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Project Name

JackdawField Development

Block and Licence Nos

Blocks 30/02a, 30/03a DEEPand 30/02 d

OPRED Reference No

D/4260/2021

Type of Project

Development othe Jackdaw ultrahigh pressure / high temperature (UHPHTGas
condensate field via a newwvellhead platform (WHP) tieeback to the existing Shearwater
host platform.

Undertaker BG International Limited (an affiliate of Shell.K. Limited
c/o Shell U.K.Limied, 1 Altens Farm Road, Nigg, Aberdeen, AB12 3FY
Licensees/ Owners BG International Limited00% holding.

Short Description

The Jackdaw field is aruHPHTreservoir that will be developed with a not permanentl:
attended WHP. Four wells will be drillel at the JackdawWHP. Produced fluids will be
exportedvia a subsea pipeline to te Shearwater platform where theswill be processed
before onward exportvia the Fulmar Gas Line and the Forties Pipeline System. ~
proposeddevelopment may be summarisedsaolows:

Installation of a newWHP,

Drilling of four production wells;

Installationof a new approximately 31 km pipeline from the Jackdaw WHP to th

Shearwater platform;

Processing and export of the Jackdaw hydrocarbons via the Shearwater h

platform; and

First production expected betwee@®3 - Q4 2025 .

Key Dates

Activities Date
Drilling of wells Q32023 - Q4 2024
Installation of platform jacket Q32023
Installation of topsides and export pipeline Q32023 - Q1 2024
Firstproduction Q3/Q4 2025

Significant Environmental
Effects Identified

No significant environmental or socieeconomic impacts identified after implementation
of mitigation measures.

Statement Prepared By

Shell U.K. Limited and Genesis Oil and GaSonsultants Ltd.

Company Job Title Reévant Qualifications/ Experience
Shell U.K. Limited Environmental Team Lead >20years¢ working in env
Projects
JackdawProject Environmental| 19y e ar s ¢ weovirdaimemtpil andhgas
Advisor
Genesis Oil and Gas Senior Consultant >20years¢ working in envi
Consultans Environmental Engineer
Consultant Environmental 12 years¢ working in env
Engineer
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NON -TECHNICAL SUMMARY

BACKGROUND & EXECUTIVEBUMMARY

Jackdaw isa gas condensate field. It lies in blocks 30/02a, 30/02d and 30/03a of the United Kingdom
Continental Shelf (UKCS) in a water depth 6f78 m. The field is located in theCentral North Sea (CNS),
~250 km east of Aberdeen 30 km southeast of the Shearwater gitform and adjacent to the UK/Norway
median line as shown inFigure 1 below. The field was discovered in 2005 and appraised between 2007
and 2012.
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Figure 1- Location of the Jackdaw Project

BG International Limited & S h an dffiiaje,of Shell U.K. Limited(Shell U.K. Limited and its affiliated
companies operating in the UK upstream oil and gas industrgferred to thraughout this report as ‘Shel")
proposes to develop the Jackdaw field

The Jackdaw devel opment comprises a @&not per manent |
connected via a 31 km subsea pipeline to the existing operational SHeK operated Shearwater hub, where

the gaswill be processed and sent onshore to St Fergus. Shell aims to start production from the Jackdaw field

in 2025.

At its peak, Jackdawis expected to delive6.5% of UKCS gas productiohfor less than 1% of UKCS emissis
and produce an amount of energyequivalent to heating over 1.4 million UK homés In the context of UK
climate targets, Jackdaw emissions (2028) constitute 0.013% of the Fifth Carbon Budget (2023032).

1 Calculation based on OGA September 2021 production projectiorzga-september2021 -production-projectionsplus-cccand-beis-demand-projections.xlIsx (live.com)

2 Calculation based on BEI®020) Review of the Average Annual Domestic Gas and Electy Consumption Levels: methodology note (publishing.service.gov.uk)
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baseline

N

The primary focus of this Environmental S¢amhent pertains to Jackdaw emissionsathare incremental to the
of projected emissions from existi
existing onstream fields.

ng (or eer

The native Shearwater hub baseline amounts to 255 CO.e (forward from 2025) with Jackdaw
operational incremental emissions amounting to 54& CO.e, or ~20% incremental as shown ifrigure 2 for

Jackdawgs

production period.

3500 -

3000

Total Cumulative CO2e : Without and With Jackdaw Project

2500
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Cumulative CO2e ktonnes

500 -

Shearwater (No Jackdaw) Jackdaw incremental at Shearwater

Figure2 & Total CQe contributions from Shearwater andacldaw

Jackdaw CQe Emissions

Total annual CQe

emi ssions fr ovmr $ a ¢i.e gemnofgnaximum preductmn, 2026) is
131 kt which equates to 0.9% (0.13 MT) of total annual UKCS emissions of 14.54 MT (baseline year 2018)
shown inFigure 3. Addi ng Shear water hub and
production (2026) amounts to less than 3% (0.43 MT).

Jackdaw

emi ssi on
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Jackdaw emissions vs UKCS emissions, MtCO,e

Worst case Jdaw
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» Jdaw worst case GHG emissions

Figure3 & Jackdaw peak year CQe emissions as a propdion of 2018 UKCS GHG emission

How Jackdaw will deliver 6.5% UKCS gas for less than 1% UKCS emissions

We have been, and remain, determined to minimise the environmental effects of the Jackdaw development
project, including by reducing atmospheric emigsis.

The development of Jackdaw via the Shearwater platform and the onshore St Fergus Gas Terminaldstp
economically viable option for Shell UK.

Tiein to the Shearwater hub has been central to unlocking the Jackdaw resource, which would otherwise
remain untapped. At least 70%of project value is realised from processing via the Shearwater hub atigb
associated gascondensate processing system at St Fergus and Mossmorran (as opposed to condensate being
blended with crude oil). No other processingpub would unlock this value and as such these other options
are not viable for Shell UK. The fact thadrevious operators were unable to economically develop Jackdaw
indicates the marginal nature of Jackdaw economics.

In turn, the Jackdaw development is ey enabler for Shearwater hub longevity enabling future tiebacks to

maximise development of the natiai resource base, as well as affording time to mature two critical pillars

of the North Sea Transition Deal. Firstly, electrification of the Central NorBea (CNS), of which the

Shearwater hub is a key part. Secondly, the Acorn carbon capture and stora(feCS) project, based at the

St Fergus Gas Terminal, is expected to create a CCS/hydrogen low carbon energy hub, including the

potential to capture (fromate 2020s) Jackdaw and ShearwaterC@ as wel |l as supporting
decarbonisation ambitionsMore detail on these two critical pillars is included below.

Environmental considerations have been factored into the project from the outset, withralver of reductions
achieved, as outlined below (all forecasts pertain to 2026, the year of maximum aipiated production;
refer also toFigure 4):

Making use of existing infrastructure
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Making use of existing Shearater hub infrastructure, rather than dedeo pi ng a -aleawn esxst a n c
platform, amderumnentd yemdtt ended¢ well head pl atf or
overall environmental footprint (power use, travel). We estimate a net reduction @D-ktpa already

factored into the Jackdaw ES

Optimisation of the existing Shearwater process to benefit Jackdaw: flare efficiency

While tying in Jackdaw to the Shearwater hub, we will modify Shearwater gas processing facilities

to redirect CQ, currently disdarged via the flare to a dedicated dischrge point. This improves the
efficiency with which the flare burns as well as
the release of urcombusted methane. We estimate a net reduction of ~50 ktpa ady factored into

the Jackdaw ES.

Optimisation of the existing Shearwater process to benefit Jackdaw: gas export to shore

The Jackdaw reservoir gas contains ~4% GOro ensure produced gas sent onshore is within the gas

export pipeline specification, defied by the National Grid, the Shearwater pocess includes an

eamine unitc¢c which treats the gas tontheelatforme and d
Through further optimisation of this treatment process (chemical change), we expect a reducfion o

~13 ktpa already factored into the Jaattaw ES (this optimisation is an update to the previous ES),

with potentially greater than another 10 ktpa reduction which we will continue to pursue.

In addition, in parallel with the Jackdaw development we are psuing a number of future plans which wil
further reduce emissions for Jackdaw, as well as securing the longevity of Shearwater as a low emissions gas
hub:

Future plans: Shearwater hub electrification

Shell UK is working with partners on a project for thelectrification of multiple CNS platforns,
including the Shearwater hub. This is expected to reduce the overall Shearwater hub emissions
footprint significantly by 60-65% (as the majority of Shearwater emissions are caused by the
combustion of fuel gas fopower generation and compression). Depw&ling on timing of startup, the
project could reduce Jackdaw incremental emissions by upt kt. The project, which involves a
collaboration between four CNS operators, is maturing rapidly and is expected to réac oseept
selectc¢c in 2022.

Future plans Acorn carbon capture and storage

Separate to the Jackdaw project, Shell UK has further plans to minimise emissions from Jackdaw (and
Shearwater). The Acorn CCS project, based at the St Fergus Gas Terminal, is eepdo create a
CCS/hydrogen low carbonenergy hub. Exporting Jackdaw gas via Shearwater to St Fergus thus
enables a unique opportunity for future emission reductions that are not available from any other
potential export route for the Jackdaw field.

The curent scope of the Acorn CQcaptureat St Fergus focuses on captur
CO; from industrial processes at the Terminal. We are also evaluating the fm@mbustion capture

of reservoir CQ from the gas streams imported through the gaspelines landing at St Fergus. In

principle this would enable all of the CQ within the Jackdaw gas stream (and that from all other

fields landed at St Fergus), to be captured, treated and transported for offshore storage. For Jackdaw,

we estimate a redation of ~10 ktpa.

These emission choiceare outlined in Figure 4 below which illustrates how development choices have
enabled emission reductions, on a kilotonnes per annum basis.

Xi
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Jackdaw: Reduction in emissions through development choices (ktpa)
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Figure4 a lllustration of the reduction oémissions enabled through development choices

SCHEDULE OACTIVITIES
The proposed schedule of activities is as follows:

Jackdaw drilling campaignQ3 2023 to Q4 2024

Installation of platform jackeQ3 2023

Installation of topsides and export pipelin€3 2023 to Q1 2025
Anticipated first hydrocarbonsQ3/Q4 2025

It should be noted that the schedule is not fixed and is liable to change as the project develops.

BNVIRONMENTAL STATEMENTSCOPE

The scope of the environmental impact assessment (EIA) and resultantammental statement (ES) includes
all offshore activities associated with drilling, installation, commissioning and stap; operations and
decommissioning activiés. The primary focus pertains to Jackdaw impacts that are incremental to the
baseline fom the existing Shearwater hub which is onstream.

This document provides details of the EIA that has been undertaken to supportSlapiplication for consent
to undertake the proposed project. This process includes a public consultation followed by ap@mensive
review by various bodies including the Department for Business, Energy and Industrial Strategy (BEIS).

The ES presents the results of the Elénducted to evaluate the environmental impacts of the proposed
project. These include: the physical gserce of vessels, WHP and infrastructure, atmospheric emissions,
discharges to sea, impacts on the seabed, the effects of underwater noise, the prodluaif waste and an
evaluation of the potential impacts from accidental events, as well as vulnerabdityhe proposed activities

to natural disasters. In addition, potential impacts on designated protected sites, sensitive habitats, and
cumulative and tansboundary impacts are assessed.

Xii
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OPTIONSELECTION

A number of development options were considered ftne Jackdaw Project, with the aim of optimising the
value of the field and the surrounding infrastructure, through a safe and environmentally responsible
development, incorporating justified opportunities and accounting for risks and capital exposure.

Fivepossible development types were identified for the Jackdaw Project. Two options were ruled out early in
the process on the basis of technical feasihyjlit

Subsea development:

ruled out: current subsea technology is not suitable for producing ultra higrepsue and
high temperature (UHPHT) wells.

Floating production unit (FPU);

ruled out: flexible pipeline risers (required for an FPU) are not suitable fooducing uHPHT
wells.

The three remaining options were evaluated as potential development types:

Proessig hub facility (two suboptions);
joint development hub facility with other nearbfields.
Jackdaw standalone processing hub facility.

WHP tie-back to an existing host facility.

The joint development hub facility option was subsequently rejected basedeconomic viability. The two
options taken forward for evaluation were a Jackdaw standalone processing hub facility and a WHR tie
back to an existinghost. The WHP tiback to an existing host option was selected based on a range of
differentiators incliding cost and environmental impact, both of which are lower for a WHP tleack than for

a standalone hub.

A number of potential host facilities were theevaluated based on factors includingnvironmental impacts
distance from Jackdaw, tien complexity, processing capacity, asset integrity, anticipated cessation of
production date andcostbenefit analysis Two possible options were identifieth 2018: Judy platform and
Shearwater platform with Shearwater selected as host by the project in 2019 followiran assessment of
host bids Since the submission of the previous Environmental Statement for Jackdaw in May 2021, we have
assembled further evidence othe viability of the Judy option Theresult of thisevaluationis that Judy is no
longer described inthis Environmental Statement as a reasonable alternatif@s referred to in the Offshore
Oil and Gas Exploration, Production, Unloadingnd Storage Envronmental Impact Assessment) Regulations
2020 and supporting guidance) for the reasons set out in Appéix E (Appendix E further explains why Judy
would not provide environmental benefits over the selection of Shearwater in any event, evénwere a
reasonable alternative to Shearwater).

From an environmental impact perspective, the Shearwateute invdves some indigenous reservoir C@
emissions offshorevhich are beingreduced as far as possible through the followingpecificactions:

Blending the maximunpossibleamount of CQ, into the Fulmar Gas Line (FGL), as welé phasing

of the Shearwaterdrilling programme, to minimise the amount of extracted CObeing discharged
offshore, while ensuring that that St Fergus onshore terminal can maintain stable operations and
security of supply into the National Gas Transmission System.

Modifying Shearwater gas pocessng facilities to redirect CQ currently discharged \a the flare to

a dedicated discharge point. This improves the efficiency with which the flare burns as well as
reducing the risk of @&snuff i acgmbostedngthatehThisalvdidar e and
an estimated additional ~200,000 te of COQemi ssi ons (i n total for Jackd
associated with combustion of supplementary fuel gas or additional emissions from venting
hydrocarbons should the LP flare be extinguished.

Xiii
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It should be noted he proposeddischarge of the amine uniCO, stream at the Shearwater processing
facilities represents an insignificant proportion aémissionsagainst various benchmarkgor 2025

and 2030, and as a worst case (peak year, 2026) emissioi.or example, worst case (2026) annual
COz(e) emissions frm both Jackdaw and Shearwater volumes (not just Jackdaw incremental volumes)
at the amine unit are 0.64% of UK Contineat Shelf emissions, and 0.02% of overall UK emissions
(reference laededadl ine Tab

JACKDAW PROJECT

The proposed Jackdaw Field Developme& Pr oj ect (the @&@Jackdaw Projectcg)

Installation of a new WHP at the Jackdaw field;
Drilling four new wells using a heawduty jack-up rig (HDJU)
Installing and commissioning a new appramately 31 km, 12" nominal bore pipeline;

Operation of the WHP as a not permanently attended installation (NPAI) with control, monitoring,
shutdown and operational support provided from the host;

Processing of Jackdaw fluids at the Shearwater platform wétkportviat he host ¢s export i n
namelythe Fumar Gas Line (FGL) (in place post 2021) for gas and the Forties Pipeline System (FPS)
for condensate.

The WHP will be a fourlegged steel jacket supporting a topsides module. It is expected the jacket will
be installed prior to drilling, with the tgsides being installed during the drilling campaign and prior to well
completion.

The WHP is designed to be monitored and controlled from Shearwater via the WHP Integrated Control and
Safety SystenflCSS), with signals transmitted directly to the host viaicrowave telemetry system. Microwave

is a line-of-sight wireless communication technology that uses high frequency beams of radio waves to
provide high speed wireless connections that can send aretdve voice, video, and data information. The
WHP will be continuously monitored from the Shearwater control room via the Process Controlssidbem of
this ICSS. The WHP CCTV system will provide additional means of monitoring the WHP, with images
tranamitted to the Shearwater platform via the telemetry system.

Visits, approximately every 2 months (8 per year), will be primarily scheduled for chemical and fuel
resupply and will also include well intervention campaigns and planned and unplanned mairaene. The
WHP will have accommodation for up to 30 people with a helideck providing the primary means of access.
Walk to work platforms may provide access during lgier campaigns of work. The WHP well bay will contain
space for up to nine wellheads / Xmasrees, though only four wells will be drilled initially. Corrosion resistant
alloy materials will be used for all WHP process piping to mitigate the corrosive effeof CO; (4.2 %) and
H.S (30ppmv) in the produced fluids. A number of chemicals (methanstde inhibitor and wax inhibitor)

will be injected at the Jackdaw WHP to prevent fouling including deposition of scales, wax and gas hydrates.
Combustion equipmenis expected to comprise three diesel generators for main power supply and a diesel
platform crane required for lifts up to 40 te. An intermittent vent system will provide a safe and reliable means
for disposal of small quantities of hydrocarbon gases.

Thefour Jackdaw wells will be drilled using a HDJU drilling rig positioned over the WHP jatke

Jackdaw fluids will be commingled topsides at the WHP and will be exported to the Shearwater platform via

a new 12" nominal bore trenched and buried pipeline. Thexact pipeline route has yet to be confirmed but

the pipeline will be approximately 31 kminlengt h wi t h a maxi mum external diam
and associated subsea infrastructure will be lined/clad with corrosion resistant alloy material tdigaite the

corrosive effects of the Jackdaw fluids.

All processing of Jackdaw fluids wiltake place at Shearwater including the separation, treatment and
discharge of produced water.
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While no continuous flaring will be required for the Jackdaw developmg access to the Shearwater flare
will be required so that the Jackdaw production pipelinean be depressurised when necessary to avoid
hydrate formation in the pipeline. Flaring would only be required after long term shutdown as well as during
commissioing or unplanned cold startup.

With the Jackdaw development thenain modification at Sheamwater impacts the location of acid gas

emissions which will now be via aledicated emissions pointather than the low pressure (LP) flare. Prior to

the change brougnt about by Jackdaw, al | o fand H:8 woul8 beeemittedra t er  n
from the LPFlare. Changes due to Jackdaw and the new emissions point do not increase the emissions of

these gases from the Shearwater native wells.

To support the Jackaw field, there will be someadditional minor modifications at both the Shearwater A
wellhead platform and C process, utilities and quarters platform. These will include:
Shearwater A- new reception facilities:
New 144& r i s emerganoydshudowm vialgedESDV);
Blowdown module for operational and manual depressurisations at the inletcilities
downstream of the riser;
Connection for temporary pigging facilities will be provided for pipeline commissioning
purposes;
Space will beprovided for a permanent pig trap if required later in field life; and
Utilities connections to the instrumeair and firewater systems included in the Brownfield
scopes.
Shearwater C:
Modifications to the acid gas removal unit (also known as the amine unit)redirect H.S
and CO, from Jackdaw fluids, away from the low pressure flaye
Piping changes to amine ge-coolers to support Jackdaw fluids processing
Telecoms antennas, communittens, and radio equipment

CONTEXT OFDEVELOPMENT

The Jackdaw project will form part of a wider integrated system that makes a significant contribution to UK

energy security, ad which Shell is working towards repurposing to facilitate significant futu@HG emissions
reductions. The addition of volumes from the Jackdaw
Shearwater. Shear wat er iingegrdted expostbystemktbed SE@AL systdm; itSsithe | | UK
core offshore hub suppling the gas into this gago-chemicals value chain.

The Shearwater hub, however, is subject to decline as a result of declining indigenous volumes. In providing
a longevity biidge for Shearwater, Jackdaw also vitally enables @&ansformation of Shearwater and the
broader SEGAL system to support national and sectoral energy transition objectives, allowing for time to
mature three critical opportunities: Transformation of Shearteainto an attractive low carbon energy hub
for third party tie-backs with significantly reduced scope 1 emissions through the CNS Electrification Project;
pre-combustion carbon capture and storage via St Fergus and the creation of a gateway to a low @xp
sdution that removes scope 3 emissions througdpurposing gas to blue hydrogen through the Acorn project.

BASELINEENVIRONMENT

The physical environment at the Jackdaw Project area has been described in the context of its meteorological,
oceanographicand bathymetric features.
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Winds are characterised ly speeds averaging 8.6m/s from a south west direction. There are seasonal trends
of wind direction and velocity. Calm winds prevail between June and August and strong winds prevail
between November and Mrch.

Sea surface and seabed temperatures averagerarelly at 10 and 7 °C, respectively. Sea surface and seabed
salinities average annually between 34 and 3% , respectively. The water column stratifies in the summer
and is influenced by Scottish coastalaters and the currents of Fair Isle and Dooley. Analiaverage wave
height ranges 2.1142.40 m and annual average power ranges 18.424.0 kW/m. Water depth ranges 754

78 m below the lowest astronomical tiden the jackdaw field, and deepens towards the sheaster water
platform with water depths ranging 7591m along the pipeline route.

Sediments are characterised as Holocene veneer of very loose to medium dense silty sand with traces of

shell fragments anchumerous cobbles and boulders. Theswerlie the saw and clay accumulations of the

Forth Formation, Coh Pit Formation and Fisher Formatien Habitats in the Jackdaw Field are mainly

classified asEuropean Nature Information SystefEUNIS bi ot ope compl ex @&Ci.rcalitt

Habitats identified along the pipeline route areaeCi r cal i t t o r(AbI26),mCd dyx as andor al fi
(A5.36), eDeep circadeditmemmatl¢c coA5.sk5) and @&Deep circalitto

Levels of contaminants in the Jackdaw field and the JackdaBhearwater pipeline area are generally at the
background levels reported for the CNS. An increase in some concentrations of heavy and trace metals is
noted towvards the Shearwater platformalthough all results are still below the OSPAR toxicity thresholds.
drill cuttings pile is present at the base of the &wrwater platform. Contaminant concentrations in some sub
samples (in the Shearwater cuttings pile) exceeded ecological thresholds, however a reduction hydrocarbon
and heavy and trace metals was observebtetween 2013 and 2019, suggesting some recovery ofhie
sediments in the close proximity to the Shearwater platform

The most abundant of théenthic speciesin the Jackdaw Fieldwere annelids, arthropods, molluscs and
echinoderms Dominant and abundant taxawere polychaetesGalathowenia, Paramphinome jeffreysji
Pholoe assimili@nd Spiophanes bombyx The deeper section of the pipeline route from the mjmbint to the
Shearwater platform also featured bivalveAdontorhina similis Axinuluscroulinensis Parathyadra equalis
and Timocleaovata

Spawning grounds for a number of fish species have been identified within the proposed project area

including cod, lemon sole, mackerel, Norway pout, plaice, whiting and sandeels. In additiche area also

coincides wth nursery grounds for anglerfish, blue whiting, cod, haddock, hake, herring, ling, mackerel,

Norway pout, plaice, sandeels, spurdog and whitingMar i ne Scotl and identified a
concerng¢g f or s emnMayandAugust withia Bbsks2B/80t 28/26e30/1, 30/2 and 30/3,

due to potential effect of underwater sound to fish spawning.

Harbour porpoise, whitebeaked dolphin, Atlantic whitesided dolphin and minke whalehave been sighted
in the Jackdaw Project aa and its surroundingsSealsare not expected tooccur in the area.

