for TF was followed for operational environmental impacts, legacy environmental
impacts and impacts on communities, producing scores on a global scale for each of the three sub-criteria
which reflected each option'’s relative position.

Ultimately the work described here resulted in a suite of data appropriate for use in the BDP CA (Table 14),
and a set of global scales for each sub-criterion (Table 15).
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Table 14 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 1> ¢, 17 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 Cigajoules
Emissions Environmental Statement Numerical Tonnes
Technical feasibility Score provided by Shell Narrative & Score
Effects on commercial fisheries Study by McKay Consultants ' | Numerical GCBP
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 15 Global Scales for each Sub-criterion used in Brent Decommissioning CAs.
Subcriterion Units Best Value Worst Value
Safety risk to offshore project personnel PLL 0.0000 0.2640
Safety risk fo other users of the sea PLL 0.0000 0.2640
Safety risk to onshore project personnel PLL 0.0000 0.2640
Operational environmental impacts * Score 1.00 0.00
legacy environmental impacts * Score 1.00 0.00
Energy use (GJ) G 0 1,738,959
Emissions (CO») Tonnes ] 156,726
Technical feasibility * Score 1.00 0.00
Effects on commercial fisheries GBP 2,318,040 0.00
Employment Man years 2,128 0.00
Communities * Score 1.00 0.00
Cost GBP (million) 0.00 534.14

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

"> Anatec, 201 1. Assessment of the safety risk o fishermen from derogated footings of the Brent Alpha steel

jacket [18]

'° Anatec, 2015. Assessment of safety risks to mariners from Brent GBS [19]

"7 Anatec, 2014. Assessment of safety risk to fishermen from decommissioned pipelines in the Brent

Field [20]

'8 Mackay Consultants, 201 1. Brent Decommissioning: Assessment of socio-economic effects on commercial

fisheries [21]

' Mackay Consultants, 2014. Brent Decommissioning: Likely economic and employment impacts [22]
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8.6  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. VWhere a criterion was represented by more than one sub-criterion, we decided that these
foo should be weighted equally. Table 16 shows the weightings for the criteria and sub-criteria, in a
weighting scenario we have called the ‘standard weighting’.

Table 16 'Standard Weights' for the DECC Main Criteria and Sub-criteria.

Selected Sub-criteria DECC Main Ciriteria

Description Weight Weight Description
Safety risk to offshore project personnel 6.7%
Safety risk fo other users of the sea 6.7% 20% Safety
Safety risk to onshore project personnel 6.7%
Operational environmental impacts 5.0%
legacy environmental impacts 5.0% ‘

20% Environmental

Energy use (GJ) 5.0%
Emissions (CO») 5.0%
Technical feasibility 20.0% 20% Technical
Effects on commercial fisheries 6.7%
Employment 6.7% 20% Sociefal
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 fo derive a fotal weighted score for each option. The option with the highest fotal weighted score
was identified as the 'CA-recommended option’.

8.7  Examining the Sensitivity of the CA-recommended Option

The OSPAR Framework for CAs state that the CA shall be ‘sufficiently comprehensive fo enable a reasoned
Jjudgement on the practicability of each disposal option’, and that e conclusion shall be based on scientific
principles....... and linked back fo the supporting evidence and arguments’[2]. DECC Guidance Notes also
state it is unlikely that cost will be accepled as the main driver unless all other matters show no significant

difference’[3].

To examine the sensitivity of the CA recommended option, therefore, we applied five ‘selected weighting
scenarios’ o the scores, fo generafe new fotal 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
fo all our Stakeholders. Table 17 lists the five scenarios we used, and Table 18 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
defermined if the order of the options changed in some scenarios. This resulted in the identification of the
option that was the ‘Emerging recommendation’. It should be noted that this option may have been so
identified because, although not necessarily always the best option in every scenario, overall it performed
well in a number of the scenarios.
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Table 17 The Five Weighting Scenarios used to Assess the Sensitivity of the CArecommended
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 Sociefal: DECC criferion Societal weighted 40%.

6 DECC 5 main criferia without Economic.

Table 18 Weighting Applied to Sub-criteria in Selected Weighting Scenarios.
Suberiteria Weighting Scenario
1 2 3 4 5 6

Safety risk to offshore project personnel 67% | 13.3% | 5.0% 5.0% 5.0% 6.7%
Safety risk fo fishermen 6.7% | 13.3% | 50% 5.0% 5.0% 6.7%
Safety risk to onshore project personnel 67% | 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 (CO») 5.0% 3.8% 10.0% 3.8% 3.8% 5.0%
Technical feasibility 20% 15.0% | 15.0% | 40.0% | 15.0% | 20.0%
Effects on commercial fisheries 6.7% 5.0% 5.0% 50% | 13.3% | 6.7%
Employment 6.7% 5.0% 5.0% 5.0% 13.3% | 6.7%
Communities 6.7% 5.0% 5.0% 5.0% 13.3% 6.7%
Cost 20% 15.0% | 15.0% | 15.0% | 15.0% | 20.0%'

Note 1.

On elimination of sub-criterion ‘cost”: In this weighting scenario, o preserve the spread of the

weightings across the other sub-criteria, the sub-criterion ‘cost’ refains a weighting of 20% but

weighted score of an option.

Key to Weighting Scenarios

Scenario

Description

1

Standard weighting; equal weight to the DECC 5 main criteria

Weighted to Safety

Weighted to Environmental

Weighted to Technical

Weighted to Societal

Ol Mlw|N

DECC 5 main criteria, without Economic

8.8  Identifying the Recommended Option

We used all the above assessments and sensitivity analyses, and wider business and corporate
considerations (such as reputation, 'licence to operate’, and our General Business Principles) to compare
and contrast the performances of the options being assessed by means of CAs, in order to identify our
'Recommended option’. The results of our comparison and the reasons for our recommendations were then
presented in a narrafive 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 13. These show the relafive confributions of each
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of the sub-criteria to the overall performance of the option; the larger the coloured segment, the greater the
confribution 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 14. 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. The dotted line
bars show the maximum size of the difference that there could be between any two options in each sub-
criterion.

Figure 13 Example of a Bar Chart Showing the Total Weighted Scores of Three Options.

100.00
90.00
Best Option:
80.00 Wide bands show fo:g:’xer_ggrgd ~ | B Safety risk to offshore project personnnel
g the sub-criteria that - BN Safety risk to other users of th
S 70.00 | Worst Option: — coniribute most fo | B Sufctr ik ko oo ookt e
2 total weigh the total score a .ry risk fo ops ore project personne|
'E 6000} score= 53 Environmental impact of operations
= ‘ I legacy environmental impact
% 50.00 . I Energy
3 Bl Co,
< 40.00 B Technical feasibility
..g I Fisheries
P 3000 I Employment
B Communities
20.00 1 Bl Cost
10.00
0.00
Option 1 Option 2 Option 3
Options
Figure 14 Example of a Difference Chart Showing the Difference between Two Options in each of
the Sub-criteria.
The weighted score is higher in Option 2 The weighted score is lower in Option 2
than Option 1 by this amount than Option 1 by this amount
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Q METHOD USED TO ASSESS ENVIRONMENTAL IMPACTS

9.1 Introduction

DNV Gl prepared an Environmental Statement on behalf of and as endorsed by Shell UK. Limited and Esso
Exploration and Production UK Limited, as the Brent Field owners, under the responsibility of the Brent Field
owners to provide an Environmental Impact Assessment in support of the Brent Field Decommissioning
Programme. The environmental impact assessment was complefed in accordance with the requirements of the
DECC Guidance Notes [3] and the UK Offshore Petroleum Production and Pipelines [Assessment of
Environmental Effects) [Amendment) Regulations [23].

This section presents a summary of the methods that were used to assess and compare the potential impacts
of shortlisted options, and the way they presented their results.

9.2 Summary of Method Used to Assess Environmental Impacts
To complefe the EIA and prepare the ES, DNV GL:

1. Described the possible programmes of work that would be undertaken to complete each of the
shortlisted options. This was done with reference to reports, studies and data supplied by the BDP and
through numerous interviews and meetings with each of the lead engineers on the BDP.

2. Described the ‘environmental seftings’, all the locations and sites offshore, nearshore and onshore,
where projectrelated activities or operations may be carried out. This was done with reference to
site-specific offshore data gathered by the BDP, projectspecific baseline descriptions provided in
other studies, and published data.

3. Identified the types, number and possible severity of all potential impacts from the BDP in these settings.
This was done by means of a scoping report that was undertaken following the international guidance
given in the EU document Furopean Commission (EC) Guidance in FIA Scoping’[24] and the EU
‘Guidance Checklist of Criteria for Evaluating the Significance of Environmental Effects'[25]. The Brent
Decommissioning Environmental Assessment Scoping Report” prepared by DNV [26] was published in
June 2011, and stakeholders were invited to comment on its findings.

4.  Calculated the total energy use and the total gaseous emissions of the proposed programmes of work.
To prepare these estimates DNV GL used the widely-accepted method, reference data and factors
in the Institute of Petroleum’s (IoP) ' Guidelines for the calculation of estimates of energy use and gaseous
emissions in the removal and disposal of offshore structures’[27].

5. Identified those potential impacts that were considered significant, and assessed their effects in greater
detail. This was achieved by scrutinising the results of the scoping report, and the comments and
concems expressed by stakeholders either in our programme of stakeholder engagement or as a result
of the scoping report. Particularly significant or important issues were examined in greater depth,
offen by means of specialist independent studies, reports or modelling.

6. Assessed the potential cumulative effects of the both proposed Brent Decommissioning Programmes.
This was done by examining the phasing of the offshore and onshore work, the numbers and
magnitudes of impacts, and the ways in which these impacts might overlap or interact spatially and
temporally. Specialist studies and modelling by independent experts were again used as necessary.
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9.3 Assessment of Impacts and Presentation of Results
Following the EU guidance [24], potential impacts were assessed in terms of 12 criteria (Table 19).

Table 19 Ciriteria Selected to Examine Potential Environmental Effects.

Local Onshore: Effects of operations on local Accidents: Effects of possible accidental events
nearshore and onshore communities on the marine environment

Resource Use: Effects of the use of resources, such | Employment: Assessment of possible employment
as fuel and raw materials effects from the option

Hazardous Substances: Effects of the presence, legacy: Long-ferm physical and chemical impacts
handling, treatment of hazardous substances from both operations and end-points

Waste: Effects of the handling and treatment of Fisheries: The effects of offshore gperations on
other wastfes fisheries. longterm effects assessed in fegacy
Physical: Physical effects of offshore operations on | Free Passage: Effects of operations on navigation;
the marine environment long-ferm effects assessed in /egacy

Marine: Ecological effects of operations on the Energy and Emissions: Estimate of energy use and
marine environment, including underwater noise gaseous emissions from the complete option.

(Derived from [24].)

For each potential impact, DNV Gl assessed the likely scale of effect, taking info consideration standard
mitigation measures commonly applied by the offshore industry and the project- and site-specific mitigation
measures that are identified in the ES.

The likely overall severity of the effect was determined by considering the sensitivity of the receptor or the
environment and the scale or magnitude of the potential impact. For every facility, the severity of the overall
effect of the option on each receptor is shown on a single diagrom, as shown in Figure 15.

In these diagrams, the four curved bands shaded green indicate positive impacts of increasing (positive)
effect, and the four curved bands shaded red indicate negative impacts of increasing effect. The white zone
indicates where the combination of sensitivity and severity would result in no impact or an insignificant
impact. The labels on the right of the diagram indicate the severities of each band. The position of the
circular or elliptical area within a band or straddling a band indicates the degree of certainty or uncertainty
in the assessment. For example, Point A has a small negative impact and a relatively small degree of
uncertainty, as indicated by the small circle. The value or sensitivity (horizontal axis) is well defined, and the
assessment of effect [vertical axis) has been determined with confidence. By contrast, Point B represents a
relatively larger degree of uncertainty, because although the value or sensitivity is well defined, there is a
high uncertainty about the scale of effect, and this franslates into an impact ranging from ‘small negative’ to
'large negative’. DNV Gl nofed that detailed planning of activities, substantial knowledge, and robust
methodologies and procedures can confribute to a reduction in the uncertainty of the assessment.

As a result of applying this methodology, the same scale of effect may give a different impact depending on
the value or sensitivity of the receptor or environment. DNV GL consider this a sound basis

for assessing and presenting environmental impacts. They noted that a ‘moderate negative’ or ‘large
negative’ impact does not necessarily mean that the impact is unacceptable, but that further consideration
should be given to it.
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Figure 15 An Example of the Diagrams Used to Portray the Severity of an Impact.
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% Small positive impact
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Medium
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9.4  Estimation of Energy Use and Gaseous Emissions

Decommissioning options will use energy and emit gases as a result of several different types of

activity, including the use of vessels offshore, the running of platforms during decommissioning operations,
the transportation of material af sea and on land, and the dismantling, treatment, recycling or disposal of
material onshore.

All these activities are 'direct’ sources of energy use. To properly account for any energy ‘savings’ that may
be made when material is removed and taken to shore for recycling, options in which no such removal is
underfaken must be ‘debited” with the energy and emissions that would be associated with the new
manufacture of replacement materials [27].

The fofal net energy use and the fofal masses of gaseous emissions for all shortlisted options were estimated
by following the loP guidelines [27]. DNV GL took the loP factors for the amounts of energy used and gases
emitted during the combustion of different fuels and during the recycling or new manufacture of different types
of materials, and applied these to our estimates of the durations of operations, the sizes of the vessel spreads
for each option, and inventories of the masses of materials in structures and of the material that would be
removed or left in the sea under different options.
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10 STAKEHOLDER ENGAGEMENT

10.1 Introduction

Throughout the development of the Brent Decommissioning Programmes we have carried out a programme
of engagement with both formal and informal consultees and stakeholders. The aims of this programme were
fo:

e Provide dll interested parties with news and information about the BDP, the issues that we were
addressing and the information that we were obtaining.

o Creafe a means by which stakeholders could fell us of their concerns and views on any aspect
of the BDP.

e Provide mechanisms for stakeholders to learn about, and discuss, the views and concemns of other
stakeholders.

e Allow us to appreciate and understand our stokeholders’ concerns, and toke these into account
when assessing the advantages and disadvantages of different options, and identifying
recommended options.

This section summarises our programme of stakeholder engagement and its important findings that informed
our decision-making process. A full description of our stakeholder engagement programme, our stakeholders,
and the concerns and issues they raised is given in our Brent Decommissioning Stakeholder Fngagement
Report [28].

10.2  Identifying Stakeholders

The Oil and Gas UK (OGUK| Guidelines on Stakeholder Engagement during Decommissioning Activities
[29] define stakeholders as 'someone with a specific and defined inferest in your activities; either because
they could be impacted by the decisions you make and what you do, and/or because they can have
impact or inflvence on what you do'.

We developed a stakeholder database by referring to previous decommissioning projects, identifying
organisations inferested in current operations in the North Sea and following DECC's Guidance Notes [3]
and the OGUK Stakeholder Guidelines [29]. Our database now contains information on over 180
organisations, involving more than 400 individuals in the UK and Europe. These cover a wide cross section
of stakeholder groups including regulators, statutory®® and other identified ‘formal’ consultees as listed by
DECC in [3], trade unions, Non-Governmental Organisations (NGOs), business groups, local councils and
community groups, and academics/researchers.

10.3  Stakeholder Engagement

We developed processes and tools for conducting a long-term programme of engagement with our
stakeholders, and this comprised five main elements:

e A public website (www.shell.co.uk/brentdecomm)
e A regular enewsletter, available from the website

e Stakeholder dialogue meetings

%9 The statutory consultees are: The National Federation of Fishermen’s Organisations, The Scottish
Fishermen's Federation, the Northern Ireland Fish Producers Organisation Ltd and Global Marine Systems
Limited.

Page | 73


http://www.shell.co.uk/brentdecomm

BRENT FIELD DECOMMISSIONING PROGRAMMES

ASSESSMENT OF DECOMMISIONING OPTIONS

e Onetoone meetings with individual stakeholders or stakeholder organisations
e Presentations af conferences and meetings

Two other important acfivities within the BDP supported the programme of stakeholder engagement:
e The work of the RG in reviewing our technical studies

e The publication of DNV Gl's Scoping Report [26]
10.4  Stakeholder Dialogue Events

10.4.1 Organisation, Facilitation, Participation

Since the beginning of 2007 we have held seven pairs of dialogue events (in Aberdeen and London)
to which all the stakeholders were invited. The events were held at 9-12 month intervals and about
50 stakeholders attended each combined event.

The events were independently run and facilitated by The Environment Council (TEC) a UK-registered charity
that specialised in multi-stakeholder engagement processes, and then by Resources for Change (R4C).

They were held under a ‘non-attribution’ rule to encourage the free exchange of views, issues and concems,
and to provide an opportunity for stakeholders to discuss topics in depth.

At the request of stakeholders, each event focussed on specific aspects of the decommissioning scope.

This allowed participants to examine the various technical, environmental, safety, economic and social issues
in defail, enabling them to acquire a greater level of understanding and an appreciation of the project’s
challenges and trade-offs. Accordingly, appropriate technical specialists from the BDP attended the events
as necessary, supporting the Director of the BDP who atfended every event. Representatives of the RG
aftended all the events and, in the later meetings, gave short presentations on their activities, views and
conclusions.

10.4.2 Disseminating Information, Recording Views and Concerns

Before each event we sent stakeholders o comprehensive set of pre-reading materials on the topics fo be
discussed, to enable them fo participate as fully as possible on the day. At each meeting, new stakeholders
were offered an introductory briefing. Following each pair of events, the independent facilitators produced a
franscript of the proceedings and a full sef of responses to the issues and questions raised by stakeholders;
we sent this directly fo all sfakeholders and published it on the BDP website.

We met regularly with TEC and R4C to ensure that our engagement activities were meeting stakeholders’
expectations. Stakeholder feedback was sought after every event, and consolidated and analysed by the
facilitators, and published on the BDP website.

10.4.3 The Brent Decommissioning Website

In addition to the full reporting of the dialogue events and the publication of our presentation material and the
pre-read information, the BDP website presents:

e The project’s statement on 'Stakeholder Dialogue — Our Commitment'.
e Project background, status, technical information and frequently asked project questions.
e Afull record of all the issues raised by stakeholders and our responses to those issues.

e The IRG's pages. These pages allow the RG to publish their views on any aspect of the BDP and ifs
work, and their confent is fully under the control of the IRG. The Terms of Reference for the IRG's
activities is also published.

e Confracting and procurement information.

e A 'Contfact Us' facility to allow all stakeholders and members of the public to email the Brent
stakeholder engagement team directly with queries, comments or views.
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10.4.4 Brent Newsletter

At the request of stakeholders, we have regularly published a Brent decommissioning newsletter which
provides an update on the status of the BDP and additional technical information on various aspects of the
project. Seventeen editions of the newsletter have been produced since 2009, and these were sent
electronically to every stakeholder and published on the website.

10.4.5 Conferences and Speeches

Since 2007, Brent decommissioning staff have attended many public and indusiry events on
decommissioning, and presented updates on the BDP at more the 50 conferences and industry events. These
have included the annual NPF (Norske Petroleumsforening) Decommissioning Conference in Oslo, the joint
OGUK/Decom North Sea conferences held in Dunblane and more recently in St Andrews, various supply
chain events, and specialized technical events and seminars. All of this engagement has facilitated greater
exchange of information and leaming within the industry, supply chain and other stakeholders.

10.5

Stakeholder Input to the Decision-making Process

As a result of the broad engagement process described above, stakeholders have made many comments,
asked a large number of questions, and brought many issues and concerns to our attention. We have
recorded all the issues that our stakeholders have raised and the questions they have asked. The specific and
generic issues raised by our stakeholders, and the views and concerns they expressed throughout the
programme

of stakeholder engagement, have informed the way in which we have carried out our CAs and framed our
recommended decommissioning opfions.

The issues relating to specific structures, facilities or proposed decommissioning options are highlighted

in the appropriate parts of Section 11 to Section 19. We have taken note of all the issues that stakeholders
have brought to our attention, but the following issues appeared to us (from a review of all the records of
stakeholder engagement) to be of particular or recurring concern:

Cell remediation: Stakeholders said that it was important to obtain information on the composition
of the cell contents, and to understand the fate and effect of exposed cell sediment. From an early
stage in the project we committed fo affempting to sample the cell contents to verify our desk-op
estimates, and part of the EIA includes an assessment of the fate and effects of these materials.

As our studies on this fopic progressed, we esfablished the CMSTG (Section 10.8) to share more
detailed technical information regarding the options for the management of the cell contents. In
support of the EIA, we carried out detailed modelling of sediment dispersion, and a defailed
assessment of the potential ecofoxicological effects of this material once exposed.

Long-ferm fate: Stakeholders wished to learn more about the longferm fate of structures if derogation
were granted, and in particular the pros and cons of removing the legs of the GBSs. In response,
we complefed a series of engineering, environmental and sociefal studies, including an analysis

of the collision risks for commercial shipping and fishing vessels.

Cumulative impacts: Stakeholders wished fo understand better the potential cumulative impacts from

decommissioning operations at each of the individual sites. In response, we amended the scope of
the EIA.

Long-ferm monitoring: Stakeholders wanted to leamn more about our plans for the long-ferm
moniforing of structures that may be left in place, bearing in mind that the GBSs might remain extant
for more than 500 years. We presented our initial thoughts on monitoring to stakeholders, and

asked them for feedback.

The following more generic issues and concerns were also raised at more than one event:

Protection of the marine environment
Safety

The derogation process and proposed candidate derogation facilities
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e Management of the cells’ contents
e Reuse of facilifies
o Cosfs

e Jobs and development of the indusiry decommissioning sector

Stakeholder engagement and communication

10.6  Consultation with Statutory Consultees and Public Notification

In accordance with the DECC Guidance Notes, we are undertaking a programme of formal statutory
consultation on this Consultation Draft DP Document.

Public notifications have been published in local and national newspapers to provide an opportunity for
representations to be made regarding the programmes. All parties who registered their interest during the
dialogue sessions have been informed of the public nofice via e-mails.

10.7  Publication and Advertisement of Decommissioning Programmes

Copies of the Consultation Draft DP Document and ifs supporting documentation have been submitted o

BEIS.

Letters or emails have been sent to every stakeholder advising them that this Consultation Draft DP Document
has been published. Advertisements to this effect have also been placed in selected National newspapers.

The Consultation Draft DP Document and ifs supporting documentation, including the ES, are freely available
through the Brent Decommissioning website www.shell.co.uk/brentdecomm. The Consultation Draft DP
Document and the ES are available on the BEIS website (https: //www.gov.uk/guidance /oil-and-gas-
decommissioning-of-offshore-installations-and-pipelines.

10.8  Work of the Cell Management Stakeholder Task Group

To gain greater insight into stokeholders’ views and aid our deliberations on options for the management

of the sediment in the GBS oil storage cells, we invited selected stakeholders to join the CMSTG, which was
formed in 201 1. A total of 16 stokeholders worked with us over a period of 21 months from September
2011 to June 2013, and at a final plenary meeting in November 2015. During this programme we
complefed a total of 5 workshops, in which the advantages and disadvantages of the options were
examined and discussed, and the performances of the options assessed against a range of criteria. The work
of the CMSTG was facilitated by the independent consultant Catalyze, with the Shell team providing data
and information as requested. To manage the data and assessment, Cafalyse used the proprietary software
HiView3™ to permit the CMSTG fo build and then inferrogate a MCDA model. The CMSTG identified the
criteria with which they wished to assess the performance of the options, scored the performances of the
options in each criterion, and weighted the criteria relative fo each other.

The CMSTG identified and assessed a wide range of criteria that they considered were important when
weighing the advantages and disadvantages of options for the cell sediment. Their remit was not to make
a decision for us, but to give us greater insight info the criteria that were important and the significance of
any 'trade-offs” between the various options.
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We took the work of the CMSTG into account in our CA in three ways; through working with the CMSTG

and supporting them in their deliberations and listening to their discussions, we:

e Gained a deep appreciation of the criteria that they wished fo take info account when comparing
the options.

e Obtained a clear view of the relative importance of each criterion, and a strong steer on the criteria
that they thought were particularly important in identifying o recommended option.

e Gained a great insight info the ‘trade-offs” between options that were important for our stokeholders.

The work of the CMSTG helped us fo interrogate our own findings and to defermine which criteria might in
fact be ones on which we should be placing emphasis. It also informed our deliberations about some of the
qualitative scores or rankings that we made. The CMSTG gave us a very clear picture of the ‘drivers’ that
were imporfant fo our stakeholders. The work of the CMSTG and ifs findings are fully reported in the
Catalyze Report Shell Cell Management Stakeholder Task Group (CMSTG): Analysis Report[30], and
summarised in Sections 16.6 and 16.7.

10.9  Work of the Independent Review Group

10.9.1 Introduction

OSPAR stafes that the conclusions of Comparative Assessments ”...shall be based on scientific principles
and....linked back fo the supporting evidence and arguments' [2]. In their Guidance Notes [3] DECC state
"...itis important that the studlies and the assessment process that supports the chosen decommissioning
option are subject fo independent expert verification to confirm that the assessments are reliable....'

In view of the breadth and complexity of our CAs and of the fechnical engineering and environmental studies
performed to support them, we established an IRG fo review and report on the completeness, objectivity and
rigour of the supporting sfudies, and the methods used to assess and compare options. The IRG, which
comprised technical, engineering and environmental experts, did not comment or express any view on our
final recommendations, confining its comments solely to whether our conclusions were supported by the
evidence we presented. It should be noted that its remit did not cover the wells P&A programme or the
decommissioning of the fopsides.

The IRG was chaired by Professor John Shepherd, Professorial Research Fellow in Earth System Science in the
School of Ocean & Earth Science af the National Oceanography Centre, University of Southampton, and
comprised; Professor Torgeir Bakke of the University of Oslo, Professor Gunther F. Clauss of the Technical
University Berlin, Professor William D. Dover of University College London, Professor Jirgen Rullkétter of the
University of Oldenburg, Professor W Brian Wilkinson of the Universities of Reading and Newcastle Upon
Tyne, and Mr Richard | Clements. For the specific assessment of the feasibility of sub-surface re-injection of
cell sediments, the IRG was supported by three additional experts; Professor David Davies of Heriot\Watt
University, Professor lan Main of the University of Edinburgh and Professor Quentin Fisher of the University
of leeds. The IRG met on twenty-three occasions from January 2007 to September 2016. Defails of the IRG
and its terms of reference can be found at http://www.shell.co.uk/sustainability/decommissioning /brent-
field-decommissioning/brentfield-stakeholderengagement/irg.html.

10.9.2 IRG Final Report

In February 2017, the IRG published a final report on its assessments and reviews of our important
supporting engineering studies, the six TDs, the DNV GL EIA, our CA procedure and the consultation draft
DP. The full report may be found at the Brent Decommissioning website. We did not have any editorial
control over the IRG's report on ifs findings.
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PART THREE
DECOMMISSIONING THE BRENT FACILITIES

These sections describe the recommended decommissioning programmes for all the structures and materials
in the Brent Field. For each facility in turn, these sections present:

1.

O~ L

o

A description of the facility or material.

An inventory of materials present.

Descriptions of the options subject fo formal Comparative Assessment, if required.

The results of the Comparative Assessment and the reasons for the selection of the recommended option .

A description of the proposed programme of work o undertake the recommended decommissioning
opfion.

A summary assessment of our stakeholders’ concerns about the decommissioning of the facility.

A summary of the environmental impacts of the proposed decommissioning programme for the facility.
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11 DECOMMISSIONING THE BRENT FIELD WELLS

11.1  Introduction

Since 1974 a total of 399 wellbores (388 excluding wells where conductors only were run) have been
drilled in the Brent Field, from 154 platform well slots (Figure 16) and the 3 subsea wells af Brent South.
Table 93 to Table 97 in Appendix 1 summarise the status of the Brent wells at 1°' February 2017.

The Brent Field discovery well was drilled in 1971, and was followed by six further exploration and
appraisal wells. The Field was developed with four production platforms distributed along the axis of the
Field (opproximately North-South), close to the crest (East) of the filted fault block that constitutes the reservoir.
Development drilling comprised crestal producers in both Brent and Staffjord reservoirs, with first production
in 1975. Water-injection wells were placed down-dip for waterflood and pressure maintenance. Early in the
Field's life, when no gas export facilities were in place, gas was injected back into the reservoir. The Field
was depressurised in 1998 to allow the liberation of gas, and the Field became predominantly a gas
production field. In 2001 and 2002 several new wells?' were drilled to further reduce the pressure and
increase the volumes of liberated gas. In summary, the drilling programme comprised:

e 28 development wells*, drilled from Alpha over the period 1977 to 2001

o 37 development wells*, drilled from Bravo over the period 1975 to 2004

e 38 development wells*, drilled from Charlie over the period 1979 to 2003

e 40 development wells*, drilled from Delta over the period 1977 to 2007

o 3 subsea wells* af Brent South, drilled from a semi-submersible drilling rig in 1993

* These figures reference the number of well slots used for development drilling. The total number of

wellbores is determined by the number of sidetracks performed from each well slot as detailed in Table 93
to Table 97 in Appendix 1.

11.2  lIssues and Concerns Raised by Stakeholders

The main issue and concern raised by stakeholders during the programme of stakeholder engagement was:

e The need for Shell to use best practice to P&A the wells.

11.3 P&A Programme

The campaign fo ‘plug and make safe’ the Brent wells began in 2004 with the three Brent South subsea
wells. Well abandonment activities on the main Brent Field started in December 2008 and will continue until
about 2020. As of st February 2017, all of the 48 Brent Delta well slots have been fully decommissioned,
and permanent barriers have been set on 36 Brent Bravo wells and 3 Brent Alpha wells. Full
decommissioning of the Brent Bravo wells is expected to be completed in the first quarter of 2017.

All the work is carried out from the platforms as part of the end-ofife activities before and after CoP. The
programmes use the existing drilling derricks and other equipment on the platform, and are carried out under
all necessary permits, including those required under the Offshore Chemicals Regulations [31].

2! These were, specifically, high rate Electric Submersible Pump (ESP)ifted water production Enhanced-
Voidage (EV) wells. Enhanced voidage wells are essentially water producer wells that are used to reduce
pressure in the reservoir.
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Figure 16 Schematic Showing the Tracks of all the Brent Field Wells.

11.4 P&A Guidelines

The OGUK Guidelines for Suspension and Abandonment of Wells [32] is considered to be the indusiry-wide
standard to be achieved for all well abandonment operations performed in the UK. These guidelines have
been refined and updated over the years, and the latest guidance was published in 2015. The Brent P&A
programme is consfructed in accordance with the Shell Global VWell Abandonment Manual and associated
UK Supplement, using the OGUK Guidelines as a basis.

A global well abandonment Principal Technical Expert (PTE) is also available for guidance and support
covering all well abandonment operations.

In addition fo these documents, Shell has global Well Integrity Management and Pressure Control Manuals
which provide guidance and set standards for well control and well integrity management before, during
and after well abandonment.

11.5 Brent Abandonment Philosophy

11.5.1 Introduction

The Brent Abandonment Philosophy provides a methodology for ensuring that the abandonment work carried
out in the Brent Field is consistent across the Field, and that any risk of unplanned hydrocarbon release from
the well to the surface via the wellbore or annuli - now and for the future — is reduced fo a level that is ALARP.

11.5.2 Current Philosophy

The philosophy employed has evolved over time, as OGUK Guidelines have been updated and our
understanding of the Brent reservoir has improved. The current philosophy base case involves the seffing of
two, combined permanent barriers”? to isolate specific formations with flow potential, as follows:

%2 Zones with flow potential need to be isolated by two barriers. It is acceptable, however, to combine these
two barriers info one barrier that is twice the size of a single barrier.
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Barrier 1 — The objective of this barrier is to isolate the reservoir and existing accessible wellbores, to prevent
movement of fluids from the Brent and Statfjord reservoirs into shallower permeable formations or to the
seabed.

Barrier 2 — The primary obijective of the second combined barrier is to isolate the Balder Formation
underlying the Horda shales (as this is considered fo be a zone of flow potential) from the surface, and to
provide an additional barrier for any previously-abandoned and inaccessible hole sections. In certain
circumstances this barrier can also act as a back-up to Barrier 1, allowing Barrier 1 fo be set as a single
rather than combined barrier.

Environmental Plug — A shallow cement plug is placed where oil based muds are present behind casing
strings that require isolation from the environment. The methodology employed to set this plug, where
required, may vary depending upon the well architecture.

Upon completion of the placement of the barriers in the wellbore, each well must be monitored fo assess
any potential build-up of pressure, and the composition and flow rate of any fluid. All wells are therefore
fitted with a suspension flange®® and pressure gauges, and monitored for a minimum of 90 days. Once the
well is confirmed as being stable and has been successtully risk-assessed, conductor removal operations may
begin.

It should be noted that although this philosophy is applied to all the Brent abandonments, each well is still
considered on a case-by-case basis and a specific programme is developed for every well. In certain non-
roufine cases it may be necessary to set additional barriers or barriers in alternative locations.

Figure 17 shows the two main abandonment designs currently being employed on Brent.

23 A cap that is put on the top of the well while suspended, with a gauge for monitoring pressure.
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Figure 17 Schematic Showing the Current Brent Well Abandonment Philosophy .
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11.6  Procedure for Suspension and Decommissioning of Wells
In summary, the Brent P&A programme comprises of the following sequence of operations:

o The reservoir is isolated by setting a temporary mechanical plug.?*

e The completion tubing is cut or punched, allowing existing hydrocarbon fluids to be circulated out
of the well and replaced by a killweight fluid.

e A second mechanical plug is set at a shallow depth to allow well control equipment to be installed
in place of the Xmas tree.

e Operations continue using the main rig, following the retrieval of the shallow plug.

2 Made of metal and rubber.

Page | 84



BRENT FIELD DECOMMISSIONING PROGRAMMES

DECOMMISSIONING THE BRENT FACILITIES

The completion tubing is refrieved, allowing the well to be logged to assess the quality of existing
cement behind the production casing.

The reservoir abandonment barrier cement plug is set. If the annular cement quality is insufficient,
then the original cement bond will be remediated (generally by section milling and setting a cement
plug across the milled window??). Otherwise, a cased hole cement plug®® will be set.

The barrier for the Balder formation is set using similar techniques to the reservoir barrier, although
in cases where the infermediate casing is set across the Horda shale, the production casing will first
be cut and recovered in order fo sef an effective rock-to-rock barrier.

In circumstances where it is necessary fo ensure that oil based muds are isolated from the
environment, a final cement plug (the ‘environmental’ plug) is set above the earlier two plugs.

Following final well monitoring, the wellhead and remaining conductor /casing strings are cut and
recovered to complete the operations.

Refrieved sections of tubing, casing and conductors are retumed fo shore for recycling. An estimate of the
total mass of steel that will be recovered and recycled onshore during the whole P&A programme is
presented in Table 20.

On completion of the P&A programme for each well, individual close-out reports are prepared and then
stored in the UK Oil and Gas Data site, with other important information, as required by the Petroleum

Operations Notice [PON) 9.

Table 20 Inventory of Materials Returned to Shore during Wells P&A Programme.
Mass of Material Returned to Shore (tonnes)
Material
Brent Alpha Brent Bravo Brent Charlie Brent Delta
Steel tubing 2,100 2,800 3,000 3,000
Steel casing 3,640 4,940 5,200 5,200
Conductor steel 2,000 1,900 2,000 2,400
Well head steel 140 190 190 200
Xmas free steel 160 220 220 240
Total 8,040 10,050 10,610 11,040

11.7  Submission of Permits, Consents and Notifications

The following permitry is required before locating over a well to begin abandonment operations:

e Application to suspend/abandon the well (OGA via the Well Operations Nofification System
(WONS) in the UK Oil Portal). This defails the planned timing of the P&A programme and describes
the operations that will be carried out.

e Chemical permit (BEIS)
e Oil Discharge Permit (BEIS)
e The Qil Pollution Emergency Plan, (OPEP) (Offshore Safety Directive Regulator, OSDR)

% The steel casing is milled away so that the cement plug extends across the well bore from one rock face to

the other.

% A cement plug that is set within the sfeel casing, in circumstances where there is already a good isolation
(a good cement grout seal) between the outside of the casing and the rock face.
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e Well Notification (OSDR). A specific nofification for each well is sent to the OSDR detailing the
current and proposed well status, the operational sequence fo be carried out and the anticipated
hazards.

e Well Programme (NRG Well Examination ltd., NRG). For each well abandonment a specific well
programme is developed and sent to an independent well examiner for approval. Once approved,
crifical programme steps must be followed exactly. If there is any change to the plan, a formal
amendment must be sent to the well examiner for review and examination before the changed
operation can continue.

o Radiation Permits (Scottish Environmental Protection Agency, SEPA|. The radiation requirements for
abandonment operations vary from well to well. For this reason, Shell collaborate with Aberdeen
Radiation Profection Services [ARPS| approximately & months before beginning abandonment
operations, to ensure that all relevant radiation related legislation is being complied with and
appropriate permits have been applied for.

11.8  Environmental Impacts of Well P&A

11.8.1 Stakeholder Environmental Concerns

For the programme of work to P&A the Brent wells, the specific environmental concemns or issues raised by
our stakeholders were:

o The number of wells and whether they are being shut-off.

e Whether the wells will be revisited in the future.

11.8.2 Potentially Significant Impacts in ES

Figure 18 presents DNV GL's summary of the results of the environmental impact assessment of the
programme of work that will be complefed to P&A all 146 of the Brent Field wells [5]. This includes the xmas
trees, wellheads, tubulars and the upper sections of casings and conductors, which in fotal amount to

approximately 40,000 tonnes of steel (Table 20).

Figure 18  Environmental Impacts from the Whole Brent P&A Programme for 146 Wells.
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11.8.3 Impacts from operations

The most significant negative impacts from this activity were the use of energy and the gaseous emissions
offshore which was assessed as ‘large negative’, and onshore impacts from dismantling and recycling
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wellheads and associated infrastructure which was assessed as ‘small-moderate negative’ [5]. There was a
‘small-moderate positive” impact from the offshore employment associated with this programme.

With the exception of the normal permitted discharges of cleaned water, and the local discharges of exhaust
gases from combustion, no wastes or chemicals are discharged to sea; all waste and retrieved materials are
refurned fo shore for re-use, recycling or disposal. There are no significant offshore environmental impacts
from the P&A of the wells.

11.8.4 Energy and Emissions

The offshore operations to plug and abandon all 146 Brent Field wells, and retrieve and recycle
approximately 40,000 tonnes of steel, would use approximately 3.3 million GJ of energy and result
in the emission of approximately 241,000 tonnes of CO; (Table 21).

Table 21 Total Energy Use and Gaseous Emissions from Programme of Work to P&A Brent Field Wells.

Emissions to Aimosphere (tonnes)
Operations Energy (GJ)
CO, NOx SO,
Direct
At field operations N 1) 2,792,880 205,416 4,536 181
New Materials 41,890 7,558 6 2
Onshore dismantling 30,872 2,271 50 2
Onshore transport 13,556 Q97 22 1
Sum 2879 198 216,242 4614 186
Recycling
Material recycling 377,530 17,088 o4 151
Material Replacement
Materials not recycled 41,890 7,558 6 2
Total 3,298,618 240,888 4,683 340

Note 1: ‘At field operations’ are all the activities carried out from or on the platform itself.

NO,, Nitrogen oxides
SO, Sulphur oxides
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11.9  Status of the Well P&A Programme of Work

Table 93 to Table 97 in Appendix 1 show the status of the Brent Field wells P&A programme at 1 February
2017.

11.10 Mitigation Measures for the Wells P&A Programme of Work

o All the Brent wells subject to P&A in the current DP are platform wells and so the decommissioning
activities are being performed from the existing platform through the conductors. The three Brent
South wells have already been plugged and made safe, so no subsea operations are required in
the current programme.

e Al wells are being decommissioned according to the requirements of Shell standards and the
OGUK Guidelines [32].

e The plans and programmes, including the number and lengths of barriers, are individually planned
for each well, bearing in mind its characteristics and the rock strata through which it passes.

e A specific application in accordance with PON® is submitied to OGA for each well abandonment
programme. In addition, each individual P&A programme is reviewed by an independent Well
Examiner and a wellspecific nofification sent fo the HSE.

e All the well fluids are contained, or refuned to shore for treatment and disposal.

e All mud and cementing chemicals are controlled under the Offshore Chemical Nofification Scheme

(OCNS) and Offshore Chemical (Pollution Prevention and Control) Regulations 2002.

e An approved Oil Pollution Emergency Plan [OPEP) is in place on each platform during P&A.
Procedures, systems and trained personnel are in place to deal with any accidental spill that may
occur during these operations.

o Al barriers sef in the well as part of the abandonment process are verified once set.
e The rate and composition of any gaseous emission after P&A is monitored in each well.

e Wiastes returned to shore are treated or disposed of at suitably licensed sites.
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12 DECOMMISSIONING THE PLATFORM TOPSIDES

12.1  Description of Topsides

A separate DP for the Brent Delta topside [4] was approved in July 2015, and this topside will be removed
in 2017.

The topsides on the three other Brent platforms comprise several decks containing the living quarters, power
generation, drilling derrick, process systems and all the other facilities required for the operation of a
production platform. Figure 19 to Figure 21 show the general arrangement of such facilities on the Alpha,
Bravo and Charlie topsides respectively [note that the topsides will not be split info three deck levels for
removal). Detailed descriptions and inventories of the topsides of all the platforms are given in the Brent
Topsides TD [6]. Table 22 presents a summary of the physical characteristics of each topside; the Brent
Bravo topside is similar in all important respects to the Brent Delta topside.

Table 22 Summary Physical Data on Brent Topsides.

Platform
Data
Alpha Bravo Charlie
Number of decks or levels 3 3 3
Approximate footprint area (m) 81x37 73 x 46 80 x 49
Approximate maximum height (m) (Note 1) 46 42 57
Total mass (tonnes) (Note 2) 16,000 24,100 31,000

Notes: 1. From the cutline on the legs to the helideck, excluding the drill derrick and flare tower.
Charlie is higher because most of the 15.7 m long steel transition piece will be removed
with the fopside.

2. Without inventory and before preparation for liffing.

Figure 19 The Three Main Deck Levels on the Brent Alpha Topside.
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Figure 20  The Three Main Deck Levels of the Brent Bravo Topside.

Figure 21 The Three Main Deck Levels of the Brent Charlie Topside.

— Condda"drs ——

~~Conductor _
Support Frame =

Page | 90



BRENT FIELD DECOMMISSIONING PROGRAMMES

DECOMMISSIONING THE BRENT FACILITIES

12.2 Issues and Concerns Raised by Stakeholders

The main issues and concerns raised by stakeholders during the programme of stakeholder engagement
were:

e The method or procedures that will be used to remove the topsides.
e The investment that Shell might make in onshore dismantling or recycling sites.

e The employment or local benefit that would be generated by the onshore dismantling and recycling
activities.

e Competition with other activities at such sites e.g. manufacture or deployment of offshore wind
furbines.

12.3 Recommended Option

As described in Section 7 we have not been able to identify any further use for any of the Brent topsides.
Accordingly, as required under OPSAR 98/ 3, they must be removed to shore.

We plan to remove the topsides from Brent Alpha and Brent Bravo as single units by the SLV and transport
them to shore for dismantling. Equipment and materials in the topsides will be re-used, recycled, treated or
disposed of as appropriate. The removal of the Brent Charlie topside will be the subject of a separate
fendering exercise.

The sections below summarise our proposed generic programme of work for removing the Alpha and Bravo
topsides by SLV. Although details of the programmes of work will vary from installation to installation, the
Alpha, Bravo and Charlie topsides are not so different in terms of their structure and components that unique
programmes have fo be devised for each one. The procedures used to strengthen the topsides before lifting,
and fo setdown and support the fopsides on the cargo barge, may not be exactly as described below.

In particular, the configuration of the jacket and Plate Girder Deck Structure (PGDS) supporting the topside on
Brent Alpha will require a specially-designed lifting arrangement. For both Brent Alpha and Brent Bravo,
however, the outcome will be the same, namely a fopside delivered to the ASP facility.

12.4  Preparation

After the complefion of the P&A programme, the topsides will be prepared for decommissioning and

will change from operating in a ‘hot’ mode fo a ‘cold” mode. Stocks of chemicals will be reduced to the
minimum required for the safe operation of the platform. All pressurised hydrocarbons will be removed from
the topsides systems. Measures will be taken offshore to ensure that piping, tanks, vessels and void spaces
are either drained, or suitably closed or sealed, to minimise the risk that contaminants would be spilled
during removal or transit. All hydrocarbons and other wastes collected by these procedures will be
contained, collected and transported to shore for recycling or disposal.

The topsides modules will be strengthened with additional steel plates, because they were not designed

to be lifted away in one piece. Carefully designed lifting points will be attached on the underside of the
supporting structure (Module Support Frame (MSF) or Truss Deck) to receive the loads exerted by the SLV's
lifting beams. Most of this work will be undertaken from temporary scaffolding built under the MSF. On Brent
Delta, because of the long interval between cutting the legs in 2016 and removing the topside in 2017, we
have affached ‘shear restraints” inside the legs. These strong steel structures, each weighing some 36 tonnes,
have been bolted in place just at the height of the cut line to ensure that the topside remains firmly in place
after the cuts have been made. No significant environmental impacts are expected from any of these
preparatory activities.

On the GBS legs, as a precaution, we will remove external steel risers and caissons down fo about -20 m
LAT, so as to minimise damage to the hull of the SLV in the unlikely event of an interaction with the GBS.
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12.5 Cutting the Legs

All the cuts will be made using a diamond wire cutting (DVWWC] system. On Brent Alpha, the DWC will be
deployed by a suitable vessel to make 18 cuts at approximately 6.5 m above sea level. On the GBSs, the
legs will be cut from the inside by making a series of DWC cuts ‘on the tangent’ through holes drilled in the
legs. On Bravo the legs will be cut at a height of approximately 19.8 m above sea level, but on Charlie,
with its long steel transition piece, the cuts will be made at approximately 7 m above sea level.

12.6  Removal of Topsides

The SLV will move into the Field and take sfation close fo the platform, operating on Dynamic Positioning
(DyP), and then will move under the topsides. The lifting beams will be slid under the topsides and the
dynamic lifting jacks will be located onto each of the lifting pads on the underside of the topsides. When all
is ready, the hydraulically-operated jacks will be activated to carry out a ‘fast lift” whereby the topsides are
raised 1.5 m clear of the tops of the legs in about 90 seconds. Once clear, the SLV will move away from the
legs and begin the process of securing the topsides to the liffing beams, for transportation to shore (Figure

22).

Before leaving the Field, the SLV will place new 300 tonne concrefe caps over the cut end of each GBS leg.
On each GBS one of the caps will carry an Aid to Navigation (AtoN), as described in Section 23.

In good conditions, it is planned that the whole lifting operation will take about 2 days and that the SLV will
operate around each platform for a total of about 4 days. The majority of vessel activity associated with
topside decommissioning will occur within the 500 m safety zone. As shown in the schedule (Section 21),
we plan to remove only one topside in any one summer season.

The topside will be considered ‘cargo” in this phase of the project, and because it contains some hazardous
materials that are subject fo special permitting requirements, these materials will be itemised in the vessel’s
cargo manifest; all necessary permits and consents will have been obtained for the carriage and movement
of these materials. The removal and fransportation of low Specific Activity (LSA) scale, for example, will be in
accordance with the Radlioactive Substances Act (RSA) 1993)[33]. All sealed radioactive sources, for
example in insfruments and gauges, will be transported in accordance with the requirements of the
Radlioactive Substances Exemption (Scotland|) Order 201 1.

Figure 22 Aist’s Impression of the Brent Bravo Topsides being Removed in a Single Piece by the SLV
Pioneering Spirit.
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12.7 Onshore Dismanﬂing

It will take the SLV about 2 days fo fransport a topside from the Field to the northeast coast of England. At a
designated transfer site 5.5 nautical miles (nm) northeast of the River Tees, the topsides will be skidded from
the SLV onto the new cargo barge /ron lady. Barge transfer is required because the Able quayside is too
shallow for the SLV. At the ASP facility the topsides will be skidded off to the quayside at Quay 6, where
they will be dismantled (Figure 23).

It is planned that the first topside to arrive af the onshore dismantling facility will be Brent Delta in the
summer of 2017, and we expect that it will take 12-24 months to dismantle this topside after load-in.
According to our current schedule, the Brent Bravo topside will be brought ashore in 2020, Brent Alpha
in 2021, and Brent Charlie probably not before 2025. The ASP facility has the space to accommodate
all three Brent topsides if necessary.

Figure 23 Aerial Photograph of the ASP Dismantling Facility on Teesside.

The essence of the programme of work proposed by our dismantling and disposal contractor Able is to
quickly reduce the height of each topside by cutting it info secfions and pulling the sections to the ground,
where it will be sofer and easier to dismantle them. In this ‘cut and pull’ method, the internal and external
walls will be partially cut by a variety of 'hot” and ‘cold” cutting fechniques, then connected by wire ropes
fo a large vehicle which will pull the section to the ground inside a designated drop zone (Figure 24).

A thick bed of sand will be laid around the fopside fo absorb the shock of these falling sections. Dismantling
operations af the ASP facility will be performed in accordance with British Standard BS 61.78:2011 Code
of Practice for Full and Partial Demolition [34].
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Figure 24 Cut and Pull Method for Initial Dismantling of a Brent Topside at the ASP Facility.

4
LA
11V
A\
Cut line |I=I _| |
1 il
1 M LT
! A
o T
'—'j N N
I / Brent
. Drop zone Bravo
Sand pile — ————
PAVARVARN AN L AN N\

12.8 Management, Recycling and Disposal of Waste

A description of onshore dismantling and the management and disposal of material is provided in the
Topsides TD [6]. The programme of work for removing, dismantling and disposing of the Brent Delta topside
is described in a separate DP which has already been approved by DECC [4].

Onshore dismantling will reduce the topsides into their component materials or ‘waste streams’. These will
be segregated and stored on sife before being transported fo other onshore facilities for re-use, recycling or
disposal as appropriate. On the basis of the present topsides inventory, we plan fo recycle at least 97% by

mass of topsides material which is returned fo shore (Table 23). All material will be tracked from its present
offshore location to its final desfination.
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Table 23 Estimated Inventory of Topsides Material and Proposed Fate after Decommissioning.

Material Unit Alpha Bravo Charlie Notes
ABS fonnes 2 2 2 | Plastic pipes
Ac 228 MBq n/q n/q n/q | In smoke defectors
Alloy steel fonnes 216 285 329 | Pipework, pumps
Aluminium fonnes 419 15 15 | Anodes, engines
Aluminium bronze fonnes 1 1 1| Pumps
Americium 241 MBq 5 16 20 | Smoke detectors
Anodes (fotal) Tonnes 419 See Aluminium and Zinc
Asbestos blue fonnes n/q n/q n/q | Not yet quantified
Asbestos white,/brown fonnes n/q n/q n/q | Not yet quantified
Asbestos (total) tonnes 4 Q @ | Insulation, gaskets
Batteries fonnes 28 16 36 | Various battery sefs
Brass fonnes ] ] 1| Pumps, piping
Bronze fonnes ] ] 1| Pumps, piping
Buna tonnes ] ] 1| Oring seals
Butyl rubber fonnes 2 2 2 | Oring seals
Carbon steel tonnes 11,921 19,572 | 25,448 | Stuctural steel, equipment
Cement (powder) tonnes 2 n/q n/q | Residual bulk material
Ceramics fonnes 5 5 5 | White ware
Chartex/fire protection tonnes 27 103 122 | Penetrations
Chromium fonnes n/q n/q n/q | Alloy steel only
Copper fonnes 107 222 281 | Pipes, cables, transformers
Copper nickel alloys fonnes Y4 174 229 | Pipe-valves, pumps
Cork fonnes 2 2 2 | lifebuoys
Cotton fonnes 2 5 5 | Bedding
Diesel m* <] <] <1 | Bulk and day tanks
Drill cutting residues fonnes 12 12 12 | Behind shale shakers
EPDM fonnes 23 5 23 | Cables
Ethylene/polypropylene fonnes 72 46 120 | Cables
Fire foam m3 10 10 10 | Firefighting sysfems
Fluorescent tubes nos. 1,396 2,984 3,116 | lighting
Formica fonnes 2 2 2 | living areas
Class fonnes 5 5 5 | Lliving areas
GRP fonnes 7 21 16 | Replaced floor grids
Graphite/charcoal fonnes 0.1 0.1 0.1 | Water filters
Gun metal fonnes ] ] 1| Pumps, valves
Halon (CFC) kg 0 0 O | Has been removed
Heli-fuel m* <1 <1 <1 | Volume for safe operations
Inconel /nimonics tonnes 6 13 13 | Generators
Insulation fonnes 31 Q9 83 | Structures, pipes
Iron (cast) tonnes 3 3 3 | Weights
lead fonnes 11 6 13 | Batteries
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Estimated Inventory of Topsides Material and Proposed Fate after

Material Unit Alpha Bravo Charlie Notes
LSA scale (NORM) tonnes 22 43 323 | Pipework, vessels
Lube ol m* <1 <1 <1 | Compressors, generators
Melamine tonnes ] ] 1| Laminates
Mercury (lamps only) grams 15 32 33 | Lamps
Monel fonnes 0.1 0.1 0.1 | Pumps and valves
Neoprene tonnes 5 5 S5 | Various
Nickel fonnes n/q n/q n/q | Alloy steel only
Ni-resist fonnes 10 10 10 | Pump valves
Nylon fonnes 10 10 10 | Electrical equipment, rope
Paint fonnes Q30 Q61 899 | Paint on structural steel
Pb-210 (NORM| MBq 13 513 411 | LSA scale and sludge
PCBs ppm <5 <5 <5 | Residues in transformer oil
PTFE fonnes 0.1 0.1 0.1 | Seals
Plastics fonnes 4 3 4 | Floor coverings
PVC fonnes 32 19 65 | Cable covering
Radium (Ra-226)[NORM) MBq 376 734 3,141 | LSA scale and sludge
Radium (Ra-228) (NORM) MBq 261 663 1,340 | LSA scale and sludge
Residual hydrocarbons fonnes 7 <1 <1 | Walls of pipes and tanks
Rubber fonnes 20 20 20 | Floor coverings
Sewage fonnes 1 1 1| Sewage sysfem bilges
Smoke detectors number 384 510 560 | Smoke defectors
Stainless steel fonnes 459 1,349 1,732 | Pipes and vessels
Stellite fonnes n/q n/q n/q | Vaolve facings
Tin fonnes 1 1 1| Solder
Titanium fonnes 28 31 32 | Pipes and machines
Wood fonnes 20 20 20 | Accommodation
Zinc fonnes 537 532 519 | Anodes, galvanising
Total mass (approximate) tonnes 15,068 | 23,636 | 30,423 69,127

N/Q, Not Quantified
Noftes:

ABS, Acrylonitrile Butadiene Styrene

Ac, Actinium

CFC, Chlorofluorocarbon

EPDM, Ethylene propylene diene monomer
CRP, Classreinforced plastic

LSA, Low Specific Activity

NORM, Naturally Occurring Radioactive Material
Pb, lead

PCB, Polychlorinated Biphenyls

PTFE, Polytretrafluoroethylene

PVC, Polyvinylchloride

Ra, Radium
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12.9  Environmental Impacts of Decommissioning the Topsides

12.9.1 Stakeholder Environmental Concerns

The specific environmental concerns or issues raised by our stakeholders were:
e Accidental discharges or releases of hydrocarbons to sea.
e Accidental loss of large components to sea.

e Impoacts to local communities at onshore dismantling or recycling sites caused by noise,
dust and odour.

e Impoacts fo onshore infrastructure.

e The need to manage waste disposal properly and according fo best practice.

12.9.2 Potentially Significant Impacts in ES

Figure 25 presents DNV GL's summary of the results of the environmental impact assessment of the
programme of work that would be carried out fo remove the topsides completely by SLV, and dismantle,
recycle or dispose of this material onshore at the ASP facility [5].

The most significant negative impacts from this activity were the use of energy and the gaseous emissions
offshore which was assessed as ‘moderate negative’, and onshore impacts noise and the handling of
hazardous wastes, both of which were assessed as ‘small-moderate negative’ [5]. There were ‘small-
moderate positive” impacts from the offshore employment associated with this programme and from the
freatment and recycling of waste materials.

Figure 25  Environmental Impacts from Decommissioning of all Four Brent Topsides by SLV.
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12.9.3 Impacts of Offshore Operations

Barring a major and very unlikely accident during lifting or fransportation, the main potential impact offshore
would be the underwater noise from the SLV. The presence of the SLV and attendant vessels will increase the
level of underwater noise in the area of the platform. Modelling showed that this would be localised and
fransient, and unlikely to reach a level that would cause more that shorterm disturbance to a few individual
marine mammals. This noise will be very similar to that already experienced af the site, and is likely to vary
depending on the levels of activity. Noises will not begin suddenly, but are likely to increase steadily

as vessels enter the 500 m safety zone. Modelling has shown that although the noise frequency from the
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vessel spread will be within the hearing range of several species of marine mammals, the received noise
levels at distances of more than about Q00 m are not likely to be high enough to cause ‘disturbance
behaviour’ in marine mammals, and certainly not high enough to cause a temporary threshold shift in their
hearing ability. The noise will not cause any harm to fish or other marine species.

12.9.4 Impacts of Onshore Operations

The most likely source of potfential impact during topsides decommissioning will be the long phase of onshore
dismantling. At the ASP facility, the programme of hot and cold cutting, the ‘cut and pull” operations to
separate the sections of topsides, the liffing, handling and transportation of increasingly smaller sections

of the topsides will generate noise, dust, and odour, and additional light and road traffic, in and around
the site. Small spills of hydrocarbons and other fluids may occur. Consequently, the main impacts of the
fopsides decommissioning are onshore, to the local community and infrastructure. Decommissioning the
fopsides onshore was estimated to have a ‘small-moderate negative’ impact on local receptors owing fo a
combination of potential noise, dust, fraffic and visual impacts upon local residents and birds, that could
occur over a significant period of fime as a result of the large volumes of topsides materials that will come to
shore. When considered together, however, and bearing in mind the sensitive nature and proximity of the
Special Profection Area [SPA), and the significant length of time the decommissioning activities will take, the
overall potential impact is higher. The impacts are manageable, however, and the necessary controls will be
in place to ensure that the impacts are minimised. With regard to the handling and management of
hazardous materials, the ES found that the handling and treatment of hazardous wastes from the
decommissioning of the fopsides are estimated to have a ‘'small-moderate negative’ impact. The assessment
reflects the current uncerfainty about the exact volumes of mercury, asbestos and NORM wastes, and the
potential presence of pyrophoric scale [although fo date Shell has no evidence that pyrophoric scale is
present in the fopsides). In practice, however, the impact of the planned management of hazardous waste
may be less than this, even ‘insignificant’. The ASP facility will be fully licensed to receive decommissioning
wastes and all work will be conducted under the necessary permits and consents. We will ensure a Duty of
Care assurance programme is in place, to monitor the management of the ASP facility and ensure that all
appropriate controls are in place and complied with. The ASP facility will be audited by a third party to
ensure compliance with its stated management sysfems.

12.9.5 legacy Impacts

We aim fo recycle af least 97% by weight of the topside material refrieved to shore. Some types of material
which are present in small quantities will not be recyclable and these will have to be disposed of to landfill.
Essentially, however, there will be no negative legacy impacts from the decommissioning of the topsides.

12.9.6 Energy and Emissions

The proposed programme of work for all four topsides would have a net energy use [i.e. including any
savings that may be achieved by recycling material) of approximately 1.2 million GJ (Table 24). It would
take about 320,000 GJ fo recover the topsides to shore and dismantle them, and about 0.8 million G to
recycle them. The greatest use of energy, and the greatest single source of gaseous emissions, will be the
recycling of all the different waste streams. DNV Gl estimate that the whole programme for all four topsides
would result in the emission of about 63,000 tonnes of CO».

Page | 98



BRENT FIELD DECOMMISSIONING PROGRAMMES

DECOMMISSIONING THE BRENT FACILITIES

Table 24 Energy and Emissions Associated with SLV Removal and Onshore Disposals
of all Four Brent Topsides.

