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ENVIRONMENTAL STATEMENT DETAILS

Section A: Administrative Information

A1l - Project Reference Number

ES/2022/001

A2 - Developer Contact Details
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Company Name

Equinor UK Ltd

Contact name

Withheld

Contact Title

A3 - ES Contact Details

Company name

Equinor UK Ltd

Contact name

Withheld

Contact Title

Withheld

A4 - ES Preparation
Please confirm the ke

expert staff involved in the preparation of the ES:

Name

Company

Title

Relevant Qualifications Experience

Withheld

Xodus

Withheld

Approximately 15 years of experience

in undertaking EIA

Project managed a number of large
oil and gas projects, including west of
Shetland projects

Withheld

Xodus

Withheld

Approximately 35 years of experience

in marine environmental assessment
PhD in marine fate assessment

Withheld

Xodus

Withheld

Approximately 20 years of experience

in marine environmental assessment
PhD in biochemistry

Withheld

Equinor UK Ltd.

Withheld

10 years in offshore oil and gas
regulatory compliance

Withheld

Equinor UK Ltd.

Withheld

35 years oil and gas industry
experience in various disciplines MSc
Project Management

A5 - Licence Details

a) Licence(s) covering proposed activity or activities - Licence number(s):

P1026

P1191

P1272

Licensee Percentage Equity
Equinor UK Ltd 40%

Suncor Energy UK Ltd. 40%

Ithaca SP E&P Limited 20%
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Section B: Project Information

B1 - Nature of Project
Name of Project / ES: Rosebank Field Development
Brief description of the project

The proposed project is the development of the Rosebank field. The project is planned to be delivered in
two phases, phase 1 comprises drilling 4 production and 3 water injection wells and, subject to learnings
from initial wells, phase 2 will involve drilling up to a further 3 production and 2 water injection wells. The
wells will be connected by new flowlines to a redeployed Floating Production Storage and Offloading vessel
(FPSO) where the hydrocarbons will be processed. The gas will be exported from the FPSO via a new gas
export pipeline to the existing West of Shetland Pipeline Systems (WOSPS). The oil will be offloaded using
tankers. First production is expected Q4 2026.

B2 - Project Location
Block number(s): 213/26, 213/27a, 205/1a, 205/2a

UKCS Block Latitude ED50 Longitude ED50
Rosebank FPSO 205/2 60A 596 58.03A 4606 25. 43
Gas Export PLEM 206/13 60A 360 47.22A 276 21.67
(Clair)
Gas Export Riser base | 213/27 61A 006 03.63A 456 40.30

Distance to nearest UK coastline (km): 130km from the coast of Scotland
Distance to nearest international median line (km): 15km to the Faroes median line

B3 - Previous Applications

If the project, or an element of the project, was the subject of a previous consent application supported by an
ES, please provide details of the original project

Name of project: Rosebank Project Environmental Statement

Date of submission of ES: July 2018 (Chevron North Sea Ltd)

Identification number of ES: D/4281/2018
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NON-TECHNICAL SUMMARY

Introduction

This non-technical summary provides an
overview of the Environmental Statement (ES)
prepared for the Rosebank Development.

The Rosebank Development is a project
involving the drilling of subsea wells in the
Rosebank field, to extract oil and gas. The wells
will be connected by new flowlines to a central
production facility. A new gas export pipeline
will be built to transfer the gas from the
production facility to an existing pipeline called
the West of Shetland Pipeline Systems. The oil
will be exported from the production facility
using tankers.

Consideration of alternatives

N

-
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An Environmental Statement (ES) is a document that reports

the results of an Environmental Impact Assessment (EIA). The
goal of an EIA is to identify any potential adverse impacts to
the environment from a development and to inform efforts to
prevent, reduce or offset those impacts. An EIA allows a
regulator to determine if consent should be given to a
development and if any conditions need to be attached to that
consent.

The Rosebank development ES is required under the Offshore
Oil and Gas Exploration, Production, Unloading and Storage
(Environmental Impact Assessment) Regulations 2020. The
ES is submitted to the Offshore Petroleum Regulator for
Environment and Decommissioning (OPRED), who must give
consent to the operator before the development can begin.
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Equinor will operate the Rosebank
Development. The licences for the blocks in
which the field is located are held by Equinor
UK Limited, Suncor Energy UK Limited and
Ithaca SP E&P Limited.

The Rosebank field is located in the Faroe-
Shetland Channel on the north-west edge of
the UK Continental Shelf (UKCS), as shown
in Figure 1. The location is approximately
130 km north-west of Shetland, in water
which is around 1100 m deep. The field is
located in UKCS blocks 213/26b and
213/27a (licence P1026), block 205/1a
(licence P1191) and block 205/2a (licence
P1272). The pipeline will run from the deep
area of the channel up the eastern slope to
the West of Shetland continental shelf.

L}
SHETLAND ISLANDS

ORKNEY
¢

%

Figure 1 Location of the Rosebank
Development

L3

The consideration of alternatives is a process where a wide range of options are screened to ensure the final plans
are optimal. For the Rosebank Development, options for elements such as facilities and equipment were considered,
based on criteria that included economic viability, safety, environmental impact and carbon footprint.
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Key elements of the alternatives consideration included the
drilling rig, selection of which took into consideration the
water depth and harsh weather at the location. A
dynamically positioned, harsh environment semi-
submersible drilling rig (Figure 2) was selected, which
causes no seabed interaction from anchors, but comes with
a higher emissions profile. The emissions will be offset by
operational efficiency from a simplified well design (giving
shortest well length) and high operation up time (ensuring
the rig spends the minimum amount of time on location).
The type of production well chosen (a combination of low
angle and horizontal) limits the number of wells which need
to be drilled. Drilling fluids used will predominantly be water- Figure 2 Example of a Semi-submersible Drilling
based, and where oil-based fluids are required, cuttings will Rig

be recovered and transported to shore for treatment.

The production facility selection process evaluated existing infrastructure in the area, environmental factors and
electrification potential. Of the final options, a semi-submersible with an oil export pipeline would cause seabed
impact to marine protected areas from the pipeline where other equal or better alternatives would not cause this
impact. A new-build floating production, storage and offloading vessel (FPSO) has significant emissions in the
construction phase that can be avoided through the use of a suitable and commercially competitive redeployment
alternative. The production facility selected is a redeployed, ship-shaped FPSO which is prepared for future
electrification.

Equi nor 6 sambhitientwaszaeey driver during consideration of alternatives for the Development. Optimisation
for energy efficiency is an integral part of the Rosebank design development for all areas from subsurface to facilities
and product transportation. Significant reductions have been achieved via integrated optimisation across subsurface,
drilling & well and facilities Electrification, use of alternative fuels, and carbon capture and storage were all
considered as additional carbon reduction options. The Rosebank field is not considered suitable for CCS and the
redeployed FPSO is suited better to electrification, than alternative fuels. While the electrification strategy is still
being determined, it is likely to involve a high voltage subsea power cable to connect a power source (onshore grid
or offshore wind) to the production unit. The impact of this power cable is not part of the scope of this ES because it
is part of a different set of regulations.

Project Description

The Rosebank Development is divided into phases, whereby seven wells will be drilled in Phase 1 and up to five
wells will be drilled in Phase 2. Information about the reservoir and drilling, acquired during Phase 1, will be used to
optimise the plans for Phase 2. Field installation activities will commence from 2024 and continue through 2026.
This work will mainly be limited to the May to August weather windows. Phase 1 drilling is scheduled to start in the
2nd quarter of 2025. The FPSO will be towed to field and hooked up in 2026. Testing and preparing the FPSO and
pipeline for production is anticipated to take 6-7 months. First production is expected in the 4th quarter of 2026.

Oil production is predicted to peak at 9,540 tonnes/day during 2027/2028, then plateau until 2033. After this, there
is likely to be a steady decline over the life of the field. Gas production is predicted to peak at 1.72 million m®/day
between 2029 and 2031, before steadily declining. The reservoir will require water injection to maintain the pressure
required during production.
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Details of the activities occurring during the Development are provided in the table below.
Activity Description
Drilling Both production and water injection wells will be drilled. Each well will be drilled in five

sections of successively smaller diameters. Fluids used during drilling include water-
based mud and oil-based mud. When water-based mud is used, drill cuttings will be
cleaned before disposal and the mud will be reused. When oil-based mud is used, the
cuttings will be transferred onshore for treatment. Cement will be used to secure the
steel well casings in place. The drilling rig will drill and suspend each well before
returning to each well to remove wellbore barriers in preparation for subsequent

activities.
Infrastructure The types of subsea in-field infrastructure include templates for drilling, flowlines for
Installation transport of oil and gas, manifolds and trees for directing and monitoring flow,

foundations and pipelines for the water injection system, and umbilicals (small pipelines
for communication cables). Vessels and remotely-operated vehicles will support the
installation of this infrastructure and will maintain their position using dynamic

positioning.
Gas Export Pipeline The gas export pipeline will be made of carbon steel and will be approximately 85 km in
Installation length and 10.75 inches in diameter. The pipeline will be assembled in a spool, which is
mounted on the deck of a vessel. The spool sends the pipeline to the seafloor as it
unwinds.

Seabed infrastructure may need to be protected and stabilised using concrete
mattresses or placement of rock.

FPSO Installation The FPSO (Figure 3) receives the reservoir fluids,

processes and stores them, then offloads the oil to

tankers and the gas to the pipeline. The FPSO will
be moored to the seabed using suction anchors.

Initially, since there is not an existing source of

renewable electricity available to supply power to

Rosebank, the operations on board the FPSO will

be powered by generators that can use gas or

diesel, but it will be modified for future electrification
before arriving at the field location.

Production Prior to production, the integrity of the flowlines will be confirmed via testing such as
leak detection. Chemicals used include oxygen scavengers, biocides, dye and
monoethylene glycol in seawater. The flowlines and pipeline will then have all contents
removed and will be dried. Vessels, helicopters and remotely-operated vehicles will
support production and operation throughout the life of the Development.

Decommissioning As decommissioning is likely to be far in the future, it is anticipated that technology and
regulations may change before it occurs. As a result, activities are subject to change. In
general, the pipelines and infrastructure is flushed and cleaned, the wells are plugged
and sealed with cement, and the FPSO is transported offsite. Infrastructure may be
removed, depending on environmental, safety and cost factors at the time of
decommissioning.

Figure 3 The Rosebank Ship-
shaped FPSO
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Environmental Baseline

Detailed information about the environment in which the Development will take place was required as part of the EIA
process. The following table provides a brief summary of the key information collated.

Bathymetry and Metocean Characteristics

The Development will occur on the east slope of the Faroe-Shetland Channel and some of the continental shelf.
The shelf is relatively shallow, with the depth at the top of the slope around 100-200 m. The channel is between
1 and 2 km deep. Generally, the area experiences frequent rain, strong winds and changeable wind direction.
The ocean here is characterised by multiple strong non-tidal currents interacting with relatively weak tidal flow.
Sediment Type and Seabed Features

The channel is characterised by fine sandy and muddy sediments, with various physical features including
plough marks from icebergs and sediment fans. Moving up the slope, the seabed sediments become more
variable in nature and include large sediment waves. Iceberg plough marks are also present and coarse gravel
and stones have been detected.

Plankton

Due to the depth of the channel, the composition of plankton is varied through the water column. Different
species of plankton dominate the different depths, including copepods in the deep water, and phytoplankton
such as dinoflagellates and diatoms in the upper layers. Doliolids are also present, brought in on warmer
streams of water. The species on the shelf are dominated by dinoflagellates, diatoms and copepods. Plankton
are a crucial source of food for multiple species.

Seabed Habitat and Species

The channel floor has been shown to be sparsely distributed

. . Figure 4
with stones to which are attached sponges and soft corals. A club
The lower slope and channel seabed support various sponge in
species including sea spiders and sponges (Figure 4). Deep- the Faroe-
sea sponge aggregations are diverse groups of sponges Shetland
growing together and are found on some areas of the slope. Channel

The shelf supports starfish, sea urchins, anemones and
sponges. There is evidence that on the shelf, communities
are sparse in sandy sediments, while areas with boulders
and rock outcrops have a greater variety of species.

Fish and Shellfish

The channel waters are used by fish for a variety of purposes including, as a migration route, for spawning and
as a nursery. Blue whiting, ling, mackerel and Norway pout use the area for spawning and nursing. Spurdog,
common eel and Atlantic salmon are also found in the area. Deep-sea fish which use the area include lantern-
fish, pearlside, rockling and eelpout. The continental shelf is likely to support multiple species of fish with
commercial importance, including haddock, cod, herring and ling. Several species may use the area as nursery
grounds, including anglerfish, blue whiting and herring. Sharks, skates and rays are also present in the area,
including thresher, porbeagle and basking sharks.

Marine Mammals and Cephalopods

The channel is believed to be a corridor for migrating marine mammals including the fin whale and sperm
whale. Other whales regularly spotted in the area include the blue whale and minke whale. Also known to be
present in the area are several dolphin speciesellas i
the harbour porpoise. Grey, harbour and hooded seals are the most likely seal species to be encountered in the
area. A number of deepwater squid are likely to be present in the channel. On the shelf, bobtail squid are one of
the most significant cephalopod groups.
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Seabirds

Seabirds found in the area are likely to originate from major colonies in the Faroe Islands, Shetland and Orkney,
and breeding areas in Iceland and Norway. Species present and densities vary with the time of year. The large
variety of seabirds that use the area include the herring gull, Arctic skua, northern fulmar and black-legged
kittiwake. The area is used for migration by species such as some shearwaters, skuas and geese. A variety of
seabirds have colonies along nearby coastlines.

Conservation

There are no Special Areas of Conservation within 100 km of the Development, but there are several other
conservation sites, including the Faroe-Shetland Sponge Belt Nature Conservation Marine Protected Area
(NCMPA). The thresher and porbeagle shark are considered vulnerable and the basking shark is endangered
globally. Many other animal species are protected under European, UK and Scottish conservation regulations.
Other Sea Users

The area is fished by local and international vessels. Hake, monkfish / anglerfish, mackerel, ling and cod are
dominant according to the available data. Commercial shipping activity is considered low and on the shelf most
vessels are cargo, tanker and fishing vessels. Through the channel there are also ferries and cruise liners to
and from the Faroe Islands.

EIA Methodology

The EIA process considers impacts and the resulting effects on receptors. This includes the duration, extent and, if
necessary, the likelihood of an impact, as well as the sensitivity of a receptor. The consequence of impact on a
receptor is then assessed, to identify any potentially significant impacts.

The EIA process began with

EIA Terminolo
identification of the sources of ! 9y

potential impact which required | |mpacti a measurable change to the environment resulting from an action.

further assessment.
Identification of these sources | Receptori an element of the environment, such as an organism or habitat.

was based on the specific

proposed activities, relevant environmental sensitivities, a review of past EIA outcomes, and wider stakeholder input.
A range of stakeholders were consulted during the EIA process, including the regulator OPRED and the North Sea
Transition Authority.

The following issues were selected for assessment in the EIA:
1 Seabed disturbance;

Discharges to sea;

Interaction with other sea users;

Atmospheric emissions and climate;

Underwater sound; and

Accidental events.

=A =4 =4 -4 -4

Seabed Impacts

Activities such as the use of anchors, installation of infrastructure and deposition of drill cuttings on the seabed can
lead to changes at the seabed and negative impacts including loss of species, loss of habitat, introduction of a new
hard substrate and wider indirect disturbance from sediment suspension in the water. The area that will be occupied
by the structures and materials noted above (the footprint), the timeframe and nature of activities and the duration
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of effects were assessed alongside benthic species sensitivity and tolerance, and features of the seabed and marine
protected area. Seabed impacts were found to be not significant. Although the pipeline will pass through an NCMPA,
surveys done along the proposed pipeline route have found no significant deep-sea sponge aggregations and the
footprint is small compared to the size of the NCMPA.

To help avoid a significant impact, several steps will be taken, including:
1 Environmental surveys will be used to allow the gas pipeline route to avoid sensitive locations;
1 Installation of subsea facilities will use vessels that do not need anchors; and
1 FPSO anchors will be placed to avoid sensitive areas where possible;
T Rock depositds wildl be minimised as far as practicabl

Discharges to Sea

Activities that result in discharges to the sea will occur within drilling, installation and operation activities of the
Rosebank Development. Discharges include cuttings and fluid from drilling, cement, and water-based fluids used
inside the infrastructure. These discharges may lead to increased suspended solids in the water column and
materials settling on the seabed. This may indirectly cause a change to the physical or chemical nature of the habitat
or impairment of benthic organisms feeding or respiratory systems. The volume and content of the discharges, and
their predicted dispersion through the water column were assessed alongside the sensitivity of species present,
such as plankton and fish, and the recovery potential of the environment. Impacts to the water column and seabed
were found to be not significant.

To help avoid a significant impact, several steps will be taken, including:
9 Drilling muds will be recycled as far as practicable to reduce discharges;
1 The drilling rig will be audited to ensure it conforms to all relevant guidelines and legislation;
1 Chemical selection for drilling, commissioning, operation and intervention will take into account all relevant
permit conditions and approvals based on an environmental risk assessment; and
1 The produced water system will be designed to reduce the oil content in the produced water to the regulatory
requirement as a minimum.

Other Sea Users

The presence of infrastructure, facilities and vessels have the potential to obstruct or exclude other sea users. The
risk of vessel collision and snagging of fishing gear may be increased, and the use of the area may be reduced due
to the safety zone established around the activities. The time during which the areas are occupied by vessels or
infrastructure, the size of area occupied, and the nature of the vessels and infrastructure or equipment on the seabed
were considered in the assessment. Details of fishing and other vessels using the area, types of fishing methods
used and the depth of the seabed were also taken into account. Impacts to commercial fisheries and shipping were
found to not be significant and the risk of snagging found to be low.

To help avoid a significant impact, several steps will be taken, including:
1 The gas export pipeline and subsea facilities will be designed so that trawling can still occur over them at
depths less than 800m;
1 A dropped object protocol will be developed to reduce the risk of dropped objects from installation vessels;
The operations centre will remotely monitor vessel traffic around the field; and
1 Afishery liaison strategy will be developed and implemented.

=
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Atmospheric Emissions

Emissions come from fuel consumption by the FPSO, the drilling rig, vessels and helicopters, subsea infrastructure
installation, and flaring and venting. Gas emissions impact air quality, climate change and acid deposition. The types
and worst-case volumes of gas emitted, along with the background air quality were assessed. The assessment
found that significant impacts on local air quality are not expected. The atmospheric emissions assessment focused
on ways to reduce emissions, which include (in addition to those discussed in the consideration of alternatives):

1 Implementation of new digital solutions such as automated drilling to optimise energy efficiency;
Minimisation of vessel time required to install subsea equipment from simplification of subsea design;
Use of a vapour recovery system and closed flare on the FPSO to reduce emissions;
Optimisation of field development strategy to minimise offshore facility power demand; and
Modifications to the redeployed FPSO to enhance energy efficiency.

=A =4 =4 =4

Underwater Noise

Noise generated by Development activities adds to the background sound in the environment. Noise can be
generated by several activities, including drilling, operation of vessels and the FPSO, helicopters and surveys that
use airguns within the subsea wells (seismic survey). Some animals may behave differently in response to this noise.
The noise may block sounds they use for communication, or it may cause discomfort or injury. The intensity,
frequency and duration of the noise was assessed with reference to sensitivities and likely presence of specific
animals. The risk of disturbance to fish is considered moderate and habituation is unlikely due to the operations
constantly moving and the short period of activity. There is a very low likelihood of injury or non-trivial disturbance
to seals, whales, dolphins and porpoises.

To help avoid a significant impact, several steps will be taken, including:
1 Use of suction on all subsea installation rather than piling;
1 Ensuring a Marine Mammal Observer is present to monitor for the presence of marine mammals before and
during the surveys. If animals are present, start up is delayed until they have passed; and
1 Conducting a soft start for survey work. Activities that generate noise begin at low levels to allow time for
animals to move away from the sound before the higher intensity noise begins.

Accidental Events

By their nature, oil and gas developments come with the risk of an accidental release of hydrocarbons. There are
many sources of potential releases, including a failure of a well (known as a well blowout) and spilling of diesel from
a vessel involved in the Development. The potential impact of an oil spill on the receiving environment has been
assessed by considering environmental sensitivities, and factors such as properties of the material and probable
direction of its movement. For each type of accidental event assessed, the worst case possibility was used. The
likelihood of an event happening is also considered in this type of assessment. The assessment found that the worst
case scenario well failure has the potential to lead to a major environmental incident. Impacts to individual receptors
are considered either major or moderate. The probability of this occurring is very low.

The assessment was based on no steps being taken to stop the spill. In fact, many measures will be put in place to
reduce the probability of an accidental release. These measures include:
91 Installing suitable blowout preventers on wells;
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91 Putting in place procedures specific to the harsh environment of the location;
1 Employing robust maintenance and inspection programmes; and
1 Having suitable emergency response procedures in place.

Environmental Management

Equinor has developed an Environmental Management System (EMS) which is designed to ensure activities are

executed in a way that protects people and the environment. The environmental elements of the EMS are aligned

with the requirements of ISO 14001:2015 and the EMS undergoes auditingbyat hi rd party every two Y
commitment to environmental safety is reflected in their sustainability fundamentals, within the corporate framework,

which are aligned with achievement of UK Net Zero emissions targets. Equinor Oil Spill Response Procedures will

be applied during all operations and Emergency Response Bridging Documents are prepared for all offshore

activities involving contractor facilities and vessels.

Conclusions

The Rosebank Development concept minimises the environmental footpri nt and supports the UKOG:
while maintaining a hydrocarbon supply and contributing to the UKs energy security. In assessing the environmental

impact of the Development, the planned activities and the existing environmental sensitivities were considered. The
environmental impacts arising from known and expected activities, were found to be not significant. The likelihood

of injury to animals from noise was low. The potential impact to the environment from an unexpected worst case well

failure is considered moderate or major, but the likelihood of it occurring is very low. Mitigation measures are in place

to ensure any impacts or risks are reduced as much as possible as the Development progresses.

The Rosebank team will deliver the mitigation measures identified in this ES and work towards continual
improvement in environmental performance beyond these commitments.
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1 INTRODUCTION

1.1 Rosebank

Equinor UK Limited, Ithaca SP Energy E&P Limited, and Suncor Energy UK Limited (together known as the
iLicenseeso) wi |1 devel op the Rosebank f i el|Develogmedt bymi ni mi
redeploying an FPSO that is electrification ready. All modifications to support the future electrification of the FPSO

will be completed prior to the arrival at the field location, without taking the FPSO off station. Further, the FPSO wiill

be equipped with a closed flare and vent system and will be retrofitted with energy efficient equipment. Finally, as

the FPSO is redeployed, the project will minimise emissions from construction activities through avoiding building a

new FPSO.

The Rosebank field is located in blocks 213/26b and 213/27a (licence P1026), block 205/1a (licence P1191) and
block 205/2a (licence P1272) in the Faroe-Shetland Channel on the north-west edge of the UK Continental Shelf
(UKCS) as shown in Figure 1-1. The location is approximately 130 km north-west of Shetland in around 1,100 m of
water.

30 20
e 1 1 j i
[} ]
61730 208/191
| I8
Cragganmore ———
North Uist ’ ‘
- |
214 ’ 208
.
Laxford )
i
§1°0"
60°30
] Licences Il ol Pipeline = Intemational border
[ Rosebank licences Il Gas — OH
[ Equinor operated interests [ Oil and gas -— Gob
—__] Prospect P@4 Gas and condensate —— \Nater

Figure 1-1 Location of the Rosebank field

Equinor on behalf of the P1026, P1191 and P1272 licensees, Ithaca SP Energy E&P Limited and Suncor Energy
UK Limited,pr oposes to develop the Rosebank field (the fADevel oj

Full licence interests in licences P1026 Block 213/27a & 213/26b, P1191 Block 205/1a and P1272 Block 205/2a:

1 Equinor UK Limited (Operator) 40%;
1 Suncor Energy UK Limited 40%; and
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91 Ithaca SP Energy E&P Limited 20% (In June 2022, Ithaca Energy (UK) Ltd completed their acquisition of
Siccar Point Energy Limited)).

For Rosebank, the licensees have selected a development concept that minimises the environmental footprint

includingCOz2e mi ssions, is in |line with the North Sea Transition

climate ambitions, maximises economic recovery and minimises technical and commercial risk.

This Environmental Statement (ES) is prepared under regulation 5 of The Offshore Oil and Gas Exploration,

Production, Unloading and Storage (Environmenteaglullamhp ants 0A

Projects that fall under Schedule 1 to these Regulations require an environmental impact assessment. The Project
falls under Schedule 1 of the EIA Regulations as follows:

9 Extraction of oil and natural gas for commercial purposes where the amount extracted exceeds 500 tonnes
per day in the case of oil and 500,000 cubic metres per day in the case of natural gas.

There have been two previously submitted ESs to the Offshore Petroleum Regulator for Environment and
Decommissioning (OPRED) (then called the Department for Energy and Climate Change, DECC) for the
development of the Rosebank field in 2013 and again in 2018 with the latter being approved. After acquiring a 40%
licence interest, and Operatorship, of the Rosebank field in 2019, Equinor has conducted a full review and
optimisation of the Development to ensure full adherence to the North Sea Transition Deal. The changes to previous
proposals for the field, which Equinor believes have improved the environmental footprint, required a review of the
EIA process and preparation of a new ES.

1.2 Equinor

Equinor is an international integrated energy company that aims to be a leader of the Energy Transition through
continuing their industry leadership in carbon efficiency, profitable growth in renewables and accelerating
decarbonisation. Equinor has a clear ambition to be a net zero energy company by 2050, including emissions from
production and final consumption. Interim ambitions have also been set aiming to reduce net carbon intensity by
20% by 2030 and 40% by x@o3utn.natualresourcesinto energyuar peopte and progress
for society, aiming to be a leading provider of energy and low carbon solutions, a global leader in offshore wind and
a leader in carbon capture and storage (CCS), guided by the three strategic pillars i always safe, high value and
low carbon.

Equinor is the leading energy company on the Norwegian Continental Shelf (NCS), with headquarters in Norway,
and is listed on both the Oslo and New York stock exchanges. Over 25 surface production installations and over
500 subsea wells are operated in Norway by Equinor. Equinor has extensive experience with electrification of
offshore oil and gas projects. On the NCS it has more than 10 offshore fields either electrified or due to be electrified,
with a total power demand of more than 1,000 MW. Equinor has an international upstream business, including
offshore Brazil and Canada, onshore USA and deep-water licence areas in the Gulf of Mexico, and the Mariner field

on the UKCS. In 2020, Equinor supplied nearly 30% 0of t he UK®&és natural gas demand and

oil, with these supplies being produced with one of the lowest carbon footprints in the industry, with natural gas from
Norway being supplied to the UK in pipelines with around one fifth of the emissions of LNG imports. The reliability
of natural gas imports is backed up by Equinor and
provides around 7% ofget he UKO&6s tot al gas stora

Equinor has interests in 35 seaward production licences on the UKCS and is operator of 18 of these including the
Mariner Field (Licence P335), the largest oil development in the UK for over a decade, where there is on-going

1 https://www.equinor.com/about-us/strategy
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production and development drilling, along with the Utgard and Barnacle producing assets. Details of recent, current
and planned |Iicence activity and Equinordés operatorship o
and Hydrogen) projects are provided in the 2021 OSPAR Offshore Environmental Performance Report? and shown

graphically in Figure 1-2.

A &
-Rosebank ‘{ Barnacle
ECIUIﬂOr |n the UK ’ % o Bressay
Lid Mariner
A \'(
7 Producing field &
* Field development & Utgard
1* Wind farm o
O D hanaattort vidativie Peterhead Carbon Capture Power Station
5 Gas storage 5 Hywind Scotland
| Offices
;i NZT Power
- Keadby Carbon Capture &

Keadby Hydrogen Power Stations

Aldbrough

———Dogger Bank
O—Northern Endurance Partnership
H2H Saltend

Dudgeon
Sheringham Shoal

Figure 1-2 Key Equinor interests in the UK

Alongside developing and operating domestic oil and gas reserves and supplying gas to the UK from Norway,
Equinor in the UK has offshore wind and low carbon solutions projects and is continuing to grow these businesses.
A summary of some headline factsabout Equi nor 6s busi nesFguréla. t he UK i s shown

2 https:/iwww.gov.uk/government/publications/oil-and-gas-public-statements-relating-to-2020-operations
Page 15 of 401

www.equinor.com



N

-

equinor %

) @ G
35+ 650+ 700 £5.

K employe: ner

king fo

o 6 @3

20% 1% 5

met by r wered by our

Figure 1-3 Key Equinor statistics

Equinor has three offshore wind farms in the UK, Sheringham Shoal and Dudgeon, along with Hywind Scotland, the
worl dbés fir st ahdooeatthe bagt pevformidg windfarms worldwide, Alongside partners, Equinor is
also currently building Dogger Bank, the largest offshore wind farm in the world, which will provide enough power
for 5 million UK homes and represents a £9 billion investment in the UK. The North Sea is a key contributor for
Equinor in its ambition to increase renewables capacity to 12-16GW by 2030.

Equinor has over 20 years of experience storing CO: in the NCS and producing hydrogen from natural gas. This

experience is being leveraged to develop the East Coast Cluster in the UK alongside partners. Equinor is linking
hydrogen and carbon capture projects in t wostardgeintheddKUKOS s |
North Sea. Equi nor 6 amsH®sHpphBlaw carbon dydrpgencandepowter to heavy industry from

the mid-2020s, and Equinor is planning to build further hydrogen production capacity in the Humber by the end of

the decade. As part of the Zero Carbon Humber consortium Equinor is working to deliver low carbon hydrogen

production facilities and essential carbon capture usage and storage (CCUS), together with region-wide
infrastructure that will enable large-s c al e decarboni sation across the countrybd
partner in Net Zero Teesside, Equinor is working to decarbonise the Teesside industrial cluster with carbon capture.

CO:2 emissions from both the Humber and Teesside will be transported through pipelines to permanent storage, both

developed by Northern Endurance Partnership, making use of the substantial storage potential deep under the UK

North Sea.

Equinor is committed to achieving excellence in Health, Safety and Environmental (HS&E) performance across all

its operations. I nf or mat pedonmance carEbg foiind ia theéd 2021 Sustinahilityrrepdrt?. | i t y
Effective and responsible environmental stewardship is a
the delivery of excellence in HS&E performance.

1.3  Energy Transition and Net Zero Context

Equinor promotes policies supporting the goals of the Paris Agreement and forceful actions to accelerate the energy
transition. Equinor actively works to ensure that the policy positions and advocacy of our membership organisations
is supportive of and aligned with the objectives of the Paris Agreement (adopted in 2015; in force 2016). In line with

3 https://www.equinor.com/news/archive/20220318-annual-sustainability-reports-2021
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Article 4 of the Paris Agreement, the UK has submitted a Nationally Determined Contribution (NDC) which commits
the UK to reducing greenhouse gas (GHG) emissions by at least 68% by 2030, compared to 1990 levels.

The North Sea Transition Authority (NSTA) regulates and influences the oil, gas and carbon storage industries. They
help to drive the North Sea energy transition, while also realising the potential of the UK Continental Shelf as a
critical energy and carbon abatement resource. The NSTA based their production forecasts on existing fields and
fields that have not been developed yet but are likely to be developed in the near future. The NSTA production
outlook was used in the UK sixth carbon budget as the reference point. Oil and gas fields can be developed, provided
actions are taken to reduce emissions - such as electrification, zero routine flaring and venting, and addressing
methane leakage.

To facilitate achievement of the NDC commitments, the UK government set a legally binding target for the UK to
reduce its GHG from 1990 levels by 100 % by 2050 (The Climate Change Act 2008 (2050 Target Amendment) Order
2019). In Scotland the target year was set as 2045 via the Climate Change (Emissions Reduction Targets) (Scotland)

Act 2019. The UKO6s net zero targets ar-geauppoatiednblyuadagsty

independent body to monitor progress, the Climate Change Committee (CCC). The UK carbon budgets restrict the
amount of GHG the UK can legally emit in a defined five-year period. In 2020, the 6th carbon budget was published
by the Committee on Climate Change for consideration by the UK Government and is the first budget to reflect the
amended trajectory to 2050.