Seabirds associated with the Jackdaw Project area include northern fulmar, European sfgetrel, northern

gannet, great skua, blackegged kittiwake, common guillemot, little auk, Atldit puffin, and a number d

gull species. Many of these species are present in low densities such that according to the Seabird Oil
Sensitivity Index (SOSI) the sensitivity of birds to surface pollution in the area is generally low throughout the

year. Exeptions to this are May ad June when it is regarded as extremely high in Block 30/08 and medium

in Block 30/03, and September and October when it is regarded as very high in Block 23/26. INCC have

not identified any @aper i erabilitférdridingactivitieswithin theseblotke. seabi r

The closest protected area is the Fulmar Marine Conservation Zone (M@signated for subtidal sand,
subtidal mud, subtidal mixed sediments and ocean quahdg. islandica)) which is approximately 32 km
south of the Jackdaw filel. The East of Gannet and Montrose Fields Nature Conservation Marine Protected
Area (NCMPA,; designated for offshore deep sea muds and ocean quahog aggregations) is approximately
45 km northwest of Jackdaw. The dlwegian Particularly Valuable Area (PVA): Mckerel spawning grounds

is approximately 8km north of the Jackdaw development area.
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Ocean quahog puveniles were recovered from all stationsluring surveysat densi ti es of
Superabundant, abundat, common, frequent, occasional, rare (SACR) scale, with the exception of one

station wher e t he Duiegihe Sheaywaterdiedd mettaringrawovey; adult ocean quahog
were recovered fromt wo st ati ons leonthesSAGFOR sa whilst uvdniks/vweere recovered

from all statio n s camiorgee t o -agbsuunpdearnt ¢ densi ti es

Sea pens Virgularia mirabilis, Pennatula phosphoreaand Funiculina quadrangulari$, burrows, Norway
lobster (Nephrops norvegicug and horse mussels were obseed during the pipeline route surveySurvey
reaults suggest that habitat along the norttvestern section of the Jackdaw pipeline route (towards Shearwater

platform) potentially meets the definition of OSPAR Sea pens and burrowing megafauna communities.

Megafauna burrows were recorded as Common (@ species per 1 n¥) in all video transects, and 2 species
of sea pen reported as frequent at the same transects.

The Jackdaw Project area is located withilmternational Council for the Exploration of the Sega$CES)
rectangles 42F2, 43F1 and 43F2and the fshing effort therein isconsidered low.The majority of fishing
effort takes place between May and Septembefrawls were the only gear type used within the three ICES
rectangles betweer2016 and 2020.

Shipping density in the Jackdaw Project area isonsdered to be moderate in Block 22/30, low in Blocks
23/26 and 30/1 and very low in Blocks 30/02 and 30/03 . Seventeen shipping routes occur in the area,
only two of which pass within 3 nm of the WHP location.

The proposed Jackdaw Project is located in a welablished area for oil and gas infrastructure The
proposed export pipeline will crossthe trenchedJudy to Culzeantelecommunications cableThere are o
renewable energy developmentsr military exercige areascloseto the Jackdaw fieldand no wreckshave
been identified close to the proposed new infrastructure.

ENVIRONMENTALIMPACTASSESSMENT

A summary of the key findings of the proposedackdawProject impact assessment is presented below.

Physical IPesence

The physical presence of the drilling rigoroject vessels, WHP and subsea infrastructure has the potential to
be a navigational hazard, restrict fishing operations in the area and to cause disturbance to marine fauna.

a&f r e

Mitigation measures include ar | 'y consul tati on wi t bderatiom dSFFy oo dllt i s h F i
operations and notification to other users of the sec:

the physical presence of the vessels and infrastructure on otherssers and animals other than the benthic
communitesin the area is consideredslight

Seabed Disturbance
There will be disturbance of the seabed during the drilling and construction phases of the project.

Prior to entering the safety zone, the jaelp drilling rig will be stationed 500m from the wellhed platform.

To bring the drilling rig into its final working position adjacent to the WHP, up to four anchors will be
deployed to prevent collision with the jacket. Approximately 1,00 of each anchor linewill be in contact
with the seabed. Before thenstdlation of the WHP topsides is undertaken it may be necessary to move the
drilling rig off-station. This operation will not involve anchoring, but anchors will be-deployed to returning
the rig into its final working position.

Drill cuttings and wate-based muds will be discharged during drilling of the two upper sections of each well.

Cuttings from the top 36a section will be discharged

will be discharged from the drilling rig at approximatelyl5 m below sea level. The lower well sections will

be drilled using low toxicity oil based muds (LTOBM). The base case is that the LTOBM contaminated cuttings

will be skipped and shipped to shore. Howeverhe ES retains the option to separate and therma¢atment
the cuttings from the lower sections onboard the drilling rig. Following treatment the cuttings would be
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discharged through a chute 15 m below the sea level. Drill cuttings discharge simulatiossg the Dose
related Risk and Effects Assessmémbvdel (DREAM) estimated a maximum deposition thickness of 1188
near the wells which decreases to &5 mm at 190 m from the wells. On completion of drilling of the four
wells, the area of seabedvhere the combined risk from burial thickness, grain sizhiange, oxygen depletion
and toxicity to more than 5% of benthic species most sensitive to these pressures was OkB&2and was
limited to within 500 m safety zone. The affected area of is predéd to decrease rapidly to 0.058kn¥ after
one year.

Seabal disurbance resulting from trenching the pipelines consideredtemporary asbackfill with natural
sediment will allow reinstatement of the natural habitat available for recoleaiion.

Tie-in of the production pipeline at the Shearwater platform is &ky to cause some disturbance to an existing
cuttings pile. The volume of cuttings expected to be disturbed i§0<m®, and any disturbed cuttings are
expected tore settle in close proximity to thelatform.

Impacts resulting from drill cuttings dischargend disturbance of historic drill cuttings at Shearwater are not
expected to coincide wit h penhand hurooviegmmedgafauna cortniruditiés habi t a
that has been identifiecalong the northwestern section of the Jackdaw pipeline routel¢ng a 12 km length

of the pipeline towards Shearwater platform). However, trenching activities associated with pipeline
installationcouldresult in redeposition of excavated sediment within 100 rof the pipeline route As a result,

it is expected thatheasea pens and burr owi ng heasta wilf be impactedcdorimmu ni t i e
trenching activities.

There are no impacts to the seabed expected to result from production operations. Deconunisgj activities
will result in temporary disturbance taie sabed. However, it is expected that the area affected will be less
than that disturbed during drilling and installation activities and mostly contained/overlapping with within
the same area.

Overall, the worst case analysis of the proposed Jackdawdpect activities that require interaction with the
seabed show that most of disturbance will be temporary whilst the jaekp is on station and during
installation of the platform pipeline, and other subsea structuresipproximately 2.5 kn? may be subjecta
temporary disturbance by drilling and installation activities, and 0.1&n? will have a permanent or long
term footprint from the stabilisation and protection materials, WHP and residual cuttings accumulation.

Considering the seabed and benthic commuidgs are expected to recover in short to medium term, and the
pr oj e c s aminimizefthe fomgterm or permanent disturbance, the residual impacts are considered
minor.

Emissions to Air

Activities associated with the proposed development and operatioof Jackdaw, including drilling,
installation, production and decommissiongqwill all result in emissions to air which can contribute to global
atmospheric concentrations of greenhouse gases and regional acid loads.

While there will be incremental emisens from the JackdawProject the selected concept has been designed
to minimise emissions as far as reasonable, from day one of operations, and has biriltapability to deliver
further emission reductions where possible. The Jackdaw well head platfqiHP) attributes minimal
emissions (3ktpa) but has been future proofed for fu viable electrification opportunities. While the source
of electricity on the platform will be from onsite diesel driven generation, the platform will be able to change
out to accommodate third party lower carbon electricity via connection to an eledatify network if a viable
opportunity arisesthrough the CNS Electrification project

Emissions from the Jackdaw WHP will be minor and consist of combustion emissions from th#\tfesel
generators and intermittent onboard emissions from the vent follogristart up or during maintenance only.
Operational emissions related to the development will principally occur at the Shearwater host where
Jackdaw produced fluids will be procesed. Adding Jackdaw fluids to the process on an already operating
platform will result in more efficient use of the gas turbines used for power generation and compression duty
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as the Jackdaw fluids are replacing production from declining wells. The additiof Jackdaw production will
reduce Shearwater emissions intensity.

The aveage improvement in intensity is44% over the field life, but increases to a maximum improvement
of 278% during the mid field lie. For example in 2030 Shearwater, without Jackdaywwould have a GHG
intensity of 1.3 t CO.e/tHC whereas Jackdaw andShearwater combined GHG Intensity is 0.36 t
COze/tHC.

CO; is an indigenous component of the Jackdaw reservoir fluids, some of which needs to be extracted from
the produced gas in order tomeetexport specification for onward processingThe CQ retained within the

gas for exportis expected tamake up approximately 44% of the total C@content of the produced gas.The
extracted CQ will be emitted at Shearwater, as currently occurs for G@xtacted from gas produced from
other fields tied to ShearwaterThe extracted CQ from the Jackdawand Shearwatergas will be emitted at

a new emission point, at the exit of the acid gas scrubberthe amine unit. This will not increase the emissions
from the Shearwater fields The rerouting of the acid gas stream awafrom the LFflare (currentemission
point for extracted CQ) to the newemissionpoint removes the need to flare supplementary fuel géasith
subsequent emission$) keep the flare litdue  the CO, within the gas stream.

The majorityof J ackdawgs emi ssions are from usegandothergaes ami ne
via use of amine units is relatively uncommon in the Central North Sea (CNS). As a result, worst case peak

year emissons from Jackdaw and Shearwater mine unitcombined (93 kt) make up 24% of vented Cee

emissions from the UK CNS, however when compariedterms of the overall vented Cg& emissions across

the UKCS, the proportion is considered insignificant, in theovgt case amount to 0.64% of total UKCS C@

emissios (refer to e&eHeadline Tabl eg).

The contribution of emissions from the Jackdaw Project is minimal when compared to UK and UKCS emissions
and the new development has been designed with efficiency in miadd to minimise GHG emissions.
Jackdaw and Shearwatecombined profiled emissions in 2026, theear of highest predicted emission level

for Jackdaw, constitute 0.09% of 2018 UK emissions, and 2.97% of 2018 UKCS emissidie. submit that
these sectoral andhational contributions are relevant and standard indators of the significance of climate
impact.

When compared to the North Sea Transition Deal targets of 2027 and 203total Jackdaw (WHP and
Jackdaw incremental at Shearwateemissions make ufd.177% and 0.555% respectively of th&lSTDtarget
emissionsShell UK continuously reviews its operations to assess opportunities to optimise energy use and to
reduceemissions as part of Shell UK's emissions reduction programmes.

It is not expected thathe Jacklaw dev e | opment wi | | significantly i mpact
current emissions targets and is unlikely to impact upon future targets. Overall, the new development is not
anticipated to cumulatively represent a considerable contrifut to global climate change. Consequently,

with the mitigation measures in placehe overall significance of the impact of atmospheric emissions arising

from the proposed Jackdaw field development is considered to iménor.

Discharges to Sea

Planned marine dishargeswill take place during all phases of the Jackdaw Project arising from: drill cuttings
and associated mud, cement and cementing chemicals, well bore clean up fluids, sediment suspension during
pipeline trenching; Shearwater cutting re-suspension dung riser tiein; hydrotesting water during the
installation, flooding, cleaning and gauging of the new pipeline; inhibited water discharges during the
pipeline tie-in to the spools and risers; water and omo-ethylene glyco(MEG) disclarges during the ppeline
dewatering;drainage water discharges at the Jackdaw WHP; and produced water discharges at Shearwater
Impactsfrom thesedischarges may arise from the presence stispended solidsdispersed and dissolved
hydrocarbons and chemicés containedwithin each discharge.

Impactsto the sea water column fronmarine discharges during thalrilling and installation phases of the
developmentwill be shortlived and will stop shortly after these activities have cease®REAM model
simulations of discharge of dii cuttings to sea predictedthat potential impacts to the water column are
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localised and very transient: within two days of the completion of drilling there would be no areas of
significant risk within the water column.

Produced water (PW) from Jackdaw Wli be comingled with that of other reservoirs and processed at
Shearwater. It is estimated that Jackdaw may contribute up@8 % of the Shearwater PW discharge as the
Jackdaw field matures and the Shearwater production dewdis. A PW compatibility assessemt of the
Jackdaw and Shearwater PW indicated that Shearwater and Jackdaw fluids composition are anticipated to
be compatible, and comingling is not expected to result in a significantimpact on water quality at Shearwater.
In particular, Jackdaw will notrequire injection of a corrosion inhibitor due to the use of corrosion resistant
alloy materials for all topsides piping, WHP riser and pipeline to Shearwater.

During decommissioning, some discharges to sea are likely to occThese may include plannedidcharges
during abandonment, cleaning, disconnection and removal of infrastructure from the project area.
Discharges to sea resulting from the decommissioning activities will be described in the environmental impact
assessmet submitted in support of th®ecanmissioning Programme.

The residual impacts of discharges to sea from the Jackdaw Project area to the marine environment are
considered to beslight

Underwater Noise

Many marine organisms use sound for navigation, commigation and prey detection. Thesfore, the
introduction of marmade sources of underwater sound has the potential to impact marine animals if it
interferes with their ability to receive and use sound. Types of impact include temporary avoidance or
behavioural changes, the masking of bitmgical sounds, auditory and other injuries.

Sources of underwater sound associated with the proposed Jackdaw Project will result freessel
operations, piling, drilling and rock dumping.

The highest levels of underwater s® for the Project will be fron piling operations during the installation of
the jacket for the Jackdaw WHP. Modelling was carried out to predict the potential impact of piling noise on
marine mammals and fish that may be present in the area during thesgtivities. The modelling detenined
the changes in the sound levels with increasing distance from the source of piling.

A maximum of four piles will be required to install the WHP jacket. It is expected that each pile will take a
maximum of eight hours tadrive to the required penetrabn depth and all piles will be installed within ten
days.

The predicted sound levels were compared with the established thresholds to assess an injury potential due
to an instantaneous change in sound pressure level as veaslito a cumulative exposure tthe sound pressure
(cumulative SEL), taking into account hearing capability of species. The assessment indicated that
implementation of a predefined softstart procedure of 50 minutes significantly reduces the risk of injuo
marine mammals as cumulate ELthresholds are not exceeded outside the standard 500 m mitigation zone
assuming the animals swim away from the noise source. Similarly, fish injury thresholds are also predicted
to be within the 500 m mitigation zone. The soft start and ramjup procedure will allow the animals and

fish to move away from the piling location to distances where they will not suffer injury when the hammer
reaches maximum blow energy.

Although disturbance to marine mammals may occur fronilipg at Jackdaw, the disturbane will only be
temporary, and any disturbed marine mammals will likely return to the area within a few days once the piling
ceases.

Overall, considering the short duration, extent of exposure and the planned mitigation reeees, the
residual impact fromunderwater noise is considereaninor.
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Waste Management

Shell is committed to reducing waste production and managing all produced waste by applying approved

and practical met hods. Shel |l ¢s ewths implementativa gf evaseen t phi
prevention and source reduction measures. Waste will be managed by means of waste management plans
and procedures that will be established by Shell or

key responsibilitis, reporting requirements and rthod for the collection, storage, processing and disposal
of waste. A programme of planned internal and thiregparty audits will assess the effectiveness of, and
conformity to, waste management procedures on a regular basi.Decommissioning Programme wibe
developed by Shell which will address waste management during the decommissioning phase.

With the application of the above control measures the impact of waste generated during the development
and production of Jackdawfield will be minimised.

Accidental Bvents

The ES presents a detailed evaluation of three high significance hydrocarbon spill scenarios: (1) a low
probability well blowout; (2) a diesel inventory loss from the mobile drilling rig; and (3) a rupture of the
pipeline from the Jackdaw WHPa the Shearwater host platformand release of condensate. Small scale
accidental events, ranked minor or moderate, have also been reviewiadhis ES.

The three high significance scenarios were modelled using the 8jlill Contingency And Response (OSCAR)
model. The well blowout was estimated to result in the highest environmental maljor), particularly the
receptor water quality due to the prolonged release duration and range of released condensate. The diesel
inventory release and the pipeline ruptureiere estimated to haveminor environmental risk due to the limited
volume and range of the releases.

The well blowout and diesel inventory release scenarios are considered Major Accidental Hazards (MAHS).
MAH's mustbe assessed to determine if they magsut in significant adverse effects on the environment and
constitute a Major Environmental Incident (MEI). Based on the criteria outlined in the Safety Case Regulations
(SCR, 2015) and the oil spill simulation redslit was established that a well blowd oould lead to impacts

that would qualify as an MEI as defined in the SCR (2015) but not a diesel inventory release.

Cumulative and Transboundary Impacts

Emissions over the life of the Jackdaw Project have the potential to impact local air quality anzbtaribute

to increased global concentrations of atmospheric greenhouse gases leading to global warming. At the local
level, offshore meteorological conddns are expected to lead to rapid dispersion of atmospheric emissions
and local impacts will be forshart durations only. As a new development, the Jackdaw Project will incorporate
management and mitigation measures as part of the project design to mirémthe release of emissions to
air. No other aspects associated with the proposed planned activitia® expected to have a transboundary
impact or to contribute to a significant cumulative impact.

There is a risk of transboundary and cumulative impacts the atmosphere and the sea from the potential
release of hydrocarbons at the Jackdaw Project aredhe release of VOCs to the atmosphere during
accidental events, could potentially cumulatively contribute to global climate change. There is a high
probability of diesel crossing the UK/Norwegian median line from a loss of diesel inventory, and condensate
in the event of a well blowout, however, measures will be in place to minimise the likelihood of such an event
occurring. Should an event occur, measurestout in the relevant oil pollution emergency plans will ensure

a co-ordinated and co-operative reponse.

OVERALICONCLUSION

This ES, based on an assessment of significant adverse effects, finds that the Jackdaw development would
not cause any significantong-term adverse impact to the environment. Risks and impacts can be readily
mitigated and contrdled through robust design, effective operating practices and systems implemented by a
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highly trained workforce. ShellUK has a significant track record inthe delivery and operation of offshore
project developments in the North Sea and is committed to feoing the environment by carefully
considering the potential impact new developments may have during the planning of projects and throughout

the lifetimeof operations.
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MITIGATION MEASURES, SAFEGUARDS AND CONTROLS

ASPECT COMMITMENT

Physical presence Projed specific:

Drilling rig routes will be selected in consultation with other users of tl
sea, with the aim of minimising interference to other vessatd the risk
of collision; and

Vessel use will be optimised by minimising the number of vesselsiiesg
and length of time vessels are on site.

A post installation survey will be carried out following backfilling of the
export pipeline to ensure thdine is over trawlable and to ensure there
are no clay berms remaining.

Standard management measures:

Consutation with SFF for all phases and operations;
Notice to Mariners will be circulated prior to rig mobilisation;

As required by HSE Operations Noticé (HSE, 2014), a rig warning
communication will be issued at least 48 hours before any rig moveme
Notice will be sent to the Northern Lighthouse Board (NLB) of any drillit
rig moves and vessel mobilisation associated with the mobilisation a
demobilisation of the drilling rig;

A Vessel Traffic Survey will inform a Consent to Locate application
the drilling rig;
A Collision Risk Management Plan will be produced, if required;

All vessels engaged in the project operations and the WHP will ha
markings and lightings as per the International Regulations for tt
Prevention of Collisions at Sea (COLREGS@nternational Maritime
Organisation (IMO), 1972);

The drilling rig and WHP will be equipped with navigational aids and
aviation obstruction lights sstem, as per the Standard Marking Schedul
for Offshore Installations for example fog lights, aviationbstruction
lights, helideck lighting and radar beacons;

The drilling rig will have a statutory 500 m safety zone to mitigate an
collision risk;

An Emegency Response and Rescue Vessel (ERRV) will patrol the .
when the platform is manned;

Subsea infrasticture outwith the Jackdaw and Shearwater 500n zones
will be overtrawlable;

A 500 m exclusion zone will be in place at the Jackdaw WHP; and
The ug of pipeline stabilisation features (e.g. mattresses and rock cov

will be minimised through projectdesign and will be installed in
accordance with industry best practice and SFF recommendations.
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ASPECT COMMITMENT

Seabed disturbance | Project pecific:

If possible, the drilling rig will not be taken off station to allow the WHI
topsides to be fitted.

The base case is thahe LTOBM contaminated cuttings will be skippec
and shipped to shore for treatment and disposal.

If discharged offshore the LTOBM contanated cuttings will be thermal
treatment to reduce oil on cuttings to less than 0.1% (well undke
regulatory requrement of 1%) as well as destroying chemical additives

If the LTOBM contaminated cuttings are treated offshore the resuli
cuttings pwder will be discharged into the water column (rather than &
the seabed) resulting in greater dispersion and a relaély small
contribution to the overall cuttings pile (which is primarily made up ¢
WBM cuttings).

Selection of trenched pipeline desigmeans a reduction in protection
materials used and reduces the area of permanent impact.

The pipeline will be trenchednd backfilled with natural sediment whick
will be available for recolonisation and habitat recovery; and

Tiein routes to the Shearwatemlatform will consider options that
minimise disturbance to the Shearwater cuttings pile;

Standard management measures

Pre-deployment surveys have been undertaken to identify suitat
locations for the drilling rig anchors;

Anchors of the drill rig are b be maintained under tension to minimise
chain contact on seabed:;

Cement volumes required will be planned and optimidg

ROV monitoring during cementing jobs that allows stopping when it i
observed on the surface;

Sea dye will be used to indicate whenement is approaching the surface
Minimise use of rockdump, grout bags and mattresses during design;

The use of dynarncally positioned vessels where possible will minimis
anchor use;

Use of low toxicity chemicals in WBM; and

Use of specialist contracts to minimise dropped objects; and lifting
plans in place.

Emissions to air Project specific:

Minimise flaring during well startup phase by flowing the wells directly
to the Shearwater installation instead of a ripased well test package.

Minimising manned visits to the Jackdaw WH#® minimise the need for
additional power and reduce helicoptetrips;

Integration of BAT principles in the selection and design of the Jackda
combustion equipment;

Limiting the number of Jackdaw cold statips by extending no touch time
by methanol dosing or part depressurisation to limit venting and flaring
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ASPECT COMMITMENT

Minimise venting sources tbugh designing out the need for pressurt
safety valves (PSV) on the higressure flowlinedy maintaining a high
integrity pressure envelope throughout the WHRanifold and header,
adoption of inert gas use for purging for mainteance works and the
selection of double block valves on vent lines and for manual locall
operated depressurisation;

Minimise fugitive emissions through use of low loss fittings and select
of high integrity equipment;

The WHP design includes space and vght capacities and Jube to
accommodate an electrification retrofit if green power is available i
future;

Rerouting the Shearwater amine ungmissiongo a newdischargepoint
to avoid extinguishing flare and remove need to flare supplementary fu
gas to keep the flare lit

Seek to maximise the export gas concentration of CQ to be
accommodated by the SEGAL systetim reduce emissions of indigenou
CO; at Shearwater

Minimise the use of vessels through efficient journey planning
Adhere to Shelinternal management programre:
GHG emissions forecasting on an annual basis
Setting GHG intensity targets
Setting flaring and venting targets

Develop and maintain GHG and Energy management plan:
and

Develop operational flaring and venting management actio
plansin line with the OGA flaring and venting guidance.