. _ Energy Emissions to Atmosphere (tonnes)
perations el o, NO» 5O,

Direct

Marine operations 254,958 19,423 527 284
Onshore dismantling 43,511 3,200 71 3
Onshore transport 21,340 1,570 35 1
Sum 3719 809 24 7193 633 288
Recycling

Material recycling 837,199 38,852 135 407
Materials not recycled 42,125 ND ND ND
Total 1,199,133 63,045 768 695

ND = No Data

12.10 Mitigation Measures for Topsides Programme of Work

12.10.1 Assurance

Although the Intellectual Property rights associated with the design, construction and operation of the SLV
belong to AllSeas, we have carried out extensive technical reviews of the SLV methodology during specific
phases of the project including; a General SLV Concept Review (Pre-Qualification for Tender) in 2009,

a Pioneering Spirit SIV-specific review during FrontEnd Engineering and Development (FEED) in 2012, and a
Pre-Contract Award review (as part of a Development Release procedure) in 2013. Throughout this process
the BDP has been fully engaged with STASCO (Shell Trading and Shipping Company), the appointed
Marine Warranty Surveyor DNV GL, an Independent Verification Body (Bureau Veritas), and our own
Technical Authorities. DNV GL will review and accept all relevant calculations, specifications, procedures
and marine spread for the programmes of work for removal, fransportation and load-in, such that a
Certificate of Approval can be provided to assure our insurers that the marine activities are ready to proceed
safely. Bureau Veritas will provide an independent verification of platform modifications of Safety Critical
Elements (SCE) that affect the Dismantlement Safety Case, subject to approval by the HSE.

The technical requirements for which compliance will be demonstrated include:

o Lloyd’s Register Class requirements for Dynamic Positioning (DyP) Class 3 Standard and appropriate
redundancy concept for DyP system.

e Robustness against single point failures of systems for ballasting, power management, dynamic
positioning and lifting.
e Application of two compartment damage stability standard.

o Strengthening of topsides such that the support structure is robust against the worst combination of
loads corresponding to failure of a single lifting point.

Considerable effort has been made to reduce the likelihood that a Brent topside would topple during
removal, transportation or backloading. By then of 2016, AllSeas had finalised their installation of twelve of
the lifting beams, performed a frial lift using a testift platform weighing 5,000 tonnes, and successtully lifted
the 13,500 tonne topside from the Yme platform?” (Figure 26). Together, these two lifts provide further

% Yme is a platform in the Norwegian sector of the North Sea.
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assurance that any unforeseen problems in design, systems or operating procedure have been identified and
resolved. The remaining four lifting beams are currently being installed before the Brent Delta topside lift
which is planned to take place in summer 2017.

Figure 26 Pioneering Spiritlifting the Yme Topsides, August 2016.

We are working closely with the appropriate Regulators and local Marine or Harbour authorities to ensure
that all the contingency plans will be in place before removing the first Brent topside — Brent Delta — in
2017. Emergency response plans will be in place for the removal and transportation activities including a
Brent Field System Oil Pollution Emergency Plan (OPEP) incorporating a confract for specialist response
services through Oil Spill Response Limited (OSRL). Once a topside is secured on the SLV any spill of
hydrocarbons will be managed through the vessel's Shipboard Oil Pollution Emergency Plan (SOPEP). A
bridging document will be in place between Shell and AllSeas to confirm all the responsibiliies and
response arrangements.

With AllSeas, Able, the warranty surveyor and the Harbour Master, we will perform a detailed Marine
Hazard Identification (HAZID) exercise for the transfer, tow-in and load-in of the topside. This will be
informed by knowledge that has been gained from the fransfers and load-ins that have been performed in
and around Teesside over the last few years. The Delta Dismantlement Safety Case, detailing the
management of the remaining offshore Major Accident Hazards (MAH), and the associated environmental
BEIS permits, were approved in 2016.

The potential environmental impacts of the entire topsides removal and disposal programme — including
offshore separation, lifting, transportation, barge transfer, skidding, onshore dismantling and disposal —
have been identified and assessed in the ES [5]. In addition fo the project-wide ES, we engaged AECOM
Limited to prepare the Brent Removals and Dismantlement Impact Assessment (ESHIA) (Environmental, Social
and Health Impact Assessment) [35] of the potential environmental, social and health impacts of the
operations atf the nearshore fransfer site, and at all the Able facilities used for dismantling, sforing, handling,
treating and disposing of all material from the topsides. This provides the information necessary for us to
satisty ourselves that we are ready to bring material shore, and that we understand the risks and have
suitable mitigation measures in place.
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12.10.2 Summary of Mitigation Measures

The programme of work fo remove and dismantle the Brent topsides will be conducted under all
necessary permits.

Appropriate Notices to Mariners will be issued to alert other users of the sea to the proposed
operations in the Brent Field, along the tow route and at the nearshore transfer site.

Explosives will not be used to remove the structures.

Before removal, a comprehensive programme of depressurisation, draining and flushing will be
performed to remove the bulk of hydrocarbons and other fluids and gases from the topsides systems,
so as fo minimise the risk that residual fluids will escape to sea.

On completion of offshore operations to remove the topside, other users of the sea will be advised
of the changed status or condition of the installation.

On each GBS, one of the legs will be fitted with an AtoN to alert shipping.

At Brent Alpha, if the upper jacket is not removed immediately after the removal of the topside
(Section 13.11), an AtoN will be designed and fitted to the top of the jacket to alert shipping.

If there is any delay in the fitting of AtoNs on any structure, a guard vessel will be deployed to alert
other users of the sea.

The dismantling of the topsides, and the treatment and disposal of all resultant waste streams, will
fake place af the ASP facility on Teesside, which is fully licensed for the dismantling of offshore
structures and the management of these wastes.

The topsides will be dismantled in accordance with the Code of Practice for full and partial

demolition [34].

Able UK will apply a range of mitigation measures to minimise the potfential impacts of onshore
dismantling. These will include carefully planned work practices and programmes, limits to night
work, dust-control measures, and measures to plan and monitor additional road traffic and the
movement of large loads.
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13 DECOMMISSIONING THE BRENT ALPHA STEEL JACKET

13.1  Description of the Brent Alpha Jacket

Brent Alpha was designed in the 1970s and is a firstgeneration steel platform. It is fixed to the seabed by
steel piles, and provides all the facilities and systems needed to drill and service wells, process oil and
export if fo shore via Brent Charlie and Cormorant Alpha. The platform has accommodation for
approximately 120 persons. Since 1997 power for the platform has been provided by gas turbines on Brent
Bravo, supplying electricity via a subsea cable; before this, all the power was generated by on-board diesel
generators. Table 25, and Figure 27 and Figure 28 show the main features of the platform, and further
defailed descriptions are given in the Brent Alpha Jacket Decommissioning Technical Document [ 13].

An important feature of the jacket is the three wide pontoon legs on Face A (Figure 28). During
emplacement, the jacket was towed into the Brent Field on a barge and then skidded off into the sea where
it floated on its pontoon legs which af that time were sealed and full of air. The legs were then flooded

fo rofate the jacket into a vertical orientation and lower it onto the seabed.

After removal of the fopsides (Figure 29) the weight in air of the jockef, complefe with its piles and
conductors, would be about 31,500 tonnes. Table 26 summarises the jacket inventory after removal of the
fopsides.

Table 25  Data on the Brent Alpha Jacket.

Topic Information
Type of facility Steel piled platform
Position, decimal (WGS84)%8 61.034384N, 1.703685E
Position, decimal minute (WGS84) 61°02.063'N, 01°42.221'E
Shortest distance to nearest coast 136 km, Shetland Islands, UK
Shortest distance to median line 12 km to UK/Norway
Jacket height from seabed to underside 161.9m Jacket height 21.7 m (to
of Plate Girder Support Structure above AT underside of PGDS)
"Footprint’ areas Seabed footprint | 5,775 m? Truss Deck 2,280 m?
Tofal estimated weight of jacket in place, to 3 m below seabed 31,453 tonnes

Total weight of piles, including grout (included in the total weight above] | 8,645 tonnes

Pontoon legs

3, full height, on Frame ‘A’ ‘ Diameter ‘ 7.32m ‘ Thicknesses ‘ 1625 mm
Other Legs

3, full height, 2 partial height ‘ Diameters ‘ 1.83mto 2.74m ‘ Thicknesses ‘ 38-48 mm
Steel Piles

32, maximum sfick-up ~10 m ‘ Diameter ‘ 1.83m ‘ Thickness ‘ 48 mm

Risers

9, full height of jacket ‘ Diameters ‘ 0.2mito0.7m ‘ Thicknesses ‘ 10-25 mm
Conductors

28, full height of jacket ‘ Diameter ‘ 0.66mto 0.76m ‘ Thickness ’ 25.4 mm

28 \WES84, World Geodetic System 1984
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Figure 27 The Brent Alpha Platform in 2006.
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Figure 28 The Main Components of the Brent Alpha Platform.
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Table 26 Inventory for BA Jacket after Removal of Topside.

Material and Estimated Mass (tonnes)*
Component
Steel Grout Marine Growth Anodes
Jacket 14,813 0 2,120 256
Conductors 2,029 720 614 0
Casings 2,256 0] 0 0
Piles 4,161 4,484 0 0
Total 23,259 5,204 2,734 256

13.2  Refloating the Whole Jacket in One Piece

The Brent Alpha jocket was not designed fo be refloated, but because the final stage of the original
installation process involved the ballasting of the pontoon legs and submergence of the floating jacket, we
examined whether it might be possible o reverse this process and remove the jacket in one piece by
refloating [13]. In their report Brent Ajpha jacket Removal Refloat Feasibility Studly [36], GL Nobel Denton
investigated how the jacket could be made buoyant by dewatering the original buoyancy chambers in the
pontoon legs and adding additional buoyancy using Buoyancy Tank Assemblies (BTAs). Figure 30 illustrates
a possible configuration for refloating the whole jacket.

22 Our inventory records do not indicate that any NORM or other hazardous materials will be present on or
in the BA jacket. Once the upper jacket has been received at the ASP facility, one of the pre-dismantling
fasks will be a survey of the structure to check for the presence of NORM.
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Figure 30 Possible Configuration for Refloating the BA Jacket.
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In addition to the need to release the jacket from the seabed by severing the piles, described in more defail
in Section 13.7, the following technical issues would have to be overcome in any option fo refloaf the
jacket:

= Strengthening the jocket legs so that BTAs could be attached.
= Insfalling strong lifting points for the attachment of the BTAs.

*  Reestablishing some of the watertight compartments in the pontoon legs to give essential extra
buoyancy.

= Ensuring that legs could withstand and sustain the gas pressure required to displace infernal water
fo permit the legs to be floated even with BTAs.

= Controlling ascent and trim with the remains of piles and their grout in place.
* Developing a safe and costeffective way of dismantling the jacket at a deep water site nearshore.

The original buoyancy chambers in the pontoon legs were ruptured during pile-driving, and our studies have
shown that it is very unlikely that they could be repaired to re-establish their integrity. However, some
buoyancy would be needed in the original buoyancy chambers, even with the addition of external BTAs.
Because the original buoyancy chambers cannot be re-instated, we have concluded that it is not technically
feasible to refloat the whole Brent Alpha jacket.

13.3  Options for the Brent Alpha Jacket

Having made the decision to remove the topsides as single lifts using the SLV Pioneering Spirit, we examined
it the whole jacket could be removed in one piece by this vessel. As described in the Alpha Jacket TD [13]
we concluded that because of the size and weight of the jacket plus piles, the strength and integrity of the
structure, and the complexity of affaching suitably strong and secure lifting points, it was not technically
feasible to remove the whole of the BA jacket in one piece using the SLV or any other type of heavy lift
vessel. Consequently, all options for decommissioning the BA jacket would necessarily have as their starting
point the removal of the upper part of the jacket.
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OSPAR Decision 98/ 3 recognises that there may be difficulties in removing the footings of very large steel
structures (those weighing more than 10,000 tonnes in air], and makes provision for the owners to apply for
a derogation from the general rule of complete removal. In the case of a piled steel jacket such as Brent
Alpha, the OSPAR definition of footings is 'those parts of a steel installation which are below the highest
point of the piles which connect the installation fo the seabed’. The Brent Alpha footings is thus a candidate
for derogation, and our technical studies have shown that the technically feasible options for the jocket are i)
complefe removal in pieces and (i) partiol removal, in one or more pieces, leaving the footings in place.

On Brent Alpha, the external pile sleeves extend o a height of 41 m above the seabed, but some of the
piles within them are not driven to their full depth and protrude up to 10 m above the sleeve. Consequently
the top of the pile (the 'pile sfick-up’) is approximately 51m above the seabed, which is approximately 89 m
below LAT. Considering the way that the vertical and vertical-diagonal members are attached to the legs at
about this depth, and the logistics of manoeuvring a DWC machine in this area, we defermined that the
most suitable depth for cutting the jacket near the top of the footings was -84.5 m LAT.

The decommissioning options for the BA jacket thus focus on options for decommissioning the footings; the
upper jacket would be removed regardless of which option was selected for the footings, and does not form
any part of the programme of work for the footings.

13.4  Options for the Brent Alpha Footings

The starting point for all the options for the Brent Alpha footings would be that the upper jocket and ifs
conductors have been removed down to -84.5 m LAT (Figure 31).
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Figure 31  Condition of the Brent Alpha Footings after Removal of the Upper Jacket.

The footings are fixed to the seabed by 24 hollow steel piles filled with grout, and these would have fo be
severed at 3 m below the seabed if the footings were to be removed. The piles could be cut externally, ofter
excavating a large pit around each leg, or internally, ofter drilling out the grout inside the pile (Figure 32).
The footings would be cut into sections on the seabed, and lifted to the surface by a suitable heavy liff vessel
(HLV), most probably a semi-submersible crane vessel (SSCV). Consequently, there are three options for the
BA jacket footings, as summarised in Table 27.

Figure 32  Typical Arrangement of a Pile Bore Grout Plug in the Brent Alpha Footings.
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Table 27 Summary of Options for the BA Footings.

=== Jacket Structure

----- Edge of Cuttings Pile

Drill Cuttings Pile

Pile Access Excavation &S

Option 1. Complefe removal after external pile
cutting. After removing the majority of the drill cuttings
pile and excavating 4 m deep pits around each leg,
all the piles would be cut externally 3 m below the
seabed using a DWC machine. The footings would
be systematically cut into large sections, which would
be lifted to the surface by an SSCV and transported
fo shore for further dismantling and recycling. The
former site of the BA jacket would be left clear of
platform components and debris, and the drill cuttings
pile would have been removed.

Locations and sizes of pits to permit external pilecutting

Option 2. Complete removal after internal pile
cutting. The pile-bore grout would be drilled out, and
the piles cut internally 3 m below the seabed using
an abrasive water jef. The footings would be
systematically cut into large sections, which would be
lifted to the surface by an SSCV, and transported to
shore for further dismantling and recycling. The former
site of the BA jacket would be left clear of platform
components and debris, and the seabed drill cuttings
pile would be left in place and largely undisturbed.

Removal of a jacket leg affer cutfing the piles infernally

Conductors Cut
Pontoon @t -84.5m LAT

Cut Vertical Diagonals

“

Option 3. Lleave in place. The footings would be left
in place in the condition affained ofter the removal of
the upper jacket, and no further operations would
take place. The footings would corrode and
eventually collapse completely over a period of
about 500 years. The seabed drill cuttings pile would
be left in place.

BA jacket footings affer removal of upper jacket to -84.5 m LAT
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13.5 Issues and Concerns Raised by Stakeholders

For the technically feasible options for the Brent Alpha footings, the main issues and concerns raised by
stakeholders during the programme of stakeholder engagement were:

o The principle of leaving a clean seabed.

o  Effects of underwater cutting and lifting [especially noise on marine mammals).
e Disturbance fo the cuttings pile and effects on the benthos.

o Risk of dropped objects/loss of footings at sea or nearshore.

e Effects on communities of onshore dismantling and disposal.

e Benefits of recycling.

e Safety risk to fishermen from remains left offshore.

e Creation of debris from remains left offshore.

e Continued loss of access fo fishing grounds from remains left offshore.

13.6  Interaction with the Seabed Cuttings Pile

We performed two CAs for the BA jacket footings. The first examined options for the footings alone, without
consideration of the presence of the seabed drill cuttings pile. The second examined options for the footings
in combination with the most appropriate option for the management of the cuttings pile. Options for the
management of the BA cuttings pile are described and assessed in detail in Section 17 and in the Drill
Cuttings TD [16). The recommended options for managing the BA drill cuttings in combination with the BA
footings are shown in Table 28. In summary, if the foofings were to be removed by external pile-cutting, all
of the drill cuttings pile would have to be displaced to allow the piles to be cut, and the recommended
option for this would be 'Treat slurry onshore’, in which the cuttings would be dredged as a slurry, collected
by a vessel and taken fo shore, and treated and disposed of onshore (Section 17.8). If the jacket footings
were fo be removed by internal pilecutting, or if they were to be left in place, the recommended option for
the cuttings pile would be 'leave in place for natural degradation” since this drill cuttings pile falls below both

of the OSPAR thresholds (see Section 17).
Table 28 Recommended Combination of Options for BA Jacket Footings and Seabed Drill Cuttings Pile.

Combined Option Option for Footings Okption for Drill Cuttings Pile

1. Complefe removal of Complete removal with external | Retrieve and freat onshore

footings after removing the | pile-cutting

cuttings pile.
2. Complefe removal of Complete removal with infernal leave in place

footings leaving the cuttings | pile-cutting

pile in place.
3. Leave footings and cuttings | leave in place leave in place

pile in place.
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13.7  Technical Issues for Removing the Footings

The main technical issue associated with the removal of the Brent Alpha footings is the cutting of the steel
piles anchoring the structure fo the seabed.

In Option 1, the piles could be cut externally by DWC after excavating pits around each leg. Because of
the arrangement and spacing of the extemnal piles on the Row B and Row AB legs, and the diameter of the
Row A pontoon legs, the piles would have to be cut individually in four separate deployments of the DVWC
around each leg. In order to achieve a cut at 3 m below the seabed, the DVWWC machine would have to be
positioned af the bottom of a 4 m deep pit excavated around the leg; and to provide sufficient space for
manoeuvring the DWC, the bottom of each pit would have to be a flat surface approximately 7 m wide from
the side of the steel piles (Figure 33).

The angle of repose of the soil at Brent Alpha has conservatively been assumed to be 20°. On this
assumption, and given the consfraints and requirements mentioned above, we have calculated that the pits
around each leg would have to be approximately 42 m in diameter (Figure 33, which shows only two of the
four piles on the leg). We estimate that 3,147 m* of clean seabed sediment would have to be excavated
around each leg, giving a total of 25,176 m* of material to be excavated. This would be in addition to the
6,300m? of drill cuttings that would have to be removed.

Figure 33 Cross-section through a Typical Pit Excavated Around each Leg.

Sleeve Grout

There are several existing fools and systems, for example, the ‘Scanmachine™" and the 'Scandredge™’, that
could be used fo excavate the pits and relocate material either onto the adjacent seabed or to a surface
vessel. The pits around each leg would be excavated in turn and the excavated soil would be used to
backfill the previous pit. There would have to be a considerable period of planning and trialling before
aftempting to cut the large diameter piles of the Brent Alpha footings.

In Option 2 the piles would be cut infernally by Abrasive Water Jet (AW)) after drilling out the pile-bore
grout. The drilling method is similar to conventional well drilling in hard clay or rock, and would be
performed using a drill sftring consisting of drill pipe and a Bottom-hole Assembly (BHA). The BHA provides
weight and stabilises the drill bit attached to the tip of the BHA. The drill bit is rotated in the conventional
way and is provided with roller cutters which grind away the grout. Because the piles on Brent Alpha are
inclined in line with the legs, the drill rig would have to be inclined in order to access the pile through the
pile guides. Figure 34 shows such an arrangement on top of a pile above the sea. For the Brent Alpha
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footings, the removal of the upper jacket would facilitate access and make it easier to attach this equipment
fo the top of the piles.

Figure 34  Pile-Top Dirill Rig for Battered Piles (Source: Seacore)

There is a concern that drilling the grout could vibrate the pile within the sleeve, and break the grout bond
between the outside of the pile and the inside of the pile sleeve. This would loosen the pile and allow it to
fall onfo the seabed as the section of footings was being lifted, or to jom partially out of the sleeve in such a
way as to make it difficult to load the footings onto the cargo barge. Existing pinning techniques could,
however, be used to secure the piles in place. Any pinning operation would have to be performed after the
removal of the pile bore grout and internal cutting because the pin(s) would restrict or prevent access for this
equipment.

Once the grout plug had been removed, an inferal AW cutter could be deployed inside the pile to cut
through the steel wall of the pile. Clearly, the stability of the jacket footings would have to be understood
when determining the sequence of cutting the piles; the Brent Alpha jacket has minimal mud mats*® and no
horizontal bracing®' members resting on the seabed. The removal of the upper jacket would, however,
reduce the weight on the piles and the tumning moment caused by wave and current action, and thus the on-
bottom stability of the footings would be greater than that of the whole jacket after topside removal. If the leg
sections were removed in sequence it is very likely that with careful planning the remaining foofings
(comprising the unfouched legs, infact piles and cut bracings) would stay stable and secure on the seabed.
As with Option 1, a considerable period of planning and trialling would be required before attempting this
operation offshore.

There are no technical issues associated with Option 3. No further offshore operations would be performed
after the removal of the upper jacket.

%9 Mud mats are horizontal steel structures fitted to the bases of legs to spread the load of a jacket onto @
larger area of seabed.

* The bracings are the horizontal, diagonal and vertical diagonal hollow steel members linking jacket legs.
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13.8  Result of the Comparative Assessment of Options for the Brent Alpha Footings
The CA for the BA jocket footings is presented in detail in the Alpha Jacket TD [13].

Table 30 presents the weighted sub-criteria scores for each of the three options examined for the Brent Alpha
footing alone. On the basis of this assessment, the ‘CA-ecommended option’ for the Brent Alpha footings
alone is Option 3 ‘leave in Place’. It has a fofal weighted score of 81.05, in contrast to Option 1's total

weighted score of 75.54 and Option 2's weighted score of 74.21.

Table 29 Transformed and Weighted Sub-criteria Scores for the Brent Alpha Footings Alone.
Option 1 Option 2
oo |t et | eamg.
Pile-cutting Pile-cutting
Safety risk offshore project personnel 6.14 6.00 6.61
Safety risk to other users of the sea 6.67 6.67 5.18
Safety risk onshore project personnel 6.61 6.61 6.67
Operational environmental impacts 3.55 4.70 5.00
legacy environmental impacts 5.00 5.00 3.50
Energy use 3.87 3.70 3.74
Emissions 4.17 4.03 3.77
Technical feasibility 14.00 12.00 20.00
Effects on commercial fisheries 3.31 3.31 0.00
Employment 0.73 0.75 0.04
Communities 3.67 3.67 .67
Cost 17.81 17.76 19.87
Total weighted score 75.54 74.21 81.05

Table 30 presents the weighted sub-criteria scores for each of the three options examined for the Brent Alpha
footing in combination with the appropriate options for the drill cuttings pile, and Figure 35 shows the results.
The sensitivity analysis shows that Option 3 has the highest total weighted score in every scenario. On the
basis of this assessment, the ‘CArecommended option’ for the Brent Alpha footings in combination with the
drill cuttings pile is Option 3 ‘leave in place’. It has a total weighted score of 80.46, in contrast to Option
2's tofal weighted score of 71.91 and Option 1's weighted score of 69.48.
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Table 30

Transformed and Weighted Sub-criteria Scores for the Brent Alpha Footings in Combination
with the Drill Cuttings Pile.

Combined Options for Brent Alpha footings
SusarEren 1 Remove Cuttings Al Cuh‘i'n 9 3 Lleave Footings
) : Remove Footings .
and Footings, with . and Cuttings in
. . with Infernal
External Pile-cutting : ; Place
Pile-cutting

Safety risk offshore project personnel 5.99 591 6.52
Safety risk fo other users of the sea 6.67 6.67 5.18
Safety risk onshore project personnel 6.60 6.61 6.67
Operational environmental impacts 0.00 4.00 5.00
legacy environmental impacts 5.00 3.75 3.25
Energy use 3.62 3.62 3.65
Emissions 3.96 3.96 3.70
Technical feasibility 14.00 12.00 20.00
Effects on commercial fisheries 3.31 3.31 0.00
Employment 1.01 0.79 0.09
Communities 2.33 3.67 .67
Cost 16.98 17.62 19.73
Total weighted score 69.48 71.91 80.46

Figure 35  The Total Weighted Scores for Combined Options for BA Jacket Footings in Combination with
the Drill Cuttings Pile, and the Contributions of the Sub-criteria.
100.00
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W Safety risk to other users of the sea
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M Technical feasibility
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30.00 = Employment
W Impact on communities
20.00 = Cost
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place
Option
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13.9 Discussion of the Comparative Assessment

13.9.1 Discussion for the Footings Alone

Examination of both the raw data and the weighted scores [13] for each of the sub-criteria shows that the
differences between Option 3 and the two ‘removal’ options are driven by the differences in performance
in ‘fechnical feasibility’, ‘impact on communities’, ‘cost’ and ‘operational environmental impacts’ (which are
better in Option 3 than in either Option 1 or 2), and in ‘effects on commercial fisheries’, ‘legacy
environmental impacts’ and ‘safety risk to other users of the sea’ (which are better in both of the ‘removal’
options). All the other sub-criteria show no or only trivial differences between the options in terms of their
weighted scores. This is illustrated in Figure 36 which shows the differences (positive or negative) in the
weighted scores in each sub-criterion for Option 1, ‘Complete removal with external pile-cutting’, which
is the better of the ‘removal” options, and Option 3 'leave in place’. In Figure 36 the green bars indicate
sub-criteria where Option 3 has the better performance and the red bars indicate sub-criteria where
Option 1 has the better performance.

Figure 3¢ Difference Graph Comparing the Weighted Scores of each Sub-criterion in the Better
'Removal’ Option for the BA Jacket Footings Alone, with the ‘Leave in Place’ Option, Under the
Standard Weighting.
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Option 1 ‘Complete removal with external pile- pilecutting’ is better than Option 3 ‘Leave in place’
cutting’

The removal of the Brent Alpha footings would present several technical challenges but could be achieved

at a cost of about £60 million. As a result of the discussion presented in the Alpha Jacket TD [13], however,
we have concluded that, objectively, few environmental or societal benefits would be gained from the
additional expenditure and risk that would be incurred in removing the footings. One of the tangible benefits
would be the elimination of the ongoing liability that we would have if the footings were left in place. If the
footings were left in place, the residual long-term safety risk to fishermen — from the footings on their own and
in combination with the derogated GBS — would be very low and amenable to further reduction by means of
a number of mitigation measures, discussed in Section 13.12.

13.9.2 Conclusion of Assessment for Jacket Footings Alone

In accordance with the requirements of OSPAR 98/3 [2], we have examined the decommissioning of the
Brent Alpha jacket starting from the presumption of full removal. We have concluded that it is not tenable

fo consider refloating or lifing the whole jacket in one piece, so all options would start with the removal

of the upper jackef to -84.5 m LAT. The CA therefore focussed on three options for the management of the
remaining footings. VWe have considered the raw data and the scores, and assessed the performances of the
options, and have concluded that there is very litle to choose between the options in many of the sub-criteria.
In some, the difference is very small, or, after considering the raw data, we think the sub-criterion itself is in
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fact not an important one for our decision-making. In others, although there is a difference in the raw daita,
this would be reduced or eliminated through management and control of the actual operations.

We have therefore concluded that there are few real differences between the options, except safety
risk o fishermen, technical feasibility, and cost.

We have examined the estimated long-ferm safety risk to fishermen, which is necessarily a prediction based
on current levels of fishing and current practices, and is infended fo be a conservative or pessimistic estimate
(as required by the DECC guidelines). In their study Assessment of safety risks to fishermen from derogated
foolings of the Brent Alpha steel jacket 18], Anatec present an esfimate of the longferm snagging risk fo
pelagic and demersal fishing operations from the presence and slow collapse of the approximately 58 m
high footings left on the seabed after the removal of the upper jacket. We conclude that the estimated safety
risk fo other users of the sea, an average annual PLL of 0.12 x 107, is below the upper limit of tolerability
(an annual PLL of 1 x 10°*) and is amenable to further reduction by additional site-specific management
measures. We have therefore concluded that, overall, there is little to choose between the options — their
performances are broadly equal (with the exception of ‘employment” which is directly correlated with ‘cost’) —
and thus that the influences of two remaining criteria - technical feasibility and cost — are material to our
decision-making. In this regard, Option 3 is clearly more assured of technical success and is an order of
magnitude cheaper — it would be the condition that is achieved after the removal of the upper jacket. On
balance, since Option 1 does not yield any significant benefits or improvements in the other measures, we
conclude that, for the footings alone, the risks and costs of Option 1 are disproportionate to the small
benefits (if any) that would be gained by full removal, and that Option 3 ‘leave in place’ is preferable to the
‘removal” option.

13.9.3 Discussion for the Footings in Combination with the Drill Cuttings Pile

Examination of both the raw data and the weighted scores for each of the sub-criteria shows that the
differences between Combined Option 3 ‘leave footings and cuttings in place’ and the two ‘removal’
options are very sfrongly driven by the differences in performance in "technical feasibility’ and, to a lesser
extent, ‘impact on communities’, ‘cost’ and ‘operational environmental impacts’ (which are better in
Combined Option 3 than in either Combined Option 1 or Combined Option 2), and in 'safety risks fo other
users of the sea’, and ‘effects on commercial fisheries’ (which are better in both of the ‘removal’ options). Al
the other sub-criteria show no or only trivial differences between the options in terms of their weighted scores.
This is illustrated in Figure 37, which shows the differences (positive or negative) in the weighted scores in
each sub-criterion for Combined Option 2, ‘Lleave cuttings, remove footings with internal pile-cutting’, which
is the better of the ‘removal’ options, and Combined Option 3 'leave footings and cuttings in place’. In
Figure 37 the green bars indicate sub-criteria where Combined Option 3 has the better performance and the
red bars indicate sub-criteria where Combined Option 2 has the better performance.

There are two technically feasible options for the complete removal of the Brent Alpha foofings in the
presence of the seabed drill cuttings pile. Either the seabed drill cuttings pile could be removed to permit pits
fo be dug around each leg so that the piles could be cut externally by DWC, or the pile bore grout could
be removed to permit the piles to be cut internally by AWJ. Although feasible, both optfions have numerous
uncertainties and technical issues (Section 13.7) that would have to be resolved during any detailed FEED of
a possible programme of work. The CA showed that Combined Option 2 ‘leave Cuttings, Remove Footings
with Internal Pile-cutting” was, marginally, better than the other ‘removal” option, Combined Option 1
'Remove Cuttings, Remove Footings with External Pile-cutting’.

Page | 115



BRENT FIELD DECOMMISSIONING PROGRAMMES

DECOMMISSIONING THE BRENT FACILITIES

Figure 37  Difference Graph Comparing the Weighted Scores of each Sub-criterion in the Better
Combined ‘Removal’ Option for the BA Jacket Footings and Seabed Cuttings Pile, with the
Combined ‘Leave in Place’ Option, Under the Standard Weighting.
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The advantages that would be realised by the complete removal of the footings would be the elimination of
a long-term legacy safety risk for fishermen, the removal of a small source of seabed debris, and support for
additional employment offshore and onshore. These could be realised without the need to remove and freat
the whole cuttings pile, by removing the pile bore grout and cutting the piles internally, and then extracting
sections of footings through the relafively thin layers of drill cuttings around the perimeter of the footings.

This operation would disturb some cuttings, which would drift and settle on the adjacent seabed but would
probably not increase the present extent of hydrocarbon contamination around the jacket.

Following our assessment of the real data informing those scores, we have concluded that in terms of the BA
foofings in combination with the seabed drill cuttings pile, the sub-criteria serving to differentiate the options
are 'technical feasibility’ and, to a lesser extent 'impact on communities’, ‘cost’ and ‘operational
environmental impacts’ (which are better in Combined Option 3 than in Combined Option 2), and ‘safety
risks to other users of the sea’ and ‘effects on commercial fisheries' (which are better in Combined Option 2).
The drivers and trade-offs for the decommissioning of the BA footings in combination with the drill cuttings
involve a consideration of how feasible and safe it would be to remove the footings and leave the cuttings in
place, and what real reduction in safety risk to other users of the sea or benefit to commercial fisheries would
thus be achieved.

As far as can be determined on the basis of a conceptual programme, the increases in technical difficulty,
cost and safety risk for project personnel associated with the programme of work to drill out the pile bore
grout, cut the piles internally and extract the footings while leaving the cuttings pile undistributed, is not
balanced by any real commensurate decrease in safety risk to other users of the sea or legacy environmental
impacts or increase in benefit to commercial fisheries. If the foofings were to be removed, the safety risk to
fishermen would be zero and the fotal safety risk fo project personnel engaged in these operations offshore
and onshore would be a PLL of 0.0323; that is, if we were to decommission the whole of the ‘Brent Alpha
footings and cuttings pile” in this way approximately 31 times (by drilling out the pile bore grout and cutting
the piles infernally then cutting and lifting the sections of footings) there is a risk that one project person might
be killed. In terms of the overall BDP this value is low and transforms to a value of close to 1 on the
normalised global scale of safety risk where the maximum estimated total risk of any option for any facility for
any exposed group of persons is a PLL of 0.2640.

If the footings were to be left in place they would present a potential snagging risk to fishermen. Initially this
would be for both pelagic and demersal gear, but as the footings degraded and the height of the remains
above the seabed decreased, the risk to pelagic gear would decrease and then disappear. The estimate
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of total PLL for fishermen for the whole predicted lifetime of the footings on the seabed as they degrade is
infended to be conservative. It ignores the fact that fishing practices, vessels and equipment are all likely to
change over time in a way that reduces safety risks for fishermen, and that fishermen themselves would take
active measures to ensure that their gear did not interact with any remains on the seabed. As discussed
elsewhere, it would be our intention to apply for the continuation of the 500 m safety zone around the
submerged remains of any platform support structure left in the Brent Field. We would work with the
fishermen and the Fisheries Offshore Oil & Gas legacy Trust Fund Limited (FLTC) to ensure that any remains
were properly marked and mainfained, and included in the FishSAFE system, to ensure that any risks o
fisherman were minimised. We will have a long-term commitment to monitoring and management in the Brent
Field and will be able to review the developing situation in conjunction with BEIS and take any necessary
mitigation measures as appropriate.

The removal of the Brent Alpha footings, leaving the cuttings pile in place and largely undisturbed, would
present several technical challenges but could be achieved at a cost of about £64 million. As a result of
the discussion presented in this Secfion, however, we have concluded that, objectively, few environmental
or sociefal benefits would be gained from the additional expenditure and risk that would be incurred in
removing the footings in this way. One of the tangible benefits would be the elimination of the ongoing
liability that we would have if the footings were left in place. If the footings were left in place, the residual
longferm safety risk to fishermen — from the footings on their own and in combination with the derogated
GBS — would be very low and amenable to further reduction by means of a number of mitigation measures.

13.9.4 Conclusion of Assessment for BA Jacket Footings in Combination with the Drill Cuttings Pile

Although we have performed two CAs, one for the footings options on their own and one for the combined
options for the jackef foofings and seabed cuttings pile, it is impossible o ignore the implications of the
cuttings pile when considering options for the footings. The Brent Alpha cuttings pile falls below both of the
OSPAR thresholds and, as described in Section 17 and the Drill Cuttings TD [16], the best option for the pile
would be to leave it undisturbed to degrade naturally. Considering the drill cuttings pile alone, there s litfle to
be gained by undertaking a programme of work to remove it. The additional safety risk, environmental
impacts, energy use, emissions and cost of removing the pile would therefore be incurred simply to gain
access to the footings.

When the footings alone is considered, Option 3 ‘leave in place” is the recommended option in all of the six
sensitivity scenarios. There is therefore no indication that a programme of work to remove the cuttings pile
would then yield significant, or even any, benefits through being able to remove the footings [16].

When the footings options are considered in combination with the appropriate best options for the cuttings
pile, examination of the raw data shows that the significant criteria differentiating the Combined Options are
'Safety risk to fishermen’, ‘Technical Feasibility’ and ‘Cost'. The estimates of the long-term legacy safety risk
fo fishermen have already been discussed and assessed as being tolerable and amenable to additional
mitigation measures. More importantly, the safety risks to fishermen are much smaller than the estimated
safety risks to project personnel who might be engaged in drilling out the pile-bore grout and retrieving

the sections of footings.

The technical challenges, safety risks and cost of Combined Option 2 ‘leave cuttings, remove footings with
intfernal pilecutting” are significant and disproportionately large in relation to the very small benefits that
would be gained. Consequently, this assessment reinforces the earlier conclusion (Section 13.9.2) that for
the Brent Alpha jacket footings, Option 3 ‘Leave footings and cuttings in place’ is preferable to full removal.
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13.10 Recommended Option for the Brent Alpha Jacket

The detailed CA of feasible options (13.8), carried out in accordance with the requirements of OSPAR
Decision 98/3, and using the selection criteria and matters to be considered set out in Annex 2 of that
Decision, has indicated that the recommended option for the Brent Alpha jacket in the presence of the

seabed drill cuttings pile is follows:

o Brent Alpha Jacket: "Partial Removal to -84.5m LAT'

13.11 Recommended Programme of Work for Decommissioning the Brent Alpha Jacket

13.11.1 Preparation

The topsides (including the PGDS) will be removed in a single lift by the SLV Pioneering Spirit and returned
fo land for dismantling, recycling and disposal (Sectfion 12).

A separate programme of work will then be performed by an HLV to remove the conductors down fo
-84.5 m. All 28 conductors, each @1 m long and weighing 158 fonnes, will be cut by AW) and taken fo
shore for dismantling and recycling. In fotal, we estimate that 2,576 tonnes of sfeel will be removed.

No significant environmental impacts are expected from any of these preparatory activities.

13.11.2Removal of the Upper Jacket

After the removal of the Brent Alpha topside it may be several years before the upper jacket

is removed. In such circumsfances, the jacket will be fitted with an AfoN and mariners will be advised by
means of a Notice fo Mariners issued by the UK Hydrographic Office. The schedule for decommissioning
the Brent Field is presented in Section 21.

For the removal of the upper jacket, a series of 40 cuts will be made to separate it from the footings. The cut
line will be just above the top of the pile stick-up, at a depth of approximately -84.5 m LAT. A DWC system
will be deployed by a Remotely Operated Vehicle (ROV) from a Multi support Vessel (MSV), and will sever
members, vertical diagonal bracing and legs in a carefully planned sequence of cuts around the jacket.
ROVs will locally remove marine growth from the sites to be cut. On selected legs and diagonals, angled
cuts will be created fo ensure that the upper section remained stable and in place until all the cuts had been
complefed. We do not expect that temporary resfraining guides will have to be fitted around any cut to
ensure that the jacket does not move. Nor is it likely that, as the cutting progresses, the weight of the jacket
will have to be taken by the SLV's Jacket Lifting System (ILS). Calculations have confirmed that the severed
upper part of the jacket could withstand a 1 year refurn summer sform; if poor weather was experienced
the vessels will stand off, leaving the jacket in a secure and stable condifion.

Explosives will not be used for any cutting. If unforeseen or accidental circumstances arose where the use of
explosives would safeguard lives or major assets, we would consult with BEIS and the Joint Nature
Conservation Committee (INCC). If their use were sanctioned, we would follow the INCC Guidelines for
minimizing the risk of injury to marine mammals from using explosives [37] to ensure that, as far as the
exceptional circumstances would allow, there was no harm or injury to marine mammails.

Before the final cuts are made, lifting pins will be installed by drilling holes though the tops of the legs.

Once all the cuts have been completed and verified, the lifting strops will be attached and the upper jacket
refrieved and placed onto the deck of the SLV (Figure 38), which will transport it to the nearshore site for final
fransfer fo the cargo barge and onwards to the ASP facility. The structural analysis reported by Amec in Studly
for Removal by Piefer Schelte Vessel: Brent Alpha Jacket Structural Assessment [38] confirms that the upper
jacket, which is approximately 55 m shorter and 18,700 tonnes lighter than the whole jacket, is strong
enough to be carried horizontally on the stern of the SLV.
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Figure 38 Removal of the Upper Part of the BA Jacket by SLV.

~JANA 0% R~

13.11.3 Material Retrieved and Material Left in Place

Figure 39 shows the state of the footings after the removal of the upper jacket, and Table 31 shows the

approximate amounts of material that will be removed or left in place on completion of this programme
of work.

Table 31 Amounts of Brent Alpha Jacket Material Retrieved and Left in Place following Partial Removal.

Matericl oo en | Recycled Disposee of | Lefin Place
Steel 8,411 8,411 0 14,848
Aluminium/Zinc 101 101 0 155
Organic marine growth 1,601 0] 1,601 1133
Cementitious grout 0 0 0 5,204
Tofals 10,113 8,512 1,601 21,340
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Figure 39 State of the Brent Alpha Footings after Removal of the Upper Jacket.
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13.11.4Onshore Dismantling and Recycling

At the ASP facility, Able will use a variety of hot and cold cutting techniques to quickly reduce the height of
the jacket and bring the whole structure down to ground level. With a mass of about 8,400 tonnes, a much
simpler constfruction and a more limited materials inventory than a topside, it is likely that the jacket would be
dismantled to ground level within a matter of months. All material will be segregated into different waste
streams for sforage and, ultimately, recycling, treatment or disposal. All the anodes will be removed

and recycled and all the steel will be recycled. Residual marine growth, which will have partially dried
during fransportation, will be removed and recycled or disposed of to landfill. Since there is no cement grout
in the upper jacket, it is expected that at least 97% (by weight) of the removed jacket will be recycled.

Section 23 summarises how we will manage the dismantling and recycling phases of the project.

13.12 Management of Footings

Section 24 describes the measures we will put in place fo periodically monitor the condition of the footfings.

13.13 Degradation and Longevity of Footings

The footings are still protected by sacrificial anodes which have an estimated remaining life of approximately
20 years. The steel footings will only begin to corrode freely when the bulk of these anodes have wasfed
away. lighter horizontal and vertical diagonal members would corrode and begin to fall from the foofings
after perhaps 30-40 years of corrosion. All four jacket faces are inclined inwards and so it is likely that these
components would fall largely within the existing perimeter of the jacket footings.

legs with external pile clusters, and the pontoon legs with internal piles and grout, will also begin to corrode
freely after this time. Although the shells of the pontoon legs (16 mm to 25 mm thick) might exist for up to
about 190 years, the piles are expected to degrade much more slowly because the walls of these hollow
steel tubes are 48 mm thick. Is it difficult fo calculate exactly how long the piles would last, but estimates
show that they could remain upright for perhaps 500 years. Eventually, however, perhaps after 300-500
years, all the steel will have corroded [13]. The former site of Alpha will comprise the remains of the historic
cuttings pile, overlain with corrosion products from the steel jacket and pieces of concrete from the grout in
the piles and pile sleeves.
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13.14 Environmental Impacts of Decommissioning the BA Jacket

13.14.1 Stakeholder Environmental Concerns

For the recommended option for the Brent Alpha jocket, the specific environmental concerns or issues raised

by our stakeholders were:

e Accidental loss of large components to sea.

e Impacts fo local communities at onshore dismantling and recycling sites caused by noise,

dust and odour.

e Recycling and disposal of recovered materials.

e Impacts to commercial fisheries from remains left af sea.

o Effects of collapsing footings on seabed cuttings pile.

e Creation of debris from remains left at sea.

13.14.2 Potentially Significant Impacts in ES

Figure 40 presents DNV GL's summary of the results of the environmental impact assessment of the
programme of work that would be carried out to partially remove the BA jacket to -84.5 m by SLV. Figure 41

presents their summary of the results of the environmental impact assessment of leaving the footings in place

on the seabed [5].

The most significant impacts from this activity were the freatment and recycling of recovered steel in the upper
jacket which was assessed as ‘small-moderate positive’, and the longterm presence of the foofings on the
seabed which was assessed as ‘small negative.
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There are no significant negative impacts from the offshore operations to remove the upper jacket.

All identified impacts were either insignificant or small [5]. The footfings left in place have no operational

environmental impacts.
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13.14.4Impacts of Onshore Operations

All the potential onshore impacts for the decommissioning of the Brent Alpha jacket are associated with the
dismantling and recycling of the upper jacket.

The ES identified no onshore impacts that were worse than small negative’. In addition, the removal of the
upper jacket is estimated o have a ‘small-moderate positive” effect with regards to waste, primarily because
of the quantity of steel that will be recycled. The onshore programme to dismantle the jacket will be simpler
and shorter than those to dismantle any of the topsides and consequently any localised shortterm impacts to
communities and infrasfructure are also likely to be smaller. The same mitigation used for topsides dismantling
and recycling will be applied as necessary to the upper jacket.

Figure 41  Environmental Impacts from Leaving the Brent Alpha Footings in Place
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13.14.5Legacy Impacts

All the legacy impacts of decommissioning the jacket are associated with the long-ferm presence of the
foofings af the Brent Alpha site, and its inferaction with the seabed dfrill cuttings pile.

As shown in Figure 41, the legacy impact of the footings left in place is estimated to be ‘small negative’. This
includes the impacts o the marine environment as a result of the degradation and collapse of the footings,
and on commercial fisheries as a result of the longferm presence of the footings.

As parts of the footings degrade they will collapse onto the cuttings pile, and so from time fo time over a
period of perhaps up to 500 years, some small amounts of cuttings may be re-suspended info the water
column, and drift and then sefile on the adjacent seabed. Modelling of such disturbance events suggests that
any impacts will be localised and relatively shortlived, and would be most likely to affect areas of seabed
that were previously impacted by the discharge and presence of oil-based mud (OBM) drill cuttings, or are in
the process of recovering from such impacts (Section 17).

13.14.6Energy and Emissions

DNV Gl estimate that the planned programme of work for the removal, dismantling and recycling of the
upper part of the BA jacket will use about 240,000 GJ of energy and result in the emission of about 16,000
tonnes of CO, (Table 32).
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Table 32 Energy and Emissions Associated with Partial Removal and Onshore Dismantling of Brent
Alpha Jacket.
Operations Er(]ce;js);y Emissions to Atmosphere (tonnes)
CO, NOx SO,
Marine operations 148,600 11,200 290 110
Onshore dismantling 5,100 400 8 0.3
Onshore fransport 2,400 200 4 0.2
Sum 156,100 117,800 303 170
Recycling
Material recycling 82,800 3,800 10 30
Materials not recycled 412,900 36,600 40 30
Total 651,800 52,200 353 170

13.15 Mitigation Measures for BA Jacket Programme of Work

The programme of work to remove and dismantle the Brent Alpha upper jacket will be conducted
under all necessary permits.

Appropriate Notices to Mariners will be issued to alert other users of the sea to proposed offshore
operations, including the tow to shore and the transfer of the fopsides at the nearshore site.

Explosives will not be used to remove the structure.

After the upper jacket has been removed, an as-left structural survey will be performed fo accurately
determine the condition of the remaining footings and provide a baseline against which to monitor
its future condition.

After the upper jacket has been removed, debris in a 500 m radius area around the footings will be
removed and an overtrawling survey will be conducted by an independent organisation fo ensure
that the area is free of debris. These programmes may be conducted as part of the wider debris
removal programme and overtrawling surveys that will be conducted after the decommissioning of
the pipelines.

On completion of offshore operations, other users of the sea will be advised of the changed status
or condition of the former installation.

The location and status of the Brent Alpha foofings will be enfered onfo the FishSAFE sysfem fo alert
fishermen when approaching the structure.

The dismantling of the upper jacket and the treatment and disposal of all resultant waste streams will
take place af the ASP facility on Teesside, which is fully licensed for the dismantling of offshore
structures and the management of these wastes.

The upper jacket will be dismantled in accordance with the Code of Practice for full and partial
demolition [34].

Able UK will apply a range of mitigation measures to minimise the potential impacts of onshore
dismantling. These include carefully planned work practices and programmes, limits to working at
night, dustcontrol measures, and measures to plan and monitor additional road traffic and the
movement of large loads.

A risk-based environmental and structural monitoring programme, to frack the longterm degradation
and fafe of the Brent Alpha footings, will be discussed and agreed with BEIS.
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14 DECOMMISSIONING THE BRENT CONCRETE GBSs

14.1 Introduction

As described in Section 7 there are no viable alternative uses for the Brent GBSs Bravo, Charlie or Delta at
their present locations, either for oil and gas use or other applications. The Brent Field is not a suitable
location for CCS.

14.2  Description of the Gravity Base Structures Bravo, Charlie and Delta

The Brent GBSs are large, heavy support structures which rest on the seabed under their own weight. Bravo
and Delta are 3-legged ‘Condeep’ designs, whereas Charlie is a 41legged ‘Sea Tank’ design. The legs,
storage cells and base-slab (Charlie only) are constructed of concrete reinforced with mild steel bars and
pre-stressed with high-fensile steel tendons. The main body of the GBS, called the caisson, comprises an
array of large tanks (cells) and lateral movement is prevented by skirts and dowels beneath the cells or the
base slab that penetrate info the seabed sediment. Three (Bravo and Delta) or four (Charlie) of the cells
extend upwards as legs that carry the PGDS (or, on Charlie, the cellar deck) on which all the topsides
modules are located. Figure 44 illustrates the main features of a Condeep GBS (in this case Brent Bravo,
and Figure 45 shows the main features of the SeaTank GBS Brent Charlie. Specific differences between the
Condeeps are noted in Table 33 and detailed descriptions of each GBS are given in the Brent Bravo,
Charlie and Delta GBS Decommissioning Technical Document [14].

Bravo and Delta were constructed in Norway (Figure 42), and Charlie was constructed at Ardyne Point on
the Clyde in Scotland (Figure 43) before being towed to Norway. All three structures had parts of their
topside fitted at deep-water inshore locations in Norway, before being towed to the Brent Field and then
ballasted down onto the seabed by controlled flooding.

Each platform was designed to provide all the facilities and systems needed to drill and service

wells, process oil and gas, and export hydrocarbons. At present, the Bravo, Charlie and Delta platforms
have accommodation for approximately 150, 190, 160 persons respectively. Originally, they were
designed fo operate more or less independently but, following the LTFD project and other upgrades, Charlie
now supplies all the fuel gas required by Alpha and Bravo.

On each GBS at least one of the legs — the utility leg — provides a conduit between the topsides and the
cells for pipes, risers and other services. On Bravo and Delta the other legs are used for drilling and contain
conductors, but on Charlie the conductors are located externally, between the legs.

All three GBSs are designed to achieve the required structural strength and integrity when the pressure of the
fluids in the cells is lower than that of the seawater outside. This is achieved by a process called drawdown.
This is a specific feature of the Brent GBSs that uses a sysfem of pipes and pumps to keep the fluids inside
the sfructure at 4 atmospheres [or bars) below the ambient pressure from the sea. This pressure difference
keeps the GBS in compressions at all times, to compensate for the weight of the topsides and the heat stress
from the hot fluid in the oil storage cells. The Safety Cases for the GBSs require that drawdown is maintained
while the platform is manned.
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Figure 42 Brent Bravo GBS During Construction.
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Figure 44 The Main Structural Features of the Condeep GBS Brent Bravo.
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Figure 45  The Main Structural Features of the SeaTank GBS Brent Charlie.
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Table 33 Data on the Brent GBS Installations.

Topic Information
Type of Facility Concrete Gravity Based Structures
Section 29 Notice 12 December 2014
Operator Shell U.K. Limited
_ Bravo 61.05533583 N 1.71136889E 61.03.32015N01.42682133 E

(Cv‘;‘gg'gj)es Charlie | 61.09562556 N' 172009361 E | 61.05.737533 N 01.4320561 E

Delta 61.13183806 N 1.73443056 E 61.07.910283 N 01.44.0658 E
Distance to nearest coast 140 km, from Brent Bravo to coastline of the Shetland Islands, UK
Distance to median line 11 km, from Brent Delta to UK/Norway
Woater column (m) Water depths (m) 140.2 1o 142.1 | Tidal range 1.83m
100 year return wave Amplitude (Hmax) | 26.2 m Period 15.5 seconds
Maximum current speeds Surface 0.86 ms’ Seabed 0.46 ms’

Specific Differences in Design or Construction

Aspect or Issue Condeep BB SeaTank BC Condeep BD
Year of installation 1975 1978 1976
Maximum height above LAT (m) 19.7 6.8 19.8
Total mass of sand ballast in caisson (tonnes) 124,901 N/A 101,228
Total mass of GBS excluding water ballast 340,717 296,880 325,418
Dimensions of base of caisson (m) 89.2 x 100 Q1 x Q1 Notel 89.2x 100
Number of legs 3 4 3
Height from seabed fo top of ring beam (m) 159.9 148.9 161.8
External diameter of legs (m) 12210 21 881t 15 12.210 21
Thickness of leg walls (m) 0.5510 1.15 0.410 0.9 0.55t0 1.15
Number of conductors inside legs 38 N/A 48
Number of external conductors N/A 40 N/A
Number of cells 19 36 19
Number of cells used for oil storage 16 10 16
Total oil storage capacity (m®) 180,025 08,125 180,025
Height of cells {m) 60 57 58
Plan dimensions of oil storage cells (m) 18.54 m diam 13x 13 m? 18.54 m diam
Area of base of each oil storage cell (m?) 270 171 270
Thickness of storage cell walls (m) 0.73 0.7,09,1.0 0.73
Number of with water only 0 22 0
Number of tri-cells 22 16 22
No. conducfor penetrations through cells N/A 40 N/A
No. other externalfacing penefrations 474 6 252
Total number of penetrations in GBS 512 86 300
Total depth of skirts in the seabed (m) 4.0 2.0and 3.0 5.0
Total number of dowels 3 N/A 3
Maximum depth of dowel penetration m) 8.0m N/A 2.0m

Note:  For the caisson itself. The overall dimensions of base slab are 100.5 m x 100.5 m.
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After the removal of the topsides the Bravo, Charlie and Delta GBSs will, respectively, weigh approximately
341,000 tonnes, 297,000 tonnes and 325,000 tonnes, excluding the fluids in the cells and legs. Table 34
summaries the inventories for the GBSs after removal of the topsides, excluding the sediments and fluids in the
oil storage cells and other materials in the GBSs (Section 15 and Section 16).

Table 34 Inventories for GBSs Bravo, Charlie and Delta after Removal of Topsides.

Material (tonnes) Bravo Charlie Delta
Steel®? 38,847 38,594 40,354
Concrete 176,969 258,286 183,836
Sand Ballast 124,901 0 101,228
Total mass of GBS structure 340,717 206,880 325,418

14.3  Options for the GBSs

We carried out a high level assessment of the operations that would be required to dismantle the GBSs af

their present locations offshore. This would be an extremely long, difficult and risky process (Section 14.5),

with an unacceptably high level of safety risk for offshore personnel, and for this reason the option of in sitv
dismantling has not been considered further.

Since all three concrete gravity base structures are candidates for derogation under OSPAR Decision 98/3,
we identified the following options for decommissioning the GBSs after removal of the fopsides:

1. Complefe removal by refloating
2. Partial removal, by removing some or all of each of the legs

3. leave in place

14.4 lssues and Concerns Raised by Stakeholders

For the options for the GBSs, while some stakeholders suggested there might be some beneficial 'reef’ effects
from the GBSs left af sea, the main issues and concerns raised by stakeholders during the programme of
stakeholder engagement were:

e The technical challenges, safety risks and costs of refloating the whole of a GBS.
e The risks of cutting and lifting parts of the legs.

o The effects of spills or release of confaminants during any programme fo remove all or parts of

the GBSs.
e Safely risk to other users of the sea from any remains.
e longferm integrity and subsequent maintenance of any remains in the sea.
o The difficulty of carrying our remediation on the GBS once the legs have collapsed.
o Effects of leg collapse on GBS cell contents and on drill cuttings.
e Safety risk to project personnel from dismantling and recycling activities onshore.

e Impoacts fo onshore communities from a major dismantling programme.

32 \We estimate that on Bravo, Charlie and Delta GBSs, 18%, 13% and 18% respectively of the total mass
of the reinforced concrefe is steel.
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14.5  Technical Feasibility of Removal by Refloating

14.5.1 Introduction

The only realistic method that could be contemplated for completely removing any of the GBSs would be to
undertake a reversal of the original installation programme, and attempt to refloat the structures and tow them
back to shore for dismantling. Since the GBSs were designed in the 1970s, however, and were never
infended to be refloated, this would require an extremely complex, difficult and prolonged programme of
work on each sfructure. We have examined the fechnical feasibility of refloating the GBSs in considerable
defail, as described in the GBS TD [14]. The majority of our studies have been undertaken on the Condeep
Brent Delta, which will be the first Brent GBS to be decommissioned. Much of this work is, however, directly
applicable to the other Condeep Brent Bravo and, after checking for differences, we have fransferred
knowledge and findings from Delta to Bravo. Many of the major issues and principles researched for the
Condeeps were also applicable to the refloating of the SeaTank Brent Charlie. Because of the important
differences in the design, construction and operation of the SeaTank, however, we have undertaken a
separate assessment of the feasibility of refloating the Brent Charlie GBS.

The following sections:

o Describe the critical engineering difficulties that would have to be addressed before attempting fo

refloat any of the GBSs.
e Summarise the assessments of technical risk and safety risk that we have carried out.

e Present our conclusions on the feasibility of refloating the Brent GBSs Bravo, Charlie and Delta.

14.5.2 Programme of Work for Refloating

Table 35 summarises the main steps in the long and complex programme of work that would have to be
undertaken if any of the GBSs were to be refloated and taken to shore for dismantling. The illustrations for
nearshore and onshore dismantling are taken from the report Brent Delta deconstruction inshore-onshore final

report. by ODE lid [39].
Table 35 Main Steps in the Programme of Work for Refloating and Dismantling a Brent GBS.

Remove cell sediment or sand ballast: The GBSs are now heavier
than they were during original float-out, as a result of the addition
of solid ballast, the conductors, grout, and sediment inside the
cells. All of the sediment and some sand ballast (Bravo and
Delta) would therefore have to be removed to reduce the total
weight. For the purposes of reducing weight, some locations in
the GBSs would be difficult to access, others impossible.

Driling log

locations of materials in Brent Delta Cells

TYPE A i TveEC Remove the conductors: All the conductors would have o be
\ J / removed fo reduce weight, since they were installed affer
float-out.
TYPE A TYPEB TYPEC

Condlctors through Brent Charlie Cells
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Table 32, continued
GBS.

Main Steps in the Programme of Work for Refloating and Dismantling a Brent

Seal all penetrations: Every penetration by a pipe or cable
through the legs and through the cell walls {both internally and
externally) would have to be sealed, to prevent water flooding
info the structure during the refloating operation, while being
fowed fo shore, and while being dismantled at a nearshore deep
water location. To maintain gas pressure in the cells, all the
redundant pipework used for float-out would have to be sealed,
the GBSs would have to be free of cracks, and all external
penetrations — such as the 24 inch diameter holes for the
conductors — would have to be sealed.

Pjpework connected fo the minicell on Brent Delta

i [l
o 1l ih
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10 A il

H

el e

Install new control systems: A number of new systems would be
required, to monitor pressure in the cells, monitor and control the
break-out of the GBS, and monitor and control its draught and
orientation during the tow to shore and for 18 months while
floating at the nearshore dismantling site. These systems would
have to be fitted onto various parts of the GBS, and controlled
remotely from an affendant vessel.

Water ballast levels on Brent Charlie

BRENT CHARUE @
Replocement ballast system overview
of hinished assembly scenario B

- -
R

Install equipment to remove water from the cells and legs: All the
water in the cells and legs would have to be removed in order to
achieve the required buoyancy. Water would be displaced by
high pressure air, and a completely new sysfem of pipes, pumps,
valves and control equipment would have to be installed in the
cells and on the legs to achieve this.

Possible new ballast control system for Brent Charlie

Install equipment to break the under-base suction: The space
between the base of the GBS and the underlying seabed would
have to be pressurised, to help prise the GBS and ifs skirts from
the seabed. Water would have to be injected under high
pressure under all the base compartments, and a completely new
system of pipes, pumps, valves and control equipment would
have to be installed on the GBS and adjacent seabed to achieve
this. The seabed around the base of each GBS would also have
fo be reinforced by rock-dumping, to prevent the high pressure
water escaping.

Skirts and dowels below base of Brent Delta
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Table 32,concluded Main Steps in the Programme of Work for Refloating and Dismantling a Brent

GBS.

Remove topsides: The topsides would have to be removed to
reduce the total weight, because the GBSs are now heavier than
they were during the original float-out.

Refloat and tow the GBS: The water in the cells and leg would
be displaced by high pressure air. The combination of additional
buoyancy forces and underbase water pressure would prise the
GBS from the seabed and it would rise to the surface. Once on
the surface and stable, the floating GBS would be towed to a
deep-water nearshore site.