The UK Net Zero Strategy: Build Back Greener (October 2021) outlines policies and proposals for decarbonising all
sectors of the UK economy to meet our carbon budgets and net zero emissions target by 2050 (and 2045 in Scotland)
as follows:

f Sets out the UK governmentoés vision for a prosperous,

1 Provides industry with the long-term certainty it needs to invest in decarbonisation.

The Energy White Paper Powering our Net Zero Future, published in December 2020, and the UK 10 Point Plan for
a Green Industrial Revolution, published in November 2020, embed the UK Net Zero strategy by describing how the
transition to clean energy can be achieved by 2050. To support the Energy White Paper and the Industrial
Decarbonisation Strategy requirement the North Sea Transition Authority (NSTA) revised the oil and gas sector

specific Maximising Economic Recovery (AMERO) Strategy in

with underpinning requirements:

iRel evant persons must, in the exercise of their rel
1 Secure that the maximum value of economically recoverable petroleum is recovered from the strata beneath
relevant UK waters; and, in doing so; and
1 Take appropriate steps to assist the Secretary of State in meeting the net zero target, including by reducing
as far as reasonable in the circumstances greenhouse gas emissions from sources such as flaring and
venting and power generaton, and supporting carbon capture and

The revised NSTA Strategy, which came into force on 11th February 2021, reflects the ongoing energy transition
and features a range of net zero obligations for the oil and gas industry, including increasing efforts to reduce
production emissions, support carbon capture and storage (CCS) projects and unlock clean hydrogen production.

The revised guidance on the development of fields demonstrates where the net zero requirements are embedded
in the NSTA assessment and approvals process. The NSTA expects the following requirements in relation to
emissions from flare and vent sources:
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9 fFlaring and venting and associated emissions should be at the lowest possible levels in the circumstances;
1  Zero routine flaring and venting for all by 2030; and
T All new devel opments should be planned and deve.l

In addition, the NSTA has a set of Stewardship Expectations to provide operators and licensees with guidance on
expected behaviours and good practice. Stewardship Expectation 11 i Net Zero (SE11) was published in March
2021 and sets out the NSTAO6s view as to how industr
to reduce GHG emissions and suppo r t delivery of the UKG6s net zero
demonstrates how the industry supports the wider UK Climate Change targets whilst recovering hydrocarbon
resources which contribute to the IiddidistheeBrtsh Engrgy Sexwity
Strategy.

The North Sea Transition Deal (BEIS, March 2021a) introduced a sector deal between the UK government and the
offshore oil and gas industry. The North Sea Transition Deal sets out an ambitious plan forhowt he UK®d s
oil and gas sector and the government will work together to deliver the skills, innovation and new infrastructure
required to meet GHG emissions reduction targets. The Deal aims to support and anchor the expert supply chain
that has built up around oil and gas in the UK, to both safeguard and create new high quality jobs. The deal will
transform the sector in preparation for a net zero emissions future and catalyse growth throughout the UK economy
ensuring a just transition of the energy sector.

The oil and gas industry through the OEUK (Offshore Energy UK previously OGUK) has developed the roadmap
2035: A Blueprint for Net Zero* in which the industry outlines the role the sector can play in decarbonisation.

There are five main ways in which Equinor is contributing to a net-zero society:

1 Committed to reducing emissions from our production of oil & gas. (het 50% emissions reduction by 2030);
Accelerating our investments in renewable energy and grow a profitable renewables business;

Investing in new technology to create and build new low-carbon markets, value chains and industries;
Investing in nature-based solutions; and

=A =4 -4 -4

Using our voice to support the goals of the Paris Agreement and policies that support net zero by 2050.

1.4 Rosebank Development Net Zero Strategy

The Licensees have the ambi tasaperatar, &quinoaik activélynwerking zvithra broad
range of stakeholders in Scotland, the UK and Europe to ensure that Rosebank is developed in line with the North
Sea Transition Deal, UK net zero targets and Equinor net zero ambitions. All relevant alternative concepts and
technologies that can be implemented to meet the North Sea Transition Deal agreed between the UK government
and the oil and gas industry to create a net zero basin by 2050 have been thoroughly evaluated. In parallel, the
Development has been optimised to minimise environmental impact and to deliver in accordance with the NSTA
strategy.

The Licensees will invest around £80 million on modifications to support future electrification of the FPSO and these
modifications will be completed prior to the arrival of the FPSO at the field location. As a result, Rosebank could
become one of the first oil and gas developments west of Shetland to be powered by electricity, reducing the

4 https://roadmap2035.co.uk/
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emissions and meeting the North Sea Transition deal supply decarbonisation target of achieving a net-zero basin in
the UK by 2050.

Equinor has worked systematically to reduce the carbon footprint of oil and gas developments. Key areas to achieve
this has been reduction of power consumption through optimising design solutions, implementing closed flare & vent
and electrification. As one of the most CO: efficient producers, Equinor will implement the learnings from its other
assets including the broad experiences related to electrification of oil and gas developments on the NCS. Equinor
will also implement all relevant learnings from the Licensees to reduce the environmental impact of the Development

The Licensees have substantially reduced the power consumption for the Developmentby ut i | i si ng
experience to optimise across all areas of the Development. This is further described in Chapter 2, Consideration of
Alternatives, resulting in considerable reductions in emissions.

Key criteria for selecting the redeployment FPSO concept was that it can meet the expectations both from the NSTA
to contribute to net zieabildy paoritids. Thigis achieved though:wn sust a

1 Re-use/repurposing of infrastructure and facilities (lower carbon footprint compared to a new build and
saving 250 kt of CO2 emissions);

1 Re-use of an FPSO that was designed for future electrification, and making further modifications to allow
for full electrification;

1 Reduction in emissions from flaring and venting by zero routine flaring/venting;

1 Retrofitting of the FPSO with energy efficient equipment; and

1 Use of a digital twin and advanced reliability techniques to reduce offshore interventions.

The Licensees have clear ambitions to implement electrification of the FPSO to even further reduce the emissions,
(see Chapter 9 Atmospherics and Climate). The FPSO original design supported electrification. Extensive study
work performed in 2021/22 concluded that future electrification is technically feasible in the West of Shetland (WoS).
Technology qualification, as described in Chapter 2 Consideration of Alternatives, is needed and this work is
ongoing. Work is continuing at pace to mature the required technology and to conclude the possible schedule for
delivery of electrification of the Development.

The Licensees have the ambition to me et t h et z&r& @rget and are targeting electrification as soon as
possible. The Licensees have committed to take a proactive role to deliver electrification when technology is qualified
and matured and necessary regulatory consents are in place. It is not the technical development and implementation
of required facilities at the FPSO, but the confirmation of power source, grid connections and necessary offshore
and onshore consenting that drive the electrification schedule. As a part of this, Equinor is also taking a proactive
role in WoS work groups to mature potential area solutions, as further described in Section 1.5.

1.5 Collaboration

Equinor and the other licensees recognise that its activities impact the environment, society and the economy, and
that it has an important role to play in collaboration with governments, industry, customers and society at large.

Equinor is a strategic partner to the Net Zero Technology Centre (NZTC) providing mentoring, and networking
opportunities, including connecting innovative technology with potential projects for piloting and testing. The
partnership will drive the industry towards meeting climate goals and enabling the use of sustainable energy
resources.
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Equinor is a member of the project ORION (Opportunity Renewables Integration Offshore Networks) Advisory
Group. Project ORION is an energy hub concept established in Shetland in 2020 by Shetland Islands Council (SIC)
and the NZTC (previously called Oil and Gas Technology Centre). The vision of the energy hub concept is to provide
clean sustainable energy for the future. Its stated purpose is to provide domestic and industry users access to clean
energy whilst reducing emissions, maximising the value of the oil and gas sector during energy transition and
creating sustainable local and regional employment. A key factor to ensure success will be for stakeholders to work
together in a collaborative way to test and deliver opportunities at pace. Within this overall agenda, a workgroup
focussed on electrification of oil and gas opportunities WoS has been established. Along with SIC, NZTC, bp, Shell,
Siccar Point Energy (SPE, now Ithaca SP E&P Limited) and Scottish and Southern Electricity (SSE), Equinor
participates in the WoS Electrification workgroup to promote, support and facilitate WoS basin offshore electrification
of new oil and gas developments and existing producing assets utilising wind power from onshore Shetland and
possibly offshore where technically feasible.

In early 2021, bp, SPE and Equinor formed t htinWstiGateOper at
technical and commercial feasibility of the electrification (in whole or in part) of their existing assets and future
developments WoS.

Equinor and the other licensees have been instrumental in the establishment of a West of Shetland electrification
workgroup to explore opportunities to address the challenges of electrification through collaboration with other West
of Shetland upstream oil and gas Operators and stakeholders.

Work to date through these workgroups supports the view that there is potential for collaboration, although significant
technical, commercial and regulatory challenges remain to be addressed. Equinor is cooperating with other UK
developers through initiatives like the WoSE to establish the infrastructure necessary for the electrification of other
oil and gas operations in the area. This is needed to meet the North Sea Transition Deal supply decarbonisation
target of achieving a net-zero basin in the UK by 2050.

1.6 The Rosebank Field

The Rosebank field lies WoS within the Faroe-Shetland Channel at a water depth of approximately 1,100 m. It is
approximately 130 km North West of Shetland, 274 km from mainland Scotland, 15 km from the UK/Faroes median
line, and 180 km from the Faroe Islands. The location of the Rosebank Development is shown in Figure 1-4.

The Rosebank field was discovered in 2004 and an appraisal drilling campaign consisting of five wells and side-
tracks was carried out between 2006 and 2009. A well test was performed on the appraisal well in Block 205/1a to
provide information regarding reservoir deliverability and volumes. In addition to the appraisal drilling, ocean bottom
node seismic surveys were carried out in 2010 and 2011 to improve reservoir definition. Evaluation of the data to
date has indicated the presence of an overall reservoir structure approximately 20 km long and 5 km wide.
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1.7  Overview of the Rosebank Development

Equinor is proposing to develop the Rosebank field with subsea wells tied back to the redeployed FPSO via the
installation of new risers, flowlines and umbilicals. Oil will be off-loaded from the FPSO using tankers and gas will
be exported via a new offshore gas export pipeline to tie into the existing West of Shetland Pipeline Systems
(WOSPS) at the Clair Tee. There is no planned routine overboard discharge of water and no planned routine flaring.
The FPSO will connect to the SHEFA-2 fibre optic cable which also provides data communications routing to other
West of Shetland (WoS) operators.

A phased development plan has been selected for the drilling and the subsea, umbilical, riser and flowline (SURF)

scopeswi t h four production wells and three wardbasedomcurert i on w
assumptions,uptoan addi ti onal five wel |l s .iPhasinghlkbwsdoe apimaldusepfittees e ( A P
FPSO processing capacities when considering the expected profile and the range of uncertainty. A key advantage

of phasing is that subsurface uncertainty is addressed through targeted early data acquisition, which allows Phase

2 wells to be optimised based on static and dynamic reservoir learnings from the Phase 1 wells.

The phased development plan includes the ability to accelerate or delay Phase 2 (e.g. a shorter or longer drilling
break and / or an accelerated Phase 1 well in low case reservoir outcomes). It enables the potential to increase
recovery while producing from lower risk resource areas first.

A Final Investment Decision (FID) for Phase 1 is planned in February 2023, while FID for Phase 2, to be dependent
on learnings and experience from Phase 1, currently is assumed to be approximately 5 years later.

The UKCS blocks that the Development is situated in are presented in Table 1-1. The high-level layout of the pipeline
route is shown on the map in Figure 1-4.

Table 1-1 UKCS Blocks in which the Rosebank Development is located

Field/infrastructure Block
FPSO 213/27a
Rosebank field 213/26b, 213/27a, 205/1a and 205/2a
Rosebank to Clair gas export pipeline gggﬁs 205/3, 205/4, 205/5, 205/10, 206/6, 206/7, 206/12,

The indicative schedule for the execution of the installation is shown in Chapter 3 Project Description. Field
installation activities will commence from 2024 and continue through 2026 and be mainly limited to 1 May to 31
August weather windows. Phase 1 drilling is scheduled to commence in 2Q 2025. The FPSO will be towed to field,
anchored and hooked up to risers in 2026. It is anticipated the FPSO, pipeline and field commissioning will take 6-7
months to complete following installation. First oil is expected in 4Q 2026.

1.8  Scope of Environmental Impact Assessment (EIA)

The overall aim of the EIA is to assess the potential environmental impacts (both routine and accidental), that may
arise from the Development and to identify the measures that will be put in place to reduce or avoid these potential
impacts. The EIA process (see Chapter 5 EIA Methodology) is integral to the design of the Development, assessing

potential environmental impacts and concept alternatives, and identifying design and operational elements to
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minimise the potential impacts of the Development as far as reasonably practicable. The process also incorporates

stakeholder engagement which allows issues to be addressed at an early stage of design. This ensures that all
planned activities comply with | egislative requirements ¢
policy (Section 1.11).

The EIA scope includes installation, commissioning, and operational activities of the Development as detailed:

1 Installation, commissioning, and operation of subsea and surface infrastructure (flowlines, subsea facilities
and FPSO);

1 Installation, commissioning, and maintenance of a gas export pipeline;

1 Development well construction; and

1 Operational shipping and loading activities

Decommissioning activities are subject to a separate environmental appraisal process and are not covered by the
EIA Directive requirements. However, where relevant, the EIA scope indicates how future decommissioning
requirements may influence project design.

Routine and non-routine activities (e.g., well start-up can result in production upsets) and the risk of accidental events
with possible environmental implications are included in the impact identification, assessment and mitigation
process.

The following activities are outside the scope of this EIA as they arise from activities not directly controlled by Equinor
butwilbe subject to Equinorés guiding values and governance

1 Pre-construction, maintenance and transport of infrastructure outside the Rosebank field (e.g., at ports),
including the modification works on the FPSO;

1 The transport of oil via shuttle tanker once it leaves the Rosebank field;

1 Transport of gas once it enters the WOSPS,;

91 Further activities that might be undertaken at prospects for which the Development infrastructure could act
as an enabler; such development, should it occur, would be the subject of any necessary additional
environmental assessment and approval from OPRED;

1 A possible future installation of a high voltage cable to provide electrical power to the FPSO; subject to a
separate consent and approvals process; and

1 A subsea fibre optic system to be provided to connect the FPSO for telecommunications to the SHEFA-2
fibre optic cable, being available prior to start of operations. A third party will be responsible for the cable
consenting and approval process, which will be separate to the Field Development Plan (FDP) and to this
ES.

Environmental considerations have been included in the Development decision-making process from the start (from
concept screening and selection) and will continue throughout the Development lifecycle. Refer to Chapters 2 and
3 for further details on Consideration of Alternatives and Project Description.

1.9 Legislation and Policy
191 Summary of Legislation

The following regulations applying to offshore oil and gas activities are elaborated on in the relevant sections of this
ES as required:
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1 The Offshore Oil and Gas Exploration, Production, Unloading and Storage (Environmental Impact
Assessment) Regulations 2020 (July 2021, Revision 03) details the requirements of the EIA with guidance
provided®;

1 The Offshore Petroleum Activities (Conservation of Habitat) Regulations 2001. The impacts of a
project on the integrity of a protected site from the UK national site network are assessed and evaluated as
part of the Habitat Regulations Assessment (HRA) process;

1 The Conservation of Offshore Marine Habitats and Species Regulations 2017 include provisions for
the designation and protection of areas that host important habitats and species in the offshore marine area
and for the assessment of the impact of offshore oil and gas activities;

1 Energy Act 2008, Part 4A allows the installation of an offshore structure or the carrying out of offshore
operations providing they are undertaken in accordance with the consent conditions and with the
appropriate navigational markings;

1 The Greenhouse Gas Emissions Trading Scheme Order 2020 relating to combustion installations with
a maximum rated thermal input exceeding 20 megawatts;

1 The Offshore (PPC) Regulations 2013 (as amended) cover specific atmospheric pollutants from
combustion installations (with a thermal <capacity rat

1 TheEnergy Savings Opportunity Scheme Regulations (ESOS) 2014 is a mandatory energy assessment
and energy saving identification scheme applicable to the offshore oil and gas industry sector;

1 Fluorinated Greenhouse Gases Regulations 2015 aim to protect the environment by reducing emissions
of F-Gases in equipment;

1 The Ozone-Depleting Substances Regulations 2015 prohibits and controls the production and use of
ozone depleting substances thereby reducing atmospheric emissions of these substances in line with the
Montreal Protocol;

1 The Offshore Petroleum Activities (Oil Pollution Prevention and Control) Regulations 2005 and as
amended 2010, 2011, 2016 and 2017 aims to prevent and eliminate pollution by oil and other substances
caused by discharges of produced water into the sea;

1 The Offshore Installations (Emergency Pollution Control) Regulations 2002 provide powers to the
Secretary of State to prevent and reduce pollution, and the risk of pollution, following an accident involving
an offshore installation where there may be significant pollution, or an operator is failing or has failed to
implement effective control and preventative operations;

1 The Offshore Chemicals Regulations (OCR) 2002 and amendments (2005, 2010, 2011, 2016 and 2017)
for the use and/or discharge of chemicals during all relevant offshore energy activities, including well
operations, production operations, pipeline operations, and decommissioning operations; and

1 The Offshore Safety Case Regulations 2015 to reduce as far as possible the occurrence of major
accidents relating to offshore oil and gas operations and to limit their consequences.

All applications for relevant permits, consents, licences and approvals under these regulations are made via the UK
Energy Portal Environmental Tracking System (PETS) or Emissions Trading Scheme Workflow Automation Project
(ETSWAP). Equinor will seek approval for the necessary applications ahead of project activities commencing.

Several other key regulatory drivers and requirements are applicable to the Development including:

5 https://mww.gov.uk/guidance/oil-and-gas-offshore-environmental-legislation#offshore-oil-and-gas-exploration-production-unloading-
and-storage-environmental-impact-assessment-regulations-2020
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The Marine Strategy Regulations 2010 providing a UK-wide framework to put in place measures to
achieve or maintain good environmental status (GES) in the marine environment;

Marine (Scotland) Act 2010 which establishes the need for a National Marine Plan, and drives the
designation and protection of Nature Conservation Marine Protected Areas;

The Merchant Shipping (Prevention of Oil Pollution) Regulations 2019 implement the MARPOL Annex
| (to the International Convention for the Prevention of Pollution from Ships, 1973, as amended by the
Protocol of 1978);

The Merchant Shipping (Cargo Ship) (Bilge Alarm) Regulations 2021 implement the MARPOL Annex |
(to the International Convention for the Prevention of Pollution from Ships, 1973, as amended by the
Protocol of 1978);

The Merchant Shipping (Prevention of Pollution by Garbage from Ships) Regulations 2020 implement
the Annex V to the International Convention for the Prevention of Pollution from Ships, 1973, as amended
by the Protocol of 1978. Annex V contains regulations for the Prevention of Pollution by Garbage from
Ships;

The Merchant Shipping (Prevention of Pollution by Sewage from Ships) Regulations 2020 implement
Annexes IV (Regulations for the Prevention of Pollution by Sewage) and V (Regulations for the Prevention
of Pollution by Garbage) of the International Convention for the Prevention of Pollution from Ships, 1973,
as modified by the Protocol of 1978 relating to that Convention. They concern, among other things: surveys
to be carried out and Sewage Certificates; the prohibition the disposal of plastics into the sea; and powers
of inspection and detention of ships;

The Merchant Shipping (Prevention of Air Pollution from Ships) Regulations 2008 (as amended)
implement Annex VI (Regulations for the Prevention of Air Pollution from Ships) of the International
Convention for the Prevention of Pollution from Ships, 1973, as modified by the Protocol of 1978. The
Regulations, among other things: provide for control emissions of ozone-depleting substances, nitrogen
oxide and sulphur oxide; provide for the survey and certification of ships; make provision in relation to
powers of inspection and detention of ships;

The Merchant Shipping (Oil Pollution Preparedness, Response Co-operation Convention)
(Amendment) Regulations 2015 setting requirements for a Shipboard Oil Pollution Emergency Plan
(SOPEP) setting out arrangements for responding to incidents that cause marine pollution by oil;
Environmental Protection Act (1990) requires persons concerned with controlled waste are under a duty
of care, to ensure that waste is managed properly, recovered or disposed of safely, does not cause harm
to human health or pollution of the environment and is only transferred to someone who is authorised to
receive it. This duty applies to any person, who produces, imports, carries, keeps, treats, or disposes of
controlled waste or as a broker has control of such waste; and

Radioactive Substances Act 1993 (RSA 93) as superseded by the Environmental Authorisations
(Scotland) Regulations 2018 requires the operator to have authorisation from SEPA for the accumulation,
storage or disposal of radioactive waste or be able to demonstrate compliance with the conditions contained
in specific exemption orders.

Environmental Impact Assessment

The key piece of environmental legislation for the Development is The Offshore Oil and Gas Exploration, Production,

Unloading and Storage (Environmental Impact Assessment) Regulations 2020 (EIA Regulations). OPRED acting on

behalf of the Secretary of State (SoS) regulates the environmental aspects of offshore oil and gas activities with
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authorities who are likely to be interested in a project due to their particular environmental responsibilities or
regional/local competence. This includes Marine Scotland and the Joint Nature Conservation Committee (JNCC).
The EIA and this ES is the means whereby the Secretary of State is assured that the environmental impacts of a
proposed oil and gas development have been properly considered. Once OPRED has reached a conclusion of the
significant effects of the project on the environment, it advises the developer and the NSTA that, notwithstanding
any new information on the project arising prior to grant of the consent, the SoS is ready to agree or refuse to agree
to the grant of consent by the NSTA via a Production Consent and the Field Development Plan.

The EIA summarised in this ES has been undertaken in accordance with the above legislation and in line with the
latest OPRED Guidance, issued July 2021.

1.9.3 Scot | and o Naridéd®an on al

Scotlandés National Marine Plan (Scottish Government
in Scottish waters out to 200 nautical miles (370.4 km). The aim of the marine plan is to enable sustainable
development and the use of the marine area in a way that protects and enhances the marine environment, whilst
promoting both existing and emerging industries. The plan includes a core set of general policies which apply across
existing and future development and use of the marine environment and policies specific to the offshore oil and gas
sector. Appendix A outlines how the Development aligns with the National Marine Plan.

1.10 Environmental Statement Structure

The scope of the EIA was developed in consultation with statutory stakeholders. Full details of the process applied
during the assessment is described in Chapter 5 EIA Methodology and the results of the assessment are
summarised in this ES. The ES is submitted to OPRED to inform the decision on whether to grant consent for the
Development, based on the residual levels of potential impact, and is subject to formal public consultation. The key
elements of this ES are:

A non-technical summary;

Introduction including background, scope of the Development, legislation and policy context (this Chapter);
Consideration of Alternatives (Chapter 2);

Project Description (Chapter 3);

Environmental baseline and identification of the key environmental sensitivities which may be impacted by

=A =4 =4 4 -4

the Development (Chapter 4);

1 EIA Methodology, describing the method used to identify and evaluate the potential environmental impacts
(Chapter 5);

1 Detailed assessment of potential impacts, including cumulative or transboundary impacts (Chapters 6 to
11);

T Description of Equinor 6s environment al management

requirements (Chapter 12);
1 Conclusions (Chapter 13);
1 References (Chapter 14); and
1 Appendices.
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1.11 Environmental Management

Equinor manages activities according to the Equinor management system (as modified to reflect local conditions
and regulations) and best industry practices. In all business activities Equinor complies with applicable laws, acts in
an ethical, sustainable and socially responsible manner, practises good corporate governance and respects
internationally recognised human rights. Equinor will ensure that the procedures developed for the Development are
followed during the proposed activities and that continual improvement in environmental performance is always
maintained. The HSE policy is shown in Figure 1-5. The Climate policy®, the Energy Transition Plan” and the Equinor
Sustainability Report® describe the policies and how protecting the environment and targeting net zero are
embedded in the company way of working.

Further detail on Equinorés environment al management and
Chapter 12 Environmental Management System.

6 https://www.equinor.com/en/sustainability/climate-polices.html
7 https://cdn.sanity..ioffiles/h6109gi9/global/6a64fb 766c58f70ef37807deca2ee036a3f4096b. pdf?energy-transition-plan-2022-equinor. pdf

8 https://www.equinor.com/news/archive/20220318-annual-sustainability-reports-2021
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Equinor UK HSE Policy

We aim to always conduct safe, secure
operations and respect the environment

We are committed to providing a safe and sustainable environment for everyone working at our facilities.
Equinor’s safety and security vision is zero harm. We provide an environment recognised for its equality and
diversity, and we treat everyone with fairness, respect and dignity. We do not tolerate any discrimination
or harassment of colleagues or others affected by our operations.

EQUINOR WILL

= Comply with applicable laws, regulations and our management system and act in an ethical, sustainable and socially
responsible manner

= Practise good corporate governance and respect internationally recognised human rights

= Minimise harm to the environment and aim for outstanding natural resource and efficiency in our business activities

= Provide the workforce with a positive working environment, preventing any adverse impact on their health and wellbeing

= Drive emission reductions in all areas of our business to deliver a low carbon future

= Integrate risk management in our performance framework

= Systematically identify, evaluate and manage risk in order to create sustainable value and avoid incidents

* Maintain our values, code of conduct and governance framework in all our activities

= Commit to continuously improve our safety and security culture

= Monitor and execute assurance activities to ensure that processes and corresponding actions are effective to safeguard
and continuously improve our operations

Leaders in Equinor are role models for our values. This means always putting the health, safety and security of our people
first, understanding risks and acting with integrity and high ethical standards in everything they do. Our leaders will drive the
development of a strong safety culture founded on our values.

SAFETY IS INTEGRATED IN EVERYTHING WE DO

Every employee and contractor are personally accountable for safety, sustainability and security and to continuously
demonstrate this commitment through actions including setting goals related to our ‘| Am Safety” expectations.

| AM SAFETY

= | understand and manage risks

*  llook after my colleagues AIWO ys SO fe
= | amvisible and engaged in my team's safety and security

= | stop unsafe behaviour and activities H igh VO I ue
= |openly report and learn from all incidents

= | systematically use Compliance and Leadership LOW Ccrbon

= | continuously improve safety and security
= |l actively search for weak signals and act

prﬂmﬁ‘ @(]@ IE

SVPEPI

Figurel-5Equi nor 6s Heal th, Safetyolajmwd Environment (HSE)
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2 CONSIDERATION OF ALTERNATIVES
2.1  Introduction
I n considering the Development, the team developinag,

the NCS and in other parts of the world. A wide range of potential field development solutions, alternative facilities
concepts and export options were considered for the Development. During the evaluation work it has been important
to always consider the effect on the complete value chain from reservoir to market. This section of the ES provides
a comparison of the main alternatives that were considered and summarises the advantages and disadvantages of
each option, with particular emphasis on the associated environmental impact.

During the design selection process, the following main principles were applied:

Zero harm to people;

Minimise the environmental footprint including COz;
Maximise economic recovery;

Technical feasibility; and

Optimise cost and schedule.

=A =4 -4 -4 -4

The screening of alternatives embedded a consideration of the potential environmental impacts, using a comparison
of best available techniques (BAT) and best environmental practice (BEP) when selecting the concept for the
Development.

Some key elements to this are:

Balancing efficiency with NSTA expectations to start production early;

Reuse of a modern, efficient FPSO i resulting in a lower carbon footprint during construction;

Minimise the subsea installations - minimising seabed footprint and emissions during construction;

Minimise the well length and drilling time T resulting in reduced emissions from drilling;

Reinject the produced water to avoid overboarding;

Normally closed flare and minimum flaring during limited periods driven by technical issues i to minimise

GHG emissions;

1 Volatile Organic Compounds (VOCs) recovery from storage tanks and process i to minimise GHG
emissions; and

1 Preparing for a low carbon future with an FPSO driven by electricity from renewables - starting by making

the FPSO electrification ready prior to tow-to-field and by maturing electrification supply i to enable import

of power when technology is qualified, and consenting is in place.

=2 =4 =4 -4 -4 -4

2.2 Project Design Process

Equinor utilises a phased, structured and gated project development process with the following time period
definitions:
1T Screening phase (i.e. Concept Screening) between
1 Select phase (i.e. Concept Development) between DG1 and DGZ2;
1 Define phase (i.e. maturation of Selected Concept) between DG2 and DG3; and
1 Execute phase between DG3 and DG4.

Page 29 of 401

WWw.equinor.com

t

he

Deci



N

-

equinor %

This process ensures a structured project development with defined evaluation criteria from business case
identification through to the Final Investment Decision (FID) at DG3- (Figure 2-1). The process includes effects on
the total value chain from reservoir to market.

Approvalto enter Approvalof Approvalof Approvalof
the busmess Concept Development FID
plnnmg phase Long shorthst Concept !
Approvalto It
‘“:m te : Subsurface
mierna Valdation Pomt
handover ofa
dscovery/ Short D! SsvP
Acqusttion fist ' v
Concept :
APZDGC DGO Select DG2 DG3
Business Case ‘ Screen Select Define |
Valuaton Stuies Feasibility Studies Conceptual Studies FEED Studies

‘ Select

one
Project

hitition H

Workshop Target :

(PIWV) Settmg
Fis ‘ ‘ Select Start external
Sx‘;i frce/ Foalge | Criterm C-studies
S Sy Prcrts

CommercalModel o E

Figure 2-1 Equinor stage gated project development process

The objective of the Concept Screening phase is to mature the reservoir understanding and carry out a wide
screening of possible options in all areas of the project from reservoir to market and identify a shorter list of
alternatives that are environmentally, technically and economically feasible.

The objective of the Select phase is to mature the subsurface understanding and conclude optimum drainage
strategy leading to the maturing of the shortlist of viable development concepts, select a preferred concept from
reservoir to market (Concept Select) based on the pre-defined selection criteria.

The key activity in the Define phase is the facilities front end engineering and design (FEED) (also referred to as
pre-engineering), and well design and planning. The purpose of this phase is to further develop, define and document
the business case based on the selected concept to such a level that a FID can take place (DG3), the relevant
applications for development and production consent can be submitted to the authorities and the basis for awarding
contracts can be established.

The process and results of the screening and concept selection for the Development are presented in this Chapter
of the ES.

2.3 Concept screening and selection decision process

The Equinor defined concept screening process was used to find the right concept for the Development, measured
by the impact on value, safety and environmental impact, including carbon footprint. Environmental considerations,
and in particular carbon emissions, provided an important contribution to the selection of the development concept.

Page 30 of 401

WWw.equinor.com



N

-

equinor %

Adoption of a structured screening process allowed Equinor to select a development concept that maximises the
expected value of economically recoverable production, reduces technical and commercial risk, minimises
environment al i mpact, and supports the UKO6s net zero targ

The options were screened based on whether they met the following Development key success criteria:

1. Generating zero harm to people and environment - supporting net zero commitments.
2. Maximising Economic Recovery (MER).
a. Maximising project value.
b. Maximising project robustness.
c. Meeting MER expectations.
3. Minimising risk and maximising robustness and operability.
4. Delivering on licence commitments.

Equinor took the approach of starting from the basic project elements irrespective of previous studies on the field.
All potential alternative concepts were reviewed and considered in line with strategies for the area, UK requirements
in the energy transition and Equinor strategies. A wide range of options within the following project elements were
considered:

Resources, drainage strategy and reservoir management;
Drilling and wells;

Subsea infrastructure;

Offloading and transportation of the produced fluids;
Operational mode i manned or unmanned;

Facilities i standalone (including capacity) or tie-back;
Development schedules; and

Commercial considerations.

=2 =4 4 -4 -4 -4 A -4

A high-level presentation of the concept selection results is shown in Figure 2-2.
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Figure 2-2 Overview of options considered for the development of the Rosebank field with
highlight of the options selected for the Development concept (further detail is provided in
subsections below)

2.4  Reservoir and Drilling & Well Concept Screening

241 Reservoir Management

The options considered for reservoir management are presented in Figure 2-3.

Reservoir Management

L

Drainage Strategy Artificial L\ﬂl
i !
Natural Depletion |Gas Injectionl |Ter‘tiary Recoveryl

= I I l
PW Overboard |Downhole Pumps| |Subsea Pumps| |Subsea Separation|
]

Figure 2-3 Summary of options considered for reservoir management
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Depletion Strategy

All Rosebank in-field and near-field resources were screened through simulation and economic analysis which
confirmed that the Colsay-1, Colsay-3 and Colsay-4 reservoirs would form the base development (Chapter 2.1
Project Description). Other reservoir opportunities, including the Rosebank North discovered resource and the
Rosebank South exploration prospect, will be further evaluated based on data acquired during development drilling.
Further development of those resources may occur as later phases of the Development if the business case
supports, but they are not included within the current scope. Similarly, infield Improved Oil Recovery (IOR)
opportunities will also be assessed.

Hydrocarbon resources in the near area outside of the Rosebank licences have been evaluated and do not add
economic value to the Development, so they are not included in the Development. These resources will be
considered for future tieback opportunities if data acquired in the future were to change this evaluation.