Standard management measures:

Ensure all vessels comply with the MARPOL convention;
Ensure all vessels c¢omplStandard;t h
Ensure emissions from combustion equipment will be monitored;
Recordirg, and reporting of emissions as required; and

Include Jackdaw in the energy optimisation study programme for Sh
UK operations.

Discharges to sea Projectspecific:

CRA material used for the Jackdaw topsides and for the pipeline;

Careful cement volumeestmates will be made during drilling to
minimise the volume of excess cement.

Shearwater PW risk assessment of changes due to Fram subsebaizk
and modeling will consider Jackdaw forecast produced water;

Maintenance and Inspection Programs; and
Equipmert selection to minimise risk of leaks.

Standard management measures

Drilling rig and vessels will be subject to audits to ensure complian
with Shell sandards, contract requirements antlK legislation;
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ASPECT COMMITMENT

The base case is that the LTOBM contaminatedtiogs will be skipped
and shipped to shore for treatment and disposal.

If treated offshore for subsequent discharge, effective solids contro
separate TOBM fromcuttings to minimize LTOBM amounts adhered
cuttings prior to the thermal treatmentral redrculate the LTOBM,;

If treated offshore for subsequent discharge, the LTOBM contamina
cuttings will be thermally treated to ensure the oil content colies with
legislation (<1 % oil on cuttings by dry weight) and is treated to < 0.1
oil on cuttings;

Residual cement will also be mixed with clean freshwater during clee
up to further dilute as part of the wash down process;

All chemical additives seleed will be subject to the OCR requirement
and each application will be further risk assessed asirt of the relevant
permit applications for chemical use/ discharge.

Low toxicity and/or PLONOR chemicals will be used where possible;
Chemical storage and @ansfers designed to minimise spillages;
Drainage system designed with hydrocarbon in water sepation and
sampling facilities; and

Drainage and PW will be subject to the OPPC requirements (OP
permits are already in place for Shearwater) and the dischaggwill be
risk assessed in the relevant permit applications where compliance w
the maximum hydocarbon concentration limits will be demonstrated il
line with the regulations.

Underwater Noise Project specific:

Softstart of piling followed by a rampup procedure, whereby there is
an incremental increase in power and, therefore, sound levél softstart
of 50 minutes with the hammer operating at less than 320 kJ energy ar
a blow rate of one strike every ten sends will minimise the risk of
auditory injury to marine mammals

Standard management measures:

Use of properly qualified, trained and eqipped marine mammal
observers (MMOs) to detect mari

and potentially recommend adelay to piling operations. The mitigation
zone should be at least 500 m. MMOs should carry out a 30 minute pre
piling survey and, if an arimal is detected, then work should be delaye
until it has left the area;

Repeat of the prepiling survey and softstart whenever there is a break
in piling of more than 10 minutes; and

Avoiding commencing piling at night or in poor visibility when marine
mammels cannot reliably be detected. If this cannot be avoided, the
Passive Acoustic Monitoring (PAM) will be used.

Waste Management | Standard management measures:

Implement the principles of the Waste Management Hierarchy during i
activities;
Existingasse and vessel WMPs will be followed;
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A WMP will be developed for the Jackdaw Project; and
Duty of Care audits willbe carried out.

Accidental events Proposed mitigation measures:

Application of relevant internal and external standards and procedure:

Activities will be carried out by trained and competent offshore crew
and supervisory teams

Well construction and operation activities to be conducted with multip
barriers in place

Project specific Well Control Plan to be implemented

Use of suitably ratedand certified equipment and materialss SECE
maintenance and testing regime in place

All vessel activities will be planned, managed and implemented in su
a way that vessel durations in the field are minimised,;

Existing marine procedures will be adheredo minimise risk of
hydrocarbon releases;

Pipelines will be monitored by high and low presure alarms.

Well Control Contingency Plan in place detailing relief well plans an
arrangements with internal and external well control specialists

Compositional (asay) data and weathering analysis will be undertaker
to characterize Jackdaw condensate pperties related to its behavioul
in ambient sea conditions;

Risk assessment (modelling) will be updated with the actual condens
properties. This will ensure thatil behaviour and environmental risks are
further understood and that response measurdet will be selected will
be appropriate to the oil behaviour at sea;

An approved Temporary Operation Oil Pollution Emergency Pla
(TOOPEP) and OQil Pollution Emergeywn Han (OPEP)QIl Pollutior
Emergency Plan (OPEP) to manage releases, including lal
hydrocarbon releases, will be in place prior to any activities bein
undertaken;

Shipboard Oil Pollution Emergency Plans (SOPEPSs) will be in place
project vessels; ath

A co-ordinated industry oil spill response capability will be available.
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Changes in the Environmental Statement

The main updates in this revised ES submission are as follows:

N

Updated Information

Relevant Section(s)

Expected reduction of totaladkdaw emissions from theamine discharge point
433 kt to 380 kt

We are proposing to minimise the volumes @O,; dischargedat the Shearwater
host facility amine unit (reduction of +4%rrelative to the previous E®r Jackdaw)
via:

Optimising the processng of hydrocarbons at the amine unit to maximisg
the volumes of CQ that are blended into the Shearwater expol
infrastructure, while maintaining stable operations at the receiving onshc
terminal, and security of gas supply to the National Gas Tramssson
System.

Expected reduction of total Jackdaw an&hearwater emissions from thamine
discharge point from 800kt to 456 kt which is areduction of ~43% relative to the
previous ES) via, in addition to the above measures:

Phasing of the drillingprogramme to reduce emission levels for the peric
Jackdaw is producing.

Non Technical Summary

Section 2.5.3

Section 7.4.2.1

Section 7.4.2.5

Fresh evidence gathered since the submission of the previous Environme
Statement for Jackdaw in May 202, which has led Shell UK to determine that th
Judy platform, which had been assessed as a potential host facility for Jackd
during host concept select in 2018/2019, does not now provide a reasonabl|
alternative for the Jackdaw project.

Appendix E

In addition to the emissions reductions noted abouerrther information is provided
on the Jackdawproject'srole in helping toenable a transformation of Shearwate|
and the broader SEGAL system to support national and sectoral energy transit
objectives In particular via two projects ShellUK is currently maturing with
partners;

Hectrification of the Shearwater facility with potential to reduce ok
Shearwater emissions by up to 685%, as part of a regional CNS
electrification project, and;

The Acon Carbon Capture and Storage, and Hydrogen projects at the {
Fergus gas terminal, which are planned to both become operational by tl
late 2020s and which ultimately if sanctioned, will enable emissions
reduction service to future UKCS gas fields.

Sectin 1.1
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HEADLINE TABLE

The emission quantities expressed in the top half of the table below are the additional emissions from the
Jackdaw project over and above the emissions which would be expected from the existing Shearwater
facilities forward projectons, which are considered project baseline zero. In addition below this, for

completeness, cumulative Jackdaw and Shearwater emissions are quoted.

Jackdaw Emissions May Feb
2021 ES 2022 ES
Cumulative Jackdaw Project operational emissions 649kt 543kt (-20%)
(well head platform operations, transits to WHP and Jackdaw incremental emissions at Shearwater)
Total Jackdaw emissions from the Shearwatemine unit 433kt 380kt (-14%)
Worst case Jackdaw emissions (WHP, transits and Jackdaw Incremental aa8hater) 137ktpa 131ktpa (-
4.6%)
&Wor st casec¢ Jéas&pioponionsohi20585UK enmissions 0.029% 0.028%
(=worst case emissions from well head platform operations and Jackdaw incremental at Shearwater)
&eWor st casec Jé&as&ploporionofffKGS§2018) rraissions 0.94% 0.90%
Jackdaw emission (2030jrom amine Unit- as proportion NSTD targeted emissions 203050%) 0.52% 0.46%
Cumulative Jackdaw incremental and Shearwater baselumes
Cumulative total emissions frorBhearwateramine unit (Shearwater + Jackdaw) 800kt 456kt (-43%)
&Wor st c as e ¢ Sheaniatrsamivenusi{Shearveatar + Jackdaw) 139kt 93kt (-33%)
&Wor st casec¢ Jackdaw & Shasproporioh @018) dkemissionse df 0.11% 0.09%
(=worst case Jackaw emissions plus all other emissions from Shearwater)
&Wor st casec¢ Jackdaw & SRApeortioma(R048) UKESemibsionmse d 3.21% 2.97%
Jackdaw and Shearwater combined emissions (2030 without electrificati@gds proportion NSTD 5.3% 4.6%
targeted emissions 2030-60%)

@eWor st

casecg

refers to

2026 as

Jackdaw peak BSgar

producti on

for

Jackdaw incremental and Shearwater base volumes: comparison between 208 and UKCS emissions in

Jacldaw peak year (2026)

Emissions Vented GHG Vented GHG Total GHG Total GHG UK 5t carbon
UK CNS UKCS UKCS UK budge?
(380,573 t) (677,640 t) (14.54 Mt) (465.9 Mt) (1,725 M)
&eWor st caseg 24% 14% 0.64% 0.02% 0.013%
Shearwater amine Unit]
. (2028 42032 =
Emissions (92,904 t) 230 ki)

35t Carbon Budgetis full period emissions and budget
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N

ACRONYMS

ACRONYMS

Acronym Description CO.e Carbon Dioxide equivalent

% Percent CDOIF Chemical and Downstream Oil

> Greater Than Industries Forum

< Less Than COLREGS | International Regulations fothe

° Degrees Prevention of Collisions at Sea

°C Degrees Celsius COMAH Control of Major Accident

a Inches Hazards

ug/g Micrograms per gram CoP Cessation of Production

ug/kg Micrograms per kilogram cP Centipoise (a centimetrgram-

g/l Micrograms per litre second unit of viscosity)

pg/m 3 Micrograms percubic metre Cr Chromium

pm Micrometre CRA Corrosion Resistant Alloy

uPa Micro Pascal cs Carbon Steel

AHV Anchor Handling Vessel CsIP Cetacean Strandings Westgation

ALARP As Low as Reasonably Practicablt Programme

AMS AnnulusManagement System Cu Copper

AQMA Air Quality Management Area dB Decibel

AQO Air Quality Objective DECC Dgpartment of Energy and

AQS Air Quality Standards Climate Change

B Bottom DGD Deep Gas Diverter

Ba Barium DP Decommissioning Programme

BACS Background Assessment DP Dynamically Positioned (vessels)
Concentrations DREAM Doserelated Risk and Effect

BAT Best Available Techniques Assessment Model

bbl Barrel DSV Dive Support Vessl

BCs BackgroundConcentrations EC European Commission

BEIS Department for Business ECE Environmentally Critical Elements
Enterprise and Industrial Strategy ED European Datum

BOP Blow Out Preventer EEMS Environmental and Emissions

Bpd Barrels per day Monitoring System

CAPEX Capital Expenditure EIA Environmental Impact Assessmen

CATS Central Area Transmission Systen S Environmental Impact Factor

CCs Carbon Capture and Storage ELV Emission Limit Value

CCTV Closed Circuit Television EMODnet | European Marne Observation

cd Cadmium and Data network

CEMP Coordinated Environmental EMS Environmental Management
Monitoring Programme System :

of cubic foot ENVID ENVironmental issues

CFU Compact Floatation Unit LD (] sl :

CH Methane EPS European Protected Species

CHARM Chemical Hazard Assessmérmand ERL Effects Rangedw
Risk Management ERRV Emergency Response and Rescu

cm Centimetre Ves;el

CMS Corporate ManagemeniSystem ES Environmentabtatement

CNS Central North Sea ESDV Emergency Shtdown Valve

coO Carbon Monoxide ETS Emissions Trading Scheme

CO. Carbon Dioxide EU European Union
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N

ACRONYMS
EUNIS European Nature Information ITOPF International Tanker Owners
System Pollution Federation
EWC European Waste Catalogue IUCN International Union for
FDP Field Development Plan Conservation of Nature
Fe Iron JNCC JointNature Conservation
FEAST Feature Activity Sensitivity Tool Committee
FEED Front End Engineering Design Kg Kilogram
FGL Fumar Gas Line KHI Kinetic Hydrate Inhibitor
FPS Forties Pipeline System kHz Kilo Hertz
FPSO Floating Production Storage and kJ Kilo Joules
Offloading Km Kilomete
ft Foot Kn? Square Kilometre
FPU Floating Production Unit kSt Thousand standard cubic metres
glcm? Grams per cubic centimetre kw Kilowatt
g/kg Grams per kilogram kW/m Kilowatt per metre
g/m? Grams per square metre KWe Kilowatt (electrical)
GHG Greenhouse Gas L Length
GIS Geographic Information Systems I Litres
GJ Gigajoules LAT Lowest Astronomical Tide
GRP Glass Reinforced Plastic LF Low Frequency
GWP Global Warming Potential LTOBM Low Toxicity O#Based Mud
H Height LP Low Pressure
HCFCs Hydrochlorofluorocarbons LQ Living Quarters
HDJU Heavy-duty Jackup m Metre
HF High Frequency M Middle
HFCs Hydrofluorocarbons m/s Metres per second
Hg Mercury m? Squared metre
HIPPS High-integrity Pressure Proteoti m?/te Squared metres per tonne
System m® Cubic metre
HLV Heavy Lift Vessel MATTE Major Accident to the
HP High Pressure Environment
HPHT High Pressure High Temperature MAH Major Accident Hazards
Hrs Hours MARPOL | International Convention for the
HSE Health, Safety and Environment Prevention of Pollutiofrom Ships
HSSE Health, Safety Security and mb Millibar
Environment MCAA The Marine and Coastal Access
HSSESP | Health, Safety, Security, Act
Environment and Social MCz Marine Conservation Zone
Performance MEG Mono-ethylene glycol
H.S Hydrogen Qulphide MEI Major Environmental Incident
HVAC Heating, Ventilation and Air MF Medium Frequency
Conditioning mg/l Milligrams per litre
Hz Hertz mm Millimetre
1A Impact Assessment MMO Marine Management
ICES International Council for the Organisation
Exploration of theSeas MMOs Marine Mammal Observers
ID Internal Diameter MMscf Million standard cubic feet
IMO International Maritime Mol % Mole %
Organisation MPA Marine Protected Area
I0GP International Association ofil & m/s Meters persecond
Gas Producers MW (th) | Megawatt thermal
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ACRONYMS

N.O Nitrous Oxide PLONOR | Pose Little Or NO Risk to the

NAOI North Atlantic Oscillation Index environment

NCMPA Nature Conservation Marine PMF Priority Marine Feature
ProtectedArea PNEC Predicted NoEffect Concentration

NF3 Nitrogen Trifluoride PoB Persons on Board

ng/m?3 Nanogram per cubic metre PPC Pollution Prevention and Control

Ni Nickel ppmv Parts per million per volume

NLB Northern Lighthouse Board PSD Particle Size Distribution

nm Nautical mile psi Pounds per square inch

NMP National Marine Plan PSV Platform Supply Vessel

NMPi National Marine Plan interactive PTS Permanent Threshold Shift

nmVOCs | Non-methaneVolatile Organic PUQ Process, Utilies and Living
Compounds Quarters

NO2 Nitrogen Dioxide PVA Particularly Valuable Area

NOAA National Oceanic and PVT Pressure volume temperature
Atmospheric Administration PW Produced Water

NOEC No Observed Effect Concentratior RBA RiskBased Approach

NORM Naturally Occurring Radioactive ROV Remotely Operated Vehicle
Material ROVSV Remotely Operated Vehicle

NOx Nitrogen Oxides Support Vessel

NPAI Not Permanently Attended RQ Risk Quotient
Installation S Surface

NPNT Normal Pressure Normal SAC Special Area of Conservation
Temperature SACFOR | Superabundant,Abundant,

O Ozone Common, Frequent,Occasional,

OBM Oil Based Mud Rare

OCR Offshore Chemical Regulations SAHFOS | Sir Alister Hardy Foundation for

oD Outside Diameter Ocean Science

ODS Ozone Depleting Substance SAP Systems Applications and

OGA Oil and Gas Authority Products

OGUK Oil and Gas United Kingdom SBM Synthetic Based Mud

OiPW Oil in Produced Water SCANS SmallCetaceanAbundance in the

OPEP Oil Pollution Emergency Plan North Sea

OPEX Operating Expense sd Standard cubic foot

OPF Oil Phase Fluids SECE Safety and Environmentally

OPPC Oil Pollution Prevention and Critical Element
Control SEGAL Shell Esso Gas and Associated

OPPS Overpressure Protection System Liquids

OPRED | Offshore Petroleum Regulator for SEL Sound Exposure Level
Environment and SF6 Sulphur Hexafluoride
Decommissioning SFF Scottish Fisher

OSCAR Oil Spill Contingency and SO Sulphur Dioxide
Response SOPEPs | Shipboard Oil Polution

OSPAR OSlo and PARIs conventions Emergency Plans

PAH Polycyclic aromatic hydrocarbons SoS Secretary of State

PAM Passive Acoustic Monitoring SOsI Seabird Oil Sensitivity Index

Pb Lead SOx SulphurOxides

PEC Predicted Environmental SPA Special Protection Area
Concentration SPL Sound Pressure Level

PFCs Perfluorocarbons SSIV SubsealnstallationValve

PiP Pipein-Pipe SWCN Special WasteConsignment Note
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ACRONYMS

t/m3 Tonnes per cubic metre UPS Uninterrupted Power Supply
te Tonne UTM Universal Tansverse Mercator
THC TotalHydrocarbon Content \% Vanadium
TOM Total Organic Matter VHF Very High Frequegy
TOOPEP | Temporary Operation Oil VMS VesselMonitoring System
Pollution Emergency Plan VOC Volatile Organic Compounds
ToP Top of Pipe W Width
TVDss TrueVertical Depth minus W2W Walk to Work (vessel)
elevation above mean sea level WBM Water Based Mud
U Upper WEEE Waste Electrical and Electronic
UHB Upheaval Buckling Equipment
uHPHT ultra-High Presaire High WHP Wellhead Patform
Temperature WMP Waste Management Plan
UK United Kingdom WRFM Well, Reservoir and Facilitis
UKOOA United Kingdom Offshore Management
Operators Association (now Oil & WTN Waste Transfer Note
Gas UK) Zn zZinc
UKCS United Kingdom Continental Shelf
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1. INTRODUCTION

The Environmental Statement (ES) presents the findings of the Environmental Impact Assessment (hereafter
referred to as Impact Assessment (1A)) conducted by Genesis on behalf of Shell Uriitetlifor the proposed
Jackdaw Field Development (hereafter referréal as the Jackdaw Project).

The Jackdaw Project is a BG International Limited (an affiliate of Shell U.K. Limited) project which has
appointed Shell U.K. Limited as Well Operator and Iretation Operator, and received letters of non
objection to these appintments, from the Oil and Gas Authority under Regulation 5 of the Offshore Petroleum
Licensing (Offshore Safety Directive) Regulations 2015.

An ES for the Jackdaw Project was origingllsubmitted and disclosed for public consultation in January

2020.Proj ect deferral in April 2020 and the intinoductio
December 2020 resulted in an amended ES disclosed for public consultation in May 2021. l5peovided

further information for public consultation in July 2021ollowing a request made by OPRED under Regulation

12(1) of the 2020 Offshore EIA regulations. This ne
original Environmental Statement fahe Jackdaw project, as communicated in October 2021, and reflects

the improvements to the project and resulting shift in the project schedule.

The full scope of the project is described below. The key proposed changes to the Jackdaw project are an
optimisation of the existing Shearwater gas processing facilities (inding chemical change at the amine
unit), maximising volumes of C@that can be blended into the export pipeline; and phasing of the Shearwater
drilling programme to reduce emission levefer the period Jackdaw is producing. These changes result in
significantly reduced offshore emissions relative to the previous proposa

1.1. PROJECTOVERVIEW ANDPURPOSE

The Jackdaw field is situated in Bocks 30/02a, 30/03a DEEP®, and 30/02 d of the United Kingdom

Continental Shelf (UKCS) and lies in a water depth of approximately 78 m. The field is located in the Central

North Sea (CNS, approximately 250 km east of Aberdeen, 30 km soutkast ofthe Shearwater platform

and adjacent to the UK/Norway medianline.Jac k daw i s a gas/ condensate develo
permanently attendedda wel | he a thephellaJK dperated Shearwater hfilbo ur we |
via a 31 km pipeline and onwards to the Shell UK operated SEGAL infrastruct(ifégguie 1-1). At its peak,

Jackdaw is expected to deliver 6.5% of UKCS gas production for less than 1% of UKCS emissions and produce

an amount of energy equivalent to heating over 1.4 million UK homes.

In terms of atmospheric emissions, the primary focus ofstiirvironmental Statement pertains to Jackdaw

emissions that are incremental to the baseline of projected emissions feomi st i ng (or e&@nati veg
hub development covering multiple existing onstream fields. The native Shearwater hub baseline amdunt

2550 kt COze (forward from 2025) with Jackdaw operational incremental emissions amounting to 543 kt

COgze, or ~20% incremental as showrin Figure1-1.

4 Offshore Oil and Gas Exploration, Production, Unloading and Storage (Environmental Impact Assessment) Regulations 2020
5 Thelicence for Block 30/03a is stratigraphically split. The relevant block referees for the dckdaw Development are 30/02a, 30/02d and 30/03a DEEP.
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$500 1 Total Cumulative CO2e : Without and With Jackdaw Project

) t

2500 ~

1500 -

Cumulative CO2e ktonnes

500

Shearwater (No Jackdaw) Jackdaw incremental at Shearwater

Figure1-1 Total CQe contrbutions from Shearwater and Jackdaw

Total annual CQee mi ssi ons f r omvolJad kicapear@fgnaxirumeprodection, 2026) is

131 kt which equates to 0.9% (0.13 MT) of total annual UKCS emissions of 14.54 MT (baseline year 2018)

shown in Figure 1-2. Addi ng Shear water hub and Jackdaw emissi
production (2026) amounts to less than 3% (0.43 MT).

Jackdaw emissions vs UKCS emissions, MtCO,e

Worst case Jdaw
+ SWRGHG
emissions, 0.43

Worst case Jdaw
GHG emissions

MT [ 0.13MT
UKCS GHG
Emissions, ‘
14.54 — N
m UKCS GHG Emissions ® Jdaw+SWR worst case GHG emissions

® Jdaw worst case GHG emissions

Figure1-2 Jackdaw peak year CQe emissionsas a proportion of 2018 UKCS GHG emissions.
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We have been, and remain, determined to minimise the environmental effects of the Jackdaw project,
including by reducing atmospheric emissions. Environmental considerations have been factored into the
project from the outset, with a number of reductions achieved, as outlined below (all forecasts pertain to
2026, the year of maximum anticipated production).

Maki ng use of existing infrastructure: The deci si
existng facility,rat her t han deval omegd mpewcastsamdgy facility,
the Jackdaw Project¢s environmental footprint. It

a net reduction of 70 ktpa, already factored into this&) andreducesthe CO; intensity of Shearwater,
the selected host, relative to developing a new standalone facility with processing and export capacity
for gas and liquid separation.

Optimisation of the existing Shearwater process to benefit Jackdaw @laffidency): While tying

Jackdaw to the Shearwater hub, we will modify Shearwater gas processing facilities to redirect CO

currently discharged via the flare to a dedicated discharge point. This improves the efficiency with
which the flare burns as welhs reducingthe  r i sk of @e&snuffing outg the fI1
combusted methane. We estimate a net reduction of 50 ktpa already factored into this ES.