Towing the Refloated Brent Delta

Dismantle nearshore: The floating GBS would be securely
moored af a nearshore deepwater site. Using a variety of cold
cutting techniques it would be progressively dismantled over a
period of 12-18 months. Concrete and steel would be removed
and taken ashore for recycling.

Dismantle in dry dock: The remaining lower part of the caisson,
approximately 17 m high and 100 m in diameter, and weighing
about 53,000 tonnes, would be towed into a new, specially
consfructed dry dock for final dismantling. This would take
approximately & months.

Dismantling the Base of the Brent Delta Caisson in a New Dry Dock
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As fully described in the GBS TD [14], the design engineers Dr Tech Olav Olsen (DTOO) and Doris
Engineering (DE) examined how the GBSs could be refloated, and the engineering firm ODE Limited
examined how they could be dismantled inshore. These expert companies developed method statements for
all the maijor facets of the removal programme. They then supported our engineers as they worked with the
consulting engineers COWI fo assess the technical feasibility of refloating each of the GBS. To do this, the
whole refloat programme was broken down info a logical series of operations (or “steps”), and data and
expert judgement were then used to assess the likelihood or probability that:

e The operation could be completed successfully
e Unplanned or accidental events would occur
e The programme could be put back on plan if there were unplanned or accidental events

In this way, individual probabilities were assigned fo a large number of operations and accidents, and to the
possible inferactions and implications of different events and accidents. As a result, we were able to
quantify, in an auditable way, the likelihood that any particular step in the programme could be complefed
successfully, and thus the likelihood that the whole option could be completed successfully. These results were
presented in a series of reports by COWI, including the Brent Delta technical risk assessment for refloat[40],
and similar reports for Bravo [41] and Charlie [42)].

These assessments of risk were prepared before we made the decision to remove the topsides by SLV. It is
important o notfe that the only credible refloat programme of work would require the continued presence and
use of the topsides for several years prior to refloat, to enable all the essential inspections, modifications,
checks and verifications to be made. The assessments of risk therefore remain appropriate. VWork would
have to be done before the removal of the topside, and there is a small risk associated with topside removal
which, through the selection of the SLV option and with the support of AllSeas and Able, we are working to
reduce even further. The fact that we will remove the topside and support frame as a single piece by SLV
makes only a very small difference to the estimated probability of failure at the beginning of offshore
operations and does not invalidate the assessments, discussions and conclusions presented in this Section.

Figure 46 1o Figure 48 show the results of this comprehensive assessment of the feasibility of the

refloat option for each GBS. The graphs show the estimates of ‘Technical Project Failure” (TPF), the probability
that the operation would experience an ‘unrecoverable’ failure — an unplanned or accidental event from
which it would be impossible to recover — which would mean that refloat could not be completed
successfully. The "best’ estimate shows the main result and the ‘low’ and ‘high" estimates show the results of a
sensitivity analysis in which optimistic and pessimistic assumptions, respectively, were used fo estimate the
likelihood of failure at each sfep.

At the beginning of the programme of work in each estimate — when the GBS is being prepared for refloat,
the penetrations are being sealed, and leaks and cracks are being sealed — the probability of failure is high,
and it gradually decreases as each step in the programme is successfully completed.

14.5.3 Acceptable Levels of Technical Risk

For several years, oil and gas companies have used criteria to limit the risk of asset-loss arising from different
levels of damage to offshore platforms. Based upon these criteria, the maximum acceptable probability of a
maijor incident during the decommissioning operations has been set as 1 x 10° (1 in 1,000).

This figure is in line with the guidance contained in Part 1 of the Rules for the Planning and Execution of
Marine Operations published by DNV [43]. In these rules DNV stated that ‘a probability of tofal loss equal
to or better than 1,/1,000 per operation will then be aimed at’. These same rules indicate that during marine
operations, a probability of structural failure ten times less than this (that is 1 in 10,000 should be aimed at.
These risk acceptance criteria would be used at present if a new platform were to be installed. In redlity, a
risk level considerably lower than this would be sought in accordance with general risk- acceptance
principles.
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14.5.4 Results of Assessment of Brent Bravo Refloat

The technical risk assessment for Bravo concluded that the complete removal by refloat, tow and nearshore
dismantling has a best estimate aggregate of 7.4% probability of TPF at the beginning of the offshore
operations [Figure 46). This assumes that various inspection, festing and engineering activities have been
successfully completed before initiating the refloat operation. A sensitivity study has shown that taking what
might be considered a range of practical assumptions into account the probability of TPF ranges from 5.5%
to 34.3% on commencement of offshore operations.

In the 'high’ (pessimistic) estimate for Brent Bravo there is a major decrease in the probability of TPF at

Step 08/09 'deballasting and refloat’, when the GBS has been successtully refloated. To reach this point all
the preceding steps, including sealing of pipes, sealing conductors, installing and operating a ballasting
system, and hydraulic jacking, with their attendant risks and uncerfainties, will have to have been completed
successfully. The maijor risk contributor for the offshore operations is the plugging of the conductor
penetrations in the drilling legs. Problems with installing the plugs, or failure during verification, could make
refloat unviable. After Step 08,/09 the remaining sfeps in the refloat programme, including towing,
maintaining watertight in infegrity, achieving the required freeboard, and dismantling, also have risks and
uncertainties, but in the "high scenario these account for only approximately 15% of the original cumulative
likelihood of TPF af the beginning of the refloat programme of work.

Figure 46 Marginal Probability of Project Failure in Refloat Option for Brent Bravo GBS.
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14.5.5 Results of Assessment of Brent Charlie Refloat

The technical risk assessment for Charlie found that at the beginning of the offshore operations, after the
successful completion of the required inspections, testing and engineering, complefe removal by refloating
followed by tow and nearshore dismantling, has an aggregate best (most realistic) estimate of 3.6%
probability of TPF (Figure 47). A sensitivity study of the assumptions has shown that the probability of TPF
ranges from 1.9% to 51.0% at the beginning of the offshore operations. As discussed in the GBS TD [14],
the dominant risk contributions for the refloat of Brent Charlie relate to Step RO8 De-ballast and Step RO
Refloat. The main contributor to project failure in Step 09 relates to a failure of the connection between the
roof and the outer wall of the caisson caused by an uncontrolled heave or excessive ascent. Once the
buoyant structure is released from the seabed, it will ascend and oscillate over a period of approximately 50
seconds before seftling at its natural equilibrium draught. During deballasting, water would have been
removed from the cells, and the caisson would have to be pressurised in order to compensate for the
structural inadequacy of the external walls as they experience an imbalance of hydrostatic pressure. If the
caisson is pressurised and the inifial ascent excessive, the pressure inside would not vent quickly enough; the
pressure inside the caisson would be greater than outside, and this could result in the failure of the
connection between the roof and the wall.

Figure 47 Marginal Probability of Project Failure in Refloat Option for Brent Charlie GBS.
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Decommissioning Activity

In the "high’ (pessimistic) estimate for Brent Charlie there is a major decrease in the probability of TPF at

Step 08/09, when the GBS has been successfully refloated. This decrease is much more marked on Charlie
than on either Bravo or Delta, and reflects the fact that on Charlie the retraction procedure is dominated by a
number of failure mechanisms that are directly or indirectly correlated. In the refloat Step 09 this means that
in many cases the ability to solve a specific issue related to a failure mechanism would leave another
dominating failure mechanism of nearly the same magnitude. The majority of these failure mechanisms arise
and interact during Step 09, the stage that reflects attempted refloat.

The maijor risk contributor for offshore operations is in the procedure of refloating the structure. The wedge-
shaped skirts make it difficult to predict the refraction forces. In addition, the shape makes it difficult to apply
hydraulic jocking pressure under the skirts in order to safely push the GBS from the seabed. If hydraulic
iacking fails, the refloat procedure would use the de-ballasting capacity of the GBS, and this infroduces a
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risk of exceeding the structural capacities of the GBS if the structure suddenly breaks free of the seabed by
means of buoyancy alone. After refloat, the remaining steps in the refloat programme including towing,
mainfaining waterfight in infegrity, achieving the required freeboard, and dismantling, also have risks and
uncertainties, but in the ‘high’ scenario these account for only approximately 6% of the original cumulative
likelihood of TPF at the beginning of the refloat programme of work.

14.5.6 Results of Assessment of Brent Delta Refloat

The technical risk assessment for Delta found that af the beginning of the offshore operations the complete
removal by refloat, fow and nearshore dismantling has a best estimate aggregate of 6.8% probability of TPF.
This assumes that various inspections, festing and engineering activities have been successfully completed
before initiating the refloat operation. A sensitivity study has shown that, taking what might be considered a
range of practical assumptions info account, the probability of TPF ranges from 5.3% to 23.9% on
commencement of offshore operations.

Figure 48  Marginal Probability of Project Failure in Refloat Option for Brent Delta GBS.
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In the 'high’ (pessimistic) estimate for Brent Delta there is only a small decrease in the probability of TPF at
Step 10, when the GBS has been successfully refloated and towed away. To reach this point, all the
preceding steps, including the sealing of pipes, sealing conductors, installing and operating a ballasting
system, and hydraulic jacking, with their attendant risks and uncertainties, will have to have been completed
successfully. As with Brent Bravo, a major risk contributor for the offshore operations is the plugging of the
conductor penetrations in the drilling legs, including the damaged slot 24. Problems with installing the plugs,
or failure during verification, could make refloat unviable. Many risks, such as the capacity of the seabed soll
to withstand hydraulic jacking and the ability to verify the successful plugging of the conductor penetrations,
would remain as residual risks until it was known that refloat had been successful. After Steps 08, 09 and 10
the remaining steps in the refloat programme, including towing, maintaining watertight in integrity, achieving
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the required freeboard, and dismantling, also have risks and uncertainties, but in the ‘high” scenario these
account for approximately 21% of the original cumulative likelihood of TPF atf the beginning of the refloat
programme of work.

14.6  Assessment of Refloat Safety Risks

As well as assessing the technical risks associated with refloating the GBSs, we estimated the safety risk for
all the project personnel who would be engaged in such operations. We described several potential refloat
scenarios, drawing on the offshore programme of work used in the COWI assessments of TPF and the ODE
descriptions of nearshore and then onshore dismantling. We then estimated the total PLL based on the
numbers and occupations of the persons exposed, the published Fatal Accident Rates (FAR) for different
occupations or activities, and the duration of exposure. This assessment included the risk of fatalities arising
from the collision of project vessels with the GBSs during the course of the refloat programme.

One scenario examined was the same as that used in the assessment of TPF. In this scenario, the GBS would
be refloated using a new ballast system installed externally and the refloated structure would bedismantled at
a deep water nearshore site and then in a dry dock. The fofal PLL for project personnel in this scenario was

estimated to be 1.12, 1.08 and 1.12 for Bravo, Charlie and Delta respectively, that is, about 1,000 times
greater than the PLL value of 1 x 107 which is accepted as the upper limit of the ‘tolerable’ range (described

in Section 8.5.3).

14.7  Conclusion on Option to Refloat the GBSs

The assessments of refloat risks were completed before we had made the decision to remove the Bravo
and Delta topsides using the SLV Pioneering Spirit. The steps — and risks - associated with the removal of the
fopsides and the PGDS support structure would therefore not apply to the assessment of refloat risk. The
cumulative risks of TPF would thus be slightly lower than those presented here, but as described below the
risk is so much higher than would be generally accepted in an offshore project that this adjustment does not
materially affect our overall conclusions regarding refloat.

For Bravo, Charlie and Delta, the best estimate of TPF at the beginning of the complex programme of work to
refloat and dismantle the GBS is several orders of magnitude greater than what might be considered to be
the maximum tolerable level of risk of failure of 1 in 1,000. For each GBS there is a significant likelihood
that the option to refloat and dismantle nearshore would not be completed successfully. If the programme of
work were unsuccessful or only partially successful, the outcomes might be one of the following:

o The offshore procedures to extract the skirts from the seabed and refloat the GBS fail, and the GBS
remains /in situ offshore.

e The systems to mainfain buoyancy fail after refloating, and the whole GBS sinks irretrievably at its
present site, or at some point along the tow route.

e The systems to mainfain buoyancy fail once af the nearshore deep-water dismantling site and the
whole or part of the GBS sinks irrefrievably at the nearshore site.

e The systems fo maintain buoyancy fail, or the structure breaks up, such that the lower part of the
caisson sinks while being towed from the nearshore site into the dry dock.

At the beginning of the possible operations (as opposed to the earlier steps of inspection and fesfing), the
"best” estimate probability of project failure is 7.4%, 3.6% and 6.8% for Bravo, Charlie and Delta
respectively. It should be noted that these values have been derived after taking into account measures that
could be employed to reduce the likelihood of failure. These estimates are very high (from about 30 times to
about 60 times greater) in terms of the levels of failure that would normally be accepted by the Exploration
and Production (E&P) industry at the beginning of any new project. Typically, as described in the DNV
Guidelines of the fechnical feasibility of projects [44], the industry would not contemplate embarking on @
new project or programme if the likelihood of technical failure were greater than about 1 in 1,000 (0.1%).

As a result of the detailed and exhaustive engineering, technical and risk assessments that we have
completed on each of the individual GBSs, we have concluded that it is not technically feasible to remove
any of the GBS substructures by refloating; the risks of partial or complete failure are unacceptably high. In
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addition our studies have shown that, in the refloat option for each Brent GBS individually, the safety risks to
project personnel are infolerable. We have therefore concluded that, in line with the DECC Guidance
Notes, the refloat option for the GBSs may be ruled out and not subjected to a CA.

14.8 Comparative Assessment of Options for the GBSs

14.8.1 Introduction

For the Brent GBSs Bravo, Charlie and Delta the option of complete removal by refloating has not been
faken forward to a CA because it has been ruled out on Technical and Safety grounds. At the beginning of
any realistic programme of work to refloat any of the GBSs, the risks of failure are about 1,000 times higher
than would be considered acceptable by the E&P industry at the beginning of any rew project. Similarly, the
estimated risk of a fatality in a refloat programme for any individual GBS is about 1,000 times higher than a
value that is considered to be the upper limit of tolerability for E&P activities.

Following our screening of options (Section 7) and detailed technical assessments of the feasibility of
refloating, we have concluded that there are only two technically feasible options for decommissioning the
GBSs after the removal of the topsides, namely:

e Option 1: "Partial removal’; and
e Option 2: 'leave in place’

It is not feasible to refloat or otherwise remove any of the GBSs in the Brent Field, but their legs could be
removed and faken ashore for recycling. Taking info account the weight and strength of the legs, and their
stability while being cut, the technical and engineering studies by Dr Tech Olaf Olsen, Aker Kvaerner and
Smit (reported in the GBS TD [14]) suggest that the most efficient and safe way to do this would be to
remove each leg as a single piece by SSCV, and fransport it to shore vertically (Figure 49). In accordance
with the IMO Guidelines and Standards for the Removal of Offshore Installations and Structures on the
Continental Shelf and in the Exclusive Fconomic Zone [45], the minimum clearance for safe navigation
above the remains of a GBS would be 55 m. If the GBS legs were cut and partially removed to provide
such clearance, this would result in leaving leg stubs approximately 28 m, 32 m and 31 m high on the
Bravo, Charlie and Delta GBSs respectively. For Bravo, Charlie and Delta respectively, the total mass of
removed leg, comprising reinforced concrefe only, would be 14,825 tonnes, 10,130 tonnes and 17,145
tonnes.

Although there may be some small differences between the installations, the programmes of work that would
be required to complefe these two options would essentially be identical for all three GBSs, and are
summarised in Table 36. These options were subjected to a full CA as required by OSPAR 98/3. The
potential effects or implications of any residual sediment in the oil storage cells (Section 15), or of the
materials in the drilling legs and minicell annuli (Section 16), were not faken into consideration in this
assessment; it was assumed that the sediment and materials had either been removed or were present in only
small quantities and therefore had no bearing on the performance of either option.
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Figure 49 A Proposed Method for Removing the Upper Leg from a GBS.

Table 3¢ Summary of Viable Options for the GBSs, as lllustrated by Brent Charlie.

Open Cut
End of Leg

GBS

Caisson \

Okption 1: Partial Removal

After removal of the topside, the legs would be cut using
diamond wire cutfing techniques and lifted away vertically by
an SSCV or similar vessel. On Bravo and Delta, each removed
leg would weigh about 4,900 fonnes and 5,700 tonnes
respectively, and on Charlie they would weigh about

2,500 tonnes each. legs would be retumed to shore for
dismantling and recycling. The ends of the cut legs would

be left open to the sea. Partial removal the legs to a depth of at
least 55 m below LAT would provide the necessary clearance
for navigation.

Option 2: Leave in Place

No further work would be undertaken on the GBSs. After
removal of the topsides, 3 legs (Bravo and Delta) and 4 legs
(Charlie) would protrude above sea level.

The operations to remove the topsides would also

include placing purpose-built reinforced concrete caps onfo the
fop of each leg to protect it from the elements. An automatic
AtoN would be fitted to the top of one leg on each platform.

On Charlie, one of the legs would be extended by the
addition of a 22 m long steel column, to carry the AloN above
wave height.
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14.8.2 Technical Issues Concerning Partial Removal of Legs

We engaged specialist contractors, including DTOO the original designers of the Condeep GBS, Kvaerner,
Atkins and Cut UK, to perform a range of studies examining the equipment, techniques and procedures that
could be used to remove the upper parts of the GBS legs to provide 55 m clearance for safe navigation.
This work is fully described in the GBS TD [14] which cites extensively from the DTOO studies Brent GBS leg
Removal: Feasibility Assessment of Specific Issve [46), Brent Bravo Lifing Arrangement for leg Removal;
Feasibility of Lifting Arrangement for Brent Bravo (47, Brent Charlie Lifting Arrangement for leg Removal;
Feasibility of Lifting Arrangement for Brent Charlie [48] and Brent Delfa Lifting Arrangement for leg Removal;
Feasibility of Lifting Arrangement for Brent Delta [49]. The main fechnical issues and uncertainties are

as follows:

1.

Cutting the reinforced concrete. VWe have discussed technologies and procedures with leading
confractors and specialists in DWC, and performed onshore frials of cutting reinforced concrete under
load. The major concems are; the time required fo complete each cut and the availability of suitable
weather windows, the reliability of the DVWC and the failure rate of the diamond wire and, the viability
of equipment and procedures that can be used to keep the cut open and prevent jamming.

Attaching the lifting strops. On Delta it may be possible to attach the liffing strops under the ring beam
at the top of the leg, although there remain concerns about the strength of the leg if lifled from the top.
Such an attachment is not possible on Bravo because the ring beam is not strong enough, and its legs
would have to be liffed from the bottom. Conceptual designs for suitable liffing attachments have been
made but detailed designs have not been undertaken. This concept has not yet been studied on Charlie.

Lifting and transportation. Heavy lift confractors have confirmed that in principle it should be possible fo
lift each leg (weighing up to 5,700 tonnes in air) using an HLV or SSCV. A suitable lifing beam would
have to be designed and fabricated. Suitable procedures would have to be developed both for
affaching the severed leg fo the HLV liffing beam, and then lifting the leg using both of the HLV's cranes
working together. Studies have shown that the GBS legs are not strong enough to be rotated to the
horizontal position, so each leg would have to be carried vertically to shore by the HLV, one atf a time.
Cutting and lifting the legs could only be undertaken in a clearly defined weather window in which
wind speeds and sea states over the whole period of time would be forecast not to exceed specified
limits.

Reception and dismantling: The leg may be set down vertically on a quayside af sites that had sufficient
draught for an HLV to go alongside. It would then have to be secured vertically so that it could be
dismantled safely from the top down by hydraulic cutting and crushing equipment. Alternatively, the legs
would have to be rofated and laid horizontally on the quayside, for dismantling. Neither of these
procedures has been subject fo detailed design. If it were not possible to land the legs onshore, they
would have to be placed on the seabed near the onshore dismantling site, secured, and then
dismantled in air and then in water. A conceptual programme of work for dismantling legs has been
devised by ODE, but again defailed engineering (FEED] and risk assessment has not been performed.

Page | 140



BRENT FIELD DECOMMISSIONING PROGRAMMES

DECOMMISSIONING THE BRENT FACILITIES

14.8.3 Results of Comparative Assessments of Options for the GBSs

The individual results for Bravo, Charlie and Delia are presented in detail in the GBS TD [14], and are
summarised below.

Table 37 presents the weighted sub-criteria scores for two options examined for Brent Bravo and Figure 50
illustrates the results. On the basis of this assessment the ‘CA-recommended option’ for the Brent Bravo GBS is
Option 2 ‘leave in Place’. It has a total weighted score of 71.65 in contrast to Option 1's fofal weighted

score of 55.36.

Table 37 Transformed and Weighted Sub-criteria Scores for the Brent Bravo GBS.
Subscriterion Opﬂlgenml.v(l?l:rﬂol OpﬁonPf:I .c:eove in

Safety risk offshore project personnel 573 6.66
Safety risk fo other users of the sea 6.03 3.13
Safety risk onshore project personnel 6.62 6.67
Operational environmental impacts 4.25 5.00
legacy environmental impacts 2.00 1.00
Energy use 0.26 1.40
Emissions 0.25 1.14
Technical feasibility 12.00 20.00
Effects on commercial fisheries

Employment 1.05 0.01
Communities 0.33 .67
Cost 16.84 19.98
Total weighted score 55.36 71.65

Figure 50 The Total Weighted Scores of the Options for the Brent Bravo GBS,
and the Contributions of the Sub-criteria.

Total weight ed soore

Option
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Table 38 presents the weighted sub-criteria scores for two options examined for Brent Delta and Figure 51
illustrates the results. On the basis of this assessment the ‘CArecommended option’ for the Brent Delta GBS is
Option 2 'leave in Place’. It has a fotal weighted score of 68.65 in contrast to Option 1's total weighted

score of 54.31.
Table 38 Transformed and Weighted Sub-criteria Scores for the Brent Delta GBS.

Subscriterion Opﬂg:m]o.\,{:?niol Optionpé .c:eove in

Safety risk offshore project personnel 5.67 6.66
Safety risk to other users of the sea 6.03 0.61
Safety risk onshore project personnel 6.61 6.67
Operational environmental impacts 4.25 5.00
legacy environmental impacts 2.00 1.00
Energy use 0.00 1.17
Emissions 0.00 0.89
Technical feasibility 12.00 20.00
Effects on commercial fisheries

Employment 1.13 0.01
Communities 0.00 .67
Cost 16.62 19.98
Total weighted score 54.31 68.65

Figure 51 The Total Weighted Scores of the Options for the Brent Delta GBS,
and the Contributions of the Sub-criteria.
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Table 39 presents the weighted sub-criteria scores for two options examined for Brent Charlie and Figure 52
illustrates the results. On the basis of this assessment the ‘CA-recommended option’ for the Brent Charlie GBS
is Option 2 'leave in Place’. It has a total weighted score of 72.94 in contrast to Option 1's total weighted

score of 55.54.

Table 39 Transformed and Weighted Sub-criteria Scores for the Brent Charlie GBS.
Subscriterion Opﬂgm]o.\;?rﬁol Optionpé .cfove in

Safety risk offshore project personnel 6.10 6.66
Safety risk to other users of the sea 5.98 4.44
Safety risk onshore project personnel 6.63 6.67
Operational environmental impacts 4.25 5.00
legacy environmental impacts 2.00 1.00
Energy use 0.65 1.44
Emissions 0.44 1.07
Technical feasibility 10.00 20.00
Effects on commercial fisheries (£)

Employment 0.59 0.01
Communities 0.67 .67
Cost 18.22 19.98
Total weighted score 55.54 72.94

Figure 52 The Total Weighted Scores of the Options for the Brent Charlie GBS,
and the Contributions of the Sub-criteria.
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For all three GBSs the sensitivity analysis of the results shows that in every scenario, including the scenario in
which the criterion ‘Economic” is removed, Option 2 ‘leave in place’ has a higher fotal weighted score than
Option 1 'Partial removal’. The topsides will have been removed and the legs capped as part of the topsides
removal programme of work, so in this option there are no operational risks or technical difficulties, and no
risks fo project personnel. As discussed in Section 14.9, however, there is considerable uncertainty
associated with estimating the long term safety risks to other users of the sea, primarily relating the difficulty of
forecasting future shipping and fishing activity, and the timing, mode and duration of GBS degradation. The
average annual longterm legacy safety risk 1o other users of the sea is a PLL of less than 1.0 x 10° and thus
in the "tolerable’ band. The fofal cumulative risk for each GBS, for an estimated period of 1,000 years, is
about two orders of magnitude greater. Our proposed plans for mitigating these risks are presented in
Section 14.17. If the GBSs are essenfially inert, then the short- and long-term impacis to the environment are
low.

14.9 Discussion of the Comparative Assessments for the GBSs

14.9.1 Discussion

Examination of both the transformed unweighted data and the weighted scores for each of the sub-criteria
shows that for each GBS the differences between the two options are driven by the differences in
performance in fechnical feasibility’, ‘impact on communities’ and ‘cost’ (which are better in Option 2
"leave in place’) and in ‘safety risk to other users of the sea’, ‘legacy environmental impacts’ and
‘'employment’ (which are better in Option 1 "Partial removal’). All the other sub-criteria show only

small differences between the options in terms of their weighted scores.

This pattern is illustrated in Figure 53 to

Figure 55 which show the differences (positive or negative| in the weighted scores in each sub-criterion for
the two options for the Brent Bravo, Delta and Charlie GBSs respectively. The green bars indicate sub-criteria
where Option 2 has the better performance and the red bars indicate sub-criteria where Option 1 has the
better performance. It should be noted that in these charts the sub-criteria are ranked according fo the
differences between the two options, and thus may appear in different orders in the three figures.

Figure 53 Difference Chart Comparing the Weighted Scores for each Sub-criterion in Two Options for
the Brent Bravo GBS, under the Standard Weighting, Assuming Degraded Legs Remained at
LAT for 750 Years.
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Figure 54  Difference Chart Comparing the Weighted Scores for each Sub-criterion in Two Options for
the Brent Delta GBS, under the Standard Weighting, Assuming Degraded Legs Remained at
LAT for 750 Years.
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Figure 55  Difference Chart Comparing the Weighted Scores for each Sub-criterion in Two Options for
the Brent Charlie, under the Standard Weighting, Assuming Degraded Legs Remained at LAT
for 750 Years.
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Following our assessment of the real data informing those scores, we have concluded that in terms of the
GBS alone the sub-criteria serving to differentiate the options are technical feasibility, cost and safety risk to
other users of the sea. The drivers and trade-offs for the decommissioning of the Brent GBSs involve a
consideration of how feasible and safe it would be to remove the upper parts of the legs, and what real
reduction in safety risk to other users of the sea would thus be achieved. When assessing the benefit of
reducing the potential future risk to other users of the sea by removing the upper parts of the GBS legs, the
potential risk fo project personnel that arises through the need to complete the additional offshore and
onshore work must also be considered. A balance must therefore be struck between reducing the long-term
risk to other users of the sea and exposing project personnel fo risk in order to achieve this, with the
understanding that the assessment of risk for each party is on a different timescale and has been calculated
using @ number of assumptions.
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We engaged the specialist consultancy Anatec to perform quantitative assessments of the likely risk to other
users of the sea for the two options Partial removal’ and ‘leave in place’, using a number of stated
assumptions about the degradation and longevity of the GBSs. Their findings are presented in their report
Assessment of safely risks to mariners from Brent GBS [19]. This study was informed by two other studies, the
Mackay report Assessment of socioeconomic effects on commercial fisheries [21], which included an
assessment of the likely future levels of fishing activity in the Brent area, and, importantly, by the Atkins studies
Brent Charlie leg collapse and caisson damage assessment — final report [50] and Brent Delta derogation
and longevily study, technical report [51].

The Atkins studies attempted to predict how the GBS legs and caisson would degrade and collapse if left in
the sea. They inform our view of how long the GBSs might be a risk to other users of the sea through direct
collision or through snagging of pelagic or demersal fishing gear, and how the degradation of the GBSs
might lead fo the exposure and/or ejection of material from the cells info the sea. Atkins acknowledged that
the character and rate of GBS degradation are defermined by the interaction of several factors and
processes, and cannot be predicted with certainty. The estimates by Atkins could, therefore be regarded as
indicative of the likely order of magnitude of the timescale. The ‘best’ estimate suggests that the legs might
remain upright for up to 250 years before failing at or around sea level. They may then continue to degrade
more or less linearly, but they may also remain upright for about 750 years, gradually losing strength until
they fail at or around the top of the caisson.

Because of the considerable difficulty in predicting the character and rafe of GBS degradation, and thus the
timing and manner of the collapse of legs in Option 2 ‘leave in place’, Anatec assessed the safety risk to
other users of the sea under two confrasting scenarios — Scenario 1 ‘Linear degradation from sea level’ and
Scenario 2 'Collapse at caisson’. The results of their assessment are shown in Table 40 and Figure 56.

The safety risk fo other users of the sea is expressed in ferms of the PLL. The total PLL is the estimate of how
likely it is that one person may be killed as result of the option. The average annual PLL is simply that fotal
estimate averaged over the whole period under consideration, which, for the purposes of assessing safety
risks to other users of the sea from the degrading remains of the GBSs, we have taken to be 1,000 years. In
oil and gas offshore projects, an annual PLL of 1.0E-03 is sometime regarded as the very maximum level of
safety risk that would be folerated before proceeding with a project.

Table 40 Total PLL for Other Users of the Sea for GBS options, with Safety Zones in Place.

Total PLL for Option if 1000 years for leg degradation
Brent GBS Option 1 Particl Option 2 Leave in Place
Removal Scenario 1 ‘Linear’ Scenario 2 ‘Collapse’
Bravo 2.54E02 6.95E-02 14.0E-02
Charlie 2.72E02 6.94E-02 8.84E-02
Delta 2.55E02 8.21E02 24 .0E-02
Total 7.81E02 22.1E02 46.84E-02

In Option 2 'leave in place’ scenario 1, if the legs degrade linearly the total safety risk to other users of the
sea is estimated to be a PLL of 22.1E-02, giving an average annual PLL over the whole 1,000 year period
of leg degradation of approximately 2.2E-04. In Option 2 Scenario 2, if the legs remained upright at sea
level for 750 years the total safety risk to other users of the sea would be a PLL of 46.84E-02 which is an
average annual PLL of approximately 4.7E-04. In contrast, in Option 1 'Partial removal” where the legs are
removed down to approximately -55 m LAT, the total PLL would be 7.8 TE-02 which over a period of 1,000
years gives an average annual PLL of approximately 7.8E-05.

These values can be expressed in another way. The estimated PLL for other users of sea if the Brent GBSs
were decommissioned by adopting Option 2 ‘leave in place’, and the legs failed at around sea level after
250 years and then degraded steadily over the next 750 years from sea level to the tops of the caisson,
would be 22 1E02. That means that if about 4 sefs of ‘Brent GBSs’ were decommissioned in this way and
degraded over 1,000 years, this might result in one fafality to an ‘other user of the sea.’
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It was these various values for safety risk to other users of the sea that we compared with the estimated
safety risks for our project personnel who would be engaged in removing the upper parts of the
legs. In the difference charts in Figure 53 to

Figure 55, we have used what were intended to be the conservative estimates from Anatec, because it is
these estimates of the potential long-term safety risk to other users of the sea that influence our consideration
of the GBS options. Recognising that any predictions of safety risk to other users of the sea so far info the
future are subject to very considerable uncertainty, we have proposed a “rolling” programme of assessment

in which the risk estimate will be updated from time to time using latest data. This is described in Section
14.17.1.

Figure 56 Estimates of PLL for Other Users of the Sea for GBS Options, with Safety Zones in Place.
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14.9.2 Inferaction with GBS Contents

The DECC Guidance Notes sfate that the options for installations should be examined bearing in mind the
characteristics of the installation and the materials on and in it' [3]. The Brent GBSs contain sediment in the
former oil storage cells, and oily material in the drilling legs and minicell annulus. The nature of these
contaminants, the feasible options for their management, and the results of their individual CAs are presented
in Section 15 and Section 16 respectively. A description of the potential cumulative effects of the proposed
decommissioning programme, including a description of the interaction between the GBS and their contents,
is presented in Section 22.7.

Our assessments of options for the decommissioning of the GBSs were performed without considering the
implications of the presence and effects of the cell sediments or the oily material in the drill legs and the
minicell annulus, for the following reasons:

1. We wished to examine the technically feasible options for the GBSs in their own right.

2. Both options for each of the GBSs can be performed with all of the options for the GBS contents, and
vice versa. Neither decisions about the legs nor decisions about the GBS cell contents preclude any
option for either facility.

3. Decisions about the cell contents are therefore decoupled from decisions about the GBS legs.

Page | 147



BRENT FIELD DECOMMISSIONING PROGRAMMES

DECOMMISSIONING THE BRENT FACILITIES

4. With the exception of Option 5 for the cell confents ('leave in place’) all the options for the
management of the cell contents, if combined with an option for the GBS legs, would add to the
technical difficulty, safety risk, operational environmental impact, energy use, gaseous emissions,
societal impact and cost of the ‘GBS legs’ portion of the assessment. This addition would be the same
for both the GBS options, and thus the differences in performance between the two options for the GBS
would remain unchanged.

5. For each of the GBSs on their own, the difference in ‘legacy environmental impact’ between the two
options is small (1.0 on the weighted scale). If the options were combined with options for the cell
confents, the legacy impacts would change as follows:

a. Combining either GBS option with Cell Contents Option 5 ‘Leave in Place’: Only the
performance and weighted score of the sub-criterion legacy environmental impact would
change. The weighted score for the legacy environmental impact for Option 5 for the cell
confents is small, and smaller than the legacy environmental impacts of the GBSs on their own.
For the GBS and cell contents combined, therefore, the weighted score for legacy environmental
impact would decrease, but it would decrease equally for both the ‘legs down’ and ‘legs up'
GBS options. Since each GBS option had now acquired the legacy impacts from the cell
confents equally, the difference in legacy impact between the options would decrease
somewhat. The differences between the two options for the GBSs would continue fo be driven
mainly by the sub-criferia that drive the differences between the GBS on their own.

b.  Combining either GBS option with Cell Contents Options 3 or 4, the two ‘treat in place’
options: The same argument applies fo these combinations. The weighted scores for the legacy
environmental impact of these two options for the cell contents are quite low and about the same
weighted score as the legacy impacts of the legs, so the difference in legacy impacts between
the options for the GBS combined with the cell contents would decrease somewhat. In addition,
both the GBS options would now acquire the safety risk, technical risks, costs and operational
environmental impacts of the particular sediment option, and would do so equally. The
differences between the two options for the GBSs would continue to be driven mainly by the sub-
criferia that drive the differences between the GBS on their own.

c. Combining either GBS option with Cell Contents Options 1 ‘Recover and Re-inject’ or Option 2
'Recover and freat slurry onshore’. The weighted score for the legacy environmental impacts for
both these options for the cell confents are quite high, near the maximum possible. For the GBS
and cell contents combined, therefore, the weighted score for legacy environmental impact
would hardly decrease from the weighted score for the GBS alone, and the differences between
the two options for the GBS in legacy environmental impacts would remain about the same.
However, the weighted scores for all the other sub-criteria would decrease because the
additional operations would lead to a deterioration in the performance of the sub-criteria safety
risk, operational impacts, energy use, gaseous emissions, sociefal impacts, technical feasibility
and cost, and this deferioration would be equal in both the ‘legs down” GBS option and the
'legs up’ option. The difference between the options in these sub-criteria would, however, remain
driven by the differences in the confributions from the GBS part of the combined option, rather
than from the cell contents part.

14.9.3 Conclusion of Assessments for Brent GBSs

Our best assessments suggest that the removal of the upper parts of the GBSs legs would be feasible but
technically difficult. It would require several years' of preparation, the design and frialling of a suitable-sized
DWC system, and the design and testing of a means of attaching the cut leg sections to the HLV cranes. For
the three Brent GBSs combined, the estimated total safety risk to our project personnel offshore and onshore
who would be engaged in operations to cut, remove, dismantle and recycle the refrieved leg sections is o
PLL of approximately 105 x 107, If leg removal operations were spread over three years (as would be likely)
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the average annual PLL would be approximately 35 x 107, which is approximately thirtyfive fimes greater
than the maximum "tolerable level for annual PLL.

If the upper parts of the legs on all the Brent GBSs were not removed, and they remained upright for

750 years once they had degraded fo sea level, and the safety zone in place remained in place, we
esfimate that the fofal average annual safety risk for all other users of the sea — from collisions and snagging
— would be a PLL of approximately 4.68 x 10%, which is about 1% of annual risk for project personnel who
would be engaged in the work required to remove the upper leg. In contrast, if all the Brent GBS legs were
removed and the safety zone remained in place, the average annual PLL for other users of the sea would
decrease by about 45% to approximately 2.6 x 10%. It is important to note that the estimated average
annual PLL for other users of the sea varies depending on which assumptions are made about degradation
rates and whether an effective safety zone is maintained —and observed — around the remains of the GBSs.

As a result of extensive discussions with Anatec, the specialist consultants in assessing shipping and snagging
risk, our view is that the estimates of the longferm safety risk for other users of the sea are conservative. They
take no account of likely future improvements in technology, navigation or seamanship in the next five
centuries, or of how shipping traffic or commercial fishing patterns and practices will change. If the GBSs
were left in place with their legs upright, and marked on charts and on FishSAFE, they will continue to be a
known and fixed feature of the seascape in the former Brent Field, and mariners will be able to take them
info consideration when passage-planning and watch-keeping. We believe that the forecasted low-level,
very longterm risks to other users of the sea are outweighed by the very tangible risks to which our project
personnel would be exposed if the legs were to be removed.

14.10 Recommended Options for the Brent GBSs

The detailed CA of feasible options (Section 14), carried out in accordance with the requirements of OSPAR
Decision 98/3, and using the selection criferia and matters to be considered sef out in Annex 2 of that
Decision, has indicated that the recommended options for the GBSs after the removal of the topsides are

as follows:

e Brent Bravo: "leave in place’
e Brent Charlie:  ‘leave in place’
e Brent Delta: "leave in place’

14.11 Recommended Programmes of Work for Decommissioning the Brent Field GBSs

After the removal of the topsides and the fitting of the concrete caps and AtoNs — all of which are part of the
programme of work for the removal of the fopsides (Section 12) = no further work would be carried out on
the Condeeps Bravo and Delfa. The conductors and casings in the drilling legs, and all the pipework and
steel infrastructure in the utility legs, would be left in place. As part of our leg clearance scope of work on
Brent Delta our execution team has ensured that all items within the drilling and utility legs are secure. In our
ongoing preparations for the removal of the Bravo and Charlie topsides we will complefe various checks and
sweeps that will provide similar assurance that the infernal pipework and steelwork will be left secure after
the topside lifts.

We appreciate that if parts of the GBS legs had to be removed some years in the future, the potential cut
line (around -69 m LAT for the utility leg) could be obstructed by corroded pipes and steelwork. Before any
DWC cutting operations began, we would deploy an ROV through a large opening in the side of the leg o
either confirm that the cut zone was clear or to remove obstructions. In their study on specific issues of leg
removal DTOO, the original designers of the Condeep GBSs, concluded that a nominal 2 m x 2 m opening
would not be likely to affect the structural integrity of the concrete leg [46].

On the SeaTank Charlie, the external conductors and conductor guide frames located between legs C3 and
C4 would be cut and taken to shore for dismantling and recycling. Cutting would be undertaken by external
AW] or DWC, and the conductors would be cut af a height of 2 m to 4 m above the celltops, as close as
possible to the top of the celltop drill cuttings pile but without disturbing the pile. The removal of the Brent
Charlie conductors would not form part of the GBS decommissioning programme of work but would be
undertaken as part of topsides removal or a wider programme of subsea removals.
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External pipework and other ‘appurtenances’ on the legs would be removed, but this forms part of the subsea
programme of work described in Section 18.

14.12 Marking of the GBSs

The position and new status of each GBS will be formally nofified to other users of the sea through the UK
Hydrographic Office, and marked on charts. All three GBSs will be incorporated in the FishSAFE sysfem to
provide early warning to commercial fishing vessels.

AtoNs will be fitted to the concrete cap on one leg of each GBS (Figure 57). On Charlie, one leg will be
heightened by the addition of a 22 m long steel extension, fo raise the AtloN clear of wave action (Figure
57). Two support structures will be installed on the leg cap so that a second, replacement AtoN, could be
fitted before the old AtoN was removed for repair or servicing. The solar/battery-powered AtoNs are
typically designed to operate for up to 4 years without maintenance and they can be changed using a
helicopter or vessel, without the need for personnel to access the leg. According to the Infernational
Association of Lighthouse Authorities (IALA) the minimum requirement for an AtoN is the provision of light, but
other features, including an Automatic Identification System (AIS) transmitter with the capability fo fit a
Racon®® unit in the future, will be incorporated in our AtoNs. Remote monitoring for system health and
diagnostics will be provided using a satellite link, including the possibility of remote basic power
management facilities to allow faulty systems to be powered-down if required.

When it is clear that the legs can no longer support the AtoN, we will discuss and agree with BEIS a
suitable alternative warning device. Under present legislation it is likely that this will be a tethered buoy, with
appropriate lighting.

The present 500 m radius safety zone centred on each GBS will remain in force for as long as a leg
protrudes above the sea. After degradation, when the leg is about to disappear below sea level, we will
apply fo the HSE for a continuation of the 500 m zone as an additional safety measure.

Section 24 describes the measures we would put in place to periodically monitor the condition of the GBSs.

Figure 57 Condition of the Brent Bravo and Brent Charlie GBSs on Completion of Decommissioning
Activities, with AtoN in Place.
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14.13 Material Retrieved and Material Left in Place

Figure 57 shows the condition of the Brent GBSs affer removal of the topside and the fitting of concrete
caps and the AtoN. At Bravo, Charlie and Delta the amounts of GBS material (concrete, steel and
sand ballast) remaining in place on completion of the proposed programmes of work would be as were

shown in Table 34.

14.14 Onshore Dismantling and Recycling

With the exception of the attic oil and interphase material that will be removed and treated as part of the
management programme for cell contents (Section 9), the main items that will be refrieved from the GBSs will
be the external conductors and conductor guide frames on Brent Charlie. Section 20 summarises how we
would manage the dismantling and recycling of such material.

14.15 Degradation and Longevity of GBSs

The GBS are very strong and durable structures, and are likely to last a very long time. The assessments
performed and the predictions prepared by Atkins [50] [51] suggest that they will deteriorate and then
collapse over a period of about 1,000 years, and that this process will comprise four phases (Figure 58).
The possible sequence of degradation and collapse was investigated using various assumptions, and these
gave a range of timescales for the phases, as described in the GBS TD [14]. It is acknowledged that the
timescales estimated by Atkins, while based on best available knowledge, attempt to forecast the timing and
character of a long process. They could be regarded as indicative of the likely duration of degradation and
collapse, and it is on this understanding that we have used it them the basis for estimating the long-term risk
fo other users of the sea.

An artist’s impression of the possible condition of a GBS affer about 1,000 years of degradation is
presented in Figure 59; this attempts fo show the tofal mass of degraded concrete after corrosion of the
reinforcing steel and collapse of the whole structure.

The possible impacts of the eventual exposure of residual cell sediment are described in Section 22.3.

Figure 58  Four Main Phases of GBS Degradation and Collapse.

Phase 1, lasting perhaps from Year
O to Year 150.

The legs will remain upright and
intact, although areas of spalling
may begin to appear as the
embedded steel reinforcing
corrodes and expands, cracking the
concrefe. Similarly, unless impacted
by falling debris from the upper part
of a leg, the domes and walls of
the cells will remain largely infact,
although some fine cracking may
develop.

A6\ B3
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Phase 2, from about Year 150 to
Year 250.

Degradation of the legs will
continue, and at some point the
caps will fall off and it will no
longer be possible to fit the AtoN.
Degradation will be most notficeable
around sea level, and it is likely that
the legs will fail at or around sea
level affer perhaps 250 years.
Spalling and falling debris from the
upper legs will crack and perhaps
puncture the cell domes. If large
parts of legs fall away, individual
cell domes and parts of cell walls
may be destroyed.

Phase 3, from about Year 250 to
about Year 600.

All the legs will have degraded to
below sea level. Spalling of
concrefe is more evident over all
parts of the GBS legs and caisson,
and steel reinforcing will
increasingly become exposed.
Many of the cell domes will be
punctured or destroyed, and some
of the upper parts of the cell walls,
particularly of outer cells, will also

be damaged.
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Phase 4, from about Year 600 to
about Year 1,000.

All the legs will have collapsed by
this stage, and will have come to
rest across the cellfops and on the
adjacent seabed. During this period
most if not all of the cells will have
been breached, and most of the
domes will have failed and
collapsed into the cells. The cell
walls will be breaking up and
collapsing into the cells or onto the
adjacent seabed. Only the lower
parts of the cell walls may remain
intact, rising above the base plate
or the lower domes. Most of the
steel reinforcing will have corroded
away, and the material on the
seabed will comprise fractured
pieces of concrete lying in a rough
mound over the former sites of the
GBSs.

Figure 59 Atist's Impression of the Condition of a GBS after Complete Collapse.
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14.16 Environmental Impacts of Decommissioning the GBSs

14.16.1 Stakeholder Environmental Concerns

For the recommended option for each GBS, the specific environmental concems or issues raised by our
stakeholders were:

e Accidental discharges or releases of hydrocarbons to sea.

e legacy impacts o the marine environment.

e Impacts on commercial fisheries.

e The effects of falling debris on the drill cuttings piles.

e The impacts of falling debris and legs on the oil storage cells.

o The difficulty of carrying our remediation on the GBS once the legs have collapsed.

14.16.2 Potentially Significant Impacts in ES

Figure 60 presents DNV GL's summary of the results of the environmental impact assessment of the
programme of work that would be undertaken on the GBSs, and of their longferm presence offshore with
legs upright [5]. The most significant impacts in this activity would be the large (theoretical) use of energy
and gaseous emissions which is assessed as ‘large negative’, and the legacy impact which is assessed as
'moderate negative’.

Figure 60 Environmental Impacts Associated with the Decommissioning of all Three GBSs by Option 2
'leave in Place’.
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14.16.3Impacts of Offshore Operations

There will be no impacts from offshore operations, because the GBSs would be left in the condition that was
achieved after the removal of the topsides and the capping of the cut legs (Section 12).The only activities
that would take place affer the removal of the topsides would be associated with (i) the possible water-jetting
of a small volume (in the order of tens of cubic metres) of celltop drill cuttings (Bravo and Deltal), or the
removal of the whole of the Charlie cell top pile, if required, to permit subsea infervention for the removal of
aftic oil and inferphase material (see Section 17), (i) the removal of any visible celltop debris (see Section
20) and, (iii) the removal of the external conductors on Brent Charlie (see Section 18). The potential impacts
of all these operations are described in the relevant Sections and are not part of the operations fo
decommission the GBSs.
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14.16.4legacy Environmental Impacts

The main potential source of impact associated with the decommissioning of the GBSs is their long-term
presence on the seabed and eventual disinfegration. Ignoring the potential impacts of the exposure of cell
contents (Section 15) the main potential impacts from this outcome are the final “footprint’ of the collapsed
GBS on the seabed, and the eventual exposure of drill cuttings in the tri-cells.

The ES estimated that the overall legacy impact of leaving the three GBSs in place was ‘moderate
negative’, as a result of the combination of effects on the marine environment, fishing and shipping.

The slow degradation and collapse of the steel and concrete GBSs over a very long period of time would
change the character of the local seabed, and provide a habitat for the sefflement of hard-bottom species
of invertebrates. Depending on the rate of GBS collopse and the violence of any such collapse, some
adjacent parts of the seabed, perhaps within 100 m of the edge of the present structure, may be covered or
partially covered by the rubble. In addition, falling debris would disturb and resuspend seabed sediments in
the immediate area, which might impact local benthic fauna. For both these effects, however, (covering of
the local seabed and local disturbance of sediments) the ES comments that the benthic fauna that would be
impacted are diverse, abundant and typical of a wider region, and that there do not appear to be any
species of conservation concemn.

The degrading materials themselves are inert and will have very litle impact on the marine environment. The
steel will corrode to inert ferrous oxide and then crumble, and the concrete will probably break down into
rubble of various sizes. The degradation of the GBSs and their eventual collapse would expose any cell
confents to the marine environment, and the potential consequences of this are discussed in Section 15.

14.16.5Energy and Emissions

After the removal of the topsides and the fitting of the concrete legs caps, which would be part of the
fopsides removal programme, the only direct use of energy if the GBSs were left in place with their legs
upright would be the planned post-decommissioning structural and environmental surveys (Section 24). By far
the majority of energy use and gaseous emissions would be indirect. DNV Gl estimate that fo ‘replace’, by
new manufacture, the approximately 540,000 tonnes of concrete and the approximately 156,000 tonnes
of steel that would be left behind and not recycled, would require about 3.8 million GJ of energy and result
in the emission of about 370,000 tonnes of CO, (Table 41). This estimate is based on the optimistic
assumption that recovered concrefe can be recycled; experience to dafe shows that concrefe that has been
immersed in seawater for decades is only fit for road inill or harbour breakwaters.

Table 41 Energy and Emissions Associated with the Decommissioning of all Three GBS by Option 2
'leave in Place’.

Emissions to Atmosphere (tonnes)
Operations Energy (G))
C02 NOX SOQ

Direct

Marine operations 13,965 ‘ 1,029 21 ‘ 6
Recycling

Materials not recycled 3,810,767 372,079 302 215
Total 3,824,732 373,108 323 221

DNV Gl also estimated, however, that if the three GBSs were to be refloated and taken inshore for
dismantling and recycling, the total use of energy would be some 31 million GJ, and the total CO, emission
some 2.3 million tonnes. In other words, operations to remove and recycle the GBSs, even if technically
feasible, would not save energy or reduce emissions. Removal would result in the actual use of about

30 times more energy and the real emission of about 30 times more CO; than leaving the GBSs in place.
Finally, it is worth noting that in the ‘leave in place’ option, approximately 78% of the energy use and 83%
of the CO; emissions are theoretical’, only occurring if concrefe and steel has to be newly manufactured to
replace material left in the sea.
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14.17 Mitigation Measures for GBS Programme of Work

14.17.1 Reviewing the Safety Risk to Other Users of the Sea

We engaged Anatec to estimate the safety risk fo other users of the sea from the long term presence of the
GBSs with the legs in place [19]. The risk is presented by the short- to medium-erm risk of collision and the
medium- to longterm risk of snagging fishing gear.Any estimation of the long term safety risk fo other users of
the sea (the 'legacy’ safety risk) depends, crucially, on forecasting (i) the infensity of various types of fishing
operations around the GBSs and, (ii) the infensity, routes and nature of commercial shipping in the area.
Shell, Anatec and Mackay Consultants have acknowledged that it is very difficult to make long-ferm forecasts
of fishing and shipping. Consequently, the assessments of safety risk to other users of the sea have been
based on the recent levels of fishing and shipping, calibrated with historical collision data. At present, the
estimates of safety risks to other users of the sea over the next 100 years result in an estimate of annual PLL
that is within the range regarded as "tolerable’.

In the short term (perhaps 20-30 years), recent historical data may give a reasonable prediction of future
levels, and hence of future safety risks. Given the pace of changes in maritime technology and practices, the
probable changes in both shipping levels and types, and fishing activity, predictions based on recent trends
are likely to quickly become out of date.

Recognising these uncertainties we propose, as part of our ongoing moniforing programme, to repeat the
assessment of safety risks o other users of the sea at regular intervals using the latest published data. This
would involve an examination of the most recent new data and frends on fishing activity and commercial
shipping activity, and an update of historical collision data. This would be used to re-model the risk and
provide a revised shortterm prediction of the safety risks to other users of the sea. In this way a “rolling”
programme of risk assessment could be established and maintained, based on short-term predictions that
were periodically updated, and in which there could be a high degree of confidence. Given the pace of
technology development (for example satellite tracking, improvements in AtoNs, and the infroduction of
unmanned fishing vessels) it may be prudent to complete the first update about 10 years affer the completion
of the decommissioning programme. The frequency of subsequent updates may be determined by a risk-
based approach informed by the pace of technology development, and would be agreed with BEIS in the
moniforing programme. Such a rolling programme would, in due course, also take into account the changing
condition of the GBSs left in place on the seabed.

If any re-assessment showed that the level of risk was unacceptably high, we would consult with both the
authorities and the other users of the sea to consider and agree what actions could or should be taken to
mitigate the revised risks.

14.17.2 Summary of Other Mitigation Measures

e Appropriate Notices to Mariners will be issued to alert other users of the sea to the changed status
or condifion of the GBSs.

e Aids to Navigation will be fitted to each GBS and maintained fo ensure they are effective.

e The locations and status of the GBSs will be enfered onto the FishSAFE system to alert fishermen
when approaching the structures.

e A 500 m safety zone will be refained around each GBS while any part of the structure remains
above sea level. Affter degradation, when the leg is about to disappear below sea level, we will
apply to the HSE for a continuation of the 500 m zone as an additional safety measure.

e A postdecommissioning as-eft structural survey will be performed on each GBS to accurately
determine its condition, for use as a baseline to monitor the future condition of each structure.

e Arisk-based environmental and structural monitoring programme, to track the long-term degradation
and fafe of the GBSs, will be discussed and agreed with BEIS.
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15  DECOMMISSIONING THE GBS CELL CONTENTS

15.1  Introduction

A full description of the former GBS oil storage cells is presented in the GBS Confents TD [15]. In summary,

after the final export of crude from the cells, the oil storage cells will contain four types of material (Figure
61):

e Attic oil: A small volume of crude oil frapped beneath the cell dome (Charlie and Delta only).

o Interphase material: A stiff emulsion of oil and water formed at the interface between the attic oil
and the cell water.

e Water: Produced water and seawater, which was pumped info the cell to replace the oil being
exported.

e Sediment: A mixture of fine particles of sand, crude oil and water. On all three GBSs, some of the
cells in the caisson were used as part of the oil separation process and for storing crude oil before
export. During storage, fine particles of sand will have settled-out from the liquid phase and
accumulated in the base of each ail storage cell, forming a layer of oily sediment.

Figure 61 Schematic Diagram lllustrating the Expected Disposition of Materials in a Brent GBS Oil
Storage Cell at CoP.

IMPORT/EXPORT
LINE

ATTIC OIL

INTERPHASE
MATERIAL

WATER

60

SEDIMENT

IAm ,

IMPORT/ | CONCRETE
EXPORT i KR
LINE m

Page | 157



BRENT FIELD DECOMMISSIONING PROGRAMMES

DECOMMISSIONING THE BRENT FACILITIES

15.2 Characteristics of Cell Contents

15.2.1 Introduction

We have committed to removing the affic oil and the interphase material from every former oil storage cell
(Section 15.11.2). We have therefore examined options for the management of the remaining materials, the
cell water and the cell sediment. To identify and develop feasible options in the absence of any sediment
samples from the cells, we performed desk-top studies to estimate the volume of sediment and the likely types
and concentrations of contaminants that it would contain. These studies were informed by data from sludge
samples taken from the topsides separators, the Brent Spar, and the Sullom Voe oil terminal where Brent
crude was received.

In July and August 2014, after a long period of design, planning and frialling, we successfully surveyed and
sampled three of the sixteen oil storage cells on Delta, in a programme called the cell sampling project
(CSP). The challenge of the CSP was to devise a sampling programme that could be realistically and safely
undertaken offshore on a working platform. During the initial phase of engineering development, it emerged
that the scope of the sampling and surveys had to be balanced against the corresponding technical
challenges in order to keep the offshore execution within pragmatic boundaries. Taking such considerations
info account, the objectives of the CSP were as follows:

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

i.  To launch a 3D sonar device fo obtain data on the surface topography of the sediment, and measure
the depth and thickness of the sediment.

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

We concluded that it would be more efficient to deploy equipment from the topsides than from a vessel
under the overhang of the topsides. We also realised that although the use of the existing pipework seemed
more costefficient, it posed significant constraints on the tooling to be used and so would be likely o require
a bespoke design. We therefore decided to gain access fo the storage cells through newly created subsea
holes drilled through the concrete cell tops, but we continued to investigate the development of bespoke
tooling that could be deployed through the existing pipework.

In the light of these maijor findings and decisions, we selected three storage cells for access - Cells number 9,
17 and 18 shown in red in Figure 62 - mainly because of their favourable location with respect to the
fopside cranes which were required to deploy the equipment from the topside. Using these cranes rather than
a Dive Support Vessel (DSV) reduced the cost of the sampling project.

As a result of the CSP, the layer of sediment in the base was mapped and quantified by sonar, and 6 kg of
sediment and approximately 10 litres of water were refrieved for analysis.

3 In order to execute this project with the topside in place, the design of the equipment had to
accommodate the particular constraint of the drawdown system. This means that if a hole is drilled into a cell
for the deployment of measuring or sampling equipment, it must be protected by two barriers so that the
pressure difference across the roof of the cell is maintained.
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Figure 62  The Location of Storage Cells 9, 17 and 18 on Brent Delta Selected for Sampling in the CSP.

15.2.2 Summary of physical and chemical characteristics

The majority of values for the various physical and chemical parameters of the sampled material were within
the ranges that we had estimated during our desktop studies. The GBS Contents TD [15] presents a detailed
description of the estimated characteristics of the cell contents and compares this with the results from our
samples.

The average thickness of the sediment layer was 4 m, and using this dafa from Delta, and assuming that all
the oil storage cells exhibit a similar depth of sediment, we have calculated that on Bravo and Delta each oil
storage cell contains 1,080 m* of sediment and on Charlie each contains 676 m* (Table 42).
Approximately 25% of the sediment was hydrocarbon, so the Bravo and Delta cells each contain
approximately 300 tonnes of oil and the Charlie cells approximately 168 tonnes of oil.

Table 42 Calculated Amounts of Sediment and Oil in GBS Oil Storage Cells.
GBS
Parameter
Bravo Charlie Delta
Cell Sediments
Base area of each cell (m?) 270 172 270
Thickness of sediment (m) (Note 1) 4.0 4.0 4.0
Volume of sediment each oil storage cell (m®) 1,080 676 1,080
Number of oil storage cells 16 8 16
Total volume of sediment in GBS (m°®) 17,280 6,035 17,280
Percentage TPH in sediment (Nofe 1) 15.2 15.2 15.2
Estimated total mass of oil in sediment (Te)
(Note 2) 4,806 1,678 4,806
Cell Water

Volume of cell water (m®) 163,840 311,667 163,040
Average concenfration of oil in water (mg/l)
(Note 1) 417 417 417
Estimated total mass of oil in cell water (Te) 68 130 68

Notes:

1. Percentage Total Petroleum Hydrocarbons from the Brent Delta CSP in 2014, also applied o Bravo

and Charlie.
2. Bulk density of cell sediments is 1.83.
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The cell samples obtained in 2014 showed that the majority of our predictions for the concentrations of
confaminants were over-estimates. Table 43 compares the analytical results obtained from the sediment
samples with the initial assumptions derived at the outset of the engineering work; the full results are
presented in the GBS Contents TD [15]. This shows that in the cell samples the concentrations of most of the
chemicals were lower or much lower than we had assumed from our original (desktop) studies. The average
concentrations of two parameters, Benzene Toluene Ethylbenzene Xylene (BTEX) and Total Hydrocarbon
Concentration (THC|, were, however, 10% and 28% higher respectively than the assumed values. These
differences have been addressed by using the actual values to complete further modelling runs to investigate
the potential long-term fate and effect of exposed sediments, as described in Section 15.5 and the GBS
Contents TD [15].

Table 44 compares the physical parameters measured on the sediment samples with the initial assumptions
used during the engineering work, and there are three important observations on these results:

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

o The specific gravities of the oil phase and the solid particles were well in line with our assumptions,
which were based on materials produced by the Brent reservoir.

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

Table 43~ Comparison of Predicted and Actual Chemical Composition of Cell Sediment.

Sediment Constituent Estimated Average Delta
Proportion solids (%) 39 27
Proportion oil (%) 28 25
Proportion water (%) 33 49
Total Hydrocarbon Concentration (THC| (mg/kg) 110,000 152,600
Napthalene (mg/kg) 301 30
Benzola)pyrene [mg/kg) 172 0.4
Phenanthrene (mg/kg) Q13 14
Benzene (mg/kg) 1,010 1,122
Mercury (mg/kg) 4 0.15
Copper (mg/kg) 1,118 42
Zinc (mg/kg) 2,028 84
Total PCBs (mg/kg) 0.12 <0.001
Tributy! tin (mg/kg) 0.26 <0.001
Phenols (mg/kg) 83 80
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Table 44 Comparison of Predicted and Actual Physical Parameters of Cell Sediment.