Depletion strategy alternatives were tested through simulation and economic analysis. The selected depletion
strategy is water injection (WI) for voidage replacement from the start of production with initially seawater injection
moving to combined sea and produced water reinjection (PWRI) once produced water breaks through. Alternatives
such as natural depletion or under-injecting of water and allowing the reservoir pressure to drop resulted in less
efficient reservoir drainage i.e. reduced recoverable oil and were therefore eliminated as options. PWRI is considered
BAT as it avoids the need for routine overboard discharge of produced water and is the mechanism of providing the
needed reservoir pressure support which has the least environmental impact.

Gas Management

Gas management was a key focus area of the subsurface analysis. Screened alternatives evaluated included crestal

gas injection and crestal gas injection with downdip water injection on Water Alternating Gas (WAG) application in

the injection wells. Both scenarios showed the potential for small incremental produced oil volumes but were not
economically viable and, due to Rosebankds relatively thi
migrate rapidly to the producers and a high proportion is recycled, thus still requiring a disposal solution for the gas.

Gas injection disposal sites were evaluated surrounding the Development. The Colsay-1 North gas cap was

evaluated however, this structure is assessed as being filled to spill and further injection leads to migration into the

Colsay-1 South development wells and recycling of gas. Other nearby potential disposal sites (Rosebank North,
Stelkur-Sula, and Aberlour) were deemed unsuitable due to significant seal integrity risk, raising the likelihood of

loss of containment of the injected gas.

The selected concept is to provide a gas export route through a new Rosebank pipeline that enables maximum
recovery of resources from the field, minimum environmental impact by selecting the shortest route, gas sales to the
UK grid and can be used for future gas import (should the Rosebank field become gas deficient in terms of ability to
power the FPSO). Electrification, if technically qualified and necessary consents are in place, is anticipated to be
operational before the field becomes gas deficient.

H2S Management

Reservoir souring and production of hydrogen sulphide (H2S) gas at Rosebank was evaluated using a coupled
SourSim RL - Eclipse model. An important aspect of the analysis was benchmarking the predictions against other
assets using metrics such as souring index. Overall, the analysis shows that sea water injection at Rosebank
reservoir leads to reservoir souring and H2S generation. Contributing factors include reservoir temperature, proximity

of injectors to the oil water contact and injection water breakthrough and cycling. Consequently, souring
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management is required to ensure safety and integrity of the plant for the life of the field. The FPSO design includes
a Sulphate Removal Unit (SRU) which reduces the sulphate ion concentration in the sea water from 2800 mg/l to
40 mg/l. Reducing the sulphate content of the sea water reduces the severity of souring to a level that can be
managed by topside scavenger. An assessment of scaling potential found that low sulphate sea water injection was
effective in mitigating the threat of Barium Sulphate and Iron Sulphide precipitation. Overall, the scaling risk was
found to be low however provision for continuous downhole inhibitor injection is included in the production wells to
mitigate against the threat of Calcium Carbonate precipitation in the tubing. Rosebank fluids contain ARN acids®.
ARN acids are associated with the deposition of Calcium Naphthenate (CaN) which typically form in separators and
water treatment facilities. The capability to inject Naphthenate inhibitor will be provided upstream of the subsea
choke to mitigate the threat of CaN deposition.

Reservoir Optimisation

Over the producing field life, the fluid column density in the wells and subsea flowlines and risers will increase in line
with water-cut. Artificial lift is required to start wells following a shutdown and to maximise recovery. Four
technologies are available to Equinor and were assessed as follows:

Subsea separation;

Subsea pumps;

Downhole pumps; and

Gas lift, including assessment of downhole or manifold base gas lift.

=A =4 -4 -4

Subsea separation is at an early stage of readiness for routine production deployment and provided negative value
due to high cost and reduced regularity without providing additional value compared to gas lift in wells. It was
therefore screened out. Downhole pumps were screened out due to reliability concerns in conjunction with the met
ocean conditions resulting in long periods each year when intervening on wells for maintenance may not be possible.
Subsea pumps were also investigated for artificial lift but compared to gas lift the technical risk and cost was higher
without providing any significant benefit and therefore subsea pumps were also screened out. Downhole gas lift
resulted in higher production and improved economics compared to manifold base gas lift. Downhole gas lift was
therefore selected as the best option for supporting the production at the Development.

Reservoir and Well Design

During the concept screening phase of the project an initial well count of 15 wells (including both producing and
water injection wells), based on a mid-range subsurface outcome and low to high angle wells, was found to be
favourable. Use of existing temporary abandoned wells was ruled out due to being in the wrong location and not
being abl e to f ul fTlubllar BegigniStaraards $or dévelapmenhwells such as material selection
for 25 year life of well and strength requirements.

A revised drilling strategy was then developed, consisting of vertical/deviated and horizontal wells. Vertical/deviated
wells have the advantage to present a low drilling risk, maximise the likelihood of successfully drilling the wells early
in the drilling programme, and enable multizone production. The horizontal wells have a longer reach, allowing
hydrocarbon production from larger areas and are associated with a lower water production. This strategy thus
allowed reducing the well count from fifteen to twelve wells (seven producers and five injectors) whilst maintaining
the hydrocarbon production levels based on a mid-range subsurface outcome. Additionally, the longer reach of the

9 High molecular weight naphthenic acids.
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horizontal wells also allowed reducing the number of production templates. In terms of environmental impact, the
selected strategy reduces the seabed footprint of the Development by reducing the number of wells and production
templates. Overall, this strategy delivered the best business case and consequently was selected as the preferred
alternative.

The Rosebank Development team has selected a phased development plan for the drilling and SURF (subsea
umbilicals, risers and flowlines) scope. Phasing allows for optimal use of the FPSO processing capacities when
considering the expected profile and the range of uncertainty. A key advantage of phasing is that subsurface
uncertainty is addressed through targeted early data acquisition, which allows Phase 2 wells to be optimised based
on static and dynamic reservoir learnings from the-Phase 1 wells. The phased development plan includes the ability
to accelerate or delay Phase 2 should different reservoir outcomes require (e.g. a shorter drilling break and / or an
accelerated Phase 1 well in low case reservoir outcomes). It enables the potential to increase recovery (including
the potential for 4D seismic benefits should the Phase 1 results support 4D acquisition) while delivering from lower
risk resource areas first.

Reservoir Drainage Strategy

Several elements of the selected drainage strategy will result in emissions reductions due to energy efficiencies
through reducing the volume of produced water as far as possible and maximising oil produced. Minimising the
produced water volumes reduces the volume of water required for injection and also the amount of gas lift required
and hence lowers energy requirements:

1 A low well count facilitated by the inclusion of a mix of single and multi-zone deviated and single zone
horizontal wells results in significantly less produced water to be re-injected and less gas lift than the
alternative solutions;

1 Tubing size selection considered both value and emissions reduction. The selected 7 inch tubing in the
water injection wells (which will become 5 1/2-inch further down the wells) significantly reduces the frictional
pressure losses in the well compared to the alternative of a 5 1/2-inch option for the entirety of the well. The
topside injection pump pressure is reduced, and the CO2 emissions associated with water injection is
reduced by approximately 25%; and

1 Selection of a phased development concept will allow for later wells to be located based on reservoir
learnings from initial drilling. This will allow for better placement and greater energy efficiency in the wells
in Phase 2 which target more oil relative to produced water with lower water injection and gas lift
requirements. In addition, the inclusion of inflow control valves on the injector wells will promote efficient
placement of injected water and reduce energy inefficiency associated with any misplaced water injection.

Reservoir Selection Strategy Summary

Option Pros Cons

1  Poor reservoir drainage and does not

maximise economic recovery;
1 Lower capital expenditure;

. Overboard water discharge; and
Natural Depletion and

1 Lack of pressure support will cause rapid
T Lower emissions. drop in reservoir pressure and significant

loss of reserves.
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Water Injection
(Seawater +
produced water)

Gas Injection

Water Alternating
Gas (WAG) Injection

Pros

Maximises recovery and
reservoir sweep; and
Produced water re-
injection avoids need for
overboard discharge so
considered BAT.

No major items identified

No major items identified

Artificial Lift Selection Summary

Option

Subsea Separation

Subsea Pumps

Downhole Pumps

Manifold Gas Lift

Pros

No major items identified

Allows for simplified SURF
scope.

No major items identified

Reduced downhole
complexity.
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Cons

Risk of souring and scaling (mitigated
through SRU and chemical injection); and
Increased power requirements (mitigated by
use of intelligent completions).

High gas rates in production wells;
Lower recovery than from water injection;
Increased power requirements for high
pressure gas injection; and

Increased gas handling on FPSO.

High capital expenditure (additional gas
injection line to injectors);

High gas rates in production wells;
Lower recovery than from water injection;
Increased power requirements for high
pressure gas injection; and

Increased gas handling on FPSO.

Cons

Early stage of readiness for the depth of
water and technology for West of Shetland
application; and

High cost and low regularity.

Higher capital expenditure;

Less economic than gas lift;

Less flexibility to optimise individual wells;
Technology qualification less mature for
subsea application in deep water;

Additional emissions due to increased water
handling; and

Impact on regularity due to Rosebank met
ocean challenges.

Reliability concerns and met ocean
conditions for intervention and repair; and
Higher downhole and interface complexity.

Increased vulnerability to flow instability; and
Difficulty starting / unloading wells and lower
recovery.
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Option Pros Cons

1 Higher production and

improved economics
compared to all other 1 Increased well design complexity

Down hole Gas Lift options; and Intervention requirements if gas lift valves

1 Robust and stable across fail.

range of operating

conditions.

2.4.2 Drilling and Wells

The options considered for drilling and wells are presented in Figure 2-4.

Drilling and Wells

Single Campaign

Sequential *
— High Angle — Multilateral
]

|
ﬁ ﬁ |Horizcntal | | Multilateral |
TCC

E-

Figure 2-4 Summary of options considered for drilling and wells
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The selected well designs have been optimised to ensure standardisation, utilising proven design elements to ensure
learning, efficient drilling operations and hence minimising non-productive time (NPT). This will minimise the time
and cost risk as well as reducing environmental impact associated with working in a deep water WoS environment.

2.4.2.1 Mobile Offshore Drilling Unit (MODU) Type

Due to the water depth (approximately 1100m) and the distance between wells, a semi-submersible MODU is the
only feasible option for the drilling / completion scope. Furthermore, a dynamically positioned (DP) MODU (as
opposed to wire/chain moored) is required for ease and speed of moving between various drilling locations. This
also reduces the potential environmental impact from anchors. The nature of the batched drilling programme is such
that MODU moves will be frequent. DP drill ships were ruled out due to early field experience where the unfavourable
hull design led to a high percentage of time spent waiting on weather and therefore an increased frequency of
6di sconnectsd during drilling operations.

To carry out the designed well construction scope for the Development, MODU specifications considered to be
minimum requirements include:

91 Ability to operate in deep water in a harsh environment;
1 Favourable motion characteristics under harsh environment conditions west of Shetland; and
1 Operational efficiency in subsea completions.

Equinor recognises that the carbon footprint of a DP MODU is higher than with an anchored rig. However, anchor
handling operations in deep waters are associated with a significantly higher safety risk in comparison to shallower
water and therefore in the context of the Development, this safety consideration was considered paramount in the
selection of the drilling rig type. In addition an anchored rig is less efficient when frequent rig hops are required with
batch operations.

Key to reducing the emissions from drilling and well activities is to fundamentally select a rig that will have the highest
operational uptime as a result of a design that is fit for purpose for Rosebank conditions, crew competence and a
total logistics strategy that supports and maintains rig uptime. In addition to this, selecting the drainage strategy
giving the shortest total well length reduces the total time in the field. The selected well concept does that. Equinor
have reduced the carbon emissions and seabed footprint of the Development in comparison to the original concept.
The reduction in total well count and simplification of the well design has reduced the total drill metres by 40% and
the total drilling days by 50% from 2019 when Equinor took operatorship of the field. This equates to a reduction of
scope on CO2z emissions for drilling and well activities of approximately 45%.

Although the MODU contract is yet to be set, the MODU is expected to have a system for energy management
assuring a continuous, systematic and target oriented evaluation of measures that can be implemented to achieve
an optimal energy efficient operation. Optimising energy efficiency and GHG emission reduction will be part of the
evaluation criteria for rig tendering.
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Rig Selection Summary

Option

Drill ship

Semi-Sub spread moored

Semi Sub

Pros

Favourable mobility, transit speed
and deck load capacity.

Less cost and more fuel efficient.

Greater stability, flexibility
resulting in higher uptime resulting
in reduced risk of disconnection;
and

Reduced environmental impact as
no anchoring. Higher uptime also
minimises the time to drill and

complete the wells.

\s
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Cons

Less stable in the water west of
Shetland verses semi-sub; and
Drill ships ruled out due to
experience of hull design leading
to high percentage waiting on
weather.

Water depth, anchor handling in
the west of Shetland and deep
water not considered As Low as
Reasonably Practical (ALARP);
and

Higher environmental impact.

Higher day rates and slightly
higher carbon footprint however
outweighed by anchor handling
risks.

Rig Selection: Dynamically positioned harsh weather MODU

2.4.2.2 Well Type

Four well types were considered for the oil producer and water injector wells:

=A =4 =4 =4

Option 17 Low angle (<30 degrees);

Option 27 High angle (30 to 80 degrees);
Option 31 Horizontal (80 to 90 degrees); and
Option 4 1 Multilateral wells.

All development wells have been planned to avoid all identified shallow hazards, also there is sufficient well control
for landing well sections which means that no planned pilot holes are required for well construction.

There is a mix of single and multizone targets for both production and water injection wells.

Page 39 of 401

WWw.equinor.com



N

-

equinor %
Production Well Type

The Development well construction objective is to achieve maximum reservoir recovery from the simplest possible
well design. The advantage of multilateral wells (i.e. those with multiple branches from the same well bore) is that
they can allow access of multiple reservoir sections within the same well, which reduces the required well count and
the construction costs of the upper hole sections. However, the disadvantage is that the multilateral design itself can
introduce extra complications and risks for a successful completion. There were no significant data to demonstrate
that multilateral wells in the Development would be cost efficient. Furthermore, multilateral wells did not meet the
simple well design objective. As a result, the multilateral well option was eliminated. The remaining three options
were considered and a combination of the options 1 and 3 for the oil producing wells was selected. This means that
low angle wells will primarily be drilled for most of the multiple reservoir zone producers and sub horizontal wells will
primarily be drilled for most of the single zone oil producers. This combination of well designs increases field
production and avoids potential shallow gas hazards. The use of such wells limits the number of wells which need
to be drilled and hence the potential environmental impacts which could arise (e.g. drill cuttings, energy and resource
use).

Water Injector Well Type

The key objective for the water injection wells is that they have a simple reliable well design, prevent out of zone
injection, and that they have ability to maintain zonal voidage replacement to achieve producer recovery targets.
Neither the horizontal nor the multi-lateral option met this requirement. The water injection wells will be high angle
wells, with a typical maximum inclination of 70°. This is driven by the completion selection of cased hole-oriented
perforation (CHOP) and to mitigate risk of loss of containment (out of zone injection). An inclination of at least 55 to
60° is required to accommodate the successful application of the CHOP technique. Whilst these wells will bring
some potential environmental impacts (i.e. discharge of cuttings), the ability for the Development to return produced
water to the reservoir instead of discharging it to sea outweighs any potential short-term impact from the wells being
drilled. Also water injection is the mechanism of providing the necessary reservoir pressure support with the least
environmental impact.

Production and injector well design: Combination of vertical, deviated and horizontal wells. No pilot holes.

2.4.2.3 Batch Drilling

Two well construction alternatives were considered for the wells:

1 Option 1 - Batch drilling and completion:

o Drill certain upper sections of a well before moving onto the next well to drill the same upper
sections. Each well would be re-entered at a later date (or dates) and the remaining sections drilled
and completed.

1 Option 2 - Sequential drilling:

o Drill and complete one well at a time. Once one well is drilled and completed then the MODU wiill

be moved to the next well location.
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The option selected was batch drilling and completion operations. This decision was primarily driven by the harsh
weather conditions at the Rosebank Project area to maintain operational efficiency and to minimise risk of
environment impact. In winter, the prevailing weather conditions can lead to significant downtime particularly with
regards to weather sensitive completion and tree installation operations.

Well sections will be batch drilled down to the production casing in the winter months then suspended until the
following summer when the remaining weather sensitive well operations will be carried out in the summer months.
This will reduce downtime and maintain operational efficiency.

As the open water part of the drilling operation (conductor and 26" hole sections) does not involve the use of the
marine riser, planning of batch drilling in the winter reduces the risk of potential environmental impacts by limiting
the frequency of disconnecting the marine riser due to the weather conditions.

Well construction: Batch drilling, completion and Xmas Tree installation

2.4.2.4  Drill Fluids and Cutting Disposal

Two options were identified:

1 Option 1 - Water based mud (WBM) with treated cuttings disposal to sea; and
1 Option 2 - Low Toxicity Oil Based Mud (OBM) with either skip and ship or offshore clean-up/disposal to sea.

The base case drilling fluid design will follow option 1, the concept proven in Rosebank offset wells. The use of WBM
has been successful in meeting drilling objectives in the exploration and appraisal of Rosebank while providing the
benefits of lower environmental risk as a consequence of reduced cuttings handling, treatment and transportation
requirements.

The upper hole sections (conductor and 26") will be drilled with seawater, with regular sweeps of bentonite used to
remove cuttings. Since no drilling riser will be in place until the 20" casing is set, the drill cuttings and any drilling
fluid from the upper hole sections will be discharged directly onto the seabed.

Once the drilling riser is in place, cuttings wild.l
Water-based Mud (WBM).

Fortheand 1 and8 6 Hibwdll also primarily be WBM, but it is possible that an Oil-based Mud (OBM) will be
used, depending on results of the reservoir formation damage study. For the sections using WBM, cuttings may be

discharged to sea on location under UK legislation.

OBM cuttings, could either be treated at the rig with a thermomechanical cuttings cleaner (TCC) and discharged, or
the cuttings could be loaded in skips and treated onshore.

Due to the very limited amount of OBM cuttings potentially produced from the wells, it is not environmentally nor

economically beneficial to install a TCC unit on the rig. The CO2f oot pr i nt of salutiindsksignificaatly d

lower at approximately 1/3 of total CO2 calculated for the TCC. This is therefore the treatment option of choice from

an environmental and cost point of view, should OBM be used for the reservoir section of the oil producer wells.
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2.5 Facilities Evaluations

The options considered for facilities are presented in Figure 2-5.

Facilities

==

¥ v v
New Cylindrical FPSOl |Tensi0n Leg Platforrnl |New Ship Shaped FPSDl SPAR
1
|

Iﬁ
=

High Automation

Figure 2-5 Summary of options considered for facilities
251 Tie-in to Third Party Hosts

Clair, Schiehallion, Foinaven and Laggan-Tormore were existing developments in the area at the time of the high-
level screening that were identified as possible candidates for tie-in options. A tie-back to third-party hosts was
considered technically feasible but due to distance would require upgrading existing technology for pipe-in-pipe (PiP)
flowlines, deployed with electrical trace heating (ETH) significantly beyond existing experiences.

The distance from Rosebank to these pre-existing facilities is 70 km or more (except Laggan-Tormore which is a
subsea to shore development) and would require the following simplified technical solutions in addition to the subsea

design that would be required for an FPSO option:
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1 A subsea multiphase pump at Rosebank for pumping of fluid to host (feasibility may be challenging first

year due to gas to oil ratio) T Assumed power rating 3.5 MW;
1 Flowlines:

o0 Multiple ETH PiP flowlines from field to host dependent on lay method (ETH required due to the
risk of gelling, wax and hydrates);
o 180 (ca 46cm) diameter flowline for water injecti
necessary to realise the reserves; and
0 Umbilical from the host to control the wells.
1 Power cables from the host to:
o0 Power the subsea multiphase pump; and
o Provide electrical heating of flowlines.
1 Power distribution system at Rosebank; and
1 A minimum number of additional riser slots would be needed at the host i 4 risers and 3 umbilical risers
(including control and power for pump and ETH).

This initial simplified case did not consider all flow assurance issues (including need for regular pigging) at field
which are expected to be challenging (gelling and wax formation are potentially significant issues common to all the
potential oil pipeline export options) and assumed gas lift would not be needed.

Laggan-Tormore is a subsea development with well streams to the Shetland Gas Plant (SGP). Installation of a new
flowline to Laggan-Tormore tying in to one of the existing flowlines is not considered technically feasible as there is
likely to be severe waxing problems in the flowline from Laggan-Tormore to shore due to the characteristics of the
Rosebank fluids. Tying in to Schiehallion, Clair or Foinaven was also reviewed and discussed with the operator for
these fields. These alternatives were all screened out due to challenging flow assurance issues due to flowline length
and low seabed temperature in this area and also due to high cost and lack of available host capacities for oil, water
and supply of electricity needed for these alternatives.

An alternative case with subsea separation and water reinjection at the Rosebank field was not considered feasible
as oil-only flow in a production pipeline would result in too low a flow rate later in the life of the Development such
that the full potential of the reserves in the field would not be realised. The above additional subsea infrastructure to
hosts, technical complexities with the design and the lack of host capacities within the required timeframe resulted
in the tie-back option being excluded from further evaluation.

During the screening process a dialogue was held with potential hosts to ensure a proper judgement was made.

Due to lack of flow assurance feasibility, lack of available host platform capacities and high cost, all the tie-back to
host platform cases were therefore not pursued further. Due to lack of flow assurance feasibility being the critical
issue, environmental considerations were not critical to this decision.

25.2 Unattended/Low-Manned Concepts

The key enabler of the unattended concept is the removal of the living quarters, the significant reduction in utilities
systems and use of new technology in certain areas to reduce maintenance. For the Development, the hull would
have to be a Spar concept to avoid the need for active systems to control positioning. This concept was not found
feasible for the Development due to the substantial topside requirements creating more maintenance than could be
safely and economically maintained in such a concept.
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253 Initial Platform Screening

Several floating platform options were screened for suitability in the specific environmental conditions at the
Rosebank location and to facilitate the maximising economic recovery from the reservoir. All these options were able
to accommodate electrification and none of the platform concepts differentiated substantially on environmental
impact.

High-L e v e | OEarly Facilities6é Screening of Concept Opt
The aim of this wide screening was to narrow the options down to a limited feasible range that would be investigated
to a greater depth (see Figure 2-1). A comprehensive set of screening criteria were established to ensure a thorough
process. The following ranking of project key screening criteria was applied:

Health, Safety and the Environment (HSE) including ability to be electrified; and
Net Present Value (NPV); and

Maximising Economic Recovery (MER); and

Risk exposure, robustness, and operability.

pwn

Recognition was given that some options were interdependent e.g. limited topsides facility with seabed storage for
the oil, and others would not be feasible e.g., not technically, to meet the success criteria of the project. The result
of the initial screening excluded some of these options e.g., natural depletion of the field would result in reduced
recoverable oil and less favourable economics and was therefore excluded. The following options were excluded
from further consideration as concepts for the Development.

Tension Leg Platform (TLP)

The TLP is an expensive concept, and the key benefit is dry Xmas Trees on the platform which permit simple well
access and maintenance, rather than subsea Xmas Trees. At Rosebank the proposed well locations to achieve the
required reservoir drainage strategy are spread too far apart to allow the Xmas Trees to be located on a platform.
Only a few of the wells would be reachable from any platform location. There was therefore no driver for a TLP
solution, and it was screened out.

Semi-submersible / deep-draft semi-submersible

The primary benefit of the semi-submersible concept compared to a ship-shape FPSO is the elimination of the turret,
which reduces technical complexity. The turret for these conditions is a qualified product but the riser solution is not
fully qualified. The additional cost of the requirement of separate storage from the semi-submersible makes this
alternative unattractive economically in addition to the fact that deep sea storage technology for the volumes required
is not yet certified under the pressures at the depths found at the operating location (i.e. not technically qualified). A
deep-draft semi-submersible could secure feasibility of steel lazy-wave risers. However, cost savings from the steel
risers cannot compensate for the added cost of the deep draft semi-submersible hull and external storage. As a
standalone option, this alternative was screened out. It was brought forward to the final concept select stage as a
part of an oil pipeline to shore case.

Ship-shape FPSO
A ship shape FPSO is a proven concept WoS and was brought forward due to well known design, cost
competitiveness and ability to provide oil storage for direct offloading to tanker. From an environmental or carbon
emissions perspective it was considered to be equal to the alternative floater alternatives. Both new build and
redeployed FPSO was brought forward to the final concept select. The ship-shape FPSO has a slightly higher power
consumption and thus CO2 emissions due to infrequent use of thrusters for weather-vaning but this was considered
small and not driving concept select
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Cylindrical FPSO

A large capacity cylindrical FPSO (specifically a SEVAN Semi-submersible platform designed hull). Key challenges
of the SEVAN hull option include potentially added costs of hull due to limited yard experience and more complex
topside construction due to limited deck space. Execution risk and cost uncertainty would also be higher due to
limited experience with this design. However, the option would present an opportunity to reduce capex (capital
expenditures) due to the lack of a turret and electrification is made simpler due to no need for electricity transfer
trough turret. A cylindrical FPSO was therefore maintained as a viable option towards final concept select.

Spar

As with the semi-submersible solution, the spar concept may have been an option where no storage is required.
However, the spar hull is significantly more expensive (CAPEX) than a semi-submersible due to higher weight and
more complex construction. Cost savings from the steel catenary risers and elimination of the turret cannot
compensate for the added cost of the spar hull, the added costs of more complex topside construction and execution
schedule. This alternative was therefore screened out.

Area solution

An area solution also recovering oil from fields outside of the Rosebank licences was discussed, but no basis was
identified in sufficient close proximity of Rosebank to make it technically of economically feasible to select a higher
capacity FPSO serving a | arger resource base than
screened out.

Screening
A relative comparison screening of the facilities options was carried out at this stage using, again, an extensive set
of screening criteria to ensure a thorough process. The following were the key criteria:

Commercial robustness;

HSE;

Carbon footprint;

Risk exposure to Equinor; and
Operability.

=A =4 -4 -4 -4
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Facilities Concept Selection

Option

Cylindrical
FPSO

Shipped
Shaped
FPSO

TLP

SPAR

Semi-Sub

Area
Solution

Pros

No need for turret;

No need for active heading
control; and

Ease of electrification due
to no need for high voltage

swivel in turret.

Well proved design; and
Cost efficient.

The benefit of dry Xmas
trees - but this cannot be
utilised on Rosebank due
to spacing of wells.

Less motions in normal
weather conditions
potentially simplifying riser
design.

Less motion than FPSO;
Ability to tie in larger
number of risers; and
Electrification easier due to

no turret.

Reduced unit cost through

joint development in area.

Floating Facilities Final Selection

]
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Cons

Longer construction time;

Limited experience of deploying a cylindrical FPSO of
the size required in the metocean conditions seen west
of Shetland;

Constrained deck space limits ease of operations; and
Compact topside less desirable from an HSE
perspective compared to a redeployed FPSO (e.g.
topsides close to accommodation).

Requires turret i a large and complex unit;
Electrification requires a high voltage swivel in turreti a
solution with limited track record;

Need for use of thrusters for heading control under
certain conditions i adding power consumption and CO2
emissions; and

Yearly power consumption from this is small and thus not
a driver for the concept select.

Complex design with high cost;

Can only reach a very few well targets from a single
location; and

Weather conditions and water depth at Rosebank will

add further challenges for this concept.

Complex construction and high cost; and
As riser design is considered feasible for a ship-shape
FPSO this is not a driver towards a SPAR design

Requires separate oil storage/oil pipeline to shore;

High total cost compared to ship shape FPSO;

No need for added riser capacity and this is therefore not
a benefit; and

Added marine impact from pipeline.

No extended resource base in the Rosebank area to
support this has been identified.

At the final concept select the following options were evaluated:

T Newbuild FPSO;
1 Redeployment of an existing FPSO; and
1 Semi-submersible production facility.
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New Build FPSO

Evaluation of ship shaped (new-build and redeployed) and cylindrical FPSO indicated that the Knarr redeployment
was the optimum business case in terms of cost and schedule whilst meeting the early start up originally
communicated to the NSTA. The high cost and the environmental impact associated with building a new FPSO ruled
out this option.

Redeployment

The Altera owned Knarr FPSO currently (at the time) deployed at the Shell-operated Knarr field in Norway, becoming
available in the market in Q3 2022, was suitable and available for redeployment in the harsh environment of the
North Atlantic with a remaining life expectancy that would enable maximum recovery of reserves from the
Development.

The Knarr FPSO is a modern FPSO (first installed in 2015) and from an operations emissions perspective is
considered equivalent to a new build. Systems for closed flare and vent are already in operation on the FPSO, the
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design will be energy efficient on Rosebank, it is prepared for future electrification with available space allocated in
the turret and at the deck. Redeployment of the FPSO was also considered the most economically viable option and
was the only option that could achieve first production by 2026. It was therefore selected as the concept for the
Rosebank Development.

It was determined that the redeployment of the Knarr FPSO significantly reduced GHG emissions compared to
fabrication and transport of a new-build FPSO (Figure 2-6).

Transport & Fabrication Carbon Emissions

300
250
200

kt 150
100

50

Knarr refit only Ship Shape Circular/Cylindrical

W Transport M Fabricate

Figure 2-6 Estimated COz emissions from FPSO refit, fabrication and transport

Semi-Submersible

Economic evaluations determined that a semi-submersible (with oil pipeline for export) were significantly less
economically viable than redeployment of the FPSO or installation of a new-build FPSO. A semi-submersible with
oil export via pipeline was not seen as having any environmental benefits. Carbon emissions were equal compared
to the FPSO alternatives.

Final Facilities Selection

Option Pros Cons
Newbuild FPSO 1 Has the preferred facilities capacity. Can be 1 Time and cost for
built to own specifications. construction;

1 Higher GHG emissions when
fabricating a new build facility
and later start of production;
and

 Less attractive business case.
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Option

Redeployment of
an existing FPSO

Semi-submersible
production facility

Pros

Suitable for redeployment in the harsh i
environment of the North Atlantic with a

remaining life expectancy that would enable
maximum recovery of reserves from the
Development;

Lower cost than new build was also

determined,;

The redeployment of an existing FPSO

significantly reduced GHG emissions,

compared to fabrication and transport of a

new-build FPSO;

Facilities designed with closed flare

hydrocarbon recovery system;

FPSO turret allows for future electrification;

and

Allows for phased drilling and wells

improving reservoir management.

Has the preferred facilities capacity. Can be 1
built to own specifications.

N

-

equinor %

Cons

Facilities capacity smaller than
new build options. This has
however the benefit of
enabling a phased drilling of
wells where learnings from
Phase 1 will improve the
phase 2 wells and there

improve the drainage strategy.

Total cost of this option much
higher.

Higher GHG emissions when
fabricating a new build facility.
Needs an oil export pipeline or
a separate storage unit

Selected field center concept: Redeployed ship-shape FPSO
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254 Export of Hydrocarbons

2541 Oil Export

The options considered for oil export are presented in Figure 2-7.

. .

Oul Export by Pipeline to Shore Ohl Export via Pipelsne to 3rd Party Host

v v v +

Subsea Storage Two Offloading One Offisading Buoy with
Bucys/One Permanent FsU Tandem Offloading

Shuttle Tanker Connected

Figure 2-7 Summary of options considered for oil export

Oil export using a pipeline enables the use of Floating Production Units (FPU) without integrated storage. Several
possible oil pipeline export destinations, including the Sullom Voe Terminal, were evaluated. Rosebank crude has a
high waxing potential, and any pipeline export route would have a significant flow assurance risk due to gelling and
waxing. These risks could be mitigated by heated pipelines or chemical inhibition, but these mitigating measures
carry high technical risks and both high capex and opex (operating expenses).

In terms of environmental criteria, the oil pipeline was unfavourable mainly due to passing of a protected area where
other alternative solutions were available (offloading directly from shuttle tanker at field) and due to the energy and
materials used in the construction of the pipeline. A heated pipeline would require additional power therefore
increasing emissions from the power generation system. Although there are carbon emissions associated with tanker
offloading this was the only technically feasible solution.

Terminals also carry a significant tariff cost (particularly in late life) and any incremental value addition through
blending with other crudes has a high degree of uncertainty. Economic analyses showed that the business case for
Rosebank standalone pipeline export alternatives were significantly worse than tanker offloading. For these technical
economic reasons oil export by pipeline was excluded.

2.5.4.2 Infield Storage of Oil

As with an oil export pipeline, a separate infield oil storage facility would enable alternative floating production unit
concepts without integrated storage. Separate infield oil storage could be achieved in the following principal ways:

1. Subsea storage i This storage method is not qualified for the volumes required, and it was therefore
screened out.

2. Two separate offloading buoys (e.g., the manufacturer
shuttle tanker always connected (cost includes purchase of one shuttle tanker for comparison purposes).
This solution is technically proven but may trigger a requirement for two lines and possibility for
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circulation/pigging. Estimated capex for this alternative was >650 million U.S. dollars (MUSD) excluding
risers and flowlines. Due to the high capex and opex this option was screened out.