Optimisation of the existing Shearwater process to benefit Jackdaw (gas export to shofdle

Jadckdaw reservoir gas contains ~4% CQ@. To ensure produced gas sent onshore is within the gas

export pipeline specification, defined by the National Grid, the Shearwater process includes an
eamine unitc which treat s topodiongfahe CQ,on the platftorm.e and d
Through further optimisation of this treatment process (chemical change), we expect a reduction of

~13 ktpa already factored into this ES, (this optimisation is an update to the previous ES) with a

potential opportunity to reduce a further 10 ktpa which we will continue to pursue.

Shell also expect to make changes to tiphasing of the drilling programme to reduce emissiolevels

for the period Jackdawis producing so as taminimise the CQ amine unit emissioa at Shearwater.
Taking Jackdaw and Shearwater together with the optimisation of the amine treatment process
outlined above, an expected reduction of total emissions from the amine discharge by 43% relative
to the previous ES is anticipated.

From an econont perspective, atie-in to the Shearwater hub has been central to unlocking the Jackdaw
resource, which would otherwise remain untapped. At least 70% of project value is realised from processing
via the Shearwater hub and the associated gamndensate preessing system &bt Fergus and Mossmorran

(as opposed to condensate being blended with crude oil). No other processing hub would unlock this value
and as such other options are not viable for Shell UK. The fact that previous operators were unable to
econamically develop Jakdaw indicates the marginal nature of Jackdaw economics.

Figure 1-3 captures current facilities:

Wet gas is evacuated from Shearnwtar (Shell UK equity 55.5%) via the Shell UK operated SEGAL
(Shell Esso Gas and gsodated Liquids) system (Shell UK equity 50%) to the St Fergus Gas Processing
Terminal (Shell UK equity 50%).

At St Fergus, a deep cryogenic extraction process is used to recover Natural Gas Liquids (NGLs) from
the wet gas streams and deliver sales gésthe National Transmission System (NTS).

NGLs are exported by onshore pipeline to the Fife NGL Plant (Shell &tiGity 50%) which processes
NGLs to separate ethane, propane, butane and natural gasoline for onward sale, including via the
Braefoot Bay Marhe Terminal (Shell UK equity 50%), and further on to the Fife Ethylene Plant
(operated by Exxon Mobil and outsidehe SEGAL system).
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g .
y A B Perce
FNGL
Broefoot Bay Termindl .
MW Shell Operded — Gas pipeline
W Non Operdted — Planned CO,

pipeline

Figure 1-3 Jackdaw Shearwater Infrastructure

The Jackdaw development is a&ly enabler for Shearwater hub longevity enabling future tiebacks to maximise
development of the nationalesource base, as well as affording time to mature two critical pillars of the North
Sea Transition Deal.

Firstly, electrification of the Central Nah Sea (CNS), of which the Shearwater hub is a key part. This
is expected to reduce the overall Shearwatbub emissions footprint significantly by between 60
65%. Depending on timing of starup, the project could reduce Jackdaw incremental emissions by
up to 11 kt.

Secondly, the Acorn carbon capture and storage (CCS) project, based at the St Fergus Gasiilal,

is expected to create a CCS/hydrogen low carbon energy hub, including the potential to capture
(from late 2020s) Jackdaw and Shearwater C§ as well as supporting t he
decarbonisation ambitions. Exporting Jackdaw gas via Shearwater toFgirgus thus enables a unique
opportunity for future emission reductions that are not available from any other potential export route
for the Jackdaw feld.

1.1.1. Future Plans: Electrification And The Acorn Project

Shearwater i s the eahlegratekl bystamethe cord offshdrechul suppling ghe gasirito
this gasto-chemicals value chain that has made an important contribution to UK energysdy of supply

for over two decades. The Shearwater hub, however, is subject to decline as a resulecfiding indigenous
volumes. Jackdaw supports Shearwater longevity, helping to sustain strategic infrastructure entirely in line
with the OGA strategy.This enables future tiebacks to maximise development of the national resource base,
as well as afford tme to mature two critical pillars of the North Sea Transition Deal.

1-5

UK ¢ s



JACKDAW FIELD DEVOPMENT PROJEC
INTRODUCTION

1.1.2. Shearwater Electrification and the CNS Electrification (CNSe) Project

Shell UK isworking with partners BP, TotalEnergies and Harbour. on a regional scale project for the
electrification of multiple CNS platforms, including the Shearwater hub with the objective to materially reduce
the carbon footprint in the second half ahe 2020s and to contribute towards the Shell Group and the North
Sea Transition Deal (NSTD) reduction targets. It is an Area Planning Approach that has been encouraged
by the OGA and involves frequent engagement between such operators and the OGee Figure 1-4 for
CNSe project timeline.

Shell UKgs aim is to significantly reduce scope 1 e
the generation of power ad for driving gas compressors.

The project is split up into key partsvhich include power infrastructure, brownfield modifications, and
alternative power supply. Within the electrification scope there are 2 key options: partial electrification which
includes gas turbines for power generation only; and full electrificatiorhigh includes the partial scope, as
well as gas turbines for gas compressors. These scopes are being managed via a brownfield workstream
and are now in the select phase.

A conceptscreening phase, completed in 2021analysed and assessed the specific neguents of all the
platforms in the Central Graben and Outer Moray Firth areas and undertook a technical and economic
evaluation of some 15 different electrification concepts via apen book economic model.

The outcomes of this extensive collaboratierere published in a concept screening report which has been
shared with the OGA and BEIS. The CNSe project is maturing rapidly and is aiming to complete concept
select in 2022,

The paticipation of multiple hubs with sufficient remaining operating lifetimas considered to be critical to
the economics of full electrification. As the Jackdaw Project is vital to the longevity of the Shearwater facility,
its delivery will therefore be arimportant component in supporting the delivery of the CNSe project.

In parallel to the CNSe project, a standalone, offirid power supply alternative is being developed as a baek
up, in case a network connected, muliub CNSE project is not feasible.

TION - PROJECT ROADMAP
T 2022z 02 ’

T 2024 | 2025 | 2026 | 2027 | zom | zez> |

TIMELINE
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Figure1-4 Proposed timelinedr CNSE Project
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1.1.3. TheAcorn Projects

Our aim is to tie Jackdaw into Shearwater, thereby facilitating Shearwater as the enabler for an eventual
low carbon infrastructure service whh can offer removal of scope 3 emissions to future UKCS gas fields.

ShellU Ksgntention is to expand the integrated gas value chain (as outlined above) into blue hydrogen with
Carbon Capture and Storage (CCS). Sustaining the production of methane sigapthrough this value chain,
including the Shearwater hupfuelled by Jack@w, is a key component of this strategyF{gure 1-5).

The Acorn Hydrogen and Acorn CCSprojects are expected to be the first largecale hydrogen and CCS
projects to be developed in Scotland. Their existence reflects the extensiential for both renewable energy
generation and the presence of major subsurface G@torage sites

Acorn CCS whilst still undergoing competitive development, is specifically designed to overcome high capital
costs at the outset, one of the acknowleeld) blockers to CCS deployment in the UK. Based at the St Fergus
gas terminal, Acorn CCS can repurpose existingag pipelines to take CQ directly to the Acorn CQ storage
site. With this important pipeline infrastructure already in place, Acorn CCS cametgdarted using existing
CO; emissions captured directly from the combustion gagpostcombustion)from the power unitsfor the
processingplant at the St Fergus gas terminal.

Shell UK are also evaluating the preombustion capture of reservoir COfrom the gas streams imported
through the gas pipelines landing at St Fergus. In principle this would enable all of the L@ithin the
Jackdaw gas stream (and that from all other fields landed at St Fergus), to be captured, treated and
transported for ofshorestaage. (For Jackdaw, we estimate a reduction of ~10 ktpa)Vhile this is still subject

to co-venturer engagement, development of policy and regulations, and other relevant reviemes will look

to significantly accelerate this work with a view tocorporating it into the wider Scottish Cluster
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Figure1-5 Proposed Acorn Infratructure
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Acorn Hydrogen can take North Sea natural gas, including from the Shearwater hub, and reform it into
clean burning hydrogen with the CQ emissions created from generiaig the hydrogen, safely removed and
stored using the Acorn CCS infrastruceirdesaibed above. Acorn Hydrogen could be located at the St

Fergus gas terminal,

where currently 35% of the

System, befoe being transported across the country for consumpti¢gee Figure 1-6).

The Acorn Hydrogen project is initially assessing the construction of a circa 200 MW hydrogemguction
plant, that could become operational by late 2020s, and which would allow for a 2% hydrogen blend into
the National Transmission Wtan (NTS). The emissions from the hydrogen production would be captured,
transported, and safely stored in a depletl hydrocarbon reservoir, reusing current oil and gasfrastructure,

enabled by the sister project, Acorn CCS.
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Figure1-6 PlannedFuturelnfrastructure - Shearwater Gas to Blue Hydrogen (SEGAL and Acorn)

In summary, the Jackdaw project will form part of a wider integrated system that Skhilis working towards
repurposing to facilitate sigrficant future GHG emissions reductions.

1.2. PROJECTSCOPE

The Jackdw Project involves developing the most appropriate solution for establishing production and
maximising recovery from the Jackdaw reservoir, which is classed as ultigh pressure high tempertre
(UHPHT). Thdield was discovered in 2005 and appraised baveen 2007 and 2012.

The Project will involve installing a new platform and iratly drilling four wells at theJackdaw field location
The new platform will be a nopermanently attended wdthead platform (WHP) tied back to the Shearwater
platform via a new subsea pipeline and remotelpperated from the Shearwater platformThe proposed
development can be summarised as follows:

Four new wells will be initially drilled at a new WHP via a hegwduty jack-up (HDJU) drilling rig

A new, approximately 31 km, 12" nominal bore pipe-in-pipe (PiP) pipelinelined with corrosion
resistant alloy materialwill route multiphase welkstream fluids from the WHP to an existing host
facility; the Shearwater Ritform.

The WHP will be operated as a not permanently attend@tstallation (NPAI), with control, monitoring,

shutdown and operational support provided from the host.

All processing of the Jackdaw fluids will be carried out at the Shearwater host. From bwost, gas
and condensate will be exporteds e par at el y
Gas Line for gas and the Forties Pipeline System (FPS) for condensate.

Acid gases (CQ and H.S) will be extracted from the combined Jackdaw andh8arwater Hub
produced gasstreamand will be reroutedfrom the Low Pressure (Lfare to a new discharge point

at the existingamine unit.

Vi

a

t he

mamely thesFulmar p o r t

Amine unitoperation will be optimised (chemicamodification) to increase the proportion of the C@
exported rather than discharged to air. Further detail is provided in section 2.9.7.
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1.3. SCOPE OF THEENVIRONMENTALSTATEMENT
Thescope of the ES includes

The drilling and completion of four new production wells.

The design, installation, commissioning and operations ofew subsea infrastructure.
The design, installation, commissioning and operations of a new WHP.
Modifications at the host facilities for receipt of the Jackdaw produced fluids.

Decommissioning of all théacilities at the end of field life (Note: nearerotthe end of field life a full
decommissioning programme and an associated impact assessment will be prepared. In line with the
environmental impact assessment regulations stipulated below, the scophisfES will be limited to
confirming how future deconmissioning requirements have driven the initial design of the project and
resulting associated impact).

Theimpacts identified during the ES scoping phase as requiring further investigation and evatrain the

IA are emissions to air, discharges to seaeabed disturbance, noise, waste production and resource use
resulting from the proposed development on a range of receptors including flora, fauna, water, air, climate
and other users These impacts & investigated and evaluated for both planned and gtanned events.

1.4. LEGISLATIVEVERVIEW

This section provides a summary of the current environmental legislation applicable to the project.

1.4.1. Environmental ImpacAssessment

IA requirements are set out ithe 2020 Offshore EIA Regulations. The purpose of th€®20 Offshore EIA
Regulations is to require the Secretary of State (SoS) for Business, Energy and Industrial Strategy (BEIS) to
take into consideration environmental information before consenting centaifshore activities. The Offshore
Petroleum Regulatofor Environment and Decommissioning (OPRED) is responsible for the evaluation and
determination of the ES on behalf of the SoS. Approval of the ES by OPRED is required before the final
consent can bggranted by the Oil and Gas Authority (OGA) under the Reoleum Act 1998 (As amended).

Under the 2020 Offshore EIA Regulations,conducting an IA and submitting anES is a mandatory
requirement for the Jackdaw Project as the development exceeds the follovpiragluction rates 500 te or
more per day of oil (condensag), or 500,000 m® or more per day of gas.The Jackdaw production profiles
are presentedin Section2.4.

1.4.2. Protected Sites and Species

The IA must consider impacts to the surrounding environment idalg any protected areas. Many protected
areas have be@ designated in the UK under the European Union (EU) Nature Directives, in particular the
Habitats Directive (92/43/EEC) and the Birds Directive (2009/147/EC). Since January 2021 thessre now
maintained and designated under the Habitats Regulations for dand and Wales, Scotland and Northern
Ireland. Amendments to the Habitats Regulations mean that the requirements of the EU Nature Directives
continue to apply to how European sites (Special Areas odiservation (SACs) and Special Protection Areas
(SPAs)are desgnated and protected. The Habitats Regulations also provide a legal framework for species
requiring strict protection, e.g. European Protected Species (EF& Marine and Coastal Access A@009
enables the designation ofmarine conservation zoas (MCZ9 in English and Welsh waters and the
designation of nature conservation marine protected areas (NCMPAS) in Scotland.
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1.4.3. Discharges towWater

1.4.3.1. Hydrocarbon Discharges

Under the Offshore Petroleum Activities (Oil Pollution Prevention and Control) Regoladi 2005 (as
amended) (OPPC Regulations) all offshore installations are required to have an oil discharge permit for
discharge of oil with produced water (PW), from drains and oil in sand.

A permit is also required for discharges during drilling of wellsjischarges from pipelines and discharges
made during decommissioning. The permit requirements include Best Available Techniques (BAT) assessment
to provide justification for thechosen discharge and pollution management options along with any
improvement pogrammes that are being implemented.

1.4.3.2. Chemical Discharges

Under the Offshore Chemicals Regulations 2002 (as amended) (OCR) a chemical permit is required for the
use and/or discharge of chemicals used offshore. All offshore activities are covered by the Ratipns
including oil and gas production, drilling of wells, discharges from pipelines and discharges made during
decommissioning. As part of the application process, a risk &sment of the discharge of chemicals to the
marine environment is required. fere are some exemptions, for example PLONOR chemicaler
maintenance products used solely within accommodation areas.

1.4.3.3. Risk Based Approach

OSPAR Recommendation 2012/5 for a RkBased Approach (RBA) to the Management Bfoduced Water
Discharges from Of§hore Installations aims to produce a method for prioritising mitigation actions for those
discharges and substances that pose the greatest risk to the environment. The olgdstihat by 2020 all
offshore installations witlproduced waterdischarges inthe OSPAR maritime area will have been assessed
to determine the level of the risk and that, where appropriate, measures will have been taken to reduce the
risk posed by the moshazardous substances

OPREDhas issued guidance on the RBA for UK installat® Department of Energy and Climate Change
(DECQ, 2014).

1.4.4. Atmospheric Emissions

Combustion installations on oil and gas platforms with a rated thermal input, including flariraf,20 Mega

Watt ther mal (MW(t h)) or mor e ssgicesqrading Schempex(UKhETS)tTheng und
UK ETS replaced the UKg¢s participation in the Europe
is based on Directive 2003/87EC estabshing a scheme for greenhouse gas emission allowance trading

within the Communty (the EU ETS Directive) and the UK ETS broadly aligns with the Directive. The UK ETS is
implemented by the Greenhouse Gas Emissions Trading Scheme Order 2020 (as amended).rdlbeant

provisions of the Order include the requirement to monitor and repocarbon dioxide (CO;) emissions,

surrender allowances and to notify of any changes affecting the allocation of allowances.

Combustion installations on oil and gas platforms with rated thermal input of 50MW(th) or more require
permitting under the Offshee Combustion Installations (Pollution Prevention and Control) Regulations 2013
(as amended). This includes conditions limiting releases notably for carbon monoxide (CO), oxidé
nitrogen (NOy), sulphur oxides (SG), methane (CH) and volatile organic ®@mpounds (VOCs) and the
demonstration of the use of BAT. Combustion installations with a rated thermal input &fi\i/(th) to

50 MW(th) also require permitting under Pollution Pvention and Control (PPC) regulations to comply with
the emission limit value$EL\¢ )sas stipulated in the Medium Combustion Plant directive EU 2015/2193 of
25" November 2015 for sulphur dioxide (SQ), NOy and dust.

6 PLONOR chemicals are chemicals that Pose Little Or NO Risk to the environment.
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The revised OGA Strategy (January ZZ1) retains a binding obligation to secure that the maximum value of
economicaly recoverable petroleum is recovered from the strata beneath relevant UK waters. The Strategy

also states that in doing so, appropriate steps must be taken to reducing greergggas emissions and assist

in meeting the UK net zero target. The Strategyssipported by Stewardship Expectations (SE). The OGA
e&eStewardshi p aBepeZtabcofMatch 2021) (SE 11) sets out
that should be takeracross the exploration and production lifecycle, to reduce emissions and praenGCS

and Hydrogen.

1.4.5. Accidental Events

Oil Pollution Emergency Plans (OPEPs) are required under the Merchant Shipping (QOil Pollution
Preparedness, Response and @mperation Corvention) Regulations 1998. The regulations require the
arrangements for responithg to incidents which cause, or may cause, marine pollution by oil to be in place
and the consequence of incidents to be assessed, including plogential environmental and sdo-economic
impacts.

The regulations have been amended by the introduction betBJ Offshore Safety Directive (2013/30/EU)
implemented in the UK by The Offshore Petroleum Licensing (Offshore Safety Directive) Regulations 2015. In
order to inform the IA, tydrocarbon spill modelling studies and a major environmental incident (MEI)
asessnent have been undertaken.

1.4.6. Marine and Coastal Access Ac£2009)

Under the Marine and Coastal Access Act (MCAA) kicence is required for activities including depositing
itemson or under the seabed, and the use of explosives in the sea or under the szhb

Certain activities are exempt from the MCAA as they are regulated under different legislation:
activities associated with exploration or production / storage operations that are authorised under
the Petroleum Act; and

additional activities authorised alely under the BEIS environmental regime, including chemical and
hydrocarbon discharges.

1.4.7. Sc ot | NatiodatMarine Plan

The National Marine Plan (NMP o mpr i ses plans for Scotl as(dn)andi nshor e
offshore waters (12 to 200nm) as set out under the Marine (Scotland) Act 2010 and the Marine and Coastal
Access Act 2009. The NMP represents a framework of Scottish Government policies for the sustainable
development of marine resources. The NMP is underpinned by strategic objestive

achieving a sustainable marine economy;

ensuring a strong, healthy and just society;

living within environmental limits;

promoting good governance; and

using sound science responsibly.
These objectives are to be achealdanednghPougbi phesagppDE

projects should take these principles into account to support the overall NMP objectives for sustainable
devel opment of Scotlandg¢s marine environment.
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The NMP sets out specific key issues for oil and gas sectasupporting the objectives of the plan:

maximise extraction;
re-use infrastructure;
transfer of skills to renewables and Carbon Capture and Storage (CCS);
co-operation with the fishing industry;
noise impacts to sensitive species;
chemical and oil contaminéion of water, sediments and fauna; and
habitat changes.
The NMP also sets out gener al policies and objective

development. The proposed operations as described in this ES have been assessed agaiNsfiRlbbjectives
(Appendix A) and policiesbut specifically GEN 1, 4, 5, 9, 12, 14, 20, and 21.

1.5. SHELWK ENVIRONMENTALMANAGEMENT SYSTEM

Shell ¢s Environment al Mimtagaate@ imte thé Shell WK Health, Safet&ngd i s
Environment (HSE) Managnent System. The EMS is a system of internal controls that demonstrates how
Shell complies with | aws and regulations, and which
policy. The EMS is independently verified to ISO 14001:2015, which meetsetrequirements of OSPAR
Recommendation 2003/5 to promote the use and implementation of EMSs by the offshore industry.

A copy of the Shell Policy on Health, Safety, Security, Environment and Social Performance (383
shown inFigure 1-7. This Policy contains a commitment to protect the environment and states that Shell has
a systematic approach to HSSEP management designed to ensure compliance with the law andthieve
continuous performance improvement.
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SHELL COMMITMENT AND POLICY ON HEALTH,
SECURITY, SAFETY, THE ENVIRONMENT AND
SOCIAL PERFORMANCE

COMMITMENT

In Shell we are all committed to:

m Pursue the goal of no harm to people;

® Protect the environment;

® Use material and energy efficiently fo provide our producis and services;

m Respect our neighbours and confribute o the societies in which we operots;
m Develop energy resources, products and services consistent with these aims;
u Publidy report on our parformance;

m Play a leading role in promoting best pradiice in our industries;

m Manoge HSSE & SP matters as any other crifical business acfivity; ond

® Promote a culture in which all Shell employees share this commitment.

In this way we aim fo have an HSSE & SP performance we can be proud of, to earn the

confidence of customers, shareholders and at to be ond fo
i sociely at large, a good neighbour

POLICY

Every Shell Company:

® Has o systematic approach fo HSSE & SP management designed fo ensure compliance with
hhwmdbodummspaﬁnmw

m Sets fargets for improvement and measures, appraises and reports performance;

m Requires confractors fo manoge HSSE & SP in line with this policy;

® Requires joint ventures under ifs operational conirol to opply this policy, ond uses ifs influence
to promofe it in its other ventures;

m Engages effectively with neighbours and impacted communities; and

m Includes HSSE & SP performance in the appraisal of siaff and rewards accordingly.

P

Ben van Beurden Sinead Lynch

Chief Executive Officer UK Country Chair
o-.,.l...ma..uxm.d,a-l&,‘—- Commmites Decarlber 2005.
us.uqﬁ....__-s.r o wilkin o Shal
"-.“N-Fﬁhﬁ-ﬂw 'h'ﬂ'-" b0 uzad w5 refer 1o Shall < iz i genarcl o

+hoze who work Sor hem. Thaze saabl p r_n-ﬂhﬂq,é:“
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Figure 1-7 Shell UK HSSESP Commitment & Policy.

Shell ¢s Commitment and Policy is underpinned by manda
Shel | ¢S CohBoBHEamework covers the commitments, standards andgrenaince levels that must be
met. The Environmental Manual of the HSSIP Control Framework sets out specific requirements relating to:

biodiversity;

continuous flaring and venting;

greenhousegas and energy management;

ozone depleting substances;

soil and groundwater;

Sulphur Oxides (SQ) and Nitrogen Oxides (NOy);

volatile organic compounds (VOCS);

waste;

water in the environment.

These requirements are described in more detail in a setiafernal mandaory global manuals as shown in
Figure1-8 and are implemented throughout the project lifecycle.

Mandatory

Figure 1-8 HSSE & SP Control Framewark

All companies contracted to Shell are required to work to similar, consistent high standards amddhieve
comparable levels of performance adopted by Shell UK. Project and Contractor employees, on their part,
have a clear responsibility to exercise discipline, maintain a high level of awareness, prevent injury to
themselves and others, protect the @ronment and comply with all statutory obligations.