Brent Delta Assumptions Results from Cell Sampling
Parameter . . :
in Original Modelling Average Cell 9 Cell 17 Cell 18
Shear strength (Pa) 8 82.8 43.8 124 80.5
Density (specific gravity) Oil: 0.859 0.812 0.806 0.817 ee
Solids: 2.650 2.55 2.28 2.72 2.65
Water: 1.021
Bulk density: 1.611 1.83 1.25 2.09 2.15
Initial cell sediment Qil: 28 24.7 38.8 22.1 13.2
material
p . o Water: 33 48.8 38.5 51.3 56.5
roportions (% volume)
Sediment: 39 26.5 22.7 26.6 30.2

On the basis of this comparison of our estimated values with the values obtained in cell samples, we believe
that the results of the detailed modelling, toxicological and environmental impact assessments (with
appropriate updating), which were necessarily performed while we planned and then performed the
operation of sampling cells on a working platform, are relevant and appropriate to inform our CAs.

15.3  Other Materials in the GBSs

In addition to the materials in the oil storage cells the GBSs are known to contain, or assumed to contain,
materials in the drilling legs and the minicell annuli. These materials are dealt with in Section 16.

15.4  Management of the Cell Contents

15.4.1 Introduction

It is not possible to return the cell sediments o shore by refloating the GBSs; none of the GBSs could be
refloated with the cell sediments in place because they would be too heavy.

With expert input from chemical engineers and remediation specialists, we identified a range of options for
the management of the cell contents [15]. Further studies, informed by the CSP results from the three Brent
Delta cells, indicated that there were five technically viable options for managing the cell contents, and these
were subjected fo a CA.

The options are briefly described below. The starting point for all these options is that any attic oil and
inferphase material will have been removed. For all these options, we have determined that the sediments
could only be accessed by drilling or cutting a hole in the dome of every cell, and attaching pipes and
pumps and other equipment fo the tops of the cells. The existing internal or external pipework fo the cells is
either inadequate or unserviceable.

15.4.2 Option 1: Recover and Re-inject

Using a pipe inserted through the hole drilled to extract the attic oil (see Section 15.11.2), or a new 3 V2"
(89 mm) diameter hole in the cell dome, the water phase would be pumped to a tanker and replaced with
seawater. The hole would then be enlarged to about 5 m diameter and a subsea dredger deployed into the
cell to mobilise and recover the sediment, in a slurry with the seawater. From published data and industry
experience we have assumed that this slurry would be 1 part solids and 10 parts water. The slurry would be
pumped fo the tanker, and the water phase and slurry transported to the site of the injection well.

We evaluated existing Brent Delta wells for injection, and concluded that because of their poor integrity they
were unsuitable for use as injectors for refrieved slurry. Consequently, new disposal wells would have to be
drilled if the cell contents were to be disposed of downhole. We investigated the technical issues associated
with drilling new wells into the Brent formation and found that because of the high depletfion in the Brent
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formation there is no conventional drilling window, and that even utilising wellbore strengthening techniques
the well could not be complefed to the functional requirements. Drilling a subsea injector for direct injection
info the Frigg Sandstone formation was studied and we concluded that it would be technically feasible to
drill such a well from a semi-submersible drilling rig (Option 5 in Figure 63). As a result of our work
investigating the possibilities of re-injection, we have concluded that, with the exception of new injector wells
info the Frigg Sandstone formation, all options have associated technical issues which increase the likelihood
of failure to an unacceptably high level. At least one new remote subsea well would have to be drilled for

each GBS.

At the injector well site, the refrieved water and slurry would be pumped via floating hoses to a Light Well
Infervention Vessel (LWIV) and injected down hole, in an operation lasting approximately 110 days for
Bravo and Delta, and approximately 60 days for Charlie. The injection well would then be plugged and
abandoned (Section 10). The injected slurry would be effectively sealed-in and would not become exposed
fo or released into the marine environment. The former oil storage cells would be left filled with seawater,
possibly with small amounts of chemicals fo treat any residual oil.

Figure 63 Schematic showing Possible Method for Option 1 ‘Remove and Re-Inject’.

(D-@ Platform based wells

(3 Remote sub-sea well

STATFJORD
RESERVOIR

15.4.3 Option 2: Recover and Treat Onshore

The water phase and sediment slurry would be recovered, separately, in the same way as in Option 1,
using the same dredging system (Figure 4). Both materials would be taken to shore by tanker and pumped
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ashore to holding tanks. The water would be treated by an existing waste water treatment plant and then
discharged to sea under permit. The slurry would be dewatered and the excess water freated and
discharged to sea under permit. The dewatered slurry would be treated by low Temperature Thermal
Desorption (LTD); the recovered hydrocarbons would be recycled or disposed of and the inert solids disposed
of to landfill. Offshore, the former oil storage cells would be left full of seawater. We estimate that on Bravo
and Delta the operations fo recover, freat and dispose of the cell confents (water plus sediments) would take
about 20 days for each cell if the programme of work was continuous.

Figure 64  Schematic of Offshore Operations in Option 2 ‘Remove and Treat Slurry Onshore'.
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15.4.4 Option 3: Leave In Place and Cap

Using a pipe inserted through the 3 /2" (89 mm) hole in the cell domes, the water phase in each cell would
be dosed with up to approximately 1,400 m? (on Charlie up fo 2,500 m?) of chemicals (for example
calcium nitrate and sodium hexametaphosphate]. This would reduce its oil content and thus reduce the local
environmental impacts when the water phase eventually escapes from the cells when they are breached. H,S
scavenger may also have to be injected. The hole would then be enlarged to perhaps 5" (127 mm) or 8"
(203 mm) fo permit the deployment of an injection tool [a long pipe). This would be used to deposit
approximately 300 m? of sand info each cell, fo create a protective layer about 1 m thick on the sediments
af the bottom of the cell (Figure 65). Before adding this capping layer, approximately 500 m® of additional
material (gravel and bentonite) may have to be added to each cell as a “structural agent’, to enable the
underlying sediment fo bear the weight of the copping layer. Water displaced by introducing sfructural and
capping materials would be recovered onfo the vessel and sfored, and disposed of onshore. Affer capping,
the cells would be sealed. We estimate that on Bravo and Delta it might take 8 days to complete these
operations on each cell, so the whole operation on each of the Condeep GBS Bravo and Delta might take
approximately 128 days.
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Figure 65  Possible Configuration of Capping Layer in Option 3 ‘Leave in Place Capped'.
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15.4.5 Option 4: Leave In Place with Monitored Natural Attenuation (MNA)

A mixture of chemicals (HS scavenger, calcium nitrate and, in some cases, additional sodium
hexametaphosphate) would be injected info each cell, using a specially-designed tool deployed through the
32" (89 mm) hole at the top of each cell (Figure 66). The type of chemical and the dose applied would be
designed fo reduce the amount of biodegradable hydrocarbon in the water phase and in the upper layer of
the cell sediment. For the Condeeps, we estimate that approximately 4,000 m? of chemicals would be
required for each GBS, but for Charlie we estimate that a tofal of about 8,000 m* would be needed. In the
absence of any mechanical mixing it is unlikely that the chemicals would penetrate more than about

20-30 cm into the sediment. After the chemicals had been injected, the holes in the cell domes would be
sealed. We estimate that on Bravo and Delta it would take about 18 days to complete these operations on
each cell, making a total of approximately 288 days for each of the Condeep GBSs. The material in the
cells would be monitored at some time after the infroduction of the chemicals, to ensure that the planned
degradation had taken place. If necessary, further chemicals would be added to the cells. Once the cell
contents had attained the planned or satisfactory condition, the cells would be permanently sealed.
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Figure 66  Schematic of Chemical Injection System in Option 4 ‘Leave in Place with MNA'.
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15.4.6 Option 5: Leave In Place

After the removal of the attic oil and interphase material, the cell would be sealed by plugging the hole
in the dome. The layer of sediment in each cell would remain in place. In the absence of any agitation
or oxygenation, and at the low temperature found at a depth of 140 m in the northem North Sea, the
hydrocarbons in the sediment would degrade very slowly.

15.5 Fate and Effect of Sediment Left in Cells

15.5.1 Summary

To inform the CA we carried out studies [described in [15]) to assess and quantify:

e The longferm degradation and collapse of legs left upright, and how their collapse might damage
cells and expose sediment to the marine environment.

e The longferm degradation and collapse of the GBS and its cells.

e The longferm fate and effects of various amounts of cell sediment if it were exposed in the marine
environment and then subject fo erosion, dispersion and the effects of physical, chemical and
biological degradation.

The final stage of the degradation of the storage cells, leading to the exposure of the sediment, is directly
linked the failure mode of the legs. For the sediment at the bottom of the sforage cells to be released info the
marine environment, large pieces of the legs must fall directly onto the cell tops. In such events the
degradation of the storage cells can be described in two phases: (i) a single collapse event or a series of
such events, followed by [ii) the long term erosion of the resulting mixture of rubble and sediment. During the
collapse phase the containment of the cell sediment is breached and the sediment exposed to the marine
environment. If large pieces of concrefe were to fall directly onto the sediment, a proportion of the sediment
could be re-suspended in the water column and re-setile on the seabed around the platform, where it would
biodegrade. When the collapse has reached its final stages, the cell sediment is likely to remain partially
shielded by the concrete remains of the structure. At that point, biodegradation and erosion will take place af
the surface of the sediment exposed to the marine environment. During this whole process, the sediment is nof
predicted to travel any further from the platform than 2 km. The edge of the re-deposited pile of sediment will
be thin and this will enable quick recovery through biodegradation.
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15.5.2 Modelling fate and effect of exposed cell contents

We engaged BMT fo perform detailed modelling of the likely spread and dispersion of both the cell water
phase and sediment phase, using a particle dispersion model. Their findings are summarised in the report
GBS Cell Water and Sediment Modelling — Overarching Report[52]. For the water phase, the modelling
performed by BMT has shown that for an extreme case (the release of 100,000 m® of cell water over a short
period of time|, the plume would be dispersed and diluted such that the concentrations of contaminants
would be below the level of concern within a few days, and stay within a distance of approximately 17 km
from the platform. In their study /mpact Assessment of the Exposure of Brent Field GBS Cell Confents o the
Marine Environment 53], DNV GL concluded that the environmental impacts of such a release are limited to
significant fransient effects close to the release point, and that the size of the impacted area is not large
enough to be measurable on the population level of water column resources.

For the sediment, if the effects of biodegradation are excluded, the long ferm erosion of the pile does not
extend beyond 2. Tkm after 1,000 years. If biodegradation of the organic compounds were faken into
account, however, this footprint on the seabed would be significantly reduced. For the transient phase
(corresponding to some of the worst case collapse scenarios of the GBS), the sediment footprint on the
seabed does not exceed 1.5-2km, depending on the release scenario. For cell sediment release, DNV GL
concluded that the environmental impact would be small owing to the relatively small amounts of
bioaccumulating substances involved, and was not expected to induce any measurable effects atf the
regional level [5] [53].

15.6 lssues and Concerns Raised by Stakeholders

For the technically feasible options for the GBS cell confents, the main issues and concerns raised by
stakeholders during the programme of stakeholder engagement were:

e The amounts and composition of sediments in the cells, and the variation between cells and
between the GBSs.

e The types and amounts of contaminants in the cell water.

e Accidental discharges or releases of hydrocarbons to sea.

o Effects of eventual escape or release of cell water and cell sediment to sea.
o The application of the precautionary principle™®.

e Effects of sediment freatment operations on onshore communities.

As described in Section 10.8 we engaged with the CMSTG to better understand the views of our
stakeholders on options for the management of the cell contents. The outcome of the work undertaken by the
CMSTG is reported by Catalyze in the CMSTG Analysis Report [30] and summarised in Section 15.7.2,
where we compare their findings with the results of our CA. The purpose of the CMSTG work was to inform
our consideration of the performances of the technically feasible options for the cell confents. It was clearly
understood by the CMSTG that they were not being asked fo select a recommended option on our behalf.

3 With respect fo the Precautionary Principle, the 1992 Rio Declaration on Environment and Development
stated 'Where there are threats of serious or irreversible environmental damage, lack of tull scientific certainty
shall not be used as a reason for postooning cost effective measures fo prevent environmental degradation
Useful guidance on the application of the precautionary principle may be found in the paper 7he
Precautionary Principle: Folicy and Application (2015) from the United Kingdom Interdepartmental Licison
Group on Risk Assessment.
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15.7  Results of Comparative Assessment of Options for the Cell Contents

15.7.1 Results of CAs

The individual results for our CAs of options for the cell contents in Bravo, Charlie and Delta are presented in
defail in [15]. Table 45 to Table 47 and Figure 67 to Figure 69, below, show the results of the individual
CAs for the cell confents in Bravo, Charlie and Delta respectively.

For each of the GBSs, the total weighted scores of the two ‘recover’ options are much lower than the total
weighted scores of any of the three ‘leave’ options. Of the ‘recover’ options, Option 2 ‘Recover and freat
onshore' has a higher fofal weighted score than Option 1 ‘Recover and Re-inject’. The three options in which
the sediments may be left in the cells, with or without some form of tfreatment, have similar tofal weighted
scores but Option 5 ‘leave in place’ clearly has a higher score than the other two. This option performs well
because there are no operations and hence no operational safety or environmental risks, no technical
difficulties and no costs. To a greater or lesser degree all the other options have such costs or impacts and
thus exhibit lower weighted scores in these sub-criteria, but these are not offset by a commensurate increase
in the weighted score for ‘legacy environmental impacts'.

For each of the GBSs, the sensitivity analysis of the results shows that Option 5 ‘leave in place’ has the
highest fofal weighted score in every scenario, including the scenario in which the criterion ‘Economic’ is
removed. The results of the CAs indicafe that the recommended option for the management of the cell
contents is ‘leave in place’.

Table 45  Transformed and Weighted Sub-criteria Scores for the Five Options for the Brent Bravo
Cell Contents.

Options
Sub-criterion
1 2 3 4 5
Safety risk offshore project personnel 1.49 3.89 4.49 4.21 6.66
Safety risk to other users of the sea
Safety risk onshore project personnel 6.67 6.64 6.67 6.67 6.67
Operational environmental impacts 3.25 3.60 4.50 4.50 5.00
legacy environmental impacts 4.65 5.00 2.05 2.20 1.50
Energy use 0.67 3.89 3.79 3.49 4.93
Emissions 1.42 4.09 4.00 3.75 4.93
Technical feasibility 0.00 4.00 14.00 18.00 20.00
Effects on commercial fisheries
Employment 6.59 1.63 0.72 0.84 0.03
Communities 6.67 3.34 6.34 6.34 6.67
Cost 0.24 15.12 17.84 17.49 19.90
Total weighted score 31.65 51.19 64.39 67.49 76.30
Option Remove and re-inject in new remote well
Option 2 Remove and freat slurry onshore
Option 3 leave in place capped
Option 4 leave in place with MINA
Option 5 leave in place
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Figure 67 The Total Weighted Scores for Options for the Brent Bravo Cell Contents, and the
Contributions of the Sub-criteria.
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Table 46 Transformed and Weighted Sub-criteria Scores for the Five Options for the Brent Charlie

Cell Contents.

Options
Sub-criterion
1 2 3 4 5
Safety risk offshore project personnel 0.61 4.70 5.04 4.88 6.66
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 3.25 3.95 4.50 4.50 5.00
legacy environmental impacts 4.75 5.00 2.90 3.00 2.50
Energy use 1.54 4.24 4.07 3.89 4.93
Emissions 2.14 4.38 4.24 4.09 4.94
Technical feasibility 0.00 4.00 14.00 18.00 20.00
Fffects on commercial fisheries
Employment 5.66 1.16 0.55 0.601 0.03
Communities 6.67 4.67 6.60 6.60 6.6/
Cost 3.04 16.52 18.35 18.16 19.90
Total weighted score 34.32 55.28 66.92 70.40 77.31
Option] Remove and re-inject in new remote well
Option 2 Remove and freat slurry onshore
Option 3 leave in place copped
Option 4 leave in place with MINA
Option 5 leave in place
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Figure 68  The Total Weighted Scores for Options for the Brent Charlie Cell Contents, and the
Contributions of the Sub-criteria.
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Table 47 Transformed and Weighted Sub-criteria Scores for the Five Options for the Brent Delta

Cell Contents.

Options
Sub-criterion
1 2 3 4 5
Safety risk offshore project personnel 0.00 3.89 4.50 4.21 6.66
Safety risk to other users of the sea
Safety risk onshore project personnel 6.67 6.64 6.67 6.67 6.67
Operational environmental impacts 3.25 3.60 4.50 4.50 5.00
legacy environmental impacts 4.65 5.00 2.05 2.20 1.50
Energy use 0.66 3.89 3.81 3.49 4.93
Emissions 1.42 4.09 4.01 3.76 4.93
Technical feasibility 0.00 4.00 14.00 18.00 20.00
Fffects on commercial fisheries
Employment 6.67 1.63 0.71 0.83 0.03
Communities 6.67 3.34 6.34 6.34 6.67
Cost 0.00 15.12 17.86 17.50 19.90
Total weighted score 29.00 51.19 64.45 67.51 76.30
Option] Remove and re-inject in new remote well
Option 2 Remove and freat slurry onshore
Option 3 leave in place copped
Option 4 leave in place with MINA
Option 5 leave in place
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Figure 69  The Total Weighted Scores for Options for the Brent Delta Cell Contents, and the Contributions

of the Sub-criteria.
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15.7.2 Comparison with the CMSTG Results

CMSTG criteria: The CMSTG identified a large number of criteria that they wanted to take info
consideration when assessing the relative advantages and disadvantages of the different options for the cell
confents. They assessed the performance of each option in each criterion and used the MCDA model
facilitated by Catalyse to examine the overall performance of each option. Although the CMSTG identified
33 individual criteria, the weighting they subsequently applied showed that only 2 were accorded weights
of more than 10% and only 7 were accorded weights of more than 5% (Figure 70). Consequently, it was
these 7 criteria (Table 48) that ultimately determined the final results of the assessment by the CMSTG. The
resulfs of the work undertaken by the CMSTG are presented in [30] and discussed in Section 15.7.2. We
shared the results of our CSP with the CMSTG, and in November 2015 had a final meeting with them to
discuss the implications of the CSP results for the CMSTG modelling, as reported by RAC in Cel/
Management Stakeholder Task Group (CMSTG) Plenary Session 27 November 2015, Summary Report

[54].
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Figure 70 Weightings Given by the CMSTG to Criteria for Assessment of Cell Sediment Options.
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Table 48 Definition of Top Seven Criteria Weighted by the CMSTG.

CMSTG Ciriterion Name

Definition

Marine environment end-point

The extent to which an option will change the environment in which it
fakes place as a result of the planned end-points or legacy effects of
cell remediation activities.

Natural resources end-point

The extent to which an option uses natural resources affer
decommissioning activities have been completed.

Natural resources operations

The extent to which an option uses natural resources as a result of
planned activities.

Public reaction risk

The extent to which an option has the potential to generate a
measurable/demonstrable negative reaction with the public,
stakeholders or media.

Knowledge cells

The extent to which an option confributes fo the creation of valuable
knowledge about the cell content for the oil and gas industry (including
Shell and Esso) and society.

Technology readiness

The relative risk posed to a successful operation by the availability and
maturity of the critical technology used by the option.

Knowledge technology

The extent to which an option contributes to the creation of valuable
knowledge of new exploitable technology and processes for the oil
and gas industry (including Shell and Esso) and society.

Figure 71 Results of the comparative assessment performed by the CMSTG.
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Shell CA criteria: The results of the three individual CAs that we performed for the cell contents in Bravo,
Charlie and Delta are different fo the result of the single CA performed by the CMSTG using their model, as
reported in the GBS Contents TD [15] and shown in Figure 7 1. That exercise suggested that the preferred
option was our Option 3 ‘leave in place capped’, and that our Option 5 ‘leave in place’ was the least
preferred. It is noted, however, that in the CMSTG Analysis Report [30], Catalyze make this comment in the
Executive Summary:

"The most significant criteria in the model favour different options, i.e. they pull in different diirections.
Also, as one of the CMSTG members noted in the final workshop, none of the effects modelled are
very significant; the risks and impacts evalvated in the model are all relatively small. The net effect is
that when the ‘pros and cons’ are aggregated there is little fo choose between the options. The
resulting model is finely balanced and sensitive to changes in criteria wejght, however it also
represents wealth of information and judgement. This report aims fo explore and explain that
information o support Shell's comparative assessment process.

The model created by the CMSTG used 33 sub-criteria (Section 15.6) and only considered raw data from
the options to manage the Delta GBS cell contents, not the raw data scales we created covering all options
for all facilities (described in Section 8.5). One notable feature of the CMSTG model was the very
considerable weighting the CMSTG gave fo their sub-criterion ‘marine environment end-points’ (that is ‘e
extent to which an option will change the environment in which it lakes place as a result of the planned end-
points or legacy effects of cell remediation activities. We do not give such a high weighting to the global
scale of our equivalent sub-criterion ‘legacy environmental impacts'. However, we did apply a sensitivity
scenario to ‘environmental'.

As discussed in our CA procedure [12], we performed an exploratory CA using our data and the CMSTG
weightings (applying their 33 sub-criteria as closely as possible to our 12 sub-criteria). The results showed
that in these circumstances the CA-recommended option was our Option 5 ‘leave in place’, driven to a large
extent by its good performance in ‘operational environmental impacts’ (Figure 72). At the final CMSTG
meeting reported by R4C [54], our CA process and our results for the GBS Cell contents CAs were
presented in detail to the members, who were satisfied with the process and science.

Figure 72 Results of CA of Options for Management of the Brent Delta GBS Cell Contents using the

CMSTG-Derived Weights.
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15.8 Discussion of the Comparative Assessments for the Cell Contents

Option 1 ‘Remove and re-inject in new remote well” and Option 2 ‘Remove and treat slurry onshore” would
both result in the removal of the cell sediment from its present location at the bottom of the former oil storage
cells of the GBS, and thus prevent the eventual exposure of the sediment (and the oily water above if) to the
marine environment. Option 2 is the better of the 'removal options.

Option 5 ‘leave in place’ is consistently the best option with a total weighted score that is greater than the
next best option (Option 4 ‘leave in place with MNA'). Option 5's tofal weighted score is significantly and
consistently greater than that of the better of the ‘removal” options, Option 2. The sections below therefore
examine the differences between Option 2 ‘Remove and treat slurry onshore’ (the better of the ‘removal’
options) and the emerging recommendation, Option 5 ‘leave in place’.

Examination of both the fransformed unweighted data and the weighted scores for each of the sub-criteria
shows that for the cell contents of each GBS the differences between the two options are driven by the
differences in performance in ‘technical feasibility’, ‘cost’, ‘impact on communities’ and 'safety risk to offshore
project personnel’ (which are better in Option 5 ‘leave in place’) and in ‘employment’, and ‘legacy
environmental impacts’ (which are better in Option 2 ‘Remove and freat slurry onshore’). All the other sub-
criteria show only small differences between the options in terms of their weighted scores. This is illustrated in
Figure 73 1o Figure 75 which show the differences (positive or negative) in the weighted scores in each sub-
criterion for these two options for the cell contents in Brent Bravo, Brent Charlie and Brent Delta respectively;
the green bars indicate sub-criteria where Option 5 has the better performance and the red bars indicate
sub-criteria where Option 2 has the better performance.

Figure 73  Difference Chart Comparing the Weighted Scores for each Sub-criterion in Two Options for
the Management of the Brent Bravo Cell Contents, under the Standard Weighting.
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Figure 74 Difference Chart Comparing the Weighted Scores for each Sub-criterion in Two Options for
the Management of the Brent Charlie Cell Contents, under the Standard Weighting.
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Figure 75  Difference Chart Comparing the Weighted Scores for each Sub-criterion in Two Options for
the Management of the Brent Delta Cell Contents, under the Standard Weighting.
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The drivers and trade-offs for the decommissioning of the Brent GBS cell contents involve a consideration of
how feasible and safe it would be to remove the cell sediments (as a slurry mixed with the oily water phase),
and how proportionate this would be in relation to the elimination of a localised but low-level and long-ferm
impact fo the marine ecosystem that might otherwise occur after 200-500 years when the cell confents are
exposed following the collapse of the cell domes and then the cell walls.

We engaged BMT to model how exposed sediment might spread on the seabed and leach into the water
column, and thus calculate the likely concentrations of the various contaminants from the cell sediments in
the seabed and water column. The modelling was conducted using assumptions that were intended to be
conservative, in particular the assumption that the volumes of sediment chosen for modelling would be
instantaneously and completely exposed on the seabed with no protection or partial shielding from the
remains of the GBS cells or debris from the partially collapsed GBSs. We then engaged DNV Gl to assess
what the likely impacts might be in the environment, using these data on concentration gradients and
durations of exposure and published data on the concentrations of substances that are known to cause
impacts to various trophic levels.
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The modelling by BMT [52] showed that the escape of cell water would lead to an increase in the
concentrations of hydrocarbons and other contaminants in the water. Depending on the volumes released
and the durations of such releases, elevated concentrations might be found up to 17 km from the GBS.
Given the energetic offshore environment, however, and the effects of mixing and dilution, such elevated
concentrations would be relatively shortlived. As described more fully in Section 15.12, the sediment
footprint of concern (where the PEC:PNEC> is > 1) is not predicted fo travel more than 2 km from the
platform. The edge of the re-deposited pile of sediment will be quite thin, and this will enable quick recovery
through biodegradation. Over a long period of time this might lead to an increase in the concentrations of
hydrocarbons and other contaminants in the seabed sediments adjacent to the GBSs.

In their report assessing the impact of cell contents on the marine environment [53], DNV GL defermined that
the shortterm exposure of marine organisms to elevated concentrations of confaminants (most notably
dissolved hydrogen sulphide (H;S)) from the release of cell water would not cause significant environmental
impacts. It is most likely that any impacts would be acute but fransient (3 to 5 days) effects, and would cease
as the water phase was further diluted by spreading. Likewise, DNV GL concluded that, overall, the
exposure of cell sediments would only cause small, localised environmental impacts.

Following our examination of the real data informing the CA scores, we have therefore concluded that

the sub-criteria that serve to sfrongly differentiate the options are ‘technical feasibility’, ‘cost’, ‘impact on
communities’, and, to a lesser extent ‘safety risk to project personnel offshore’, and these are the significant
reasons why ‘leave in place’ is preferable to ‘remove and freat slurry onshore’. The CA has shown that the
technical difficulties and cost associated with the removal of the sediment would be disproportionate to the
benefit of eliminating the legacy environmental impact and supporting employment.

15.9 Conclusion of Assessments for the Cell Contents

We have found that the volumes of sediment in the three Delta oil storage cells that have been sampled are
very similar to the estimates we derived from desk-top studies and available data, and that the concentrations
of confaminants are within the ranges we predicted from our analysis of analogous samples. Engineering
studies (summarised in the GBS TD [14]) have suggested that the GBS cells themselves are likely to remain
infact for at least 250 years, and then gradually fail and collapse over a period of perhaps

250-1,000 years. Debris falling from the degrading legs, and larger sections of collapsing legs are,
however, likely to breach the cell domes within the first 250 years. This would allow the water phase to
escape fo sea where it would quickly disperse. During the collapse of the cell domes and the upper parts of
the cell walls, the containment of the cell sediment will be breached and the sediment will be exposed to the
marine environment. If large pieces of concrefe were fo fall directly onto the sediment, a proportion of the
sediment could be re-suspended in the water column and re-seffle on the adjacent seabed. The edge of the
re-deposited pile of sediment will be thin and this will enable quick recovery through biodegradation. Lafer,
as the cell domes collapse, the remaining volume of oily water will be released to sea where it will quickly
disperse. When the collapse has reached ifs final stages, the cell sediment is likely to remain partially
shielded by the concrefe remains of the structure. At that point, biodegradation and erosion will take place at
the surface of the sediment exposed to the marine environment. The exposure pathway between the cell
sediment and the open sea would thus be partial and restricted, and the amounts of material that would be
removed by natural forces each year would be small.

Modelling, using data that were intended to be conservative, has shown that any undisturbed exposed cell
sediments would disperse very slowly info the marine environment. It is predicted that affer 1,000 years, the
sediment footprint of concern would have spread no more than 2 km from a platform. If the biodegradation

% PEC, Predicted Environmental Concentration: PNEC, Predicted No-Effects Concentration. When the ratio
of PEC and PNEC |(often referred to as the PEC:PNEC ratio or the RCR — Risk Characterisation Ratio)
exceeds one, biological organisms may experience an effect as a result of exposure to the specific chemical.
The PEC:PNEC Ratio (or RCR) is just an indication of the likelihood and not a quantification of the
environmental risk.
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of organic compounds is taken into account, however, the ‘footprint’ of effect on the seabed would be
significantly smaller. Overall, DNV GL concludes that the environmental impact of sediment exposure would
be small, owing to the relatively small amounts of bioaccumulating substances involved, and is not expected
fo induce any measurable effects at the regional level. .

If the cell sediments were to be removed, this would require the handling and pumping of considerable
volumes of slurry from the cells fo a support vessel and then by floating hose to a tanker and then from

the tanker to the shore. The slurry would be stored then dewatered onshore, with the bulk of the water being
treated and discharged back to sea. The sediments would be treated by LTD to remove the oil in @
programme of work that, overall, would require much more energy than would be recovered or ‘saved’ by
the recycling of the oil. The residual inert solids would be disposed of to landfill.

We have concluded that the potential small and localised impacts from the eventual release and then
exposure of the cell confents are within the assimilative capacity of the offshore environment of the northern
North Sea. The GBSs will continue to provide physical containment and protection to the cell contents as the
legs and caisson slowly degrade. Once failures and collapses begin, the GBSs will continue to provide
partial protection and shielding to the cell sediments. It is therefore unlikely that the cell sediments would ever
be fully exposed on the seabed. Even after the complete degradation of the GBSs, leaving essentially
concrete rubble on the seabed affer the steel reinforcing has corroded away, it is not likely that the cell
sediments will spread quickly or far because of their physiochemical characteristics.

15.10 Recommended Options for the GBS Cell Contents

The detailed CA of feasible options (Section 15.7 and Section 15.8), carried out in accordance with
OSPAR's requirements [2], and using the selection criteria and matters to be considered set out in Annex 2
of that Decision, has indicated that the recommended options for the GBS cell contents (after removal of the
affic oil and inferphase material if present] are as follows:

e Brent Bravo GBS Cell Contents:  ‘leave in place'
e Brent Charlie GBS Cell Contents: 'leave in place’

o Brent Delta GBS Cell Contents:  ‘leave in place'

15.11 Recommended Programme of Work for Decommissioning the GBS Cell Contents

15.11.1 Introduction

After complefing individual CAs we have determined that the recommended option for managing the cell
confents is the same for each of the GBSs. Although there are differences between the GBSs themselves
and the volumes of sediment in their cells, the management programme that we will undertake is broadly
the same for all three installations. The sections below describe our proposed programme to manage the
GBS cell contents.

15.11.2Removal of Attic Oil and Interphase Material

We have designed a programme of work to access every oil storage cell on Delta and move the attic oil
and inferphase material fo a single designated holding cell. To permit these operations, a small amount of
drill cuttings and some debris has been cleared from the cell caps (Section 9| to give a clear and safe
working surface for divers and ROVs. The atfic oil is being accessed by drilling a 3% inch diameter hole
through the cell cap, and then removed by fitting a valve and pumping material from the cell through a hose
to the holding cell (Figure 76); the extracted fluids are replaced with seawater. This programme of work has
starled and will be completed after the Delta topside has been removed:; the remaining cells will be
accessed in a similar manner fo fransfer their oil and/or interphase content info the holding cell. At some
fime in the future all the material gathered in the Delta holding cell will be pumped to a tanker and taken
ashore for recycling and disposal.
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A similar programme of work will be performed on the Brent Charlie storage cells after CoP, unless it is
possible to recover the attic oil and interphase material through the existing 2" vent lines. There is evidence
of the presence of inferphase material on Brent Bravo and it is our infention to verify this on every cell by
means of subsea infervention, and remove any material found.

Figure 76 Accessing a GBS Cell to Attic Oil and Interphase Material.

15.11.3 Management of Remaining Cell Contents

After the removal of the affic oil and interphase material, the holes in the cell domes will be plugged and the
cells, containing the existing oily water, will be left sealed (Figure 77). The longterm monitoring programme
for the GBSs is described in Section 24.

Figure 77 Installing the Debris Cap on an Qil Storage Cell after Removal of Attic Oil.

15.11.4 Material Retrieved and Material Left in Place

Figure 78 shows the state of the confents of a typical oil storage cell (in this case on Brent Delta) after the
removal of the attic oil. Table 49 shows the approximate amounts of material that would be removed or left
in place on completion of these programmes of work at Bravo, Charlie and Delta.
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Figure 78  State of a Typical Oil Storage Cell on Completion of the Proposed Decommissioning

Operations.
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Table 49 Estimated Amounts of Material Retrieved and Left in Place on Completion of the Proposed
Decommissioning Programmes for the Cell Contents on Bravo, Charlie and Delta.
Material Bravo Charlie Delta
(m°) Before After Before After Before After
Attic oil 0 O | 11,116¥ 0 800 0
Interphase material ND 0 ND 0 ND 0
Water 163,840 163,840 | 311,667 | 311,667 163,040 163,040
Sediment 17,280 17,280 6,035 6,035 17,280 17,280
ND = No dafa

15.11.5Long-term Degradation of Cell Contents

The concrete GBS cells themselves are expected to degrade only very slowly as a result of the gradual
ingress of water into the concrete and the subsequent corrosion of steel reinforcing, which will thus expand
and begin to crack the concrete [ 14]. Before the cells are breached by natural degradation processes,
however, the concrefe on the legs may flake or the legs may partially or completely fail, and the cell domes
may be cracked, pierced or even demolished by falling debris. It is therefore possible that pathways may be
created whereby the cell contents (particularly the water phase) may be exposed to or released into the
marine environment. Since the pressure and temperature of the water inside the cells will be the same as that
of the surrounding seawater®®, there will be few forces driving cell fluids out into the sea, other than perhaps

%7 This is our estimate of the minimum volume of attic oil, if it is only present in the oil storage cells. As
described in the GBS Contents TD [15] we estimate that the total volume of residual attic oil in the Brent
Charlie GBS is between 6,000 m* and 12,000 m? depending on how much il might be present in the
peripheral and/or the conductor cells.

%8 Drawdown will cease when the topsides are removed.
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the buoyancy resulting from the presence of a small amount of oil in suspension in the cell water. It is
therefore possible that small volumes of oily cell water will be released info the sea over a long period of
time as cracks develop or as cell domes are punctured by falling debris. Small amounts of oil in the water
column will be quickly dispersed by currents and wave action, and will not cause any environmental impact.

Unless damaged by a powerful impact from a vessel collision, best assessments suggest that the legs will

fail in perhaps 150-250 years. We have investigated various scenarios in which one or more legs on one or
more of the GBSs collapses across the top of the GBS caisson, resulting in the complete or partial breaching
of several cells. Such an event would result in the release, over a very short period of time, of all the oily
water in those cells that were broken or breached, the possible ejection of some sediment, and the partial
exposure of all the sediment to the marine environment. The most likely scenario is that the legs will be
weakened and degrade at or around sea level, and that the upper part of the leg will fall onto the caisson
below.

As described in Section 14.17.1 we propose fo undertake a rolling programme fo update the assessment of
the future safely risk to other users of the sea. This will provide refreshed data with which to determine the
likelihood of a vessel colliding with any of the GBSs, and will include information from periodic offshore
structural surveys. Even after being breached, however, the damaged but largely intact cell walls are likely to
offer considerable protection fo the cell sediment from the forces of currents and wave action, and are
therefore expected to contain this material to a greater or lesser extent for many years after.

15.12 Environmental Impacts of Decommissioning the GBS Cell Contents

15.12.1 Stakeholder Environmental Concerns

For the recommended option for the GBS cell contfents, the specific environmental concerns or issues raised
by our stakeholders were:

e The need to remove the attic oil and the inferphase material.
e Impacts on water column and benthos of eventual release/exposure of cell water and cell sediment.
e Potential toxic effects of such releases on commercially-caught fish.
e The need to monitor the cells and their contents as the GBSs slowly degrade.
o The potential difficulties of carrying out any remediation, especially as the cells and legs degrade or
are damaged.
15.12.2 Potentially Significant Impacts in ES

Figure 79 presents DNV GL's summary of the results of the environmental impact assessment of the
programme of work that would be carried out fo remove attic oil, where present, on all three GBSs. Figure
80 presents their summary of the results of the environmental impact assessment of leaving the water phase
and the cell sediment in place untreated, and of the possible longferm effects of the presence of sediments in

all three GBSs [5].

The most significant impacts of operations in this activity were from the underwater noise, risk of accidents
and energy use of operations fo remove attic oil and interphase material, which were all assessed as 'small
negative’. There was also a ‘small-moderate’ positive impact from the freatment and recycling of these oily
materials. The most significant legacy impact was from the eventual exposure and release of cell contents
which was assessed as ‘moderate negative'.
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Figure 79 Environmental Impacts Associated with the Removal of Attic Oil and Interphase Material from
the Oil Storage Cells on all Three Brent GBSs.
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Figure 80  Environmental Impacts Associated with Option 5 ‘Leave in Place’ for Decommissioning
the Contents of the Oil Storage Cells on all Three Brent GBSs.
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15.12.3 Impacts of Offshore and Onshore Operations

All the operational environmental impacts are associated with the removal and recycling of the attic oil and
inferphase material. The processing of this material would be identical to existing operations. As shown in
Figure 79, the most significant impact identified is a ‘smallF-moderate positive” effect as result of the recovery
and recycling of an estimated 12,000-14,000 m* of atfic oil and interphase material. The impacts for all
other categories were estimated to be 'small negative’ or ‘insignificant’.

15.12.4legacy Environmental Impacts

All the legacy impacts are associated with the eventual exposure or release of cell contents info the marine
environment as the GBSs degrade and collapse. The ES found that the most significant impact from the
proposed option ‘leave in place’ was the legacy environmental impact from the eventual release of the
cell water and then exposure of the cell sediment, which was estimated to be ‘moderate negative'.
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To assess the potential impacts of the inevitable collapse of the legs we modelled various release or
exposure scenarios, and used what was intended to be a conservative assumption that all the water phase
and all the cell sediment in the affected cells would be exposed completely and instantaneously to the
marine environment by this event. For the cell water, our worstcase scenario was that a leg, falling across

a caisson, would breach 10 of the former storage cells and this would result in the rapid release of
approximately 101,900 m* of oily water. For the cell sediments, we examined several hypothetical situations
in which a proportion of the sediments in the cells would somehow be instantaneously and fully exposed on
the seabed. For our worst case, we examined the effects of the exposure of 12,960 m® of sediment (as a
result of the simultaneous exposure of the contents of 12 cells, from one or more GBSs) which had a THC
which was approximately twice the THC measured in the samples from the Brent Delta cells. These are
clearly extreme scenarios; in particular, although a cell dome may fail or collapse, this does not mean that all
of the cell sediment would be completely exposed. Nonetheless this is the scenario modelled by BMT and
assessed by DNV GL [53] and [5], to give a view as fo the possible magnitude and severity of the eventual
release and exposure of the materials in the oil sforage cells.

Modelling of these unlikely scenarios shows that the pelagic ecosystem exposed to the cell water phase
could experience elevated concentrations of some confaminants for periods of hours to days, and that such
elevated concentrations could extend up to 17 km from the GBS. In the event that all three GBS were fo fail
at the same time there might be some, very limited, overlap of the plume of confamination, leading to @
localised increase in the concentrations of contaminants. In their report assessing the impact of the exposure
of cell contents o the marine environment [53] DNV Gl states:

‘In summary, DNV GL considers the predicted environmental impact following a worstcase release of
101,900 m*contaminated cell water® to be limited to significant fransient effects close to the release
point. Such effects would not be measurable on the regional level of water column resources. The size
of the impacted area is not large enough to be measurable on the regional level of water column
resources’.

Given the characteristics of the cell sediment (15.2), modelling shows that any exposed ‘mound” of material
would erode only very slowly under the generally low seabed currents at a depth of 140 m in this part of the
North Sea. Natural forces of current and wave action will have very litile effect on the sediment, which
would persist for many centuries. For a worst case modelled scenario, the release of 12,960m? of sediment
with a THC that is 33% greater than the maximum THC found in the Brent Delta cell samples from the CSP,
DNV GL [53] stafes that:

'"Modelling results predict the highest impact related to a worst case cell sediment release comes from
the hydrocarbons (THC, naphthalene, phenanthrene and benzo[a]pyrene), with predicted impact
areas ranging between 0.6-1.7 km?.

Worst case results are for phenanthrene. The chemically-impacted seabed area as a result of a worst
case release event is predicted to be a maximum area of 1.7 km? and to extend to a maximum
distance of up to 2 km from the platform after 10 years after release (without considering
biodegradation).

Released sediments exceeding a thickness of 1 cm are predicted only for a small distance (36 m from
release point after 10 years. Although the modelling has not included biodegradation (and
consequently the impacted area continues to grow over the entire modelling period of 1,000 years),
in reality the biodegradation rates of most of the hydrocarbons released are expected to be relatively
quick based on the modelled prediction that the cell sediment would form thin layers (<1 cm) on the
seabed. It is estimated that the advancing front of hydrocarbon-contaminated sediments with time,
due fo the erosion effect, would be counteracted by biodegradation and consequently the impacted
area would not expand significantly with time.

% The volume of 101,900m? is the volume of water phase that would be released from 10 oil storage cells
in fofal.
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For more complex hydrocarbons (particularly benzo[a]pyrene, biodegradation would be slow, and
possibly take decades before non-foxic sediment concentrations are achieved. The impacted seabed
area (0.6 km? after 10 years) is nevertheless too small to have an effect in the regional benthic fauna.

A potential concem from cell sediment release is from bioaccumulating and prioritized substances
(substances that might merit action under OSPAR due to their persistency, potential to bioaccumulate
and toxicity) which may give rise o delayed toxic effects in higher frophic levels. The major portion of
released mercury would accumulate in sediments where it would become susceptible to methylation
and subsequent release to the water column. The rate of methylmercury release has not been
modelled, however the released amount of mercury (261 kg in a worst case scenario) is not
considered sufficient to have any measurable effects in higher trophic levels including humans.
Benzo[a]pyrene is modelled to be released in significant amounts in a worst case scenario (10.7
tonnes): however metabolism of this substance in vertebrates such as fish would hinder
bioaccumulation in higher trophic levels. Furthermore, benzo[a]pyrene has limited mobility and would
largely remain adsorbed to the seabed sediments.

When considering both the potential water and sediment release, DNV GL presented the following
conclusion in the ES regarding the legacy impacts of the cell contents [5]:

'A combined release of cell water and sediment would not significantly alter the total risk from the
assessed subsfances. The amount of bioaccumulating and persistent substances released with cell
water and likely to accumulate in marine sediments, is small compared to what would be released
with cell sediments. Release of hydrocarbons from sediments to the water column would be slow and
the impact on water column resources (such as fish) would be very local.’

'In conclusion, based on modelling results and using estimates of released substance concentrations, @
major release of cell water and sediments from a GBS would pollute the local environment but is not
expected fo induce any measurable effects af the regional level. Effects on water column resources
would be resfricted to acute and transient effects close to the release point. A maijor static sediment
release would result in an impacted area around each platform that is comparable to the area
already impacted around each platform by historic drill cuttings (although this impacted area would
have significantly decreased in size by the time the cell contents are released). The released amounts
of persistent, bioaccumulating and toxic substances (PCBs, organic mercury, TBT*® and to some extent
benzo[a]pyrene) have the potential fo biomagnify in marine food webs in theory, but DNV Gl's
assessment concludes that the environmental impact would be small owing to the relatively small
amounts of bioaccumulating substances involved, so is not expected to induce measurable effects at
the regional level’.

Effects on water column resources would be restricted to acute and transient effects close to the
release point. A major sfafic sediment release would result in an impacted seabed area of
approximately 0.05 km? around each platform, up to a distance of approximately 250 m. Although
dynamic (disturbed) sediment releases would result in larger areas of the seafloor where
PEC:PNEC>1, the vast majority of the area would have a sediment thickness of less than 1 mm, and
hence is not expected to have any harmful impact on biota once mixing by bioturbation has been
taken info account’.

‘It should be noted that there are three GBSs that contain cell water and cell sediment, all of which
could become exposed to the marine environment (probably at different times) in the long-term future if
they are left in sitv. The cumulative impact from all three GBSs [based on worst case modelling results
would be increased localized pollution and shortterm acute effects (but most likely at different times),
but there continues to be no expected measurable effects on the regional level. There would be some
increased potential to biomagnify in marine food webs in theory, but because the environmental

“9 Tributyl Tin
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impact remains small in nature owing to the relatively small amounts of bioaccumulating substances
involved, this is unlikely to have any measurable effects in higher trophic levels including humans.’

'DNV CL has also reviewed the literature on interacting effects from co-exposure fo relevant
contaminants. THC and Hydrogen Sulphide (H,S) account for the vast amount of assessed
contaminants released with cell water (99%) and cell sediment (97%). Hydrogen sulphide is unstable
in alkaline and oxidized environments and inferacting effects involving this substance are therefore
considered unlikely. Potential interacting effects would therefore be limited to hydrocarbons, which
have a common or similar mode of action once taken up by an organism, and can act jointly to
produce combination effects. Based on this, DNV GL concludes that no significant interacting effects
from co-exposure to relevant contaminants would occur other than additive foxicity. '

'Impacts to the marine environment could also result from NORM contamination present in any
sediment that is exposed to the environment. A study by ARPS [Aberdeen Radiological Projection
Services Assessment of the Release of NORM-Contaminated Sediment from the Brent Delta Cells [55]]
analyzed the impact of a release of sediment containing NORM to the ocean floor. Both a fast
release (lasting one year) and gradual release (lasting 250 years) were modelled using the UK Health
Protection Agency assessment model. Results showed that the moximum dose (to adults, children or
infants) to be extremely low, approximately 5 microseiverts per year or less. Hence the radiological
impact of the release of sediment contaminated with NORM would be very small to human health. In
relation to impact upon the environment, the NORM levels of between 2 Bg*' to 20 Bq in sediment
(based on a Brent Spar sediment sample) are typical of produced water in the North Sea oil and gas
industry and would mostly only affect some sediment-dwelling organism in the vicinity of the

deteriorated GBS.’

15.12.5Energy and Emissions

The offshore operations fo recover atfic oil would use approximately 69,000 GJ of energy and result in the
emission of approximately 5,900 tonnes of CO,, even allowing for the benefits of recycling the recovered

attic oil {Table 50 and Table 51).

Table 50  The Combined Total Energy Use and Gaseous Emissions from Programme of Work to Leave in
Place the GBS Cell Contents in Bravo and Delta.

Emissions to Atmosphere (tonnes)
Operations Energy (G))

CO; NOx SO,
Direct
Marine operations 46,290 ‘ 3,414 70 ‘ 22
Materials not Recycled
Materials not recycled ND 670 ND ND
Total 46,290 4,084 70 22

ND = No Data

41 Bg, Becquerel
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Table 51 Total Energy Use and Gaseous Emissions from Programme of Work to Leave in Place the
Brent Charlie GBS Cell Contents.

Emissions to Atmosphere (tonnes)
Operations Energy (G))

CO, NOy SO,
Direct
Marine operations 23,145 ‘ 1,707 35 ‘ 11
Materials not Recycled
Materials not recycled ND ND ND ND
Total 23,145 1,827 35 11

ND = No Data

15.13 Mitigation Measures for GBS Contents Programme of Work

15.13.1 Mitigation for Loss of Cell Contents

The recommended option for the cell contents has been proposed following a detailed assessment of
altferative options, thorough engagement with our stakeholders (including the work of the CMSTG), detailed
modelling, toxicological assessment and the completion of an EIA. When the cells are breached the water
phase will be released into the marine environment. Later, when the cell domes and cell walls collapse, the
cell sediment will be exposed fo or released into the marine environment. In our ‘worst case’ scenario (the
release of 101,900 m? of the water phase from 10 cells) our environmental assessments have shown that the
releases of the water phase are likely to cause only transient effects lasting a few days within a 17 km of the
GBS. The exposure of the cell sediments, at a lafer time, will not add to these effects and are likely to cause
only localised effects on the seabed within 2 km of the GBSs. We have concluded that such effects, either
from a single GBS or all three Brent GBSs, would not cause measurable effects at a regional level on
animals living in the water column or in the seabed.

It is possible that large items of debris falling from degrading legs will puncture the cell domes and cause
large pieces of reinforced concrete fo fall into the storage cells. Likewise, if large sections of a leg or a

whole leg became detached these falling items would land across several cell tops and probably demolish
the cell domes and possibly also demolish upper parts of some cell walls. Some of the resulting large mass of
reinforced concrete debris would fall info the cell, and could eject cell sediment out of the cell, particularly on
an outer cell if part of an outer cell wall had been destroyed and was no longer able to contain resuspended
sediment.

Such events might lead to the active ejection (as opposed to the passive exposure) of amounts of cell
sediment info the water column. The sediments ejected from cells under such circumstances would enfer the
marine environment at a height of at least 19 m (the height of the sand ballast in each cell) and probably
higher than this because of the presence of af least some part of the cell wall. Some material would fall back
info the cell, some into adjacent cells (if also open) or onfo the cell fops, and some would drift with the water
current and then seftle on the adjacent sea bed. DNV GL concluded that the area physically impacted by
such dynamic releases would be greater than from the natural erosion of exposed cell sediment, but still
would only give rise to a small to moderate impact.

The modelling of dynamic releases indicates that the area with chemical contamination above PNEC*? levels
will be widespread. The confaminated sediment layer will mainly be extremely thin (<O.1 mm), however,

42 PNEC, Predicted No Effect Concentration
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and rapidly diluted with the fresh seabed sediment. It is assessed that the area with potentially harmful impact
from THC will be less than 0.4 km? and resfricted to less than 490 m from the release point. These results are
based on modelling that is considered to be conservative, and are assessed to cause a relatively small
negative impact on the environment.

As discussed in Section 24 the timing of such events cannot be predicted, but the rolling programme of risk
assessment described in Section 14.17.1 will give some information on the progress of degradation and
possibly some early warning of the likelihood of major leg collapse. There is no mitigation that can be
applied to such unpredictable events once they occur at some time in the future.

15.13.2 Summary of Mitigation Measures

The attic oil and interphase material (where present] will be removed from each former oil storage
cell and returned to shore for reuse, recycling or disposal, depending on its exact condition.

At the end of these operations, any small diamefer access hole that may been created in the cap of
each sforage cell for the removal of attic oil and interphase material, will be plugged and sealed.

As described in Section 14.17 the GBSs themselves will be fitted with AtoNs, marked on charts and
enfered info the FishSAFE system. These measures should minimise the risk that the GBSs will be
domaged by accidental collisions with vessels.

As described in Section 14.17.1 we will conduct periodic reassessments of the safety risk to other
users of the sea from the long-term presence of the GBSs, and this will include updating data on the
likelihood of vessel collisions.

As described in Section 24 we will discuss and agree a risk-based programme of environmental
and structural monitoring with BEIS, to track the degradation and fate of the GBSs and the materials
they contain.

In our proposed option there are no mitigation measures that would be necessary once the GBSs
have collapsed, releasing the water phase and exposing the cell sediments to the marine
environment. The CAs (Section 15.7 and Section 15.8) concluded that the option ‘leave in Place’
provided the optimal balance between the different sub-criteria in the CA, given the small localised
impacts that the release of cell water and exposure of cell sediment might cause.
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16 ~ DECOMMISSIONING OTHER MATERIALS IN THE GBSs

16.1  Introduction

In addition to the materials in the oil sforage cells we know that the Condeep GBSs Bravo and Delta contain
oily materials in their minicell annulus. We also know that on Delta there is contaminated material in the
bases of the drilling legs, and we have assumed that similar amounts of such material are also present in the
bases of Bravo drilling legs. The locations of all these materials in Brent Delta are shown in Figure 81,
estimates of their volumes are summarised in Table 52 and they are described fully in the GBS Contents TD

[15].
Figure 81  Locations of Other Materials in the Brent Delta GBS.
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16.2  Material in the Drilling Legs

In Delta, a layer of cily material has been found on top of the waterbased mud (VWBM) top-hole cuttings in
the both the East and West drilling legs. From samples and surveys, the tofal volume of this material in Delta
has been estimated to be 2,000 m?, with an average oil content of 1.4%. No samples have been obtained
from Bravo but we have assumed that its drilling legs contain the same type and amounts of material. There
are no such accumulations in Charlie because the conductors are external.

16.3  Material in the Minicell Annulus

In Bravo and Delta we have found that there is a small accumulation of material at the bottom of the minicell
annulus - the space between the wall of the minicell and the wall of the utility leg. From surveys and samples
on Delta, we have found that this material comprises water, oil and solid particles and has an oil content of
5%, and we estimate that its total volume is approximately 250 m® [15]. The samples from Bravo are being
analysed, and we have assumed that its utility leg contains the same type and amount of material as Delta.

There are no such accumulations in Charlie because it does not have a minicell or a utility leg.
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16.4 Material in the Tri-cells

On Delta we have found drill cuttings in some of the friells — the spaces created when the circular walls of
three storage cells meet. A description of tri-cell cuttings and our estimates of possible volumes are presented
in Section 17, which describes the Brent Field drill cuttings piles.

Table 52 Inventories of Other Materials in GBSs.

Estimated volume (m®)
Material and location
Bravo Charlie Delta
Material in drilling legs 2,000 N/A 2,000
Material in minicell annulus 250 N/A 250
Estimated total volume 2,250 N/A 2,250

N/A = Not Applicable to this GBS
16.5 Management of the Drilling Leg Material

16.5.1 Options for Drilling Leg Material

The options available for the management of these materials are the same as those for the sediment in the oil
storage cells, as described in the GBS Contents TD [15].

The most significant fechnical issue for any option other than ‘leave in place’ is gaining access to the
materials which are located approximately 160 m down the drilling legs. Each leg contains 19 (Bravo) or
24 (Delta) conductors supported by 7 guide frames that span the whole width of the legs; there is no existing
access for personnel. It is therefore not feasible to deploy equipment in the space between the conductors
and the leg wall. The only feasible way of accessing the material while the conductors are in place would
be to use one or more conductors as conduits, and drill holes through the walls of the conductors into the
material, as described below. On Bravo, all the options requiring intervention could be carried out either
before the removal of the topsides (designated Option 1a to Option 5a) or from a temporary work-over
platform deployed by an SSCV or similar affer the removal of the topsides (designated Option 1b to Option
5b). For Delta, the intervention options can now only be undertaken from the temporary work-over platform
over the cut ends of the legs. The options for the material in the drilling legs are summarised below and
Figure 82 illustrates how the material in the drilling legs might be recovered, with and without the fopside in
place.

Option1: Recover and re-inject in a new well: From the topsides or a work-over platform, holes would be
drilled through selected conductors just above the level of the material at the bottom of the leg. Pumps and
venturi pumps would slurrify the material and underlying top-hole WBM cuttings, and recover the slurry fo a
surface vessel. The slurry would be transported by fanker to a newly-drilled subsea well and injected.

Option 2: Recover and treat onshore: From the topsides or a work-over platform, holes would be drilled
through selected conductors just above the level of the material at the bottom of the leg. Pumps and venturi
pumps would slurrify the material and underlying top-hole WBM cuttings, and recover it to a surface vessel.
The slurry would be transported by tanker to shore for treatment by LTD. Recovered oil would be recycled
and the inert solids disposed of to landfill.

Okption 3: Leave in place and cap: From the topsides or a work-over platform, holes would be drilled
through selected conductors at appropriate heights above the level of the material at the bottom of the leg.
Pumps and hoses would be used to deposit suitable capping material (for example sand). The material in the
drilling leg would then be left in place.
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Option 4: leave in place and treat by monitored natural attenuation (MNA): From the topsides or a work-
over platform, holes would be drilled through selected conductors info the materials in the leg and also
above the level of the material at the bottom of the leg. Pumps and hoses would be used to inject chemicals
info the material and the water column above it. The material in the drilling leg would then be left in place.

Okption 5: Leave in place: No operations would be undertaken. The material in the drilling leg would be left
in place.

Figure 82 Options for the Recovery of Material in the Drilling Legs.
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With topside in place Topside removed
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16.6  Results of Comparative Assessment of Options for Drilling Leg Material
The individual results for Bravo and Delta are presented in defail in [15].
Table 53 and Figure 83 show the results for Brent Bravo.

Table 54 and Figure 84 show the results for Brent Delta, where the options can only be undertaken in the
absence of the topside.

Figure 83  The Total Weighted Scores for Options for the Material in the Brent Bravo Drilling Legs,
and the Contributions of the Sub-criteria.
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Table 53 Transformed and Weighted Sub-criteria Scores of Options for Material in the Brent Bravo Drilling Leg.
Sub-criterion Opfions
la b 2a 2b 3a 3b 4a 4b 5
Safety risk offshore project personnel 6.11 4.84 6.59 5.57 6.66 6.22 6.66 6.19 6.67
Safety risk to other users of the sea
Safety risk onshore project personnel 6.6/ 6.6/ 6.6/ 6.6/ 6.6/ 6.6/ 6.6/ 6.6/ 6.6/
Operational environmental impacts 4.00 4.00 4.70 4.70 4.85 4.85 4.85 4.85 5.00
legacy environmental impacts 5.00 5.00 5.00 5.00 4.80 4.80 4.80 4.80 4.75
Energy use 4.14 3.01 4.66 3.97 5.00 4.63 5.00 4.58 5.00
Emissions 4.30 3.35 4.72 4.14 5.00 4.68 5.00 4.64 5.00
Technical feasibility 1.00 0.00 6.00 5.40 10.00 9.20 9.60 9.00 20.00
Effects on commercial fisheries
Employment 0.70 1.91 0.20 1.19 0.01 0.46 0.01 0.48 0.00
Communities 6.67 6.67 6.00 6.00 6.60 6.60 6.60 6.60 6.6/
Cost 17.91 14.27 19.40 16.44 19.98 18.63 19.98 18.55 20.00
Total weighted score 56.49 49.71 63.93 59.08 69.57 66.74 69.16 66.37 79.76
Option Ta | Remove and re-inject in new remote well, topside in place Option Tb | Remove and re-inject in new remote well, topside removed
Option 2a | Remove and freat slurry onshore, fopside in place Option 2b | Remove and treat slurry onshore, fopside removed
Option 3a | leave in place capped, topside in place Option 3b | leave in place capped, topside removed
Option 4a | leave in plaoce with MNA, topside in place Option 4b | leave in place with MNA, topside removed
Option 5 leave in place
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Table 54 Transformed and Weighted Sub-criteria Scores of Options for Material in the Brent Delta
Drilling Leg.
Options
Sub-criterion
1 2 3 4 5

Safety risk offshore project personnel 4.84 557 6.22 6.20 6.67
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 4.00 4.70 4.85 4.85 5.00
legacy environmental impacts 5.00 5.00 4.80 4.80 4.75
Energy use 3.01 3.97 4.63 4.58 5.00
Emissions 3.35 4.14 4.68 4.64 5.00
Technical feasibility 0.00 5.40 9.20 9.00 20.00
Effects on commercial fisheries

Employment 1.91 1.19 0.46 0.48 0.00
Communities 6.67 6.00 6.60 6.60 6.67
Cost 14.27 16.44 18.63 18.55 20.00
Total weighted score 49.71 59.08 66.74 66.37 79.76

Option] Remove and re-inject in new remote well
Option 2 Remove and freat slurry onshore
Option 3 leave in place copped
Option 4 leave in place with MNA
Option 5 leave in place
Figure 84

The Total Weighted Scores for Options for the Material in the Brent Delta Drilling Legs, and the
Contributions of the Sub-criteria.

Total weighted score
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16.7 Discussion and Conclusion on Options for Drilling Leg Material

In the following assessments and discussion it should be noted that the Option 2 for Brent Bravo is Option 2a
"Recover and treat onshore, topsides in place’, and that the Option 2 for Brent Delta is Option 2b ‘Recover
and freat onshore, topsides removed'.

For both Brent Bravo (with or without the topside) and Brent Delta, Option 1 ‘Remove and re-inject in new
remote well’ and Option 2 ‘Remove and treat slurry onshore” would both result in the removal of the material
from its present location in the drilling legs and thus prevent the eventual exposure of this material to the
marine environment. In both GBSs, Option 2 is the better of the ‘removal” opfions.