3. One offloading buoy with a floating Storage Unit and tandem offloading to shuttle tanker. This solution is
considered technically proven although due to mooring and riser loads, the buoy would be significantly
larger than a conventional buoy. As with option 2 above, it will likely trigger the need for two lines and
possibility for circulation/pigging increasing cost and the estimated capex for this alternative was >400
MUSD excluding risers and flowlines. Again, due to high capex and opex this option was screened out.

A combined qualitative and quantitative evaluation of the options was conducted, and the output from this work led
to tanker offloading being selected as the crude oil transport route.

255 Gas Export

Concept screening identified possible gas export options to be via either Shetland Islands Regional Gas Export
System (SIRGE) or the West of Shetland Pipeline System (WOSPS). There were ten variations or sub-options for
these gas export routes:

Rosebank i SIRGE i FUKA T NTS/SEGAL;

Rosebank T WOSPS T SVT SFi EOSPS T Magnusi NLGP T FLAGS T NTS/SEGAL;
Rosebank i WOSPS i SVT SFi EOSPS (offshore sale);

Rosebank i Cambo i WOSPS T SVT SFT7 EOSPS T Magnusi NLGP i FLAGS T NTS/SEGAL;
Rosebank i Cambo i WOSPS i SVT SFi EOSPS (offshore sale);

Rosebank T WOSPS 1 SVT SF - XOVER 1 SIRGE i FUKA T NTS/SEGAL,;

Rosebank i Camboi WOSPS i SVT SFi XOVER T SIRGE T FUKA T NTS/SEGAL;
Rosebank i GLAT SGP 1 SIRGE T FUKAT NTS/SEGAL,;

Rosebank i Camboi GLAT SGP T SIRGEiT FUKA'T NTS/SEGAL; and

10. Rosebank i WOSPS 7 SVT SFi EOSPS i Magnus i NLGP i Statfjord i Statpipe i Karstg.

© ® N o g A~ 0w DN

Based on a joint commercial and technical review of the available gas export routes, exporting gas via a new pipeline
tying into WOSPS was selected. The full route to the sale point (option 2 above) would be WOSPS i SVT SF i
EOSPS i Magnusi NLGP i FLAGS i NTS/SEGAL. This route includes the construction of a new circa 85 km long
pipeline to the tee in WOSPS immediately south of Clair (Figure 2-8).
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Figure 2-8 Technical summary of the selected route

This aligns Rosebank with other WoS fields (Clair and Schiehallion) which also use WOSPS, SVT SF, EOSPS and
Magnus as their current gas export route.

There are significant strengths to this route which include:

1 Itis the shortest feasible route to WOSPS and results in the lowest friction losses enabling a lower export
compressor discharge pressure and resultingly lower power requirements and CO2 emissions in support of
SE11;

1 Most economic route based on offers provided; and

1 WOSPS pipeline has a high historical availability and is operated with a focus on maximising oil production
with coordinated planned maintenance and line packing when necessary to maximise Rosebank production
efficiency and minimise non-routine GHG emissions.

The weaknesses of this route include:

T The route is subject to Magnus cessation of producti or

for late-life users (although this could be mitigated by anticipated construction of XOVER to SIRGE i see
below);

1 Risk of downtime and lower efficiency constraints due to multiple systems;

Infrastructure and commercial risk associated with SVT; and

1 Route crosses a Marine Protected Area.

==

By selecting the shortest feasible Rosebank export route to WOSPS, the total seabed footprint from installation of
the new pipeline will also be reduced, although it is noted that the route would be through the Faroe-Shetland Sponge
Belt Nature Conservation Marine Protected Area (NCMPA), further assessment of which is undertaken in Section 6
Seabed Impacts.

The Cambo option would have involved the installation of a new pipeline route from the Rosebank field to the Cambo
field. As part of the Cambo field development (which is outside the scope of the Rosebank Development), a new
gas export pipeline was planned to be installed from Cambo to the PLEM at WOSPS, thus allowing the produced
gas from Rosebank to be exported via Cambo to WOSPS. However, the Cambo development has been paused
therefore that export route is no longer considered an option.
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From the selection process the gas export pipeline route is to WOSPS, joining at the Clair Tee. The new pipeline
will include a tie-in point near the Clair Tee and a tie-in point close to the Rosebank field for future West of Shetland
developments (e.g., the Cambo field). Following selection of the gas export pipeline route, studies have been
undertaken to define various aspects of the pipeline installation method:

256

Mechanical design

o Wall thickness was assessed using industry standard specifications, and given the water depth,

determined to be approximately 16 mm.
Pipeline installation

o Considering water depths, both S-lay and reeled lay are acceptable for the installation of the gas

export pipeline.
Free span support

o Simplified on-bottom roughness analyses has identified numerous free spans along the route,

mostly on the seabed slope towards Clair where the seabed is relatively un-even.
Gas export pipeline protection

o0 Minimising seabed footprint in sensitive habitats has been an important part of defining the
installation method for the export route, and given the technical feasibility of the option, surface lay
without protection where possible has been proposed;

o Upheaval buckling and required resistance on buried pipeline has been evaluated analytically
according to industry standards, and some of the gas export pipeline has been identified as
requiring support. The support will take the form of trench and backfill, except for any sections
which cannot be trenched, in which case rock cover will be placed. It was evaluated that alternative
control such as rock placement or concrete mattresses would be required, and trenching was
considered preferred against these options; and

0 Protection against third party interaction is a key reason to protect the gas export pipeline, and this
has been deemed necessary in <800 m water depth where bottom-contact fishing may take place.
Trenching has been preferred to rock placement or concrete mattresses, in order to limit the
material placed on the seabed,. Initial trenching analysis surveys have identified some areas where
rock placement will be required, such as presence of boulders and crossings of other infrastructure.
Further detailed surveys will be required to identify the precise requirements for protective and
stabilisation material deposits along the pipeline route.

Subsea Infrastructure

The optio7ns considered for subsea infrastructure are presented in Figure 2-9.

v .

Clusters steel Lazy Wave Risers

Figure 2-9 Summary of options considered for subsea infrastructure
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Alternative arrangement of subsea infrastructure both for the water injection wells and production wells were carefully
considered. The key issue was to minimise the environmental impact by optimising the pipeline length, sub-sea
infrastructure, multiple well drilling templates and the number of marine operations. The selection was done in careful
cooperation with drilling and well and petroleum technology teams.

The production wells are located along the crest of the field and the optimum arrangement was concluded to have
three well centres. Supporting this and to provide future flexibility for adding more producers if required, three 4-slot
production templates were selected. Choosing a template solution rather than a cluster solution significantly reduces
the footprint of infrastructure placed on the seabed at the expense of marginally longer wells. A flowline loop with all
three templates daisy-chained in a single flowline loop with two flowlines were required to mitigate flow assurance
issues.

The water injectors are located on the flanks of the reservoir and due to distance between the wells individual satellite
wells were the only viable solution. The water injection satellites are daisy-chained on two separate flowlines to
reduce pressure drop, and thereby reducing water injection pump power consumption and emissions.

The subsea concepts allow for the additional future installation of new templates and thus provides flexibility.

GHG emission reduction initiatives for the Rosebank subsea infrastructure are centred on minimising the additional
equipment to be installed. Minimisation of additional equipment achieves GHG reductions during fabrication,
installation and maintenance during life of field.

Following DG1 and the decision to consider horizontal wells, the following subsea layout options were selected to
minimise environmental impact/GHG emissions, minimise cost and maximise economic recovery:

1 Moving the FPSO from the centre of the Rosebank field to a southern field location; and
1 Using a single flow loop to connect all subsea templates instead of using two (South and North) flow loops.

The optimised layout also reduced the safety risk associated with installation activities due to the reduced number
of structures requiring installation in comparison to alternative options. The flow assurance risk is also reduced with
a single production loop.

Equinor will minimise the vessel time required to install subsea umbilical, riser and flowline equipment by executing
the installation during the summer period with less waiting on weather. Furthermore, Equinor intends to award
contracts to contractors which can offer construction vessels with reduced fuel consumption and energy efficient
operations; information to support this will be requested during tendering activities.

Subsea layout: Southern FPSO location with a single flow loop and subsea templates for production wells

257 Floating Facilities Final Selection

2.5.7.1 Environmental Optimisation of the Development

The FPSO was originally designed to minimise GHG emissions. The FPSO is designed to operate without the need
for routine flaring of hydrocarbons for operational purposes through the implementation of the following measures:
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Volatile Organic Compounds (VOC) Recovery Unit is provided to prevent continuous flaring during normal operation,
it receives vapor from cargo tanks during production operation and also receives the vapor from the flare system
which comes from continuous leak paths such as CFU® and glycol generation, etc. during offloading.

There is a HC gas blanketing system that will take care of cargo vent gas and re-fill HC gas back to the cargo tanks
during offloading. Hydrocarbon gas is taken from the process during offloading. The HC gas blanketing system and
the flare recovery system is an integrated package.

In addition, an atmospheric vent system has been designed to handle the flash gas discharged from the cargo tanks
during filling and during hot weather in a controlled manner when the VOC recovery unit is out of service. Sufficient
distance between the vent exit pipe and topsides & flare is provided to prevent accidental ignition or harm to
personnel

Heat recovery derived from turbine exhaust gases will be used to heat the processing and utility plant. The steam
boiler can burn both gas and diesel.

Athirdparty BAT assessment of Rosebankés power and hea
the FPSO current single (open) cycle gas turbines and Waste Heat Recovery Units (WHRUSs) are BAT.

The existing single (open) cycle system is considered BAT when compared against a combined cycle system, as
the possible energy efficiency gain of replacing the system to a combined cycle system is considered to be too low
in an overall assessment of environment, technical and cost. The current turbines employ Dry Low Emissions (DLE)
technology (SoloNOx nozzles) to reduce NOx generation from the turbines. The basic principle of operation in the
DLE technology is close control of the flame temperature, ensuring 25 ppmv of NOX emissions (measured on dry
off gas, 15% O2). The DLE technology does not require additional chemicals or energy, compared to a turbine
without a low NOXx solution. By incorporating lean pre-mix combustors in the turbine, DLE systems allow for reduced
NOx emissions without the use of steam or water suppressors, and without increasing CO emissions. DLE provides
the best environmental performance compared to other techniques, so is considered BAT.

The WHRUSs are fitted at the turbine exhausts. The waste heat from the turbine exhausts is used to provide the
required heat production for the FPSO. Other alternatives for heat production include fired heaters, which utilise
direct combustion or liquid fuel, and electric heaters, which would be powered from main generation. Both fired
heaters and electric heaters will increase fuel consumption and hence also the CO2 emissions. As the WHRU system
makes use of waste heat from the turbine exhausts, it neither uses fuel directly nor does it create additional
emissions. As WHRUSs provide the best environmental performance when compared to other alternatives, it is
considered BAT.

As the FPSO currently has single (open) cycle gas turbines with WHRUSs installed, no modifications will be required
to ensure BAT for power and heat generation.

An evaluation of measures to reduce the energy consumption on the FPSO and thereby reduce GHG emissions via
the gas turbines, has been integrated into the development process. The most significant reductions are achieved
via integrated optimisation across subsurface, drilling and well and facilities while at the same time maximising
economic recovery. The selection of type and placement of wells has reduced the water production. Reduced water
production leads to reduced gas lift demand and thus reduced energy consumption for gas compression. Reduced
water production also reduces the demand for injection water to maintain reservoir pressure and consequently the

water injection energy demand is reduced.
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The FPSO already has a modern, energy efficient topside design, and the extent of the FPSO modification scope,
and consequent schedule effects from rebuilding, needs to be balanced against the achievable GHG reductions.
Significant measures will, however, be taken via modification or replacement of equipment to improve the efficiency
of the FPSO and thereby reduce average yearly GHG emissions.

Note that all the floating facilities alternatives brought forward to the concept screening phase can be electrified and
it is not the electrification of the facilities that is driving the electrification schedule, rather it is the onshore and
offshore consenting process, which is the same for all the concepts.

2.6

Operational Optimisation Focus Areas

Equinor considered several options to optimise operational efficiency with a focus on emissions. The philosophy is
to strive for zero flaring. Below is a list of flare management opportunities that are being evaluated and considered
to reduce the requirement for flaring:

f
f

=2 =4 =4 -4 -4 -4 -4 -4

The FPSO is designed to eliminate routine flaring and venting;
Identification of all sources of gas that could contribute to a requirement to flare:
o Visualisation of the flow rates from the sources; and
o Look for ways to reduce flow from each source.
Maintain high rates for gas export and/or gas injection;
Route pressure relief to the process rather than the flare;
High production effectiveness leads to low flaring;
Shut down high GOR wells quickly when top side problems occur;
Plan well intervention for minimum flaring;
Undertake lessons learned and improve procedures based on incidents;
Daily focus on flare rates through the energy and production optimisation (ePog) dashboard;
Reduce tank pressure when flaring is anticipated to be necessary. Use the VOC compressors to build
pressure and avoid flaring;
Mix condensate into turbine fuel gas instead of using diesel when low gas availability during normal
operations:
o Offloading;
0 Production start-up;
o0 Low availability on tank inert gas; and
o During late life production, when gas production is low.
Pre-offloading:
o0 Increase tank pressure before offloading, to have more gas available to refill during offloading.
Reduces offloading vessel stay duration; and
0 Mix condensate into turbine fuel gas instead of using diesel when low gas availability.
Normal operation and slugging conditions, i.e., accumulated water, oil or condensate in pipeline:
0 Optimise production; and
0 Choke topside choke to control slugging (use of installed smart choke program).
Inspection:
o Topside drone technology to reduce inspection personnel offshore;
o Infrared technologies for early identification of fugitive emissions such as methane leak detection
and measurement; and
0 Sub-sea drones to reduce intervention vessel inspection times.
Flare emissions reduction checks:
0 Use of flare recovery system;
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Identification of sources; and
Look at ways to reduce flow from source.

The following opportunities to reduce emissions during routine operations have been identified and will be
implemented by Equinor:

1 Power generation;

o

(o]

Use of electrical motors with variable speed drives on main drives to reduce power consumption
and in turn emissions; and
Energy mapping to optimise energy use.

91 Digital twin/ WiFI;

0 Reduced visits to site for planning, less helicopter and vessel travel to the field; and
o0 Inspection work done from shore improving operational efficiency.
1 Multi-skilling the workforce to reduce offshore staffing and helicopter travel and adopt a low staffing
philosophy;
1 Logistics;
o Optilift technology (remote controlled crane and lifting operations) to improve cargo handling and

o O O O O

reduce vessel time;

Equinor is forming a cross industry vessel and helicopter sharing group with other fields the aim of
which is to improve vessel efficiency;

Direct flights to the field without a fixed wing travel segment;

Utilising Shetland as a logistics base;

Use of hybrid vessels for intervention scopes if available

Use of hybrid vessels/tankers with shore side plug in points;

Advanced technology application for emergency response and rescue vessel, supply vessels and
tankers including possible use of low sulphur, bioethanol fuels or alternative fuels including
ammonia and electricity;

Super medium category helicopters (e.g. Airbus Helicopters H175 and AgustaWestland AW189)
that are more efficient with lower carbon emissions than traditional heavy category helicopters;
Combine intervention operations with other operators in the area. Using common inspection
practises; and

Use of electric vehicles and smart warehousing. i.e., energy efficient light bulbs, electric forklifts
etc.

2.7 Low Carbon Concepts

271 Summary

The ability to provide electrification in future was a key driver for concept select and preparations for future
electrification of the FPSO in project design. However, electrification does not form part of the project under
consideration in this ES and will be subject to separate regulatory approvals

The options considered for the low carbon concept are presented in Figure 2-10.
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Biofuel Solar and Wave

Floating Wind Turbines Power from Shore Hydrogen Ammaonia

Figure 2-10 Summary of options considered for the low carbon concept

Equinordés Net Zero strategy, in accordance with the
selection process for the Development. The three major alternative carbon reduction technologies considered were:

91 Electrification - electrical power to the field development supplied either from shore-side electrical grid,
potentially integrated with a windfarm, called power from shore (PfS), or supplied by a small-scale local
offshore wind farm at the Rosebank field);

1 Alternative fuels for supply of power, and carbon for use in turbine driven generators on FPSO; and

I Carbon capture and storage (CCS).

2.7.2 Option 11 Electrification

Equinor, following on from similar achievements in Norway, is working to realise the opportunity to source electric
power for the Development, and thereby reduce operating emissions and optimise oil and gas production. The
ongoing transfer of the UK power grid to renewable energy sources, the development of wind power on the Shetland
Islands, the establishment of a direct current (DC) link between Shetland and the UK mainland, and the development
of floating wind turbines all represent opportunities to facilitate a possible future electrification of the Development.
This alternative has been investigated from the start of the screening process. The project has engaged with several
stakeholders since inception to fully understand the issues and opportunities related to electrification. Stakeholders
engaged to this date include the NSTA, BEIS, OPRED, Marine Scotland, Shetland Islands Council, Crown Estate
Scotland, fisheries organisations and the Office of Gas and Electricity Markets (Ofgem). The project has engaged
with SSEN Transmission and Ofgem to understand the required development process and schedule and
requirements for connecting to the electricity grid on Shetland. Equinor is involved with the WoSE together with other
WoS operators to explore the joint development and implementation of low carbon electrical power to the fields in
this area. Electrification is subject to the availability of resource and maturation schedule of the infrastructure, much
of which is subject to government regulatory and statutory provider requirements.

The distance of the Development from Shetland and the deep water and harsh metocean conditions requires
innovation of existing electrification technologies. A significant amount of work has been carried out and is ongoing
to mature electrification of the field development. Due to the level of maturity of technologies, the stage of renewable
electricity supply from Shetland, and the anticipated consenting timeline, this electrification option is being managed
as a discrete component of the Development. Electrification has been a key criterion in the screening of the wide
range of options narrowing towards the selected development concept. The electrification alternatives have been
screened as summarised below.
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Electrification is technically challenging due to the high transmission power required, the length of the subsea cable
from the Shetland Islands, the modification scopes for in the FPSO and the deep water and harsh weather conditions.

Al | electrification options and associated technol ogy

zero target have been evaluated and would require the following basic infrastructure:

1 A power source facility (connection to onshore grid, an offshore wind farm or a combination);

A high voltage subsea power cable from the power source to the FPSO with a dynamic cable at the facility;

1  Ahigh voltage transformer and voltage regulation or conversion equipment (either on the FPSO, or subsea,
or both); and

1 A high voltage swivel for the transfer of the electrical power through the turret of the FPSO.

=a

2.7.2.1 Power from Shore

Electrification connected to the electrical grid on Shetland has the greatest potential for GHG reduction with the
proposed wind farms on Shetland providing a low carbon source of energy via cable to the FPSO. The DC link
between Shetland and the UK mainland will provide backup when the electricity production on Shetland is
insufficient. The electrification infrastructure would consist of the following:

1 Onshore:

0 Transmission network connection: Depending on the location, either new indoor Gas Insulated
Switchgear (GIS) switching station or a connection directly to an existing substation (in any case
including circuit breaker(s), disconnector arrangement, and metering) as well as new overhead
lines or underground cabling on Shetland,;

Cables from the grid connection point to the designated substation near shore;
Substation with a gas-insulated switchboard, transformers, a reactor and a static synchronous
compensator, (subject to further study); and

o Cable(s) from the substation to the landfall, at the landfall and cable to sea.

1 Subsea:
0 Static subsea power cable to the field (150 i 175 km, depending on landfall location);
0 Subsea transformer and possibly subsea reactor (subject to more detailed analysis); and
o Dynamic power cable.
1 Onthe FPSO:

o Dynamic power cable developed for an FPSO in the harsh Rosebank weather conditions and water
depth;
Power cables;
High voltage electrical swivel;
Electrical building with transformers, gas-insulated switchboard and ancillary equipment;
Electrical boilers; and
Heating, ventilation, air conditioning, structural access platforms and stairs, piping and pipe
supports, etc.

O O O O O

An evaluation of both alternating current (AC) and direct current (DC) transmission to the Rosebank field has been
performed. High voltage AC (HVAC) is the recommended transmission solution due to the major technology
development programme needed to qualify high voltage DC (HVDC) swivels, floating HVYDC/AC converter stations
and HVDC cables. A HVYDC or medium voltage DC (MVDC) solution would also require a larger footprint and higher
weight on the FPSO than a HVAC solution. Preliminary simulation modelling and Equinor experience from other
similar cases have shown that HVAC transmission is feasible with acceptable power losses at a transmission voltage

of 90-100 kV (cable rating 145 kV). Reactive power compensation is required onshore and potentially also offshore.
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More detailed system analyses will be required, however sufficient technical information about the onshore grid and
the HVDC link between Shetland and the UK mainland is not yet available for these analyses to be performed. The
landfall location on Shetland and consequently the cable length will also impact the analyses. A subsea transformer
would be required to reduce the transmission voltage from subsea to topside to a medium high voltage level since
a 145 kV dynamic cable and swivel are technologically too immature and would increase the size requirement of the
FPSO topsides.

Technology qualification will be required for the subsea cable, the dynamic power cable, the subsea transformer,
the high voltage swivel and the electric boiler. As previously mentioned, there is currently limited technical
information available about the grid connection on Shetland. In meetings with SSEN Transmission, Equinor has
been advised that detailed models of the HVDC link between Shetland and the UK mainland are still to be developed.

Landfall alternatives on the Shetland Islands are being identified and initial assessment performed. The evaluation
and selecting the location for the landfall and onshore substation will involve local stakeholders and communities.

Electricity from shore can potentially be combined with a preferably larger windfarm WoS serving multiple fields.

Extensive work has been undertaken in cooperation with relevant competent contractors to understand the time
needed for consentingto developaPfSopt i on. Equinords understanding i s
is driven by the consenting process for both the onshore scope to be executed by the Rosebank project (i.e. a
landfall and a substation), and the development of a connection from the FPSO to the SSEN transmission network.
The time needed for consenting and then development does not allow for PfS to be available for initial start-up.

2.7.2.2 Electricity from Local Offshore Wind Turbines Serving Only Rosebank

WoS and the Development area have good wind conditions and there might be potential to achieve partial
electrification of the FPSO with power supplied from a floating wind farm that could be installed close to the FPSO
(i.e. not connected to shore). The water depths in the area prevent the use of bottom fixed offshore wind turbines
however floating offshore wind turbines are a less mature technology than bottom fixed turbines and the costs are
currently significantly higher. Also, the small scale of a local wind farm serving only the Development will increase
the unit energy cost significantly. The costs are however expected to reduce as the technology matures and
commercial scale projects are developed over the coming years. Equinor have engaged with industry to ensure this
alternative is properly evaluated.

The infrastructure would consist of the following:

1 Marine/Subsea:
o Floating wind turbine(s) (mooring, sub-structure, tower, wind turbine generator);
0 Subsea transformer (requirement depending on voltage);
o0 Storage (battery) facility; and
o Dynamic power cables.

1 FPSO:
o High voltage electrical 6éswivel d; and
0 Local cabling; and
o Electrical building with transformers, gas-insulated switchboards, panels, distribution boards etc.;
0o HVAC, structural access platforms and stairs, piping and pipe supports, cables and instruments

etc.; and

o Anadvanced power management system.
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Equinor is the operator of the worldés first floati
(88 MW), an offshore floating wind farm which will supply power to oil and gas installations in Norway, is under
construction. The weather conditions are harsher at Rosebank location and the water depth considerably greater
(1,200 m) than at Hywind Tampen, which means that designing a floating wind turbine with the lifetime required in
this location would be challenging, however a Hywind Tampen-like concept could be feasible. Other substructure
concepts are also likely technically feasible. The mooring system would be very different, with a significantly higher
cost, and the substructure must be adapted to the conditions. As the offshore wind turbine generators continue to
move rapidly towards larger capacities and thus weights, the tower bending moments and fatigue challenges
increase with potential lower availability due to increased downtime required for ongoing maintenance. Further
design and technology development of the mooring, substructure and tower are required to define a robust solution
for floating wind at Rosebank with the larger wind turbine generator models required expected to be commercially
available towards 2026 and beyond.

Technology qualification will also be required for the dynamic power cables, the subsea transformer and the high
voltage swivel (as for PfS). Equinor is undertaking and will continue to work at pace with competent suppliers to
close the technology gaps. The Hywind design was used in early evaluations due to availability of as-built design
information. Equinor has also been in dialogue with multiple suppliers providing alternative designs and business
models.

Due to the inconsistent nature of wind, wind turbines alone will not produce power with sufficient reliability to support
economic oil and gas production. It will be necessary to continuously operate at least one offshore gas turbine at
reduced load in parallel with a wind farm, and thus it will not be feasible to reduce the CO2 emissions from the gas
turbines on the FPSO by more than around 30-35%. Large-size battery technology is developing rapidly and could
possibly reduce the use of gas turbine backup in the future but will not eliminate it completely. Oversizing the total
wind turbine capacity could potentially also reduce the need for gas turbine spinning reserve, but not eliminate the
need for at least one gas turbine in operation. Waste heat from the running turbine will, however, cover most of the
heat demand on the FPSO. An advanced power management system and detailed wind predictions/forecasts will
be required in operation at the FPSO.

As gigawatt scale offshore wind projects are being developed in the UK and worldwide, and floating wind demo-
projects move upwards in size towards and beyond 100 MW, reduced vendor interest for smaller, engineering
intensive projects such as a ~30 MW Rosebank wind farm in a heated supplier market could pose a risk of schedule
delay. Also, the operational and maintenance unit costs would be high for a small wind farm.

The fAnSectoral Marine Plan for Offshore Wind for 1nn
Pl anning Specification and Context Reportodo (Marine

specifications that will apply to projects seeking to progress in the INTOG round, and an indicative outline of the
leasing process to be delivered by Crown Estate Scotland. Furthermore, the INTOG plan sets out the spatial data
considered in the opportunity, which includes 2 areas WoS, one of which could support a standalone wind farm on

Rosebank and the other could possibly support a hub solution for WoS fields.

A schedule for the development of a local wind farm near Rosebank location is difficult to establish at this time due
to lack of defined consenting process and timeline, required technology development due to deep water and harsh
environment, and supplier constraints in the wind turbine generator market making supply times and cost estimates
for a small-scale wind farm difficult to define. Based on experience with existing floating wind farm alternatives,
having a local wind farm in operation from first oil in 2026 is considered not to be a realistic option.
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2.7.2.3 Technology Development for Electrification

Significant technology gaps would need to be closed to enable electrification of the FPSO however the modifications
will address these issues hence not a factor in option selection. Several technology gaps are being pursued through
dedicated technology development programmes in cooperation with the suppliers to mature electrification towards
becoming technically viable in the future. These are summarised below:

1 A dynamic power cable will be needed to connect to the wind turbines or to the cable to shore. Considering
the water depth, environmental conditions and required electrical voltage this is beyond current industry
experience. Work is ongoing with suppliers on these issues;

1 A subsea transformer is required to reduce the transmission voltage from subsea to topside to a medium-
high voltage level since 145kV dynamic cable and swivel are technologically too immature as well as too
space consuming. There are still some design aspects not fully qualified to confirm the feasibility of the
required subsea transformer;

1  The electrical swivel needed in an FPSO turret is at the limits of existing products and further work is ongoing
with the suppliers to finally conclude solutions and finalise technical qualifications however all indications
are that the technology will be qualified prior to project sanction; and

1 Battery power could reduce the use of gas turbines backup in the future of power production from the wind
farm but will not eliminate the requirement for back-up turbine use. Equinor (through their dedicated
Research & Development unit) is following battery development closely and evaluate options when relevant;
and

1 Floating wind turbines are outside current experience due to the water depth and site-specific metocean
conditions and thus require design development.

2.7.2.4 Moving Electrification Forward

For all the electrification alternatives, Equinor is actively working with other parties in order to mature and select the
electrification solution at pace. These other parties include:

1 SSEN Transmission i For the PfS alternatives more detailed system analyses will be required in order to
conclude on system and equipment design, and sufficient technical information about the onshore grid and
the HVDC link between Shetland and UK mainland is not yet available for these analyses to be performed;

1 Shetland Islands Council / landowners / onshore wind farm owners - For the PfS alternatives the selection
of landfall location on Shetland will impact the electrical design (e.g. grid connection and offshore cable
lengths). This selection is dependent on land access and consenting processes on Shetland;

1 Marine Scotland i For the windfarm alternatives, a planning process is required to help decarbonise the oil
and gas sector;

1 Crown Estate i For the windfarm alternatives, a leasing process is required which will coincide with the
above Marine Scotland planning process;

1 Offshore floating wind industry suppliers i For the windfarm alternatives, further studies are required; and

1 WoS electrification joint solutions i The Clair operator bp, the Cambo operator Ithaca SP E&P Limited and
Equinor is currently collaborating with the other key stakeholders to agree a plan for future work.

Equinor is also in engagement with Ofgembés ongoing Offsho

Equinor is actively engaged in the WoSE together with the operators for the Clair and Cambo fields to seek the best
area solution.
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All electrification alternatives require multiple new technologies to be developed/qualified and these qualification
exercises would need to be concluded before a final electrification solution can be selected for the Development.
Work is currently ongoing to fully qualify these solutions.

The FPSO original design supports future electrification. Study work performed in 2021/2022 confirmed the feasibility
of this, including confirming that suitable space exists in the turret for the installation of an electrical swivel and
necessary deck space for electrical equipment. The work undertaken therefore supports the expectation that the
swivel will have the necessary transfer capacity. The ability to be deployed in the Rosebank field as electrification-
ready was a significant factor in the selection of the FPSO.

FPSO preparations for electrification whilst the FPSO is at the yard (before mobilisation to the Rosebank field) will
consider the flexibility required in order to accommodate the final life of field electrification solution when it is selected.

Equinor will collaborate with appropriate supply chain experts, and engage with associated parties on consents,
permitting and interface management with the transmission owner and power supplier as required.

2.7.3 Option 2 - Alternative Fuel Sources

Hydrogen

Equinor has considered gaseous hydrogen import and/or export as a method of minimising GHG emissions.
However, significant regional infrastructure changes/additions would be required to enable the import or export of
hydrogen (e.g., installation of a new hydrogen pipeline or the conversion of WOSPS to hydrogen). Further, this would
require development of new technology and a major modification scope on the FPSO, with several safety related
issues, e.g., pressurised hydrogen import through turret. In principle, hydrogen could be imported from a dedicated
carrier also in liquefied form to serve as fuel. The uncertainty around liquefied hydrogen supply solutions and the
expected high cost, plus the need to integrate dedicated cryogenic tanks, loading system and vaporiser system,
which are all unqualified, makes this currently an unrealistic solution. Finally, there can be options for importing
hydrogen via a Liquid Organic Hydrogen Carrier (LOHC). This option involves handling and storage of very large
liquid volumes, and a double set of tanks since dehydrogenated LOHC need to be returned. An extensive topside
dehydrogenation facility with large heat input is also needed. Again, this seems to have very limited potential for
fuelling an offshore oil and gas facility in general, and for the FPSO, the space and weight constraints or tank and
topside equipment make it not feasible. This solution is not considered feasible for the FPSO or within the project
timeframe and has not been progressed further.

Liquid ammonia

Liguid ammonia can serve as zero carbon fuel, but currently the outlook is primarily for marine propulsion type
engines that would not fit into the FPSO. In addition, dedicated fuel tanks and offloading systems would have to be
fitted. The potential for offshore gas turbines to run on ammonia is limited, and a high temperature cracking system
would have to be installed. Ammonia also introduces new safety issues through its toxicity, and a potential
environmental issue if accidentally released, and the combination of hydrocarbons and ammonia can give difficult
scenarios in relation to major accidents and evacuation. This alternative was not progressed.

Biofuel

Imported biofuel (biodiesel or bio-methanol) could serve as gas turbine fuel if some of the in-hull tank volume was
converted to hold biofuel, and if it was possible to install a dedicated loading system. A main challenge is sustainable
sourcing of sufficiently large amounts of biofuel (e.g. biodiesel), where conflict with food production or deforestation
is, or may become, problematic. There is also a risk that more Nitrogen Oxides (NOx) than from a gas fired dry low
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emission (DLE) turbine could be expected. Maintenance intervals would also be shortened. This alternative was
therefore not progressed.

Solar and Wave Power
Solar and wave power are not considered feasible solutions at Rosebank due to limited available space and level of
technology readiness.

2.7.4 Option 3 - Carbon Capture and Storage

Compact post-combustion CO2 capture technologies were reviewed by Equinor for use at the Development. Aker
Solutions E®J wsotmpQ@attc CCS tewnloated aslit was yleeweal 0 be the most feasible for an
FPSO. The EDusptr oCaetssh g feom the gas turlii®@ exhaust and puts it into a water injection
stream for subsurface disposal. However, for the Development, due to the circulation of the injected water back into
the production wells, the CO: injected with the injection water will cause additional risks of CO: circulation. Finally,
any additional CCS facilities to be sited on the FPSO would be large and there is no available space for these. For
the reasons stated above, CCS technology is not to be pursued further.