Environmental considerations are integrated into audit programmes that adds s a | | aspects of
business. Management of the Jackdaw Projectc¢® enviro
the existing plans and procedures for the UK assets and any Shearwater specific plans. The commitments
undertaken in this ESvill be tracked via the Environmental, Social and Health Management Plan as detailed

in Section 12.
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1.6. ENVIRONMENTALLYCRITICAIE BVENTS

Environmentally Critical Elements (ECE) are defined as systems/equipment the failure of which could cause,
or contribute b, a significant impact to the environment.

Shell manages offshore Safety and Environmental Criticéfents(SECE) in line vih regulatory and Shell
Group Standards. Inspection and maintenance of these process equipment are managed through a robust
risk-based process linked into the maintenance system provided by SAP (Systems Applications and Products).
ECEare defined as systms/equipment the failure of which could cause, or contribute to, a significant impact

to the environment and those are covered/tihe existing processes to manage SECEs.

1.7. CONSULTATION

During the process to assess the environmental impact of the proposedkdaw Dewelopment, Shell UK

consulted a number of organisations including OPRED, Marine Scotland, the Joint Nature Conservation

Commi ttee (JNCC) and the Scottish Fishermencs Feder :
preparing the initial ES subnssion (Shell, 2020) and when preparing theMiay 2021 ES Report. The concerns

and recommendations raised have been taken into account in project design, decisions and assessment of

impacts. The details of these consultations with reference to the relev&8nttapters are given in Appendix

B. The process ofansultation will continue throughout the project.

In addition to detailing the consultations that took place to prepare the initial ES Report (Tablg 8nd this
ES Report (Table -B), Appendix B also ddails the comments received during the mandatory plib
consultation process for the initial ES (Table2

1.8. CHANGES IN THEENVIRONMENTALSTATEMENT

The offshore emissions expected from thenine unit at Shearwater have been reduced by 43% relative to
the previous proposal (800 kt to 456 kt), through propsals for maximising reservoir C@that can be blended
into the export pipeline and the rephasing of new development wells for the period Jackdaw is producing.
The rephasing of development wells allowstagher proportion of the CG; to be exported to the édcilities at

St Fergus.

The CQ retained within the Jackdaw gas for expoiis expected tomake up approximately 44% of the total
CO; content of the produced gas.

Jackdaw emissions of C@expected fromthe amine discharge point at Shearwater has been reded by
~14% relative to the previous proposal.

1.9. ADDITIONALSTUDIES
The followingstudies have been undertaken to inform th& and the JackdawField Development ES:

Proposed location UKCS 30/2 Jackdaw NiSW2 Rig site and habitat assessment survey. R£190-0106-
BG. Gardline (2007).

UKCS 30/2a Jackdaw SZ Jaclup site and habitat assessment survey. Hé#9-0210-BG. Gardline (2010).

UKCS Blocks 30/2 and 30/3 Jackdaw Platform Survey. Seafloor / HR Seismic Hazl Suvey and Habitat
Assessment. R&¥030-0612-BG. Gardline (2012).

UKCS Blocks 30/2 and 30/3 Jackdaw Platform Site Surve§ Seafloor / HR Seismic Hazard Survey and
Habitat AssessmenRef116910 CNT. (Gardline 2014a).

UKCS Blocks 30/2 and 30/3 Jackdaw Ratform Site Surveya Environmental Baseline RepoiRef 116910
CNT. Gardline (2014c).
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Environmental Monitoring Survey Shearwater UKCS Block 22/30Backdaw Platform Site Survey, Pipeline
Route Surveys, Habitat Assessment & Environmental Baseline SuReéw1 /2 5/2366. Rev 2. Final. Fugro
EMU Limited (2017).

Pierce Depressurisation Pipeline Route Geophysical and Environmental Surkeyironmental Baseline
Survey ReportRef PDRPFS-HE7180-00002 Report No. ED2018-019. Gardline (2018a)

Shearwater to Culew Deep Gas Diverter (DGD)a FGL Replumb UKCS Block 22/30b.Pipeline Route
Environmental Baseline RepoRefFGL-PTS-HE7180-00001. Gardline (2018b).

Environmental Baseline Survey and Habitat Assessment Report Shearwater Fieldl&R&25-R010(01).
Fugo (2019c).

Jackdaw Project: DrilCuttings Modelling Report. JDAWPTD-HE-0709-00004 Genesis (2019a). Appendix
E.

Jackdaw Project Spill Risk Modelling Report. JIDARFD-HE0709-00001 Genesis (2019b). Appendix G.

Jackdaw Project: Underwater Noise Modelling DAW -EGEN-D-HE-0709-00001 Genesis (2021). Appendix
F.
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2. PROJECT DESCRIPTION

2.1. DEVELOPMENOVERVIEW

The Jackdaw Project involves the development of the uHPHT gas condensate Jackdaw field via the drilling of
four wells, the installation of a new NPAI WHRand the export of multiphase fluids from the WHP via a new
approximately 31 km subsea pipeline to the existing Shearwater host platforfRigire 2-1).

Shearwater is a fixed manned installation located 225 km east Aberdeen and approximately 30 km north
west of the Jackdaw field. It comprises Shearwater A WHP, connected by ann8®ridge to Shearwater C
integrated process, utilities and living quarter platform (PUQ).

All processing of the Jackdaw fluids will beasried out at the Shearwater installation. From the Shearwater
pl atform, gas and |l iquids wil!/l be exported separatel’
separated, treated and discharged from the host facility.

SHEARWATER
WELLHEAD ‘A’

PLATFORM
JACKDAW
WHP TOPSIDES TIE- [
IN R
JACKDAW
WHP RISER

JACKDAW

e \
H

FREE DRAINING MAIN PIP
COOLING / TIE IN PIPELINE

I . )
A= L\

SPOOL SSIv SSIV ¢/w UMBILICAL
UMBILICAL

Figure 2-1 Representative schematic of the Jackdaw WHP and Shearwater facility.
The proposed Jackdaw Project can be summarised as follows:
installation of the Jackdaw WHP foulegged steel jacket and topsides moddle

drilling of four new production wells from the Jackdaw WHP using a HDJU drilling rig;
installation of a new 12" nominal bore / 18" PiP pipeline, SSIV valves and spools;
installation of a new riser and umbilical at the Shearwater platform; and

modificaions to the Sheanater host facilities to accommodate production from the Jackdaw field,
which includes a new atmospheric discharge at the exit of taenine unit and changes to themine
unit.

The development of Jackdaw over Shearwater helps to exteneléisonomic field ife of the platform ensuring
Shearwater remains as a viable hub for the development of resources in the future.

7 Following installation ofthe jacket, the wells will be drilled, after which the cantilever of the tirig rig will be retracted or the drilling rig will be taken off station to allow the
topsides to be installed.
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2.2. SCHEDULE

An indicative schedule for the Jackdaw Project is shownkigure 2-2.

Jackdaw Project Schedule

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
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!
| wene Procursment ana Rig commrtment

| [ Driing
|
[ | Topsigss Dstan Design. Procursment, Fabrication and Assembiy

I Topsides Instaliation. Hook Up and

Zubses Detsll Dasign, Procursment,
Fabrication & instaiations

‘ | Host faciity Detall Design. Procursment
Host Modincations and

Wl Completion

Indicative rangs - — — = = - 18t Gas

Figure2-2 Indicative schedule for the Jackdaw project.

The offshore workscope for the Jackdaw Project is scheduled to commém€g3 2023 with the installation
of the WHP jacket. Drilling is planned to take place in betweé&p3 2023 to Q4 2024 and subsea installation
is scheduled to occur betwee®3 2023 to Q1 2025. First production is anticipated fronQ3/Q4 2025.

2.3. HELD ANDRESERVOIRCHARACTERISTICS

The Jackdaw field was discovered in 2005 by the 30/2& exploration well, which excountered
hydrocarbons in the Upper Jurassic Heather Formation. The field is contipentalised both structurally and
stratigraphically into several major fault blocks and two separate reservoir sand unigy(ire 2-3).
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Figure 2-3 Jackdaw top heather sands structure map showing proposed platform location.

The Heather Formation sands are interpreted to be deep marine turbidite deposits. An inéiservoir shale
acts & a seal between the upper and lower sand units. This combination of stratigraphic and structural
compartmentalisation necessitates drilling a well per fault block and wells that crossboth the upper and
lower sand units.

Expected reservoir fluid proerties provided in Table 2-1, are derived from pressure volume temperature
(PVT) characterisation will be managed at Sheaater to meet export specifications.

uHPHT are defined as fields with a reservoir pressupeater than 12,500 psi, and a temperature exceeding
166 °C. The field sits at a depth of approximately 5,188, with temperatures of approximately 192C and
pressues of approximately 17,000psi, which makes Jackdaw a uHPHT field.
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Table2-1 Jackdaw reservoir fluid properties.

PROPERTY VALUE
Fluid type Gas / gas condensate
Initial reservoir pressure (psi alatum 5,174 m TVDsS) 17,158
Initial reservoir temperature (°C) 191
Formation volume factor (cf/sgf 0.002528 & 0.002759
Dew point (psi) 6,351 46,450
Gas viscosity (cP) 0.051 40.0648
Gas density (g/cm3) 0.351 40.4093
Gas condensate APgravity (°) 34.9 449
Wax (% wt at-36 °C) 17
Wax appearance temperature (°C) 46
Asphaltene content (wt %) 0
Carbon dioxide (CO,) (mol %) 4.2
Hydrogen sulphide (HS)(ppmv) 30
Mercury (Hg)(ng/n? (gas)) 350
Mercury (Hg) (ug/kg (condensate)) 15

2.4. PRODUCTIONPROFILES

Anticipated condensate, gas and produced water profiles are provided for the Jackdaw field. Ind&tbn,
water profiles for the Jackdaw field have been combined with the water forecast for the Shearwater Hub in
order to assess the impact of total producesater discharges at Shearwater when the Jackdaw field comes
on line.

The profiles presented irhe following subsections are wellhead production forecasts whilst the sales volumes
are presented in Appendix C. These align with the wellhead and sales volem@esented in the Field
Development Plan (FDP). It should be noted that the profiles are tectpiofiles based on a technical cut

off.

The P10, P50 and P90 forecasts are provided which are based on the reservoir modelling. P50 is the most
probable outtome and is the premise for the technical and business investment decision.



N

2.4.1. Condensate Produabn Profiles

Table 2-2 and Figure 2-4 show the anticipatedLowcase P90), Basecase P50 and High-case £10)

forecasted condensate production rates from the Jackdaw resemvoMaximum annualised condensate
production from the Jackdaw field is anticipated i2026 during the second year of production at a rate of
approximately 899 te/day (base case), 967 te/day (high case P10) and 772 te/day (low case P90).
Production then delines until end of field life around2033 (P50).

JACKDAW FIELD DEVELOPMENT PROJI

PROJECT DESCRIPTI(

Table2-2 Forecast wellhead condensate production from the Jackdaw field.

JACKDAW
YEAR LOW CASE (P90) | BASE CASE (P50)| HIGH CASE (P10)
TE/DAY (TE/DAY) (TE/DAY)
2025 38 221 420
2026 772 899 967
2027 570 824 906
2028 233 584 844
2029 132 367 724
2030 69 200 451
2031 9 146 349
2032 - 92 246
2033 - 41 169
2034 - - 137
2035 - - 101
2036 - - 74

Produced Oil (Condensate) {te / day)
ul
S

2025

----- Jackdaw Low Case (P90)

2026 2027 2028

2029

e |ackdaw Base Case (P50)

2030

2031 2032

JACKDAW ANTICIPATED CONDENSATE PRODUCTION

2033 2034 2035 2036

=+« Jackdaw High Case (P10)

Figure 2-4 Farecast condensate production profiles for the Jackdaw field.
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2.4.2. Gas Production Profile

Table 2-3 and Figure 2-5 show the anticipated P90, P50 and P10 gas production ratem the Jackdaw
reservoir. Maximum annualised gas production from the Jackdaw field is anticipated2026 during the
secondyear of production at a rate of approximately4,853 kSn¥/day (base casg 4,853 kSn¥/day (high
case P10) and 4,491 kSr#day (low case P90). Production then declines until end of field life aroun2033
(base-caseP50).

Table2-3 Forecast wellhead gas production from the Jackdaw field.

JACKDAW
YEAR LOW CASE (P90) | BASE CASE (P50)| HIGH CASE (P10)
(kSn#/DAY) (kSn#/ DAY) (kSn#/DAY)

2025 238 1,163 2,064

2026 4,491 4,853 4,853

2027 3,655 4,688 4,813

2028 2,106 3,852 4,813

2029 1,461 3,108 4,415

2030 851 2,026 3,272

2031 120 1,619 2,932

2032 - 1,089 2,315

2033 - 504 1,733

2034 - - 1,501

2035 - - 1,141

2036 - - 869

JACKDAW ANTICIPATED GAS PRODUCTION

Produced Gas (000m3/day)

2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036

----- Jackdaw Low Case (P90) e |ackdaw Base Case (P50) *eeeee Jackdaw High Case (P10)

Figure 2-5 Forecast gas production profiles for the Jackdaw field.
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2.4.3. Produced Water Production Profiles

Table2-4 and Figure 2-6 show theanticipated P90, P50 and P1Qvater production rates from the Jaclaw
reservoir and theP50 (basecase profiles for the Shearwater cluster. Maximum annualised water production
from the Jackdaw field is anticipatedh 2028 at a rate of approximately596 mé/day (high case). Including
the Jackdaw fluids, peak water produan at Shearwater is currently anticipated ir2028 at a rate of
approximately 952 m3/day (Shearwaterbase case + Jackdaw high case). Water productiothen declines
until end of field life.

Table2-4 Forecast water production from the Jackdaw fielthd combined Jackdaw / Shearwater

JACKDAW
SHEARWATER ~_ JACKDAW
SHEARWATER BASE/ LOW MID CASE + C?(';ITOR\’IIE;JZ:_?_N
YEAR  MID CASE CASE | MIDCASE| CASE JACKDAW i
3 HIGH CASE
(M?/DAY) (P10) (P50) (P90) VFIDAY) PRODUCTION AT
(VIDAY) | ey | (DAY SHEARWATER (%)
2024 771 0 0 0 771 0
2025 841 0 0 0 841 0
2026 510 103 8 0 613 17
2027 361 398 24 0 759 52
2028 356 596 56 0 952 63
2029 333 461 103 0 794 58
2030 366 246 135 0 612 40
2031 352 183 143 0 535 34
2032 317 142 127 0 459 31
2033 336 95 111 0 431 22
2034 327 48 0 0 375 13
2035 312 0 0 0 312 0

* Jackdaw % contribution to overall wateproducton at Shearwater is based on thdackdaw high case produced
water profiles.
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ANTICIPATED PRODUCED WATER PROFILES (JACKDAW AND
SHEARWATER)

1000

Produced Water Volume (m3/day)

2024 2026 2028 2030 2032 2034 2036
Shearwater Mid Case = ====- Jackdaw High Case
Jackdaw Mid Case Jackdaw Low Case

=— - =Shearwater Mid Case + Jackdaw High Case

Figure 2-6 Forecast water production profiles for the Jackdaw field and Shearwater Hub.

2.5. ANALYSIS OFALTERNATIVES

Due tothe challenge in identifying a viable development concept which carried the right balance of risked
investment the Jackdaw Project has had a lohgstory: the field was discovesd in 2005 and it was appraised
between 2007 and 2012. This section describete main development concepts which were considered for
the proposed Project and the decision logic associated with the option selection processidibns have been
made based on a number of criteria, including Health, Safety and the Environment (HSE).

2.5.1. Devebpment Type

Five possible development types were identified for the Jackdaw Project and were considered through the
Assess and Select stage presses. Two options were ruled out early in the process on the basis of technical
feasibility:

Subsea develpmert:
Hoating production unit (FPU);

A subsea development would involve locating the wellheads and other infrastructure on the seafloor and
would remove the need for a WHP. Jackdaw is a uHPHT field, and current subsea technology is not adequate
for uHPHTsubsea wellheads, Xmas trees or well servicing risers. In addition, safe and reliable management
of multiple annuli in a subsea environment is ungven throughout the industry. Due to the uHPHT nature of
Jackdaw fluids, flexible pipeline riser options areot possible. This ruled out a floating production unit option
and in effect limited Jackdaw to fixed platform options.

The remaining three optins were evaluated as potential development types:
processing hub facility where two further hub concepts werensidered:

a joint development hub facility with other nearby fields
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a Jackdaw standalone processing hub facility
WHP tie-back to an existing host facility.
The joint development huloption was subsequently rejected based on economic viability. The
remaining two options were further analysedThe WHP tieback to an existing host option was

selected based on a range fodifferentiators including environmental impact and cost, both of which
are lower for a WHP tieback than for a standalone hub.

Table 2-5 shows a summary of the key environmental differentiators that were part of the overall option
selection decision.

Table2-5 Development type altmatives and comparatie environmental considerations.

JACKDAW STANDALONE

DEVELOPMENT TYP PROCESSING HUB EACILITY WHP TIEBACK TO HOST

Seabed Disturbance Greater disturbance with Less disturbance with single platform.
bridge-linked platforms.

Energy Usage and Higher for fabrication and Lower for fabrication and installation

Greenhouse Gs installation of bridgelinked of single WHP.

(GHG) Emissions platforms. Minor power requirements on WHP,
Requires dedicated power small increase in power generation
generation to power multi on host facility.
platform processing hub, More efficient use of existing gas
resulting in the higher GHG turbines for power and compressions
emissions. service on board the host platform

resulting in improved emissions
intensity.

Lower GHG emissiongn comparison
to standalone processing hub facility

Underwater Noise Longerduration related to pile Shorter duration related to pile
driving for bridge-linked driving for one platform.
platforms.

Resource Use Greater use of raw materials Lower use of raw materialsssociated
for bridge-linked platforms with fabrication of single WHP.

(for example steel).

The preferred option was a WHP tiedback to a host facilitywhich allowed for the reuse of existing
infrastructure and would overall have a smaltenvironmental footprint.In addition, a stand-alone processing
hub facility would fail to meet the Project econonscThe Jackdaw WHP option was carried forward and
studies were undertaken to identify a suitable host.

2.5.2. Host Concepts
A number of potentialhog facilities have been assessed. &lassessment included the following factors:

potential environmental impacts

tie-in complexity (weight and space consideratiohs

host facility characteristics (processing capacity, asset integrity, and cessationrofipction)
distance from the Jackdaw éld (flow assurance complexily
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The number of host facility possibilities were reduced to two options, Judy and Shearwafign Shearwater
selected as host by the project in 2019 following an assessment of host bids

Since the submission of the previous Environmental Statement for Jackdaw in May 2021, we have assembled
further evidence on theviability of the Judy option The result of this evaluation is that Judy is no longer
advanced in this Environmental Statemens a reasonable alternative (ageferred to inthe Offshore Oil and

Gas Exploration, Production, Unloading and Storage (Environmental Impact Assessment) Regulations 2020
and supporting guidance) for the reasons set out in Appendix(Eppendix E further exphins why Judy would

not provide environmental benefit over the selection of Shearwater in any event, even if it were a reasonable
alternative to Shearwater).

2.5.3. Second Level Decisions

Following the main development concept selection, and host concept $&lacthere were several second
level decisions to be made. Those with environmental implications are summarisethinle 2-6.
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Table2-6 Second level decisions with emonmental implications.

CONCEPT DECISION JUSTIFICATION

Location of Services | To identify the optimum location for the chemical storage and injection facilities, two options were considered:

chemical storage and injection provided on the WHP. This optievould entail additional visits to the WHP for restocking

chemicals and maintaning equipment.

chemicals stored on the host platform and provided to the WHP via an umbilical.
The latter option would require an umbilical to be installed (trenched and bent) between the Shearwater and Jackdaw platforms. The cc
reduction associatd with re-stocking and maintenance on the host installation did not offset the investment cost associated with inst
an umbilical. In addition, this option results in greateseabed disturbance. There are also concerns over the ability to provide &l wHPHT
umbilical for the distance required as well as the additional equipment required on Shearwater to boost the pressures upatodquired
for injection into the system.

As a result, chemical storage and injection at the WHP was selected as the preferred option.

Jackdaw WHP Power | The project has sought to minimise power demand on the WHP, with the vast majority of Jackdaw power demand instead cemtréu
Generation Concept | host where power can be generated most efficiently. There will remain a small demand on the WHP of 75 kWe during periods viher
WHP is unattended, increasing to 335 kWe during manned operations.

The main power generation options considered for thladkdaw WHP were:
power supplied from shore;
power supplied from the host platform;
power generated on the WHP by gas turbines/engines;
power generated on the WHP by hybrid renewable power;
power generated on the WHP by diesel turbines/engines.
Powe Supply

Both power from shore and power from the host were found to present a high reliability risk (singlede failure) and to be cost prohibitive
or disproportionally expensive to provide electrical power to the WHP by cable due to ttlistances from Bore (approximately 250 km)
and from Shearwater (approximately 30 km) relative to the scale of GOreduction this would achieve compared to options for generatir
power on the WHP (approximately 680 teC@e per annum). However, provision h&tbeen made foreledrification of the WHP in the future
in case it becomes viable to connect to a future green power hub (see Section 7.4.2.3).
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CONCEPT DECISION JUSTIFICATION

Power Generation

Gas turbines/engines are outside of the range of the overall small power requirements of WelP as they areusead for higher power
demands and would require gas processing and conditioning equipment available on the WHP. However, there will be no fluidgssing
on the Jackdaw WHP. All processing of the Jackdaw fluids will be carried out at Bleearwater platbrm.

The opportunity to power the WHP using a hybrid power supply was investigated in association with a potential vendor. The stadgidered
the use of wind and solar generation with battery storage, using diesel generators to providekap. The optinal solution included 60

solar panels, 4 wind turbines and 192 batteries. The study concluded that the potential for renewable energy generation waet and

that the hybrid system could achieve only a small reduction in fuel use (appnaaiely 5.6%) andconsequential GHG emissions reductior
(approximately 36 te CQelyr). The primary benefit from the hybrid system was found to be from battery storage, which allowed the die
generators to be run norcontinuously but at more efficient lodadgs. The batteies would require extension of the WHP topsides to provid
additional space and weight capacity which, combined with the equipment costs, and limited battery life, made the option penr value

for the amount of potential CQe reduction @pproximately £20,000 per tonne CQ).

Following consideration of alternative options the selected option was for independent main power generation onboard the \&(hhplied
by three equally rated diesel driven generators was selectéthese have been sizetb optimise fué efficiency and hence unit of CQ
produced per unit of power required. This amounts to approximately 4% of the total GHG emissions from all power generatiothto
Jackdaw project, and <1% of emissions from all sources.

Safe hydrocarbon Thee are few occasions on which infrequent disposal of hydrocarbons on the wellhead platform will be required. These are tops
disposal depressurisation for maintenance, cold start up or annulus management. Management of the safe disposal of thgd@darbons
consdered:

Eliminate hydrocarbon disposal;
Minimise hydrocarbon disposal,
Flare Hydrocarbons;
Vent Hydrocarbons.

It is not technically feasible to eliminate hydrocarbon disposdPrior to maintenance, there will always be a hydrocarbon inventory thi
needs b be removed to make the workplace safeDuring an emergency event, there also needs to be a method of quickly disposing
hydrocarbon inventory.
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CONCEPT DECISION JUSTIFICATION

To minimize hydrocarbongas disposal, the project team implemented a design to ensure only intermittenpdssl was required. The
following design measures were made:

Minimised total inventory through piping design (reduced inventory to 1,000kg)

Designed out disposal routes (remogleinnecessary pressure safety valves);

Adopted use of inert gas for purging fomaintenance;

Installed a nitrogen cushion in A & Bvell annuli to manage pressure variations, rather than having open to atmosphere.