Option 5 ‘leave in place’ is consistently the best option with a total weighted score that is greater than the
next best option (Option 3 ‘leave in place capped, topside in place’). Option 5's total weighted score is
significantly and consistently greater than that of the better of the ‘removal” options, Option 2. The sections
below therefore examine the differences between Option 2 ‘Remove and treat slurry onshore” (the better of
the ‘removal’ options), and the emerging recommendation Option 5 ‘leave in place’.

Examination of both the transformed unweighted data and the weighted scores for each of the sub-criteria
shows that the differences between the two options are driven by the difference in performance in "technical
feasibility’, which is very much better in Option 5 'leave in place’. All the other sub-criteria show only very
small differences between the options in terms of their weighted scores. This is illustrated in Figure 85 and
Figure 86 which show the differences (positive or negative| in the weighted scores in each sub-criterion for
these two options for the material in the Brent Bravo drilling legs and Brent Delta drilling legs respectively; the
green bars indicate sub-criteria where Option 5 has the better performance and the red bars indicate sub-
criferia where Option 2a has the better performance.

Figure 85  Difference Chart Comparing the Weighted Scores for each Sub-criterion in Two Options for
the Management of Material in the Brent Bravo Drilling Legs, under the Standard Weighting.
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Figure 86  Difference Chart Comparing the Weighted Scores for each Sub-criterion in Two Options for
the Management of Material in the Brent Delta Drilling Legs, under the Standard Weighting.
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The drivers and trade-offs for the decommissioning of the material in the Brent Bravo drilling legs are the
same as those for the Delta drilling legs, and involve a consideration of how feasible and safe it would be to
remove the material (as a slurry mixed with the water above it and some or all of the top-hole cuttings below
it), and how proportionate this would be in relation to the elimination of a very localised but low-level and
longferm impact to the marine ecosystem that might otherwise occur after 200-500 years when the material
in the drilling legs is exposed following the collapse of the legs.

Following our assessment of the real data informing those scores, we have concluded that the sub-criterion
serving to strongly differentiate the options is ‘technical feasibility’; all the other sub-criteria show no
differences or trivial differences between the options. With the topsides sfill in place and the conductors cut
only at about 16 m above LAT, it would be possible to use the conductors as conduits to the material lying
on fop of the top-hole cuttings in the drilling legs. A suitable suction system could be developed and
deployed through holes cut in the conductors using technology that already exists. The resultant slurry could
be refurmed fo the topsides and off-loaded into a fanker for fransportation o shore. Such operations have not
been performed before and would require some planning and fesfing before they could be executed safely
and with a high likelihood of success.

The CA has shown, however, that the addifional technical difficully and extra cost associated with the
removal of the material in the Bravo drilling legs would be disproportionate to the benefit of eliminating
the small additional legacy environmental impact that might occur at some time well into the future.

For Brent Delta, with the topsides no longer in place, either a vessel stationed alongside the leg or a
tfemporary work-over platform on top of the leg would have fo be used to gain access to the top of the
drilling legs. This would enable the conductors to be accessed and used as conduits for the deployment of a
suction systfem and the retum of slurry fo the surface. Such operations have not been performed before and
would require a considerable amount of planning and festing before they could be executed safely and with
a high likelihood of success. As with the Bravo drilling legs, the fechnical difficulty and cost of gaining
access to the drilling leg material are significant reasons why ‘leave in place’ is preferable to ‘remove and
freat slurry onshore’.

The CA has shown that the technical difficulty and cost associated with the removal of the material in the
Delta drilling legs would be disproportionate to the benefit of eliminating the small additional legacy
environmental impact.
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16.8  Recommended Options for the GBS Dirilling Leg Material

The detailed CAs of feasible options (Section 16.6 and Section 16.7), carried out in accordance with
OSPAR's requirements for CAs [2], and using the selection criferia and matters to be considered sef out in
Annex 2 of that Decision, has indicated that the recommended option for decommissioning of the material in
the drilling legs is as follows:

Brent Bravo drilling leg material:  Lleave in place.

Brent Delta drilling leg material:  Leave in place.

16.9 Recommended Programme of Work for Decommissioning the Material in the Drilling Legs

The proposed management programme for the Drilling Leg Material is described in Section 16.14, along
with the proposed programme for managing the material in the minicell annulus.

16.10 Management of the MiniCell Annulus Material

16.10.1 Options for Minicell Annulus Material

The options available for the management of these materials are the same as those for the sediment in the oil
storage cells and the material in the drilling leg [15].

The most significant technical issue for any option other than ‘leave in place’ is gaining access fo the
materials which are located approximately 140 m down the utility legs. The utility legs are extremely
congested with pipework, and are divided horizontally by eight ‘platforms” which span the whole width of
the leg and carry equipment, pumps and life-support systems. In the past, trained personnel with suitable
safety and personal protection equipment (PPE) have worked in the utility leg down to the top of the minicell.
Such work is, however, no longer undertaken or contemplated; it carries a high safety risk, and a large
amount of planning, preparation and re-instatement of life-support and safety systems would be required
before it would be safe for personnel to work at such low levels deep in the utility leg.

Consequently, the only credible means of accessing the material in the minicell annulus, either before or after
the removal of the topsides, would be to cut a hole in the side of the utility leg (Figure 87).

Because there can be no access by personnel, the creation of access through the utility leg’s platforms or
floors and the deployment of pumps and hoses would have to be carried out by a work-class ROV. No
preparatory work could be performed before the topside was removed and no assistance could be delivered
by personnel on the topside. In all of the options requiring some intervention, therefore, the access hole in the
leg would have to be at least 2 m by 3 m. A hole of this size may not fatally weaken the leg but it would be
technically challenging to cut such a hole and remove a large section of the concrefe wall, and then to
creafe clear space deep info the annulus for an ROV. The options for the material in the minicell annulus are

summarised below and fully described in the GBS Contents TD [15].

Okption1: Recover and re-inject in a new well: An ROV deployed from a support vessel would cut a hole in
the side of the utility leg above the cellHops. The ROV would enter the leg, cut and clear access through one
or more floors, and then deploy hoses and a venturi lift head info the material. The slurrified material mixed
with the remobilised sand ballast would be liffed to a surface vessel (Figure 87). The slurry would be
transported by tanker to a newly-drilled subsea well and injected.

Option 2: Recover and treat onshore: An ROV deployed from a support vessel would cut a hole in the side

of the utility leg above the celltops. The ROV would enter the leg, cut and clear access through one or more
floors, and then deploy hoses and a venturi lift head info the material. The slurrified material mixed with the

remobilised sand ballast would be lifted to a surface vessel (Figure 87). The slurmy would be transported by

tanker to shore for treatment by LTD. Recovered oil would be recycled and the inert solids disposed of to

landfill.

Option 3: Leave in place and cap: An ROV deployed from a support vessel would cut a hole in the side of
the utility leg above the celltops. The ROV would enter the leg, cut and clear access through one or more
floors, and then deploy hoses and pumps to deposit suitable capping material (for exampe sand). The
material in the annulus would then be left in place.
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Option 4: leave in place and treat by monitored natural attenuation [MNA): An ROV deployed from @
support vessel would cut a hole in the side of the utility leg above the cell4ops. The ROV would enter the
leg, cut and clear access through one or more floors, and then deploy hoses and pumps to inject chemicals
info the material and the water column above it. The material in the annulus would then be left in place.

Okption 5: Leave in place: No operations would be undertaken. The material in the minicell annulus would

be left in place.

Figure 87 Schematic for the Recovery of the Material from the Minicell Annulus.
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16.11 Results of Comparative Assessment of Options for the Management of Material in the

Minicell Annulus

The individual results for Bravo and Delta are presented in detail in the GBS Contents TD [15]. Table 55 and
Figure 88 show the results for the material in the Brent Bravo minicell annulus, and Table 56 and Figure 89
show the results for the material in the Brent Delta minicell annulus.
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Table 55  Transformed and Weighted Sub-criteria Scores of Options for Material in the Brent Bravo

Minicell Annulus.

Options
Sub-criterion
1 2 3 4 5
Safety risk offshore project personnel 6.18 6.43 6.44 6.46 6.67
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 4.00 4.80 4.85 4.85 5.00
legacy environmental impacts 5.00 5.00 4.80 4.80 4.75
Energy use 4.59 4.79 4.83 4.86 5.00
Emissions 4.67 4.83 4.86 4.88 5.00
Technical feasibility 0.00 0.00 4.40 4.40 20.00
Fffects on commercial fisheries
Employment 0.53 0.19 0.17 0.16 0.00
Communities 6.67 6.34 6.67 6.67 6.67
Cost 18.43 19.42 19.50 19.54 20.00
Total weighted score 56.73 58.47 63.19 63.28 79.76
Option] Remove and re-inject in new remote well
Option 2 Remove and freat slurry onshore
Option 3 leave in place copped
Option 4 leave in place with MINA
Option 5 leave in place

Figure 88  The Total Weighted Scores for Options for the Material in the Brent Bravo Minicell Annulus,
and the Contributions of the Sub-criteria.

Total weighted score

Page | 199




BRENT FIELD DECOMMISSIONING PROGRAMMES

Table 56
Minicell Annulus.

DECOMMISSIONING THE BRENT FACILITIES

Transformed and Weighted Sub-criteria Scores of Options for Material in the Brent Delta

Options
Sub-criterion
1 2 3 4 5

Safety risk offshore project personnel 6.18 6.43 6.44 6.46 6.67
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 4.00 4.80 4.85 4.85 5.00
legacy environmental impacts 5.00 5.00 4.80 4.80 4.75
Energy use 4.59 4.79 4.83 4.86 5.00
Emissions 4.67 4.83 4.86 4.88 5.00
Technical feasibility 0.00 0.00 4.40 4.40 20.00
Effects on commercial fisheries

Employment 0.53 0.19 0.17 0.16 0.00
Communities 6.67 6.34 .67 6.67 6.67
Cost 18.43 19.42 19.50 19.54 20.00
Total weighted score 56.73 58.47 63.19 63.28 79.76

Option] Remove and re-inject in new remote well
Option 2 Remove and freat slurry onshore
Option 3 leave in place copped
Option 4 leave in place with MNA
Option 5 leave in place
Figure 89

The Total Weighted Scores for Options for the Material in the Brent Delta Minicell Annulus,

and the Contributions of the Sub-criteria.

80.00

Total weighted score
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16.12 Discussion and Conclusions on Options for Minicell Annulus Material

For both Brent Bravo and Brent Delta, Option 1 ‘Remove and re-inject in new remote well” and Option 2
'Remove and treat slurry onshore’ would both result in the removal of the material from its present location
at the bottom of the minicell annulus and thus prevent the eventual exposure of this material to the marine
environment. For both installations, Option 2 is the better of the ‘removal” options.

Option 5 'leave in place’ is the best option with a fofal weighted score that is significantly and consistently
greater than that of the better of the ‘removal’ options, Option 2. The sections below therefore examine the
differences between Option 2 'Remove and treat slurry onshore’ (the better of the ‘removal’ options), and the
emerging recommendation Option 5 ‘leave in place’.

Examination of both the fransformed unweighted data and the weighted scores for each of the sub-criteria
shows that the differences between the two options are driven by the difference in performance in "technical
feasibility’, which is very much better in Option 5 ‘leave in place’. All the other sub-criferia show only very
small differences between the options in terms of their weighted scores. This is illustrated in Figure Q0 which
shows the differences (positive or negative) in the weighted scores in each sub-criterion for these two options
for the material in the Brent Bravo minicell annulus, and Figure @1 which shows differences in the same
options for Brent Delta. In both figures the green bars indicate sub-criteria where Option 5 has the better
performance and the red bars indicate sub-criteria where Option 2 has the better performance.

Figure 90  Difference Chart Comparing the Weighted Scores for each Sub-criterion in Two Options for
the Management of Material in the Bravo Minicell Annulus, under the Standard Weighting.
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Figure 91  Difference Chart Comparing the Weighted Scores for each Sub-criterion in Two Options for
the Management of Material in the Delta Minicell Annulus, under the Standard Weighting.
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The drivers and trade-offs for the decommissioning of the material in the minicell annulus involve

a consideration of how feasible and safe it would be to remove the material (as a slurry mixed with the oily
water above it), and how proportionate this would be in relation to the elimination of a localised but low-
level and long-term impact fo the marine ecosystem that might otherwise occur after 200 to 500 years when
the material in the minicell annulus is exposed following the collapse of the legs.

Following our assessment of the real data informing those scores, we have concluded that the sub-criterion
serving fo strongly differentiate the options is "technical feasibility’. With or without the topsides in place

and functioning, the only credible and realistic way of gaining access to the material in the minicell annulus
would be through a large hole cut in the side of the utility leg. This would enable o work-class ROV to enter
the leg and create access through decking and pipework so that hoses and suction dredgers could be
deployed remotely onto the layer of material lying on top of the sand ballast in the annulus. Such operations
have not been performed before and would require a considerable amount of planning and testing before
they could be executed safely and with a high likelihood of success. The technical difficulty in gaining access
to the minicell material is a significant reason why ‘leave in place” is preferable to ‘remove and treat slurry
onshore’.

The CAs have shown that the technical difficulties associated with the removal of the material in the minicell
annulus would be disproportionate to the benefit of eliminating the small additional legacy environmental
impact that would arise from the eventual exposure of this material.

16.13 Recommended Options for the GBS Minicell Annulus Material

The detailed CA of feasible options (Section 16.11 and Section 16.12), carried out in accordance with
OSPAR's requirements for CAs [2], and using the selection criferia and matters to be considered set out in
Annex 2 of that Decision, has indicated that the recommended option for decommissioning of the material in
the minicell annuli is as follows:

Brent Bravo minicell annulus material: leave in place

Brent Delta minicell annulus material: leave in place

16.14 Recommended Programmes of Work for Decommissioning the Materials in Drilling Legs
and Minicell Annulus

No further work would be performed on or in the legs of the GBSs after the removal of the topsides and the
fiting of concrefe caps (Section 14.11). The solid material at the bottom of these legs would be left in place,
fo degrade naturally. As the legs and then the GBS caissons degraded and began to collapse these
materials will be exposed fo the marine environment, as has been described for the cell sediments (Section
15.5). Given the small volumes of these materials, however, and the large volumes of concrete in the legs
above, it is likely that the materials in the drilling legs and utility legs will be substantially buried in the bases
of the legs by concrete debris. The potential environmental impacts of such exposure are assessed in Section

16.16.

16.15 Material Retrieved and Material Left in Place

If the proposed recommendations for the material in the drilling legs and minicell annuli are accepted, the
estimated 2,250 m® of such materials on Brent Delta, and the assumed similar volumes on Brent Bravo,
would be left in place as shown in Table 52.

16.15.1 Long-term Degradation of Materials in Drilling Legs and Minicell Annulus

We have not performed specific studies to defermine how the materials in the drilling legs and minicell
annulus might disperse and behave in the marine environment. If left in place they will remain undisturbed
and secure some 40-60 m below the fops of the caissons. There will be limited biological changes to these
materials, partly because the lighter organic components have already been biodegraded leaving mostly
heavy metals and persistent organic compounds, and also because the cold environment and limited input
of nutrients significantly reduces bacterial activity.
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The legs above sea level may remain intact for 150-250 years [14]. Because of the central position of the
legs within the GBS caisson there are af least 2 concrefe walls between the materials in the drilling legs or
minicell annuli and the marine environment. Therefore, the most plausible pathway to the marine environment
is upward through the legs themselves.

When the legs begin fo fail, and in particular when they have degraded to below sea level, there will be
pathways for these materials to be potentially exposed to or released into the marine environment. Since the
materials will still be contained within a tall narow ‘tube’ some 60 m long and heavily congested with the
remains of the steelwork from the infrastructure (including conductors, decks and pipework|, it is unlikely that
they will be ejected out into the sea, even by large items of falling debris. Even after the collapse of the
upper legs, the damaged but largely intact bases of the legs will offer considerable protection from the forces
of currents and wave action and will therefore encase this material to a greater or lesser extent for many
more years.

16.16 Environmental Impacts of Decommissioning the Other Materials in the GBSs

16.16.1 Stakeholder Environmental Concerns

Stakeholders have not expressed a specific view on the other materials in the GBSs, but based on the
comments and observations made concerning the cell contents it is clear that their concerns about leaving
the other materials would be:

e longferm legacy effects from escape or release of hydrocarbons to sea.
o The cumulative effect of these materials with the cell sediments.

e The difficulties of carrying out remediation as the GBSs degrade and the legs collapse.

16.16.2 Potentially Significant Impacts in ES

DNV Gl's assessment of the potential environmental impacts of the exposure of drilling leg material and the
minicell annulus material [5] was informed by the modelling that had been performed on the cell sediments
(Section 15.5). The total volume of material in the drilling legs on Delta is about 17% of the total volume
used for the worst case modelling of cell sediment release, and the oil content of the drilling leg material is
approximately 5% that of the cell sediments. DNV GL concluded that the legacy environmental impact from
the eventual exposure of the drilling leg material in both GBSs combined would be ‘small negative’. The
results of this assessment are shown in Figure 92.

Likewise, the total volume of material in the minicell annulus on Delta is about 2% of the total volume used for
the worst case modelling of cell sediment release, and the oil content of the minicell annulus material is
approximately 5% that of the cell sediments. DNV Gl concluded that legacy environmental impact from the
eventual exposure of the minicell annulus material in both GBSs combined would be ‘insignificantsmall
negative’. The results of this assessment are shown in Figure 93.

As the drilling legs and utility legs degrade and collapse, concrefe debris is likely to accumulate in the
bottom of the leg and smother the material. Although falling debris may resuspend some material in the leg, it
may not reach the open sea since it is some 60 m below the top of the caisson [which is likely to remain
largely intact even as the legs above degrade) and there are af least two vertical concrefe walls between the
materials in the drilling leg material or minicell annulus and the sea.
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Figure 92 Environmental Impacts Associated with Option 5 ‘Leave in Place’ for Decommissioning
the Materials in the Drilling Legs of both Brent Condeep GBSs.
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Figure 93 Environmental Impacts Associated with Option 5 ‘Leave in Place’ for Decommissioning
the Materials in the Minicell Annulus of both Brent Condeep GBSs.
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16.16.3 Impacts of Offshore and Onshore Operations

There will be no offshore or onshore operations.

16.16.4Legacy Environmental Impacts

The legacy environmental impacts of these materials were not modelled specifically because the volumes
concemed and their hydrocarbon concentrations are very much smaller than those of the cell sediments.
DNV Gl therefore used the results of the modelling and toxicological assessments for the cell sediments to
inform their assessment of the legacy impacts of options for the management of the drilling leg and minicell
annulus materials. With respect fo the proposed decommissioning option for both the drilling leg material
and the minicell material (Option 5 ‘leave in place for natural degradation’), the ES concluded [5]:

"The key negative environmental impact identified [for this option] is the legacy impact from the
localised pollution that will occur after the degradation of the GBS when the drilling leg and minicell
material is exposed to the marine environment. However...the minicell and drilling leg material
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volumes are much smaller than the volumes of GBS cell sediment and contain much less oily content
than the cell sediment. Also, as the material is located within the structure of the GBS, it is likely that
much of the minicell and drilling leg contents would actually be restricted from entering the marine
environment. It is envisaged that as the GBS disintegrates much of the wastes may remain buried
under the GBS. Taking these factors into account, the legacy impact from leaving the drilling leg
material and the minicell [annulus] material /n sifv is estimated to be ‘small negative'.

16.16.5Energy and Emissions

There will be no operations or activities associated with the management of materials in the drilling legs
and minicell annuli. The only sources of energy use and gaseous emissions would be the structural and
environmental surveys that would be carried out from time to time, as part of the wider surveys relating to
materials left in the oil storage cells described in Section 24.

We estimate that there might be about 66 tonnes of oil in the leg materials; if this were not recovered and

recycled, the theorefical costs of ‘replacing’ it by new manufacture would be emissions of approximately
7 tonnes of CO».

16.17 Mitigation Measures for Drilling and Minicell Annulus Programmes of Work

e As described in Section 14.17 the GBSs themselves will be fitted with AtoNs, marked on charts and
enfered info the FishSAFE system. These measures should minimise the risk that the GBS will be
domaged by accidental collisions with vessels.

e Asdescribed in Section 24 we will discuss and agree a risk-based programme of environmental
and structural monitoring with BEIS, to frack the degradation and fate of the GBSs and the materials
they contain.

e There is no mitigation that can be applied to the long-ferm presence and eventual gradual
exposure of the materials at the botfom of the drilling and utility legs. The CAs (Section 15.7 and
Section 16.6) concluded that no other option would be appropriate, given the very small localised
impacts that might arise when these materials are finally exposed.
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17 DECOMMISSIONING THE BRENT FIELD DRILL CUTTINGS PILES

17.1  Introduction

Drill cuttings are the small pieces of rock, soil and other material created when a well is drilled. During the
process of drilling ‘mud’ is circulated down the well and then back to the topsides fo lubricate and cool the
drill bit, provide hydrostatic pressure fo maintain the integrity of the well-bore and to refurn the drill cuttings to
the topsides. This mixture of drill cuttings and mud is then either returned to shore for cleaning and disposal or
freated and discharged under permit from the platform or drilling rig to the marine environment. When
discharged offshore the cuttings typically setile on the seafloor close to the platform or drilling rig, and where
water depths are great and/or current and wave action weak they can accumulate as noticeable ‘cuttings
piles'.

The drilling muds used in drilling operations vary in composition and include Waterbased Muds (WBMs)
and Organic Phase Fluids (OPFs which include Oilbased Muds (OBMs), synthetic based muds [otherwise
known as Low Toxicity Oil-based Muds (LTOBMs) and Pseudo Oilbased Muds (POBMs).

A total of 146 wells have been drilled from the 154 Brent platform well slots, and 3 subsea wells have been
drilled af Brent South. As described in the Drill Cuttings TD [16], these wells have been drilled using a variety
of drilling muds and over the period 1976 to 1998 a maximum of 87,863 m* of cuttings have been
generated. The permitted discharge of large volumes of drill cuttings in the deep waters of the East Shefland
basin has inevitably resulted in the formation of cuttings piles af each site.

17.2  OSPAR Recommendation on Drill Cuttings

In 2000, OSPAR issued Decision 2000,/3 on the Use of Organic-Phase Drilling Fluids (OPF) and the
Discharge of OPF-Contaminated Cuttings [56] whose purpose was to limit and where possible eliminate the
discharge of OPF and OPF-contaminated cuttings to the marine environment. This resulted in a change in
current and future drilling operations but did not address the presence of the OPF-contaminated cuttings
already discharged fo sea.

In 20006, affer a number of studies had been completed, OSPAR issued their Recommendation 2006,/5
which required operators to characterise their OPF-contaminated historic drill cuttings piles [11]. This
recommendation sef the following two thresholds against which the cuttings piles had to be compared (Figure

Q4):
e Anoil loss rate fo the water column of 10 tonnes oil /year

e An area persistence of 500 km?yr (see Note] in which the seabed sediment exhibited an oil
concentration of 50 mg/kg or greater

Note:  An area persistence of 500 km?yr could mean an area of 1 km? is contaminated for 500 years or
an area of 500 km? is contaminated for 1 year.

Where both the oilloss rafe and area persistence of the cuttings pile fall below these thresholds and no other
discharges have contaminated the cuttings pile OSPAR concluded, on the basis of detailed scientific
examination, that the best option for the management of the pile material is to leave it undisturbed and

allow processes of natural degradation to take their course (Figure 94). Where one or other of the threshold
is exceeded, a sftudy is required to establish the BAT and/or the Best Environmental Practice (BEP) for
managing the drill cuttings pile. It should be subjected to a more defailed programme of sampling and
characterisation, with a view to undertaking a comprehensive CA of the different options that might be
available for the management of the drill cuttings pile.
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Figure 94 OSPAR-dentified Levels of Concern Relating to Historic Drill Cuttings Piles and Likely Best
Environmental Strategy.
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17.3  Characteristics of Brent Drill Cuttings Piles

There are five historic drill cuttings piles in the Brent Field, at Alpha, Bravo, Charlie, Delta and South, as
illustrated in Figure 95. The single Brent Alpha seabed cuttings pile is located directly beneath the jacket and
is largely contained within its footprint. At Bravo, Charlie and Delta drill cuttings have accumulated on the
seabed against the walls of the GBS cells, and on the tops of the GBS cells because they are close to the
terminations of the drill cuttings discharge chutes which run down the legs. The Brent South wells were drilled
using a semi-submersible drilling rig and the discharged drill cuttings have accumulated in a single pile on
the seabed around the wells.

All the piles were surveyed and sampled in 2007, to provide data on their pre-decommissioning status and
fo inform a defailed assessment of the characteristics of each pile with respect to the requirements of OSPAR
Recommendation 2006,/5 [11]. The results are presented in the Drill Cuttings TD [16] and summarised in
Table 58.

In addition, the areas of seabed around the visible cutfings piles have been sampled to acquire data on

the physical, chemical and biological conditions of the benthic environment and to determine if these have
changed over time. The most recent surveys (conducted in 2007 and 201 1) are reported in Gardline's Brent
A, Brent B, Brent C and Brent South Pre-decommissioning Environmenial Survey Report 571, the Brent D Pre-
decommissioning Environmental Survey Report [58] and Brent Charlie celltop drill cuttings pile environmental
survey report [ 59].
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Figure 95 MBES Images of Brent Field Drill Cuttings Piles.

Seabed cuttings pile at Brent Alpha Seabed cuttings pile at Brent Bravo

Seabed cuttings pile at Brent Charlie Seabed cuttings pile at Brent Delta

CelHop cuttings pile on Brent Bravo CellHop cuttings pile on Brent Charlie

Celltop cuttings pile on Brent Delta Seabed cuttings pile at Brent South
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As part of our studies to understand the nature of the Brent drill cuttings piles (including the drill cuttings that
have accumulated in the tricells (Section 17.4)), we have performed a comprehensive ‘data mining” exercise
fo examine our records of the exact amounts and types of cuttings that have been generated from each well.
This has confirmed that different types of muds were used for different sections of each well and that the older
wells did not necessarily result in the creation of more cuttings or cuttings that were more confaminated. The
information from the drilling records indicates that alternating amounts of VWBM- and OBM-contaminated dfill
cuttings were generated. This is likely to have resulted in the creation of layers of WBM and OBM in the
deposited drill cuttings. VWe therefore believe that the pattern of discharge shown in the drilling records
suggests that it is unlikely that the cuttings at the bases of the drill cuttings piles will be more contaminated
than those that we have sampled near the surface.

17.4  Drill cuttings in the GBS Tri-Cells

In addition to the cuttings piles on the seabed and on the cellfops, we have found drill cuttings in some of
the tri-cells on Delta (Figure 81). On the Condeeps Bravo and Delta every grouping of three circular ol
storage cells creafes spaces which are triangular in cross-section, called tri-cells. They have sides of
approximately 5.8 m and a crosssection area of 14.9 m? and run the whole length of the cell
(approximately 60 m). There are 22 tri-cells on each of these GBS. The top of each fri-cell is open to the sea
and it is therefore likely that some proportion of the drill cuttings discharged from the cuttings chute have
accumulated in these spaces (Table 57). The fricells are only partially filled with sand ballast leaving void
spaces above of approximately 414 m? to 596 m? in each tricell on Brent Bravo and approximately

337 m®to 772 m? in each tri-cell on Brent Delta. One of the Brent Delta tri-cells was visually inspected and
sampled in 2015, and was found to contain drill cuttings with an oil content of approximately 4-9% [16].

The tri-cells of Brent Bravo have not yet been sampled. In the absence of further samples and on the evidence
of the drilling records we have assumed that all the tri-cells on Delta and Bravo contain a similar amount and

type of drill cuttings.

Charlie has a type of tricell, created where the rectangular cells meet the circular legs, but they are not open
fo the sea.

Table 57 Estimated Maximum Volume of Drill Cuttings in GBS Tri-Cells.

Volume of Drill Cuttings in Tri-cells (m®)

Brent Alpha Brent Bravo Brent Charlie Brent Delta Brent South
NA 12,039 NA 14,733 NA

NA = Not applicable (the tri-cells are not open fo the seql
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Table 58  Characteristics of the Brent Field Cuttings Piles, including Drill Cutting in Triells.

Site
Data

Alpha Bravo Charlie Delta South
Number of wells drilled 28 37 38 40 3
Maximum height seabed pile in 2007 (m) 4.0 11.0 9.5 10.3 2.9
Maximum height cell4op pile in 2007 (m) N/A 3.0 11.2 6.8 N/A
Present area seabed pile (m?) 8,880 3,414 3,143 1,632 1,620
Present area cellHop pile (m?) N/A 673 2,148 234 N/A
Total pile area in 2007 (m?) 8,880 4,087 5,291 1,866 1,620
Total volume of cuttings discharged (m?) #* 20,047 | 21,761 22,444 | 21,616 1995
Present volume seabed pile (m”) 6,300 5,300 4,922 2,230 2,166
Present volume cellHop pile (m?) N/A 1,887 7,735 3,790 N/A
Total external pile volume (m®) 6,300 7,187 12,657 6,020 2,166
Deduced volume drilling leg cuttings (m®) N/A 480 N/A 480 N/A
Deduced max. volume tri-cell cuttings (m?) N/A 12,039 N/A 14,733 N/A
Total estimated volume all drill cuttings (m?) 6,300 | 19,706 | 12,657 | 21,233 2,166

N/A = Not Applicable

17.5  Assessment of Brent Cuttings Piles against OSPAR Thresholds

In accordance with the requirement of OSPAR Recommendation 2006/ 5, we completed a desk-op
screening study of the Brent Field drill cuttings piles in 2007 to establish whether the cuttings piles exceeded
either the oil loss rafe or area persistence thresholds as defined in the Recommendation (Stage 1 assessment).
These assessments, performed using our hisforic survey data and published data on the characteristics of
North Sea drill cuttings piles and how they have changed over time, indicated that for all five Brent seabed
piles, both the rate of oil release and the area of persistence were below the OSPAR threshold (Table 59).

Table 59 Desktop Assessment of Brent Piles with Respect to OSPAR Thresholds.

OSPAR Ciriterion and Threshold Brent Cuttings Pile
OSPAR Ciriterion OSPAR | Alpha Bravo | Charlie | Delta South
Total rate of oil release (tonnes.yr') 10 1.7 0.8 1.0 0.4 0.3
Area persistence (km?yrs) 500 42 21 35 31 6

Following the submission of this Stage 1 assessment, we also commissioned a longterm fate modelling study
by BMT long ferm fate and effects of cuttings piles at Brent Ajpha and Brent Charlie [60] to facilitate
prediction of whether the future behaviour of the drill cuttings piles would lead fo either OSPAR threshold
being exceeded, if they were left undisturbed. This study used the results from the 2007 seabed survey to
characterise the drill cuttings piles in the model; Brent Alpha was selected as it is the largest seabed dfill
cuttings pile in the Field and Brent Charlie was selected as the largest cellHop drill cuttings pile. We surmised
that if the modelling indicated that the longterm behaviour of these undisturbed piles would not exceed the
OSPAR thresholds in the future, then we could assume that neither would the smaller drill cuttings piles on the

“3 This is an estimate of the volume of OPF discharged obtained from a detailed review of our drilling
records.
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seabed at Brent South and on the seabed and celltops at Brent Bravo and Brent Delta (which have similar
physio-chemical characteristics as the Alpha and Charlie cuttings and are exposed fo a similar seabed and
mid-water current regimes). This initial modelling indicated that for the Brent Alpha and Charlie seabed
cuttings piles, and for the Brent Charlie cell4op cuttings piles alone and in combination with the Charlie
seabed cuttings pile, neither threshold would be exceeded.

Based on our early understanding that consideration of some level of disturbance and/or management of
drill cuttings may be required, we also commissioned a study to investigate the potential impact — both short-
ferm and longerferm — of disturbing the Brent Alpha and Brent Charlie drill cutings piles by over-rawling or
suction dredging a portion of the drill cuttings piles. The results of this study are presented in the BMT Cordah
report Eflects of Human Disturbance on the Brent Alpha and Brent Charlie Cuttings Piles [61].

In 2011 we took further samples of the Brent Charlie cell-top drill cuttings pile and found that the THC of the
cellHop drill cuttings was higher than the value previously used in either of the modelling reports. Both the
longferm fate and human disturbance modelling scenarios for Charlie were re-modelled using the revised
celHop THC volues. The important finding from this work was that using the moximum analysed THC value,
the oil loss rate for the undisturbed Brent Charlie cellHop cuttings pile (and therefore the combined cell4op
and seabed system) was predicted to exceed the 10 tonnes/year. The remodelled results showed that in the
worst case the oil loss rafe is not predicted to fall below 10 tonnes/year for about 30 years. As a result of
this finding we have performed a Stage 2 assessment of the Brent Charlie celltop drill cuttings pile, as

required by OSPAR Recommendation 2006/5.

17.6 Issues and Concerns Raised by Stakeholders

For the various options for the Brent Field drill cuttings piles, the main issues and concerns raised by
stakeholders during the programme of stakeholder engogement were:

e The amounts and composition of drill cuttings piles.

e The accuracy of our knowledge about the composition of the piles, especially the presence of
higher hydrocarbon concentrations at greater depth in the piles.

o The effects of disturbing cellHop piles when working over or on the GBS cells.

e Accidental discharges or releases of hydrocarbons to sea during refrieval or freatment operations.
o The longferm spread of cuttings as they are eroded.

e The effects of cuttings treatment operations on onshore communities.

o The use of scarce landfill for the disposal of treated solids.

17.7  Management of Brent Field Cuttings Piles

Our desk-op studies and subsequent modelling have confirmed that all the Brent seabed cuttings piles fall
below the OSPAR thresholds and consequently, under OSPAR Recommendation 2006/5, these drill cuttings
piles should be left undisturbed to degrade naturally. We also believe that the cellfop drill cuttings piles on
Brent Bravo and Delta fall below both the OSPAR thresholds, so again we infend to leave them in place to
degrade naturally. The undisturbed Brent Charlie celltop drill cuttings pile — and therefore the combined cell-
fop and seabed system - was found fo exceed the oil loss rate threshold and has been subjected fo a
comparative assessment to defermine the BAT and/or BEP option for this drill cuttings pile.

The Brent Field drill cuttings piles do not exist in isolation, however, and may be affected by
decommissioning activities at other Brent facilities; for example, the Brent platform substructures could not be
removed without directly disturbing the seabed and cell-op drill cuttings piles. For the three GBSs our
extensive study work has demonstrated that the risk of partial or fotal project failure is too high and we have
concluded that the GBS cannot be refloated (Section 14.7). Consequently, the seabed cuttings piles that
have accumulated against the caisson walls will not be disturbed during the decommissioning of the GBS,
with the exception of minimal disturbance to disconnect any pipelines, retrieve subsea debris and structures,
or complete other necessary decommissioning work in order to comply with decommissioning legislation. The
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wells af Brent South have already been plugged and abandoned and the well infrastructure has been
removed; no further work which might disturb the cuttings pile is required at this location.

In confrast, the full removal of the Brent Alpha jacket footings is technically feasible, and because the drill
cuttings pile is located within the jacket foofprint it must be considered when assessing options for the
foofings (Section 13.9.3). Our assessment of the management options for this drill cuttings pile is discussed in
Section 17.8.

Some of the options under consideration for the decommissioning the GBS cell contents would also require
the small- or large-scale disturbance of the GBS celltop drill cuttings. Our assessment of the management
options for the Brent Bravo and Delta cell4op drill cuttings piles are presented in Section 17.9, and include
opfions that may be required if the planned programmes of work for recovering affic oil and inferphase
material from the GBS cells cannot be completed as expected.

Section 17.10 presents the Stage 2 assessment of the undisturbed Brent Charlie cell4op drill cuttings pile,
and includes a precautionary assessment of the management options if the intended attic oil and interphase
material recovery method cannot be executed.

17.8 Options for the Management of Brent Alpha Seabed Drill Cuttings Pile

17.8.1 Introduction

We examined options for the management of the Brent Alpha seabed drill cuttings pile because one of the
options for the removal of the Alpha jacket footings requires the displacement of a large proportion of the
pile. The feasible options for the Brent Alpha seabed drill cuttings pile are described in detail in the Drill
Cuttings TD [16] and summarised in Table ¢0.

Table 60 Technically Feasible Options for the Brent Alpha Seabed Drill Cuttings Pile.

Option Option Name Option Description
Option 1 | Treat on fopsides Dredge, fransfer to Brent Charlie fopside, separate the slurry, freat
both liquid and solids, and discharge cleaned material to sea.
Option 2 | Treat slurry onshore Dredge, fransfer to a vessel and transport to shore for treatment
and disposal.
Option 3 | Treat solids onshore Dredge, fransfer to Brent Charlie topside, separate and treat the

slurry and discharge cleaned water to sea, and transport solids to
shore for freatment and disposal.

Opfion 4 | Redinject in a new well | Dredge, transfer to a vessel and re-inject into a new remote well.

Option 5 | Lleave in situ leave in place.

17.8.2 Results of Comparative Assessment of Options for the Management of the Brent Alpha Seabed
Drill Cuttings Pile

The results of the CA for the Alpha seabed drill cuttings pile are presented in defail in the Drill Cuttings TD
[16], and summarised in Table 61 and Figure Q6. On the basis of this assessment, the ‘CA-recommended
option’ for the Brent Alpha seabed drill cuttings pile is Option 5 ‘leave /n sitv” 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.
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Table 61 Transformed and Weighted Sub-criteria Scores of Options for the Brent Alpha Seabed Diill
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 4.9
Emissions 4.63 4.79 4.7 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 | Reinject in a new well
Option 5 | leave in situ
Figure 96 The Total Weighted Scores for Options for the Brent Alpha Seabed Drill Cuttings Pile, and the
Contributions of the Sub-criteria.
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17.8.3 Discussion and Conclusions on Options for Alpha Seabed Drill Cuttings Pile

Option 5 ‘leave in place’ is consistently the best option in all weighting scenarios. Of the four options which
involve the removal of the whole cuttings pile, Option 2 ‘Treat slurry onshore’ is the best option in all the
weighting scenarios except 'weighted to Sociefal’. The section below therefore examines the differences
between these two options.

Examination of both the transformed unweighted data and the weighted scores for each of the sub-criterio
shows that the differences between the two options are driven by small differences in performance in
"fechnical feasibility’ and ‘operational environmental impacts’. All the other sub-criteria show only very small
or no difference between the options in ferms of their weighted scores. This is illustrated in Figure 97 which
shows the differences (positive or negative) in the weighted scores in each sub-criterion; the green bars
indicate sub-criteria where Option 5 'leave in sit/ has the better performance and the red bars indicate sub-
criteria where Option 2 ‘Treat slurry onshore’ has the better performance.

Figure 97 Difference Chart Comparing the Weighted Scores for each Sub-criterion in Two Options for
the Management of the Brent Alpha Seabed Dirill Cuttings Pile, under the Standard Weighting.
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Green bars: Option 5 ‘leave in place’ is better than Red bars: Option 2 ‘Treat slurry onshore’ is better than
Option 2 ‘Treat slurry onshore’ Option 5 'leave in place’

The drivers and trade-offs for the decommissioning of the Alpha seabed drill cuttings pile involve a
consideration of how feasible it would be to remove the material (a slurry of drill cuttings, natural seabed and
seawater) and what environmental impacts there might be fo the seabed (from sub-sea operations) and then
fo onshore communities (from treatment and disposal operations), and how proportionate these would be in
relation fo the elimination of a localised and low-level environmental impact from an historic cuttings pile that

was well below both OSPAR thresholds.

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 concem 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. The removal of the drill cuttings in
order to avoid the pofential long-ferm impacts on the offshore marine environment would result in increased
operational impacts as reflected in the scores for this sub-criterion in the two options. The difference in the
scores for operational environmental impacts (0.64) is larger than the difference in the legacy environmental
impact scores of Options 2 and 5 (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
place. DNV GL do not consider the longterm presence of the undisturbed drill cuttings pile to be a significant
environmental risk.

17.8.4 Recommended Option for the Brent Alpha Seabed Drill Cuttings Pile

The detailed CA of feasible options (Section 17.8.1) carried out in accordance with a Stoge 2 assessment
as required by OSPAR 2006,/5 [11] and using the selection criteria and matters to be considered set out in
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Annex 2 of OSPAR 98/3 [2], has indicated that the recommended option for decommissioning of the Brent
Alpha seabed drill cuttings pile, if it is to remain undisturbed, is as follows:

Brent Alpha seabed drill cuttings pile: leave in place to degrade naturally.

17.9  Options for the Management of Brent Bravo and Brent Delta Cell-Top Drill Cuttings Piles

17.9.1 Introduction

The presence of the cellHop drill cuttings piles on the Brent Bravo and Delta GBSs does not affect the
decommissioning of the GBS themselves. We have, however, commitied to removing the attic oil and
interphase material from the oil storage 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 o a surface vessel or to
another Brent platform, for transportation onshore. 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
fop of the cell dome. If any attic oil or inferphase material is found at Brent Bravo, we infend to use the
existing oil fill lines to recover the fluids. In case this is not possible, the CA has been completed on the worst
case scenario that the oil fill line cannot be used for this purpose and that, as a minimum, a small diameter
hole would have to be drilled to recover these fluids. If the sediments in all the GBS cells had to be removed,
a larger diameter (3 m to 5 m) access hole would have to be created in each cell on both Brent Bravo and
Delta. To allow the deployment of the necessary cutting equipment, the cell4op drill cuttings piles would have
fo be disturbed to a greater degree than for attic oil recovery.

For all these reasons, therefore, we have undertaken individual CAs of the disturbance and management of
the cellop drill cuttings piles on each of the Brent GBSs. This Section discusses the cell4op piles on Bravo
and Delta, and Section 17.10 discusses the options for the larger cell4op pile on Charlie and includes the

Stage 2 assessment required under OSPAR Recommendation 2006,/5.

The feasible options for the Bravo and Delta cellop drill cuttings pile are described in detail in the Drill

Cuttings TD [16] and summarised in Table 62.
Table 62 Technically Feasible Options for the Brent Bravo and Brent Delta Cell-Top Drill Cuttings Piles.

Option Option name Option Description

Option 1 | Waterjet Wateret of small volumes (40 m® on Brent Bravo and 20 m® on
Brent Delta) of drill cuttings info the water column.

Option 2 | Treat on fopside Dredge, fransfer to Brent Charlie topside, separate the slurry, freat
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, fransfer to Brent Charlie topside, separate and freat the

slurry, discharge cleaned water o sea and transport solids to shore
for treatment and disposal.

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

17.9.2 Results of Comparative Assessment of Options for the Management of the Brent Bravo and Brent
Delta Cell-Top Drill Cuttings Piles

The results of the CAs for the Bravo and Delta cellop drill cuttings piles are presented in detfail in [16].

The results of the individual CA for Bravo are summarised in Table 63, Figure 98 and Figure 100, and the
results for Delta are summarised in Table 64, Figure 99 and Figure 101. Although there is a considerable
difference in the estimated volumes of the two piles (Bravo 1,887 m?, Delta 3,790 m? the results of the CAs
are similar and the narrative below that reviews these results is applicable to both Bravo and Delta.
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The CA-recommended option for both these cellHop cuttings piles is Option 1 ‘Water jet’. This is predicated
on the assumption that only a small volume (20-40 m®) of cuttings would have to be displaced from the tops
of the cells in order to access the cell caps for the recovery of the attic oil and interphase material (where
present). For Bravo, Option 1 "Water jet’ has a total weighted score of 79.17 compared fo the total
weighted score of 71.38 for the next best option, Option 3 ‘Treat slurry onshore’. The corresponding total
weighted scores for Delta are 78.98 for Option 1 and 70.33 for Option 3.

Table 63 Transformed and Weighted Sub-criteria Scores of 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 1.95 215 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 6.6/ 6.6/ 5.67 5.74 0.67
Cost 19.98 19.38 19.57 19.50 19.21
Total weighted score 7917 70.86 71.38 70.37 68.23

Option 1 Water-jet

Option 2 | Treat on fopside

Option 3 | Treat slurry onshore

Option 4 | Treat solids onshore

Option 5 | Re-inject in a new well
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Figure 98  The Total Weighted Scores for Options for the Brent Bravo Cell-Top Drill Cuttings Pile, and the
Contributions of the Sub-criteria.
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Table 64 Transformed and Weighted Sub-criteria Scores of Options for the Brent Delta Cell-Top Drill
Cuttings Pile.
Sub-criterion Option T | 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| Waterjet
Option 2 | Treat on topsides
Option 3 | Treat slurry onshore
Option 4 | Treat solids onshore
Option 5 | Rerinject in a new well
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Figure 99  The Total Weighted Scores for Options for the Brent Delta Cell-Top Drill Cuttings Pile, and the
Contributions of the Sub-criteria.
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17.9.3 Discussion and Conclusions on Options for the Bravo and Delta cell-Top Drill Cuttings Piles

Option 1 'Water jef' is consistently the best option in all the weighting scenarios, for both the Bravo and
Delta celltop cuttings piles. Of the four options which involve the removal of the whole cuttings pile, Option
3 "Treat slurry onshore’ is the best option in all the weighting scenarios for both Bravo and Delta. The section
below therefore examines the differences between these two options.

Figure 100 Difference chart Comparing the Weighted Scores for each Sub-criterion in Two Options for the
management of the Brent Bravo Cell-Top Drill Cuttings pile, under the Standard Weighting.
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Figure 101  Difference chart Comparing the Weighted Scores for each Sub-criterion in Two Options for the
management of the Brent Delta Cell-Top Drill Cuttings pile, under the Standard Weighting.
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The results for both Brent Bravo and Delta demonsirate that 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 ferms of legacy environmental impacts and, to a smaller extent, employment. In ferms of the
global scales for each of the sub-criteria, however, there are no strong drivers that differentiate the options.

In Option 1 approximately 40 m? (Bravo) or 20 m? (Delta) of drill cuttings would be moved into the cell
valleys to allow access to the celltops to drill a small access hole to recover the attic oil and interphase
material, and some drill cuttings would unavoidably be dispersed into the water column. In Option 3 we
have assumed that the entire cell-top volume of drill cuttings (approximately 1,887 m* on Bravo and

3,790 m? on Delta) would have to be displaced, again releasing a proportion of drill cuttings into the water
column during the dredging operation. 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 between Option 1 and Option 3 in the
weighted scores in this sub-criterion, is disproportionate to the decrease in legacy environmental impacts that
Option 3 would achieve over Option 1. It is illogical to remove the drill cuttings pile in Option 3 in an
affempt to remove a long-term source of contamination fo the marine environment when the dredging
operation itself would probably release more drill cuttings info the water column than in Option 1. This is then
compounded by the added expenditure of Option 3 o achieve the very minor decrease in the legacy
environmental impact arising from Option 1, particularly as the legacy impacts for both options are
considered fo be low.

17.9.4 Recommended Option for the Brent Bravo and Brent Delta Cell-Top Drill Cuttings Piles

As described in Section 17.5, the Brent Bravo and Delta cell4op drill cuttings piles are believed to fall below
the OSPAR thresholds and could therefore be left undisturbed to degrade naturally. However, a small volume
of drill cuttings had fo be cleared from the Brent Delta cell caps to allow the deployment of the cell access
equipment which facilitated the recovery of cell confent samples, and which will be used to recover the affic
oil and interphase material from the Delta cells. In the event that the oil fill lines on Brent Bravo cannot be
used fo recover any affic oil or interphase material that may be found to be present, new access holes similar
to those on Brent Delta will be required. The CA of options for the management of these cell-op drill cuttings
piles has indicated that if a small access hole were required, the displacement of a small amount of drill
cuttings into the water column by waterjet is the preferred option for clearing cuttings from the cell cap. If a
larger access hole were required for any reason, necessitating the disturbance of a greater volume of drill
cuttings, then the recommendation would be to recover the drill cuttings to shore for freatment and disposal.

Brent Bravo cell4op drill cuttings pile:  If access to the cells is required, small volumes may be displaced
by waterjetting, larger volumes may be removed. If the cuttings are not to be disturbed they will be left in
place to degrade naturally.
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Brent Delta celHop drill cuttings pile: ~ Small volumes have been displaced by water-jetting. Larger
volumes may be removed if greater access to the cells is required. If greater access is not required, no further
disturbance of the cuttings will occur and they will be left in place to degrade naturally.

17.10 Options for the Management of Brent Charlie Cell-Top Cuttings Pile

17.10.1 Introduction

Our modelling indicated that the initial oil loss rate from the Charlie celltop pile exceeds the OSPAR oilHoss
threshold of 10 tonnes/year. This pile was therefore subject to a full CA as required by Stage 2 of OSPAR
recommendation 2006/5 [11]. In addition, we have committed to recovering any attic oil and inferphase
material from the Brent Charlie cells and although we believe this will be possible through the existing vent
lines, there is a possibility that new subsea access holes wold be required. This would necessitate the
displacement of cellop drill cuttings and so, as a worst case, this possibility has been considered within the
CA. As with Bravo and Delta the management options for the Charlie GBS cell contents may require larger
diameter access holes o be created in the Brent Charlie celltops, which would require the disturbance of the
existing cellHop cuttings pile.

17.10.2 Options for the Brent Charlie Cell-Top Cuttings Pile

Our studies have indicated that an amount of drill cuttings ranging from 20 m® to 6,000 m® might have to be
cleared to permit different programmes of work fo be carried out to work on the celHops and gain access o
the cells. Because of the shape, large size and location of the Charlie cell-op cuttings pile in and around the
external conductors, we believe that if waterjetting were to be used to disturb even a small volume of the drill
cuttings, for example fo 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 collapse. Consequently, the option to water-et the cuttings
has not been considered for Brent Charlie. As a worst case, the CA has been conducted assuming that all of
the drill cuttings (7,735 m®) are removed; it is likely that we would remove the majority of the dfill cuttings 1o
leave a clear work-area for any operation that might be required. The five options considered for the Brent
Charlie celltop drill cuttings are presented in Table 65.

Table 65  Technically Feasible Options for the Brent Charlie Cell-Top Drill Cuttings Pile.

Option Option Name Option Description
Option 2 | Treat on topsides Dredge, fransfer to topside, separate the slurry, treat both liquid
and solids, and discharge cleaned material to sea
Option 3 | Treat slurry onshore Dredge, fransfer to a vessel and transport to shore for treatment
and disposal
Option 4 | Treat solids onshore Dredge, fransfer to fopside, separate and treat the slurry and

discharge cleaned water to sea, and transport solids o shore for
freatment and disposal

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

Option 6 | leave in sitv leave in place

Note:  Option 1 ‘Water-et’ does not apply to Brent Charlie cellop drill cuttings pile.

17.10.3 Results of Comparative Assessment of Options for the Charlie Cell-Top Drill Cuttings

The results of the CA for the Charlie cellop drill cuttings are presented in detail in the Drill Cuttings TD [16]
and summarised below. Table 66 presents the weighted sub-criteria scores for the five options examined and
Figure 102 illustrates the results. On the basis of this assessment the ‘CArecommended” option for the
management of the Brent Charlie CellHop drill cuttings is Option 6 ‘leave in place’. It has a total weighted
score of 78.41 in contrast to Option 3's total weighted score of 69.00.
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Table 66 Transformed and Weighted Sub-criteria Scores 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 6.46 572 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 | Reinject in a new well
Option 6 | leave in situ
Figure 102  The Total Weighted Scores for Options for the Brent Charlie Cell-Top Drill Cuttings Pile,
and the Contributions of the Sub-criteria.
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17.10.4Discussion and Conclusion on Options for the Brent Charlie Cell-Top Cuttings Pile

With the exception of Option ¢ all the options would result in the removal of the cuttings pile from the marine
environment and thus the elimination of a potential long-term source of hydrocarbon confamination. The total
weighted scores for the ‘removal’ options range from 65.58 to 69.0. This is a range of 3.42 which means
that among the ‘removal” options the total weighted score of the best option is about 5% higher than that of
the poorest option. Thus, by a small margin, Option 3 'Remove and treat slurry onshore'’ is the best of the
‘removal’ options.

Option 6 leave in place’ is the best option overall, with a total weighted score that is consistently greater
than the next best option, Option 3. The section below therefore examines the difference between Option 3
"Remove and treat slurry onshore’ and Option 6 ‘leave in place’.

Examination of both the transformed unweighted data and weighted scores for each of the sub-criteria
shows that the differences between the two options are driven by differences in performance in “technical
feasibility’, ‘operational environmental impacts’, and ‘impacts on communities’ (which are better in Option 6
"leave in place’), and ‘legacy environmental impacts” (which is better in Option 3 ‘Remove and freat slurry
onshore'). All the other sub-criteria show only very small differences between the options in terms of their
weighted scores. This is illustrated in Figure 103 which shows the differences (positive or negative) in the
weighted scores in each sub-criterion for these two options for the Charlie celltop cuttings.

Figure 103  Difference Chart Comparing the Weighted Scores for each Sub-Criterion in Two Options for
the Management of the Brent Charlie Cell-Top Drill Cuttings, under the Standard Weighting.
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Following the assessment of the real data informing these scores we have concluded that there are no strong
drivers that differentiate the best removal option Option 3 ‘Remove and freat slurry onshore” and Option 6
"leave in place’. 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. This concern
may be elevated in the case of the Brent Charlie celltop drill cuttings pile given the results of the longterm
fate modelling study [60] and the predicted exceedance of the OSPAR Recommendation 2006/5 oil loss
rate threshold [60]. In real terms, however, there is no strong environmental driver to select either of the
options as neither is expected to cause or result in significant environmental impacts: The assessments made
by DNV GL do not indicate any severe environmental impacts from leaving the Brent Charlie cellHop drill
cuttings pile in place and the raw data score for legacy environmental impacts in Option 6 reflects this. The
difference between the two options in the raw data score for the sub-criterion ‘legacy environmental impacts'’
is 0.25 (the top ("best”) end of the raw data scale is 1.0) with Option 3 performing better than Option 6.
The difference between the two options in the score for the sub-criterion ‘operational environmental impact’
(scale size 1.0)is O.71, with Option & performing better than Option 3. This indicates that the increase in
operational impacts associated with recovering the drill cuttings pile is greater than the assessed long-term
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impacts of leaving the drill cuttings pile in place. 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.

The environmental benefits of removing the longterm chronic effects of an /n st drill cuttings pile are likely
fo be outweighed by the potential acute effects of removing the drill cuttings. It therefore appears that no
fangible environmental benefit could be achieved by incurring the extra cost of removing the drill cuttings if
they do not have to be disturbed or removed for the purposes of other decommissioning operations.

17.10.5Recommended Option for the Charlie Cell-Top Cuttings
The detailed CA of feasible options (Section 17.10.3), carried out in accordance with OSPAR

recommendation 2006,/5 [11] and using the selection criteria and matters to be considered sef out in
Annex 2 of OSPAR Decision 98/3 [2], has indicated that the recommended option for decommissioning the
undisturbed Brent Charlie celltop drill cuttings is as follows:

Brent Charlie celHop drill cuttings pile:  Leave in place to degrade naturally. If any other decommissioning
activities are likely to disturb the drill cuttings pile, the entire drill cuttings pile will be removed and taken to
shore for freatment and disposal.

17.11 Recommended Programme of Work for Decommissioning the Brent Field Drill
Cuttings Piles

17.11.1 Seabed Cuttings Piles

None of the planned decommissioning operations will require the mass disturbance of the historic cuttings
piles on the seabed at any of the Brent sites. The recommended option for all seabed drill cuttings pile is
therefore 1o leave them in place, undisturbed, to degrade naturally.

17.11.2Cell-top Cuttings Piles

To complete the current programme of work to remove the affic oil and interphase material from the cells
(where present) and take this material to shore for freatment and recycling we may need fo create new
subsea access holes, and therefore may need to move small amounts of drill cuttings from the cell-tops by
water jeffing. Such operations have already been completed on Brent Delta to allow the CSP access to
sample the cell contents. The same access holes will be used to recover the attic oil and inferphase material.
If a large volume of Brent Delta cellop cuttings has o be removed for any reason, we will take the cuttings
fo shore for processing and disposal.

On Brent Bravo we infend fo reinstate the oil fill lines in order to recover any aftic oil and/or interphase
material remaining in the cells ofter the bulk de-oiling operations. If these operations are successful the cell-fop
drill cuttings will remain undisturbed. If the oil fill lines cannot be reinstated, however, we will waterjet the
small amount of drill cuttings from the cell caps. If a large volume of Brent Bravo cellfop cuttings has to be
removed for any reason, we will take the cuttings to shore for processing and disposal.

The Stage 2 assessment for Brent Charlie has shown that the recommended option for the cell4op drill
cuttings pile is to leave it in place, undisturbed. As we infend fo reinstate the vent lines to recover any
remaining attic oil and/or interphase material from this platform, we have no cause to disturb the cuttings
pile. If any disturbance is required for any reason, we will remove the whole volume of the Charlie cellHop
cuttings pile and take the cuttings fo shore for freatment and disposal.

17.11.3Drill cuttings in the Tri-Cells

As discussed in Section 17.3 and Section 17.4, any drill cuttings that are present in the fricells will have
been created during the same drilling operations that have created the Brent Bravo and Brent Delta cellHop
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. We have
concluded that neither in isolation nor when combined with the other drill cuttings present at those two GBSs
will the in situ tricell drill cuttings exceed either of the thresholds in that Recommendation. There are no
planned operations that would disturb the tricell drill cuttings. They will be released and/or disturbed during
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the eventual collapse of the GBS caissons, but given their location within the structure this is likely to occur in
several hundred years' time. These drill cuttings will therefore be left undisturbed.

17.12 Environmental Impacts of Decommissioning Seabed Cuttings Piles

17.12.1 Stakeholder Environmental Concerns

For the recommended options for the drill cuttings, the specific environmental concerns or issues raised by our
stakeholders were:

e longterm legacy impacts from presence of cuttings piles on seabed.
e Disturbance of cuttings by falling debris.
o The longferm spread of cuttings as they are eroded and the effects this would cause.

e The cumulative effects of the cuttings on the seabed with the effects of cell sediment contents when
exposed after GBS degradation (potfential cumulative impacts are described in Section 22.3).

17.12.2Potentially Significant Impacts in ES

Figure 104 presents DNV GL's summary of the results of the environmental impact assessment for leaving the
seabed drill cuttings piles in place, undisturbed [5]. The ES found that the most significant negative impact
from this activity was the legacy impact fo the marine environment which was estimated to be ‘insignificant-
small negative’ as result of the longterm presence and slow erosion of the cuttings piles. All the other
categories of impacts were estimated fo be 'insignificant’.

Figure 104  The Environmental Impacts of Decommissioning all the Brent Seabed Drill Cuttings Piles by
Leaving them in Place.
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17.12.3Legacy Environmental Impacts of Undisturbed Cuttings Piles

The area physically covered by drill cuttings at present is approximately 21,744 m? (approximately

0.02 km?) (Table 67) and comprises approximately 18,689 m? on the seabed and 3,055 m? on the cell
tops of the GBSs. To put this info some context, this total area of 0.02 km? represents about 0.0007% of
ICES rectangle 51F1. Our seabed surveys have confirmed that the area of seabed around each structure that
exhibits THC level of >50 mg.kg" is between 500 m and 1,000 m in radius and is decreasing [57] [58],
and we expect this trend fo continue. If the area around each site with a THC >50 mg.kg-1 had a radius of
approximately 750 m the total area in the Brent Field exhibiting such THCs would be approximately @ km?,
that is, about 0.3% of ICES rectangle 51F1.
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At 140 m depth in the Brent Field the physical erosion of the piles will be slow, and when left undisturbed
the cuttings piles at all five sites will last many hundreds of years. Modelling of the longterm fate and effect
of the seabed drill cuttings pile af Brent Alpha shows that the pile would degrade slowly over a long period
time, possibly more than 1,000 years, with contaminated material being eroded and re-deposited on the
immediately adjacent seabed. At 6,300 m? this pile is the largest of the Brent Field seabed cuttings piles
(Table 58) and is thus likely to exhibit the greatest physical and chemical persistence. Figure 105 shows the
modelled longevity and slow disappearance of the seabed drill cuttings pile at Brent Alpha.

The Brent Charlie cellop pile, with a slightly greater volume of 7,735 m®, has been modelled separately as
reported in the Drill Cuttings TD [16].

Figure 105 Modelled Degradation and Disappearance of the Seabed Drill Cuttings Pile at Brent Alpha.

Table 67 Estimates of Seabed Area Physically Covered by Drill Cuttings Piles.