The Rosebank reservoir is not considered to be a suitable candidate for CCS on cessation of production for both
technical and logistical reasons. The seal capacity of the overburden is only sufficient to support a limited
hydrocarbon column. There is also evidence of gas leakage through the overburden (gas chimneys and shallow gas
anomalies) and therefore the Rosebank area is not optimal as a storage reservoir. In addition, the deep water, harsh
environment and lack of nearby infrastructure to support CCS would make this a much more challenging candidate
than other alternative receiving reservoirs.

2.75 Selected Option

The above options were screened by the Licensees and electrification was selected as the preferred option to further
decarbonise the Development. The ability to provide electrification in future was a key driver in concept selection
and project design, however electrification does not form part of the project under consideration in this ES as it is
subject to separate regulatory approvals

Equinor has an extensive experience with electrification of offshore oil and gas projects with more than 10 offshore
fields with electrification in operation or in development, with a total power demand of more than 1,000 MW.

The Licensees have the ambition and dr i ve elarficatereas soonh e UK
as possible. The Licensees commit to take a proactive role to deliver electrification without delay when technology
is qualified and matured and necessary consents are in place.

Decarbonising strategy: Electrification selected as option for further decarbonising Rosebank
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3 PROJECT DESCRIPTION

3.1 Development Overview

The Rosebank field is located on the north-west edge of the UKCS, in approximately 1,100 m of water (Figure 1-1).
The conceptual layout of the Development is presented in Figure 3-1 and the indicative schedule is provided in Table
3-1 with first production expected in Q4 2026.

The Rosebank field will produce via subsea production well templates (3 x4 slot templates B, C and D in Figure 3-1)
and flexible risers to an FPSO (A in Figure 3-1). Oil will be exported from the FPSO using tankers and gas will be
exported via a new offshore gas export pipeline to tie into WOSPS at the Clair Tee junction, and then through existing
infrastructure to the SAGE gas terminal in St Fergus.

A phased development plan has been selected for the drilling and subsea, riser and flowline scope with four
production wells and three water injection wells in Phase 1, and based on current assumptions, up to an additional
five wells (three producers and two water injectors) in Phase 2. Phasing allows for optimal use of the processing
capacities when considering the expected profile and the range of uncertainty. A key advantage of phasing is that
subsurface uncertainty is addressed through targeted early data acquisition, which allows Phase 2 wells to be
optimised based on static and dynamic reservoir learnings from the Phase 1 wells.

The phased development plan includes the ability to accelerate or delay Phase 2 should different reservoir outcomes
require (e.g. a shorter or longer drilling break and / or an accelerated Phase 1 well in low case reservoir outcomes).
It enables the potential to increase recovery while delivering from lower risk resource areas first.

Produced water and treated seawater will be injected into the reservoir for pressure support and as enhanced oil
recovery to maximise the recovery of the Rosebank field reserves. Downhole gas lift will be required for the
production wells to reduce the start-up time of wells, increase the production rates, and maintain flow stability in the
production flowlines. The FPSO will be powered by dual fuel (field gas and diesel) generators from the start of the
production. The gas produced that is not used as fuel for the generators or in gas lift will be exported via the proposed
new pipeline. The provision of power from electricity to reduce carbon emissions has been discussed in Chapter 2
Consideration of Alternatives but as it is not within the scope of the current EIA it is not included in this chapter. The
potential impact on atmospheric emissions as a result of electrification of the FPSO from shore is, however,
discussed in Chapter 9 Atmospherics and Climate as intrinsic to the planned development of the life of field.

Details of the Development including the reservoir, drilling activities, FPSO, subsea infrastructure and the gas
pipeline are included in the project description below. All activities will be carried out in compliance with the
operational permits and consents.
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Rosebank Field Layout
Phase 1 (7 wells) + Phase 2 (5 wells)
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Figure 3-1 Rosebank Development conceptual field layout
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Table 3-1 Rosebank phase 1 development schedule

Activity 2024 2025 2026
Ql Q2 Q3 Q4 Q1 Q2 Q3 Q4 Ql Q2 Q3

Drilling

SURF installation --
Gas Export Pipeline installation

FPSO installation, hook up and

commissioning

First production
3.2 Reservoir and Fluid Characteristics

The Rosebank field is a large but relatively narrow structure of approximately 20 km long by 5 km wide. The
field was discovered in 2004 by well 213/27-1Z, which found a series of oil and gas-bearing sandstones of
Late Palaeocene to Early Eocene age (Rosebank) and Jurassic age (Lochnagar). The Rosebank Colsay
Formation sandstones are overlain by and interbedded with volcanic sediments. The exploration and appraisal
wells drilled to date have encountered high quality sandstones filled with a mix of light oil and gas. The volcanic
and siliciclastic shales (silica-bearing sedimentary rocks) act as a seal. Figure 3-2 shows a cross-sectional
view of the reservoirs in the Rosebank field. The Development aims to produce from the Colsay reservoirs,
initially focusing on the Colsay-1, Colsay-3 and Colsay-4 reservoirs.

Rosebank

Shale =
Source rock [
Sandstone

Volcanics [

<> 4 posieclh —
10x vertical.€xaggeration |

Figure 3-2 Reservoir layout of the Rosebank field

As production is planned from three reservoirs (Colsay-1, Colsay-3 and Colsay-4) the fluid properties such as gas
to oil ratio and density will exhibit some variation across the field. As such, representative oil characteristics for the
Rosebank field have been defined and are summarised in Table 3-2.
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Table 3-2 Oil characteristics
Oil characteristic Value
Density (at saturation pressure) 0.687 to 0.695 grams per cubic centimetre
Specific gravity (from separator test) 34.6 to 35.3° American Petroleum Institute (API)
Viscosity (at reservoir conditions) 0.59 to 0.65 centipoise
Wax content 15.8 weight percent
Asphaltenes 0.83 weight percent
Gas to oil ratio (from separator test) 130 to 140 standard cubic meter gas / standard cubic
meter oil
Pour point 20-38 degrees Celsius (°C)

The Rosebank crude oil is a light crude which has a low density and flows freely at room temperature. As a light oil
it has a low viscosity, low specific gravity and high API gravity due to the presence of a high proportion of light
hydrocarbon fractions. The Rosebank reservoir will require sea water injection to achieve voidage replacement for
reservoir pressure maintenance from first production. As a result, the reservoir is expected to sour during its
production lifetime. Souring severity will be minimised through the injection of low sulphate sea water which also
mitigates the risk of barium sulphate scale precipitation. The souring severity will vary from well to well and is
controlled by factors including sea water injection breakthrough fraction. Downhole chemical injection will be included
to mitigate the risk of calcium carbonate scaling. ARN acids are present in Rosebank crude and therefore calcium
naphthenate (CaN) can form in the production system under the right conditions. A CaN mitigation strategy is under
development but will include chemical injection tanks, injection points and a surveillance plan to enable injection of
Naphthenate inhibitor.

3.3 Expected Production

The oil, gas and water production figures are presented in Table 3-3 and the Phase 1 and 2 profiles for the life of
field are shown in Figure 3-3 to Figure 3-5 respectively. The estimated start up from Phase 1 is expected to occur in
Q4 2026 and therefore 2027 is the first full year of production. The production predictions are based on an ensemble
of reservoir models which reflect the identified range of uncertainty in reservoir parameters. The oil and gas
production presented represents the highest values'® (production efficiency of 92% uptime) expected from the whole
life of the Development and align with the application for development and production consent which will be
submitted to the NSTA. The highest predicted hydrocarbon case represents the greatest potential for environmental
impact, and it is therefore the most appropriate estimate on which to assess the environmental impact. The impact
assessment presented in this ES (and all associated calculations such as air emissions calculations) has been
carried out using the high hydrocarbon case production scenario.

10 High oil case production values.
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Table 3-3 Rosebank Phase 1 and 2 Development oil, gas, and water production volumes, based on
the high oil case production profile

Year Oil Gas Water
tonnes*/day bbls/d MMSm3/day MMscf/day mé/day bbls/d

2026 2584 19188 0,47 16 0 0
2027 9540 70840 1,62 57 0 0
2028 9540 70840 1,67 59 23 144
2029 9436 70067 1,72 61 304 1908
2030 9090 67490 1,72 61 577 3629
2031 8712 64688 1,72 61 624 3922
2032 9389 69716 1,66 58 1823 11461
2033 8895 66045 1,58 56 3127 19667
2034 8231 61122 1,47 52 4151 26111
2035 7868 58420 1,39 49 4790 30130
2036 7463 55419 1,33 47 5354 33678
2037 7365 54682 1,39 49 5549 34901
2038 6622 49169 1,35 48 6047 38037
2039 6073 45097 1,27 45 6877 43257
2040 5965 44292 1,26 45 7328 46095
2041 5604 41611 1,21 43 7526 47337
2042 5447 40449 1,05 37 7305 45947
2043 5454 40497 0,98 34 8095 50920
2044 4635 34414 0,84 29 8561 53849
2045 4353 32317 0,72 25 8949 56286
2046 3967 29457 0,61 21 9414 59216
2047 3716 27595 0,52 18 9672 60837
2048 3289 24422 0,48 17 10340 65038
2049 2953 21930 0,45 16 10703 67325
2050 2633 19548 0,40 14 11107 69864
2051 2410 17900 0,37 13 11371 71526

*assuming 847.1kg/sm?®

The total oil production is expected to peak at 9,540 tonnes/day early in field life in the first two full years of production
in 2027/2028, with relatively stable plateau rate until 2033 after which there is a steady decline through the life of
the field (Figure 3-3). Total gas production from the wells in the first full year of production (1.62 MMSm?®day) in
2027 rising to a peak in 2029-2031 (1.72 MMSm?®/day) before steadily declining over field life (Figure 3-4).
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Figure 3-3 Rosebank Phase 1 and 2 Development oil production profile
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Figure 3-4 Rosebank Phasel and 2 Development gas production profile

Produced water from the wells is expected to increase gradually from water breakthrough in 2028 to a peak at

around 12,360 Sm? per day in 2051 (Figure 3-5).
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Figure 3-5 Rosebank Phase 1 and 2 Development water production profile

3.4  Wells and Drilling

34.1 Overview

The drilling of the wells will be carried out in two phases. Initially four production wells plus three water injection wells
in Phase 1 with, based on current assumptions, up to a further three producing wells and two water injection wells
in Phase 2.

The phased development allows for later wells to be located based on reservoir learnings from initial drilling. This
will allow for better placement and greater energy efficiency in the wells in Phase 2 which could target more oil
relative to produced water with lower water injection and gas lift requirements. In addition, the inclusion of inflow
control valves on the injector wells will promote efficient placement of injected water and reduce energy inefficiency
associated with any misplaced water injection.

This drainage strategy is planned to secure delivery of production whilst learnings from the initial wells will improve
future wells performance, reduce risk of poor production and manage subsurface uncertainty.

In Phase 1 the four oil producing wells will be a combination of low and high angle and horizontal wells and the three
water injection wells will all be high angle. The low angle wells maximise the likelihood of drilling the wells
successfully early in the drilling programme and enable production from and injection into multiple reservoir zones.
The horizontal wells enable the drainage of larger areas of the field due to a longer reach and lower formation water
ingress from the reservoirs.

All the production wells will be drilled from the three fixed four well-slot templates, located along the structural crest
of the field. The water injection wells are planned as remote satellite wells around the flank of the field. The location
of the well templates is shown in Figure 3-1 and a description of the template and installation is provided in the
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subsea infrastructure section of this chapter (Section 3.5). Phase 1 drilling is expected to take place between April
2025 and August 2026. Table 3-4 gives the details of the anticipated timing for the individual wells.

Table 3-4 Well information, location on the templates and estimated timing of well completion

# Well Name Template / Surface Well Type Estimated Year of
Location Completion
1 Kil K1 Injector 2025
2 BP2 B2 Producer 2025
3 DP1 D1 Producer 2026
-
[}
@ 4 DP3 D3 Producer 2026
T
5 Ji1 J1 Injector 2026
6 CP2 Cc2 Producer 2026
7 1 11 Injector 2026
Drilling Break
8 BP4 B4 Producer 2031
9 MI1 M1 Injector 2031
N
Q
@ 10 BP3 B3 Producer 2031
T
11 LI1 L1 Injector 2031
12 CP1 C1 Producer 2031

3.4.2 Drilling Rig

The wells will be drilled and completed using a DP Harsh Environment semi-submersible Mobile Offshore Drilling
Unit (MODU) (example shown in Figure 3-6) capable of operating in the metocean conditions and deep-water and
harsh environment of the Development area. The semi-submersible drilling rig will have a main operating deck which
will include drilling, storage and accommodation facilities as well as a ballast system. The ballast system, when
flooded, will stabilise the MODU, reducing its susceptibility to wave motion, particularly rolling and pitching, and
providing a stable platform for the drilling operations.

As the MODU will be retained on station by DP, no anchoring will be required, and a 500 m radius safety zone will
be in place around the rig during all drilling operations. The DP technology uses satellite navigation and acoustic
transponders on the seabed to keep the MODU in place. The acoustic transponders are deployed in an array using
clump weights. The transponders emit a signal which is received by the MODU, which in turn calculates position
and adjusts its thrusters as required to maintain position. Transponders are typically deployed for the duration of the
drilling campaign and are normally recovered by remotely operated vehicle (ROV) once the drilling campaign is
finished.
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Al

Figure 3-6 Example semi-submersible drilling rig (Source: Seadrill)

Well Design

wel | s

Table 3-5 Expected well section dimensions

Wi

I'l be dril
maximum measured depth of any of the wells will be for the producing well CP2 at approximately 4,565 m (14,977
ft). Table 3-5 provides the well section diameters and proposed well lengths, along with the anticipated drilling mud
type to be used. A summary of the well designs is shown in Figure 3-7 for the producing wells and Figure 3-8 for the
water injection wells.

ed

n

fi
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secti

ons

of

S ucclhes s i

Section Mud type Discharge Length (m)
point
DP3 DP1  CP2 BP2 i1 Ji1 Kl  BP4 MI1 BP3 LI1 CP1
42/36" Seawater Seabed 90 90 90 90 90 90 90 90 90 90 90 90
and sweeps
26" Seawater Seabed 478 478 484 642 515 464 661 646 725 645 515 485
and sweeps
17 1/2" WBM Rig 1162 901 1251 733 967 1073 845 919 723 868 937 911
12 1/4" LTOBM / Skip and 461 230 | 588 179 | 669 @ 429 564 | 337 679 398 | 641 185
WBM ship for
LTOBM.
Rig for
WBM
8 1/2" LTOBM / Skip and 949 51 1012 203 | N/A | N/A N/A 833 | N/A | 998 | N/A 90
WBM ship for
LTOBM.
Rig for
WBM

Page 73 of 401

www.equinor.com

vel



= g- Water Dapth +/-1155m MO BRT

= |
36 x 30" Conductor Shoe _' " ~ ‘B’ Annulus Montiorng

1245 MD BRT = Shaliow set remote open

1723 MD BRT

Gas Lt Valve 2550m MO BRT
Chemical legection Vake 2600m MD BRT

y R — Procuction Packer
P gavge 2654m MO ERT
Bamer Plug
Mg Compietion
2704mMD BRT

SC Packer 275m MO BRY

10%" x 9 %" Shoe
2854 MD BRT

Fluid Loss Vave

OHGP

Cotsay 3

A

8 %" TD 2905m MO BRT

Water Depth +/-1121m MD BRT

@6Annulus Monitoring
36 x 30" conductor sht Shallow set remote open
1245m MD BRT ) P
barrier valve
DHSV
T Ubi
20" casing shoe . 6 G&Tubing
1723m MD BRT " B
5 %0 Tubing

Chemical Injection

13 d&Casing Shoe
2885m MD BR

RUV

P/T gauge

Production Packer
3146m MD BRT

SC Packer
3246m MD BRT

Gas Lift Valve 3065m MD BRT

Valve 3115m MD BRT

\

equinor %

B Anmius Monilonng

Shallow 62 remate open
bamer vaive
DSV

§u %" Tubng

13 %" casng shoe 5% Tubng

2601mMD BRT = Gas Lt Vave
Chemical injection Vake
PIT gauge ~——
Production Packes
— Bames Plug
e i Coergietion
10%" x 9% Shoe
27E0mMD BRT Flud Loss Valve
Caisay 1
Casay 3 OHGP
Cotsay 4 C
8% T0
2983 m MD BRT

3150TD
5m MD
BRT

10 %0x 9 OdShoe
3346m MD BRT

Page 74 of 401

www.equinor.com



N

equinor %+

Figure 3-7 Design of single zone production well (A), horizontal production well (B) and multizone
production well (C)
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Figure 3-8 Design of single zone water injection well (left) and multizone intelligent water injection
well (right)

344 Well Activities

As the activities required to complete the wells and install subsea trees (Section 3.5.4 for details of the Xmas Tree)
are sensitive to weather conditions, it is planned to undertake most of these completion operations in the calmer sea
conditions prevalent in the summer period (defined as between 1st April and 30th September). Drilling operations
from the initial spudding®! of the well through to the end of the production drilling, casing and logging*? are planned
in the winter months between October and March. In some cases, the liner installation which is part of the completion
may also be performed in the winter months. The batching nature and well completion order securing completion of
wells early dictates that some wells could be suspended for over twelve months prior to being put on production.

Each well operation can be divided into batches as follows:

T Drill 4206/ 360 hol e d-é0mtheloww mudtlire withsgawatexwitimsaveepslayd displace
towaterr-based mud (WBM) prior to running and cementing 36

T Drill 260 hole section with s e awhased mudwiiotth rumingaado s and
cementi ngcezding; sur f a

T Drill 17 10 hol basedenadi(WBM); thevsedtidn is thentcased-o f f wi t h 13 5/ 80 i r
casing;

T Drill 12 10 hole section with either WBM or -3lddw ™o X9i c
7/ 80 casingsahdmaO-5pBodluceer for the water injectors; an

11 The start of the drilling process where rock etc. is moved by the drill bit.

12 The measurement of formation properties during or immediately after the drilling of the well.
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T Drill 8 i0 hole section with either WBM or L TOBM.

or open-hole gravel pack for the producer wells only.

The surface hole sections will be drilled riserless. Upon installation of the high pressure housing a blowout preventer
(BOP) will be installed for drilling the 17%", 12%." and 8%" phases.

The wells will be suspended temporarily using wellbore barriers awaiting completion and installation of the subsea
Xmas Tree later in the schedule. The BOP will be disconnected to allow the MODU to move to the next well slot to
perform batch drilling operations. This activity will be repeated until all intended wells have been drilled and
suspended. The MODU will then return to the previously suspended wells and the wellbore barriers will be removed
before the next operation commences.

3.45 Mud Selection and Cuttings Discharge

The drilling fluids, or muds, used to drill the various sections of a well have several functions, including:
1 Maintenance of downholepr essure to avoid formation fl uids f
1 Removal of drill cuttings from the drill bit to permit further drilling and transporting cuttings to the surface

cuttings handling equipment on the rig;
1 Lubrication and cooling of the drill bit, bottom hole assembly and drilling string; and

1T Deposition of an i mpermeable Aimudcakeodo on the wal

hole formations in the wall of the wellbore.

Drilling fluids can consist of various materials including weighting agents and other chemicals to achieve the required
weight, viscosity, gel strength, fluid loss control and other characteristics to meet the technical requirements of drilling
and completing the well. Generally, drilling fluids can be divided into two categories based on their base fluid types:

1 Water-based mud (WBM), where the base fluid is water; and
1 Low toxicity oil-based mud (LTOBM), where the base fluid is a synthetic oil that presents lower
environmental toxicity.

Various chemicals may also be added to either type of drilling fluid to achieve specific functions, which are mainly
driven by formation pore pressures and fracture gradients, downhole temperatures, geological characteristics etc.
Different types of mud are planned to be used for the different well sections.

For the top two sections (420/ 360 and 260), the wel
sweeps and displaced to WBM prior to running casing. The WBM will be pumped downhole to provide enough weight
and viscosity to turn the drill bit, keep the hole
keep the hole clean. Cuttings from the top-hole sections will be discharged directly from the wellbore at the seabed.
WBM cleaned from cuttings will be re-used, where possible, minimising waste.

For the 17 ¥2", 12 ¥4" and 8 ¥2" sections, a marine riser will be installed between the well and the drilling deck so that
cuttings and drilling fluid are circulated back up to the rig. Drill cuttings from sections drilled with WBM will be treated

The

owi

| s

S

stabl

at the drill rig and then discharged to sea. O0Skip and

waste handling for sections drilled with LTOBM because of the low total volume of cuttings generated from drilling
the production/reservoir sections. This method involves transferring drilling waste into drill cuttings skips on the rig.
The skips are then transferred from the rig via a vessel to onshore treatment facilities.
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Table 3-6 details the quantities of cuttings expected to be generated during the drilling of each well section, the type
of mud used, and the cuttings handling method.

Table 3-6 Cuttings generated during drilling

Section Cuttings generated (Te)

DP3 DP1 CP2 CP1 BP3 BP2 BP4 111 Ji1 KI1 LI1 MI1 Total
420/ {191 191 191 191 191 191 191 191 191 191 191 191 2,292
26" 382 382 386 387 515 512 516 411 370 549 411 579 5,400
17 1/2" | 420 326 452 329 314 265 332 350 388 280 339 261 4,056
12 1/4" 82 41 104 33 71 32 60 119 76 87 114 120 939
8 1/2" 82 4 87 8 86 18 72 N/A N/A | 27 N/A N/A 384

3.4.6 Cementing

Steel casings will be installed in the well during the drilling operation to provide structural strength and isolate
unstable formations and formation fluids. The casings will be cemented in place and the cementing plan is as follows:

T The conductor wil!/ be drilled and cemented into a
early strength development slurry with the anticipated top of cement at seabed. To ensure that the casing
is securely cemented in place more cement (300% excess) than is required to fill the hole will be circulated,
and any resulting excess cement being discharged to the seabed;

9 The surface casing in the 260 hole wildl be fully
early strength development slurry. To ensure that the casing is securely cemented in place, more cement
(150% excess) than is required to fill the hole will be circulated. The majority of the cement will remain
between the surface casing and formation however there is likely to be excess cement which will be
discharged to the seabed;

T The I ntermediate casing in the 17 i o hole wildl be
around 300 m below the surface casing. Any excess cement remains in the wellbore;
T The Production casing (Oil Producers) in the 12

top of cement around 140 m inside the previous intermediate casing. Any excess cement remains in the
wellbore; and

1 The Productionliner(Wat er I njectors) in the 12 10 hole wil
top of cement to the top of liner. Any excess cement above the top of liner will be circulated out and

discharged to skips.

Cementing operations may involve discharges to sea of cement when the cement unit is cleaned between each
cementing operation. However, it is anticipated that the majority of the cement will be mixed and used as required,
and as a result there should be limited discharges of any mixed cement or unused mix water. Exact cement use and
discharge volumes will be determined as well and drilling design continues and will be minimised as far as possible.
There is also the potential that the cement job may have to be aborted due to unforeseeable circumstances (e.g.,
mechanical/electrical failure of equipment, or of a blockage (either on surface or down the wellbore) in the lines
through which the cement and additives are pumped). All cement discharges will be included in the relevant chemical
permit.
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Equinor aims to minimise environmental impact during its operations. Chemicals with low or no potential for
environmental impact (e.g. PLONOR) will be selected wherever possible and all chemical use and discharge will be
risk assessed and subject to regulatory approval. The chemicals that will be used during drilling of the Rosebank
wells, as well as their fate, are described in Table 3-7.

Table 3-7 Chemical usage and fate during the drilling phase

Activity

Drilling mud system
(LTOBM / WBM
Synthetics etc.)
Drilling additives
(emulsifiers, wetting
agents, viscosifiers,
fluid loss additives,
thinners, weighting
agents etc.)

Cementing chemicals

Completion chemicals

3.4.8

Chemical use

WBM and LTOBM

WBM additives:

Barite (Weighting agent), viscosifier, fluid
loss control, defoamer, CaCOs bridging
agents, pH modifiers, KCI brine, glycols,
oxygen scavenger, biocides.

LTOBM additives:

Base oil, CaClz brine, emulsifier,
viscosifier, fluid loss control additive,
CaCOs bridging agent.

Clean-up pills:

As above, plus surfactants

Cement slurry: Class G cement, retarder,
dispersant, fluid loss control additive,
antifoam, Gasblok, anti-settling agent
Cement spacer: Weighting material
(barite), oxygen scavenger, citric acid,
viscosifier and mutual solvent (in case of
LTOBM used in the section to be
cemented)

Working Brine: KCI/NaCl/NaBr with non-
emulsifier

Gravel Pack fluid: Either a KCI/NaCIl/NaBr

mixed-brine, gel, surfactant or an oil-based

carrier fluid

Filter Cake Breaker: KCI/NaCl/NaBr mixed-
brine with breaker, delayed acids precursor

Screen running fluid: solids free WBM or
solids free oil-based completion fluid
Packer Fluid: NaCl brine with 40% MEG
Control Line Fluid

Vertical Seismic Profiling

= —a

=

=

Chemical fate

WBM discharged
LTOBM skip and ship for cuttings and
fluids returned to shore

WBM Additives: discharged

LTOBM Additives: returned to shore

Retained in the cement within the well
bore with some discharged to sea

Working Brine: discharged

Gravel Pack fluid: in well & excess
discharged if water-based system or
returned to shore if oil based

Filter Cake Breaker: in well

Screen running fluid: in well & excess
discharged if water-based system or
returned to shore if oil based

Packer Fluid: in well

A VSP utilises borehole seismic measurements to obtain images of higher resolution than surface seismic images.
The data is primarily used to calibrate the time-depth relationship of the seismic images. Additionally, the VSP image

Page 78 of 401

WwWw.equinor.com



N

-

equinor %

can be used for establishing primary reflection energy as, unlike surface seismic, they do not contain multiple energy.
There is already a comprehensive VSP dataset over Rosebank and as such the acquisition of Zero-offset VSP
during field development is planned only as a contingency for a maximum of three wells. The acquisition in these
wells is contingent on logging while drilling (LWD) and / or wireline data collection to ensure a good well to seismic
tie in is obtained in this scenario.

3.4.9 Well Bore Completion

During well bore clean-up and completion operations fluids may be discharged to sea. Typical fluids in the well
before clean-up and the anticipated volumes to be discharged are presented in Table 3-8. As the reservoir section
of the well may be drilled using LTOBM, there is a potential for the discharged completion fluids to contain residual
guantities of LTOBM and/or reservoir hydrocarbons. If the gravel packing operation requires the use of an oil base
carrier fluid, there will be no discharge to sea.

Sandface completion will vary depending on the specifics of the well:

1 Sandface completion for both single zone and multi-zone injector wells:

0 Selective Cased hole-orientedpe r f or ati on. A 9 5/80 | iner wil.l
reservoir zone(s). The production liner will subsequently be perforated.

1 Sandface completion for the low inclination single zone and multizone oil production wells:

o0 Open hole gravel pack. A gravel pack sand screen will be run in the open hole reservoir section
and the annulus between the screens and formation will be packed with proppant (a solid material
that is typically sand, treated sand or man-made ceramic materials).

1 Sandface completion for the horizontal oil production wells:

o Standalone screens. A sand screen will be run in the open hole reservoir section. Depending on
the intervals encountered while drilling there may be a requirement to run swell packers and blank
pipe sections to isolate non reservoir formations. The swell packers and blank pipe could be located
at several sections along the length of the horizontal.

For the oil production wells, gas lift will be provided by injecting gas into the tubing through a gas lift mandrel, which
will be installed in the lower section of the tubing, above the production packer. The produced fluid inside the tubing
will then be mixed with the injected gas, reducing the overall fluid column density, thereby increasing the well
production rate and overall recovery from the reservoir.

3.4.10 Well Flowback and Clean-up

All producing wells shall initially be flowed and cleaned up back to the FPSO test separator to remove any waste
and debris remaining from the drilling activities. A system for collecting and handling any non-separable fluids for
export to shore shall be implemented. The topside and storage facilities shall be designed to handle clean-up fluids
which will contain high concentration of particles and chemicals. The fluid will go to FPSO slops tanks, oil will be
skimmed off and sent to cargo, water will be processed and directed to the produced water management system.

A combination of gas lift and reduced operating pressure in the test separator will be required at the start of the well
clean-up. The required lift gas rate during well clean-up will be 0.2 MSm?/day and will be imported from WOSPS
until there is sufficient infield gas to provide the gas lift service to the wells. The commissioning sequence and
strategy will minimise gas flaring during clean-up as far as practicable, but some flaring is expected to occur. Well
clean-up is expected to take up to 15 hours per well, with a liquid rate of 140 Sm3h. Overall, a total of 1.8-2 tonnes
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of gas will be flared at the FPSO for each of the seven production wells (Phase 1 & 2). There will be no hydrocarbon
flowback to the rig, or well testing activities, during the drilling and completion activities.

Table 3-8 Summary of typical fluids in the well before clean-up

Fluid type Well zone Volume Composition
Completion brine Upper completion 41 m3 (25 bbls) KCI/NacCl/NaBr
Packer fluid Upper completion 60 m?3 (377 bbls) NaCl brine with 40% MEG
Screen Running Fluid Lower completion 36 m?3 (226 bbls) KCI/NacCl/NaBr

Oil base solids free fluid
Gravel pack carrier fluid Lower completion 30 m? (189 bbls) KCI/NacCl/NaBr

Oil based gravel pack

Filter cake Reservoir Still to be determined CaCO0g3, Barite
Mud filtrate Fluid invaded zone 27 m3 Still to be determined
Formation solids Reservoir n/a Sand/clay

During clean-up, the production wells are expected to produce small quantities of sand. Further details on sand
production and processing are described in Section 3.7.6.

3.4.11 Well Workovers and Interventions

The completion and subsea tree will be designed to eliminate the requirement for any routine intervention. Well
intervention will only be required to repair or replace failed well equipment or optimise well production, for example,
to remove build-up of scale deposits. During the life of the field, it may be required to perform interventions which
will be carried out by a MODU or Well Intervention Vessel (LWIV or HWIV) with deep water capabilities.

There are no plans for a MODU after the drilling campaigns for phase 1 and 2, a well requiring intervention may be
down for an extended period while a suitable vessel is sourced and approved to work in the area. The OPEX estimate
includes an expected case of 35 interventions LoF (Life-of-Field).

3.5 In-field Subsea Infrastructure

351 Structures

An indicative representation of the overall subsea layout for the Development is given in Figure 3-1 and Table 3-9
provides an overview of the in-field subsea infrastructure that is planned to be installed. The gas riser base and
umbilical riser base will be located in the FPSO 500 m safety zone. No further safety zones are proposed. In addition,
there will be a fibre optic cable of approximately 5 km length connecting the FPSO with the SHEFA-2 cable providing
telecommunications. This cable is outwith the scope of this EIA as it will be covered by a different regulatory regime.
The geographical coordinates of the subsea infrastructure that will be installed as part of the Development are
detailed in Table 3-10. All the infield subsea infrastructure will be installed below 800 m and nothing will be visible
above the sea surface. There are no plans to apply for a safety zone other than for the FPSO. The infrastructure will

be marked on the maritime charts as is routine for this type of structure.
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Table 3-9 Overview of the Development subsea in-field structures

Subsea structure

Templates

Production manifolds

Water injection satellite foundations

Xmas trees

Umbilical riser base (URB)

Gas riser base including subsea
isolation valve (SSIV)

Water injection rigid flowline double
in-line tees

Water injection pipeline end
termination (PLET)

Water injection pipeline end
manifold (PLEM)

Gas export pipeline end termination
(PLET)

Gas export pipeline in line tee (KP6)
Gas export pipeline end manifold
(PLEM)

FPSO mooring system

Number

3 templates with 4
production slots and 4
suction anchors per
template

3 Mounted on the
templates

53 in phase 1 and 2
in phase 2

4 suction anchors per
foundation

7 in phase 1

5in phase 2

1

12 mooring lines
(polyester/chain).
12 suction anchors

Dimensions

10m(L)x20m (W) x22m
(H)

Height includes 4 x 10 m
long suction anchors

10m (L) x20 m (W) x 22 m
(H)

14m x 14m x 17m (H)

48m (L) x5m(W)x4m
(H)
13m((L)x10m (W) x55m
(H)

9m(L)x7m (W) x5m (H)

6m(L)x3m (W) x3m (H)

4m(L)x3mW)x2m(H)

8m(L)x3m (W)x3m(H)

5m(L)x3m((W)x2m(H)

7m(L)x3m((W)x3m(H)
7m(L)x3m((W)x3m(H)

Approximately 500 m of the
chain lies on the seabed
surface, and 50 m is
beneath the ground.