The total amount of hydrocarbons requiringisposal is estimatedit approximately 60te per year which, if vented to atmogpere, would

give rise to GHG emissions of approximately 1,508 CO.e per year. The topsides inventory of the WHP was calculated as 1.0 te
hydrocarbon, based on the topside piping volumes on the WHP from the wellheads to the top of the riser. Depressgion of the topsides
for maintenance consequently gives rise to a minor pant the total and more than 80% of the hydrocarbon to be disposed of is related
cold startup and hence are an intermittent event.

When wells are shut in for a sufficient timmgas in the well bore cools while remaining at high pressure. Flow assurandadies identified
that, on restart Cold StartUp, flowing cold gas to a depressurised pipeline would cause very low temperatures downstream of the produc
choke. This wouldresut in the minimum design temperature being exceeded on Jackdaw topsideserriand cooling spool with the
subsequent risk of brittle fractures leading to loss of primary containment.

To manage a cold starup, a wide array of options was assessed:

Change of construction materials on Jackdaw to be able to handle extreme low f@ratures, while feasible for the Jackdaw
topsideswas not technically feasible for the riser or cooling spool.

Use of Nitrogen to pressurise pipeline in advance of starp and enable pre-dosing with methanol was discounted due to the
complexity introdued, with consequent additional safety exposuand additional flaring at Shearwater eroding the GHG
emissions benefit of the option. The platform is designed to able to be rest@remotely, which removes the safety exposure from
working on the platform.The large volume of Nitrogen (approximately 300 te of nitrogen per event) required, plus the setting u|
and operation of temporary equipment, drives manning on the platform farlarge number of lifts, logistic complexity and
reintroduces exposure duringhe platform startup. At start up, the nitrogen will be displaced to the Shearwater flare, which will
require addition of fuel gas to compensate for the necombustible nitrogerand maintain combustion. Flaringvould need to
continue for an extended periodintil the gas is within specification.

Pressurising the pipeline from Shearwater was discounted due to a risk of hydrate formation.
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CONCEPT DECISION JUSTIFICATION

Use of gel pig to flush pipeline with MEG iad water prior to startup was considered, however, this option would require
subsequent pressurization of the pipeline with nitrogen and therefore provided no advantage over the option described intbulle
point 2 above.
Heat tracing the pipeline was evalated. However, it required significant additional power (over 900 kW) for the @il downtime
requiring additional power generation capacity on the WHP and was considered immature for high temperature pipeline
specifications. In addition, CAPEX costs weresgroportionate for the CQe savings achieved and indicated a carbon abatement
cost of >£400 per tonne CQe.
Use of a heater to preheat the gas caftooled gas in the well boreyvas selected as a possible recommended option and was
taken forward further toevaluate technical feasibility. Following an extensive market research, it wast possible to find electrical
heaters available on the market with the highressure rating required for Jackdaw service (15,000 psi). Standard design
electrical line heaterdiad an upper design pressure of 1500 to 2500 psi.
In the absence of an effectévalternative, safe disposal of the cold gas to atmosphere, until it is safe for the gas to be routed to the pipe
was retained as the only faikafe option available. Howeer, measures have been identified to reduce the frequency of cold stag everts,
which include dosing the pipeline with methanol prior to planned shutdowns and patrtially depressurising the pipeline duringlanned
shutdowns.
Following screening of optias as part of BAT and GHG emissions management studits minimise emissionsnly two feasible options
were identified for the safe disposal of hydrocarbons on the WHP:

intermittent venting; and
intermittent flaring.

Flaring has the potential to reduc&HG emissions by up to approximately 800 te CQe per year relative to venting de to the higher global
warming potential of methane relative to C&@ However, there are a number of issues which influence the choice of a safe disposal op
for the hydrocaibon gases on the WHP and these make vent both the BAT and ALARP choice.

A flare on the WHP would require additional equipment to source, condition and control pilot gas from the produced fluidss Would add
complexity, maintenance time and visits, anglould reverse a key philosophy for the WHP to have minimal topsides preseaind equipment.
The pilot light and additional visits would also offset some of the GHG emissions savings for a flare relative to the véiohop

Although the se of a flare withignition on demand removes the requirement for (and emissions associatgt) a continuously lit pilot gas
system, the additional manhours and safety risk associated with the complexity of maintaining the system remains.
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CONCEPT DECISION JUSTIFICATION

In addition to the safety concem for a flare on the WHP, a cost benefit evaluation concluded that ther# option would be a
disproportionately expensive method to reduce GHG emissions. The assessment included sensitivity cases for the diffe@HGeamissions
between the two optios aswell as for the carbon cost used, relative to a minimum additionakgenditure of £2m (the base case resulte
in a carbon cost of >£300 per tonne CQ).

The intermittent vent option was selected on the grounds of safety concerns posed by the increasetiours exposure caused by
maintenance requirements and complexities operating a flare on a NPAI set against a relatively small difference in GHG emissio
between the two options.

Material Selection The corrosion sensitive environment at Jackdaw, rpeularly the CO, content of the fluids combined with the temperature and presst
conditions, demands adequate corrosion management. Whilst the use of Corrosion Resistant Alloy (CRA) materials is spewifdicfping
topsides and the riser at Jackdawthe following options have been considered for the pipeline tigack to Shearwater:

carbon steel (CS) specification with corrosion inhibitor injection;
CRA specification.

The key driver for selection of CRA materials for the pipeline was the very higbdicted level of CO, corrosion for carbon steel (CS), anc
the unsuitability of corrosion inhibitors to adequately mitigate CS corrosion under Jackdaw high temperature conditions aukermal
degradation resulting in unacceptable safety and integrity kis. Usng CRA mateials in the pipeline design avoids the use and subseque
discharge of a corrosion inhibitor.

Pipeline Installation The Jackdaw WHP will be connected to the host via an-Iich external diameter PiP pipeline, transporting alf@duced fluids to Shearwater.
Method Pipelines 16inch or greater are generally considered as being overawlable. As such the following pipeline desig concepts were
considered for the Jackdaw production pipeline:

a conventional trenched and buried pipeline syem or
a surface laid pipeline system allowing lateral buckling.

Surfacelaid pipelines are exposed to greater risk of external damage in cquarison to trenched & buried pipelines. This risk relates 1
overall integrity, hydrocarbon containment and peintial degradation of the pipeline insulation performance. There is potential for tras
gear interaction for this option such that the SFF havepaeference for trenching and burying of pipelines to minimise the potential fi
interaction events. The surfadaid option will exhibit pipeline displacements at lateral buckle locations during operation.

Burying the pipel i nesulationperfoimanper This poterttidilyehassignifitaet opgrationialibenefits and is of particu
interest at Skarwater as it is operating as a hub for a number of current and future tigacks and the relative cool down and therma
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CONCEPT DECISION JUSTIFICATION

management of these pigée systems may be critical in the event of unpanned sllatwns at Shearwater. In addition, the soil conditian
at Jackdaw are considered to be suitable for trenching.

I n support of the review carried outhet @idgetléarnmi neé atthe so @sium
a high level comparative assessment of the enviroertal and social impacts for both options was undertaken. The aim of the assessn
was to determine if there were any environmental or socigdls how st oppers¢ that would cause
field was considered during the@ssessnent i.e. installation, production and decommissioning and the following sub criteria were considere

atmospheric emissions;

seabed distubance;

permanent habitat change;

sedimentation impacts on the water column;

discharges to sea as a result of pipeline rupture;

underwater noise;

impacts on other sea users for example the exclusion of trawl gear from an area;
company reputation.

Considering the complete life of field, it was concluded that when considering environmental and social impacteraiption is acceptable.
However, based on the number of sub cr it eheitrenchwriddduryeoptian hasladighgr
environmental performance.

When technical, project risk, cost, environmental and social critengere considered, the option to trench and bury the pipeline wa
determined the optimal approach.

Management Qf . Extracted acid gases are currently emitted via the Shearwater flare but, following the introduction of Jackdaw, the iateistto route this
amine unit emissions | 1,5 and CO; stream to a dedicated discharge point at the amine unit and export an increased profion to SEGAL.

To meet export specifications, acid gases (G@nd H.S) are removed from Shearwater produced fluids using an amine systdtdlowing
the reconfiguration in 2021 of the Shearwater platf or morothe:
onshore terminal at St Fergus), Shell have now been able to assess the potential to increase the Shearwader gas CO, concentration,
with the effect of reducing offshore amine unit COemissions. The current amine solvent is a high efficiencySHand CO, removal
solvent. Shellproposes tooptimise the solvent used which will have a high,8 / low CO, removd efficiency. Thisis expected toresult in
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CONCEPT DECISION JUSTIFICATION

ensuring BS is removed offshore (to ensure pipeline integrity) whilst allowing an increased proportion of,:G@remain in the export gas
within the required gas export specifications.

This would maximise C@into St Fergus, whilst also sustaining stable operating conditions and ensuring gas export to the NTS. We ex
to make changes to the phasing of the drilling programme to reduce emission levels for the period Jackdaw is producing tionisa the

CO; amine emissions at ShearwaterSeparate to the Jackdaw project, future system opportunities to increase the amount of €@orted

into St.Fergus are being actively worked internally via onshore CCSaglined in section 1.2.2.

Although they contain onlyrace quantities of hydrocarbons (<0.1%), the amine un@missionsare currently routed to the Shearwater L
flare for disposal. Hydrocarbons from elsewhere on the plant are also routed to the LP flare, where they are combultedaddition of
Jackdaw fluds will mean that volumes of C@in the amineunit emissionswill increaseto a level which will snuff out the LP flare (an isst
previously experienced infrequently). The snuffing of the LP flare would lead to ventiraythe LP flare,of acid gases fran the amine unit,
plus hydrocarbons from elsewhere on the plangsultingin materially higher CQe emissions until the flare can be relifs methane has a
high global warming potential relative to CQ, this option would leadto a significant increase inthe GHG emissions. Thehange to the
amine discharge pointtherefore protects the whole system from the LP flare being extinguished and the subsequent increase.m
emission It alsoremoves the issue of COsnuffing out ofthe flare for any higher CQ wells on Shearwater or any of the satellite system
as well as Jackdaw.

Decision History
The concepts considered to mitigate the impact of increased £@mposition of the Shearwater LP flare inlet stream included:
Reinjection of amine uniemissiongCC9;
Venting the total LP flare stream;
Using supplementary fuel gas (as required) to maintain constant ignition of the LP flare;
Routing the aminaunit emissiongo an alternative discharge location and flaring the remaining LP stream.

Reinjection ofamine unit emissions (CCS)

An offshore carbon capture and storage option was considered. The option would require a suitable target reservoir; an iojeetell for
offshore reinjection; additional offshore equipment including compression, piping and aseted utilities; an additional bridge linked
platform that would be required to accommodate this additional equipment. G@einjection for enhanced oil receery was rejected as CQ
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would be produced to the surface with the production fluids. It is notrtan that an eligible depleted reservoir/aquifer with suitable sealing
is available in the nearby area, with no faults or disturbance to overburden.

The ogion was rejected due to the significant estimated cost of such a scheme. The cost, estimatediellda excess of £200m, would be
a large proportion of the total Jackdaw project costs and could not be justified. The cost per unit of carbon saved (@e®xof £250/te)
would also be excessive in the context of UK Government rtosded carbon values £74 for 2024 rising to £96 for 2032) used for policy
appraisal (IAG, 2019). The option was also unfavourable from the point of technological readiness anaeitainty. Offshore CCS has ye
to take place in the UK and uncertainties with the advancement e¢tirologies and legislation would lead to uncertainty in impacts to th
development schedule and risk profile.

Venting the total LP flare stream;

Venting the total LP flare stream would result in the emissions of methane present in the existing SheahRétae gases in addition to the
CO; from the amine unit. Under the existing set up the methane is combustesimethane has a high global warming potential relative t
COg, this option would lead to a significant increase in the GHG emissions and thation was rejected following initial screening.

Using supplementary fuel gas (as required) to maintain constagmition of the LP flare

For the option whereby the amine unit continued to be routed to the LP flare amgrevent snuffing of the LP flargtream, (as Shearwater
has previously experienced resulting in the venting of the LP flare stream and higher Gfiissions}he LP flare stream would need to b
supplemented with fuel gas to maintain a minimum calorific value of 300 btu/scf at the flar@.tiThe quantity of fuel gas required is
dependent on operational parameters at Shearwater as well as on the £€ntent of the total blend of fluids produced at any time. Tt
first few years of operation are when the amine unitischargesare highest. In &ter years the quantity of supplementary fuel gas that woul
be required to maintain the lit flare would decreasand the benefit ofdirect dischargevs flaring of the CQ stream from the amineunit

would also reduce.

It is estimated that for 100,000 te ©, added to the flare stream approximately 20,000 te fuel gas would be required for maintain th
minimum calorific value. Combustion of this quantity of fuel gas would lead to the emission of approximately 60,000 te ot @Caddition
to the CQO, from the amine unit. Over the field life, approximately380,000 te of CO, will be extracted from the Jackdaw produced fluids
If this were comingled with the LP flare streai,000 te of fuel gas would also need to be added, thereby increasing the total €&@missims
asociated with the amine unit disposal by more tha@09,000 te.

Routing the aminaunit emissiongo an alternative discharge location and flaring the remaining LP stream

2-18



JACKDAW FIELD DEVELOPMENT PROJE @
PROJECDESCRIPION

CONCEPT DECISION JUSTIFICATION

A lower GHG emissions option was identified whereby tHeO, discharged from the amine unit rerouted toa separate emission point rathel
than beingemitted via the flare Separation of the amine uniemissiondrom the LP flare stream removes the need for flaring supplement
fuel gas, thereby avoiding associated emissions of G@nd unburned methanewhilst also removing the issue of COsnuffing out of the
flare for any higher CO, wells on Shearwater or any of the satellite systems as well as Jackdaw. The amine unit €i€charge point
therefore protects the whole system from thefldPe being extinguished and the subsequent increase in @®emission and potential safety
considerations.

Trace quantities of methane in the amine umimissionghat would be vented rather than burned under this option. The low level of methe
slip (<0.1%) into the amine unit means that there is a substantial net gain in terms of GHG emissions redudt@®r209.000 te, from
separating the amineunit emissionsrom the LP flare stream for Jackdaw field life.

Rerouting of the amineunit emissiongo a separate discharge location and flaring the remaining Shearwater LP stream was considered
best option available for the disposal of incombustible GGrom the fluids.

The amine system is set up to minimise the emissions o @@maximising the proportia of the CO; that remains in the export gas strean
within the permitted specifications, rather than all beindjschargeswith the amineunit emissions

1. Here, and throughout t he E Srefertoltary featwas pertam) ko alkfields éexisting and planmed) evidch fiesto Sheaewater:
with the specific exception of Jackdaw. As such, for example, Shearwater native emissions are emissions that would occueat&ter as a result of processm
fluids from all fields excluthg Jackdaw.

2-19



JACKDAW FIELD DEVELOPMENT PROJECT @
PROJECDESCRIPTION

2.5.4. Outstanding Decisions

The Projectesign is undergoing furtheidetailed engineering. The following sections are based on the best
available information at the time of writing. Areas of uncertainties will be highlighted and the implications
on the IA discussed inSection 2.11.

2.6. WELLS ANIDRILLING

The Jackdaw field wilbe developed with four production wells initially. The WHP well bay will have a space
for nine wellheads, leaving spare capacity for further wells in the future.

2.6.1. Drilling Locaton

As discussed the wells will be drilled at the new WHP (sEmure 2-7 below) with the drilling rig coming on
location after the jacket has been installed (see Sect®di.1).

2.6.2. Drilling Rig
Shell is proposing to use a HDJU drilling rig.

The drilling rig will have an established 500 m exclusion zone and unauthorised vessels, including fishing
vessels, will not be ermitted to access the area. The drilling rig will be equped with navigation lights, radar

and radio communications. An emergency response and rescue vessel (ERRV) will patrol the 500 m exclusion
zone whilst the HDJU is on location.

The HDJU will betowed to the proposed location using three anchor handling sse$ (AHVS). Due to the

potential risk of collision with the WHP jacket, it will be necessary to temporarily position the HDJU at an

initial set down location approximately 500 m from the WHP ket before the HDJU can reach its final

location. Thisiskownasas of t pinni nga. For this purpose, at | eas
bottom of its spudcan is in contact with the seabed
location process. At this stop point, all of the necessargeparations can be made before moving the HDJU

to its final locatiorf. These precautions will include running the anchor lines and coordinating with assisting

tugs. Four anchor lines (around 1,80 m each in length) will be run, with approximately 1,000 m 6each

line temporarily laying on the seafloor. Some anchor scour may be observed in a 50 to 100 m corridor due

to the chains¢ movement. The ri g wiwinched itk the Abié¢s mov e d
remaining connected for assistance. Tlaachors will be lifted after the HDJU is in its final position (séggure

2-7).

The HDW has three vertical legs fitted through openings on the outer hull that are raised and lowered by a
jacking mechanism on thedeck. Once the drilling rig has reached its final location, the drilling rig legs will
be jacked down onto the seabed with the hiutaised on its legs above the water providing a stable platform.
Excessive penetration by the legs into the seabed is preteginby the large spudcans at the bottom of the
legs, each with a diameter of approximately 18 mThe HDJU spudcan penetration inthe seabed will be
approximately 3 m (10 ft) deep and 18 m (59 ft) in diameter.

8 Note: for this temporary set down of the drilling rig it will nbbe necessary to deploy the anchors.
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Figure2-7 Example WHP view with Jackip on station.

The current premise is to batch drill each section of the four wells, following the well design outlined in Section
2.6.4. Following drilling, well bore cleaning andcompletions activities will be completed.

There may be a requirement to move the HDJU off station to allow the WHP topsides to be installed. Over
the total drilling programme the drilling rig may be positioned in up to three locations:

1. I ni t i al nggesdodntat smidaffiocation: the ES assumes all three legs will be laid down
on seabed- no anchor deployment required for this initial set down, however anchors will be
deployed to aid positioning of the drilling rig adjacent to the WHP jacket;

2. Setdown of the drilling rig adjacent to the WHP jacket in the working position at commencement
of drilling activities- anchors will be recovered once drilling rig is in final position;

3. Atemporary set down within the existing survey area (potentially at tbdginal stand-off location)
to allow the WHP topsides to be installe@lno anchor deployment required for this set down,
however anchors will be deployed to aid repositioning of the drilling rig adjacent to the WHP
jacke®;

4. Return the drilling rig to tle original working position adjacent to the WHP jacket following
installation of the WHP topside& anchors will be recovered once drilling rig is in final positidf.

Details regarding drilling support vessels is provided in Section 2.10.

2.6.3. Blowout Preverdr

The HDJJ will be fitted with a blowout preventer (BOP) stack which will be fully rated for pressures beyond
the maximum anticipated well pressure at Jackdawhe BOP will be installed prior to drilling the 16sections.

The function of the BOP is tprevert uncontrolled flow from the well by positively closing the well in, as and
when required. The BOP consists of a series of hydraulically operated rams that can be closed in an
emergency from the drill floor and also from a safe location elsewhere tire rig.

9 Note: it is possible that the HDJU witemain on location, whilst the topsides are being installed, however as a worst
case the ES assumes that it will be taken off station.

10 Note: when the rig is brought back on gtion following topsides installation, the spudcans will be laid down in the
same locationsas previously used.
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The integrity of the BOP will be tested prior to usage and rated over the range of pressures predicted to occur
within the wells. Pressure testing of the BOP will be undertaken in line with the drilling contractor, Shell
procedures, and UK legislion and indugry standards.

2.6.4. Well Design

Each well will be of a similar design and will be drilled to approximately 6,000 m depth. Each well is
expected to consist of fidaole sections. Steel casings will be installed and cemented in place in the wellbores
to provide structural strength, isolatdrilling hazards, and enable pressure containment.

A schematic of the well design is shown iRigure 2-8, whilst the basic well profile is provided irmable2-7.
Please note that the depths provided ifable2-7 are indicative and based on the vertal profile of one of
the four initial Jackdaw wells. All four wells are of a similar profile.

Table2-7 Indicative Jackdaw well profile.

HOLE SIZH CASING SIZE| TRUE VERTICAL DEPTH BELOW DRILL FI
(Inches) (Inches) (ft) (m)
36 30 780 238
26 20 3,800 1,158
16 135/8 13,295 4,052
12 1/4 10 17,348 5,288
81/2 5 19,107 5,824
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Generic Jackdaw Well Schematic

Formation Planned Well Status Description
XMAS TREE
5 1/2" Tubing Hanger
N
K
|10 244" Casing Hanger
<]
Pall
|13-5/8" Casing Hanger
N
4
'WELLHEAD
MSL
SEABED
30"TTOC
30" Casing Shoe
T TRSSSV
ordian DHCI (FB1 & FB 2 only)
207 Casing Shee
Lark
Horda
Balder
Sele
Bittern S5t
Forties S5t
Lista
Andrew SSt
Maureen
Ekofisk
Tor 13 5/8” Casing Shoe
Hod
Hod Mass Flow
Herring
Plenus Marl
Hidra
POHG. PDHG
Rodby --. | -- il Production Packer
» 5 7" Liner Top Packer
<< =) 7" Liner Hanger
> F Nipple Profile
Valhall WEG
Munk Marl 2 Y 10” Casing Shoe
Kimmeridge
Heather
Top perforation
Heather S5t (Upper)
Mid Heather
Heather 55t (Lower)
Bottom perforation
A L 5" Liner Shoe
Base Lower Sand 812" 0

Figure 2-8 Generic Jackdaw well design.
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2.6.4.1.

Sand Production andControl

Sand prediction has been carried out and the use of downhole sand screens to prevent the production of
formation sand was considered to not be required.

Sand production will however be actively monitored. Acoustic sand meters will be installedeach of the

flowlines at the WHP. Sand production from Jackdaw will also be monitored at the host and integrated into
its integrity management planning.

2.6.4.2.

Water Production and Control

Excessive formation water production is not expected according to the eurr t

production liner will be designed to provide a means of potential isolation between loward upper sands

reservoi

r

mo d e |

as well as below and above sands to minimise the production of water. The completion of the wells will also

facilitate remedial activities in case of excessive water production.

2.6.5. Dirilling Fluids and Cuttings

Drilling fluid (also known as dilling mud) is added to the wellbore to facilitate the drilling process. It is
required for several reasons including:

managing hydrostatic pressure and primary well control;

transportation of the cuttings to the surface;

preservation of the wellbore todcilitate casing/completion installation; and

cooling and lubrication of the drill bit.

Drilling fluid is continuously pmped down the drill string to the drill bit and returns to the surface through

the annular space between the drill string and the side§the well. Different fluid formulations are required

at different stages in the drilling operation because of variatis in pressure, temperature and the physical

characteristics of the rock being drilled.

The anticipated drilling fluid requirementshe aittings mass and corresponding volume and the fate of
cuttings for each section is summarised Trable 2-8.

Table2-8 Anticipated mud requirements and cuttings massciated with each well.