——— Area g:overed by Drill Cuttings
(m?) (2007 survey data)
Brent Alpha seabed 8,880
Brent Bravo Seabed 3,414
Brent Bravo Celltop (Note 1) 673
Brent Bravo combined cuttings piles 4,087
Brent Charlie Seabed 3,143
Brent Charlie Cell4op 2,148
Brent Charlie combined cuttings piles 5,561
Brent Delta Seabed 1,632
Brent Delta Cell4op (Note 1) 234
Brent Delta combined cuttings piles 1,866
Brent South seabed 1,620
Total area in Brent Field covered by cuttings 22,014
Note: 1. The area covered by the cell4op drill cuttings pile includes the area occupied by the dill

cuftings in the fricells.
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17.12.4Energy and Emissions

The sources of energy use and gaseous emissions will be the offshore operations to water-jet small volumes of
drill cuttings from the Bravo and Delta cell-fops, and the postdecommissioning monitoring surveys. The
number and frequency of surveys following the two post-decommissioning surveys has yet to be agreed and
discussed with BEIS.

17.12.5 Mitigation Measures for Seabed Cuttings Programme of Work

o The postdecommissioning monitoring of the Field (Section 24) will determine if any new
confamination has occurred during decommissioning, and this will include an assessment of whether
cuttings have been re-suspended and then caused new contamination.

e The longferm monitoring programme of the Field, to be agreed with BEIS (Section 24.4), will
provide data with which to defermine if recovery is taking place.

17.13 Environmental Impacts of Decommissioning the Bravo and Delta Cell-Top Cuttings Piles

17.13.1 Stakeholder Environmental Concerns

e The specific environmental concerns or issues raised by our stakeholders were: Accidental discharges
or releases of hydrocarbons fo sea.

e longferm legacy impacts from presence of cutfings.

17.13.2 Potentially Significant Impacts in ES

Figure 106 presents DNV GLl's summary of the results of the assessment of the operational environmental
impacts of displacing small volumes of the Bravo and Delta celltop drill cuttings by waterefting, and the
legacy environmental impacts of leaving the remaining drill cuttings in place to degrade naturally [5]. The ES
found that the most significant negative impact from this activity was the operational impact to the marine
environment which was estimated to be ‘small negative’ as result of the resuspension and then seftlement of
cuttings, and underwater noise from operations. All the other categories of impacts were estimated to be
‘insignificant’.

Figure 106  Environmental Impacts of Local Displocement of Small Volumes of Drill Cuttings from Cell-tops
on both Bravo and Delta.
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17.13.3Impacts of Operations

If the localised water-jetting operations are carried out carefully the cuttings will be re-suspended and drift
from the celltops. Some small amounts of free oil may rise through the water column and in very calm
conditions could appear on the surface of the sea as a ‘sheen’, but this will disperse rapidly offshore.

17.13.4legacy Impacts

The cellHop cuttings piles at Bravo and Delta will slowly erode and biodegrade, releasing oil and oil-
contaminated cuttings info the water column and onfo the adjacent seabed. Oil released info the water
column will quickly disperse and biodegrade. Resuspended cuttings will mostly setile onfo adjacent areas of
the seabed around the GBSs, forming a thin new layer of cuttings over areas previously impacted by the
historic discharge of cuttings. The sefflement of these small additional amounts of material may delay the
recovery of the seabed around the platforms but the new layer will be thin and this will facilitate degradation
of the THC; no sensitive species or ecosystems will be impacted. DNV GL estimated that the legacy impact
of the much larger Charlie cellHop drill cuttings was ‘small negative’ (Section 17.14.3) and so it is likely that
the legacy impacts of the Bravo and Delta cellop cuttings piles will be less than this, and DNV Gl esftimated
that their legacy impact was ‘insignificantno impact'.

17.13.5Energy and Emissions

The offshore operations fo displace celHop cuttings from both Bravo and Delta by water jetting would use
approximately 5,700 GJ of energy and result in the emission of approximately 542 tonnes of CO;
(Table 68).

Table 68  Total Energy Use and Gaseous Emissions for Programme of Work to Water Jet Cuttings from
the Bravo and Delta CellHops.

Emissions to Atmosphere (tonnes)
Operations Energy (G))
C02 NOX SOQ

Direct

Marine operations 5,732 423 Q 3
Recycling

Materials not recycled ND 119 ND ND
Total 5,732 542 9 3

ND = No Data

17.13.6 Mitigation Measures for Cell-Top Cuttings Programme of Work

e If small amounts of cuttings have to be moved from the cell tops to permit the recovery of aftic oil
and interphase material, we will apply to BEIS for all necessary permits for such an activity.

e The postdecommissioning environmental surveys (Section 24.3) will determine if any new
confamination has occurred during decommissioning, and this will include an assessment of whether
cuttings have been re-suspended and then caused new contamination.

e The longferm monitoring programme of the Field, to be agreed with BEIS (Section 24.4), will
provide data with which to defermine if recovery is taking place.
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17.14 Environmental Impacts of Decommissioning Charlie Cell-Top Cuttings Piles

17.14.1 Stakeholder Environmental Concerns

e The specific environmental concerns or issues raised by our stakeholders were: Accidental discharges
or releases of hydrocarbons fo sea.

e longferm legacy impacts from presence of cuttings on celltop.

e Impacts from release of contaminants fo water column and seabed.

17.14.2 Potentially Significant Environmental Impacts

Figure 107 presents DNV GLl's summary of the results of the assessment of the environmental impacts of
leaving the Charlie cell4op cuttings pile in place and undisturbed. There would be no operations and hence
no operational environmental impacts. The ES found that the most significant negative impact from this
activity was the legacy impact which was estimated to be ‘small negative’ as result of the erosion,
resuspension and then seftlement of cuttings, and the associated input of oil into the marine environment. Al
the other categories of impacts were estimated to be ‘insignificantno impact’.

Figure 107  Environmental Impacts of Decommissioning the Brent Charlie Cell-Top Drill Cuttings by Leaving
them in Place.
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17.14.3 Legacy Impacts of Brent Charlie Cuttings Pile

The large celHop cuttings pile on Charlie will slowly erode and within thirty years the rate of oil release from
the cellop drill cuttings pile will fall to below 10 tonnes per year. Modelling suggests that if this cellop pile
were left undisturbed it would persist for approximately 500-750 years, reaching maximum area persistence
of approximately 3 km?years [60]. The assessment of potential legacy environmental impacts in the ES states

[5]:

‘Even though one of the OSPAR thresholds is exceeded, based on the current knowledge, the
environmental impact from the cell top cuttings [at Brent Charlie] is local and no major effects have
been identified. The environmental impact is evaluated to be ‘small negative’. There is limited benthic
fauna on the cell tops, and although some oil may leak info the water column and migrate upwards,
it is very unlikely to generate any slicks on the sea surface that have any potential for impacts to
marine life (seabirds). This condition is likely to proceed as long as the cuttings are left undisturbed.”
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17.14.4Energy and Emissions

The only sources of energy use and gaseous emissions from the proposed ‘leave in place’ option for the
Brent Charlie cell4op drill cuttings pile would be the planned post-decommissioning environmental surveys
(Table 69).

Table 69 Total Energy Use and Gaseous Emissions of Decommissioning the Brent Charlie Cell+top
Cuttings pile by leaving In Place.

Emissions to Atmosphere (tonnes)
Operations Energy (G))
CO; NOy SO,

Direct

Marine operations 30,687 ‘ 2,263 46 ‘ 14
Recycling

Materials not recycled ND 275 ND ND
Total 30,687 2,539 47 14

ND = No Data

17.14.5Mitigation Measures for Brent Charlie Cell-top Drill Cuttings

e To avoid disturbing the cuttings the debris wholly buried in the celltop cuttings pile will not be
removed. Any visible sections of partially buried debris will be severed as close to the cuttings as
possible without causing disturbance and removed.

e The postdecommissioning environmental surveys (Section 24.3) will defermine if any new
confamination has occurred during decommissioning, and this will include an assessment of whether
cuttings have been re-suspended and then caused new contamination.

e The longferm monitoring programme of the Field, to be discussed and agreed with BEIS (Section
24.4), will provide data with which to defermine if recovery is taking place.

17.15 Environmental Impacts of Decommissioning the Tri-Cell Drill Cuttings

17.15.1 Stakeholder Environmental Concerns

The specific environmental concerns or issues raised by our stakeholders were:

e The sfatus of the fri-cell drill cuttings with respect to OSPAR Recommendation 2006/5 and the two
thresholds defined in that Recommendation.

e The environmental effects of the eventual exposure of the tricell drill cuttings, both on their own and
cumulatively with the other materials in the GBS, when the GBSs degrade and collapse.

17.15.2 Potentially Significant Impacts in the ES

Figure 108 presents DNV GL's summary of the assessment of the environmental impacts of leaving all the
approximately 27,000 m* of tricell drill cuttings in Bravo and Delta in place. There would be no operations
and hence no operational impacts. The ES found that the most significant negative impact from this activity
was in the legacy category, which was estimated to be 'small-moderate negative’. All the other categories of
impacts were estimated fo be ‘insignificant-no impact'.
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Figure 108  Environmental Impacts of Decommissioning the Tricell Drill Cuttings in the Brent Condeep GBSs
by Leaving them in Place.
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17.15.3Legacy Impacts of Tri-Cell Drill Cuttings

The total estimated volume of drill cuttings inside the tricells on Bravo and Delta is approximately 27,000 m*
and based on the 2007 survey data from seabed and celltop drill cuttings piles this accounts for
approximately 44% of the total estimated volume of drill cuttings in the Brent Field. The fotal volume of dfill
cuttings in the 22 tri-cells in Bravo (12,039 m®) and Delta (14,733 m®) are respectively about 50% and
100% larger than the volume of the largest external drill cuttings pile in the Brent Field, the 7,735 m*
accumulation on the Brent Charlie cell fops.

DNV Gl estimated that the overall legacy impact of leaving the tri-cell drill cuttings in place was “small-
moderate’ negative. Because of the large volume of undegraded cuttings in the tri-cells, the assessment of
legacy impacts by DNV GL is given in full below. The cumulative impacts from the combined exposure fo the
marine environment of the fri-cells drill cuttings and cell contents is discussed in Section 22.7.

DNV Gl described the potential legacy impacts of the tri-cell cuttings as follows [5]:

'In the short to medium-erm the tri-cell drill cuttings are expected fo remain covered by the GBS cellop
drill cuttings, or have only a limited area exposed to the water column. Hence there would be an
insignificant impact until the GBS degrade over time and the tri-cell drill cuttings become exposed to
the marine environment some hundred or more years info the future.

The tri-cell drill cuttings will ultimately become exposed to the sea when the GBS degrade, at this time
the impact should be similar (i.e. localised pollution) as for the GBS cell content (if left /n sit), but
probably a litile less because:

e The limited sampling of the tri-cell cuttings conducted to date suggests the maximum
concentration of oil in the tri-cells is 9.2%. The impact of the cell sediment release is based on
17.5% oil content (for the updated modelling based on sampling results)

e The volume of tri-cell drill cuttings predicted to be in Brent Bravo and Brent Delta
(approximately 26,800 m?) is less than the [tofal] volume of GBS cell sediment (approximately
34,560 m?), and tricell drill cuttings are not present at Brent Charlie, where cell sediment is
also present

o Considered together, the two above points suggest the total oil load within the tri-cell cuttings
is less than half of that contained within the cell sediment
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e As the fricell drill cuttings are contained internally in the GBS, they are only likely to be
exposed fo the marine environment in gradual amounts over a period of time, as more than
one wall needs fo be breached for them to become exposed. Some of the friell cuttings may
be “entombed” within the GBS as they degrade.”

Conversely, some of the tri-cell cuttings may be exposed to the marine environment in a dynamic
(disturbed) state and released at a higher level [in the water column] above the seafloor, and will thus
travel further, albeit they would be more dispersed. No modelling has been conducted by Shell of the
exposure of the tri-cell cuttings to the marine environment, and as such DNV GL used other modelling
results to predict the impact. Of the dynamic release cell sediment modelling scenarios commissioned
by Shell, DNV Gl examined the scenario that released 10 m®/day for 1 year at a height of 20 m
above the seafloor (3,650 m? cell sediment], representing a significant amount of tri-cells drill cuttings
to be fully re-suspended in the water column for dispersion around the platform (ca. 27% of the volume
of the tri-cell drill cuttings at a platform) as that gave the biggest impact of the scenarios modelled. The
cell sediment dynamic release modelling results show that the majority of the contaminated seafloor
will have a sediment thickness of less than 1 mm with a pollution concentration exceeding harmful
limits. Because of bioturbation mixing, the contaminated sediment will quickly be diluted in the upper
part of the seafloor sediment and hence not have any harmful impact on biota. The seafloor with >10
mm contaminated sediment and PEC:PNEC >1 is expected to cause harmful effects on the biota.
Dynamic modelling results show that 0.06 km? of seafloor will have such conditions. This is close to
the 0.05 km? footprint with potential harmful effects that was derived from the updated static
modelling.

However, a portion of the tri-cell drill cuttings may be released higher than 20 m above the seafloor.
Modelling results of the dynamic disturbance of dredging 7,753 m? of Brent C cell top dfill cuttings (in
which 775 m* is released to the marine environment, a volume similar fo the amount of cuttings in one
tricell) over 65 days, 60m above the seafloor show. .. .that the vast majority of the cuttings is
widespread and re-seftles on the seafloor as a thin layer, less than 1 mm thick and these areas will not
harm biota one mixing by bioturbation is taken into account. The maximum thickness was & mm.

As described for the legacy assessment of the GBS cell sediment if left in place [Section15.12.4] the
modelling results show that, based on the analytical results [of the CSP samples], a major static
release of cell sediment from the GBS will pollute the local benthic environment to a distance of
approximately 250 m from each platform but is not expected to induce any measurable effects on
regional benthic fauna. Therefore, when the drill cuttings from the fri-cells are exposed to the marine
environment upon degradation of the GBS, they would similarly pollute the local environment and
add fo the area persistence.

As such, the overall legacy impact as a result of leaving the tri-cell drill cuttings in place is estimated fo
be ‘smallF-moderate negative’. The environmental impact would be similar in nature to that currently
experienced af the Brent Field as a consequence of the presence of the historical seabed and cell4op
drill cuttings, because the oil load contained within the tri-cell drill cuttings is similar, and they were
also released from height.’

17.15.4 Mitigation Measures for Tri-Cell Drill Cuttings

The postdecommissioning environmental surveys (Section 24.3) will defermine if any new
confamination has occurred during decommissioning, and will include an assessment of whether
cuttings have been re-suspended and then caused new contamination.

The long-ferm monitoring programme of the Field, to be discussed and agreed with BEIS (Section
24.4), will provide data with which to defermine if recovery is taking place.

A risk-based environmental and structural monitoring programme, to frack the longterm degradation
and fafe of the GBSs, will be discussed and agreed with BEIS.
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18  DECOMMISSIONING THE SEABED INFRASTRUCTURE

18.1 Introduction

Four discrefe subsea structures are included in this DP document. Regardless of the decommissioning options
adopted for the Brent Alpha jacket, the GBSs or any of the pipelines, we will remove these structures
because they fall within the scope of OSPAR 98/3 and are not candidates for derogation.

Information about the numbers and masses of grout bags and matiresses associated with the sub-sea
structures (where available) is presented in the Pipelines TD [17] and summarised in the description of the
Brent Field pipeline system (Section 19.2). Programmes of work for matiresses, grout bags and third-party
crossings are fully described in [17] and summarised in the programme of work to decommission the
pipelines (Section 19.7).

18.2  Description of Subsea Structures
Table 70 presents a summary description of the four subsea structures. Their locations are detailed
in Table 71 and shown in Figure 110. A full description of these structures is given in the pipelines TD [17].

18.3  Programmes of Work for Removing Subsea Structures

The four seabed structures will be removed by the DSV's crane affer cutting any steel piles at a depth of

3 m below the seabed by AW]J. Cutting and lifting will cause some disturbance of the natural seabed
sediment (no structure is within or under a drill cuttings pile) but the impact on the seabed will be very small,
localised and fully reversible.

Any grout bags and mattresses associated with these structures will also be removed and retumed to shore
for recycling or disposal as appropriate.
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Table 70 Summary Descriptions of Subsea Structures.

The Spar PLEM was the base connection manifold
for the Spar offloading system, which has been
removed. The PLEM is made of steel and is 10 m x
6m x 2.35 m high, with associated pipework and
valves. After installation the structure was filled with
grout fo increase its submerged weight fo
approximately 134 tonnes.

The SSIV consists of sfeel tubing and valves within a
skirted steel frame incorporating a base frame with
: mud-mats. It is not piled and is held in place on the
== e e seabed by ballast “chest” inside the frame. Each
A S ballast chest weighs 19.5 tonnes and there is no

AAFT T\ A evidence of the ballast chests being attached to the
main structure. The SSIV is approximately 7.5 m x
7.5 m x 3 m high and weighs approximately 103
fonnes. The structure is protected by mattresses and
grout bags.

Subsea Isolation Valve (SSIV)

This structure was installed fo house and protect the
Brent Alpha SSIV umbilical splitter assembly and
consists of three sections: the base, the main
structure and the roof panel. The whole structure is
approximately 4 m x 4 m x 3 m high and weighs ot
least 30 fonnes.

The VASP is a subsea sfructure forming part of the
FLAGS pipeline. It consists of a rectangular structure
of steel tubes and sections, and measures
approximately 16.4 m x 4.3 m x 3.4 m high

25.8m

ELEVATION ‘ Ond Weighs Up fo 200 tonnes.

Valve Assembly Spool-piece (VASP)
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Table 71 Locations of the Sub-Sea Structures in the Brent Field.

Sub-Sea Structure Location Decimal Minute WGS84 Location Decimal (WGS84)
SPAR PLEM 01°39.973'W 61°03.205'N 01.6662°W 61.0534°N
SSIV 01°42.465'W 61°03.272'N 01.7077°W 61.0545°N
BA Splitter Box 01°39.972'W 61°03.205'N 01.6662°W 61.0534°N
VASP 01°41.874'W 61°01. "N 01.6979°W 61.0235°N

18.4  Environmental Impacts of Decommissioning the Subsea Infrastructure

18.4.1 Stakeholder Environmental Concerns

Stakeholders did not express any specific concerns regarding the decommissioning of the subsea
infrastructure but from their comments on the decommissioning of the Brent Alpha jacket and the GBS it is
clear that their main concerns would be:

e Accidental discharges or releases of hydrocarbons to sea.
e Disturbance to seabed cuttings piles.

e Accidental loss of large components to sea.

e Impoacts fo the benthos.

e Creation of debris.

18.4.2 Potentially Significant Impacts in ES

Figure 109 presents DNV Gl's summary of the assessment of the environmental impacts of the programme of
work that would be carried out to remove all the subsea sfructures and dismantle, recycle or dispose of them
onshore [5] and to remove the oil-related debris in the Field (described in Section 20). The ES found that the
most significant negative impact from this activity was in the marine category, which was estimated to be
'small-moderate negative’. All the other categories of impacts were estimated to be ‘small negative’ or
'insignificantno impact'.

Figure 109  Environmental Impacts from the Removal and Onshore Disposal of all Subsea Infrastructure,
including Debris.
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18.4.3 Impacts of Operations

The EIA found that the removal of the four sub-sea structures and the debris in the Field will have a ‘small-
moderate negafive’ impact on the marine environment primarily as a result of disturbances or impact to
benthic communities from the removal activities that disturb marine sediment. The impact will be localised
and temporary but will occur in a number of locations. It is noted that the benthic fauna impacted are diverse
and abundant and typical of the region, and do not appear to contain any species of particular conservation
concern [5].

18.4.4 Energy and Emissions

DNV Gl estimated that the removal of the seabed infrastructure will use approximately 32,400 GJ of energy
and result in the emission of approximately 2,300 tonnes of CO, (Table 72).

Table 72 Total Energy Use and Gaseous Emissions of Programme of Work to Remove all
Subsea Structures.

Emissions to Atmosphere (tonnes)
Operations Energy (GJ)

CO, NOx SO;
Direct
Marine operations 28,233 2,082 43 35
Onshore dismantling 203 15 0 0
Onshore transport 146 11 0 0
Sum 28 582 2108 44 35
Recycling
Material recycling 3,854 174 1 2
Materials not recycled 0 0 0
Total 32,436 2,283 44 37

18.5 Mitigation Measures for Subsea Structures Programme of Work
e The campoaign fo remove the four subsea structures will be conducted under all necessary permits.

e Appropriate Nofices to Mariners will be issued to alert other users of the sea to proposed offshore
operations.

e Explosives will not be used to remove the structures.

e Affer the sfructures and any associafed mattresses and grout bags have been removed an over-
frawling survey will be conducted by an independent organisation to ensure that the area is free of
debris. This may be conducted as part of the wider over-frawling survey that will be conducted after
the decommissioning of the pipelines and the removal of debiris.

e On completion of offshore operations other users of the sea will be advised of the changed status or
condition of the pipelines on which these structures were located.

e Onshore, the refrieved substructures, matiresses and grout bags will be treated, recycled or disposed
of through suitably-licensed onshore sites, taking care to identify any hazardous materials that may
be present.

e There are no historic drill cuttings piles associated with or in the immediate vicinity of the four sub-
sea structures to be removed.

e Impoacts to the marine environment will be minimised by not disturbing drill cuttings piles; we will not
affempt to retrieve items of debris that are largely or wholly buried in drill cuttings piles.
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19 DECOMMISSIONING THE BRENT PIPELINE SYSTEM

19.1 Introduction

The decommissioning of the Brent Field Pipeline system constitutes the second Decommissioning Programme,
DP2, presented in this DP Document.

19.2  Description of the Brent Pipeline System

The Brent Field pipeline system comprises 103 km of rigid and flexible pipelines for the transportation of oil
or gas, umbilicals for controlling subsea infrastructure or for chemical injection and power cables. These run
between the Brent platforms, the former sites of the Brent Spar and Brent Flare, and the various host platforms
that link the Brent Field to both Sullom Voe and St Fergus.

Approximately 66 km (64%) of the system comprises pipelines that are more than 16 inches in diameter.
Approximately 47 km (47%) of the lines are exposed on the seabed and 54 km (53%) are trenched or rock-
dumped.

Figure 110 shows the arrangement of pipelines in the Brent Field that are included in DP2, and Table 73
and Table 75 provide foctual dafa on the system and an inventory of materials. Detailed descriptions of
every line, including the locations of any areas of rock-dump and matiressing and of four items of subsea
infrastructure, are provided in the Pipelines TD [17]. Figure 111 shows an example of the schematic
diagrams we have prepared for every line (in this case PLO49,/N0301). The condition and status of the
whole pipeline system has been regularly monitored and surveyed. On each of the lines covered by this DP
surveys have been undertaken to provide detailed information on the extent of exposure and spanning.

Defailed information on the extent of spanning on each line is presented in [17] and Figure 112 shows an
example of such a ‘spanogram’, again for line PLO49/NO301. In general there is no significant spanning
on any line. The Field is in deep water and the seabed currents are weak, so apart from very localised
eddies caused by topography or the presence of obstructions on the seabed there are few forces that would
cause exfensive erosion of seabed sediments. A 'FishSAFE" span is defined as a span more than 0.8 m high
and more than 10 m long which represents a potential snagging risk to bottom-towed fishing gear and so
should be included in the FishSAFE system to provide an early warning fo fishermen as they approach it.
Latest information indicates that with the exception of the closing spans — where lines rise from the seabed to
aftach to platforms — there are only two FishSAFE spans in the Brent Field. These are both found on the 30
inch export line NO501 (PL OO 1) at around KP4 34; one is 0.9 m high and 17.9 m long and the other
1.2 m high and 15 m long.

Table 74 summarises the inventories of each pipeline. In addition to these materials we estimate that in total
there is 84 tonnes of zinc anodes on the rigid pipelines.

19.3  Further Use or Re-use of the Pipelines, Umbilicals and Power Cables

There are no other uses for these lines; they are not of use to other operators in adjacent fields and as far

as is known are not likely to be of use in the development of future fields. With the exception of some power
cables, umbilicals and small diameter lines, it is not feasible to consider re-using lines in other locations

even though it may be technically possible to refrieve them in one piece. Consequently, all the lines listed

in Table 73 will have to be decommissioned.

44 KP= kilometre point, the distance along the pipeline from the platform measured in kilometres
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Figure 110 Schematic Showing the Present Layout of the Brent Field Pipeline System.
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Table 73 Data on the Brent Pipeline System.
PWA Shell D.iometer Length Service
Number Number | (inches) (km)
PLOO2 NO201 36 1.3 | Gas export Brent A to VASP
PLO49 NO301 16 2.8 | Oil export, now drains fluids from Brent A to PLEM
PLO48 NO302 16 2.3 | Oil export, now drains fluids from Brent B to PLEM
PLO45 NO303 24 4.6 | Oil production Brent B to Brent C
PLO46 NO0304 20 4 Qil production Brent D to Brent C
PLO5O NO401 28 3 Flare gas Brent A to Brent Flare (Note 1)
PLO51 NO0402 36 2.6 | Flare gas Brent B to Brent Flare (Note 2)
PLOST N0402a 36 0.147 | Brent B 500 m zone (Note 3)
PLO52 NO403 36 2.3 | Gas export Brent B to Brent A
PLO4/ NO0404 30 4.4 | Gas export Brent C to Brent B
PLO44 NO405 24 4.2 | Gas export Brent D to Brent C
PLOOT NO501 30 35.9 | Qil export Brent C to Cormorant Alpha
PLOT/ NO6O1 16 0.4 | Gas import WGLP SSIV to Brent A
PLO87A NO/38 10 5 Oil export Brent South to Brent A (Nofe 4)
PLO87A NO739 10 1.8 | Oil export Brent South to Staffjord drill centre (Note 5)
PLO8BA NOQ13 8 5 Water injection Brent A to Brent South (Note 6)
- NOQO3A 24 1.7 | Oil production Brent D to Brent B (Note 6)
- N@Q03B 24 2.9
PL19Q55 NO310 14 2.3 | Oil production Brent A to Brent B SSIV
12 0.36 | Oil production Brent A topside to Brent A seabed
PL1Q55 NO311 12 0.27 | Oil production Brent B SSIV to Brent B
PLO5O NO@52 8 0.03 | Brent flare system [Note 5)
- N@200 4 2.1 Well 211/29-7 to Brent B (Note 6)
- NOQ02 4 2.3 | Oil production Well 211/29-7 to Brent B (Note 6)
PLO87A.1-3 | NO841 4.5 5.3 | Control and chemical umbilical Brent A to
Brent South (Note 6)
- N1844 5 2.9 | Power cable Brent B to Brent A
- N2801 2.5 0.4 | Control umbilical Brent B to Brent B SSIV
- NPO1 4 2.2 | Control and chemical umbilical Brent B to Well
211/29-7 [Note 6)
- NO830 4 0.5 | Control umbilical Brent A to WLGP SSIV
Notes: Currently suspended and subject fo Inferim Pipeline Regime (IPR).

N I
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Figure 111

Example of Schematic Layout Drawn for each Pipeline.
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> In Figure 112 each line represents a survey of the whole line in a particular year. The grey zones show
the lengths of the line that were covered by the survey. The red bands show the location and lengths of

spans.
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Table 74 Inventories for each Brent Field Pipeline.
PWA Shell Mass of Materials (tonnes)
Number Number g (o] ;
Steel Concrete Coatings Total
PLOO2 NO201 1.3 629 600 16 1,246
PLO4Q NO3O01 2.8 384 321 25 730
PLO48 NO302 2.3 284 296 2] 600
PLO45 NO303 4.6 1,071 1,085 62 2,218
PLO46 NO304 4.0 703 658 46 1,407
PLO5O NO401 3.0 1,132 1,075 60 2,267
PLO5 1 NO0402 2.6 1,259 1,171 53 2,483
PLO51 NO0402a 0.147 71 66 3 140
PLO52 NO403 2.3 1,114 1,032 18 2,164
PLO47 NO0404 4.4 1,571 1,465 74 3,110
PLO44 NO0405 4.2 Q78 Q91 57 2,025
PLOO1 NO501 35.9 12,819 11,983 /28 25,529
PLO17 NO60 1 0.4 49 68 4 121
PLO8/A NO738 5 /76 0 107 883
PLO8/A NO7 39 1.8 279 0 38 317
PL988A NO913 5.0 361 0 0 361
- N@QO3A 1.7 396 401 23 820
- N@203B 2.9 675 684 39 1,398
PL1Q55 NO310 2.7 527 0 130 657
PL1955 NO311 0.27 51 0 Q 60
PLO5S0O NO952 0.03 6 0 0.2 6
- N@Q00 2.1 ND 0] ND 63
- N@Q02 2.3 ND 0 ND 69
PL987A.1-3 | NO841 53 ND 0 ND 133
- N1844 2.9 55 0] 15 Q6
- N2801 0.4 ND 0 ND 3
- N@O T 2.2 ND 0 ND 55
- NO830 0.5 ND 0] ND 13
TOTALS 25,190 21,896 1,528 48,976
ND = No dafa
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Table 75 Mattresses and Grout Bags on the Brent Pipeline System.

Number of Items
Location

Mattresses Grout Bags
Brent Alpha 187 375
Brent Bravo /8 Q91
Brent Charlie 62 743
Brent Delta 0] 1,647
Brent South 125 0
Brent SPAR PLEM 17 200
VASP 20 200
Totals 489 4,156
Estimated Total Mass (tonnes) 1,762 104 M

Note 1:  Assuming a grout bag weighs 25 kg.

19.4  Options for the Decommissioning of the Pipelines, Umbilicals and Power Cables

In accordance with the DECC Guidance Notes [3] we have complefed CAs of feasible options for each
of the 28 Brent Field pipelines that fall within the scope of this DP (Section 19.2). The CAs were informed
by our own exfensive data on the condition and burial status of each line (described in detail in [17]),
engineering studies on removal or burial fechniques, the ES [5], Field-specific studies on pipeline
degradation and longevity [17], the report on commercial impacts on fisheries [21], and the Anatec study
Assessment of safely risk to fishermen from decommissioned pipelines in the Brent Field [20].

To permit the continuing export of gas through the Western leg Gas Pipeline (WLGP) and FLAGS export
routes affer the decommissioning of the Brent Field, we are reconfiguring the pipeline network in a separate
project called the Brent Bypass Project (BBY) (Section 19.7.4). Our assessment of options for the
decommissioning of the Brent Field pipelines has taken info account the changes that will be made as o
result of the Bypass Project.

For the purpose of assessing options we assumed that all oil and gas lines had been successfully flushed
under permit [see Section 19.7.6) to an acceptable standard that would be agreed with BEIS. The main
options, and the various fechniques or operations that could be performed to complete each type of option
for decommissioning pipelines, are summarised in Table 76 and described more fully in [17].

One of our main objectives was to examine ways of reducing or eliminating the potential for a long-ferm
snagging risk to fishermen. This risk arises from the presence of (i) exposed sections of pipeline with or
without spans and, i) the ‘closing spans’, sections of line that rise from the seabed as they connect with
platforms. The presumed higher snagging risk on these sections could be reduced by complete removal,
selective partial removal, rock-dumping or trenching. Consequently, we developed various permutations of
removal activities and this resulted in the identification of up to nine different options for each of the lines.
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Main Options for Decommissioning Pipelines.

Option

Methods

Complete or Partial Remova

© Wh e f pp by e - gl

= .L‘i”A';—az_ wo o
o o s e 4 st
J—— \

Reverse Say [illustrated)): One end of the line is picked up by a vessel and
progressively pulled on board over a ‘stinger’. On board the vessel it is cut
info sections for recycling onshore.

Reverse reeling: One end of the line is picked up by a vessel and
progressively wound onfo a very large reel on board. The line is recycled
onshore.

Cut and Lift: After suitable de-burial the line is cut info 12 m long sections on
the seabed by ROVs. The sections are liffied by the vessel and taken to shore
for recycling.

Mechanical trenching [illustrated): A large plough is fitted over one end of
the line and pulled or driven along the line to create a trench. A separate
backfilling operation is then performed by a specialist backfill plough, to
achieve the required depth of burial (usually >0.6 m fo top of pipe).

Jet trench: Jet trenchers work by fluidising the seabed using a combination of
high flow/low pressure and low flow/high pressure water jets to cut into
sands and gravels and low to medium strength clays. In sands, the pipeline
sinks through the slurry that this operation creates, whereas in clay, the jefting
process cuts through the material which is carried away by the flow of
water.

Rock-dump: A specialised vessel deploys a long controllable ‘fall pipe” and

delivers controlled amounts of graded rock onto and over the line. The rock-
dump is carefully designed to provide the required protection and stability fo
the line.

Leave in Place

.

Leave in place: The line would be left in place as it is but there may be
operations (such as local trenching or local rock-dumping] fo stabilise or
profect any exposed ends.
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19.5 Issues and Concerns Raised by Stakeholders

For the technically feasible options for the pipelines the main issues and concerns raised by stakeholders
during the programme of stakeholder engagement were:

e The longferm snagging risks for towed fishing gear from any lines left exposed on the surface of the
seabed.

e Regaining access to grounds for demersal fishing.

o Creation of debris.

e How the lines will be cleaned before decommissioning.

e Release of residual hydrocarbons during removal or from lines left in place.

e longferm impacts on benthos from the lines and especially from any additional rock-dump.

e Impacts to local communities at onshore dismantling sites caused by noise, dust and odour.
19.6 Comparative Assessment of Options

19.6.1 Introduction

The DECC Guidance Notes [3] provide the following general guidance fo help identify (i) pipelines and
umbilicals that may be candidates for in sitv decommissioning and, (ii) pipelines and umbilicals that should
normally be entirely removed.

Full removal:

o For small diameter pipelines, including flexible flowlines and umbilicals, which are neither trenched
nor buried

leave under existing rock-dump:
e For lines which are presently completely under stable rock-dump
leave in place:

e For lines which are adequately buried or trenched and which are not subject to the development
of spans, and are expected fo remain so

e lines which are expected to self-bury over a sufficient length within a reasonable time, and remain

buried

e lines where burial or frenching of the exposed sections is underfaken to a sufficient depth and it is
expected fo be permanent

Using this guidance we screened all 28 lines and determined that for 14 of the lines there was an obvious
decommissioning solution and only a small number of pragmatic alternative options [17]. The relatively
fewer, simpler decommissioning options for these lines were compared and assessed using a qualitative or
narrative-based method. For simplicity these are called ‘qualitative lines” and they are listed in Table /7. The
remaining 14 lines, listed in Table 80, were subjected fo full quantitative CAs and for simplicity these are
called the ‘quantitative lines'.

19.6.2 Results of Comparative Assessments for Qualitative Pipelines

The results of the assessments for the qualitative lines are presented in Table 77 and discussed in
Section 19.6.3. Work at any pipeline crossing is described in Section 19.7.2, and Section 19.7.7
describes how mattresses and grout bags would be dealt with. Individual CAs for each of the lines are
presented in the Pipelines TD [17].
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Table 77 Recommended Decommissioning Option for Brent Field Pipelines Subject to Qualitative Comparative Assessment.
Pipeline Number Diam | length Service Status Recommended Option Justification
PL1IQ55 NO310 12/14 2.66 Qil production Laid on the seabed Remove by reverse reeling Flexible line, lying on the seabed
PL1Q55 NO311 12 0.27 Qil production Laid on the seabed + Remove by reverse reeling Flexible line, lying on the seabed
catenary riser
PLOST NO0402a 36 0.147 | Never used Laid on the seabed Remove by cutandHift Short exposed rigid line
PLO87A NO738 10 5.0 Qil production Trenched, one end rock- Leave in trench, remediate Stable in french; stable rock-dump cover.
(disused and in IPR) dumped exposed flange with rock-dump
PLO87A NO739 10 1.8 Never used, now Trenched, both ends rock- | Lleave in trench, remediate one Stable in trench, and under profiled rock-dumps
in IPR dumped exposed flange with rock-dump
- NO830 4 (est) 0.5 Control umbilical Part of length trenched Remove by reverse reeling Short section of umbilical which would be partly exposed
and part mattressed on seabed once mattresses removed
PLO87A 1-3 NO84 1 5 5.3 Control umbilical Trenched (with NO913), leave in trench, remediate Stable in french, and under profiled rock-dump
one end rock-dumped exposed flushing head with rock-
dump
PLO88A NO?13 8 5.0 Water injectfion Trenched (with NO841), Leave in trench, remediate Stable in trench
one end rockdumped exposed flange with rock-dump
PLO5O NO0952 8 0.03 Flushing jumper lying beneath profiled Leave under rock-dump Fully covered by stable, profiled rock-dump
rock-dump
- N1844 5 2.9 Power cable Laid on the seabed with Remove by reverse reeling Umbilical, lying on the seabed
matiresses at each end
- N2801 2.5 0.4 Confrol umbilical Laid on the seabed, Remove by reverse reeling Umbilical, lying on the seabed, unprofected when
largely protected by mattresses removed
mattresses
- NS00 4 2.1 Oil production 80% exposed on seabed, | Remove by curandift Small diameter flexible mainly exposed. lying open to
20% buried sea for many years. Integrity likely to be compromised
NQQO1 4 est) 2.2 Confrol umbilical Mostly exposed on Remove by curandHift Small diameter umbilical mainly exposed and in secfions
seabed, 14% buried. Cut on seabed
info sections
NQ202 4 2.3 Qil production Mostly exposed on Remove by cutandift Small diameter flexible mainly exposed. lying open to
seabed, 23% buried. Cut sea for many years. Infegrity likely to be compromised
info sections
Note: ~ N/D = No dafa: Diam. = Diameter in inches: Est = Estimated. Length is kilomefres: Service = purpose or use of the line: Status = Condition/position of line on or in the seabed.
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19.6.3 Discussion of the Recommended Options for the Qualitative Pipelines

Pipelines to be Removed by Reverse Reeling

Lines PL1955/N0310, PL1955/N0311, NO830, N1844 and N2801 are all flexible lines less than

16 inches in diameter. They are therefore ideal candidates for removal by reverse reeling. NO830, N1844
and N2801 have concrete matiresses laid over them, and for the purposes of the CA it was assumed that all
these mattresses had been successfully removed.

Reverse reeling is a standard operation which has been successfully undertaken many times in the North
Sea. It has well understood risks and mitigations to manage these risks and therefore does not represent
a significant risk to offshore personnel. The remaining risk, which might only become apparent once
decommissioning work begins, is the structural capacity of the lines to withstand the process of reverse
reeling or, for NO830, the loads imposed by the potential overburden of seabed sediment.

This option will leave a clean seabed and eliminate a potential snagging risk for fishermen and a source

of litter and potential environmental impact. For all these lines this opfion might result in a ‘small negative’
operational impact to the marine environment but this will be localised and reversible. Removal will result in a
‘small positive” effect in terms of long-term environmental impacts. Only a relatively small mass of material
would be retumed to shore from these lines and the materials can be processed in accordance with waste
management practices at suitably licensed onshore sites.

Pipelines to be Removed by Cut-and-lift

Line PLO51/N0402a is a very short (147 m) section of 36 inch line lying on the seabed open fo the sea
after being abandoned in 1976, and the best option is to remove it by cutand-lift. Because of concems
about ifs strength and the fact that the concrete coating would probably fall off during removal, we do not
believe that this line is suitable for reverse reeling.

Lines N9Q0O, N990O1 and N9902 are of very small diameter and lie exposed on the seabed open fo the
seq; all three have some degree (from 18% to 23%) of natural burial over them. As small diameter flexible
pipelines they are ideal candidates for reverse reeling but there are concerns over their structural integrity
after such a long period lying unprotected on the seabed. On safety and technical grounds it is therefore
inadvisable fo affempt to remove them by reverse reeling.

The best option is remove these four lines by cutandift. For all these lines the operational safety risk to
project personnel is low, and a longterm safety risk fo fishermen would be removed. There may be some
'small negative’ impacts offshore during operations and onshore during dismantling and recycling, but these
will be limited in extent and duration and will be reversible. In all cases removal will result in “small positive’
effects in terms of 'legacy’. None of the alternative options (renching or rock-dump) offers better
performances in ferms of either the negative effects of operations or the positive effects of outcomes.

Through this procedure the potential future risk to fishermen can be eliminated without incurring
unmanageable levels of risk to offshore personnel. Cutting and lifting operations are likely to disturb the
upper layer of the seabed.

Pipelines to be Left in Trench
Lines PL987A/NO0738, PL987A/N0739, PL987A1-3/N0841 and PLO88A/NO?13 are all associated

with the now decommissioned Brent South development. They were all laid in trenches and have some
degree of natural burial, and all have some mattress cover. When Brent South was decommissioned the
mattresses af the ends of these lines were buried beneath overfrawlable rock-dump. The rock-dump and the
frenches have remained stable since that time. These lines are thus likely to remain in their trenches as they
gradually degrade and collopse, and so would not be likely to become a snagging risk to fishing or a
source of seabed litter. There is essentially no safety risk to offshore project personnel and only a small long-
ferm safety risk to fishermen. The impact on commercial fisheries is judged to be ‘small negative’ because of
the long-term presence of a frenched line, but the marine impacts of operations and the legacy environmental
impacts are both ‘insignificant’.
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Pipelines to be Left Under Rock-dump

Line PLO50/N0952 is a very short section (30 m) of small diameter line associated with the
decommissioned Brent Flare. Profiled rock-dump was deposited during decommissioning operations at the
flare site and this has completely buried PLO50/NO952. The line therefore lies under an existing stable rock-
dump and is not likely fo inferfere with fishing or create seabed litter as it degrades and collapses; there have
been no reported incidents on this line to date. The rock-dump will serve to contain any degradation products
and stop or severely restrict the migration of degradation products onto the adjacent seabed. Safety risks to
operational personnel would be very low [only from monitoring programmes), as would the long-term risks

for fishermen associated with the presence of the over-trawlable rock-dump.

The alternative option would be displace the rock-dump onfo the adjacent seabed and remove this line by
cutandift. Although technically feasible, displacement of the rock-dump would cause further disturbance

fo the adjacent seabed and may increase the risk of snagging demersal fishing gear. This alternative option
would have some additional negative operational impacts (to seabed and benthos| while not resulting in any
better long-ferm outcome for other users or the environment.

19.6.4 Results of Comparative Assessments for Quantitative Pipelines

We identified a total of nine different options that could be applied to the quantitative lines (Table 78], with
3 to 6 options being applicable to any one line (Table 79).

The results of the assessments for the quantitative lines are presented in Table 80 and discussed in Section
19.6.519.6.5, Section 19.6.6 and Section 19.6.7. Work at any pipeline crossing is described in Section
19.7.2, and Section 19.7.7 describes how mattresses and grout bags would be dealt with. Individual CAs
for each of the lines are presented in the Pipelines TD [17].

Table 78  Decommissioning Options for the Quantitative Pipelines.

Option Number Description

leave tied-in, no further remediation required

Leave tied-in at the installation, trench the remote end

leave tied-in at the installation, rock-dump the remote end

Disconnect from the installation, trench and backfill the whole length

Disconnect from the installation, rock-dump the whole length

Remove the whole line by cut and lift

Remove the whole line by reverse Say (single joint)

Partially trench and backfill, with isolated rock-dump

O[O | N[O hlwIN|—

Partially rock-dump
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Table 79

Decommissioning Options Applicable to each Quantitative Pipeline.

Pipeline Number

Applicable Options

1 2 3 4 5

oo

O

PLOOT/NO501

<\

SN

PLOO2/N0201 v v

<\

\

PLO17/NO0601 v v

PLO44/N0405

PLO45/N0303

PLO46,/N0304

PLO47 /N0404

SRR

PLO48/N0302 v v

PLO49/NO0301 v v

PLO50/N0401

<\

PLO51/N0402

\

PLO52/N0403 v

NNENANENENENENENEN

—/N9Q03A

—/N@2038B

NENENENENENENENENENEN
NENANENENENENENENENENENEN
NENEN AN NN NN AN AN AN ENAN RN el

Key

Option

Description

leave tied-in, no further remediation required

Leave tied-in at the installation, trench the remote end

leave tied-in af the installation, rock-dump the remote end

Disconnect from the insfallation, trench and backfill the whole length

Disconnect from the installation, rock-dump the whole length

Remove the whole line by cut and |ift

Remove the whole line by reverse Say (single joint]

Partially trench and backfill, with isolated rock-dump

O[O N|O || M~lwN

Partially rock-dump

Table 80 presents an overview of the results for the 14 lines that were subjected to a quantitative CA
('‘quantitative lines’). Each type of recommended option is then discussed in general terms in Section 19.6.5

fo Section 19.6.7 and illustrated with examples of data and results from specific pipelines.
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Table 80  Recommended Decommissioning Option for Brent Lines Subject to Quantitative Comparative Assessment.
Pipeline Number Diam | length Service Status Recommended Option Justification
PLOO2 NO201 36 1.3 | Oil export Laid on the seabed with some
mattresses and 71 m of rock-dump
PLO49 NO301 16 2.8 | Oil export Laid on the seabed with occasional
(now drains line) | matiresses
PLO48 NO302 16 2.3 | Oil export Laid on the seabed with mattresses
(now drains line) | at the PLEM end
PLO45 NO303 24 4.6 | Oil production Laid on the seabed with some Disconnect, remove the tie-in y . " |
mattress af BB end spools, grout bags and T |sbozhondpro(\j/|| es th ear
' f
PLO46 NO304 20 4.0 | Oil production laid on the seabed matfresses if present, then seabed an kr? U}feﬁ ©
4 french and backfill o SnaggIng risic 7ot HIsnermen.
PLO5O NO401 28 3.0 | Flare Gas fL(Jld on the seabed, rock-dump at orovide af least 0.6 m It offers most of the benefits
disused and i | d ' ion
EPSUSG and in are en seabed cover over the fop of the o‘pgon Corrép||$fle
of the pipe. If there is removal by cuf and fit,
PLOST NO0402 36 2.6 | Flare Gas Laid on the seabed, rock-dump at existing rock-dump mc|go|mg |owe.r legacy
(disused and in flare end frenching will stop just short envwonmfen@ impacls .onol
PR} of the rock-dump and where lower safely risk fo profect
PLO52 NO0403 36 2.3 | Gas production laid on the seabed with mattresses | necessary the existing rock- p-ers‘o‘nneL but at a
) , significantly lower cost than
at BA and 112 m of rock-dump dump will be extended 1o il removal
PLO47 NO404 30 4.4 | Gas production Laid on the seabed with mattresses | cover the cut end(s). '
at BC end
PLO44 NO405 24 4.2 | Gas production Laid on the seabed
- NOQO3A 24 1.7 | Oil production Laid on the seabed, some buried
(disused) sections
- NQ203B 24 1.7 | Oil production Laid on the seabed, with some
(disused) buried sections
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Table 80, continued. Recommended Decommission Option for Brent Lines Subject to Quantitative Comparative Assessment.

Pipeline Number Diam. | Llength Service Status Recommended Option Justification
PLOOT NO501 30 35.9 | Oil export Trenched along Partially trench and The maijority of the line lies in a stable french
majority of length backfill with isolated rock- | with the top of the pipe lower than the mean
dump. seabed level. Shallower sections of the line
will be retrenched or rock-dumped.
PLOT/ NO6O1 16 0.4 | Gas production laid on the seabed | Remove completely by cut | This is a short line and the differences
with some burial and | and lift. between the options are small. It is too short
rock-dump fo french, and a section will have been
previously removed by the Brent Bypass
Project.
Note:  Diam. = Diameter in inches: Length is kilometres. Service = purpose or use of the line. Status = Condition/position of line on or in the seabed.
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19.6.5 Discussion of the Recommended Option for the Quantitative Pipelines to be Decommissioned
by Trench and Bury

Introduction

The recommended option for twelve of the fourteen quantitative lines (Table 80) is ‘Disconnect, remove tie-in
spools, trench and backfill'. Three to six optfions were assessed in the CAs for these lines (Table 81). The
results of the CAs for each of the twelve lines to be decommissioned by Option 4 'Disconnect, french and
backfill” are shown in Table 81.

Table 81 Total Weighted Scores of Options for the 12 Quantitative Lines to be Decommissioned by
Option 4 ‘Disconnect, Trench and Backfill'.

Total Weighted Score in Options
Pipeline Number
1 2 3 4 5 6 7 8 9
PLOO2/N0201 82.61 | 83.83 | 82.66 | 8575 | 83.07 | 73.34
PLO44/N0405 82.11 82.37 | 83.98 | 83.32 | /2.82
PLO45/N0303 84.10 82.27 | 83.86 | 82.55| 72.50
PLO46/N0304 81.41 82.42 | 84.07 | 83.42 | 72.89
PLO47/N0404 | 83.97 82.27 | 83.88 | 83.04 | 72.58
PLO48/N0302 83.55| 84.80 | 82.33 | 85.07 | 83.13 | 73.23
PLO49/N0301 82.54 | 83.97 | 82.24 | 84.53 | 83.11 | 73.2]
PLO50/N0401 /9.53 81.78 | 84.01 | 82.60 | 72.73
PLO51/N0402 84.11 82.06 | 84.80 | 82.35 | 72.47
PLO52/N0403 82.54 82.77 | 85.50 | 83.64 | /3.17
—/N903A 82.45| 85.36 | 82.47
—/N9038B 82.40 | 84.72 | 82.44
Key
Option Description

leave tied-in, no further remediation required

Leave tied-in at the installation, trench the remote end

Leave tied-in atf the installation, rock-dump the remote end

Disconnect from the installation, trench and backfill the whole length

Disconnect from the installation, rock-dump the whole length

Remove the whole line by cut and lift

Remove the whole line by reverse Say [single joint]

Partially trench and backfill, with isolated rock-dump

O[O N[OOI~ w|N

Partially rock-dump

Option 7 '‘Remove whole line by reverse S-lay (single joinf)" is a feasible option for ten of these twelve lines,
but in every case it clearly had the lowest fofal weighted score and was never a candidate for the ‘CA-
recommended option”.

For all of these lines except PLO45/N0303 and PLO47/NO404 the option with the highest total weighted
score and thus the presumptive CArrecommended option) was Option 5 ‘Disconnect and rock-dump whole
length’. In all cases, however, we have proposed Option 4 ‘Disconnect, and trench and backfill whole
length” as the Recommended Option, an option which for seven of the lines had the lowest total weighted
score. Our recommendation is based on a consideration of the relative performances of the options, the raw
data and the views of our stakeholders including commercial fishermen. It is worth noting that for these twelve
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lines the total weighted scores for the other options [excluding Option 7| are very similar. The highest total
weighted score is no more than approximately 6% greater than the lowest (Table 82) and this is relevant

when considering the illustrative narrative presented below.

Table 82 Highest and Lowest Total Weighted Scores of Options 1 to Option é for Quantitative Pipelines

Being Trenched and Backfilled.

Pipeline Number

Total Weighted Score Under ‘Standard Weighting’ (with Option Number)

Min Max Range Range as % of Lowest
PLOO2/N0201 82.61(2) 85.75 (5) 3.14 3.8
PLO44/N0405 82.11 (1) 83.98 (9) 1.87 2.3
PLO45/N0303 82.27 (4) 84.10 (1) 1.83 2.2
PLO46/N0304 81.41 (1) 84.07 (5) 2.66 3.3
PLO47 /N0404 82.27 (4) 83.97 (1) 1.70 2.1
PLO48/N0302 82.33 (4) 85.07 () 2.74 3.3
PLO49/N0301 82.24 (4) 84.53 (5) 2.29 2.8
PLO50/N0401 79.53 (1) 84.01 () 4.48 5.6
PLO51/N0402 82.06 (4) 84.80 () 2.74 3.3
PLO52/N0403 82.54 (1) 85.50 () 2.96 3.6
—/NQQ03A 82.45 (4) 85.36 () 2.91 3.5
—/N99038B 82.40 (4) 84.72 (5) 2.32 2.8

Results and Narrative for Example Pipeline

Pipeline PLO50/N0401, the 28" 3 km long flare gas line from Brent Alpha to the site of the former
Brent Flare, has been selected as an example of the CA results for those lines where the recommended
decommissioning option is Option 4 ‘Disconnect, trench and backfill".

Table 83 shows the total weighted scores of the options for PLO50,/N0401 and Figure 113 illustrates the
results. On the basis of this assessment the ‘CArecommended” option for PLO50,/N0401 is Option 5
'Disconnect and rock-dump whole length’. It has a fofal weighted score of 84.01 in confrast to the next best
score which is 82.60 for Option 6 ‘Recover whole length by cut and lift". However, the narrative below
explains why Option 4 was recommended in preference to either Option 5 or Option 6.
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Table 83  Transformed and Weighted Sub-criteria Scores for Pipeline PLO50/N0401.

Sub-criterion Option 1 | Option 4 | Option 5 | Option 6 | Option 7

Safety risk to offshore project personnel 6.66 6.65 6.66 6.59 6.54
Safety risk to other users of the sea 0.10 6.13 5.59 6.67 6.67
Safety risk fo onshore project personnel 6.67 6.67 6.67 6.66 6.66
Operational environmental impacts 5.00 4.30 3.95 4.60 4.65
legacy environmental impacts 4.65 5.00 4.25 5.00 5.00
Energy use 4.89 4.88 4.87 4.88 4.88

Gaseous emissions 4.90 4.89 4.89 4.91 4.91

Technical feasibility 20.00 16.00 20.00 16.80 7.00
Effects on commercial fisheries 0.00 0.71 0.57 0.71 0.71

Employment 0.01 0.02 0.02 0.12 0.15
Impact on communities 6.67 6.60 6.60 6.00 6.00
Cost 19.97 19.93 19.94 19.65 19.54
Total weighted score 79.53 81.78 84.01 82.60 72.73

Option 1 | Lleave in sitv with no further remediation required

Option 4 | Trench and backfill whole length

Option 5 | Rock-dump whole length

Option & | Recover whole length by cut and |ift

Option 7| Recover whole length by reverse S-lay (single joint)

Figure 113 The Total Weighted Scores for Options for Pipeline PLO50/N0401, and the Contributions
of the Subcriteria.
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No strong driver has been identified as the reason for the differences in the total weighted scores under the
different weighting scenarios. Option 5 ‘Rock-dump whole length” is usually ranked first in the sensitivity
scenarios though it never scores significantly higher than Option 6 'Recover whole length by cut and ift" or
most of the other options. The determination of the recommended option for this pipeline has been based on
the comparison between the best full removal option Option 6 ‘Recover whole length by cut and lift’, and the
CArecommended option Option 5 'Rock-dump whole length’. The differences between Option 5 and
Option 6 are illustrated in Figure 114. The green bars indicate sub-criteria where Option 5 has the better
performance and the red bars indicate sub-criteria where Option ¢ has the better performance.

Figure 114  Difference Chart Comparing the Weighted Scores for Each Sub-criterion of Option 5 ‘Rock-
dump Whole Length’ with Option é ‘Recover Whole Length by Cut and Lift', under the
Standard Weighting, for Pipeline PLO50/N0401.
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Green bars: Option 5 ‘Rock-dump whole length” is | Red bars: Option 6 ‘Recover whole length by cut
better than Option 6 ‘Recover whole length by cut and lift" is better than Option 5 ‘Rock-dump whole
and lift length’

Option 6 ‘Recover whole length by cut and lift' is preferable to Option 5 ‘Rock-dump whole length” in seven
subcriteria: safety risk to other users of the sea, legacy and operational environmental impacts, effects on
commercial fisheries, employment and gaseous emissions and energy use. It should be noted that some of
these differences are so small that the bars do not appear in Figure 114. Option 5 is preferable to Option 6
in the five remaining sub-criteria: safety risk to onshore and offshore project personnel, cost, impact on
communities and fechnical feasibility; again some of the differences are so small that the bars do not
appear on the difference chart.

It is important fo examine these differences to see if the differing performance of the options is related to
significant and material differences in the raw data in the various sub-criteria. The following sections discuss
the performances of the options in each of the sub-criteria in tum as ordered in Figure 114, and determine
the extent to which the differences could assist us in reaching a recommendation for PLO50,/N0401.

Technical Feasibility: The rock-dumping in Option 5 was assessed to be one of the most feasible operations
considered by the project (hence the score of 1.0) and to be more feasible than the cut and lift operations in
Option 6 (a score of 0.84). Rock-dumping is a routine operation in the industry and there are no concerns
about our ability fo successfully execute the option. The cutting and lifting of pipeline sections required in
Option 6 is a relatively common operation in the industry, but the score was reduced because of the age of
the pipeline and some concerns over whether the concrete coating would have sufficient strength to be
recovered without spalling off the steel pipeline. Option 6 may require some development of existing
technologies and although not insurmountable this will add complexity to the execution of the option. Any
problems encountered with the removal of the pipeline in Option & are therefore more likely to result in
extended operations and hence increased overall cost. As a result, technical feasibility does not, in our view,
act as a strong differentiator of the options.
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Impact on Communities: In Option 5 and in Option 6 respectively approximately 38 tonnes and 2,180
fonnes of material would be returned to shore. These are relatively small amounts of material and would not
be expected to cause any significant onshore impacts, particularly when compared with the amounts of
material that will be refurned to shore from other scopes of work in the project. Accordingly, both options
were scored highly on global scale (0.99 for Option 5 and 0.90 for Option 6). With no significant
difference in their scores and relatively small amounts of material being returned to shore, we have
concluded that the sub-criterion ‘impact on communities’ is not a strong differentiator between these options.

Cost: With an estimated cost of approximately £1.6 million, Option 5 ‘Rock-dump whole length” is
approximately 17% of the £9.28 million cost of Option 6 'Recover whole length by cut and ift’. Option 6
therefore represents almost a sixfold increase in the expenditure of Option 5. Cost should therefore be
considered further in this assessment.

Safety Risk to Project Personnel: Option 5 has the lowest combined safety risk for project personnel (a PLL of
0.0005) whereas Option 6 has a combined project personnel PLL of 0.0034. The majority of the risk in
both options is affributable to offshore project personnel. This means that if Option 5 were performed 2,000
times there might be one fafality among the project personnel and if Option 6 were performed 294 times
there might be one fafality among the project personnel.

When compared with the PLL thresholds used in the first step of evaluating E&P projects {an annual PLL

of1 x107), the tofal PLL for Option 5 (0.5 x107) falls within the ALARP range. Option & is three times higher
(3.4 x10%) than the threshold and would require some degree of mitigation prior to execution to confirm it
was ALARP.

In all cases the assessments of safety risks are unmitigated assessments made in the absence of any site- or
projectspecific safety measures. We would never embark on any activity that was unsafe and we always
work fo reduce all safety risks to a level that is ALARP. Given the conservative (unmitigated) PLLs presented
here we are confident that both options could be executed safely and have therefore concluded that the sub-
criferion "safety risk to project personnel” does not act as a differentiator between Option 5 and Option 6.

Energy Use and Gaseous Emissions: Option 5 ‘Rock-dump whole length” would use more energy (45,171
GJ) than Option 6 (41,386 GJ)(an increase of about 9%) as a result of the vessels used and the penalty for
not recycling the steel contained within the pipeline. Even though the steel would be recycled in Option 6

this option would still require 92% of the energy required for Option 5. On the basis of these estimates we
have concluded that the sub-criferion ‘energy use’ does not act as a differentiator between the two options.

Option 5 would also generate more gaseous emissions (3,430 tonnes CO5) than Option 6 (2,742 CO,
fonnes|(an increase of about 25%).Both these values are low when compared to the emissions from
operating platforms. The fotal CO, emissions from all four Brent platforms in 2011 was 396,000 fonnes,
which is approximately 115 times higher than the estimated total CO; emissions of Option 5 or
approximately 144 times higher than those of Option 6. The estimated emissions from each option are also
very low when compared with the fotal CO; emissions from all UKCS oil and gos platforms (which, as
reported in the Oil & Gas UK Environment Report 20173 [62] was 14.22 million tonnes in 201 1) and when
compared with the UK commitment under the Climate Change Act[63] (which implies an average annual
reduction of 47.6 million tonnes CO; each year from 2013 to 2017). Given the small amounts of emissions
associated with Option 5 and Option 6 we have concluded that the sub-criterion ‘gaseous emissions’ is not
a strong differentiator between the options.

Employment: Option 6 is more expensive than Option 5 and therefore supports a higher level of employment
(37 man-years as opposed to & man-years). The employment supported in Option 5 would only be in
offshore roles during the rock-dumping operations; the employment in Option é would be split between
offshore (cut and lift operations) and onshore (recycling of the material]. In absolute terms these levels of
employment are not significant; the employment would not be continuous and would not support roles
fultime. The level of employment supported by Option 5 and Option 6 is equivalent to less than 1% of the
estimated 3,800 man-years of employment Brent Decommissioning well abandonment programme.
Consequently we have concluded that the sub-criterion ‘employment’ is not a strong differentiator between the
options.
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Effects on Commercial Fisheries: If the lines were covered with rock-dump (Option 5) or removed complefely
(Option 6) a small additional area of seabed would be available for demersal fishing. Based on information
in [21] this would amount to a net benefit over the 280 year predicted lifetime of the pipeline of £197,230
and £246,538 for Option 5 and Option 6 respectively. On an annual basis this represents a very small
increase (£704 and £880 each year respectively) so in absolute ferms of benefit to commercial fishermen
and in relative terms between the options, this is a small benefit. This sub-criterion is therefore not considered
fo be a strong differentiator between Option 5 and Option 6.