The suction anchor is a
cylinder ofupto 11 m

diameter and 23 m in height,

with 19 m penetrating the
seabed

N

-

equinor %

Dry weight
350 Te each

155 Te each

170 Te each

45 Te each

115 Te each

83 Te
34 Te each
14 Te
24 Te
10 Te

17 Te
23 Te

115 Te for the suction
anchors
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Table 3-10 Geographical coordinates of the Development infrastructure

FPSO

Template B
Template C
Template D
Water Injection |
Water Injection J
Water Injection K
Water Injection M
Water Injection L

Facility Northing
UTM50 30 N
6 763 080 458 020
6 764 580 457 035
6 767 314 459 600
6 770 200 461 900
6 769 805 459 745
6 770 055 463 985
6 762 500 451 625
6 765 430 455 545
6 765 150 460 625

3.5.2 Production Template

Easting

equinor %

N

-

Water depth (m)

1,100
1,102
1,105
1,120
1,122
1,116
1,109
1,108
1,101

The production wells will be drilled through three subsea templates (A, B and C), located approximately 3.9 km apart,
each containing four well drilling slots (Figure 3-9). The templates will have an integrated suction anchor foundation
with four suction anchors and a levelling system.

Figure 3-9 Structure of the drilling template and manifold

The three subsea templates will each support a dual header®® production manifold with four slots. Gas lift will be
provided to each manifold via a single header, distributed to all well slots. An umbilical will connect the manifolds in
series, each with hydraulics, chemicals, electrical power and fibre optics.

13 The manifold can accommodate pigging and has the capability of routing production from a particular tree to a particular flowline.
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3.5.3 Water Injection Well Foundation

The water injection satellite wells will be supported by a foundation structure with 4 suction anchors, with load share
between the conductor and the foundation. A flow base will connect to the Xmas Trees and to the umbilical and
water injection lines with diverless horizontal connections.

3.5.4 Wellheads and Subsea Trees

Upon running the well completion of each well, the Xmas Tree will be installed. Proposed Xmas Tree and
manifold/template designs are shown in Figure 3-10 and Figure 3-11. The final design is subject to confirmation
following final contractor selection. The Xmas Trees will be connected to the umbilicals for well control, production
rigid pipeline and the gas lift flowline and thereafter back to the FPSO via the risers.

The water injection well heads wi | | ntdrnal Damneten(dxflexiéld pipefomt he r i
the FPSO water injection system via the riser.

3.55 Flowlines
There will be a number of flowlines connecting the wells manifolds and trees to the FPSO to provide controls,

seawater injection, gas lift and to carry the production from the reservoir. The dimensions of the infield flexible and
rigid flowlines are provided in Table 3-11 and a diagram of a flexible flowline is shown in Figure 3-12.

,’. .
f

Figure 3-10 A typical template with a Xmas tree side view
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Figure 3-11 3D drawing of a typical template and Xmas tree
Figure 3-12 Diagram of a flexible flowline*
Table 3-11 Infield flowlines
Service Type From To Outer diameter Length (km)
(mm)
Production Flexible Umbilical Riser Base Template B 490 14
Umbilical Riser Base Template B 1.4
Template B Template C 3.9
Template B Template C 3.9
Template C Template D 3.8
Template C Template D 3.8
“internal layer called a 6car.cassd provides resistance to collapse
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Service Type From To Outer diameter Length (km)
(mm)
Gas lift Flexible Gas Riser Base Template B 290 2.1
Template B Template C 3.9
Template C Template D 3.8
Gas export Rigid PLEM at Rosebank PLET at 273 mm carbon 84.5
WOSPS Clair | steel
Tie-in
Water injection | Rigid Satellite J Satellite K 324 14
Flexible WI Rigid Pipeline Satellite | 390 3.6
Satellite J 0.3
Satellite K 0.9
Satellite L 11
Satellite M 4.4

The production manifolds will be connected in series in a daisy-chain layout by two production flexible pipes and
one gas injection flexible pipe. The production flowlines will all be insulated and have a removable pigging loop at
the furthest manifold (D) to facilitate wax removal. The water injection system utilises a rigid flowline and flexible
pipe. There will be an inner liner of High Density Polyethylene to protect against internal corrosion.

In addition to the infield infrastructure there will also be rigid tie in spools to join the infrastructure.

3.5.6 Umbilicals

The subsea umbilicals for Rosebank will consist of a single conventional electro-hydraulic type of umbilical with fibre
optics, copper wires, hydraulic control lines, methanol and chemical service lines. The single dynamic umbilical riser
from the FPSO to the umbilical riser base will serve the system from the FPSO to the Rosebank field subsea
structures. The Umbilical Rise Base (URB) connects to all the static umbilicals to distribute fluid, power and signals
to the three production templates within one umbilical plus an umbilical for each of the three water injection wells in
Phase 1. The SSIV umbilical for control will go from the URB to the gas riser base (GRB) a length of approximately
1.7 km.

All production templates will be connected to the same static umbilical. The subsea control system shall use water-
based hydraulic fluid with open return system. In addition to fibre and electrical lines the production umbilicals will
contain high pressure (HP) and low pressure (LP) hydraulic fluid, methanol/service lines, chemical injection, spare
fluid lines. All water injection umbilicals will have the same functions as the production umbilicals apart from chemical
injection. Quantities and dimensions of the six production and water injection umbilicals leaving the URB are detailed
in Table 3-12.

Table 3-12 Infield umbilical lines

Type From To Outer diameter (mm) Total length (km)
Water injection Umbilical Riser Base Satellite | 123 7.5
Satellite | Satellite J 123 4.3
Umbilical Riser Base Satellite K 123 5.7
Umbilical Riser Base Satellite M 123 3.0
Satellite M Satellite L 123 5.2
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Type From To Outer diameter (mm) Total length (km)

Production Umbilical Riser Base Template B 183 15
Template B Template C 183 3.9
Template C Template D 183 3.7
SSIV control Gas Riser Base Umbilical Riser Base 76 1.0
Dynamic Umbilical Riser Base FPSO 285 15

umbilical

3.5.7 Risers and Riser Bases

Flexible pipe risers will connect all the production flowlines and umbilicals to the FPSO through the turret in a pliant
lazy wave configuration as in Figure 3-13. The production risers go between the FPSO and template A and water
injection risers go to an inline Tee on the WI flowline. The gas risers will be connected to the gas riser base.

Topsides hang-off
L

FPSOfturret

I-tube

Bend stiffener

Flexible pipe
Buoygncy
¥ ¢

Oy,

Riser/Flowline connection Tethers

Hold back clamp

Flowline Hold down clamp

Figure 3-13 Concept of the riser system configuration from the seabed riser bases to the FPSO

turret. Note Bend-stiffeners will be in place to avoid stress from connection of the risers with the I-tube of the FPSO turret

The riser system will consist of the following key ancillaries: bend stiffeners, diverless bend stiffener connectors,
buoyancy modules, and hold down and hold back clamps with suctions anchors on the seabed. Each riser may
consist of two flexible pipes with a midline/end-fitting connection, allowing design optimisation of the flexible pipe for
the water depth, facilitating load transfer from a clamp and optimising potential future replacement strategy. The
riser concept is shown in Figure 3-13 and the preliminary sizes presented in Table 3-13. Due to water depth each
riser will be managed in segments (L1, L2 and L5) with each riser having midline connections.
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Table 3-13 Riser system overview for the Development with preliminary sizes

Riser service Type From To Outer diameter Approximate
(mm) Length (km)
Dynamic to | Flexible FPSO Umbilical Riser @ 260 15
static  flowline Base
interface
Gas lift Flexible FPSO Gas Riser Base | 340 1.6
Gas Export Flexible FPSO Gas Riser Base = 500 15
Water Injection Flexible FPSO Water Injection 500 15
Production Riser | Flexible FPSO Template B 480 15
Production Riser | Flexible FPSO Template B 480 15

There will be a Gas Riser Base and Umbilical Riser Base (URB) Valve structures providing support for the risers at
the FPSO end of gas export pipeline. The risers and base structures will be located within the FPSO safety zone.
One single dynamic umbilical riser containing all the functional elements will connect the FPSO to the URB on the
seabed. The gas riser base (including the SSIV gas export header) installed on the seabed approximately 500 m
from the centre of the FPSO turret. The gas riser base also includes gas lift connections, with a crossover between
the gas lift header and the gas export header, to enable contingency use of the gas lift riser for export of gas. There
will also be rigid spool between the pipeline and the gas riser base.

Provision has been made for the future inclusion of the power cable and additional production, water injection and
another dynamic umbilical within the FPSO riser turret slot allocation.

3.5.8 Subsea Installation

Subsea installation (production templates and satellite well infrastructure) is planned to start in May 2024 and be
completed in 2026. All vessels to be employed in the subsea infield infrastructure will use DP station keeping with
no anchors or chains to the seabed.

The pre-installation survey program will be completed in Q3 2022, which will inform if any seabed preparations are
needed prior to the installations.

The installation of all the Development subsea structures will use proven installation methods. A construction vessel
is planned to install all three of the production templates ahead of drilling. These structures will be lowered through
the water column using a crane and set on the ocean floor then levelled using suction anchors to the required
location. ROVs will be used to monitor the position at all times and to disconnect the rigging once the installation
process is complete.

The flowlines and umbilicals will be laid as is routine by guiding through the water column and visual verification of
exact placement of location by ROV prior to laying on the seabed. The ROV will also be used after the operation to
visually inspect and to confirm the exact location. Connection of the flowlines and umbilicals to the wells will then be
carried out.

The risers will be laid on the seabed from the in-field area towards the FPSO. All buoyancy modules, tether clamps,
etc. will be attached to the risers during the laying of the risers. The FPSO end of the risers will be lowered from the
vessel and connected to a pre-deployed winch wire from the FPSO. The FPSO winch will then be used to pull the
riser into the FPSO turret where the riser will be connected to the hang-off at the top of the I-tube, which is a protective

Page 87 of 401

WwWw.equinor.com



N

-

equinor %

column through which the flexible riser passes. Both underwater cameras and ROV will be used to provide visual
inspection in real-time of the installation process which will allow correction if required and inspection of the risers
and catenary after pulled-in to the FPSO.

The infield flowlines, umbilicals and the gas export pipeline will cross existing cables on the seabed. A total of 19
crossings is anticipated, where each crossing shall have up to six mattresses installed. The existing cables will be
protected from damage by installation of three concrete mattresses per crossing. Industry standard articulated
concrete mattresses with approximate dimensions of 3 m x 6 m x 0.3 m will be used. The only post lay material that
will be required infield is for mitigation of free-spans and buckling. There will be no post infrastructure installation of
protection material infield for protection of other users of the sea as this is not required below a depth of 800 m. All
seabed pre and post lay deposits are detailed in Chapter 6 Seabed Impacts. A final survey will be undertaken of the
infrastructure prior to the installation vessels leaving the field to confirm location and as-built status.

Protection for the gas export pipeline is described in Section 3.8.
3.6 Pre-commissioning

After installation and connection of all the in-field infrastructure and hook up to the FPSO pre-commissioning
operations will be carried out and are estimated to take approximately one month. Integrity of the flowlines will be
carried out using hydrotests and leak detection with oxygen scavenger, biocide, dye and MEG in seawater. The
same pre-commissioning and commissioning process will be followed for Phase 1 wells and Phase 2 wells.

Following the pre-commissioning tests and completion of system leak test, pipeline needs to be dewatered and
conditioned (dried) before gas introduction into the gas flowlines and export pipeline. The dewatering of the gas
export line will be carried out by importing gas from WOSPS and using this to propel a six-pig train through the
pipeline. The fluid will be propelled to the FPSO and received in a temporary pig receiver to be routed into the
process. The fluid will be managed within this system for injection downhole as water injection or discharged to sea
if the specification is acceptable. The dewatering of the gas lift riser and the infield lines will be carried out using
nitrogen from the FPSO.

No pigging is planned for the water injection system due to the internal plastic liner in the flowline. Flushing with
treated fresh water treated with dye will be performed after tie-in and prior to start of water injection to ensure integrity
of the water injection flowlines. Thereafter, during start up, the dye will be injected down hole into the reservoir
formation.

3.7 Floating Production, Storage and Offloading Unit (FPSO)
3.7.1 Facilities and Process Overview

The FPSO will provide services for the reception of reservoir fluids, processing, storage and offloading of crude olil
and export of gas via pipeline.

The ship-shaped FPSO, shown in Figure 3-14, will be redeployed from current operations on the NCS to the
Development after modifications to meet the Rosebank process requirements. Once on location it will be designated
an installation with a 500 m safety zone on the UKCS and subject to all laws, regulations and practices required of
a UK oail & gas producing facility and workplace. All required information on the locating of the FPSO and mooring
details will be made available to maritime organisations and interested parties through the routine channels. The
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geographical coordinates of the location of the FPSO at the Rosebank field are given in Table 3-10 and the main

characteristics of dimensions and capacities of the FPSO in Table 3-14.

Figure 3-14 The ship-shaped FPSO which will be redeployed at Rosebank

Table 3-14 FPSO main dimensions and processing capacities

Parameter

Dimension/capacity

Length (m) excluding helideck
Breadth (m)

Depth (m)

Total cargo storage in 12 tanks (m?3)
Total diesel/gas oil storage (m?3)
Total ballast water (m® %of DWT)
Processing capacities

Oil production

Water production

Total liquid production

Seawater treatment (SRU)

Water injection

Gas lift

Gas export

Total Gas handling

256

48

26.6
127,500
4,700
74

~12,500 Sm3/sd (77 kbpd)
~15,000 Sm?/sd (93 kbpd)
~17,500 Sm?/sd (110 kbpd)
~15,000 Sm?/sd (95 kbpd)
~18,000 Smd/sd (115 kbpd)
1.1 MSm?¥/sd (39 MMscfd)
1.7 MSm?¥/sd (60 MMscf)
1.87 MSm3/sd (66 MMscfd)

The FPSO installation operator is planned to be Golar-Nor (UK) Limited, referred to as Altera throughout the

document as wholly owned by Altera.

The FPSO will be designed to collect reservoir fluids from the wells and direct them towards the equipment in place
on the topsides for processing. This processing will separate the oil, gas and water from the recovered fluids into

three streams and condition each stream for subsequent use:

1 The oil will be processed to produce a stabilised crude oil product suitable for storage in the FPSO crude

oil tanks and subsequent export by shuttle tanker;
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The gas will be dehydrated (i.e., water will be removed) and, should H2S arise, the gas will be processed to
meet the WOSPS entry specification of 2.3 ppm of H2S. The gas will be used as fuel gas on the FPSO, for
gas lift in the wells to aid production or exported to shore. Excess gas from the storage tanks will be handled
by the VOC flare recovery system which supports zero routine flaring. Flaring will only be for safety related
reasons; and

The water separated from the oil and gas (known as produced water) will be used for water injection
purposes. The produced water will be treated and then combined with treated seawater to be used as the
injection water to provide reservoir pressure support. In very limited circumstances there would be a
discharge to sea of the produced water after treatment to overboard permit specifications e.g., if water
injection is unavailable for maintenance.

Stabilised crude is stored in the 12 FPSO hull storage tanks for offloading to tankers.

FPSO storage capacities are presented in Table 3-14 which for production chemicals and diesel fuel shall be
designed for 14 days of normal operation given the challenging weather conditions WoS. A simplified diagram of the
Development FPSO process facilities is shown in Figure 3-15. The FPSO has an existing oil capacity of 63,000 bbl/d
which will be modified to increase the capacity to around 70,000 bbl/d and process the Rosebank fluids. The project
is carrying out debottlenecking studies to potentially increase capacity up to 77,000 bbl/d.

Modifications to be made to the FPSO prior to arrival at Rosebank will include:

il
|l

]

Demolishing of Debutanizer module M-510;
Installation of a new process module R-510 containing:
o0 New 3rd stage HP Gas export compressor trains;
New 3rd Stage HP Gas Lift Compressor trains;
New inlet heaters for Test Separator;
New produced water hydrocyclones;
New produced water compact flotation units; and
o New sand treatment package.
Installation of 2 new Ultra filtration vessels;
Installation of 3 new Compressor panels in the Central Electrical Equipment Room, accompanied with
approx. 1,500 m of HV cable run;
Structural reinforcements and replacement of the turret mooring table in order to accommodate increased
riser and mooring loads;
Structural reinforcements to the hull to meet Rosebank environmental conditions;
Green sea protection modifications to bulwark in bow area; and
Preparation for electrification as further described in 3.7.8.2.

O O O o
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Rosebank Gas Pipeline

Seawater

0il Storage Seawater Treatment

Separation and
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Produced Water

Separation Process

Gas Lift Water Injection

Figure 3-15 Diagram of the FPSO processing facilities

3.7.2 Moorings

The FPSO will be installed with twelve mooring lines positioned in three groups of four suction anchors and anchor
chains (Figure 3-16 ). No impact piling will be required for the anchors. The FPSO mooring line suction anchors will
be embedded to a depth of 19 m. No soil material discharge to the surrounding seabed is expected nor any significant
disturbance of the soil outside the anchor footprint. The moorings will be connected to the geostationary FPSO turret,
and the positions will be located on charts for information of mariners.

The mooring lines are composed a 50 m long top chain made of a 130 mm diameter studless chain, a 2,000 m long
polyester rope and a 500 m long 130 mm diameter studless chain on the bottom. Between the polyester rope and
the bottom chain there is a buoy with 20 tonnes buoyancy that prevents the polyester rope from hitting the seabed.

Horizontal distanca from fairlead [m]
North Ll 2 o 500 1000 1500 2000 2500
3
4

200

]
3

Water depth [m]
8
3
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e s
R By P ~—
7N 1200
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Figure 3-16 Diagram of the FPSO moorings configuration
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3.7.3 Oil Processing

The FPSO topside inlet arrangement tie in the production risers from the turret and transfer the well stream to the
topside separation system which consists of first, second and third stage separators and a coalescer as well as a
test separator. The separation system is designed to separate the produced fluids into oil, gas and water and to
deliver oil within the required specification. The test separator is used for well clean-up operations, start-up, pigging,
well testing and calibration of subsea multiphase flow meters to avoid upsetting the process which can result in
corrective activities and increased discharges or emissions (Figure 3-17).

The well stream from the production risers will be received in the production and/or test manifold in the turret. The
well stream will be separated in the first stage separator. Oil will be heated and stabilised, and water content removed
in the electrostatic coalescer before oil is sent to storage for offloading. The processing of the well fluids is as follows:

1 The well production fluids from the production header enter the first stage separator. The first stage
separator is a 3-phase separator that separates oil, gas and water. The first stage separator is designed for
the total design rates and cater for a slug volume of 20 m3 between normal liquid level and high liquid level.
The crude oil from the first stage separator is routed to the second stage crude heaters. The temperature
of the heater is adjusted so that the temperature of the inlet stream to third stage separator is constant for
all cases. Second stage crude heaters are designed as shell and tube exchangers;

1 The second stage separator is a 3-phase separator. The separated oil from the second stage separator is
then routed to the third stage separator and electrostatic coalescer. Vapour from the second stage separator
is sent to the LP Gas Compression System and produced water is sent to the Produced Water Treatment
System;

1 The third stage separator is a 2-phase separator, operating to ensure no vapor in downstream of the
electrostatic coalescer. Flows from different sources, oil rejected from produced water hydrocyclones have
been added to the oil flow from second stage separator to determine the design flow of the third stage
separator; and

1  Well test fluids from the test header enter the test separator via the test inlet heater for well testing. The test
separator is a 3-phase separator that separates oil, gas and water.
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Figure 3-17 Diagram of the FPSO production separation process

3.7.4 Gas Processing

Gas will be treated for H2S and mercury (if required), dehydrated, compressed and exported to WOSPS, utilised as
fuel gas and injected in the wells for production support. Downhole gas lift is required in the producing wells to reduce
the start-up time of wells with high water cut, to increase the production rates and to reduce slugging in the production
flowlines. At the start of the field production gas will be imported from the WOSPS to serve as the gas lift for the
initial wells.

Mercury removal will be via a mercury removal unit in the form of a fixed-bed absorbent. It will be designed for a 4
year bed life, depending on inlet concentration. Physical change out of the beds would occur as required according
to that approximate timeline with no shut down facilities required

All processed gas, including export, lift and fuel gas, is dried in the gas dehydration system to the WOSPS maximum
water content specification of 35 ppmV. The gas compression system on the FPSO consists of the low pressure
(LP) and low pressure (LLP) compressor packages with associated coolers and scrubbers. The LLP and LP
Compressors will require modification to accommodate the lower flow rates and the leaner Rosebank gas than that
present on the field in which the FPSO currently operates. The gas from the first stage separator, the test separator
and the LP compressor is compressed in three stages up to the final gas lift and/or gas export pressure (Figure 3-
18).

Flash gas from the cargo storage tanks is routed to VOC recovery unit where it is commingled with gas from the
third stage separator and compressed by LLP compression. Gas from second stage separator is mixed with the gas
from LLP compression and is further compressed by LP compression before entering the HP gas compression. Gas
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from first stage separator, test separator and the decompressor train is compressed in 2 stage compression trains
prior to third stage compression (consisting of a new gas lift compressor and a new gas export compressor).

Gas conditioning consists of gas cooling to reach the hydrocarbon dew point specification and water dew point
reduction through a Tri Ethylene Glycol (TEG) contactor. In addition, a mercury removal unit will be installed
upstream the third stage export gas compression stage to fulfil the gas export specification.

The gas lift and gas export compressors will be equipped with Variable Speed Drives, discharge pressures will be
controlled by varying the compressor speeds. The flow split between the gas lift and the gas export will be by a new
control valve on the inlet to the gas lift system. Dry gas is compressed in a dedicated gas lift compressor and cooled
before it is sent subsea and distributed to the wells. New instrumentation for gas lift metering will also be installed.
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Figure 3-18 Diagram of the process gas management system

3.75 Water Management

Produced water is the result of the production of formation water from the reservoir. The produced water will be
treated and reinjected into the reservoir with seawater that has been treated to produce low sulphate seawater in
the Sulphate Removal Unit (SRU). Injection of non-treated seawater can introduce sulphur to the reservoir and
contribute to souring by provision of a bacterial source. The resulting sour production will promote bacterial
production and reservoir souring requiring further treatment before export or use as a fuel or lift gas. Seawater will
be lifted on to the FPSO, where it will be filtered, passed through the SRU, and finally de-aerated to produce the low
sulphate seawater. The SRU contains sulphate removal membranes through which the majority of the seawater will
pass. The remainder of the seawater, along with any ions that were retained by the membrane, will be rejected and
constitutes the hypersaline water for discharge via the caisson with excess low-sulphate seawater. The amount of
excess low-sulphate seawater discharged will be dependent upon how much water is required to make up the total
injection water volume at any one time. As more water is produced from the reservoir in field life as it matures then
the amount of excess low-sulphate seawater required will decrease.

The combined seawater and produced water flow comprise the water injected to the reservoir required to maintain
pressure and maximise production. Produced water may be discharged to sea if water injection is unavailable e.g.
breakdown of a pump or the SRU, however the uptime of the combined water injection system is expected to be
>95%. The produced water treatment system is required to remove oil and sand particles from the produced water
stream to comply with the injection specification and the overboard discharge permitted levels in case of injection
system unavailability.
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The following activities and actions are the basis for water management at the Development:

1 Great care will be taken to ensure only the required volumes of seawater are lifted;

1  All produced water shall be re-injected into the reservoir for pressure support;

1 Produced water shall be treated prior to injection to allow for fracture injection and to ensure reservoir
containment of injected water;

1 The backup solution in case of downtime of the water injection system is to discharge the produced water
to sea following treatment;

1 Sea water shall be treated for sulphate and oxygen removal prior to injection. In case of downtime of the
SRU plant, sea water injection shall be stopped. No untreated sea water shall be injected into the reservoir;
and

1 Treated sea water and produced water will be mixed and injected through common subsea pipelines.

The water injection system consists of a seawater treatment system and common injection pumps for produced
water and sea water (Figure 3-19). The produced water and treated seawater are injected for reservoir voidage
replacement to maintain the reservoir pressure.

The produced water system on the FPSO will be subject to modification aiming to meet an oil in water concentration
of between 15 mg/l and 30mg/| (permitted limit) (monthly average) prior to re-injection into the reservoir or in upset
situations discharged to sea for a limited period. During the modification phase the fixed speed motors on the water
injection pumps will be replaced with Variable Speed Drives. The average power saving is just over 700 kW per
operating pump, so fitting Variable Speed Drives to the seawater injection pumps would save 1,400 kW life of field.

The produced water source includes the first and second stage separation and electrostatic coalescer. The
combined water stream enters the hydrocyclones where the pressure drops along the inner contour of the liners
creating the spin, thereby allowing gravitational oil/water separation. The bulk of the incoming oil is removed by the
hydrocyclones, where the removed oil is directed back to third stage separator. The treated water is directed to the
compact flotation units (CFU) for mechanical separation of liquids and gas.

The gasses which are removed from the CFUs are routed to the third stage separator whilst the water is routed to
water injection primarily (> 95% of the time). The 95% uptime of the water injection system is derived from the
Reliability Availability and Maintainability (RAM) analysis carried out based on produced water profiles. Recent

operating experience of the wat er iconjplentents toerRANM analysie data i

as there has been strong operational performance in this area.

During production it is a credible scenario that there may be certain process upsets or outages (e.g. slugging, loss
of deoiler chemical injection, reduced hydrocyclone efficiency caused by blockages etc.) where it is clear that the
monthly average oil in water specification will be jeopardised if production continues.

Should water injection not be available produced water will be routed direct to an overboard dump caisson if it is
within the permitted discharge specification However there is an option to divert produced water to the slop tanks
and cargo tank 5 until these reach their capacities. The capacity utilising these two options is around 10,400 m® and
would generally allow enough time to carry out short duration repairs on the water injection system. Routing to these
tanks could also be done if the produced water was off spec.
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Figure 3-19 Diagram of the produced water management system

3.7.6 Sand Processing

The Rosebank production wells will be completed with a combination of open hole gravel pack (OHGP) completions
for the deviated wells and stand-alone screens (SAS) for the horizontal wells. Neither completion type is expected
to produce solids under normal producing conditions. Production wells will be equipped with an acoustic sand
detector and one CEM (Corrosion Erosion Monitoring) to control sand production. The topside production flowlines
will also include one acoustic detector with sand injection point and one CEM.

During the initial clean-up flow to the FPSO, elevated sand production is anticipated for a short period. During normal
operations, minimum solids production is expected to be on average 9.4 Telyear during production, ranging from 1
Te in 2026 to 11 Te in 2033. During clean-up of the SAS, a sand production of 10 ppmw/well (weight of total fluid)
and the majority of solids will be produced during the first 5 hours of the clean-up operation.

A sand treatment and removal system will be installed on the FPSO to manage any produced sand within the fluids
produced from the Rosebank reservoir; these have been designed to handle the predicted sand quantities mentioned
above. Sand removal facilities will be included in the first and second stage separators and the electrostatic heater.
Sand will be removed as required as fluids pass through the vessel. The sand removed from the sources above will
be transferred to a sand treatment hydrocyclone and collection chamber. As the sand enters the unit it passes
through the hydrocyclone section with any oil/water rejected to the 1% stage CFU. The washed sand will pass through
the hydrocyclone and collect in the base of the sand accumulator. The options for disposal of the sand is either to
the sand skip or to overboard providing the sand has been cleaned up sufficiently. The final design has not been
confirmed but it is expected that the washing of sand with Produced Water will continue until samples show that the
sand particles contain O 1% by weight of oil. At this poi
overboard disposal of sand is expected to be a batch process, which operates intermittently. Sand collected during
the vessel cleaning will therefore be discharged periodically via the caisson along with the various water streams.
(dependent on the nature of the failure) sand production will be managed within the capabilities of the topsides
facilities by cutting back production or shut-in of the well in question pending intervention.

The maximum oil concentration limit for any oil on sand and/or scale discharge system that will be issued in any
Permit is 10,000mg/kg (1% oil on sand). This Limit Value (LV) is a maximum value as suitable technology and sand
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cleaning systems/techniques are available to achieve oil on sand and/or scale concentrations significantly below this
value. The Department és benchmar k L V sahdand/opscdle thatanaycbe dischamgadi ons o
when considering Permit Application is in the range of 1,000-3,000 mg/kg as it is common for production installations
to achieve such standards. Relevant Permits will be issued with LV to reflect the permit description of how the Permit

Applicant will implement BAT and BEP to minimise oil concentration on the sand/scale that will be discharged.
3.7.7 Chemicals

Chemical injection will be required for the FPSO process and utilities facilities and for provision to the subsea
production manifolds. The FPSO has separate tanks for chemical storage, each linked to a dedicated injection pump.
Injection points are installed at various locations throughout the process systems where chemical treatment may be
required.

The selection of specific production chemicals will be undertaken at a later stage of field development. The use
and/or discharge of all production chemicals will be subject to risk assessment and permitting under the Offshore
Chemicals Regulations. Equinor will ensure the chemicals selected for use at the Development will be registered for
use under the Centre for Environment, Fisheries and Aquaculture (CEFAS) definitive ranked list of products for use
in the UKCS. Equinor is committed to ensuring its environmental footprint is minimised and will aim to select the
most environmentally friendly chemical products wherever possible (e.g. alternatives to chemicals listed as
candidates for substitution).

Estimated production chemicals injection requirements are given in Table 3-15. Continuous downhole chemical
treatment for scale inhibition is required for downhole gas lifted producer wells.

Table 3-15 Chemical injection requirements during production

Chemical Continuous/batch/intermittent Total annual use (tonnes)
Methanol (for hydrate and SSSV Intermittent 750
equalisation)
Pour Point Depressant Continuous or Intermittent 4,000
H2S scavenger Continuous or Intermittent 28
pH regulator Continuous or Intermittent 16
Scale inhibitor Continuous or Intermittent 570
Emulsion breaker Continuous or Intermittent 500
Antifoam Continuous or Intermittent 40
Flocculant Continuous 54
Oxygen scavenger Continuous 80
Biocide Batch 130
Naphthenate Inhibitor Continuous 60

The hydraulic system is an open loop system where the water based hydraulic fluid is discharged through check
valves to sea. HW460R is the planned subsea hydraulic fluid with an estimated discharge of 1500 to 2000 litres per
year per well. There may be a requirement for well interventions which would use scale squeeze and tracer
chemicals during the life of the field. This will be on an intermittent basis and the use and discharge will be as
required for the specific operation.
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3.7.8 Utilities
3.7.8.1 Power Generation
Power is required for the operation of process systems and other vessel systems, including living quarters. Figure

3-20 A displays the estimated yearly average power demand for the life of field, highlighting the base load as well
as key consumers, and Figure 3-20 B estimates the energy requirements for a typical year.
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Figure 3-20 Estimated energy requirement for the range of services on the FPSO at Rosebank, A
for life of field and B comparative for a typical year

The total power requirement for the life of field is expected to be relatively steady as per Figure 3-20 A. As the total
duty will remain reasonably constant, there are only two normal operating scenarios considered, normal production
operations and normal production plus offloading operation. It is estimated that offloading will increase power
demand by around 1,545 kW. The highest users of power on the FPSO will be the baseload and the first stage
export gas compressor, followed by the water injection pump and the second stage export gas compressor.
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Main Power Mode

During normal production operations as well as during production plus offloading operations, power generation is
supplied by a combination of the four main, 13.1MW, dual fuel (gas/diesel) turbine generators. Fuel gas is used as
the main fuel, but the turbines are capable of dual fuel operation (i.e., fuel gas and diesel). There is the potential to
import gas from WOSPS if the field becomes depleted of gas and it is still required for power generation, although
this is a contingency.

The main intent of the operating philosophy is to minimise power usage whilst reducing the need for spinning reserve.
As can be seen in Figure 3-20 A the estimated load during both normal production and production plus offloading
modes, will allow power generation to be supplied from two turbines. If the power demand whilst operating with two
turbines is deemed as being too high, then the philosophy will be to utilise a third turbine. The fourth turbine is only
there as a backup for maintenance and will not be operated under normal operations.

The WHRUSs have an almost constant duty of 14.3MW between 100% and 70% GTG loading and duty between 70
and 51% is assumed linear and estimated based on gas flowrate. As the peak heating requirements is anticipated
to be between 18,000 - 20,000 kW, two turbines will be sufficient to provide the total heat demand for the FPSO.