MASS OF | CUTTINGS
HOLE SIZE| - DRILLING | MASS OF CUTTINGS| VOLUME FATE OF CUTTINGS
(Inches) FLUID MUD (te)
(te) (m*)
Seawater and Drilled riserless witrseawater and
36 bentonite 91 146 61 bentonite sweeps with returns dischged
sweeps at the seabed.
Drilled with bentonite Water Based Mud
Bentonite and (WBM) with returns to the HDJU for
26 WBM L7 rat it subsequent discharge at around 15 m
below sea level.
16 LTOBM 207 871 363 Drilled with LTOBM. The base case is thi
the LTOBM cotaminated cuttings will be
124 LTOBM 161 243 101 skipped and shipped onshore for
treatment and disposal. However, at the
time of writing the option to thermally
81 LTOBM 73 39 16 treat (to < 0.1 % by weight oil on

cuttings) and dispose of dtings
overboard has been retained. LTOBM
will be recycled and reused.
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The drill cuttings and associated bentonite WBM will be discharged during the drilling of two upper sections

of each well. The top (36a) sect.ieuoutnswillbedsehargedi | | ed \
at the seabed, ctiohwilbe drdled withea riseréudd the euttings will be returned to the

drilling rig for subsequent discharge overboard from a cuttings chute 15 m below the sea surface.

The lower sectios will be drilled with LTOBM. The LTOBM cuttings associated wiith lower sections will be
returned to the rig, where shale shakers will be used to recover most of the mud feuse. The base case is
that the cuttings and remaining LTOBM will then be pgied and shipped to shore for treatment and disposal.
Cuttings eturned to shore via skip and ship will be thermally treated at NOV in Aberdeen, who specialise in
drill cuttings treatment. Base oil will be recovered for-ese, and any solids (with oil reroved) sent to landfill.

Any unused LCM (loss control material)ilhalso be returned to shore and sent to an approved waste disposal
plant. At the time of writing the option to treat the cuttings offshore for subsequent discharge has been
retained. The cutngs would be treated using a thermeme c hani c al erdotrémove gastof tel e a n
base oil and to grind the cuttings to a powder. During thermal desorption cuttings are heated to the distillation
temperature of the base oil and this temperature isamtained until all the oil is vapourised. The base oil is
thencondensed and returned to the LTOBM system on the rig where it can beised. The treated cuttings
typically contain under 0.1 % hydrocarbon content by weight (Kirkness and Garrick, 2008), iwh is well
below the regulatory requirement of 1 %. The treatddfOBM cuttings will be discharged from the cuttings
chute 15 m below the sea surface after mixing with the recovered water which allows a slurry to be formed,
which will flow and descendm the water column.

2.6.6. Cementing Chemicals

Cement is used to securthe steel conductor and casings in the well bore, whilst cementing chemicals are
used to modify the technical properties of the cement slurry.

During cementing operations, the majority of #se chemicals are left downhole. However, during the 30"
cementdion, a minimal quantity of cement may be discharged onto the seabed around the"®nductor
while filling the annulus between the casing and the seabed (with cemeiii)is excess over the amlus
volume is required to give confidence that the cement has completely filled the conductor annulus and
displaced all the mud present to provide a strong bond, on which the entire well is secured. Careful estimates
of the final volume of the hole wilbe made during drilling, and the volume of cement used will be adjusted
accordingly to minimise the volume of excess cement being squeezed out of the to the sea.

Subsequent use of cement is contained downhole as subsequent cagilogeot require the cemento be
pumped into the annulus all the way up to the surface.

Discharges of other cementing chemicals such as cement mix water and spacers may occur when cleaning
out the cement mixing and pumping equipment. Cement mix water is tte@m used to describehe fluids
used to mix the cement, whilst spacers are the fluids used to aid the removal of drilling fluids before cementing.

The cementing chemicals to be used have not yet been determined but will be detailed in subsequent drilling
chemical permit applicadions. All cementing chemicals to be used will be selected based on their technical
specifications and environmental performance.

2.6.7. Well Completion and ClearUp

A conventional dry vertical tree system rated for Jackdaw uHPHT condigiaexpected to be deplyed. A 5
%" completion is proposed.

As part of the completion process, the wells will bedeaned up to remove the LTOBM and displaced with
inhibited freshwater ahead of running the completion. The displaced LTOBM contaminatedislwill be
recovered tothe HDJUand either treated onboard prior to discharge overboard under the appropriate permit
or returned to shore for further treatment.
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The completion of all wells will incorporate a downhole tubing retrievable subsurface safetyve and a
downhole pressue gauge. The downhole safety valve acts as a failsafe to prevent the uncontrolled release
of reservoir fluids in the event of a worstase scenario surface event.

Following completion operations, the wells will remain filled thi inhibited freshwateruntil the perforations
are conducted. The well perforations will take place from the Jackdaw WHP after the HDJU drilling rig has
gone off station.

2.6.8. Cold Well StartUp

Each of the four wells will be perforated from the WHEsing coil tubing and brought orihe sequentially.
Although the reservoir is at high temperature, the initial flow of gas will lose temperature in the well bore by
contact with cooler strata. When this cooled gas expands through the choke valve it reackeseme low
temperature, which wald resut in embrittlement of the topsides pipework and WHP production riser. To
avoid this, the initial flow has to be disposed of at the WHP until the well bore warms sufficiently (estimated
to be 430 te). See Section 7Condensate is heated and reinjeetl into the production system. Thereafter,
reservoir fluids will be routed via the export pipeline to Shearwater.

To avoid hydrate formation, gas arriving at Shearwater will initially be routed to the host flare (estimated
150 te) until the pipeline is flly dosed with methanol and the temperature is sufficient to allow safe
pressurisation of the pipeline for LP operation (40 barg). As a rule, Jackdaw wells will start up in LP mode.
In an unlikely scenario that the LP congssion is not available, additioal flaring (approximately 620 te.)
may be required. These are included in emission assessment as a conservative estimate (Section 7.3.3).

After this the entire Jackdaw production, including bringing the subsequent threelsveh line, will be routed

to the Shearwater test separator and processed through the existing Shearwater topside facilities. This will
minimise flaring during the initial well starup phase, compared to having a rigbased well clearup
following perforation.

As each well is started upthe completion fluid (approximately 1,000 kg) will be unloaded from the well to
the host platform, followed by production fluids.

2.6.9. Annuli Pressure Management

During production, pressure changes due to the operational cygji of the wells will require effetive
management to minimise the risk of sustained casing pressure affecting well integrity.

Well annuli are shown inFigure 2-8. The 'A' annulus is the void between the production tubing and the
smallest casing sing. The well will also have a 'B' and a 'C' annulus, between the different casing strings.
None of the annuli have any connection to reservoir fluids, but m#aning their pressure is important to
ensure monitoring and integrity of the casing strings.

TheAg@gad e&B¢ annul i wi | Ifilldd elosed gystenss e tharstrogen caprinfegterl mto
the annuli will act as a pressure dampener and prent release of hydrocarbons to the atmosphere.

During commissioning it is expected that the Wewill be flowed to the maximum anticipated production rate

whi |l st collecting the initial annul ar LTOBWItheg | ui ds
nitrogen cap into the @&A¢ and &Bg¢ annulwherethdsei s opei
commi ssioning fluids from the &A¢, &B¢ and &Cc¢ annul

to shore for treatment and disposal.

During the operating phase, LTOBM contaminated fluids will be collected on the WHP on a regblasis
from the a&Cc¢ anBuld3)s [Hee e cofhmmuencyisvariableederidg the life
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cycle of the wells, however this frequency is expected to reduce over time. The bifedperations will be
remotely operatedirom Shearwater. Annulus fluid management is further discussed in Secoh3.3.

2.7. JackpAaw WELLHEAPlatform

2.7.1. Overview

The proposed WHP locationiss 6 A 54 ¢ 3. 73" N E&Bs0). Thé'propozed WHMoriehtatibn
is shownin Figure 2-9.

Figure 2-9 Example schematic of WHP orientation.

The WHP will comprise a compact deck on a steel stihcture and will include all the necessary well slots,
manifolds, controls and utilities as required to support production from thecBdaw wells. All processing of
the fluids will be carried out at the Shearwater platform.

The platform will have a desig life of twenty years and a design capacity of 218MScf/d (6 million Sn¥/d).

The WHP will be operated remotely from the Shearwateortrol room. The WHP design and its operating
and maintenance philosophy are intended to ensure manned visits are keptatoninimum. Visits will be
primarily scheduled for chemical and fuel resupply, and will also include well intervention campaigns, and
planned and unplanned maintenance. Between 6 to 9 annual visits to the WHP are currently anticipated.
Visits will be schedled in order to ensure stable operation of the asset, but also to minimise emissions and
discharges and improve efficient use of resmes.

Primary access to the WHP will be by helicopter. The WHP will have accommodation for 21 to 30 people.
Facilities fo personnel transfers to and from the WHP via a gangway system on a vessel (also known as
&eWal k to Wor k¢ ( W2W) vaeddoefaciitgte nvajorl attivitiesl W2W abcess will be
required for campaigns requiring higher Personnel on Board (PaBYl therefore additional accommodation,
such as commissioning and decommissioning campaigns. During operations, a requirement for a W2W
vessel is currently not anticipated as no major modification requiring additional PoB have been identified.
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2.7.2. StructuralDespn and Installation

The WHP design is a foutegged conventional fixed steel jacket with skirt piles supporting a topsides module.
The jacket base dimensions will be of approximately 32 m x 38 and the height slightly greater than 10@n
(seeFigure2-10). Including mud mat assemblies, the footprint of each jacket leg will be around 9 m x 10 m.
The jacket is estimated to weigh around 3,000e. The export riser (see Secti@8.1) will be pre-installed
with the jacket.

The jacket will be transported by Heavy Lifting Vessel (HLV) and installation will take place in limited sea state
to ensure the stability criteria are not exceeded. The jacket structure will temporargysppported by the
seafloor before driving of the foundation piles. The foundation elements that bear on the seafloor include the
jacket pile clusters and mud mats. Athese foundation elements are designed to support the weight of the
jacket plus any addtional loads imposed by environmental or construction conditions. The function of the
mud mats is to provide orbottom stability of the jacket during the installationhase.

In order to secure the jacket post upending and set down, four piles (one perkjeicleg) will be installed
through the jacket skirtsThe piles will be around 108inch (2.54 m) in diameter and around 90 m in length.
These piles will be driven to dégn penetration depth using a pile driving hydraulic hammer. Hammers vary
in size, weight and capacity depending on the characteristics of the pile to be driven and the soil properties
to be driven into. They are classified in terms of the maximum enerdyey can deliver. To assess the
significance of the underwater noise impact, modellingas carried out for a worstcase scenario based on
the use of an impact hammer with a maximum energy capacity of 3,500 kJ (Genesis, 2021).

E1.#26.300m

e E1.-41.000

El.-72.500

Mudline Elevation
= E+78.000
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Figure 2-10 Representative schematic of the Jackdaw WHP jacket.

The topsides will weigh around 2,500 te. It is expected that following construction they be transported
offshore on a HLV and installed using a singl#t. A typical topsides lift is illustrated irFigure 2-11.

Figure 2-11 Typical topsides lift by a HV (example HLV).

As shown inFigure 2-12, the WHP topsides will likely comprise three main levels (cellar, mezzanine &
weather deck9 plus an upper partial mezzanine. Each of these decks will be divided into hazardous and

non-hazardous areas by a cross deck fire and blast wall.
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2.7.3. Topsides Production Support and Utilities

There is no topsides procesgjras the fluids will be received at the WHP and then exported to Shearwater
for processing. A simplified example process flow scheme is showrFigure 2-13.

Multi Phase Flow Meter Host Platform

e

Production Wells Well Flowlines

s ——

N
Subsea Pipeline

i
}( i
i
i
it W o v i T S & o R i O

Scope of NPAI
%

Figure 2-13 Representative schematic showing the Jackdaw process flow scheme.

The following sections describe the main systems availabl®oard the JackdawwWHP, the specific capacities
of these systems will be refined during detailed design.

2.7.3.1. Production Support Systems

A multiphase flow meter will be provided for each well flowline, followed by a manifold (located on the WHP)
to comingle prodiced fluids priorto export via the export riser, to the host for processing.

Provision will be made for future installation of a permanent pig launcher for pipeline inspection and wax
management purposes. A temporary pig launcher will be installed at Shemater and Jackdav during
commissioning operations and removed once commissioning is complete, a permanent pig launcher may be
installed if required during future operations.

Though facilities to allow a permanent pig launcher to be installed in the future are includedhe desgn,
flow assurance modelling indicates that wax will not deposit in the pipeline between Jackdaw and Shearwater
between stadup and 2029 during normal operations as the flowrates in the line maintain the fluid
temperature above the wax appearanceenperature. Modelling suggests that wax will only start depositing
during late field life (from 2030 onwards) once flowrates have declined sufficiently.

Surveillance of the key flow assurance parameters (flowrate, temperature and pressure drop) across t
pipeline and sampling of production fluids will be used to monitor the potential for wax build up in the
pipeline over the field life. Wax deposition will B managed by injecting wax inhibitor into Jackdaw
production fluids on the Jackdaw WHP to redudbe wax deposition rate in the pipeline.
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Pigging is an effective control measure once the rate of wax accumulation is significant. Flow assurance
indicates ttat pigging is not required as wax deposition does not occur until late in field life and wax ithlitior
injection can adequately control accumulation for the remaining field life. A decision not to install the pig
launcher from stadup was taken as:
a) Jackdaw is a high temperature high pressure field with flowing wellhead temperatures >80
which helpskeep the production pipeline above the wax appearance temperature for the majority
of its lifetime;
b) pigging for wax management is not required before 2030 (ath may never be required);
¢) installing a pig launcher from starup unnecessarily increases the nmenance burden (increasing
visit frequency and operating cost);
d) capital cost may be reduced (by deferring investment in a pig launcher until it is requireddan
installing a pig launcher with a lower design pressure once reservoir pressures have declinaak),;
e) the design allows for installation of a permanent pig launcher on the WHP should it be required
during late field life.

2.7.3.2. Safety Systems (Overpressure protion)

The topsides process piping will be fully rated for Jackdaw higiiessure conditions. In aemergency, a full
platform shutdown can be initiated automatically upon confirmed hazard detection and all signals relayed
to the host platform for incidentontrol.

Emergency depressurisation is not being provided. The small topsides hydrocarbon invgrEgimated to
be around 1,000 kg) ensures the escalation potential from a topsides release is limited. The philosophy will
be on detection to shut in the wis and pipeline to minimise escalation.

A pipeline overpressure protection system (OPPS) wdlibstalled between the manifold and the export riser.
The OPPS will protect the pipeline to Shearwater from Jackdaw hjglessure conditions. On detection af
higher pressure than a preset value, the OPPS will close the topsides pipework preventingdtiempressure
condition from travelling further downstream to the pipeline. Additional overpressure safety systems,
including the platform emergency shutdown siem will or should activate prior to the OPPS activation.
Operation of the OPPS will be very inéquent and only required during unplanned events in the event all
other safety systems have failed.

To maintain the OPPS integrity level a programme of ingp®n, maintenance and testing will be followed.

The export riser and length of pipeline alonghe sabed closest to the WHP will be fortified (i.e. spool and
pipeline walls will be thicker). The fortified zone ensures that the sections of the pipeliosadt to the facilities
would not rupture during an overpressure event. The length of the fagtifizone is expected to be 160 m at
the Jackdaw WHP and 180m at the Shearwater platform ends. Further details on the subsea infrastructure
is provided in Secthn 2.8.

2.7.3.3. Annulus Fluid

As discussed in Sectio.6.9, an Annulus Management System (AMS) will be in place on the Jackdaw WHP
to bleed pressure from the &C¢ annulus as required.
allow for controlled bleed off fromthe ae€annulus.

Fluids fromtheeC¢ annul us wi | | be bled off intermittently ar
vessel will be sampled prior to offloading to a supply vessel and returned to shore for treatment and disposal.

The vessel isufficiently sized (approximatel 50 m®) to allow for offloads every two months. The vessel
offloads will be planned during manned operations.
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2.7.3.4. Diesel Storage and Distribution

A diesel storage tank (approximately 50 /) will be provided to supply dieseldr main power generation
and for the crane. Diesel will be restocked onboard the Jackdaw WHP from supply vessels during manned
periods.

2.7.3.5. Chemicals

Production chemistry issues can occur as a result of chemical and ptatsihanges to the wellstream fluidsa
it is transported from the reservoir through the processing system. To prevent fouling including deposition of
scales, wax and gas hydrates a number of chemicals will be injected at the Jackdaw WHP.

Most of the utiliies on board are associated with chrical injection and include facilities for:

methanol (used for hydrate suppression);
scale inhibitor (applied to prevent scale deposition); and
wax inhibitor (applied to prevent wax deposition).

Chemical storage requirements will be sufficient for two mbstrequirement.

Scale and Wax inhibitor chemicals will be supplied via tote tanks. Methanol will normally be bunkered with
a provision to supply via tote tanks. When transferring a chemical tis respective storage tank, the tote tank
will be moved fromthe laydown area into its designated decanting area on the weather deck. Due to the
potential for spillages to occur, bunds will be provided around specific areas that have been designated for
tote tank storage and decanting operations.

The scale inhibitoand wax inhibitor will be stored on the WHP in separate atmospheric tanks with a capacity
of approximately 22 and 35 n?¥ respectively.

Methanol will be stored in a storage tank, the volume of Wwdh will be based on the maximum number of
production startups between visits and will be confirmed during detailed design.

Methanol and scale inhibitor will be injected at the well trees upstream of the choke (two of the wells will
require downhole scée inhibitor injection) for hydrate inhibition during well strt-up and for scale prevention
respectively. Wax inhibitor will be injected to the production header to manage wax deposition in the pipeline
to Shearwater (expected from 2030 when low productioflowrates mean the production fluids cool in the
pipeline to below the wax appearance temperature) as well as the Shearwater export pipeline. Studies to
assess the need and timing for the wax inhibitor injection are ongoing. During normal operations wax
deposits are not expected.

No instrument air will be providel on the platform therefore valves will be either hydraulically or electrically
actuated. Hydraulic controls will be supplied from the main hydraulic power unit housing a hydraulic supply
tank. The hydraulic system on the WHP will function as a closed lospgem, and a maximum hydraulic oil
inventory of 1,500 litres will be stored on the platform.

Chemicals will be restocked onboard the WHP from supply vessels during manned periods.

2.7.3.6. Open Drain System

Segregated open and closed drain systems will be avdile on the Jackdaw WHP. The function of the closed
drain on the WHP is discussed in Secti¢h7.3.7.

The open drains will collect rainwater and deekashing from all decks in hazardous areas. During

maintenance ativities (only when the platform is manned), there may be small amounts of hydrocarbons
and/or chemicals contained within the open drains streasn Hydrocarbons will be routed to tote tanks for
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disposal onshore. This operation will occur under manual cooitiduring planned visits. Residual discharges

of water to sea will be via a drains discharge pipe. When the platform is unmanned, the open drasystem

will collect rainwater. This will be routed to sea via the drains discharge pipe. The design will eedbat any
discharge meets regulatory requirements as specified in the OPPC Regulations. An analyser is included at
the inlet of the drains caigsn to provide verification.

2.7.3.7. Closed Drain System

Closed drains will collect liquid drains from piping resultinffom maintenance operations, which will take
place under manual control during planned visits. Liquid drains will be routed to a storage vesséhw
sufficient capacity for the expected liquid drains volume (approximately 2)nThis storage vessel willc
both as a collection and vapour/liquid separation system. Accumulated liquids will be routed to a tote tank
for disposal onshore.

2.7.3.8. IntermittentVent System

The intermittent vent system provides a safe and reliable means for disposal of hydrocarbon gassig
from the following operational activities:

Depressurisation of the WHP topsides after a skddwn lasting more than 24 hrs (approximate
volume 1,000 kg hydrocarbons) this is required to prevent hydrate formation on the topsides.

Gas venting from ntemittent maintenance operationWHP flowlines,SSIV testingmanifold and
header)occurring once per year (approximatelyt,500 kg).

The ventsystem may also receive nitrogen purge gases from the AMS, which may contain traces of
off-gases from the drling fluids in the annulus.

Potential depressurisation of the wellhead tubing for cold sta following shutdown and when
the pipeline is fuly depressurised (approximately 46,000 kg hydrocarbons per year). These
emissions have been included on an analibasis. The amount is based on planned number of
shutdowns and starups. This is required to manage the risks to the topsides pipework duéote
temperature experienced during statp.

The latter scenario could occur following a planned lorguration shudown, such as a Turn Around (TAR)
at the host, or following an unplanned event.

In addition, during the WHP commissioning and wells initiagtartup, individual wells will be sequentially
flown through the cold start up vent system, as described i68 and 2.7.4.

All sources of intermittent vents gas are routed to the closed drains storage vessel and the gas separated from
the vessel will B disposed of via the intermittent vent system.

2.7.3.9. Power Generation and Combustion Equipment

Power will be requied notably for running utility equipment topsides and for the LQ. Normal lighting will be
supplied from the main power supplyand emergency lighting is supplied from the Main UPS

The maximum normal power load demand oboard the Jackdav WHP has been estimted to be
approximately 75kWe during unmanned periods and 335 kWe during manned periods. During cold start
up operation when manned, the maximum load will be 470 kWe. Based on this maximum load, itis currently
proposed to use three packaged diesel geraors as follows:

a single generator to supply peak unmanned operating load;
a second to supply peak manned load; and
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a third generator to provide spare capacity for maintenance or shutdown and during cold stag
operation when manned.

The diesel genertors will each have an integated diesel tank with diesel supplied from the main diesel
storage tank. No dedicated emergency power will be available. Vital power will be provided by
uninterrupted power supply (UPS) when main power is lost.

A diesel platfam crane will be required for lifts up to 40 te, dictated by the heaviest single item lift (during
well intervention and maintenance).

The combustion equipment on the WHP when aggregated together could possibly consist of:

three diesel driven power generars,
a diesel crane.

The naximum rated thermal input of this combined combustion equipment was assessed to be less than 5
MWth and is therefore below the 20 MWth threshold necessitating a GHG permit to be in place. In addition,
the proposed individual paver generators will be desigied as singlefuel and as a result, should fall outwith

the scope of the Medium Combustion Plant Directive requirements.

2.7.3.10. Waste Storage

The majority of the weather deck will be laydown area to allow suitable space for well intenton equipment
but also gare space for any solid and liquid waste requiring storage before backload to shore. The lower
two decks will also have laydown areas. A dedicated laydown will also be available close to the galley for
accommodation waste.

Sufiicient space will be availdle in the laydown areas for waste receptacles facilitating offshore segregation
and disposal. Management of waste on the Jackdaw WHP is further discussed in Section 10.

2.7.3.11. Living Quarters

Full LQ will be sized to accommodate a nxamum of 21 to 30 personnel. The LQ will include: cabin areas,
a sick bay, a galley, a laundry store, office space, a workshop and local equipment room.

All black and grey water from the LQ will be routed to a sewage macerator prior to overboard discharge
Food waste will be groundto an extent that it can pass through a 25 mm grid before being discharged
overboard without further treatment.

2.7.3.12. NavAids

Navigational aids on the wellhead platform will be provided in accordance with the latest regulations (CAP
437, IALA0O-139 and DECC). Amarine light will be installedon each corner of the platform to provide 360
degree visibility from all directions. Two secondary marine lights will be installed on the opposite corners of
the structure and two subsidiary marinkghts will be installed atthe horizontal extremities of the structure. In
addition, two fog horns will be located at the outer edges of the platform (northsouth or east- west,
respectively). Aeronautical obstruction lights (AOL) will be located hetiop of the crane and on he crane
boom in accordance with CAP 437. Helideck marking will comprise perimeter lights, floodlights, status lights,
an illuminated windsock and a CircleH lighting system.