Operational Environmental Impacts: Option 6 would result in the minor disturbance of seabed sediments

as the pipeline is cut info sections and removed. It is expected that the short and limited nature of the
disturbance would allow the rapid recovery of the seabed and benthic fauna, hence Option 6 scored highly
on the global scale (0.92). The seabed would also be disturbed in Option 5 by the deposition of the new
rock-dump. This would probably result in a larger area of disturbance in order to create the overtrawlable
profile of the deposited rock and so for pipeline PLO50/N0401 this option had the lowest score of all the
opfions in this subcriterion (0.79). Neither option is expected fo result in significant environmental impacts
nor is the difference in the assessment of such impacts for the options very great, so this sub-criterion is not
considered fo act as a strong differentiator between the options.

Legacy Environmental Impacts: The full removal of the pipeline in Option 6 will completely eliminate the
legacy environmental impacts which might occur as the pipeline degrades and disintegrates. It was therefore
accorded the highest score on the global scale (1.00). In Option 5 the pipeline and any disintegration
products and hence environment impacts, including seabed litter, would be contained within the rock-dump
and the effects would therefore be limited. The addition of the rock in Option 5 would have the potential

fo cause environmental changes as a result of the local change in habitat and colonisation by different
species more typical of rocky substrates. DNV GL did not consider this impact fo be significant, however,
because areas of hard substrate are already present in the Field; the Brent seabed is known fo be littered
with rocks and boulders in various places.. The score for Option 5 has been reduced to 0.85 because of
the amount of rock to be used in this option (51,000 tonnes). Overall, no significant environmental impacts
are expected to occur and we have concluded that the sub-criterion ‘legacy environmental impacts' is not a
strong differentiafor between the opfions.

Safety Risks to Other Users of the Sea: The other users of the sea who would be exposed fo safety risks

from the pipelines are fishermen who might trawl over the pipelines and snag their fishing gear. We
commissioned Anatec to assess the potential safety risks to fishermen for the decommissioning options [20]).
These assessments assumed that all the safety zones around subsea infrastructure had been removed and as
such were a worst case assessment. In Option 6, the pipeline would be removed and any risk fo the
fishermen would be eliminated. The total PLL for fishermen in Option 5 was calculated to be 0.0428 which
means that if pipeline PLO50,/N0401 were fo be decommissioned 23 times by covering in rock-dump, there
might be one fisherman fatality over the predicted lifetime of the pipeline (280 years). Anatec estimated that
the annual PLL in Option 5 for this pipeline was 7.14 x 10° which, when compared to the annualised PLL
threshold for oil and gas industry E&P projects (1 x107), is well within the tolerable range.

There have been no reported incidents of fishing gear inferactions or accidents during the time this pipeline
has been in place. We will remain responsible for any section pipeline which remains /i sitv and we will
ensure that any section of any pipeline which remains above the mean seabed level is marked on
navigational charts and is registered in the FishSAFE database used by commercial fishing vessels. Although
the sub-criterion 'safety risks to other users of the sea’ is a differentiator between Option 5 and Option 6, the
potential risk to fishermen in Option 5 is considered to be acceptable.
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Conclusion: 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 two
bestperforming options, Option 5 and Option 6. The supporting data do show differences, however,
particularly in the sub-criterion “safety risk to other users of the sea” (fishermen), although the risk to fishermen
in both options is low or eliminated. Estimating the longterm safety risk for fishermen is complex and
uncertain. In addition, the assessment of safety risk used in the CA assumed that the 500 m safety zone
around the Brent Alpha platform would no longer be in place. In redlity, if derogation from the OSPAR 98/3
Decision were granted for the Brent Alpha jacket footings, we would apply to the HSE for the 500 m safety
zone fo remain in place. Overwhelmingly, the assumptions used in the calculations of safety risk to other
users of the sea have been conservative, and we believe that their individual and combined effects have
been fo overestimate the likelihood that fishing gear will snag on degrading pipelines on the seabed and
that snaggings will lead to accidents and that accidents will lead fo fatalities. However, the risks to fishermen
are less amenable to mitigation than those fo project personnel. They are not under the control of the project
and would be reduced mainly by the application of good navigation practice and seamanship, by the use
of present and future aids to navigation and by the use and maintenance of systems such as FishSAFE.

Option 6 would completely eliminate any future safety risk to fishermen but this would require an expenditure
of £9.28 million which is a significant increase in expenditure when compared with either Option 5 ‘Rock-
dump whole length” or Option 4 ‘Trench and backfill whole length’, which is the remaining offordable option
that would significantly reduce the longterm safety risk to other users of the sea. When the performances in
all other sub-criteria show no significant differences, cost can be considered to be a driver. Mindful of the
views expressed by the SFF during informal discussions, however, we wished to investigate if a more cost
efficient compromise could be achieved between reducing safety risk to other users (fishermen) and project
expenditure. To this end, the data for Option 4 ‘Trench and backfill whole length” were re-examined because
this option would result in a halving of the potential safety risk to fishermen.

In Option 4 the potfential safety risk to fishermen over the predicted lifetime of the pipeline is half that
estimated for Option 5 (Plls of 0.0214 and 0.0428 respectively). This reduction in the PLL would be
accompanied by a slight increase in the safety risk to project personnel (from a PLL of 0.0005 in Option 5 to
a PLL of 0.0009 in Option 4, but this is not a significant increase and we are confident that the risk to
project personnel in Option 4 could be demonstrated to be ALARP. Trenching and backfilling the pipeline
would have an increased operational environmental impact when compared to Option 6 because there
would be greater disturbance of the seabed sediments, but Option 4 would have less of an operational
impact compared with Option 5. Once operations were completed the pipeline would be entirely buried
and this would minimise the legacy impacts of the degrading pipeline (as rock-dumping would in Option 5)
but without the potential for altering the seabed habitat by the use of a large volume of additional rock.
Option 4 therefore performs better than Option 5 in the sub-criferion ‘legacy environmental impact’,
achieving the highest possible score (1.0) on the global scale. This is the same score as Option 6 ‘Recover
whole length by cut and lift’, but it is noted that there is a difference between a negligible impact in Option
4 and the absence of an impact in Option 6.

In Option 4 the trenching of the pipeline would use slightly more energy and generate slightly more gaseous
emissions than Option 6 because the pipeline material would not be retumed to shore, but it would use less
energy and generate less gaseous emissions than Option 5. These differences in the calculated values are,
however, small.

Because of the changeable and difficult seabed conditions known to exist in the Brent Field, trenching the
pipeline is thought to be slightly more difficult than removing it by cut and lift or rock-dumping the whole
length. The difference in feasibility is not great, however, and Option 4 sill scores relatively highly on the
global scale in this sub-criterion (0.80).

Recommendation for Pipeline PLO50/N0401: Option 4 presents what we believe o be a balanced
recommendation in which the concerns of our stakeholders can be addressed with only a minimal increase in
the safety risk to our own project personnel, which remains af a level within the tolerable range. Although
Option 4 would not completely remove the legacy environmental impact as in Option 6, it would result in
less of an impact than Option 5. This more desirable outcome can be achieved with a marginally greater
operational environmental impact than Option 6 and a smaller operational impact than Option 5. Once the
pipeline is trenched, the additional area available for fishing would be the same as would be available if the
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pipeline had been removed. These benefits can be achieved with a very minor increase in project
expenditure when compared with Option 5 (approximately £15,000) as opposed to the significant cost
required fo remove the pipeline completely. We have therefore concluded that the recommended

decommissioning option for PLO50/N0401 is Option 4 ‘Trench and backfill whole length’.

19.6.6 Discussion of the Recommended Option for the Quantitative Pipeline to be Left Partially Trenched
and Backfilled with Isolated Rock-dump.

Results: This is the recommended option for one line PLOOT/NO0501, the 30" 35.9 km export line. Five
options were consider for this line (Table 79). Table 84 shows the total weighted scores of the options for
this line and Figure 115 illustrates the results. On the basis of this assessment the ‘CAtecommended’ option
for PLOOT/NOS501 is Option 8 Partially trench and backfill, with isolated rock-dump’. It has a total weighted
score of 81.42 in confrast to the next best score which is 80.89 for Option 6 ‘Recover whole length by cut

and ift".
Table 84  Transformed and Weighted Sub-criteria Scores for Pipeline PLOO1/NO50T1.

Sub-criterion Option 1 | Option 6 | Option 7/ | Option 8 | Option 9
Safety risk to offshore project personnel 6.64 5.91 5.64 6.54 6.56
Safety risk to other users of the sea 2.88 6.67 6.67 5.02 4.94
Safety risk to onshore project personnel 6.67 6.61 6.61 6.67 6.67
Operational environmental impacts 5.00 3.50 4.00 3.50 2.50
legacy environmental impacts 2.50 5.00 5.00 4.50 0.00
Energy use 3.82 3.66 3.79 3.67 3.59
Gaseous emissions 3.97 3.98 4.08 3.86 3.81
Technical feasibility 20.00 16.80 7.00 15.00 20.00
Effects on commercial fisheries 0.00 6.67 6.67 6.23 5.60
Employment 0.01 0.96 1.12 0.12 0.15
Impact on communities 6.67 4.00 4.00 6.67 6.67
Cost 19.97 17.13 16.65 19.64 19.56
Total weighted score 78.13 80.89 71.22 81.42 80.04
Option 1 | Lleave in sitv with no further remediation required
Option 6 | Remove whole length by cut and lift
Option 7 | Remove whole length by reverse Slay (single joint]
Option 8 | Partial french and backfill with isolated rock-dump
Option @ | Partial rock-dump of pipeline
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Figure 115 The Total Weighted Scores for Options for Pipeline PLOO1/NO0501, and the Contributions of
the Sub-criteria.
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No strong drivers have been identified under any of the weighting scenarios. Option 6 ‘Recover whole
length by cut and lift' is often ranked first under the six weighting scenarios but it never scores significantly
higher than Option 8 ‘Partial french and backfill with isolated rock-dump’. This is illustrated in Figure 116
which shows that Option 6 performs marginally better than Option 8 across a number of sub-criteria rather
than there being any strong drivers for the performance of either option. The green bars indicate sub-criteria
where Option 8 has the better performance and the red bars indicate sub-criteria where Option 6 has the
better performance.

Figure 116  Difference Chart Comparing the Weighted Scores for Each Sub-criterion of Option 6 ‘Remove
Whole Length by Cut and Lift" with Option 8 ‘Partial Trench and Backfill with Isolated Rock-
dump’, under the Standard Weighting, for Pipeline PLOO1/N0501.
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'Remove whole length by cut and |ift’ backfill with isolated rock-dump’
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Conclusion: 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 Option ¢
and Option 8. PLOO1/NO501 is the longest pipeline in the Brent Field, however, and the implications of the
pipeline to commercial fishermen must be considered. Estimating the long-term safety risk for fishermen is
complex and uncertain. Parficularly in respect to commercial fishing activity and pipeline degradation,
several important assumptions had to be accepted, and forecasts made going hundreds of years into the
future. These assumptions have been infended fo be conservative, and we believe that their individual and
combined effects have been to overestimate the likelihood that fishing gear will snag on degrading pipelines
on the seabed and that snaggings will lead to accidents and that accidents will lead to fatalities. The risks to
fishermen, however, are less amenable to mitigation than those to project personnel. They are not under the
control of the project and would be reduced mainly by the application of good navigation practice and
seamanship, by the use of present and future aids to navigation, and by the use and maintenance of systems
such as FishSAFE. Despite the fact that there have been no incidents involving this pipeline during its lifetime
we would prefer fo take sfeps fo reduce even a theoretical risk fo third parties, and by frenching and rock-
dumping the pipeline we would reduce the risk currently associated with this pipeline. Although the risks
could be completely eliminated by removing the pipeline by, for example, cut and lift, this would incur an
increase in cost of £67 million which is a disproportionate expenditure to reduce a theoretical risk.

Recommendation for pipeline PLOO1,/NO501: There have been no incidents involving this pipeline in its
current configuration, but we have limited influence on the future activities in the vicinity of the pipeline. The
cost of completely removing this pipeline is, however, substantial. We therefore intend to complete extensive
operations to reduce the theoretical future risk to fishermen by trenching and rock-dumping the shallow-
frenched sections of this pipeline. The recommended decommissioning option for PLOO1,/NO501 is

Option 8 "Partial trench and backfill with isolated rock-dump’.

19.6.7 Discussion of the Recommended Option for the Quantitative Pipeline to be Removed Completely by
Cut and Lift.

Results: This is the recommended option for PLO17/NO601 the short length (0.4 km) of 16" gas export lying
exposed on the seabed at Brent Bravo. Four options were considered for this line (Table 79). Table 85
shows the total weighted scores of the options for this line and Figure 117 illustrates the results. On the basis
of this assessment the 'CA-recommended option’ for PLOT7/N0O601 is Option 5 ‘Rock-dump whole length'.
The fofal weighted score for this option is 86.03. The next best performing option is Option 3 ‘leave tied-in
at platform, remote end rock-dumped” with a fotal weighted score of 85.89.
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Table 85  Transformed and Weighted Sub-criteria Scores for Pipeline PLO17/NO0601.

Sub-criterion Option 2 Option 3 Option 5 Option 6
Safety risk to offshore project personnel 6.66 6.66 6.66 6.66
Safety risk to other users of the sea 6.23 6.23 6.67 6.67
Safety risk to onshore project personnel 6.67 6.67 6.67 6.67
Operational environmental impacts 4.95 4.95 4.75 4.90
legacy environmental impacts 4.75 4.75 4.60 5.00
Energy use 4.98 4.98 4.98 4.98
Gaseous emissions 4.99 4.99 4.99 4.99
Technical feasibility 18.00 20.00 20.00 16.00
Effects on commercial fisheries 0.00 0.00 0.06 0.08
Employment 0.01 0.01 0.01 0.02
Impact on communities 6.6/ 6.6/ 6.6/ 6.60
Cost 19.97 19.97 19.96 19.94
Total weighted score 83.89 85.89 86.03 82.51
Option 2 leave tied-in at platform; remote end trenched
Option 3 leave tied-in at platform; remote end rock-dumped
Option 5 Rock-dump whole length
Option 6 Recover whole length by cut and lift

Figure 117 The Total Weighted Scores for Options for Pipeline PLO17/N0601, and the Contributions
of the Sub-criteria.
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No strong driver has been identified as the cause of the difference in the fotal weighted scores under the
different weighting scenarios. Option 5 ‘Rock-dump whole length” is usually ranked first, though it never
scores significantly higher than Option 3 ‘leave tied-in af platform; remote end rock-dumped’ or the other
options. The determination of the recommended option for PLO17,/NO601 has been based on the
comparison of the best full removal option (Option 6 ‘Recover whole length by cut and lift" which is the only
full removal option for this line] and the best-performing option based on the CA data (Option 5 ‘Rock-dump
whole length’). The differences between Option 5 and Option 6 are illustrated in Figure 118. The green
bars indicate sub-criteria where Option 5 has the better performance and the red bars indicate sub-criteria
where Option 6 has the better performance. The difference chart shows that there are hardly any differences
between the options except in ferms of Technical Feasibility, where Option 5 'Rockdump whole length has a
better performance than Option 6 ‘Recover whole length by cut and [ift'.

Figure 118 Difference Chart Comparing the Weighted Scores for Each Sub-criterion of Option 5 ‘Rock-
dump Whole Length’ with Option 6 ‘Recover Whole Length by Cut and Lift’, under the
Standard Weighting, for Pipeline PLO17/N0O601
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Conclusion: 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 Option
5 the bestperforming option, and Option 6 the best full removal option. Bearing in mind the preference of
the Scottish Fishermen's’ Federation (SFF) and the small difference in cost between Option 5 and Option 6
(approximately £500,000), we propose that this pipeline should be completely removed from the seabed.

Recommendation for pipeline PLO17/NO601: The recommended decommissioning option for
PLO17/NO0601 is Option & 'Recover whole length by cut and lift'.
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19.7 Recommended Programme of Work for Decommissioning the Brent Field Pipeline System

19.7.1 Introduction

The decommissioning of the Brent Field lines comprises the complefion of seven different options across the
Field (Table 77 and Table 80), which between them involve one or more of the following activities:

= Reverse reeling

= Cutting and lifting

= Trenching and backfilling
= Rock-dumping

This section describes, in general terms, the operations that would be carried out and the results that would
be achieved on successful completion of each type of decommissioning activity. The operations that would
be performed during these activities are likely to be broadly similar regardless of whether we categorised the
line as ‘qualitative” or ‘quantitative’. Detailed programmes of work for each pipeline and for each pipeline
crossing are presented in the Pipelines TD [17].

19.7.2 Third-party Pipeline Crossings

The recommended decommissioning option fakes account of the presence of pipeline crossings ,where one
of our lines goes over or under one of our active operational lines or a line belonging to another operator.
Thirteen of the Brent Field pipelines cross or are crossed by pipelines or umbilicals owned by Shell or third
party operators.

PLO52/N0402 is crossed by N990O, N9QOT and N9Q02. We propose to trench and backfill
PLO52/N0402 and to recover N9900, N9QO1 and N9Q02 by cut and lift. During these operations the
two small mefal bridges supporting N9Q0O and N9902 will also be recovered.

PLO87A/NO0738, PL987A.1-3/N0841 and PL988A/NO913 are all situated within trenches to a depth of
burial of 0.6 m or more and are all crossed by third party pipelines. The recommendation from our CAs is to
leave our pipelines in place. The crossings therefore do not need to be dismantled.

The crossings of the five remaining Shell pipelines are more complex and the details and proposed
programmes of are presented in Table 86.

Where we infend fo remove the pipeline on either side of a pipeline crossing that cannot be dismantled by
the BDP, we will sever the pipeline at an appropriate distance from the crossing to ensure that we do not
disturb the crossing or risk adversely affecting the live pipelines. If the owners of the third party pipelines
choose fo remove the pipelines which cross over the Brent pipelines, we will retumn at a later date to collect
the severed section of each pipeline for recycling or disposal onshore. Should the third party owners choose
fo leave their pipelines in place, we will consult with BEIS on the best course of action regarding the lengths
of Brent pipelines remaining in ploce.
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Table 86 Pipeline Crossings to be Decommissioned after the Brent Field Pipelines Decommissioning Programme of Work.
Proposed Pipeline Crossings
Decommissioning
Option Crossing 1 Crossing 2 Crossing 3 Crossing 4 Crossing 5
PIPELINE PLO49/NO0301
Crosses under Shell 16 inch Crosses under Shell umbilical | Crosses under BP umbilical Crosses under disused BP Crosses under 20 inch BP
gas line PLO17/NO0601 af NO830 at KP 0.127 to CO815atKP0.179 to umbilical CO801 at NLGP pipeline CO603 at
KP 0.046 to KP 0.055. KPO.131. Crossing is KP0.182. Crossing KP 0.189. Crossing is formed | KP 0.20 to KP 0.207.

Trench and Crossing is formed with @ matiressed. During the reverse | comprises two maffresses. by a small grout bag ramp. Crossing comprises eight
reneh an | t bag ramp. reeling of NO830 the four Decommissioning of CO815 | Decommissioning of CO801 mattresses. Decommissionin
backfill whole arge grov’ bag ramp 9 g g g
length PLO17/NO60OT will be matiresses at the crossing will | is the responsibility of BP. is the responsibility of BP. of CO603 is the responsibility

removed by cut and lift, so the | be recovered (Note 1). Before PLO49/NO0O301 can Before PLO49/NO0O301 can of BP. Before PLO49/N0O301
crossing will be dismantled be trenched the crossing and | be trenched, the crossing and | can be trenched the crossing
and the material removed. C0815 must be removed CO801 must be removed and CO603 must be removed
(Note 2). (Note 2). (Note 2).
PIPELINE PLO45/N0303
Crosses under Shell 4 inch Crosses under Shell 30 inch Crosses under Shell umbilical | Crosses under Shell 4 inch Crosses under Shell umbilical
gos lift line PL2228/N1141 | gas line PLO47/N0404 of N1845 at KP4.55. Crossing | gas lift line N1141 af KP N1845 at KP 4.48. Crossing
at KP 4.48. KP4.56. PLO47 /NO404 will | is mattressed. 4.52. Crossing is maffressed. | is mattressed.
Decommissioning of also be trenched and Decommissioning of Decommissioning of Decommissioning of
Trench and PL2228/N1141 is the backfilled so this crossing must | PLU2232/N1845 is the PL2228/N1141 is the PLU2232/N1845 is the

backfill whole
length

responsibility of Shell but
not the BDP. Before
PLO45/N0303 can be
trenched PL2228/N1141

must be removed (Note 3.

be removed (Note 4).

responsibility of Shell but not
the BDP. Before
PLO45/N0303 can be
trenched PLU2232/N1845
and the crossing must be
removed (Note 4).

responsibility of Shell but not
the BDP. Before
PLO45/N0303 can be
trenched PL2228/N1141
and the crossing must be
removed (Note 4).

responsibility of Shell but not
the BDP. Before
PLO45/N0303 can be
trenched, PLU2232/N1845
and the crossing must be
removed (Note 4).
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Pipeline Crossings to be Decommissioned after the Brent Field Pipelines decommissioning Programme of Work

Proposed
Decommissioning
Option

Crossing 1

Crossing 2

Crossing 3

PIPELINE PLO17/NO60

Recover whole

length by cut and
lft

Crosses under BP 20 inch NLGP gas pipeline
C0603, from Magnus to Brent A at KP 41.2.
NO60O1 is matiressed. Decommissioning of CO603
is the responsibility of BP. Before PLO17/NO60 ]
can be removed, CO603 and the associated
crossing must be removed (Note 2).

Crosses under Shell umbilical NO830 from Brent A
to SSIV at KP 41.15. Crossing formed with concrete
saddle and mattresses. The BDP will recover the
concrete saddle and mattresses which form the
crossing during the reverse-reeling of NO830

(Note 1).

Crosses over Shell hazardous drains line NO301
from Brent A to Brent SPAR PLEM at KP 41.10.
Crossing formed with large grout bag ramp.
NO301 will be trenched and backfilled; therefore
the crossing will be removed during the recovery of

PLO17/NO601 (Note 1).

PIPELINE PLO47 /N0404

Trench and
backfill whole
length

Crosses over PLO45/N0303 at KPO.0O10.
PLO45/N0303 will also be trenched and

backfilled; therefore the crossing must be removed

(Note 4).

Crosses under PL2228/N1141 at KP 0.050.
Decommissioning of PL2228/N1141 is the
responsibility of Shell but not the BDP. Before
PLO47 /N0404 can be trenched PL2228/N1141

and the mattresses at the crossing must be removed
(Note 3).
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Table 86, concluded

Pipeline Crossings to be Decommissioned after the Brent Field Pipelines decommissioning Programme of Work

Proposed
Decommissioning
Option

Crossing 1

Crossing 2

Crossing 3

Crossing 4

Crossing 5

Crossing 6

Crossing 7

PIPELINE PLOO1/NOS501

Partial trench and

backfill

Crosses under
Fairfield Energy
power cable
N1826 from Brent
Charlie to Dunlin at
KP 0.15. Crossing
is mattressed (Note
2).

Crosses under BP
20 inch NLGP gas
pipeline
PL164,/C0O603 from
Magnus to Brent
Alpha at KP 5.46.
Crossing is rock-
dumped (Nofe 2).

Crosses under BP
24 inch oil line
PL139/C0503 from
Magnus to Ninian
Central at KP 8.56.
Crossing is rock-

dumped (Note 2).

Crosses under
TAQA Bratani
ltd. 10 inch gas line
PL114/N0602
from North
Cormorant to
Welgas Junction at
KP 30.98. Crossing
is rock-dumped
(Note 2).

Crosses under
TAQA Bratani Lid.
umbilical NO8O 1B
from Cormorant A to
Satellite well P1 at
KP 34.42. Crossing
is rock-dumped.
(NO8O1B is listed in
Shell imaps* as
decommissioned).

(Note 2).

Crosses under
TAQA Bratani ltd. 2
x 3" flexible
flowlines NO701B
from Cormorant
Alpha to Cormorant
Satellite well P1 af
KP34.6. Crossing is
rock-dumped.
(NO701B is listed in
Shell imaps as
decommissioned).
(Note 2).

Crosses under
TAQA Bratani Ltd.
umbilical
PL169/N0O803
from Cormorant A to
Cormorant UMC at
KP 35.9.
(PL169/N0803 is
listed in Shell imaps
as decommissioned
and as being with
line NO802). (Note
2).

Notes: 1.

This work is the responsibility of the Brent Decommissioning Project (BDP).

2. These Brent pipelines run undemeath these third party pipelines; the third party pipelines must be taken out of use or removed before the Brent pipelines
can be fully decommissioned.

This crossing is the responsibility of Shell U.K. Limited but not the Brent Decommissioning Project.

4. The crossings of these pipelines may be covered by a significant amount of drill cuttings. Should this be the case the crossings and the associated lengths
of pipeline will remain in place to prevent disturbance of the drill cuttings. Full details are presented in the programme of work descriptions for these
pipelines.

“ Imaps is Shell's Geographical Information System (GIS) for recording the status of all of its facilities
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19.7.3 Span Remediation

Ten of the twenty-eight Brent Field pipelines will be completely removed, thus removing any spans that are
present. One pipeline is completely buried under rock-dump and therefore is not expected to span. Ten
pipelines will be trenched and backfilled. Four of the pipelines will remain in their existing frenches. The
shallow frenched sections of PLOOT/NO501 will be remediated with frenching and rock-dump, and the
FishSAFE spans thought to be present on PLOOT/NOS501 will be removed by cut and lift if they still exist. If
any spans are found on the eighteen pipelines that remain in the Field after the decommissioning operations
we will discuss possible remediation options with BEIS and agree the most appropriate action on a case-by-
case basis.

19.7.4 Brent Bypass Project

In order to allow the continuing export of gas through the VWLGP and FLAGS export routes a separate project
is being undertaken by Shell to reconfigure the pipeline network. This project is referred to as the Brent
Bypass Project (BBY) and some of the activities of this project will affect pipelines in the BDP. The BBY project
is being executed in two phases. In Phase 1 the Northern leg Gas Pipeline (NLGP) (from the Magnus
platform) and WILGP (from the Ninian Central platform) will be disconnected from the Brent Alpha platform.
The gas from the NLGP and WLGP will be commingled at a new subsea NL-WL PLEM structure. In Phase 2
the FLAGS pipeline will be disconnected from the Brent Alpha platform and existing VASP structure with the
fluids and associated gas routed to a new FLAGS PLEM before onward transmission to shore via the
remaining length of the FLAGS pipeline [PLO0O2/NO0201). Phase 1 work is due to commence in 2016 and
be completed in 2017 It is anticipated that Phase 2 work will be completed in 2019.

19.7.5 Phases of Work

The Brent pipeline system will be decommissioned in a programme of work extending over several years.
Inifial phases will be carried out before the topsides are decommissioned because fluids and residues flushed
from the pipes will be fransported to shore via the topsides. Once flushed, however, some lines may be left
on the seabed for a time until they can be decommissioned in a cost-effective ‘campaign’.

19.7.6 Subsea Cleaning and Preparatory Work

Each of the Brent pipelines will be cleaned prior to decommissioning. The cleaning operations will be
complefed under the appropriate permits and reporting requirements. For those pipelines already submitted
fo the Interim Pipeline Regime (IPR), which have already been cleaned, we will confirm that the previous
cleaning is sufficient under the present legislation. If so, no further cleaning will be undertaken.

Cleaning operations will include pigging operations, and chemical and seawater flushing, as determined by
the confent and configuration of the pipeline. Some pipelines are not connected to any pigging facilities and
would require temporary pipework fo be fitted or alternative arrangements to be made.

The infention is to clean the pipelines from one platform to another using the existing connections fo push the
pipeline contfents through the system. Depending on the function of the pipeline and the nature of the
confaminants found within the cleaning fluids, the waste at the receiving platform will either be stored in tanks
and fransported fo shore for treatment and disposal, or discharged fo sea under permit.

In cleaning the pipelines, we are required to demonstrate that BAT has been employed, and tothis end we
will de-oil or de-gas the pipeline before commencing cleaning operations. In 2016 we had the opportunity
to frial our cleaning methodology with PLO46,/NO304 (the oil export line from Brent Delta to Brent Charlie]
and PLO44,/N0405 (the gas export line from Brent Delta to Brent Charlie). Cleaning of these pipelines was
required so that we could sever the pipelines at Brent Delta to allow the Brent Delta topside to be lifted
away. At the time of the cleaning operation the final decommissioning recommendation for these pipelines
had not been confirmed; we therefore intended to leave both these pipelines in such a condition that either a
leave in place or full removal option was possible.
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Full details of the proposed flushing operations on each Brent Field pipeline are presented in the Pipelines TD
[17]. In summary, our proposed programmes for the three types of line are as follows

e Oil pipelines will be treated using a mixture of seawater flushes and mechanical pigging runs.
If flushing operations are insufficient we may consider using chemicals to assist in the removal of
waxy deposits. When repeated sampling of the flush water indicates that a plateau in the
concentration of oil-inwater (OIW) has been reached we will confirm with BEIS that flushing
operations can sfop. Any solids will be collected and returmned to shore for treatment and disposal.

e Gas pipelines will be flushed. No heavy deposits are expected in these pipelines and so it is
likely that flushing will successfully remove any free hydrocarbons from the pipeline. As with the oil
pipelines, samples will be taken and when no further improvement in OIW concentrations are found
a report will be sent to BEIS to confirm that flushing operations can be stopped.

e Umbilicals will flushed before being severed, capped and removed.

19.7.7 Removal of Subsea Mattresses and Grout Bags

Mattresses and grout bags will be removed from the seabed to effect the decommissioning of the structures
and pipelines, as defermined by their proposed programmes of work. Should any problems be encountered
with the removal of the matiresses we will consult with BEIS on the most appropriate course of action. Some
mattresses will be intentionally left in place on the seabed if this is required by the recommended
decommissioning option for the pipeline. All refrieved mattresses will be taken to shore for recycling or
disposal.

The mattresses at Brent South which are already covered with rock-dump will remain in place. All concrefe
mattresses and grout bags associated with subsea structures and pipelines which are to be removed will also
be removed. If any problems are encountered with these operations we will contact BEIS for guidance.

The infention is to recover the mattresses using speed-loaders or lifting baskets because it is likely that the
ropes which form the lifting points have degraded, and may not be strong enough to bear the full weight of
the mattresses when lifted. On the seabed, the matiresses will be loaded info the speed-loader or basket
using a lifting frame (which would require divers) or a matiress grab. The mechanical matiress grab is unlikely
fo be able fo lift those matiresses that are closely associated with seabed structures, and these mattresses will
either have to be dragged clear or lifted clear using a frame. Five mattresses can be lifted at a time in @
lifting basket; speed-loaders can recover up fo six matiresses in each load and use less deck space than
lifting baskets.

Grout bags set and harden when immersed in water, and when packed close together they may adhere to
each other, forming large heavy masses on the seabed. In such circumstances the grout bags cannot be
removed by ROV and the safest and most efficient method is fo use a mattress grab. Once lifed from the
seafloor the grout bags will be recovered to the vessels in debris baskets and disposed of onshore.

The removal of concrete mattresses and grout bags will cause very minor, localised and short-lived
disturbances fo the seabed and benthic communities in the immediate vicinity. Recovery of the seabed should
begin as soon as the seabed activities have been completed.

19.7.8 Operations for Reverse Reeling
These operations will be performed on PL1955/N0310, PL1955/N0311, NO830, N1844 and N2801,

a fofal of approximately .8 km of line. It is likely that the removal and recovery operations will be conducted
from an MSV with a carousel. After the line has been cut or detached from any platform or subsea structure
an anchor 'head’ will be fitted at one end fo fix it to the seabed. A liffing head will be fitted af the other end
of the line, which will then be pulled up to the MSV. The line will then be wound under tension onfo a large
reel and fransported to shore where it will be unspooled for treatment and recycling or disposal.

19.7.9 Operations for Removal by Cut-and-lift

These operations would be performed on PLO51/N0402a, N9900, N9QO1, NQOO2 and
PLO17/NO601, a total of approximately 7km of line. The pipelines will be cut info sections approximately
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25m long using an ROV fitted with a cold-cutting tool such as a diamond wire system or shear cutters. It is
likely that the operations will be conducted from an ROV Support Vessel (ROVSV) or DSV. The sections will
be lifted to the vessel and transported to shore for dismantling and recycling. Some excavation may be
required for those lines which are partially covered or in a trench and this would probably be carried out by
water-jetfing.

CutandHift is a standard operation in the North Sea and can be completed without excessive safety risks fo
offshore personnel. The cuts would be made using an ROV, which reduces the need for divers. Should the
lines be so weak that the ‘standard’ lengths of cut lines could not be lifted safely the lines would either be cut
info shorter lengths or recovered to the surface in a debris basket.

19.7.10Operations to Disconnect, Trench and Backfill

This operation will be performed on PLOO2/N0201, PLO49/NO0301, PLO48,/N0302, PLO45,/N0303,
PLO46/N0304, PLO50/N0401, PLO51/N0402, PLO52/N0403, PLO47 /0404, PLO44,/N0405,
NOQO3A and N9QO3B, a total of approximately 34.9km of pipeline.

The pipelines would be disconnected from the platform or subsea structures af each end, and the tie-in spools
removed by cut and lift for onshore recycling or disposal. The main section of the pipeline would be trenched
and backdfilled over the whole length to a depth of 0.6m to top of pipe (TOP). On pipelines with a diameter
greater than 24 inches, a mechanical frenching tool would be used followed by backdilling by another toal.
For lines with a diameter of less than 24 inches, trenching and backdilling would be achieved simultaneously
using a water-jet frenching tool. Should any problems be encountered with achieving a 0.6m depth of trench
fo TOP we would consult with BEIS regarding the options for appropriate remediation. Such options might
include rerenching the pipeline such that the TOP was at least below the mean seabed level, removal of the
section of the pipeline, or the addition of material to the seabed fo mitigate any snagging risk to fishing
gear.

19.7.11 Operations to Partial Trench and Backfill with Isolated Rock-dump

This operation would be performed on the 35.9 km long line NO501. An ROVSV will perform preparatory
works including spool piece recovery, recovery of the 62 matiresses already over the pipeline, and boulder
clearance in the areas fo be trenched. The trenching and backfilling operations will probably require the use
of a mechanical trencher and separate backfilling tool. As with all rock-dumping operations in the Brent
decommissioning programme of work, the rock-dump will be deposited by a flexible fallpipe vessel (FFPV).

All shallow-renched sections (<0.6 m below mean seabed level) will be remediated. Where possible, we
will french all the sections that are long enough to allow the deployment of the trenching and backfilling
equipment. Where the sections are foo short or where trenching does not reach the required depth of 0.6 m
to TOP rock will be used to provide sufficient cover over the pipeline to mitigate the snagging risks fo
fishermen. Trenching will not be possible af the seven crossings over this pipeline if they remain in place. As
necessary at these locations, we will stop trenching operations and may add more rock cover on either side
of the crossings to prevent snagging. All of the seven pipelines are operated by third parties; four of them are
still in operation and three are disused. We will liaise with the owners of these pipelines fo coordinate the
decommissioning works. Details of how we will deal with each crossing on this line are presented in the

Pipelines TD [17].

19.7.12 Operations for Rock-dumping
Four pipelines, PL987A/N0738, PL987A/N0739, PL987A 1-3/N0841 and PL988A/NO913, a total of

approximately 17.Tkm of line, will be remediated by the placement of approximately 30m of rock-dump at
the cut ends (total length of rock-dump approximately 120m). This will ensure that the cut ends are covered
by atf least 0.5m to TOP. The general procedure for rock-dumping operations was summarised in Section

19.7.11.
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19.7.13 Onshore Dismantling, Treatment and Disposal of Retrieved Material
Retrieved lines or sections of line will be treated and disposed of at suitably licensed onshore sites.

They may have fo be cut info shorter sections for handling and treatment onshore, and this could be done
using hot or cold cutting techniques. Further infemal cleaning of lines may be required either before or after
this operation, depending on the diameter, length and cleanliness of the retrieved line.

Sections of line will then be separated info their component materials for recycling or disposal as
appropriate. Concrete-coated lines will, if practicable, be treated by a concrete-crushing machine to shatter
and remove the concrefe coating; the steel would then be recycled and the concrete would probably have
fo be disposed of to landfill.

19.7.14Final Condition of the Brent Field Pipeline System

If these recommendations were adopted 10 of the 28 Brent lines would be removed or partially removed.
The final disposition of the pipelines and their materials would be as shown in Table 87 and Table 88, and
the final layout of the pipelines in the Field would be as show in Figure 119.

Table 87 Present and Proposed Condition of Brent Field Pipelines.

S Fielie Sy On Completion of Proposed Decommissioning
Condition Programme
Length (km) Proportion (%) Length (km) Proportion (%) | Change (km)
Laid on seabed 47 .2 46.3 0 0.0 -47 .2
Trenched 54.6 53.6 78.9 77.5 +24.3
Rock-dumped 0.03 0.03 9.03 8.9 +9.0
Removed to shore 0.00 0.0 13.9 13.6 +13.9
Totals 101.8 100 101.8 100 0.0

Table 88 Final Disposition of Main Materials in the Brent Pipeline System.

. Material Weight | Material Removed to | Material Left in Field
Material

(tonnes) Shore (tonnes) (tonnes)
Steel 25,129 1,125 24,004
Concrefe (excluding matiresses) 21,896 542 21,353
Concrete mattresses 1,762 1,055 707
Protective coatings and plastics 1,513 165 1,348
Total 50,300 2,887 47,412
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Figure 119 Final Status of Pipelines in the Brent Field.
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19.8  Environmental Impacts of Decommissioning the Pipeline System

19.8.1 Stakeholder Environmental Concerns

For the suite of recommended options for the Brent Field pipelines, the specific environmental concerns or
issues raised by our stakeholders were:

e Continued loss of access to fishing grounds.

e Potential for presence of long-term snagging risk for bottom-towed fishing gear.
e Accidental discharges or releases of hydrocarbons or chemicals to sea.

e Disturbance to seabed and benthic fauna, especially from additional rock-dump.

e Impoacts to local communities at onshore dismantling sites caused by noise, dust and odour.

19.8.2 Potentially Significant Impacts in ES

DNV Gl have undertaken a defailed assessment of the potfential environmental impacts of the proposed
decommissioning options for each of the 28 lines in the Field and this is fully reported in the ES [5]. This
section summarises their findings, concentrating only on those impacts that were worse than ‘small negative’
or better than ‘small positive’.

Figure 120 presents DNV Gl's assessment of the impacts of the whole pipeline decommissioning
programme. The most significant negative impacts are in the ‘marine’ category which was assessed as
'moderate negative, and in the ‘resource use’, ‘legacy’ and ‘energy and emissions’ categories which were
all assessed as being ‘small-moderate negative’.

Figure 120  Environmental Impacts of Completing the Whole Proposed Programme of Work for the Brent
Field Pipeline System.
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Marine Impacts from operations

Decommissioning the pipelines would result in marine impacts associated with the disturbance of benthic
fauna and habitats caused by operations such as cut and lift, reverse reeling and trenching and rock-
dumping, and with disturbance caused by noise generated by vessels and operations such as underwater
cutting. When viewed in isolation these impacts are generally small for the individual pipelines except

PLOO1/NO501) because:

e The total rock-dump for the programme (excluding PLOO1/NO501) is only approximately
2,000 tonnes.
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e Removal by cut and lift will cause only very local, transient and fully-reversible impacts on benthic
communities within a few metres along the 13.9km of line to be removed, as a result of the
disturbance of sediments and/or smothering by sediments. Locally, noise levels may be elevated for
a time during the offshore operations. The combined impact to the marine environment would,
however, be small, because the impacts are tfemporary and reversible.

e With the exception of PLOO1,/NOS50T1, only short lengths of new rock-dump will be created,
impacting a very small proportion of the ICES rectangle, and all new rock-dumps will be verified as
being overtrawlable. Although areas of rock-dump can be a concern for demersal trawlers,

DNV Gl estimated that the longterm effect of these short sections would be small.

The main confribution fo the assessment of impacts in the category “marine” is the decommissioning of the
35.9 km long 30 inch export line PLOOT/NO501, which will involve both trenching and rock dumping. We
estimate that the isolated areas of rock-dump on this line would require a tofal of approximately 147,000
fonnes of rock-dump. As well as causing a permanent change to the seabed (see “legacy” below) rock-
dumping on such a scale will cause direct impacts by smothering the benthic fauna under and adjacent to
the areas of rock-dump.

Viewed together, the various proposed operational activities in the whole pipelines programme of work
would result in impacts in the “marine” category that were assessed by DNV Gl as being “moderate
negative”. The main sources of impact were rock-dumping, trenching and the noise from vessels, and there
was a major contribution fo the overall impact from work on the long export line PLOOT/NO501.

Llegacy impacts from pipelines left in place

Approximately 47km (46%) of the 103km of line covered in DP2 is presently laid on the surface of the
seabed and 55km (54%) is trenched (Table 87). On completion of the proposed programme of work no
pipeline, umbilical or cable will remain uncovered on the surface of the seabed; all 47km of such line will be
removed to shore. The main legacy impacts of the proposed programme therefore arise from the trenching
and rock-dumping of approximately 33km of line (comprising 24km of new trenching and 9km of new rock-
dump). In particular, we have assumed that of the estimated 29km of PLOO1/NO501 that requires
remediation (because the top of the pipe is less than 0.6m below the level of the seabed), 30%
(approximately 8.6km) will require rock-dumping because further frenching will not be completely successful.
The creation of new areas of rock-dump along a fotal of approximately 9km of line will result in o permanent
change fo the nature of the seabed, although it is nofed that the areas of rock-dump, including on
PLOOT/NO501, are not necessarily continuous. If the rock-dump is 10m wide on either side of the line the
total area of seabed covered would be approximately 0.2km?, about 0.007% of the ICES rectangle. The
new rock-dump will permanently change the character of the seabed and provide a new and different type
of surface and habitat for marine life.

Overall, DNV Gl assessed the potential legacy impacts from the proposed programme of work as being
"small-moderate negative”, primarily as a result of the extensive new rock-dumping that may be required on

PLOO1/NO501.

We estimate that the frenched or rock-dumped lines on the seabed will remain extant for 150-600 years
(depending on the line) before they essentially disappear and are incorporated into the seabed sediment.
On concrefe-coated lines the light steel reinforcing mesh will corrode and expand, causing the spalling of the
outer shell of the coating. Seawater will then penetrate to the steel below and surface corrosion will begin.
At the same time seawater inside the line will initiate corrosion of the inner face, although this will be very
slow to begin with because of the lack of oxygen within stretches of intact line that are distant from holes and
openings fo the sea. Pinhole corrosion of the outer face of the line and corrosion of the inner face by
sulphate reducing bacteria will eventually create holes which will allow oxygenated seawater inside the line.
Double-sided corrosion may then take place, and this will accelerate the rate of degradation. Within the
trench or under the rock-dump, the remains of the concrete coating will spall and the line may begin to break
info shorter lengths. In the final stages of degradation the steel line will corrode completely and crumble, and
the remains of the concrete coating will collapse. The degraded remains of the line will lie within the trench
or under the rock-dump.
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19.8.3 Energy Use and Gaseous Emissions

We estimate that the whole proposed programme of work for the Brent Field pipeline system would use
about 1,003,500 GJ of energy and have total emissions of about 78,000 tonnes CO, (Table 89). These
esfimates include the energy and emissions associated with the replacement’ by new manufacture of
otherwise recyclable material that was left in the sea. For the recommended programme this accounts for
some 94% of the total estimated energy use and gaseous emissions. The total estimated ‘direct’ use of energy
and 'direct’ CO; emissions would be approximately 62,000 GJ and 5,000 tonnes respectively.

Table 89 Total Energy Use and Gaseous Emissions from Programme of Work to Decommission Brent
Pipeline System.

Emissions to Atmosphere (tonnes)
Operations Energy (G))
CO, NOx SO,
Direct
In marine operations, onshore
dismantling, and recycling 62,016 4,761 83 63
Recycling
Replacement of material left af sea Q41,495 72,870 310 125
Total 1,003,511 77,631 393 188

19.9  Mitigation Measures for Pipelines Programme of Work

e All oil and gas lines will be depressurised, de-oiled and flushed with seawater to reduce the
amounts of residual hydrocarbons they contain.

e The campoaign(s) fo remove or freat offshore pipelines and umbilicals will be conducted under all
necessary permits.

o Appropriate Notfices to Mariners will be issued to alert other users of the sea to proposed offshore
operations.

o The size, extent and profile of each area of rock-dump will be carefully planned. Suitably graded
rock will be accurately placed around the linefs) using a dedicated specialist rock-dump vessel with
a fall pipe.

e Where pipelines or umbilicals have been removed an overtrawling survey will be conducted by an
independent organisation fo ensure that the area is free of debiris.

e On completion of offshore operations other users of the sea will be advised of the changed status or
condition of each line and the information will be entered info the FishSAFE system.

o Pipelines and umbilicals retrieved to shore will be treated, recycled or disposed of through
suitably-licensed onshore sites.

e Asfar as practicable all the different materials in the lines and umbilicals will be segregated info
different waste streams to maximise the amount of recycling. It is impracticable, however, fo strip
down some composite umbilicals and a small proportion of the mass of lines removed will have to

be disposed of to landfill.
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20  PROGRAMME OF WORK FOR DEBRIS CLEARANCE

20.1  Introduction

On completion of all the approved offshore decommissioning operations we will locate and remove all
visible items of oil and gas debris within a 500 m radius of each installation and the centre of the former
Brent South site, and along a 200 m wide corridor centred on each pipeline. If we know of any exceptional
or large Brentrelated items in the Field at greater distances from the facilities we will remove these as well.

20.2  Description of Debris ltems

In 2006 and 2012 we carried out detailed surveys of the extent and nature of the seabed debris around the
four installations, the Brent South subsea site, and the routes of all the pipelines; the findings of these surveys
are presented in the Pipelines TD [17]. We found that within 500 m of each platform and along the 200 m
wide corridor centfred on each pipeline there is a total of approximately 5,000 items of debris more than
0.5 m in size, which together may weigh approximately 109 tonnes. The vast majority of this material is
steel scaffolding poles; a very large quantity of scaffolding has been used in the 40 year history of the Field
during platform upgrades, inspections and routine maintenance operations. Scaffolding erected around legs
and the lower parts of offshore platforms is easily damaged or dislodged by wave action, even in summer.

Figure 121 shows an example of the debris items we identified in our 2006 debris survey, in this case at
Brent Charlie. Figure 122 illustrates the typical debris that has accumulated on the top of the GBS cells and
Figure 123 shows the same cell after removal of the debris.

Figure 121  Debris Around the Brent Charlie Platform, 2006.
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Figure 122 Debris on Top of a Brent Delta GBS Cell.
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Figure 123 A Brent Delta GBS Cell-Top after Removal of Debris.
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20.3  Removal of Debris

We will locate and remove all visible items of oil and gas debris within a 500 m radius of each platform
(and the centre of the former Brent South site) and along a 200 m wide corridor centred on each pipeline.
We anticipate that the majority of these items will be historical items of debris already surveyed and
mapped, but we will also remove any items of debris that have accidentally arisen as a result of the
permitted decommissioning operations. If we know of any exceptional or large Brentrelated items in the
Field at greater distances from the facilities we will remove these as well. As part of the debris programme,
we will remove the drill guide base at the Brent 7 site (Figure 110) which is the only subsea structure
remaining at the site of this former well.

We have started o remove all the exposed debris from the tops of the GBS caissons, using a platform-based
ROV, and we will continue this programme for as long as it is practicable, efficient and safe to do so.
Thereafter, all operations to remove debris will be performed from vessels. It is most likely that all the vessel-
based operations to remove debris will be conducted in one or more ‘campaigns’ when the proposed
decommissioning programmes for the platforms and the pipelines have been completed.

Debris items will probably be removed using a combination of ROVs, baskets and vessel cranes, and the
programme may extend over more than one season (Section 21, Schedule). All the recovered debris will be
refurned fo shore for recycling or disposal as appropriate.

20.4 Seabed Clearance Survey

Once we have complefed the programme to remove debris originating from oil and gas operations we will
engage an independent contractor fo carry out a comprehensive sweep of the 500 m radius zones and the
200 m wide corridors, to defermine if they are now free of items that could snag on bottom-towed fishing
gear. The confractor will produce an independent report of their findings and we will submit this to BEIS and
publish it on our website.

20.5 Final Condition of the Offshore Site

On completion of the above programme it is our intention that, within the 500 m zone around each of the
five sites and along the 200 m corridor centred on the route of each pipeline, there will be no items of debris
capable of snagging bottom-fowed fishing gear.

20.6  Environmental Impacts of Debris Clearance

20.6.1 Stakeholder Environmental Concerns

For the proposed programme of work for the removal of debris, the specific environmental concerns or issues
raised by our stakeholders were:

e Accidental discharges or releases of hydrocarbons to sea.
e Accidental loss of debris items to sea during their recovery.
e Disturbance of drill cuttings piles.

e Disturbance to the benthos.

20.6.2 Impacts of Offshore Operations

The potential impacts of the programme to remove debris are associated with (i) the disturbance of the
natural seabed and the local turbidity caused by resuspended material and, (i) the possible disturbance of
historic drill cuttings piles. The impacts of the programme to remove debris are included and discussed in
Section 18.4 describing the impacts of the removal of the four sub-sea structures.
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Debris will be removed by ROV in one or more ‘campaigns’ each lasting several weeks. Some natural
sediment and some OBM cuttings may be disturbed as visible items are extracted, but no excavation

of natural sediment or drill cuttings will take place. Any impacts on the benthos or water column will thus be
very small, of very limited extent and duration, and fully reversible. The ES found that the most significant
negative impact from these activities, collectively, was disturbance to the seabed and benthos which was
rated ‘small-moderate negative’. There were no positive impacts.

After decommissioning the pipelines and umbilicals, removing the seabed structures, and removing all

items of debris, the areas around each site and along each line will be swept fo verify that they are free

of obstructions to bottomfowed fishing gear. An area of about 25 km? (about 0.8% of ICES rectangle 51F1)
would be swept by a strong steel net. Like trawling, this activity will physically disturb the upper 5-10 cm of
the seabed, re-suspending natural sediment info the water column which will then resetile. Care will be taken
fo ensure that the visible drill cuttings piles at the five Brent sites are not disturbed by the debris sweep.

20.6.3 Onshore Impacts
Retrieved material will be recycled in established licenced sites. There will be no negative effects from these
onshore operations.

20.6.4 Legacy Environmental Impacts

If the majority of identified debris items are removed and recycled [most of the debris is metallic) there will be
no negative legacy impacts offshore or onshore.

Some items of debris might remain completely buried in undisturbed drill cuttings piles. These will very
gradually corrode or degrade, and will not be likely to cause any impacts to the benthic or pelagic
ecosystems.

20.6.5 Energy and Emissions

DNV Gl estimate that the programmes of work to remove debris and then complefe the seabed sweep
would use approximately 215,000 GJ of energy and produce approximately 16,000 tonnes of CO,
(Table 90).

Table 90 Total Energy Use and Gaseous Emissions from Programme of Work to Remove Subsea Debiris.

Emissions to Atmosphere (tonnes)
Operations Energy (G))
CO; NOx SO,

Direct

Marine operations 209,764 15,472 321 263
Onshore dismantling 258 19 0 0
Onshore fransport 199 15 0 0
Sum 210227 15,506 322 263
Recycling

Material recycling 4,893 221 1 2
Total 215,114 15,727 323 265
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20.7 Mitigation Measures for Programme of Work to Remove Subsea Debris

e The campoaign(s) fo remove and dispose of offshore debris will be conducted under all necessary
permits.

e Impacts fo the marine environment will be minimised by not disturbing drill cuttings piles; we will not
affempt to retrieve items of debris that are largely or wholly buried in drill cuttings piles.

e Underwater explosives will not be used.

e When the campaign(s) have been completed, an overtrawling survey will be conducted by an
independent organisation to ensure that the area is free of debris and that no items that might pose
a snagging risk to fishermen are present in the 500 m safety zones or along the 200 m wide
pipeline corridors.

e Materials will be freated, recycled or disposed of through suitably-licensed onshore sites.
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PART FOUR
PROGRAMME MANAGEMENT

These sections present:

1.

A high level timetable for the completion of the whole Brent Field Decommissioning programmes of
work.

A description of the pofential environmental impacts of these programmes and how we will mitigate and
manage them.

A description of the way in which we will manage the decommissioning operations and verify that the
proposed programmes of work are undertaken as described in this DP document.

A description of our proposed approach to the monitoring of structures left in the Brent Field.
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21 SCHEDULE

21.1  Introduction

Planning for the Brent Decommissioning Project began in 20006, the lengthy programme to plug and
abandon the wells started in 2008, and preparatory work offshore on topsides modules and systems began
in 2009. All this work was and is being done under all necessary permits and licences to

prepare for decommissioning, and can be carried out in advance of the submission and approval of the
Decommissioning Programmes. None of the preparatory work would or will foreclose or eliminate

any feasible option for the decommissioning of the facilifies.

21.2  Proposed Programmes of Work

Figure 124 outlines the main phases of work in the decommissioning programmes and their approximate
duration. This schedule has been developed with reference to:

o The agreed CoP dafes for the insfallations.
e The requirement to plug and abandon the wells safely and efficiently.

e The operational and logistical interactions between the four installations, the Brent Field pipeline
system, the export system, third-party pipelines (Section 19.7.2) and platforms, and the Brent Bypass
Project (Section 19.7.4).

o The fime required fo prepare and obtain approval for the necessary licences and consents.
e The programme of work for removing the attic oil from the GBS oil storage cells.

The exact timing and durations of activities will depend on many factors including the contractors selected,
the equipment, vessels or procedures they propose to use, and the possibility of devising ‘campaigns’ to
complete common or repeated operations in the most cost-effective way. VWe will continue to review and
learn from our ongoing activities. We will subsequently discuss and agree with BEIS any changes to the
proposed methods of execution outlined in these DPs.

There are no licence conditions or environmental sensitivities (Section 3 and Section 22) that might influence
the time of year when cerfain activities should be undertaken. We plan to complete all the offshore
operations and submit verification and close-out reports (Section 23) by 2026.

21.3  Industrial Implications

We have sfriven fo identify safe, efficient and costeffective methods and procedures for decommissioning
the different types of structures and facilities in the Brent Field. Many contractors and consultancies have
contributed fo the numerous studies and assessments that have been prepared since 2006 fo inform our
plans and support our decision-making processes.

During the ‘Concept Select’ phase of our work, leading international contractors and engineering companies
prepared FEED studies describing how different technologies and programmes of work might be used to
decommission the Brent structures.

We plan to use the SLV Pioneering Spiritto remove the Alpha, Bravo and Delta topsides and the Alpha
upper jacket. This unique vessel is capable of lifting topsides of up to 48,000 tonnes quickly and efficiently
in one piece for onshore dismantling. It is anticipated that this will reduce the duration, risk and cost of
decommissioning the topsides of large production platforms, which fo date have usually been dismantled
module by module at the offshore location.

At the same time we have assessed how our topsides could be dismantled and recycled, and this has
included a detailed review of the dismantling capabilities and capacities of a large number of sites in the UK
and across Europe. After a comprehensive commercial tendering exercise we identified the Able UK Limited
ASP facility at Teesside as having the necessary facilities, space and experience to deal with the topsides
that would be delivered by the SLV, and have now placed a contract with them for the dismantling of three
Brent topsides (Alpha, Bravo and Delta) and the Alpha upper jacket. We are now working with Able to
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upgrade their onshore facilities, including the construction of a new quay and the strengthening of the lay-
down area for topsides. The investment that has been made on Teesside will support employment now and
in the future as Able enlarge their capabilities, broaden their services, provide additional fraining fo their
workforce and increase their experience in large-scale decommissioning.

The scopes of work for the Brent Charlie topside, the pipelines and the removal of debris will be subject to
separate tender evaluations at a later date.
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Figure 124  Indicative Timing and Duration of the Proposed Brent Field Decommissioning Programmes of Work.
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22 ENVIRONMENTAL IMPACT ASSESSMENT

22.1  Introduction

DNV Gl prepared an Environmental Statement on behalf of and as endorsed by Shell U.K. Limited and Esso
Exploration and Production UK Limited, as the Brent Field owners, under the responsibility of the Brent Field
owners to provide an Environmental Impact Assessment in support of the Brent Field Decommissioning
Programme.

DNV GL completed a comprehensive EIA for both of the Brent DPs, including assessments of the potential
impacts of the technically-feasible options considered in the CAs [5]. Their assessments of the main impacts
of the recommended options for each facility were summarised in Section 11 to Section 20 and are not
repeated here.

This section presents our appreciation of the potential environmental impacts of the proposed programmes

of work to decommission the Brent Field, using the assessments and results from the Brent Field
Decommissioning ES [5]. It gives an overview of effects over the whole course of the proposed
decommissioning programmes, taking into consideration the project- and site-specific mitigation measures
that have been identified in the preceding sections. Finally, it estimates the possible cumulative effects both of
our operations offshore and in combination with other potential concurrent operations in the area.

22.2  Overview of Impacts from Offshore Operations

22.2.1 Societal Impacts

With the exception of sections of pipeline NO501 and short sectfions of the infra-field lines, all the proposed
offshore operations would occur within the 500 m safety zones around the installations and consequently will
not result in any impacts fo fishermen or other users of the sea.

The fransportation of topsides on the SLV will be a normal marine operation that will not impact other users of
the sea. Each operation fo transfer a topside to the cargo barge will take one or two days at the designated
nearshore transfer location off Teesside, and will be suitably nofified to mariners and fishermen and is not
expected to have any effect on other users of the sea.

22.2.2 Seabed and Benthos

In years 1 fo 3, the possible displacement of some of the cellfop drill cuttings on Bravo and Delta and their
subsequent reseftlement on the adjacent seabed might result in an increase in the area of seabed around the
platforms which exhibits THC of >50 mg/kg. This will reverse the present trend of seabed recovery.
Recovery is expected fo resume, however, within a few years since the newly seftled layer will be quite thin
and largely aerobic, such that physical, chemical and biological degradation of the hydrocarbons are likely
fo be rapid.

At a later date, perhaps in years 8 to 10 of the combined Brent decommissioning programmes, areas of
seabed will be impacted by the decommissioning of pipelines and subsea structures, and then the debris
sweep. In both cases the areas that will be impacted are very small in relation to the existing adjacent
seabed and benthos, and disturbed areas are likely to recover within 1 year to 3 years.

22.2.3 Water Column

In years 1 1o 3, displacement of small amounts of celltop drill cuttings at Bravo and Delta will cause some
historic OBM cuttings fo be re-suspended info the water column. This will result in local, transient and fully
recoverable increases in turbidity and THC loading.

At a later date, perhaps in years 8 to 10 of the combined Brent decommissioning programmes, clean
sediment and some drill cuttings will be re-suspended into the water column during the decommissioning of
pipelines and subsea structures and the debris sweep. The impacts of these events will be quite small,
localised and temporary.
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22.2.4 Marine Mammals

In years 1 to 3 (topsides and jacket], years 3 to 6 (cell contents management] and years 8 to 10
(decommissioning of pipelines and subsea structures and debris sweep), various vessel spreads will be
working around the platforms and along the pipelines. While it is not possible to be precise about the
numbers of vessels operating at any one time or indeed of the exact source noise levels and frequencies they
will create, modelling of likely scenarios shows that no marine mammal would be likely to experience noises
of a character that would be likely to cause ‘temporary threshold shift” in hearing ability. None of the vessel
noises emanating from the decommissioning programmes will be percussive and none is likely to start
suddenly or unexpectedly; noises will vary in infensity and location only gradually and mobile creatures
should be able to avoid them if they are disturbed. The areas of sea likely to experience infermittent noise
from our decommissioning operations are small in comparison with the known ranges of marine mammals in
the North Sea, and there is no evidence fo suggest that the Brent Field is of particular importance or
significance fo any species in terms of migration, feeding or reproduction.

22.3  Overview of Impacts from Offshore Legacy

22.3.1 Introduction

All of the potential legacy impacts are likely to occur long after all the decommissioning operations have
ceased and there is no possibility that these two sources of impact would overlap.