To ensure supply is maintained where possible, load shedding shall be executed in the following levels:

1 The first level, to be implemented following detection of an under-frequency condition, shall consist of step
by step (if required) shedding of consumers according to a pre-set priority, which shall continue until the
frequency returns to normal state; and

1 The second level of load shedding, to be implemented following the loss (i.e. tripping) of an operating GTG
(or tripping of HV switchboard bus tie breaker) shall consist of a general shedding of load blocks. The
amount of load to be shed shall depend on the power which was previously provided by the source which
was lost and the capability of the remaining turbines (if required).

Essential Power Mode

Upon failure of main power, the diesel engine driven essential 2.25 MW and 2.1 MW emergency generator supports
the normal conditions of habitability and essential marine/process systems. For topsides, this includes the start-up
loads for a turbine generator and some essential process and utility loads.

Emergency Power Mode

Emergency power mode shall be automatically initiated by a loss of power to the emergency switchboard. The diesel
engine driven emergency generator shall start automatically and supply safety/emergency services as well as black
start-up of the FPSO.

Emergency Power

Emergency power supply is independent of the main power supply and has black start capability. The emergency
generator operates at standstill on automatic standby and shall be automatically initiated by a loss of power to the
emergency switchboard. Emergency power is generated by a diesel driven generator capable of supplying the
maximum emergency load as required for at least 18 hours.

The estimated diesel use on the FPSO (including small users and dual fuel turbines when run on diesel) is expected
to be an average of approximately 3,750 tonnes of diesel per year. Power management systems will be provided
which will ensure that the overall system operation is optimised such that the use of fuel will be minimised for best
energy efficiency and lowest environmental emissions. The heat production during normal operation is ensured by
the use of four WHRUS, fitted at the exhaust of the power generation turbines.
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3.7.8.2  Preparation for FPSO Electrification

The most significant GHG emission reductions would be from a renewable energy source. As such, the FPSO will
be fully prepared for electrification when leaving the yard. This means that the FPSO can be connected to the grid
without any need for going off-station at Rosebank or executing any significant further modification work after start-
up. As soon as the electrification is in place to provide power to the FPSO, Rosebank may be electrified.

The FPSO preparation for electrification scope will consist of the following modifications:

1 Installation of a High Voltage Slip Ring (HVSR) on the turret Fluid Transfer System (FTS Swivel);

1 Installation of a surge arrestor on the turret geo stationary section downstream of the HVSR to protect the
HVSR from potential electrical surge;

1 Cable routing from the HVSR to the E-House located on the M810 module which is port side aft on the
FPSO;

1 E-House will contain the electrical control cabinets and the new transformer to provide the power to the
FPSO to replace the current GTG power generation systems; and

1 HV electrode boilers installed on the poop deck to provide the process heat previously supplied by the
WHRUSs on the GT exhaust systems.

3.7.8.3 Flaring

The FPSO will be operated without routine continuous flaring. The Development philosophy is to reduce flaring
wherever possible and maintain flare combustion efficiency to minimise emissions from the Development. The
intention will be to start using the field gas as soon as possible and recover any gas in the separation process.
Flaring will be reduced at well start up by using import gas from the WOSPS to speed up the start-up process. This
method of start-up will limit the amount of gas to the flare to the well flowback and clean-up phase as far as possible.

The FPSO is designed with closed high- and low-pressure flare systems to service different parts of the plant at
different pressures and retain as much gas as possible to reduce flaring emissions. In both systems, the received
flows will enter a flare knock-out drum where any liquids in the stream are recovered. Gases will go from the knock-
out drum on to a flare gas recovery compressor where hydrocarbon gases are recovered and fed into the
compression system joining the rest of the gas flow for export and use in gas lift or power generation. The flaring of
gas as waste is therefore eliminated on a routine basis.

3.7.8.4 Venting

During normal production operations the vent and flare systems are closed. Venting will be required for safe isolation
of plant by allowing pressure release during maintenance operations. The vent system is provided for safe release
of hydrocarbon / blanket gas fluids that are relieved from process equipment and/or from Pressure Safety Valves
(PSVs), Blowdown Valves (BDVs), and Process Control Valves (PCVs)/PVs during start-up and/or process upset
conditions. There is also a VOC recovery unit which prevents continuous flaring and reduces emissions during
normal operation as it receives vapor from cargo tanks during production operation and also receives the vapor from
flare system during offloading.

Shuttle tankers will have tanks empty of crude oil when they arrive at the FPSO, but the tanks will contain inert gas
or a mixture of hydrocarbon gas and inert gas. This inert gas or mixture will be displaced (i.e. vented to the
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atmosphere) during offshore loading of crude oil from the FPSO to the shuttle tankers; this process will be managed
as per the shuttle tankerds VOC Management Pl an.

3.7.8.,5 Fugitive Emissions

A methane action plan will be developed for the operational phase of the Development. This will include management
of fugitive emissions, which are small leaks typically originating from valves and flanges which are not completely
tight. Fugitive emissions occur essentially at random. Hence the mitigation approaches needed to deal with leaks
and fugitives differ from the other emission categories, with the focus being on the detection and prevention of leaks,
rather than the avoidance or configuration of processes that would release methane through normal operations.
While the emissions from individual fugitive leakages are typically limited in magnitude, the total amount may
represent a significant source of methane emissions.

An effective way of detecting and reducing fugitive emissions (i.e. those not typically identified with stationary gas
detectors and/or through regular inspection rounds) is to carry-out regular Leak Detection and Repair (LDAR)
programmes, which use specialised detection equipment to identify fugitive leakages. Handheld infrared (IR)
cameras, used for optical gas imaging (OGl), are becoming the standard equipment for LDAR campaigns, as camera
operatorscan survey many more potenti al |l eak sources in
require detection equipment (e.g. Flame lonisation Detection devices) to be placed within 1-2cm of a potential leak
point. A specific remediation plan for fugitive emissions will be dependent on the findings of future surveys.

3.7.8.6 Drains
The Drainage System prevents any unintentional discharge to sea, and is composed of the following systems:

1 Open Drain; and
1 Closed Drain.

The drainage system prevents any unintentional discharge to sea and is composed of hazardous and non-hazardous
open and hazardous closed drains. The hazardous and non-hazardous open drains are physically segregated to
prevent any hazardous material migration from the hazardous areas to a non-hazardous area. Hazardous open
drain has a dedicated open drain tank with the collected drains to this tank routed to the hull slop tank by electric
motor driven pumps. Excessive flow to the hazardous and non-hazardous open drains from heavy rains can be
routed overboard from the drain tank overflow line (which is valved and normally kept closed). Deluge water from
non-hazardous drains is directly routed overboard through a module drain box.

Closed drains direct liquids from pressure vessels and equipment in the process area where the fluids are routed to
a closed drain tank to permit maximum recovery of oil and contaminated water. Liquids in the closed drain tank are
pumped to the second stage separator. The closed drain tank also can be drained to the slop tank if it is required.

3.7.8.7 Ballast System

The ballast system is designed to enable the FPSO to maintain trim, stability and hull integrity during normal and
emergency operations. It is essential for maintaining or restoring vessel stability following marine events such as
ship collision, reduction in stability, and structural failure. The ballast system on FPSO comprises the following:

1 Seawater intakes (sea chests);
1 Ballast pumps;
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91 Ballast water distribution ring main, including pipework and valves;
1 Ballast tanks; and
91 Ballast control system.

3.7.8.8 Slops Tanks and Oily Water Discharge

Slop tanks are provided based on one clean (starboard side) and one dirty tank (port side), with clean water
decanting from port to starboard. An oil skimming pump is located in the port side slop tank, discharge from which
is fed to offloading/transfer header to discharge oil into the cargo tank. In addition, two slop water treatment
centrifuges are located on the main deck port side.

3.7.9 Oil Storage and Offloading

The FPSO double bottom and double-sided hull structure contains the cargo oil tanks that receive the stabilised oil

from the process for storage until offloaded to the shuttle tankers. The offloading system comprises the following

main components: cargo tanks, one electrical pump for each tank with a pump rate of 750 m?/h, offloading header,
metering unit, of fl oading hose reel and deck heaters. Th
during offloading operations. The offloading rate will be 4,500 m3h by running six cargo pumps at full capacity
simultaneously. The cargo pumps will discharge the cargo oil through the stern offloading system. The crude oil will

be offloaded through the 122 m | ong and RSDdo adynammuoallyer of f
positioned shuttle tanker.

3.8 Gas Export
3.8.1 Pipeline Specifications

The gas export pipeline is approximately 85 km long and will be made of carbon steel. Table 3-16 shows other
parameters of the gas export pipeline.

Table 3-16 Gas export pipeline parameters

Parameter Value
Pipeline size (outside diameter) 273 mm
Wall thickness 15.9 mm
Design flowrate 1.5 MSm®/d
Pipeline maximum allowable operating pressure (at 30 m | 235 barg
above LAT)
Pipeline design pressure (at 20 m above MSL) 258 bara

External corrosion control will be provided by anti-corrosion coatings over the entire length of the pipeline. The anti-
corrosion coatings will be factory applied; typical coating is a 3-layer polypropylene. Cathodic protection by sacrificial
anodes will also be employed (as they will also be used for the subsea structures). The anodes act as preferential
sites for corrosion, thereby protecting the pipeline and extending the life of the pipeline. Each component of the
pipeline system will be provided with suitable cathodic protection for the full design life of the system.
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3.8.2 Seabed Preparation and Survey

Surveys commissioned at Rosebank (Chapter 3 Environmental Baseline) and experience from similar WoS projects
suggest that areas of rock outcrops, hard soil conditions, boulder clay and boulders are to be expected at the seabed
and trenching may not be technically feasible in many areas. The pipeline route surveys conducted in 2021 and
2022, and an earlier survey conducted in 2011, will identify seabed sensitivities and obstacles to inform the basis
for seabed preparation and the routing design and installation method.

3.8.3 Infrastructure Installation

The gas export pipeline will be installed by a pipelay vessel capable of the method of reel lay. The reel lay method
sends the pipeline from a reel mounted on a pipeline installation vessel. Instead of connecting each joint of pipeline
at an offshore location, the pipeline is pre-assembled in a spool which is mounted on the deck of the reel vessel.
Installation vessels will use DP to maintain position, therefore there will be no anchoring required for these vessels.

In UK waters, there is a ban on the use of all bottom-contacting mobile fishing gear at water depths greater than
800 m, implemented by The Common Fisheries Policy and Aquaculture (Amendment etc.) (EU Exit) Statutory
Instrument (S.1.) 2019 No. 753. This applies to the Development and along the lengths of the gas export pipeline
below this depth. There will be no specific overtrawlable protection installed over the pipeline and other structures
below 800 m, however all infrastructure will be identified on maritime charts and routine marine traffic monitoring as
detailed in the chapter on Interactions with Other Users of the Sea. All subsea structures in depths less than 800 m
will be designed to be overtrawlable.

At water depths of less than 800 m, the intent is to minimise the impact on the seabed as much as possible by
trenching and backfilling the gas export pipeline. Any issues e.g., boulders beneath the surface or upheaval buckling,
encountered may require rock deposit creating an overtrawlable berm as protection laid on top of the pipeline (and,
closer to the Clair tee, possibly also pre-lay rock carpet). It is estimated that installation of the gas export pipeline
will take ~64 days, from installation vessel mobilisation to demobilisation, plus contingency for downtime due to bad
weather. The installation activities will take place immediately following seabed preparation and it is planned to
complete installation of the gas pipeline in one installation period (e.g., one summer).

384 Tie-in to Subsea Field Infrastructure

The gas export pipeline will require tie-in infrastructure at the Rosebank FPSO and the Clair Tee WOSPS connection
point. A pipeline end termination (PLET) will be installed integral with the carbon steel rigid export flowline at the
Rosebank field. The gas export flowline will be connected to a pipeline end manifold (PLEM) installed integral with
the pipeline with a tee-off and pig launcher receiver (PLR) at the Clair Tee. There is an existing safety zone at the
Clair WOSPS Tee. An in-line tee for intake of future third party gas will also be installed on the gas export line. The
proposed approach to the WOSPS at the Clair end of the gas export route is shown in Figure 3-21.
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Figure 3-21 Gas export pipeline approach to the WOSPS at Clair

3.85 Protection and Stabilisation Material

Protection and stabilisation materials are required to both protect existing infrastructure on the seabed from damage
as a result of infrastructure placement and also to ensure that the equipment placed on the seabed is stable and will
not move under different conditions. The materials used are concrete mattresses and crushed rock. Bags of

sand/grout are also used, the quantities to be determined as part of future detail. It may be possible to recover
concrete mattresses at the end of the field life depending on future decommissioning requirements.

The section of gas export pipeline installed in water depths less than 800 m will require protection from trawl fishing
gear. Where possible the pipeline will be trenched and buried where required. However, the presence of boulders

may prevent trenching and, in this case, the pipeline will be surface laid and protected with deposits of rock
overburden. Rock may also be used to correct critical pipeline freespans and for stabilisation.

The total pre-lay and post-lay rock estimation (Table 3-17) required for pipeline installation will be reviewed and
updated further to data from the pipeline survey. Additional materials may be required during the life of field and are
subject to statutory consenting processes.
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Rock deposit within the Faroe Shetland Sponge Belt will be avoided as far as is practicable, although the impact
assessment has assumed a worst case scenario. The valve structures on the Clair end of gas export pipeline will
be protected with rock and are located in an existing subsea safety zone.

There are 24 infield infrastructure crossing points and 3 further crossing points along the gas export pipeline length.
Concrete mattresses (approximately 3 m x 6 m x 0.3 m) are used to support the crossing and prevent damage.
Figure 3-22 shows a schematic of a cable crossings arrangement. This arrangement could require up to six
mattresses for each crossing depending on the angle at which the pipeline crosses and the height required to provide
sufficient support, and the mattresses will be covered with rock.

Crossings in the infield area will be studied further as part of detailed engineering and additional concrete mattresses
may be required for the infield area.

The rock placement vessel will survey the seabed as the rock placement installation progresses to determine the
exact location of the rock material and to confirm that the design requirements have been met. The spread of rock
placement will be restricted through the use of a fall pipe system held a few metres above the seabed to accurately
place rock material.
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Figure 3-22 Typical cable crossing design (A) and the crossing location of the unnamed cable #2 (B)
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Table 3-17 Worst-case protection and stabilisation materials estimates
Installation Purpose of protection Type of material (rock =~ Volume of rock (m?) Weight of
phase or concrete /quantity of rock/dimension
mattresses) mattresses of mattresses
Pre-lay Protection at 24 infield cable Concrete mattresses 144 3mx6mx0.3m
crossings
Protection at 3 cable crossings = Concrete mattresses 18 3mx6mx0.3m
along the Clair export pipeline
Pre-lay and | Protection of flowlines Concrete mattresses 8 3mx6mx0.3m
post-lay approaching the Claire Tee
tie-in
Rock to protect pipeline where = Rock 400,000 m?® (630,000 | N/A
trenching not possible. Some tonnes)

of this may be pre-lay rock
carpet (closer to the Clair tee)
in addition to burial and
buckling mitigation and
expansion control of gas
export pipeline <800 m depth

3.8.6 Pre-commissioning

Prior to first gas export being sent through the gas pipeline, a series of leak tests will be conducted. This series of

tests i s -cpoammi sosfi obnpirneg6 and the tests consist of flooding
with biocides and scavengers, gauging and hydrotesting the pipeline. Further leak testing when the pipeline is tied

into the adjacent structures and then dewatering of the pipeline (treated seawater is removed from the pipeline so

that gas can flow through).

The gas export line will be installed air filled which will be displaced by flooding with chemically treated fresh water

(e.g., oxygen scavenger (to prevent oxygen induced corrosion), biocide (to prevent bacterial growth), corrosion

inhibitor and dye (which would be visible in the water column if the gas pipeline leaked). A pig will be moved through

the pipeline to detect any dents or defects in the pipeline surface that might have been caused during installation
(called 6gaugingdé) and t o cl| e a nhatthedulliolongeiofdvater m the gadpipelipei pe |l i n
(439 m® may be displaced to the marine environment over a period of one day during this pigging exercise. The

pressure within the gas pipeline will then be slowly raised to help confirm that the pipeline structure is intact
(hydrotesting/strength testing). Once the pressure has been raised to the intended pressure, it will be held for a

period sufficient to determine that the pipeline demonstrates the required strength and integrity.

Following the pipeline testing the gas pipeline will be dewatered to ensure it is dry for gas transportation to WOSPS.
A valve will be opened at one end of the pipeline and a series of pigs (a pig train) will be moved along the pipeline
to force the treated seawater through the open valve at the other end of the pipeline. The pigs will be driven by
hydrocarbon gas from the WOSPS line and up to a maximum of approximately 900 m?® of treated seawater will be
discharged from the FPSO. Hydrocarbon gas will be used for the gas export pipeline instead of nitrogen that is used
for the infield lines, since the safety risk is substantially higher for such a comparatively longer line, and since vessel
supply requirements would also be much greater than for hydrocarbon gas.

Following pipeline pre-commissioning, installation of structures and connexions at each end of the pipeline will
commence.
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3.9 Operation and Maintenance of Pipelines and Flowlines

Pipelines are subject to regular integrity inspections. Routine inspections check for lack of cover, free-spans and
evidence of interaction with fishing equipment. External inspection will take place through a combination of ROV/AUV
and towed sonar. The frequency of such maintenance will be determined by ongoing risk assessment. In terms of
internal maintenance, the pipelines will be designed to accommodate intelligent pigging inspection if necessary,
whereby a remote sensing pig will be conveyed through the pipeline to undertake checks on and confirm pipeline
integrity and condition. The production lines are made from corrosion resistant material and hence will not be subject
to corrosion inspection pigging. During production, as there is the potential for the produced fluids to form wax in the
pipeline, pigging may be required to mitigate the build-up of wax in the infield pipelines. There shall be temperature
measurements at the wellhead, downstream subsea choke and topside (upstream and downstream choke).

As a minimum, the FPSO hull, wells, and subsea equipment will be inspected once per year using an ROV.
Pigging frequency will be around every 3 to 6 months in the first year, extending to 18 months based on early
findings. The gas lift lines, and gas export pipeline will be transporting dry gas and will not be subject to regular

pigging in the operational phase.

Water injection lines are internally corrosion resistant and will not be subject to regular pigging in the operation
phase.

3.10 Vessel and Rig Requirements
The vessels expected to be involved in the installation, commissioning and operation of the Development are

described in Table 3-18. Working days shown below include a waiting on weather day contingency of an estimated
20%.
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Table 3-18 Estimated number of days each will spend on site during development inclusive of
waiting on weather

Operation Type of transport Number of days
2024 2025 2026 | Annual LoF®
Drilling
Drilling Support Vessels 0 0 0 0
Rig 0 299 283 43916
Transfer of drilling personnel Helicopter 0 16 16 0
(helicopters)
Drilling ERRV ERRV 0 299 307 439Y7
Subsea installation
Installation Anchor handler (FPSO) 0 28 0 0
Pipelay vessel 0 77 0 0
Heavy lift 30 27 0 0
Construction Support | 0 168 0 0
Vessel (CSV)
Tie-in operations DSV 0 125 0 0
Seabed Intervention Support vessel 0 0 73 0
Pre-commissioning activities DSV 0 48 39 0
Subsea Commissioning Support vessel 0 36 0
Riser Installation and pull-in DSV 0 51 0
Installation of FPSO mooring lines Anchor handler 0 57 0 0
FPSO tow to field* Anchor handler 0 0 7 0
FPSO Mooring line hook-up Anchor handler 0 0 34 0
Production
Helicopter Helicopter 0 0 374 374
ERRYV presence Support Vessel 0 0 365 365
Maintenance of subsea structures Support Vessel 0 0 0 12
Transfer of supplies Supply vessel 0 0 19 127
Decommissioning?®
Plug and Abandonment wells Rig 0 0 0 28
Infrastructure removal Csv 0 0 0 231

3.11 Decommissioning of the Rosebank Development

The main obligations for decommissioning offshore oil and gas operations are set out in OSPAR decision 98/3 (the
AiDeci si on 98/ 30) which specifically prohi bi t she mariee

15 | ife of field.
16 Second campaign.
17 second campaign.

18 All vessels were considered to be used at the final year of the Development.
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environment. OPRED (2018) guidance sets out current UK policy on decommissioning. The OSPAR provisions do
not directly apply to pipelines and there are no international guidelines on the decommissioning of disused pipelines.
However, pipeline and flowline decommissioning options will be assessed in accordance with of UK legislation and
policy in place at the time of decommissioning and all necessary approvals obtained from the relevant regulator(s).

The following SURF decommissioning activities may be anticipated:

1 The risers will be flushed, cleaned and plugged before disconnected from the turret and the top end
transferred to an assisting vessel that lowers the risers to the seabed for later retrieval once the FPSO is
taken off-station. Dynamic umbilical and power cable will follow similar sequence;

1 Mooring lines will be disconnected from the turret and laid down on the seabed. The mooring lines are
retrieved from the seabed and removed in a reverse sequence of the installation procedure once the FPSO
will be taken off-station. The bottom chain will be cut at the mud line by an ROV. The suction anchors will
be cut at the mud line and the top subsequently retrieved to the installation vessel;

1 The complete subsea system will be cleaned and flushed to remove all hydrocarbons. A suitable
assessment will be conducted to determine feasibility of removal of subsea structures in accordance with
decommissioning regulatory requirements in place at the time;

1 The wells will be cemented/plugged and cut at wellhead flush at the seabed. The wellhead area may be
subject to rock placement; and

1 Rigid flowlines (gas export and water injection) may either be removed or decommissioned in situ depending
on the regulatory requirements for decommissioning in place at the time.
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4 ENVIRONMENTAL BASELINE

4.1  Overview of the Rosebank Development Area

This chapter describes the baseline environment relevant to the Rosebank Development. The Rosebank
Development area consists of the following areas as shown on Figure 1-1:

1 The Rosebank field, where the oil and gas reserves are found and the FPSO and infield subsea
infrastructure will be located, situated approximately 130 km west of Shetland in deep water of
approximately 1,100 m in the Faroe-Shetland Channel; and

1 The gas export pipeline route, which starts at the Rosebank field, ascends the eastern flank of the Faroe-
Shetland Channel (termed a continental slope) onto the West Shetland Continental Shelf (from
approximately 200 m depth) and ends at the Clair Tee at a water depth of approximately 140 m.

Given the ranges of water depth and distances from shore of the gas export pipeline route, the marine environment
of the Rosebank Development area exhibits a wide variety of physical, chemical and human-use characteristics
which are described in this chapter. This chapter considers the entire Rosebank Development area as well as the
sensitivities of the adjacent coastlines. In view of the diversity of this area, the descriptions of several elements of
the environment are presented in two subsections dealing with:

i Offshore areas in deep water on the eastern flank of the Faroe-Shetland Channel, covering the Rosebank
field and the deeper parts of the gas export pipeline route (>200 m) up to the shelf break; and

9 Offshore areas on the continental shelf (<200 m water depth), covering the shallower parts of the gas export
pipeline route and, where relevant, inshore and coastal areas.

4.1.1 Supporting Studies

Since the discovery of the Rosebank field in 2004, a number of studies have been undertaken to gather information
on the environmental and socio-economic sensitivities in the Rosebank Development area. These have been used
in the development of the environmental baseline and are summarised in Table 4-1.

4.1.1.1 Seabed Environmental Surveys

Two types of survey have been conducted for the Rosebank Development: surveys using an ROV with a video
camera and a manipulator arm enabling the collection of sediment samples and/or individual organisms, and ship-
based remote sampling surveys using acoustic (sonar), photographic and sediment sampling devices.

The ROV surveys examined the seabed around various drilling sites during the exploration and appraisal phase of
the Rosebank field and were all undertaken by the Scientific and Environmental ROV Partnership using Existing
Industrial Technology (SERPENT) project based at the National Oceanography Centre (NOC), Southampton?®,
These surveys were localised in scale and provided some of the first high-quality images and specimens from these
deep-water sites, as well as investigating the impacts of drilling in such areas.

Remote-sampling surveys of the Rosebank field and of the gas export pipeline route (including the currently
proposed route to Clair and some of the alternative routes considered previously which provide some relevant data)
collected data to map the seabed types and features present using acoustic survey techniques (high resolution

19 SERPENT is a global project hosted by the DEEPSEAS group, within Ocean Biogeochemistry and Ecosystems (OBE) at the NOC. It
isfunded byarangeofengi neering, science and industry organisations in

Sea Limited.
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bathymetry and side scan sonar), and ground truth using cameras and sediment sampling devices (typically grabs
or box cores). The locations of the sampling stations were established by experienced geophysicists and biologists
in the field based on interpretation of the aspezified in
OPRED guidance (BEIS, 2021b). The objectives of the surveys were to map out the seabed types encountered,
allocate habitat or biotope?® names using either the UK or European classification systems, highlight and map any
features (species or habitats/biotopes) that are sensitive or of particular conservation interest, and analyse sediment
samples for physico-chemical characteristics and macrofaunal communities.

These surveys typically result in two environmental reports:

1 Ahabitat assessment report, based largely on the acoustic and photographic data gathering, and presenting
maps of bathymetry and seabed types, an account of the biotopes present on the basis of the seabed type
and epifauna/megafauna (or their signs) visible, and highlighting any features of conservation interest
(under European, OSPAR or UK/national regulation); and

1 An environmental baseline report, in which an account of the sediment analyses for particle size, metals,
hydrocarbon and macrofaunal content is given and interpreted.

Following a review of existing survey data in 2021, Equinor developed the scopes for new surveys to provide up-to-
date environmental baseline data representative of the likely areas of impact from the Rosebank Development, both
in the Rosebank field and along the gas export pipeline route. Subsequently, in April and May 2021, Akvaplan
undertook environmental baseline surveys on behalf of Equinor at the Rosebank field. The results were compiled in
two reports: an environmental baseline survey report, summarising the results of the seabed sampling (Akvaplan,
2022a) and a visual survey report, summarising the results of the seabed imagery taken at the Rosebank field
(Akvaplan, 2022b). In April 2022, DNV undertook an environmental baseline survey along the gas export pipeline
route for Equinor. The results will be compiled in two reports: an environmental baseline survey report (DNV, 2022a)
and a habitat assessment report (DNV, 2022b). Details and maps of the sampling locations for all surveys relevant
to the Rosebank Development area are provided in Section 4.2.7.1.

4.1.1.2 Other studies

Regional-scale studies that were used to inform the environmental baseline for the Rosebank Development include
the following:

1 The Atlantic Frontier Environmental Network (AFEN) was an innovative grouping of oil companies and UK
Government departments set up to orchestrate sound management and regulation of oil and gas activities.
Since 1995, several studies and research initiatives have been commissioned by AFEN to expand
environmental knowledge of the area. Two widescale seabed surveys funded by AFEN were undertaken
offshore to the north and west of Scotland (Bett, 1996; 1998). In 1996, 20,000 km? of seabed lying to the
west of Shetland was mapped and sampled. The 1998 survey covered a further 10,000 km? of seabed. The
results of both surveys were reported in AFEN (2000) and also summarised in AFEN (2001); and

1 The United Kingdom Offshore Energy Strategic Environmental Assessment (OESEA) programme, referred
to as OESEAS3, builds on the work completed for the previous regional scale SEAs since 1999 (DECC,
2016). It aims to help inform licensing and leasing decisions by considering the environmental impacts of
potential activities that could result from their implementation. Each SEA is supported by a series of

20 A biotope is defined as the combination of an abiotic habitat and its associated community of species. It can be defined at a variety of
scales and should be a regularly occurring association to justify its inclusion within a classification system. The latest UK marine biotope
classification (version 15.03) is reported in JINCC (2015) and is fully incorporated into the marine component of the pan-European biotope
classification known as the European Nature Information System (EUNIS).
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specialist technical studies on issues relevant to the region being covered. As the individual SEA regions
have been assessed in OESEA3, documents relating to the assessments have been made available for
access by the industry and public on the internet. The Rosebank field and pipeline are located in the
previous SEA region 4, which falls within the Regional Seas 8 (Scottish Continental Shelf) and 9 (Faroe-
Shetland Channel), as described in OESEA3 (DECC, 2016).

Table 4-1 Supporting studies for the Rosebank Development

Study reference Description and relevance

Metocean information

Equinor (2022) Rosebank Meteorological and oceanographic data gathering to inform the design basis for the
Field Metocean Design Basis. | Rosebank Development.

Also informs the EIA.

Seabed environmental surveys

Hartley Anderson (2003) ROV | Report of ROV observations of seabed sediments and fauna around an exploration
investigations of the seabed well, including assessment of scale of impacts from cuttings discharges from top
environment around well hole sections.

204/17-1 pre and post drilling An early study in the Faroe-Shetland Channel in nearby licence block, providing

direct observations of seabed habitats and effects of drilling.

Hartley Anderson (2005) Report of ROV observations and sampling around well 213/27 during drilling in July-
Seabed environmental August 2004, including assessment of impacts from cuttings discharges from top
investigations around hole sections.

| i I1213/17-1 . ) - . .
exploration we 3 z An early study in the Rosebank field, providing direct observations of seabed

habitats and effects of drilling.

Geolab (2007) Aberlour Environmental survey in 2007 of the Aberlour prospect, UKCS block 213/28 in the
Environmental Seabed Faroe Shetland Channel. Five stations were sampled. This report details the results
Survey, UK 2007. of the macrofaunal analyses.

Contributes to understanding of deepwater benthic macrofaunal communities in the
Faroe-Shetland Channel.

SERPENT (2008) SERPENT Preliminary report of investigations into extent of seabed disturbance by drill cuttings
Project; Rosebank visits 2007. = discharges on megafauna at Rosebank well 205/1-1 and 213/27-2 well locations.

Prelimi lysis of It . . . . .
reliminary analysis ot resufts Contributes to understanding of the benthic megafauna in the Rosebank field and

the potential effects from drilling.

SERPENT (2009a) Rosebank | Report of seabed observations from an ROV around a Rosebank well site in Block

report including Cambo 213/27 and the nearby Cambo well in Block 204/10a, sediment chemical analyses
sediment analysis, June and and mapping of extent of cuttings discharges.
July 2009

Contributes to understanding of the benthic megafauna in the Rosebank field and
the potential effects from drilling.

SERPENT (2009b) Rosebank | Report of ROV visit to Rosebank North to collect high-definition photographs and
North visit report February to samples of megafauna and to collect and analyse sediment samples.

March 2 . . . .
arch 2009 Contributes to understanding of benthic megafauna and seabed sediment

characteristics in the Rosebank field.

Gardline (2009) Environmental survey in 2008 of the proposed Stelkur and Sula drilling locations, in
Faroes Block 6104/25. This report details the results of the seabed sampling
investigations, including sediment particle size, metals, hydrocarbons and
macrofaunal analyses.

Contributes to understanding of the sedimentary environment in a nearby Faroese
part of the Faroe-Shetland Channel.
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Fugro (2011a) Environmental
Baseline Survey - infield area

Fugro (2011b) Environmental
Baseline Surveys, Pipeline
Routes

Fugro (2012a) Habitat
assessment report of the
Rosebank gas pipeline
corridor

Fugro (2012b) Environmental
baseline report of the
Rosebank gas pipeline
corridor

Fugro (2014a) Habitat
assessment report UKCS
Quadrants 205, 206 and 213

Fugro (2014b) Environmental
Baseline Survey UKCS
Quadrants 205, 206 and 213

Fugro (2015a) Deep-sea
Sponge Assessment. Re-
analysis of survey data
collected 11" May i 6" July
2012, and 1st7 16" August
2014.
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Description and relevance

Environmental survey in 2011 of seabed over 162 km? in Rosebank field, as part of
a geophysical and geotechnical programme. Station locations determined on the
basis of acoustic (high resolution bathymetry and sidescan) returns. Benthic
sediments at nine stations were photographed, and also sampled for sediment
particle size, metals, hydrocarbons and macrofaunal analyses using a 0.25 m? box
corer.

Contributes to understanding of benthic habitats and species in the infield area.

Environmental survey in 2011 of seabed along two export pipeline routes under
consideration at the time, including a route to the Clair field, as part of a
geophysical, geotechnical and environmental survey programme.

Provides information on benthic species directly relevant to the current gas export
pipeline route.

In addition, an alternative route surveyed, to the deepwater Laggan field, provides
information relevant to the deepwater parts of the Rosebank Development area.

Environmental survey in 2012 of the seabed along a gas pipeline route under
consideration at the time. Acoustic survey (bathymetry and sidescan) together with
video and stills photography and sediment sampling at 31 stations was undertaken
along the route to describe and map the benthic habitats present. This report details
the results of the habitat investigation.

This was a substantially longer pipeline route than the current gas export pipeline
route, extending from the Rosebank field around the south of Shetland to tie into the
existing SIRGE pipeline at a point called Tee-2, south-east of Shetland. Although
the deeper section of this pipeline route is directed further south than the present
gas export pipeline, it follows a similar depth range up the continental slope and
therefore provides useful information on the slope habitats.

Environmental survey in 2012 of the seabed along a gas pipeline route from the
Rosebank field to Tee-2, as described above. Thirty-one stations were sampled
along the route. This report details the results of the seabed sampling investigations,
including sediment particle size, metals, hydrocarbons and macrofaunal analyses.

Although the deeper section of this pipeline route is directed further south than the
present gas export pipeline, it follows a similar depth range up the continental slope
and therefore provides useful information on sediment physical and chemical
characteristics and macrofaunal community structure at different depths on the
slope.

Environmental survey in 2014 of the seabed in the Rosebank field and along a short
deep-water gas pipeline route under consideration at the time, from the Rosebank
field to the nearby Tormore manifold. Ten stations were sampled. This report details
the results of the habitat assessment, undertaken on the basis of acoustic data
interpretation for wide-scale mapping of seabed types, with ground truthing by video
and still photography.

Provides information on the seabed relevant to the Rosebank field area.

Environmental survey in 2014 of the seabed in Rosebank field and along a short
deep-water gas pipeline route under consideration at the time, from the Rosebank
field to the nearby Tormore manifold as described above. This report details the
results of the seabed sampling investigations, including sediment particle size,
metals, hydrocarbons and macrofaunal analyses.

Provides information on sediment physical, chemical and biological characteristics in
the Rosebank field.

Re-analysis of photographic survey data collected from stations at or adjacent to the
500 m isobath within the Faroe-Shetland Sponge Belt Nature Conservation Marine
Protected Area (NCMPA). Aim was to undertake a Deep-Sea Sponge Aggregation
assessment of all photographs collected, using the more up to date criteria of Henry
and Roberts (2014), at all stations where this feature might occur.

Provides information on the presence of sponges in other parts of the NCMPA,
which the current gas export pipeline route also crosses.
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Akvaplan (2022a). Baseline
Environmental Survey at
Rosebank, 2021.

Akvaplan (2022b). Visual
survey with video-assisted
multi sampler (VAMS) at
Rosebank 2021.

DNV (2022a). Environmental
Baseline Survey report for gas
export pipeline route to Clair.

DNV (2022b). Habitat
Assessment Report for gas
export pipeline route to Clair.
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Description and relevance

Environmental baseline survey carried out for Equinor in the Rosebank field from 6
April to 4 May 2021 including seabed sampling and a camera survey. This report
summarises the results from the seabed sampling.

Provides recent environmental survey data for the Rosebank field to inform the EIA.

Seabed environmental baseline survey carried out for Equinor in the Rosebank field
as described above. This report summarises the results of the analysis of seabed
imagery obtained from the VAMS.

Provides recent environmental survey data for the Rosebank field to inform the EIA.

Seabed environmental baseline survey carried out for Equinor along the gas export
pipeline route. Samples for physico-chemical and macrofaunal analysis were
obtained at 23 stations between the Rosebank field and the Clair Tee.

Provides recent seabed sediment data for the gas export pipeline route to inform the
EIA.

Seabed habitat assessment carried out for Equinor along the gas export pipeline
route as described above. A visual survey using an ROV was carried out to 50 m
each side of each of the 23 sampling stations, focussing on identifying possible red
listed or OSPAR type habitats and providing video footage and 2,515 still images of
the seabed.

Provides recent seabed habitat data for the gas export pipeline route to inform the
EIA.

Fisheries and shipping assessments

Brown and May Marine (2010)
Commercial fisheries
assessment for the Rosebank
Development

Xodus Group (2012)
Rosebank to Tee-2 route:
fishing intensity study

Anatec (2013) Collision risk
assessment Rosebank FPSO

Xodus Group (2019)
Rosebank Consent to Locate -
Current, marine growth and
wave monitoring buoys.
Vessel Traffic Survey (VTS)
and Collision Risk Assessment
(CRA)

4.2

42.1
42.1.1

Meteorology

An assessment of the commercial fishing activities at the Rosebank field and
offshore areas to the shelf break (>200 m water depth). Note: follow up work
undertaken (see below).

Fishing intensity study along the gas pipeline route from the Rosebank field to Tee-2
under consideration at the time. Note: most up to date fisheries data have been
used to inform the environmental description presented in this chapter of the ES.

Assessment of the ship routeing data in the Rosebank field and the risks of collision.

Contributes to an understanding of shipping use of the Rosebank field and informs
the assessment of potential risks and impacts.

This report presents the results of a Vessel Traffic Survey and subsequent shipping
Collision Risk Assessment undertaken on behalf of Equinor, to support an
application to deploy four metocean moorings in UKCS Blocks 213/26, 205/1 and
205/2, in the Rosebank field.

Contributes to an understanding of shipping use of the Rosebank field and informs
the assessment of potential risks and impacts.

The Physical Environment

Faroe-Shetland Channel

The maritime climate of the Faroe-Shetland Channel is dominated by Atlantic weather systems, which in turn are
influenced by a persistent regional pattern of high pressure over the Azores and low pressure over Iceland. This
produces a sequence of secondary depressions which travel in an easterly or north-easterly direction, resulting in
the passage of warm and cold fronts, changeable wind direction and frequent precipitation. Seasonal temperature
variations are reduced by the influence of relatively warm surface water from the Atlantic Continental Slope Current
(see Section 4.2.3), and the dominance of south-westerly winds. Although the sequence of depressions and anti-
cyclonic ridges can produce winds from any direction, southerly to westerly winds are most frequent (Marshall, 1997;
Scottish Government, 2011). The deep oceanic water west of Shetland is almost completely open to the prevailing
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weather from the west and south- west, with the result that the region is exposed to significantly stronger winds and
sea conditions compared to other UK offshore areas.

There is a significant seasonal variation in wind speed; in winter winds of 8 m/s or greater are reported around 70%
of the time, and in summer the same wind speeds are experienced 30% of the time. Fog may be experienced around
3-5% of the time in summer (April i September) and less than 2% of the time in winter (DECC, 2016). Monthly wind
roses for the Rosebank field are shown in Figure 4-1 (Equinor, 2022). These correlate with the general picture for
the west of Shetland region as a whole, i.e. that winds from the westerly to southerly quarters predominate and that
wind strengths are highest over autumn and winter and lowest over the summer.
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Figure 4-1 Monthly wind roses for the Rosebank field (Equinor, 2022)
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4.2.1.2 Continental Shelf

On the West Shetland Continental Shelf, atmospheric weather and climate have considerable effects on marine
conditions. The seasonal distribution of wind speed and direction in the area of the continental shelf are extremely
variable. Winds occur from any direction; however, the predominant winds throughout the year are from the south-
southwest and west, with winds from the northeast and east being less frequent (DTI, 2003a).

The predominant wind speeds throughout the year are from moderate to strong breeze (5.5 7 13.5 m/s) which have
an overall frequency of approximately 50%. Between the months of October and March there are considerable
seasonal variations in wind speed, with frequent strong winds above 13.5 m/s. During the summer months wind
speeds decrease and are most commonly light or moderate breezes (2-8 m/s); calm conditions (up to 0.5 m/s) are
rare (BP, 2010). Visibility within the area can vary considerably and is often poor during the predominant
southwesterly winds.

4.2.2 Bathymetry
4.2.2.1 Faroe-Shetland Channel

The Faroe-Shetland Channel forms a narrow deep trough, orientated south-west to north-east, separating the Faroe
Shelf from the West Shetland Continental Shelf to the east and the Wyville Thomson Ridge and several isolated
banks to the south. The channel is wider and deeper to the northeast (190 km wide and 2 km deep) compared to
the southwest (90 km wide and 1 km deep), where it turns to the northwest into the Faroe Bank Channel (DECC,
2016).

The Rosebank field is located on the continental slope?! that forms the eastern flank of the Faroe-Shetland Channel
in a water depth of approximately 1,100 m (Figure 1-4). The combined geophysical and environmental survey
conducted by Fugro (2011a) found that the regional gradient of the seabed in the infield area to be typically less
than 29, although localised gradients of up to 22° were recorded associated with the flanks of sediment mounds and
seabed depressions (see Section 4.2.7 for further discussion of seabed features). The water depth across the infield
survey area ranged between 1,099 and 1,156 m LAT. Measured water depths at the sampling stations during the
recent Rosebank field environmental survey ranged between 1,211 and 1,123 m (Akvaplan, 2022a).

The gas export pipeline route from the Rosebank FPSO location ascends the slope up to the shelf break (taken here
to be 200 m) before continuing along the continental shelf?? (Figure 1-4). Detailed bathymetry maps for the Rosebank
field and the gas export route are available in Fugro (2011a, b).

4.2.2.2 Continental Shelf

The extensive West Shetland Continental Shelf is a shallow, near horizontal sea floor that extends west from the
Shetland and Orkney coastlines to the continental shelf edge, roughly 60 km offshore, where the continental slope
begins at depths of between 100 - 200 m (DTI, 2003b). The offshore parts of the West Shetland Continental Shelf
are relatively flat, with the greatest seabed gradient located towards the shoreline. Water depth along the gas export
pipeline route, from the shelf break to the Clair Tee-2 tie-in point, gently decreases from 200 m to around 120 m.

21 Continental slope: the slope between the outer edge of a continental shelf and the deep ocean floor.

22 Continental shelf: the area of seabed around a large land mass where the sea is relatively shallow compared with the open ocean.
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Water Masses and Circulation

The water current patterns in the Faroe-Shetland Channel are complex with various strong non-tidal currents
interacting with relatively weak tidal flow. Five current systems exist in the area, distinguishable by geographical
origin and vertical distribution in the water column as described in Table 4-2 and illustrated in Figure 4-2. The Faroe-
Shetland Channel is a choke-point for the global thermohaline circulation since this is a region of significant inflow
of warm Atlantic surface waters to the Norwegian Sea and towards the Arctic as well as of the return outflow of cold

deep waters.

Table 4-2 Current systems in the Faroe-Shetland Channel

Current systems

Surface layers:
North Atlantic Water (NAW) and

Modified North Atlantic Water
(MNAW)

Intermediate layer:

East Icelandic and Arctic

Intermediate Water (EIAIW)

Bottom layers:

Norwegian Sea Arctic Intermediate
Water (NSAIW)

and Norwegian Deep Sea Water
(NDSW)

Description

The surface layer is composed of North Atlantic Water (NAW) and Modified
North Atlantic Water (MNAW). The NAW is warmer and more saline than the
MNAW (Section 4.2.5 provides further information on salinity and temperature)
and is located mostly towards the Scottish side of the Faroe-Shetland Channel
at depths of up to 500 m (DECC, 2016). Circulation of water in the west of
Shetland region is dominated by the northward flow of NAW from the Rockall
Trough over the Wyville Thomson Ridge and along the slope before entering the
North Sea via the Fair Isle Channel (between Orkney and Shetland) and round
the north of Shetland (Figure 4-2).

The MNAW flows clockwise round the Faroe Plateau before entering the Faroe-
Shetland Channel from the north to link with the NAW flow, where it dominates
the top 400 m of water, especially on the Faroese side. This MNAW flow from
the north sets up a persistent and strong horizontal density gradient and velocity
shear in these upper layers, resulting in eddies over the western/deeper slope.
Current speed is low on the Faroese side at approximately 0.05 m/s but
substantially higher on the Scottish side, reaching up to 0.2 m/s. The mean
velocity of the shelf edge current is approximately 0.40 m/s towards the north-
east, and 0.15 m/s towards the south-west. Measured near-bottom current
velocities indicated peak currents of 0.75 m/s on the upper continental slope
west of Shetland (DECC, 2016).

The total flow rate of all water layers into the north Atlantic through the Faroe-
Shetland Channel is 3.7 x 106 m¥/s.

The intermediate layer is made up of East Icelandic and Arctic Intermediate
Water (EIAIW) which flows in from the north-east Faroe Plateau and mixes
slightly with the MNAW. On the Faroese side of the Faroe-Shetland Channel,
the EIAIW is found below the MNAW at a depth of approximately 300 to 600 m.

At depth, cold water from the Norwegian Sea flows to the south-west along the
Faroe-Shetland Channel, turning to the north-west through the Faroe Bank
Channel but periodically continuing southwards over the Wyville Thomson Ridge
(Ellet, 1992; Chafik, 2012).

The bottom layers are colder and less saline than the surface and intermediate
waters and flow in the deepest parts of the channel (greater than 450 m). The
bottom layer is itself made up of two layers; an upper layer of Norwegian Sea
Arctic Intermediate Water (NSAIW) at a temperature of between -0.5°C and
0.5°C and a slightly deeper Norwegian Sea Deep Water (NSDW) at below -
0.5°C. Total bottom-layer flow is approximately 1.9 x 106 m?/s, but the current is
highly variable in the Faroe-Shetland Channel. Maximum current speed is
attained in the Faroe Bank due to funnelling, where the water mass may move
atup to 1 m/s.

NAW is usually bounded on its western side by a frontal system, which separates it from cooler and slightly less
saline water masses (MNAW and EIAIW) in the Faroe-Shetland Channel. The boundary layer between these two
water masses is occasionally disturbed for a few hours by incursions of cold water (seabed surges) with
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accompanying strong currents (0.5 m/s). The cold-water surges are strongest near the 500 m contour. The boundary
between the warm NAW and the colder channel water is not distinct and does not occur at a fixed depth.

In addition to the general water circulation pattern reported for the area, the west of Shetland area is characterised
by a number of other sporadic water movement events. Events such as large-scale eddy currents along the
continental shelf edge, seabed surges and storm-generated surges can all occur within the waters of the Faroe-
Shetland Channel (Grant et al., 1995; Broadbridge and Toumi, 2015). Currents termed solibores?® are a common
occurrence within the Faroe-Shetland Channel (Hosegood and van Haren, 2004). The solibores move up the
continental slope in a motion that can resuspend sediment and transport it up the continental slope, although the
speed of these currents along the continental slope is not significantly different from normal current speeds
(Hosegood and van Haren, 2004). Current meter records indicate that currents in the upper water column more
frequently flow to the south-west than to the north-east, which is in direct contrast to the general north-east flow of
currents nearer to shore (Equinor, 2022). As the Rosebank field is adjacent to the base of the slope near the centre
of the Faroe Shetland Channel, the near-surface and near-seabed water layers both flow most regularly to the south-
west.

4.2.3.2 Continental Shelf

Water currents patterns on the West Shetland Continental Shelf, similarly to that of the Faroe-Shetland Channel,
are complex and varying, with multiple strong non-tidal currents interacting with relatively weak tidal flow. Due to the
location of the west of Shetland continental slope and thus the North Atlantic Slope current, water movement within
this area is largely to the northeast.

Surface tides in this region of the Northeast Atlantic are semi-diurnal, flooding from the west or the southwest towards
the east or northeast and have minimal effect on the northeastern current. Mean surface water currents of 0.23 m/s
and mean seabed currents of 0.16 m/s have been recorded at the Clair field (BP, 2010).

As discussed above, the North Atlantic Slope current is usually bounded on its western side by a frontal system
which separates it from cooler and slightly less saline water masses in the Faroe-Shetland Channel. Infra-red
satellite imagery reveals that frontal structures lie principally in a sweeping arc from the southern Faroes Shelf across
the Faroe-Shetland Channel and along the West Shetland Slope. Their closest approach is at the west of Shetland
shelf break, where it is thought the North Atlantic Slope Current can be displaced onto the shelf.

This is likely to result in stronger extreme currents than other areas on the West Shetland Continental Shelf. Storm
generated currents have also been observed along the edge of the West Shetland Continental Shelf (DTI, 2003a).
These currents are created when strong winds produce currents at the sea surface. When the wind ceases the
currents still persist under their own momentum. Due to the Coriolis effect, the surface current moves with a
clockwise rotation.

23 Currents which display properties of both turbulent internal bores (underwater waves which break upwards across shelf slopes, creating

turbulent mixing with adjacent water masses) and nonlinear internal solitary waves.
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Figure 4-2 Water currents west of Shetland (DECC, 2016; Hansen and @sterhus, 2000; Turrell et
al., 1999 in AFEN, 2001)

4.2.4 \Waves

The deep water over the West Shetland continental slope is exposed to a large fetch and strong winds, particularly

from the west and southwest. These conditions generate a wave regime in the area which is more severe than that
experienced in the northern North Sea. The area is also affected by long periods of ocean swells generated from

Atlantic storms. For much of the west of Shetland region, including the Rosebank field and the gas export pipeline

route, the annual mean significant wave height**r anges from 2.4 to 3.0 m, as mapped
Marine Planning interactive (NMPi, 2022) tool and sourced from the ABmer Renewables Atlas (2008).

Significant wave height and direction data collected for the Rosebank field on a seasonal basis (Equinor, 2022) are
shown in Figure 4-3. Wave direction appears relatively consistent through the year, travelling predominantly from
southwest to northeast or west to east. Worst-case wave conditions are typically encountered during the winter
months and into early spring. Significant wave heights of mean 4.1 m (and a maximum of 15.1 m) occur in January,
whereas in July significant the mean wave height is 1.7 m (with a maximum of 6.3 m; Equinor, 2022).

The annual extreme significant wave height under a 1 in 100 year extreme storm scenario for the Rosebank field is
16.8 m with an associated spectral peak period of 18.6 s (Equinor, 2022). However, the estimated maximum 50-
year wave height in the offshore area is approximately 32 m, with wave periods greater than 20 seconds (Grant et
al., 1995 in DECC, 2016). These data indicate that wave directionality generally follows that of winds prevailing from
the west to south and that the largest waves tend to occur in the winter months along with the strongest winds.

24 gignificant wave height (Hs) approximates to the mean wave height (trough to crest) of the highest third of the waves. The most common
waves are lower than Hs. However, as this definition implies, the highest waves will be higher than the significant wave height, and the
maximum wave height will be the highest of all.
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Figure 4-3 Seasonal wave roses for the Rosebank field (Equinor, 2022)%

42,5 Seawater Temperature and Salinity

The west of Shetland region in which the Rosebank Development is located lies mostly within OSPAR Region Il, the
Greater North Sea, which also includes the North Sea proper and its coasts. The most recent Quality Status Report
(OSPAR, 2010a) states that sea surface temperatures in Region Il had increased by 1 to 2°C over the previous 25
years. In open waters away from coastal influences, seasonal changes in sea surface salinity are comparatively

small (OSPAR, 2000).

5Note: The length of rose fipetalsod indicates the relati vaesiftheequency

intensity categories shown.
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4.2.5.1 Faroe-Shetland Channel

Surface sea temperatures in the Faroe-Shetland Channel vary seasonally; minimum average sea surface
temperatures of approximately 7.75°C occur in winter, increasing to 12.25°C during the summer (BODC, 1998).
Temperature also varies with depth. For example, below the permanent thermocline found at depths of
approximately 400 to 600 m (where the deep-water masses shown in Figure 4-2 interact), temperatures may drop
below 0°C.

A seasonal thermocline may also form during the summer at a depth of approximately 50 m depending upon the
local wave conditions, when the upper layers of water are heated, separating upper mixed layers from the deeper
colder layers.

Sea surface salinity in the vicinity of the Faroe-Shetland Channel and the West Shetland Continental Shelf, including
the Rosebank Development area, is typically between 35.2and35. 5a ( BODC, 1998; NMPi , 2022

4.2.5.2 Continental Shelf

Over the West Shetland Continental shelf, variation in water depth and tidal influences results in changes in the
structure of the water column during the year. Water column stratification occurs during the summer months when
there is heating of the surface waters from the sun and less vertical mixing in the water column as a result of wind
and tides. This gives rise to the formation of a seasonal thermocline, with a warmer surface water layer above cool
bottom waters.

Surface sea temperatures on the West Shetland Continental Shelf also vary seasonally; minimum average sea
surface temperatures of approximately 8.25°C occur in winter, increasing to 12.82°C during the summer (NMPi,
2022) with mean annual surface temperatures of approximately 10°C.

4.2.6 Water Quality

Scotlandbés open seas ar e daedpollation| and of late contaminaatiefets contewktoby | an
fall slowly (DECC, 2016).

Polycyclic aromatic hydrocarbons (PAH) concentrations in seawater vary widely, from 0.001 ng/l to 0.3 ng/l but can
reach 8,500 ng/l in estuaries and coastal areas. A study by Webster et al. (2017) investigated the concentration of
PAHSs in environmental (water, fish, sediment, and deep water sponges) samples collected in 2014 and 2016 from
the Faroe-Shetland Channel. Concentrations in all water samples were low (between 4.3 and 24.7ug/l) and typical
of reported background concentrations.

The OSPAR (2000) Quality Status report gives an indication of the background reference concentration ranges for
a limited number of metals in seawater: cadmium 5 to 25 ng/l, mercury 0.1 to 0.5 ng/l, lead 5 to 20 ng/l and copper
50 to 360 ng/l. It also states that for oceanic and offshore areas the reported concentrations are comparable to the
background reference concentrations.

No water quality data are presented in the most recent Quality Status Report (OSPAR, 2010a), and the assessment
in relation to seawater quality concentrates on measures in coastal areas around the North Sea to reduce inputs of
hazardous substances (metals and persistent organic compounds), nutrients (particularly related to agricultural land
run-off) and litter such as plastics. Eutrophication due to nutrient inputs is not regarded as an issue in the northern
North Sea, as nutrient concentrations here are at background levels and most endemic plankton are unaffected by
increased nutrient loading (DECC, 2016).
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Information on the seabed sediments, habitats and species within the Rosebank Development area has been

obtained from:

1 Regional studies including AFEN (Bett, 1996; 1998; AFEN, 2000; 2001), SERPENT survey programmes
(SERPENT, 2008; 2009a, b, c) and DECC OESEAS3 programme (DECC, 2016); and

1 Surveys conducted for the Rosebank Development or related to the earlier exploration and appraisal drilling
activities as shown in Table 4-1.

The key available seabed survey data relate to the following parts of the Rosebank Development area as
summarised in Table 4-3 and Table 4-4 and illustrated in Figure 4-4 and Figure 4-5:

1 The Rosebank field:

0 Surveys conducted specifically in the Rosebank infield area in 2010, 2011, 2012, 2014 and 2021;

and

0 Surveys conducted along present and previously-considered gas export pipeline routes in 2010,
2012 and 2022, with some stations located in the infield area.
1  The gas export pipeline route:
0 Surveys conducted for the gas export pipeline route to Clair Tee-2 in 2011 and 2022; and
0 Surveys conducted for previously-considered gas export pipeline routes in 2012 which provide
useful information for the proximal parts of the route in 2012 and 2014.

The results of the environmental data review are included in the following sections. Methodology specific to the
interpretation of seabed habitats and species of conservation importance is discussed in Section 4.3.2.

Table 4-3 Summary of key seabed surveys conducted in the Rosebank field area

Year of Report
survey references
2022 DNV (2022a,
b)

2021 Akvaplan
(202243, b)
2014 Fugro (2014,

20154, b, c)

Survey and sampling stations (see
Figure 4-4 for locations)

29 Seven environmental stations (ENVO1,
ENVO02, ENV08, ENV09, ENV10, ENV11l
and ENV29_314-ENV29) providing up-to-
date baseline data from the deeper parts of
the gas export pipeline route corridor and a
previously-considered route corridor south-
west to the Cambo field, which provide
further up-to-date baseline information for
the Rosebank infield area.

19 environmental stations (ENV-01 to ENV-
19) providing up-to-date baseline data
representative of the likely area of impact
from the Rosebank Development in the
Rosebank field area.

Geophysical survey over three areas
overlapping with and extending the area
surveyed in 2011.

Survey and sampling methods

Visual survey using ROV around each sampling
station to a distance of 50 m.

Box corer, van Veen grab and push coer for
obtaining samples for sediment physico-
chemical and macrofauna.

Special attention paid to any OSPAR and
Annex 1 habitats and species.

Video Assisted Multi Sampler (VAMS) equipped
with:

1 ROV for seabed photography (visual
inspection for habitat types for a minimum
of 3 minutes over an area of minimum 10
m radius);

i Five grabs for obaining samples for
sediment physico-chemical characteristics
and macrofauna.

Geophysical: Autonomous underwater vehicle
(AUV) collecting data using SSS, MBES, single-
beam echosounder (SBES) and sub-bottom
profiler.
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Year of Report
survey references
2012 Fugro (2012a,

b, ¢)

2010 and @ Fugro (2011a)
2011

2010 and @ Fugro (2011b)
2011

Survey and sampling stations (see
Figure 4-4 for locations)

Six environmental stations (ENVO01, 02, 03,
07, 08, 09, 10) and six video transects
(TRO1, 02, 07, 08, 09, 10) selected to
provide good coverage of the survey areas.
Video transects used to investigate specific
features identified from geophysical data;
drop-down camera locations positioned to
ground-truth all the different sediment types
identified from the geophysical data and
identify the habitats and sediments present.

Geophysical survey over previously-
considered Rosebank to Shefa cable route
corridor and deep-water sections of
previously-considered Rosebank to HT2 and
Rosebank to Laggan gas export pipeline
route corridors.

One environmental station (RH30) in the
Rosebank infield area and another (RH29)
to the south-east in slightly shallower water,
both representing general seabed
conditions (areas of low reflectivity).

Geophysical survey over the entire
Rosebank infield area (approximately
162 km?), including the currently proposed
location of the FPSO.

Seven environmental stations (EBC101,
103, 105, 113, 310, 312, 313) selected to
investigate the range of sediment types and
features indicated by acoustic survey
(mounds, a depression and possible
sediment boundary).

Geophysical survey and sampling at three
environmental stations (ST202, 301 and
302) in the deeper parts of a gas export
pipeline corridor from Rosebank to Clair and
a previously-considered pipeline route from
Rosebank to Laggan, selected to represent
general seabed conditions (areas of low
reflectivity).

N

-

equinor %

Survey and sampling methods

Environmental: drop-down camera for seabed
photography; box-corer for obtaining samples
for sediment physico-chemical characteristics
and macrofauna.

Geophysical: AUV collecting data using SSS,
MBES, SBES and SBP.

Environmental (along Rosebank to HT2
pipeline route corridor only): drop-down camera
for ground-truthing seabed conditions; dual
0.1 m? van Veen grab for obtaining samples for
sediment physico-chemical characteristics and
macrofauna.

Special attention was paid to any OSPAR List
of Threatened and/or Declining Species and
Habitats, Annex | habitats or other sensitive
habitats previously recorded in the region such
as Priority Marine Features (PMFs).

Geophysical: multibeam echo sounder (MBES),
side scan sonar (SSS), chirp sub-bottom
profiler.

Environmental: drop-down camera for seabed
photography; box-corer for obtaining samples
for sediment physico-chemical characteristics
and macrofauna.

Geophysical: AUV collecting data using MBES,
SSS, chirp sub-bottom profiler.

Environmental: deepwater camera system with
digital stills and video for seabed photography;
0.25 m? box-corer for obtaining samples for
sediment physico-chemical characteristics and
macrofauna.
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Figure 4-4 Environmental survey areas and stations in the Rosebank field
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Table 4-4 Summary of seabed surveys on the gas export pipeline route and adjacent areas

Report
references

DNV (2022a
b)

Fugro, 2014,
2015a

Fugro (2012b,
c)

Fugro
(2011b)

Survey and sampling stations (see Figure
4-5 for locations)

22 environmental stations (ENVO08-ENV29)
distributed along the entire gas export pipeline
route corridor, providing up-to-date and
comparative baseline data representative of the
likely area of impact from the Rosebank
Development.

Stations were selected to be representative of
the depth variation and evenly spaced along the
route (2-4 km apart), with final placement
informed by previous geophysical survey data to
investigate features of potential interest. Where
relevant, stations surveyed by Fugro (2011b)
were revisited.

Geophysical and environmental survey along a
previously-considered gas export route from
Rosebank to Tormore.

Three environmental stations (ENVO03, 04, 06)
and several video transects selected to provide
good coverage of the survey area and
investigate specific features identified from
geophysical data.

Geophysical and environmental surveys of
previously-considered gas export pipeline
corridors from Rosebank to HT2 (south-east of
Shetland) and from Rosebank to Yell Sound
(north of Shetland).

Eight environmental stations on the Rosebank to
HT2 route (RH23 to RH30) and two stations on
the Laggan to Yell Sound route (LY11, LY12) are
in the same depth range as the proposed gas
export pipeline route and also cross the Faroe-
Shetland Sponge Belt NCMPA. These stations
do not lie within the expected impact area of the
Rosebank Development but are considered here
as they may inform the variation in seabed
conditions in nearby areas.

Stations are approximately equidistant along the
route to represent general seabed conditions
(areas of low reflectivity).

Note that shallower stations on these routes
that fall within the mapped area have been
greyed out as they are not considered relevant
to the ES.

Geophysical survey along the entire Rosebank
to Clair gas export pipeline route corridor and
along a previously-considered gas export route
to Laggan field.

Environmental:

1  Thirteen stations (ST202, 204, 205 to 208,
212 on the continental shelf and 214, 215,
219, 222, 301 and 311 on the continental
slope) approximately equidistant along the
entire Rosebank to Clair gas export pipeline

Survey and sampling methods

Visual survey using ROV around each
sampling station to a distance of 50 m.

Box corer, van Veen grab and push
corer for obtaining samples for sediment
physico-chemical and macrofauna.

Special attention paid to any OSPAR
and Annex 1 habitats and species.

Geophysical: Autonomous underwater
vehicle (AUV) collecting data using SSS,
MBES, single-beam  echosounder
(SBES) and sub-bottom profiler.

Environmental: drop-down camera for
seabed photography; box-corer for
obtaining samples for sediment physico-
chemical characteristics and
macrofauna.

Geophysical: SSS, MBES, SBES and
SBP (using AUV for deeper parts of the
route and conventional ship-based
techniques for areas <250 m water
depth).

Environmental: drop-down camera for
ground-truthing seabed conditions; dual
0.1 m? van Veen grab for obtaining
samples for sediment physico-chemical
characteristics and macrofauna.

Special attention was paid to any
OSPAR List of Threatened and/or
Declining Species and Habitats, Annex |
habitats or other sensitive habitats
previously recorded in the region such
as Priority Marine Features (PMFs).

Geophysical: MBES, SSS, SBP (using
AUV at water depths >250 m and
conventional equipment in shallower
areas).

Environmental: deepwater camera
system with digital stills and video for
seabed photography; 0.25 m? box-corer
for obtaining samples for sediment
physico-chemical characteristics and
macrofauna.
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Year of Report Survey and sampling stations (see Figure Survey and sampling methods
survey references 4-5 for locations)

corridor, to represent general seabed

conditions (areas of low reflectivity).

1 Six stations (ST303 to ST308) along a
previously-considered gas export pipeline
route to Laggan field, representing similar
depth range to deeper parts of proposed
gas export pipeline route.

4.2.7.2 Faroe-Shetland Channel

As discussed in Section 4.1, the Rosebank field and the majority of the gas export pipeline route are located on the
eastern flank of the Faroe-Shetland Channel, which forms the continental slope west of Shetland.

UKSeaMap 2021 provides a 100 m resolution habitat map which includes the Rosebank Development area (JNCC,
2021a). This describes the seabed within the Rosebank field and deeper parts of the gas pipeline route as deep sea
mud and deep sea mixed substrata, with sediments becoming coarser further up the continental slope (Figure 4-6).

The slope of the Faroe-Shetland Channel comprises features related to slope instability, erosion and iceberg
scouring (DECC, 2016). The channel is characterised by fine sandy and muddy sediments, with a variety of physical
features including dense iceberg plough marks (relict glacial scarring features), sediment fans and down-slope
channels along the shelf edges. Many of the features which characterise the present-day West Shetland continental
slope were formed during the last glacial period. However, in deeper waters, there is evidence to suggest that along-
slope currents were also active in moulding the present-day sediments and features (AFEN, 2001). The Faroe
Shetland Sponge Belt Nature Conservation Marine Protected Area (NCMPA) includes several features of
conservation importance, including pilot whale diapirs which are series of seabed sediment mounds measuring 2 to
3 km across and rise over 70 m above the seafloor (DECC, 2016; see Section 4.4.1 for further information on the
NCMPA). Figure 4-7 illustrates the seabed features recorded in the Rosebank Development area.

As water depths decrease up the continental slope, the seabed changes from the muddy sediments of the channel
floor to sediments of more variable nature, disturbed by slope failure and mass flow (characterised by long
wavelength sediment waves between 500 to 850 m depth), through to areas of potential iceberg plough marks with
equally variable sediments towards the top of the slope (AFEN, 2001). Iceberg plough marks are very common along
the outer shelf and upper slope area in water depths ranging from 200 to 500 m. Typical plough marks range from
several tens to a few hundred metres wide. Regional surveys discovered coarse gravel and stones in the raised
ridge areas around the plough mark edges and finer material that has since infilled the central grooves (AFEN,
2001).
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Figure 4-5 Environmental survey areas and stations along the gas export pipeline route and in
nearby areas
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