22.3.2 Seabed and Benthos

The footprints of the GBSs — singly and together — will be very small and will have no effect on the benthic
communities in the area. They will cover a tiny fraction of the seabed in ICES rectangle 51F1 and will have
no effect on commercial fisheries. The degradation of the steel and concrete will have no impact on the
benthos. Likewise, the degradation and collapse of the jacket footings, in themselves, will have no impact.

The eventual exposure of some of the cells confents may result in the very slow release of, or migration of,
cell sediment onto the adjacent seabed. This is likely to occur at a time when the seabed adjacent to the
GBS has, to a large extent, recovered from the impacts of the historic discharges of OBM. The inputs of cell
sediment will therefore reverse this process, over an area extending to perhaps 50 m to 100 m from each
GBS. It is extremely difficult to model the possible extent of the movement of this material over long
timescales. The impacts of this gradual, longterm exposure of sediments on the benthos will, however, be
limited. The area of seabed that might be affected will be small, perhaps up to 0.06 km? at each site with
contaminated sediment thickness exceeding 10 mm, and 0.34 km? at each site with contaminated sediment
thickness ranging from 1 mm to 10 mm. These areas of impact are of a similar size to those already
observed around North Sea installations impacted by the historic discharge of drill cuttings. As an example,
in Region 1 of the Norwegian Shelf the area exceeding 50 mg/kg THC around each platform varied from
0.1 km? to 2 km? in 2014. The Brent Field does not contain any rare or profected benthic species or
habitats. The main contaminant in the cell sediment, hydrocarbons, will only very slowly escape info the
water column and even locally concentrations of hydrocarbons in the sediment or water column would not be
of concem.

Figure 125 shows how cell sediment may spread and then sefile on the seabed after some hypothetical
event that results in the worst case scenario of the simultaneous exposure of the sediments in all three GBSs.
The plumes do not overlap. Modelling showed that affer 1,000 years of erosion the redeposited pile would
be less than 5mm thick at a distance of approximately 112m from the GBS.
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Figure 125 Representation of the Deposition of Cell Sediment Material 100 Years affer Hypothetical
Simultaneous Exposure of Cell Sediment at all Three Brent GBSs.
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The drill cuttings piles on the seabed and on the celltops which are left undisturbed will gradually degrade
and erode under the influence of currents, wave action, leaching and biodegradation. The amount of il
being released into the marine environment will decrease with time [60], and the area of seabed and
benthos impacted by elevated concentrations of hydrocarbons and heavy metal will gradually decrease in
size, as evidenced by the trend already discemed in our previous benthic surveys [57] [58]. The drill cuttings
that may be present in the fri-cells of Bravo and Delta could be equivalent fo the total mapped external
volumes of cutfings at each of these sites. As with the GBS cell sediments, however, it is likely that they would
only be gradually exposed fo the marine environment as the main body of the caisson slowly degraded and
collapsed over a period of many hundreds of years. (Cuttings in each fri-cell are contained by the three walls
of the adjacent cells. For some of the tri-cells, af least two walls would have to be breached to create a
lateral pathway from the tri-cell to the seabed. For remaining tricells, three or sometime four walls would
have to have failed.) On exposure, the tri-cell drill cuttings would be subject to erosion from the currents on or
near the seabed although it is likely that the crumbled remains of walls would continue to partially shield
cuftings and reduce resuspension. Some cuttings would, however, be re-suspended into the water column
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both from the forces of cell wall collapse and natural erosion. This material would drift in the current before
seftling on the seabed. This perhaps low-level but longferm input would recontaminate areas of seabed
immediately adjacent to the GBS that had already been contominated with cuttings and might partially
reverse, or delay, the longferm recovery of these areas from the historic discharges. Section 17.12.3
describes the impacts of the long-term presence of the cuttings piles.

22.4  Overview of Impacts from Onshore Operations

22.4.1 Societal Impacts

The bulk of the material that will be removed to shore will be received, dismantled, treated and disposed
of through the ASP facility on Teesside. The separate ESHIA assessment by AECOM for the activities at this
existing, active, licensed site [35] has shown that there will be no significant impacts to the communities
living close to the dismantlement site. All the sources of impact have been identified and understood and
there are, or will be, specific measures in place to minimise or eliminate each type of potential impact.

22.4.2 Onshore Decommissioning Sites

We plan to dismantle the topsides and the upper part of the Brent Alpha steel jacket at the ASP facility on
Teesside. This is an existing industrial facility and as such the planned programmes of work will have no
impact on this site.

22.4.3 Landfill Sites

We plan to recycle at least 97% by weight of the material returned to shore and consequently it is likely that
only a relafively small amount of non-recyclable material, predominantly hazardous waste and inert solids,
will have to be disposed of to landfill. Most of this will be disposed of in the existing Able-operated landfill
adjacent to the ASP facility over a period of 3-4 years as the topsides are dismantled individually. It is not
expected that these operations will have any impact on landfill sites.

22.5 Overview of Impacts from Onshore Legacy

22.5.1 Landfill Sites

Small amounts of specific types of waste material will be disposed of to landfill sites that are licensed to
receive and dispose of such types of material. The contributions from the Brent Decommissioning programmes
of work will be small in comparison to other sources and are not likely fo impact the long-term operation or
viability of the site(s).

22.6  Overview of Energy Use and Gaseous Emissions

We estimate that in fofal the proposed Brent decommissioning programmes of work would result in the direct
use of approximately 5 million GJ of energy and the emission of approximately 350,000 tonnes of CO,,
that is, without taking info account any use of energy or emissions of CO, that would be associated with the
new manufacture theoretically required fo replace otherwise recyclable material that was left af sea or not
recycled [5]. Table 91 presents a summary of these usages and emissions, which would arise mainly from
the programme to plug and make safe the wells, offshore vessel operations, and onshore dismantling and
recycling operations for the topsides.

Energy usage and gaseous emissions would occur over a period of approximately the next 8-10 years (see
Schedule, Section 21) and probably fluctuate during each year, particularly in response to seasonal changes
in activity offshore. The overall annual average level of gaseous emissions of approximately 35,000 tonnes
CO,/year is approximately 10% of the annual emissions of running the whole Brent Field when it was
operational (396,000 tonnes in 2011), and it is very small in comparison to the total emissions from the

UKCS in 2011 (14.2 million tonnes CO5).
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Table 91 Estimated Direct Use of Energy and Emission of CO; from the Proposed

Decommissioning Programmes.

Source or Activity Energy Use (G} Gose(_lc?:sg(r)n;s)sions
Plug and make safe all wells 3,256,728 233,330
Removing the Topsides 1,157,008 63,045
Removing the Upper Jacket 238,900 15,600
Decommissioning the 3 GBSs 13,965 1,029
Decommissioning the GBS Cell Confents 69,435 5121
Decommissioning BA cuttings pile 30,687 2,263
Decommissioning BB and BD cuttings pile 5,732 423
Decommissioning BC cuttings pile 30,687 2,263
Removing the four subsea structures 32,436 2,282
Decommissioning the pipeline system 62,016 4,761
Removing debris 215,114 15,727
Total for whole proposed programmes of work 5,112,708 345,844

22.7

22.7.1

Potential Cumulative Impacts

Introduction

The potential impacts of the proposed programme of work have been assessed for each of the installations
or facilities individually and the main types of impact identified by the ES are as follows:

Effects in or on the marine environment from offshore operations including physical disturbance fo the
seabed, contamination of the seabed by resuspended drill cuttings and underwater noise from
vessels.

Effects to local communities onshore from the dismantling, treatment and final disposal of the
fopsides and upper jacket including the potential impacts of noise, odour and fraffic.

legacy effects on the marine environment from permanent changes fo the character of the seabed
(especially by rock-dumping), contamination or recontamination of the seabed from disturbed drill
cuttings piles (including from the eventual exposure or ejection of drill cuttings in the fri-cells), the
escape of oily water from the storage cells, and the exposure of oily sediment from the oil storage
cells.

Although few cumulative impacts were identified, mainly because of the distance between the installations
and the length of the decommissioning programme, there is the potential for cumulative impacts or effects to
arise from these and other impacts as a result of one or more of the following events or situations:

Page |

Inferactions of the same effect occurring at more than one Brent facility.

Inferactions of the same effect occurring at a Brent facility and a nearby facility belonging to another
operator.

Inferactions of different types of effect either at one Brent facility, or between several Brent facilities,
or between a Brent facility and a third party facility.

Additive effects on individual organisms or local marine communities as a result of the sequential
exposure over a period of fime to one or more effects or types of effect that, cumulatively, have a
progressively detrimental effect on the individual or the viability of the local population.
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For each of the receptor categories identified in the ES, DNV Gl examined the combined impacts of the
proposed programmes of work for all the facilities. The results were displayed in a series of diagrams
showing the relative severity of the impacts from each of the proposed options.

With respect to potential cumulative impacts to local communities onshore, DNV GL assessed the most likely
sources of impact at the onshore dismantling facility would arise from noise, dust and odour. These would be
small, localised, amenable to management and fully reversible, and DNV Gl defermined that individually
they would not to be significant. It is likely that only one topsides would be taken ashore in any year and so
it is nof likely that there would be significant cumulative negative effects onshore.

DEN Gl found that the categories “marine” and “legacy” were the most negatively impacted, and Figure
126 and Figure 127 show DNV Gl's assessment of the combined impacts from all facility programmes to
these two receptors. The main cumulative impacts are discussed below.

22.7.2 Cumulative effects in the “marine” category from operations

Figure 126 shows DNV Gl's assessment of the cumulative impacts in the “marine” category. The
decommissioning programmes of work giving rise to the most significant potential impacts were the pipelines
which was assessed as ‘moderate negative’, and the subsea structures and debris (including the debris
sweep), and the possible programme to remove all the Brent Charlie cell4op cuttings pile, which were both
assessed as ‘small-moderate negative’.

Figure 126 Combined impacts in "marine" category from proposed option for each Brent facility.
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Key fo the proposed option that would be completed for each of the facilities (shown overleaf):
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Topsides Option 1: Complete removal

Brent A Upper Jacket Option 1: Complete removal

Brent A Jacket Footings Option 3: Leave in situ

GBS Option 2: Leave in situ

GBS Attic Oil Option 1: Complete removal

@ e e 00|

GBS Cell Contents Option 5: Leave in situ

GBS Drilling Legs Option 5: Leave in situ

GBS Minicell Annulus Option 5: Leave in situ

Seabed Drill Cuttings Option 1: Leave in situ

Brent B and D Cell Top Drill Cuttings Option 1: Partial removal by water jetting

Brent C Cell Top Drill Cuttings Option 3: Dredge and transport slurry to shore for treatment

Tri-cell Drill Cuttings Option 1: Leave in situ

Pipeli P d P of works

P P &

Subsea Structures and Debris Option 1: Complete removal

Ol® 00 0@ @N

Wells Option 1: Plugging and Abandonment

Physical disturbance to seabed from operations

Impacts would arise from (i) the cutting and removal of subsea structures, (i) the water-jetting of small amounts
of celltop drill cuttings and, [iii) from different types of operations on pipelines including cut and lift, trenching
and rock-dumping. These would disturb natural sediment and some amounts of historic drill cuttings which
would then drift and seftle on the adjacent seabed. This might affect individual benthic organisms and
populations of benthic invertebrates within <1km of the disturbed site but recovery would begin as soon as
seabed sediments and/or cuttings had seftled. Apart from rock-dumping on PLOO1,/NO501, each impact is
judged by DNV Gl to be small and localised and reversible. Some work on pipelines may affect areas
previously affected by the resettlement of drill cuttings displaced to permit cell access for the removal of attic
oil and interphase material, but these two operations will be separated in time. Some work on individual
pipelines that were close together might affect the same area on more than one occasion, but such areas are
likely to be very small in relation to the area of benthos in the Field. Rock-dumping on the long export line
PLOO1/NO501 may offect other areas impacted by other lines close to Brent Charlie, but since the export
line runs away and out of the Field work on more distant sections of this line will not be likely to affect areas
of benthos close to the Brent platforms. It is not likely that the physical effects of operations in the Brent Field
would add to any physical effects from the decommissioning of adjacent platforms and pipelines, even if
these were fo occur at the same time, because the nearest third-party platform is @.6km away from any Brent
platform (Figure 9).

Effects of underwater noise on marine mammals

The separate noise report by DNV GL [5] shows that some combinations of vessels may produce noise of
frequencies and levels that can be defected by marine mammals. If marine mammals are close to such
sources they may experience a temporary threshold shift (TTS) in hearing ability. DNV Gl noted that the
numbers of marine mammals that might be so exposed is likely to be very small, and that the impacts are
reversible. Most vessel activity will be around the platforms during the removal of the topsides. DNV GL
assessed that the noise impact from each such operation was ‘insignificantsmall negative’. Only one topside
will be removed in any one season, so it is not likely that there would be cumulative noise impacts.
Operations on the pipelines are likely to be conducted by a single vessel during a campaign lasting one or
more seasons and so there is litfle likelihood of cumulative impacts from this source. It is not likely that
underwater noise from operations in the Brent Field would add to underwater noise impacts from the
decommissioning of adjacent platforms and pipelines, even if these were to occur af the same time, because
the effects would not be likely to extend more than Tkm af most from the Brent facilities and the nearest third-
party facility is @.6km away from any Brent platform.

There is not likely to be any additive or synergistic effect from the combined effects of underwater noise and
seabed disturbance because these impacts affect separate aspects of the environment (marine mammals and
the benthos respectively).
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22.7.3 Cumulative legacy effects

Figure 127 shows DNV Gl's assessment of the cumulative impacts in the “legacy” category. The
circumsfances giving rise to the most severe potential impacts were the longferm presence of the GBSs, the
eventual exposure or release of the GBS cell confents, the eventual exposure of the fri-cell drill cuttings, and
the long-term presence of the remaining pipelines.

Figure 127 Combined impacts in “legacy” category from proposed option for each Brent facility

Value or sensitivity

Low Meciva High

Very large positive impact
Large positive impact
Moderate positive impact

Small positive impact

Low(None Ce —
Insignificant/no im pact

Scale of elTect

Small negative impact

Moderate negative impact
Medium

Large negative impact
High
Very large negative impact

Note: some impact points have been moved slightly on the x-axis to facilitate visibility (without changing the impact).

Key to the proposed option that would be completed for each of the facilities:
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Brent A Upper Jacket Option 1: Complete removal

Brent A Jacket Footings Option 3: Leave in situ

GBS Option 2: Leave in situ

GBS Attic Oil Option 1: Complete removal

GBS Cell Contents Option 5: Leave in situ

GBS Drilling Legs Option 5: Leave in situ

GBS Minicell Annulus Option 5: Leave in situ

Seabed Drill Cuttings Option 1: Leave in situ

Brent B and D Cell Top Drill Cuttings Option 1: Partial removal by water jetting

Brent C Cell Top Drill Cuttings Option 3: Dredge and transport slurry to shore for treatment

Tri-cell Drill Cuttings Option 1: Leave in situ

Pipelines: P d P of works
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Subsea Structures and Debris Option 1: Complete removal

O S 00 0@ S e @ e e e

Wells Option 1: Plugging and Abandonment

DNV Gl determined that the most likely causes of cumulative impacts would be the legacy effects to the
marine environment that will arise when the GBS have suffered considerable degradation that leads to
structural failure and collapse of legs and then cell walls. Hydrocarbons will be released info the marine
environment as a result of (i) the exposure of the cell contents, |ii) the disturbance of seabed and cell-op drill
cuttings and, [iii) the exposure of the materials in the drilling legs and minicell annulus. Any overlap in the
fiming of the exposure/release of these materials is difficult fo predict, however, because of the uncertain
nature and rate of GBS degradation. In Figure 128 in Section 24 we have attempted to show a possible
timescale for the various events (falling debris, degradation, structural collapse) that would trigger or lead fo
possible exposure, release or ejection of contaminated material info the sea and this gives a view of which
events and impacts might overlap temporally.
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Despite the difficulty in predicting the timing of these events on each of the four Brent structures DNV GL
states:

"Some cumulative legacy impacts to the marine environment will take place, particularly at each
GBS due fo the combination of the hydrocarbons confained within the cell contents, the minicell and
drilling legs contents, and the tri-cell drill cuttings” [5].

Together, these contents amount to an estimated 70,000m* of material, with an estimated hydrocarbon
content of approximately 16,000 fonnes. VWhen exposed into the marine environment, these materials would
add fo the existing hydrocarbon burden in the seabed and cell+op drill cutiings piles. The amount of oil in
these cuttings is gradually decreasing through physical and chemical degradation, and at present is
esfimated fo amount fo about 5,642 tonnes. The total estimated addiifional amount of hydrocarbons that
might thus be exposed is between two and three times the amount currently exposed in the present external
cuttings piles.

Effects of escape of water phase from GBS cells

Modelling by BMT suggests that there may be impacts in the water column from large escapes or releases of
oily water from the GBS cells. Potential impacts may occur up fo 17 km from the source GBS and thus there
is the potential for physical overlap in effects from more than one Brent GBS. Although the three GBSs will
degrade in the same approximate timeframe (in excess of 500 years|, there could be decades even
centuries between each GBS being sufficiently degraded for its contents to be exposed to the marine
environment. It is therefore unlikely that such releases would occur at exactly the same time, and given that
the elevated concentrations of THC and H,S would exist in the water column for only a short period of fime
(up to 5-10 days) such an overlap is unlikely. After the contaminants have dispersed further and,/or
biodegraded or reacted the potential for impacts will disappear. The release of cell water will occur long
after all the proposed offshore operations have been completed and there will be no possibility of spatial or
temporal overlap with any impacts from operations. The Brent GBSs are more than 15 km from the nearest
third party GBS with comparable sources of ocily water (Dunlin). An overlap in space and time between these
two sources of oily water would only occur if there were very large volumes of very oily water on Dunlin and
in the very unlikely event that loss of confainment occurred on both structures at essentially the same fime.

Finally, it is also likely that a large proportion [if not all) of the oily water phase in the cells will have escaped
fo, or been released info, the marine environment well before any appreciable amount of cell sediment has
been exposed in a way that would provide a quick, direct pathway for hydrocarbons to reach the open sea.

Degradation of drill cuttings piles on seabed, celltop and fricells

Desk-top studies have shown that all the seabed drill cuttings piles and all the cell4op drill cuttings piles
except Brent Charlie fall below both of the thresholds in OSPAR 98 /3. The oil release rate from the
combined Charlie drill cuttings pile may be of the order 16 tonnes per year for perhaps 30 years; the ol
release rate from the other piles ranges from approximately 0.3 tonnes per year to 2 fonnes per year.
Individually these inputs of oil are assessed as giving rise to ‘insignificant -small negative’ impacts in the
marine environment. A total of approximately 20 tonnes per year of oil may thus be entering the body of
water around the five sites af present (the fofal distance from Brent Delta in the north to Brent South is
15.9km] where it is dispersed and undergoes chemical and biological degradation. Although the oil inputs
to the water column from the drill cuttings piles at the five sites may overlap in space and in time for several
years, the concentrations of oil in the overlapped areas will be very low and any areas of potential impact
will remain confined to the immediate water column around each individual pile. The nearest known historic
drill cuttings pile belonging to a third party is the 20,000m* pile at Statfiord B. This is approximately 10km
away and thus there is very little likelihood of spatial overlap of any area (around a Brent installation and
Staffjord B) where a potential effect may be experienced by marine organisms.

Modelling has shown that as the drill cuttings piles are eroded by the seabed currents and wave action,
cuttings will be resuspended then drift and settle on the adjocent seabed. These new thin layers of cuttings,
exposed to oxygenated seawater and bioturbation from benthic animals, will then experience more rapid
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chemical and biological degradation than cuttings deep with a pile. Modelling shows that the maximum
area persistence™” of any cuttings pile in the Brent Field (the combined Brent Charlie seabed and celltop
pile) is 5.5km?years after 1,000 years. If 5.5km? is assumed fo be the maximum likely extent of area
impacted by a sediment THC of >50mg/kg, the area of seabed so impacted would extend to
approximately 1 km around the site. The value of 5.5km?years is an aggregate of the size of the impacted
area each year and the actual area exhibiting a sediment THC of >50mg/kg at any one time is less than
this. For example, sampling has shown that the THC of seabed sediments has fallen to a value of
<50mg/kg at distances of between 350 m and 500 m from any of the Brent piles. Since the minimum
distance between Brent piles is 2.4 km (Brent Alpha to Brent Brent) it is therefore not likely that as the piles
erode and spread the area exhibiting THC above this threshold will overlap. Likewise, since the nearest third
party cuttings pile is af least 10km away from any Brent drill cutings pile, there is no likelihood of overlap in
the physical or chemical impacts from these two sources.

Drill cuttings in the fricells in Bravo and Delta are likely to be partially exposed in the marine environment
when the GBS caisson has substantially degraded or been severely damaged by large items of falling debris
from the legs. Such extensive damage to the walls of the cells that enclose the tri-cell spaces is not likely to
occur for perhaps 500 years. By this time some of the existing seabed and cell4op drill cuttings piles will
have eroded and degraded and the area of seabed experiencing physical and chemical impacts from dfill
cuttings will have decreased in size. Exposure of the tri-cell cuttings may be both passive (through collapse of
cell walls) and active (through ejection into the water column by the force of falling debris). It is therefore
likely that at some time in the future some amount of tri-cell cuttings will be exposed in the marine environment
and add fo the burden of cuttings already present around these two platforms. In broad terms the estimated
volume of fri-cell cuttings on Bravo and Delta is about the same as the original mapped volume of seabed
cuttings at each site. In the very worst case, therefore, the addition of this material might further impact an
area of seabed as large as the area originally impacted by the permitted discharge of cuttings. The extent of
any such new layer of cuttings is likely to be smaller than this, however, because the cuttings released from
the tri-cells will be dispersed from a depth about half-way down the water column, rather than from the sea
surface as in the original discharge of cuttings. It is very unlikely, however, that the whole volume of tricell
cuttings would ever be exposed because some would always remain buried under the large amount of
concrete rubble that will be created when the cell domes and cell walls collapsed, which is a necessary
condition for the exposure or ejection of the bulk of fri-cell cuttings. In summary, fri-cell cuttings may be
exposed on the seabed before the existing seabed cuttings have disappeared and this co-exposure in time
and space may delay the recovery of the seabed around Bravo and Delta or even perhaps enlarge the
decreasing area of impact somewhat. It is nof likely, however, that an area of seabed larger than that
originally impacted would be affected. Once the fri-cell cuttings had been exposed, erosion and chemical
and biological degradation would begin and the gradual recovery of the local seabed would recommence.

Exposure of sediments in GBS storage cells

When the domes of the cells collapse (as a result of impacts from falling leg debris and/or the long-ferm
degradation of the domes) and then again, later, when the wall of the cells themselves are damaged or
degrade, the sediment in the GBS cells will become exposed, and may also be ejected, into the marine
environment. Because both events will be associated with (indeed a consequence of) the creation of large
amounts of concrete debris, it is unlikely that the whole volume of cell sediment would ever be ejected or
exposed in the sea. Nonetheless, a proportion of the sediment will eventually become exposed. In the ES,

DNV Gl state [5]:

"There will be a cumulative legacy impact from the hydrocarbons on the marine environment, and
DNV Gl considers it to be one of the most important cumulative environmental impacts of the
decommissioning programme. The main driver of the impact is the cell contents, as this provides the
bulk of the hydrocarbon load, although the tri-cells contribution is also significant, particularly as it is

" The area of seabed exhibiting a THC of more than 50mg/kg.
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likely to be released in a dynamic disturbed state and at a higher location than the cell contents.
There will be localised pollution to the marine environment around each platform, and although it will
naturally degrade over time, this localised pollution will be present for decades, and will affect local
benthic founa. The cumulative confaminated area at Brent Bravo and Brent Charlie has not been
modelled but will be similar, but larger, than that predicted in the DNV Gl toxicological study [53] for
a ‘static’ cell contents release (0.05km? based on analytical results, to a distance of 250m), when
taking the fricells drill cuttings info account. Because the contaminated area will be localised around
the platforms, there is not expected to be any measurable effect upon marine or benthic
populations/ecosystems. The impact will be smaller at Brent Charlie because the volume of cell
contents is smaller and also because there are no tri-cell drill cuttings present.”

When discussing the effects of the combined release of cell sediment and tricell drill cuttings from the GBSs,
DNV Gl state [5]:

"It is reasonable to assume that a proportion of the hydrocarbons in the GBS may be released in a
dynamic disturbed state as a result of GBS degradation (particularly the tricells drill cuttings, most of
which are located at a higher level than the cell sediment). The likelihood of some disturbed release of
material is higher for ‘leave GBS legs in place’, where a GBS leg collapse will have more destructive
energy fo damage the GBS caisson than the GBS legs down option. Although dynamic release
scenarios would result in larger areas of the seafloor being contaminated (modelling has shown that
the PEC:PNEC>1 covers much wider areas), the vast majority of the areas have a sediment thickness
of less than Tmm, and hence are not expected to have any harmful impacts on biota once
bioturbation and biodegradation effects are taken info account.”

Modelling has shown that passively exposed cell sediments are likely to erode and spread over the adjacent
seabed only very slowly. As they erode they will be subject to chemical and biclogical degradation which
will gradually reduce the THC of the surface layers. Modelling of a theoretical, unshielded exposure has
indicated that if the whole amount of sediment in each GBS were exposed the impacted area of each such
"mound” of material may eventually extend up to 250m from the GBS, and then slowly decrease in size. It is
therefore very likely that on the seabed within approximately 250m of the GBSs there will be co-exposure of
the seabed and cellHop drill cuttings, the tri-cell drill cuttings and the cell sediment. This will result in a
continuation of the physical and chemical contamination of the local seabed (principally by THC) af Bravo,
Charlie and Delta for many years. The areas of impact around the GBSs will not overlap because the
minimum distance between any of the Brent GBSs is 4. 1km. They will not overlap with the smaller and
possibly shorterlived area of impact at Alpha (2.4km from Bravo) or the even smaller and shorterlived area
of impact at Brent South (4.9km from Alpha). None of these areas of physical or chemical impact will
overlap with any similar area of impact from any other nearby third party installation.

Ejected cell sediment (a dynamic release as a result of GBS degradation) will drift and then setile onto the
adjacent seabed, most likely onto areas that were previously affected by, and are still recovering from, the
permitted discharge of drill cuttings. Modelling shows that the major proportion of newly seftled layers will be
thin and as such will experience ready and rapid chemical and biological degradation. The areas of
seabed exhibiting a THC of >50mg/kg will therefore rapidly decrease in size and it is not expected that
there would be any harmful impact on biota. Ejected cell sediment will be co-exposed on the seabed with
historic drill cuttings piles and may delay or setback the recovery of part of the seabed for a time. Ejected
material is not likely, however, to increase the size of area originally impacted by cuttings. In addition, it is
likely that the maijority of the seabed freshly affected by a newly setiled layer of ejected cell sediment will
have recovered, or largely recovered, well before passively exposed cell sediment has spread any distance
from the GBS. The sediment will spread only slowly and so it is not likely that cell sediment would spread
onto all the area previously impacted by historic cuttings or re-impacted by ejected cuttings or ejected cell
sediment.

Resuspension of drill cuttings

The drill cuttings on the GBS cellops and on the seabed around the GBS will be disturbed by falling debris
as the GBSs degrade and collapse. DNV Gl state [5]:
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"If it took approximately 500 years before loss of containment of the cell confents occurred, the
seabed and cellop drill cuttings that are currently exposed on the seabed will have degraded further
between 30-50%, hence they will still refain some hydrocarbons. The future disturbance of the existing
drill cuttings is likely to occur in stages as the GBS degrades over time, and the impacts are likely to
be similar to those [arising from] the disturbance of the drill cuttings from various activities such as
trawling and dredging, with between 493m?® and 775m?* of drill cuttings released in to the water
column (as described in more detail in [16]). The distribution of the released cuttings on the seabed
was largest for the release of 775m® of the Brent Charlie cellfop cuttings (this is logical because the
cuftings were released at the cell tops approximately 60m above the seabed, resulting in a thinner
layer and larger dispersal on the seabed compared to the seabed release). The cuttings from the cell-
tops generated a layer of less than 1cm thick (the average and maximum thickness of the re-deposited
cuttings is 0.2 and 0.6mm respectively), and redeposition with a layer thickness of more than 1mm
was restricted to an area of about 0.07km?. Where the sediment thickness is less than 1mm there is
not expected to be any harmful impact on biota. Regardless, the disturbance of the drill cuttings will
add to the cumulative impact described above [from the release of the cell sediment], but the
environmental impact will remain localised (fo several hundred metres) around the platforms and will
reduce over time, particularly where the sedimentis less than 1cm thick, as aerobic degradation will
break down the organic material. The cumulative area with potentially harmful impact due to THC
contamination will be similar to what is currently observed on the seafloor around many North Sea oil
and gos installations.”

Conclusion on cumulative impacts

Hydrocarbons from different sources in the Brent Field may be released info the marine environment af the
same time. In the water column, because of the effects of dispersion and degradation, these inputs are very
unlikely o increase the severity or extent of the shortlived and localised impacts on pelagic organisms.

In the benthos, although the concentrations of hydrocarbons in seabed sediments may increase for a time,
the area impacted is not likely to be significantly greater than that already impacted by the historic discharge
of drill cuttings.

None of the potfential impacts from Brent offshore operations or legacy will act cumulatively with any existing
or future known operations or legacy at fixed installations belonging to other operators.
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23  PROJECT MANAGEMENT AND VERIFICATION

23.1  Strategy

The strafegy for this project is to maximise the use of our in-house resources and existing confracts for
the preparatory work, and to award lump sum confracts to pre-qualified prime contractors for the main
decommissioning activities such as topsides removal and disposal.

23.2 Project Management

The project will be managed in accordance with applicable regulatory requirements and to Shell’s Global
Project Management standards. The project will be led by a Shell Project Director with sub-project managers,
project engineers and support functions including, but not limited, to Health, Safety and Environment,

Quality, and Project Services. The project will be divided into a series of sub-projects and tendered to the
open market as appropriafe. Synergies will be sought with other Shell project activities {and in principle other
decommissioning activities) where they make economic and business sense.

The approved DPs will be subject to sfrict change management, with any significant change to scope being
agreed with BEIS prior to implementation.

23.3  Preparatory Work

We will work closely with our contracting partners to prepare the topsides and other facilities
for decommissioning. This work will include topside and pipeline flushing, equipment isolation, engineering-
down and making safe for handover to decommissioning contractors.

23.4  Notifying Other Users of the Sea

At least 6 weeks before any vesselbased offshore decommissioning work begins we will notify the UK
Hydrographic Office so that appropriate Notices to Mariners can be distributed. At the same time an
advisory notice about the planned programme of work will be placed on the Sea Fish Industry Authority's
Kingfisher Bullefin.

23.5 Verification

At significant milestones in the planning and execution of the project, work will be subject to infernal peer
reviews by Shell and by Esso. Major fechnical decisions will also be subject to approval from Shell’s internal
"fechnical authorities’.

23.6  Reporting Progress

We will report progress to BEIS throughout the offshore and onshore programmes of work. Given the
multifaceted and prolonged nature of the Brent Field decommissioning programmes, the frequency and
confent of these reports may vary (see Section 23.8) but this will be discussed and agreed with BEIS.

23.7 Duty of Care for Waste Materials

In planning and managing the responsible disposal of our materials we will follow the ‘waste hierarchy’,
which sfafes that re-use is preferred fo recycling, and recycling is preferred to disposal to landfill. In order of
decreasing preference, the hierarchy of how material from the Brent Field will be disposed of is therefore as
follows:

o Refurbishment for re-use as a unit

Removal of equipment for re-use
e Segregation of pipes for re-use (recovered end sections)
e Segregation of steelwork and other materials for re-use

e Segregation of materials for recycling
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e Segregation of materials (including hazardous materials) for disposal

Table 92 presents a summary of how the main waste streams will be dealt with. All hazardous materials will
be appropriately handled and disposed of in accordance with the relevant legislation. VWe expect that the
bulk of the recovered platform material will be recycled but some compound items that are difficult to
separate into their component materials may have fo be scrapped and sent to licensed landfill sites.

Once on the quayside, any components with marine fouling will be cleaned and the organic fouling material
disposed of to landfill. Any large components scheduled for re-use or possible re-use will be stored in @
designated area of the facility for refurbishment or preservation until final decisions have been made about
their disposal or fate.

Other components that are not viable for re-use as single units will be stripped and any equipment and/or
materials suitable for re-use will be stored and preserved in suitable warehouses or designated storage areas.

Anodes will be removed from all the recovered sections of the jacket and pipelines, and collected for
recycling. Where it is deemed practical, the concrefe coating on all the recovered sections of pipeline will
be removed and collected for use as hardcore, leaving the steel pipes in a condition suitable for recycling.

Other materials will be collected by type and stored in separate areas for shipment to smelters or other
recycling facilities.

Materials not suitable for any of the above treatments (including hazardous materials such as asbestos,
LSA-contaminated materials, and heavy metals) will be collected and then removed for disposal in landfill
and/or other approved disposal facilities. All wastes will be dealt with in accordance with the appropriate
legislation, including if applicable, the Transfrontier Shipment of Waste Regulations.

The project has set a farget o recycle and re-use at least 97% by weight of the equipment and materials
refrieved. We will comply with our legal duties with respect to the management, treatment and disposal of all
waste equipment and materials refrieved during the decommissioning programmes.

Table 92 Summary of Methods for Managing Waste Streams.

Waste Stream Removal and Disposal Method

Steel Steel will be removed by dismantling or by hot (oxy-propane flame) or cold
(hydraulic shears) cutting. Processed material will be stored adjacent to the
processing area or loaded info dump trucks and delivered to the processed scrap
storage area on the ASP facility. Scrap metals will be transported by road,

rail or sea fo suitably-licensed facilities for processing.

Hydrocarbons Any pefroleum hydrocarbons discovered within the pipework, equipment, vessels
or tanks will be drained info suitable receptacles and sent to a licensed facility for
recycling or disposal.

NORM/LSA During the dismantling operations, radiation monitoring will be undertaken on any
Scale module or structure that is known or suspected to contain naturally-occurring
radioactive materials (NORM). If monitoring reveals the presence of LSA scale

a defailed method statement for the removal of the component or pipe will be
prepared. This may involve encapsulating any open ends and transferring the item
to the Hazardous Waste Store at the ASP facility, pending off-site disposal or further
processing. All NORM will be handled, stored and treated in accordance with
RSA 1993.

Asbestos Following a period of onshore survey, all asbestos will be removed by specialist
contractors wearing appropriate protective clothing and respiratory equipment.
This will be completed as part of a ‘soft strip’ programme that will be undertaken
before dismantling of the topside begins. All asbestos will be disposed of in sealed
confainers at the adjacent licensed landfill site owned and operated by Able.

Other hozardous | All such wastes will be disposed of under appropriate permit(s).
wastes

Page | 299



BRENT FIELD DECOMMISSIONING PROGRAMMES

PROGRAMME MANAGEMENT

23.8  Close-out Report

The proposed programmes of work to decommission the Brent Field facilities are complex and will take
about nine or fen years to complete (Figure 124). We envisage that we will issue several interim Close-Out
Reports during this time, for example (i) after the removal of each topside, [ii) after the removal of the Brent
Alpha upper jacket and, (iii) after the removal of attic cil and interphase material. These interim reports will
be updated when their respective onshore dismantling and waste management programmes have been
complefed.

When all the decommissioning work has been completed we will submit a final project close-out report that
will comply with BEIS's requirements. VWe envisage that this would be a single report covering both DPs and
would only be produced when:

e All the offshore decommissioning and remediation work is finished

e Al the refrieved material has been refurned to shore and disposed of
e The debris sweeps have been performed and signed-off

e The ‘osleft’ structural surveys of any remains have been completed

Given the complexity of the Brent decommissioning programmes and the need to present ‘asleft’ data for any
remains on the seabed, it is likely that the final Close-Out report would be available approximately 12
months affer completion of all offshore work and onshore work.

23.9  Management of Residual Liability

In accordance with the Pefroleum Act 1998 (as amended) (‘the Act') [1], the responsibility for the subsequent
management of on-going residual liabilities including managing and reporting the results of the agreed post-
decommissioning monitoring (described in Section 24|, evaluation and any remedial programme, will remain
with the owners. The owners will also be the contact point for any third party claims arising from damage
caused by any remaining infrasfructure or materials left in place under the approved Brent Decommissioning
Programmes. All the structures and pipelines which are proposed fo be left in place remain the property and
responsibility of the owners, even if they were to exit the UKCS.

23.10 Costs

An estimate of the overall cost of the combined proposed programmes of work has been provided separately

to BEIS and OGA.
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24 PRE- AND POST-DECOMMISSIONING MONITORING

24.1  Introduction

If the proposed Decommissioning Programmes are approved it is possible that there will be shortterm and
long-ferm effects in the environment of the Brent Field. The offshore decommissioning operations themselves
may cause generally localised and shortterm effects for various environmental receptors which would
disappear in time affer the activities stop. The resultant end-points of those operations (i.e. the state and
condition of any items left in the sea) and in particular the long-term presence of the remains of the footings,
the GBSs and the GBS contents, may cause delayed, intermittent or chronic impacts in the future. Our
proposed programmes have therefore been designed to monitor two types of event (i) environmental effects
and, (i) the physical degradation and collapse of remains. Figure 128 presents a visualistion of the possible
fiming and sequence of the events or operations and the associated fargetted surveys that might be
performed around these times to monitor the disturbance or release of contaminants. This shows that after the
local disturbance that may be caused by decommissioning activities over the next 5-10 years there are not
likely to be any potential impacts to monitor for perhaps 100-200 years.

24.2  Pre-decommissioning Environmental Surveys

We completed a pre-decommissioning baseline environmental survey in 2007 to provide essential
information for the EIA and our CAs, and repeated this survey in 2015 Together, these surveys provide a
defailed assessment of the sfatus of the seabed around each site before offshore operations begin. They add
fo our fime-series of dafa showing how the character of the benthic community and the concentrations of ol
and other contaminants in the seabed immediately adjacent fo historic cuttings piles have changed over time,
especially since the discharge of oil-based drill cuttings ceased in 1998.

24.3  Post-decommissioning Environmental Surveys

A postdecommissioning environmental survey will be conducted when all offshore work has been completed,
debris removed and the debris sweep successfully carried out. The survey will re-visit all the stations sampled
in the two pre-decommissioning baseline surveys, to obtain a directly comparable sef of data which would
allow us to defermine with a high degree of certainty if the offshore operations have had any impacts on the
local environment.

24.4  Future Environmental Monitoring

We propose fo carry out a second post-decommissioning environmental survey about 5 years after the
first one, again re-visiting the previous sampling stations. This would be the fourth in a ftime series of
comprehensive and comparable surveys and should provide a good assessment of the extent of any
perturbation caused by the offshore operations, and more data on the general character and state

of the seabed in the Field.

If the postdecommissioning surveys show that there have been impacts from our operations we will
confinue the environmental surveys at about 5-year intervals until such time as there is a clear trend showing
that recovery is taking ploce and will occur within a reasonable time-scale.

Thereafter, we will discuss the need for further environmental surveys with BEIS. As Figure 128 shows,

once the seabed has recovered from any operational impacts it is for many years unlikely fo experience any
further perturbation, either from residual confaminants in remains or from the physical presence of degraded

remains. Future environmental surveys therefore have to be targeted to anticipated events or milestones in the
slow degradation of remains when there will be a heightened risk that some residual contaminants might be
exposed fo the sea or escape info it.
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24.5 Monitoring Degradation and Collapse of Remains

We will be responsible for all the structures and materials which are permitted to remain on the seabed

on completion of the Decommissioning Programmes; as described in Section 13.13, Section 14.15, Section
15.11.5, Section 16.15.1, Section 17.13 and Section 19.7.14 these will slowly degrade. Once we have
performed the proposed detailed ‘asleft’ structural surveys after completion of the proposed Decommissioning
Programmes, it is unlikely that any noticeable structural degradation would occur for 20-50 years. Our
programme of post-decommissioning structural monitoring therefore needs to be targeted and ‘risk-based’
since routine annual surveys will be very wasteful. Rather than repetitive, unproductive structural surveys, we
propose to minimise the small risks to the environment and to other users of the sea that may occur as
structures deteriorate by leaving the remains in a good structural condition. This means, for example,
removing lightweight components such as external piping and caissons.

In addition, we propose to re-assess the safety risk to other users of the sea from the derogated GBSs in a
"rolling” programme as described in Section 14.17.1. Based on updated information of commercial fishing
activity and shipping fraffic, and in light of the latest information on the condition of the GBS legs, this will
provide an accurate estimate of safety risk that can be regularly refreshed info the long-term future.

The postdecommissioning as-left structural survey will provide detailed information on the Brent Alpha
footings, the Bravo, Charlie and Delta GBSs, and any sections of pipeline that may be left in the Field.
Informed by this survey, we will enter info discussions with BEIS to plan and agree the content and frequency
of a risk-based longterm structural monitoring programme.
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Figure 128 Relative Timescales of Impacts from Offshore Operations and Some of the Longterm Consequences of Leaving Material on the Seabed.
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ABS
Ac

Al

AlS
ALARP
APE

ARPS

ASP
AtoN
Attic oil

AW,

BAT
BBY
BDP
BEIS

BEP
BHA
billion

Bqg

BTA
BTEX

CA

Caisson

CCS

Cell sediment

CFC
CHARM

CMSTG

CO,
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Acrylonitrile Butadiene Styrene
Actinium

Aluminium

Automatic Identification System

As Llow As Reasonably Practicable

Alkylphenolpolyethoxlyate: a group
of chemicals of possible concern as
endocrine disrupfors

Aberdeen Radiation Protection
Services

Able Seaton Port
Aid to Navigation

Crude oil that is physically or
hydro-dynamically tfrapped just
below the GBS cell dome.
Abrasive Water Jet

Best Available Technique
Brent Bypass Project
Brent Decommissioning Project

Department for Business, Energy
and Industrial Strategy

Best Environmental Practice
Bottom Hole Assembly
One thousand million {109)

Becquerel, the SI unit measuring the
activity of a quantity of radioactive
material

Buoyancy Tank Assemblies
Benzene, Toluene, Ethylbenzene,
Xylene

Comparative Assessment

The term used to describe the lower
part of the GBS, confaining the
storage cells.

Carbon Capture and Storage

Fine particles of sand from the
reservoir fluids that have seftled to
the bottom of the cells

Chlorofluorocarbon

Chemical Hazard and Risk
Management

Cell Management Stakeholder Task
Group

Carbon Dioxide

CO,E
Conductor

CoP
CRl
CSP

DE
DECC

DNV
dowel

DP
Drawdown

Drill cuttings
DSC

DSV
DTI
DTOO
DWC
DyP
EIA
Eofl
EMS
E&P
EPDM

ESP
ESP
ES
ESHIA

EV
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CO, equivalent sum of GWP of all
gases

A large diameter pipe that links the
well bore hole fo the topsides

Cessation of Production
Cuttings Re-injection

Cell Sampling Project

Doris Engineering

Department of Energy and Climate
Change

Det Norske Veritas

A vertical steel and concrete ‘pin’
on the base of the GBS that
penetrates the seabed and prevents
the structure sliding sideways

Decommissioning Programme

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

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

Decommissioning Services
Contractor

Diving Support Vessel
Department of Trade and Indusiry
Dr techn. Olav Olsen

Diamond Wire Cutting

Dynamic Positioning
Environmental Impact Assessment
End of Field Life

European Marie Site

Exploration and Production

Ethylene propylene diene monomer

(a type of rubber)

Emergency ShutDown Procedure
Electrical Submersible Pump
Environmental Statement

Environmental, Social and Health
Impact Assessment

Enhanced Voidage
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FAR Fatal Accident Rate

FEED Front End Engineering and
Development

FFDP Final Field Development Plan

FFPV Flexible FallPipe Vessel

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

FLAGS Far North Liquids and Associated
Gas System

FLTC Fisheries Offshore Oil and Gas
Industry Legacy Trust Fund Limited

FTE FulHime Equivalent

GBS Gravity Base Structure

GJ Gigajoule (107 joules |

Grout A general term for usually light,
pumpable cement that can be
infroduced info pipes or complex
and/or confined spaces.

GRP Class-einforced plastic

GWP Clobal Warming Potential

HAZID Hazard Identification

HC Hydrocarbon

HLV Heavy Lift Vessel

HSE Health and Safety Executive

H,S Hydrogen Sulphide

IALA Infernational Association of
Lighthouse Authorities

ICES Infernational Council for the
Exploration of the Sea

IMO Infernational Maritime Organisation

IMPACT A Shell project undertaken from
2004 to 2008 to change the Brent
Field from mainly oil production to
mainly gas production

Interphase A term for the viscous emulsion of
oil and water that has formed at
the interface between crude oil and
sea water in the GBS oil sforage
cells

loP Institute of Petroleum

IPR Inferim Pipeline Regime

IRG Independent Review Group

ISO

JLS
INCC

km
KP

LAT
LSA
LTD

LTFD
[TOBM
LWIV

MBES
MCDA
MCz
MEG
MNA
MOD
MSF
MSV

NGO
NLGP

NNR
NORM

NOx
NPF
NRG

OBM
OCNS

ODCP

ODE
OGA

International Standards
Organisation

Jacket Lifting System

Joint Nature Conservation
Committee

kilogramme
kilometre

Kilometre Point

Lowest Astronomical Tide
low Specific Activity (scale)

Llow-temperature Thermal
Desorption

long Term Field Development
Llow Toxicity Oilbased Mud
Light Well Intervention Vessel

Maijor Accident Hazards
Multi-Beam Echo Sounder
Multi-Criteria Decision Analysis
Marine Conservation Zone
Mono-ethylene Glycol
Monitored Natural Attenuation
Ministry of Defence

Module Support Frame

Multi Support Vessel

Non-governmental Organisation
Northern leg Gas Pipeline
Nautical mile

National Nature Reserve

Naturally-Occurring Radioactive
Material

Nitrous Oxides

Norske Pefroleumsforening
NRG Well Examination Ltd

Oilbased Mud

Offshore Chemicals Notification
Scheme

Offshore Decommissioning
Communications Project

Offshore Design and Engineering
Oil and Gas Authority

Page | 311



OGUK
oW
OPEP
OPF
OSDR
OSPAR
OSRL

P&A
Pb
PCB
PGDS

Piles

PLEM
PLL

POBM
PON
PPE
ppm
PTE
PTFE
PVC
PWA

QRA

Ra

Riser

ROV
RSA
RAC

SAC
SCE
SEPA

SFF
Skirt
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Oil and Gas UK Limited

Qil in Water

Qil Pollution Emergency Plan
Organic Phase Fluid

Offshore Safety Directive Regulator
Oslo Paris Commission

QOil Spill Response Limited

Plug and Abandon

lead

Polychlorinated Biphenyls
Plate Girder Deck Support

Hollow steel tubes that fix a sfeel
jacket to the seabed. The piles are
inserted through pile guides and
bonded to the guides by grout

Pipeline End Manifold

Potential Loss of life. A comparative
measure of the safety risk of an
option or programme of work

Pseudo Oilbased Mud
Petroleum Operations Notice
Personal Protection Equipment
parts per million

Principal Technical Expert
Polytretrafluoroethylene
Polyvinylchloride

Pipeline Works Authorisation

Quantitative Risk Assessment

Radium

A steel tube that links a pipeline on
the seabed to the topside. They are
fixed to the outside of steel jackets

but may run inside the legs of GBSs

Remotely Operated Vehicle
Radioactive Substances Act

Resources for Change

Special Area of Conservation
Safety Critical Elements
Scottish Environment Protection
Agency

Scottish Fishermen's Federation

Short vertical walls of concrete and
steel fixed to the bases of the GRS.

SLV
SOPEP

SOx
SPA
SSCV
SSIV
STASCO

TAC
TBT
D
fe
TEC
TF
THC
TOP
TPF

Tri-cell

trillion
TTS

UKCS
UKHO
UKOOA

VASP

WBM
WGS84
WILGP
WONS

Zn

SUPPORTING MATERIAL

They divide the under-surface info
compartments that are filled with
grout and help fo fix the GBS fo the
seabed

Single Lift Vessel

Shipboard Oil Pollution Emergency
Plan

Sulphur Oxides

Special Profection Area
Semi-Submersible Crane Vessel
Subsea Isolafion Valve

Shell Trading and Shipping
Company

Total Allowable Catch

Tri-Butyl Tin

Technical Document

metric tonne (1000 kg

The Environment Council
Technical Feasibility

Total Hydrocarbon Concentration
Top of Pipe

Technical Project Failure

A fall thin vertical space with a
friangular cross-section, formed
when three circular GBS storage
cells meet

one million million (10'?)

Temporary Threshold Shift

United Kingdom Continental Shelf
UK Hydrographic Office
United Kingdom Offshore

Operators Association
Valve Assembly Spool-Piece

Waterbased Mud

World Geodetic System

Western leg Gas Pipeline

Well Offshore Notification Scheme

Zinc



BRENT FIELD DECOMMISSIONING PROGRAMMES

SUPPORTING MATERIAL
Table 93 Status of P&A on Brent Alpha Wells at 1 February 2017.
No Sidetrack OGA Number Well Type Status

BAO1 S8 211/29-A56U Producer To be Abandoned
BAO2 S2 211/29-A597 Water Injector Barriers Installed

BAO3 ST 211/29-A47 Producer Barriers Installed

BAO4 S2 211/29-A54 Producer To be Abandoned
BAOS5 ST 211/29-A55 Water Injector To be Abandoned
BAOO ST 211/29-A41 Producer Barriers Installed

BAO/ ST 211/29-A53 Gas Lift Producer To be Abandoned
BAO8 S3 211/29-A48 Gas Lift Producer To be Abandoned
BAQOQ ST 211/29-A44 Producer To be Abandoned
BA10 / 211/29-A28 Producer To be Abandoned
BAT S| 211/29-A49 Water Injector To be Abandoned
BA12 S2 211/29-A32 Producer Barriers Installed

BA13 S3 211/29-A57Y Gas Lift Producer To be Abandoned
BA14 / 211/29-A34 Gas Lift Producer To be Abandoned
BA15 S4 211/29-A51 Gas Lift Producer To be Abandoned
BATO S5 211/29-A407 Water Injector To be Abandoned
BA17 S4 211/2%-A58Y Producer To be Abandoned
BA18 S2 211/29-A14 Gas Lift Producer To be Abandoned
BA1Q / 211/29-A04 Gas Lift Producer To be Abandoned
BA20 S4 211/29-A42 Producer To be Abandoned
BA21 ST 211/29-A227 Producer To be Abandoned
BA22 S2 211/29-A30 Producer — not completed Barriers Installed

BA23 S2 211/29-A45 Producer To be Abandoned
BA24 ST 211/29-A267 Producer To be Abandoned
BA25 ST 211/29-A43 Gas Lift Producer To be Abandoned
BA26 S2 211/29-A05 Producer To be Abandoned
BA2/ S5 211/29-A52 Producer To be Abandoned
BA28 S2 211/29-A50 CR] To be Abandoned
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SUPPORTING MATERIAL
Table 94 Status of P&A on Brent Bravo Wells at 1* February 2017.

No Sidetrack OGA Number Well Type Status
BBO1 S3 211/29B52Y Gas Lift Producer Barriers Installed
BBO2 ST 211/29B48 Gas Lift Producer Barriers Installed
BBO3 S2 211/29B30A EV Water Producer Barriers Installed
BBO4 S2 211/29B637 Gas Lift Producer Barriers Installed
BBOS S2 211/29B607 Producer Barriers Installed
BBO6 S2 211/29-B72 EV Water Producer Barriers Installed
BBO/ ST 211/29B64 Gas Lift Producer Barriers Installed
BBO8 S2 211/29B55 Producer Barriers Installed
BBOQ S4 211/29B71 EV Water Producer To be Abandoned
BB10 ST 211/29B75 EV Water Producer Barriers Installed
BB11 / 211/29B11 Water Injector Barriers Installed
BB12 ST 211/29B76 EV Water Producer Barriers Installed
BB13 / 211/29820 Gas Lift Producer Barriers Installed
BB14 S5 211/29-B70X Gas Lift Producer Barriers Installed
BB15 S5 211/29B67 Gas Lift Producer Barriers Installed
BB16 ST 211/29B45 Gas Lift Producer Barriers Installed
BB1/ ST 211/29B65 Gas Lift Producer Barriers Installed
BB18 / 211/29B38 Producer Barriers Installed
BB19Q S2 211/29B51 Producer Barriers Installed
BB20 S2 211/29-B61 Producer Barriers Installed
BB21 / 211/29-B09 Cas Injector Barriers Installed
BB2?2 S4 211/29-B46 Gas Lift Producer Barriers Installed
BB23 ST 211/29-B73 Producer Barriers Installed
BB24 ST 211/29B54 Gas Lift Producer Barriers Installed
BB25 ST 211/29B57 Producer Barriers Installed
BB26 / 211/29B07 Gas Injector Barriers Installed
BB2/ ST 211/29B56 Gas Lift Producer Barriers Installed
BB28 S2 211/29-B44 Gas Lift Producer Barriers Installed
BB29 S2 211/29B687Z Gas Lift Producer Barriers Installed
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SUPPORTING MATERIAL

Table 94, continued

Status of P&A on Brent Bravo Wells at 1% February 2017.

No Side-track OGA Number Well Type Status
BB30 S4 211/29-B6HOX Gas Lift Producer Barriers Installed
BB31 / 211/29-B08 Gas Lift Producer Barriers Installed
BB3?2 S4 211/29-B62 Gas Lift Producer Barriers Installed
BB33 / 211/29B06 Producer Barriers Installed
BB34 / 211/29B26 Gas Lift Producer Barriers Installed
BB35 ST 211/29B59 Gas Lift Producer Barriers Installed
BB36 S2 211/29B47 Gas Lift Producer Barriers Installed
BB3/ S2 211/29B74 EV Water Producer Barriers Installed
BB38 / Conductor Only Conductor Only
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SUPPORTING MATERIAL
Table 95 Status of P&A on Brent Charlie Wells at 1* February 2017.

No Sidetrack OGA Number Well Type Status
BCO1 S3 211/29C51Z Gas Lift Producer To be Abandoned
BCO2 / 211/29-C12 Water Injector To be Abandoned
BCO3 S2 211/29-C47 Gas Lift Producer To be Abandoned
BCO4 S2 211/29-C53 Gas Lift Producer To be Abandoned
BCO5 S2 211/29-C60 Gas Lift Producer To be Abandoned
BCO6 / 211/29-C04 Water Injector To be Abandoned
BCO/ S2 211/29-C617 Gas Lift Producer To be Abandoned
BCO8 / 211/29-C26 Gas Lift Producer To be Abandoned
BCOQ / 211/29-C30 Producer To be Abandoned
BC10 / 211/29-C29 Producer To be Abandoned
BC11 ST 211/29-C55 Gas Lift Producer To be Abandoned
BC12 ST 211/29-C41 Gas Lift Producer To be Abandoned
BC13 ST 211/29-C57 Gas Lift Producer To be Abandoned
BC14 S2 211/29-C63 Gas Lift Producer To be Abandoned
BC15 S2 211/29-C527 Gas Lift Producer To be Abandoned
BC16 ST 211/29-C50 EV Water Producer To be Abandoned
BC17 / Conductor Only Conductor Only
BC18 S| 211/29C17 Water Injector To be Abandoned
BC19 / 211/29-C20 Gas Lift Producer To be Abandoned
BC20 S2 211/29-C42 Water Injector To be Abandoned
BC21 S4 211/29-C46Y Gas Lift Producer To be Abandoned
BC22 ST 211/29Cl16 Producer To be Abandoned
BC23 ST 211/29-C32 Gas Lift Producer To be Abandoned
BC24 S2 211/29-C48 Producer To be Abandoned
BC25 / 211/29C18 Gas Lift Producer To be Abandoned
BC26 ST 211/29-C45 Gas Lift Producer To be Abandoned
BC27 / 211/29-C10 Gas Lift Producer To be Abandoned
BC28 S| 211/29C35 Water Injector To be Abandoned
BC29 ST 211/29-C25 Gas Lift Producer To be Abandoned
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SUPPORTING MATERIAL

Table 95, continued

Status of P&A on Brent Charlie Wells at 1¢ February 2017.

No Side-track OGA Number Well Type Status
BC30 / Conductor Only Conductor Only
BC31 S4 211/29-C567 Gas Lift Producer To be Abandoned
BC32 ST 211/29-C07 Gas Lift Producer To be Abandoned
BC33 ST 211/29-Co4 Gas Lift Producer To be Abandoned
BC34 / 211/29C13 Producer To be Abandoned
BC35 ST 211/29-C65 EV Water Producer To be Abandoned
BC36 ST 211/29-C59 Gas Lift Producer To be Abandoned
BC37 ST 211/29-C62 Gas Lift Producer To be Abandoned
BC38 ST 211/29-C49 Gas Lift Producer To be Abandoned
BC39 S4 211/29-C58 Gas Lift Producer To be Abandoned
BC40 ST 211/29-C54 Gas Lift Producer To be Abandoned
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Table 96 Status of P&A on Brent Delta Wells at 1% February 2017.

No Sidetrack OGA Number Well Type Status
BDO1 ST 211/29-D72 CRI Abandoned
BDO2 ST 211/29D71 CRI Abandoned
BDO3 ST 211/29-D55 EV Water Producer Abandoned
BDO4 S2 211/29-D457 Water Injector Abandoned
BDOS ST 211/29-D38 Gas Lift Producer Abandoned
BDO6 S5 211/29D577 Water Injector Abandoned
BDO/ ST 211/29-D34 Gas Lift Producer Abandoned
BDOS S2 211/29D39Y Gas Lift Producer Abandoned
BDOQ / Conductor Only Abandoned
BD10 ST 211/29D44 Producer Abandoned
BD11 ST 211/29-D62 Gas Lift Producer Abandoned
BD12 S5 211/29-D667 Gas Lift Producer Abandoned
BD13 / 211/29D12 Water Injector Abandoned
BD14 / 211/29D10 Water Injector Abandoned
BD15 S3 211/29-D32 Water Injector Abandoned
BD16 S3 211/29-D597 CRI Abandoned
BD1/ S2 211/29-D697Z EV Water Producer Abandoned
BD18 S2 211/29-D52 Gas Lift Producer Abandoned
BD19 ST 211/29-D60 Gas Lift Producer Abandoned
BD20 S2 211/29-D507 Producer Abandoned
BD21 / Conductor Only Abandoned
BD22 S3 211/29D51 Gas Lift Producer Abandoned
BD23 / Conductor Only Abandoned
BD24 / Conductor Only Abandoned
BD25 / 211/29D04 Gas Lift Producer Abandoned
BD26 / 211/29D01 Gas Lift Producer Abandoned
BD2/ / 211/29-D0O3 Cas Injector Abandoned
BD28 / 211/29-D0O5 Gas Lift Producer Abandoned
BD29 / 211/29D31 Gas Lift Producer Abandoned
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Table 96, continued

Status of P&A on Brent Delta Wells at 1* February 2017.

No Side-track OGA Number Well Type Status
BD30 ST 211/29-D70 Gas Lift Producer Abandoned
BD31 ST 211/29-367 Producer Abandoned
BD32 / Conductor Only Abandoned
BD33 / Conductor Only Abandoned
BD34 / 211/29D16 Producer Abandoned
BD35 / 211/29-D42 Gas Lift Producer Abandoned
BD36 S2 211/29D437 Gas Lift Producer Abandoned
BD3/ S6 211/29-D657 Gas Lift Producer Abandoned
BD38 S2 211/29-D63 Gas Lift Producer Abandoned
BD39 S2 211/29-D64 Gas Lift Producer Abandoned
BD40 ST 211/29-D54 Gas Lift Producer Abandoned
BD41 S4 211/29D61Z Gas Lift Producer Abandoned
BD42 S4 211/29-D68Y Gas Lift Producer Abandoned
BD43 S2 211/29D677 Gas Lift Producer Abandoned
BD44 ST 211/29D41 Gas Lift Producer Abandoned
BD45 S2 211/29-D257 Producer Abandoned
BD46 S7 211/29D/737 Gas Lift Producer Abandoned
BD4/ / Conductor Only Abandoned
BD48 / Conductor Only Abandoned

Table 97 Status of P&A on Brent South Wells at 1* February 2017.

No Sidetrack OGA Number Well Type Status

BS1 S3 3/4ABS] Producer Abandoned

BS2 ST 3/4ABS2 Producer Abandoned

BS3 / 3/4ABS3 Water Injector Abandoned
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