The NavAids will be continuously powered by dieselegerators. During unmanned priods this will be via
one generator with two in standby and during manned periods via two generators with one in standby. In
the unlikely event that all three generators fail, emergency power will be provided by an uninteribipt
power supply to the naigation and obstruction signals and lights with an autonomy time of 96 hours, in
accordance with IALA Standard for Marking of MasMade Offshore Structures €139.
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The primary means of monitoring the function of NavAids will beasthe WHP Integrated Contrband Safety

System (1 CSS) , which wil| be integrated with Shear wa
via microwave telemetry system using Line of Sight. Microwave is a Jofesight wireless communication

techrology that uses high frguency beams of radio waves to provide high speed wireless connections that

can send and receive voice, video, and data information. The WHP NavAid system will be continuously
monitored from the Shearwater control room via the®tessControl subsystem othis ICSS. The WHP CCTV

system will provide additional means of monitoring the NavAid function, with images transmitted to the
Shearwater platform via the telemetry system. The NavAid system will be maintained in accordande thet

vendor recommendations

I n addition to alarms which wil/ be shownuppowerShear wa
supply, in the event of failure of the main system lights the two secondary marine lights and two subsidiary
marine lightswill act as backup lighting.

2.7.4. Commissioning

The intent is for the majority of the topsides p@mmissioning scopes to take place onshore in the
construction yard before installation, to minimise the offshore scope of work and associated safety risk.
Offshore commissioning will cover commissioning check procedures and dynamic commissioning required
after integration of the topsides facilities. This entails systenergise checks and testing to verify system
functionality, to confirm operational performanc@ accordance with project design and specification and to
check systems intewperability.

Leak testing on the WHP will be required to ensure integrity of the export riseritieand to re-test the
hydrocarbons systems.

Initial pipeline commissioning ativities will take place at the WHP including temporary pigging activities.
Further details regarding the pr&eommissioning and commissioning of the pipeline to host are provided in
Section2.8.4.

Introduction of first hydrocabons to the WHP will occur only upon full completion of these commissioning
scopes when all the systems are deemed fit for operation. The bringing online of daekdaw wells is
described in Sectior?.6.8.

2.8. PIPEINESAND SUBSEAINFRASTRUCTURE

2.8.1. Overview

Jackdaw fluids from each well will be commingled on the WP topsides before being exported to the
Shearwater platform via a new single 12 / 1 RiR pipeline connecting to a new riser to be installed on
Shearwater A SSIVs(gravity based) will be included at each end of the pipeline, between the pipeline ends
and respective fortified zones. A new umbilical (approximately 300 m long) will be installed to connect the
SSIV at the Shearwater end of the pipeline to the Sheater C platform. At the time of writing an umbilical

is not expected to be required for the SSiaft the Jackdaw end of the pipeline however this is captured as an
uncertainty in Section 2.11As discussed in Sectio@.5.3, the entire length of tke Jackdaw to Shearwater
pipeline system will be lined/clad with CRA material to mitigate the corrosive effects of the Jackdaw fluids.
The pipelinemaximum incidentalpressure will be approximately 220 barg.

An overview d the proposed subsea layout ishown inFigure 2-1 and summarised inTable2-9.
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Table2-9 Subsea infrastructure for the proped Jackdaw Project.

ITEM | PIPELINE SECTIONGTHER INFRASTRUCTUR DESCRIPTION LENGTH
Riser at Jackdaw WHP 381mm( 158) ¢ ~108.5m
diameter (OD). The riser
1 .
does not require to be
PiP.
Spools connecting riser at Jackdaw WHP totheg 14 & @&®©D. Ihs ~160 m of fortified spools
2 SSIvV spools do not require to | (including cooling spool)
be PiP. and ~50 m otherspools
Jackdaw SSIV (inc. Potential cooling manifoél SSI'V Struct ~7.5m
3 see 2.11 Project uncertainties) 15a piping
based
Main pipeline (including transition ends and 457 mm (184a| 31,000 m (approximately
trenched and buried section). diameter 300 m transition length at
4 WHP end, 30,600 m
trenched and buried and
100 m transition length at
Shearwater).
Sheawater SSIV SSI'V Struc ~7.5m
5 piping OD, gravity
based
Tielin spools at approach to Shearwater 356 mm ( 14 a&| ~180 m of fortified spools
6 spools do not require to | and ~60 m of other spools
be PiP.
New Jackdaw riser at Shearwater 356mm (1 4 ®P. The ~115m
7 riser does not require to
be PiP.
8 SSIV Umbilical at Shearwater Umbilical from SSIV to ~300 m

SWC platform

2-37



JACKDAW FIELD DEVELOPMENT PROJECT

PROJECDESCRIPTION

GRP COVERS x 12Zm LONG
(15-GFF)

DRILL RIG

SHEARWATER 'A' PLATFORM
CO-ORDINATES

616 676,880 E

€ 322 811.260 N

SHEARWATER 'C'
= PLATFORM

\\\

i
SSIV STRUCTURE “

]
i ||

|
I \
\ OB
\ ‘ ‘ e ‘ \ ‘
| ‘ ‘
| 2-5PO0L GRP COVERS _ AT
\ 2 x 90 DEGREE BEND -
| COVERS & - 1L
| 2 x WIDE COVERS & ‘ - a3
| 2 x NARROW COVERS REF |/ 00 ot
\ — " P 0
| INTIATION WIRE - \ ;
\ —
‘\g \ - “ “ - \\%
- [ \
-7 meEs M 2 |
- sz & . | 4
|
I\ i‘im 4l 1,ZSFBOL Y‘Q

UMBILICAL COMPLETE
CON

WITH
ONCRETE PROTECTION MATTRESSES
6.0m x 30m x 0.15m THICK

616 800 E

AS—BUILT ARRAN PIPELINE &
EHC CONTROL
UMBILICAL TRENCHED & BACKFILLED

END OF TRENCH TRANSITION

START OF TRENCH TRANSITION

m:o S
&

L
o
e

Sm x 5m
TARGET 80X

ARRAN PIPELINE CROSSING
} CO-ORDINATES.

6m x 3m x 0.15m THICK MAT
618 824557

§
5
6 323 001.291 N 3

DN

TOSERe
o Casd
T

SCOTER EHC CROSSING
CO-ORDINATES

6m x 3m x 0.3m THICK MAT

618 775171 E
5 322 953731 N

CONGRETE PROTECTION MATTRESSES
6.01 o 5m THICK

m x 30m x 0
(27-0FF)
5
SE

e

&

~

o,

Figure 2-14 Jackdaw export pipeline proposed tién approach at ShearwaterA.

Fortified tie-in spools (total length of approximately 160 mand other expansion spools of approximately 50
m will connect the export riser at the WHP to tH8SIV and subsequently th@ain length of pipeline.

The main pipeline will be approximatel\381 km in length. At the Shearwater platform the pipeline will be

connected to a new riser viaa SSIV andfortified tie-in spools (total length of approximateld80 m) and
approximately 60 m ofother expansion spools.

In order to reduce the thermal load ath axial stress on the pipeline, cooling of the Jackdaw fluids is required
before entering the main pipeline length. To achieve the required temperature reduction, a cooling spool will
be incorporated within the tiein spool or pipeline at the Jackdaw WHPrd of the line. This will take the form
of an un-insulated section of pipeline, incorporated within the ti& spool and the start of the pipeline. It is

Out

with the 500 m

zones

(that is in a&open
telecommunicatios cable and the Pierce gas export pipeline. Within the Shearwater 500 m exclusion zone

the pipeline will cross over three existi lines. Crossings are summarised as follows:
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The Scoter umbilical which is expected to be out of service at the time of daekpipeline

installation. The full removal of the Scoter umbilical will be delayed until post Jackdaw Cessation of
Production (CoP) due to the crossover with the new export pipeline) This crossing will be within the
Shearwater 500 m zone;

Arran pipeline and the Arran umbilical. This crossing will be within the Shearwater 500 zone
and both the pipeline and umbilical vill likely be captured within the same crossing;

The 128 Pierce Gas Export Pipeline (inmsThsal |l ed
crossing will be out with any 500 m zone;

Judy to Culzean (Tampnet) fibre optic cable. This crossing wél ut with any 500 m zone.

Within the Shearwater 500 m zone, it is possible that the tia spools will also be laid in concrete troughs
and protected using either a steel grate or GRP covers.

2.8.2. Installation of the Export Pipeline and SSIV Control Umbilica
The export riser at the WHP will be integrated into the jacket and therefore installed with the jacket.

The tiein spools umbilical(s) asrequired and gravity based SSIVst both platforms (including the cooling
spool at the WHP) will be installed usin@onstruction Support Vessels and/dbive Support Vessels (DSV)
and will be protected/supported using a combination of concrete mattressasia?5 kg grout/sandbags and
potentially GRP covers over the cooling spool (see Seclah3).

The main pipeline will be trenched and backfilled to provide protection from third party interaction and to
preventupheaval buckling (UHB). A pipeline burial depth of Im to top of pipe (ToP) is sufficient to prevent
UHB. A plough will be used to create the trench and the pipeline will be installed by either reel lay days
method using dynamically positioned (DP) sses.

The pipeline burial depth (1 m to ToP) is digeed to be sufficient to prevent UHB however it is possible that
at some locations the backfill cover height may not, on its own, be sufficient to resist UHB. At these locations
the addition of spot ro&dump may be required. Whilst trenching to a greaterdepth could reduce the
requirement for rock, there are practical limitations on achievable depth, and experience from the wider
Jackdaw to Shearwater area suggests that burial to a greater depth is nkely to be guaranteed, and spot
rockdump would likey still be required to ensure that snagging points did not present themselves. The use of
spot rockdump is discussed further 1 8.3.

The shearwater SSIV umiial will be pulledintoadTube on the Shear water @&Cg
the seabed to the new SSIV which will be located to the North at the pipeline ethle. The umbilical will

be protected by use of concrete mattresses and grout bags, ammpssings are expected to similarly be
constructed with concrete mattresses and grout bags.

2.8.3. Stabilisation and Protection Material

Table 2-10 presentsthe anticipated maximum quantities of rockdump, mattresses (6(jx 3 m (W) x 0.3
m (H)), grout bags (25 kg grout bags) GRP covers (3 m (L) x 2 m (W)) and concrete troughs (5 m (W))
required at the proposed development.
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Table2-10 Anticipated stabilisation and protectin requirements.

25 KG GROUT GRP CONCRETE
AREA R(z;:K '\?,\'OI‘JH‘I;EE%E BAGS COVERS TROUGHS
(NUMBER) (NUMBER)| (LENGTH (m))
Jackdaw approach (within the 0 100 2,000 250 200

Jackdaw 500 m safety zone)

Main export pipeline length in
open water ou with cable 90,000 0 2,000 0 0
crossing and 500 m zones

1248 Pierce gas

N 9,000 70 0 0 0
crossing in open water

Judy to Culzean
telecommunications cable 9,000 70 0 0 0
crossing in open water

Shearwater approach (within the
Jackdaw 500 msafety zone and 0 100 2,000 250 200
outwith any crossings

Shearwater SSIV Umbilical

. . 0 120 1,000 0 0
protection and crossing support
Crossings within the Shearwater 4500 100 0 0 0
500 m zone
Totals 112,500 560 7,000 500 400

1 All quantities provided irclude a 100% contingency.
Note: it is expected that the Pierce gas export pipeline and the Judy to Culzean telecommunications cable will be capt
within the same crossing, due to their proximity, however studies are ongoing such that the ES assumespaxate crossings.

Within the 500 m zones of each platform, mattresses and 25 kg grout bags will generally be used to protect
the surface laid tiein spools. The exception is the use of GRP covers over the cooling spools.

The cooling spools at the WHRill be laid in concrete troughs and protected either with steel grating or with
GRP covers. This approach is used as laying the spools on the seabed and protecting then with mattresses,
grout bags or rock would reduce the cooling potential of the spoolh@ use of a trough and either steel
grating or GRP covers allows water to move over the spool, therefore increasing the rate of heat loss. If GRP
covers are selected it is possible that rockdump will be added to the edges (skirts) of the covers to haid the

in position.

As discussed, the main length of pipeline will be trenched and buried. However, rock will be used at crossings
and for upheaval buckling (UHB) mitigation. The length of pipeline covered by rock will be minimised as far
as possible during déailed design. The lagst information from FEED estimates a wocstse
proportion/length of pipeline that could potentially be covered by rock is 12.2 km, assuming:

a) UHB: Up to 11.2 km of the pipeline (includes 100% contingency) may require rock to manage
UHB. The width of rock required for UHB is estimated to be up to 6 m, resulting in an area
impacted up to 67,200 n¥.

b) Open water two pipeline crossings up to 1 km for 2 crossings x 13 m berm width, resulting in
an area impacted up to 13,000 nf. Rationale:Changesto the Piercegas export pipeline design
and Jackdaw design development during FEED permit the Pierce and Judy to Culzean
telecommunications cable to be crossed within a single crossing.

The concrete mattresses, grout bags, GRP covers and coectieughs will be desgned to facilitate easy
removal at the end of field life.
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2.8.4. Pipeline Commissioning

Following installation of the pipeline a series of preommissioning activities will be undertaken. Some of
these will be undertaken onshore with thelfowing activities reaqiired once in the field:

Flooding, cleaning and gauging of the new pipeline;

Hydrostatic strength testing;

Installation of potable watetbased gels in all pipeline ends;

Tieiin of the pipeline to the tiein spools and risers;

Hydrostétic leak testing of the combined Jackdaw to Shearwater pipeline system;

Function testing of the SSIVs and associated instrumentation

De-watering of approximately 2,100 n? via the Shearwater platform and monethylene glycol

(MEG) swab of the combined Jaclealv to Shearwater pipeline system; and

Filling of the pipeline system with nitrogen as part of the dewatering operation. The pipeline shall

be left filled with nitrogen at a minimum pressure of 1 bar above seabed ambient pressure. The

pipeline may then be firther pressurised with nitrogen if required to facilitate staufp operations.
Table 2-11 summarisesthe chemical use and discharge for pipeline preommissioning. The activities
identified and their associated chmical use will be detailed in a chemical permit application, submétl to
OPRED for approval prior to execution.

Table2-11 Chemical use and discharge during the pipeline preommissioning activities.

ACTIVIY CHEMCAL TYPE DISCHARGE OPERATIONS
Flood, clean, gauge hydrotest and Hydrotest inhibitor; | Discharged to sea at the seabed or
gelfill the new pipeline . Shearwater platform during initial or
Tracer dye; .
subsequent operations.
MEG-based gel.
Install spods and SSIVs MEG-based gel; Discharged to sea at the Jackdaw and
. Shearwater platforms.
Dye sticks.
Install umbilical & function test Hydraulic Control | Discharged to sea at the SSIV
SSIvV Fluid
Leak test complete pipeline systen MEG/water: Distharged to sea at the seabed.
Tracer dye.
De-water complete pipeline system MEG. Discharged to sea at the Jackdaw
platform.

During startup, the pipeline will be depressurised, and nitrogen purged through the Shearwater High
Pressure (HP) flare system upon initiadugtup.

2.8.5. Operations and Maintenance

During its operational life time, the pipeline will be subject to regular ipsctions to monitor depth of burial
and span formation.

The system design will facilitate continuous wax management using chemicals. The ipgelill also be
designed to allow for operational pigging, but this is not expected to be required during prodian.
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2.9. JACKDAW FLUIDSPROCESSING ANDEXPORT ATSHEARWATER

2.9.1. Overview

Shearwater is a fixed manned installation located approximately 225 km easif Aberdeen, and
approximately 30 km north west of the Jackdaw field. It comprises the Shearwater A WHP connebtedn

80 m bridge to the Shearwater C integrated PUQ platform. The field is a high pressure / high temperature
(HPHT) field.

Production at Skarwater began in 2000. The platform was originally designed for production from HPHT
platform wells drilled overShearwater A with an operating pressure of 8@ 90 barg. Shearwater is also
producing normal pressure and normal temperature (NPNT) gas condatefrom Fram and Starling subsea
field developments in addition to native productiori-{gure2-15: note: Scoter and Merganser are shown on
the figure but stopped producing in December 2020).

Figure2-15 Shearwater field overview.

In addition, the Arran tieback became operational in 2021.Prior to Jackdaw subsea installation works
commencing, reconfiguration of existing subsea infrastructure&ttearwater took plae during 2021 which
included installation of the new Arran umbilical to Shearwater C, disconnection of the Scoter-itiespools
from Shearwater A Scoter riser followed by installation and tia of the new Arran pipeline and spools to
the Scoter riser. Addtionally, the Pierce depressurisationag export pipeline was installed and tied into the
FGL subsea isolation valve (SSIV) during the Summer of 2021.

The nominal design capacity of the Shearwater platform is as follows:

Gas export is 410 MMScfd (11.6 milion Sné/d).
Condensate export i€99,000 bpd (15,740 m 3 per day); and
The PW system has a capacity of 9,000 bpd (1,431 #rper day).

From the Shearwater C platform wet gas is exported via the FGL pipeline through the SEGAL system.
Modifications were madein 2021 to route the export gago the Fulmar Gas Line (FGL). The FGL connects a
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number of fields in the CNS to the St. Fergus Gas Terminal. Condensate is exported via the FPS to the INEOS
facilities at Kinneil. No change is expected to the condensate expfsom the Shearwater platform.

2.9.2. Current Shearwater Process Facilities Overview

Currently well stream fluids from the Shearwater A platform are transferred across a pipe bridge to the main
processing facilities on Shearwater C.

Produced fluids are receiwtopsides where the pressure is regted through chokes before being directed to
the 1% Stage Separator (thregohase separator). The Shearwater platform is capable of operating in either
HP or LP mode. HP mode is described when théStage Separator isperating in 80 & 90 Barg range. Thi
was the case when only the platform wells were producing over Shearwater. TH&tage Separator currently
operates at ~34 Barg (considered to be LP).

Condensate from the ¥ Stage Separator flows to a ? Stage Sepaator where it undergoes further
sepaation. Gas is directed to the amine and dehydration systems. Water is routed and treated through the
PW system.

Condensates leaving the™ Stage Separator are pumped via booster pumps to the liquid metering package,
prior to export. The export temperate is controlled by the condensate cooling system. Separated gas flows
via the amine system, which is the primary mechanism for the removal of corrosive gases (8.dhd CQO,),

to the gas dehydration system where fughliquids are removed from the gastream before export.

PW from the B! Stage Separator flows to the HP hydrocyclone. PW from th& Stage Separator is routed
to the LP hydrocyclones. PW from all hydrocyclones is then routed to the degasser vesselflashygas
separated in the degasser is disposed of via the LP flare drum.

From the degasser vessel, PW can undergo different routingtiops as follows:

It can undergo further treatment by flowing through ceramic membrane treatment and a Compact
FlotationUnit (CFU). Depending on the treatment requirements, PW leaving the degasser will be
further treated in both of these treatment packag before discharge via the PW caisson.

If the PW fluids are of sufficient cleanliness, they can be discharged directhgrboard downstream
of the Degasser via the PW caisson.

Finally, PW can be routed back to the ® Stage Separator via a recycle pum@PW recycling
enables to maintain a minimum flow through the hydrocyclones.

The HP flare system is designed to collectdispose of hydrocarbon releases from all sources with a design
pressure greater than 16 barg. The LP flare system is designed taecbknd dispose of hydrocarbon streams
below 16 barg.

2.9.3. Shearwater Topsides Modifications

There will be modifications to bth the Shearwater A wellhead platform and the Shearwater C process,
utilities and quarters platform as described below. Thpgocessing and export of the Jackdaw fluids received
at Shearwater is further explained in the following section (Secti®®.4).
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Shearwater A

New reception facilities will be installed as follows:

A new 144& ri ser an ddowanvavie (ESDV) vdllbetiedirimathe existing t
Shearwater production and test manifolds. Sontisturbance to the Shearwater cuttings pile may
be required to allow access and installation of the new riser. This is further discussed in Section 6.

The inlet facilities downstream of the riser will include a blowdown module for operational and
manual depressurisations.

A new meter will be fitted to Shearwatewells comingled flow prior to it meeting the subsea tie
back flows in the production header.

A connection for temporary pigging facilities will be provided for pipeline commissioning purposes.
Space will be provided for a permanent pig trap if requiredater in field life.

There will also be utilities connections to the instrument and air systems included in the Brownfield
scopes.

Shearwater C

Telecoms antennas, communications and radio equipment

Modifications to the acid gas removal unit to accommodatemoval of someCO; and H,S from
Jackdaw fluids, including an alternativatmospheric discharge poinfor the amine unit (CO, and
H.S) away from the LP flare(Amine unit is a closed loop systemral there is no discharge to water)

Piping changes to the arnme pre-coolers to support Jackdaw fluids processing.

All support vessels associated with the Shearwater topsides modifications are discussed in SectionAll
the vessels involved with this work including the flotel are expected to use DP.
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2.9.4. Jackdaw Fluids Processing and Export
Shearwater will have sufficient capacity to accommodate Jackdaw production. The Jackdaw fluids will arrive

at Shearwater via adedicated new riser. A simplified process flow scheme showing the Shearwater facilities

after the Jackdaw fluids come online is shown Figure 2-16.

N
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Figure2-16 Shearwater process flow diagram after Jackdaw fluids come on line.
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the 1% stage separator in order to dow each separator to operate at different pressures. The test separator

will be dedicated to the Jackdaw field with an operating condition of 8darg and the 1% stage separator
will be dedicated to the other fields and platform wells with a lower operaty pressure. Once the arrival
pressure of Jackdaw drops, the operating configuration on Shearwater will revert to original/current

configuration.

Gas leaving the top of both separators wilassto the amine precoolers. These coolers will operate in HA?L

mode. One cooler will be dedicated to Jackdaw in HP mode and other cooler will be in LP mode to cool
fluids from the F'stage separator before gas processing and export.

Condensate from hie g separator at 84 barg will flow to the 29 stage separatoy as per the existing

processing route.

Jackdaw PW will flow from the test separator flows to the inlet of th& dtage separator where it will be co
mingled with PW from the other Shearwatesatellites and the native wells. As can be seen from Section

2.9.1, the expected combined PW rates from Jackdaw and Shearwater are within the current capacity of the
produced water system, however there is arption to increase the capacity in future, if required-igure2-16
illustrates the anticipated PW treatment process at Shearwater at the time Jackdaw comestream.

2.9.5. Incremental Produced Water Discharge
Figure 2-16 illustrates the current Shearwater PW process. There is an option to increase Shearwater PW

capacity to 15,000 bpd if required during later field life. Based on the current Shearwater PW capacity
Jackdaw productionmay contribute up to 50% of the total PW system capacity (based on Jackdaw P90
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average PW rate) and approximately 10% of the total PW system capacity (based on Jackdaw P50 average
PW rate).

2.9.6. Incremental Flaring

No incremental emissions &m LP flaring at Searwater due to the Jackdaw tieback are anticipated. As
discussed in Sectio.5.3, the amineunit emissiongprimarily CO) are currently routed to the Shearwater
LP flare system. The introduction of Jackdawoguction has the potential to affect the LP flare performance
by increasing the proportion of norcombustible gas in the flare stream. To ensure the l#€f remains lit
with the addition of Jackdaw, the amineunit emissionswill be re-routed to a dedicatd discharge point
(Section2.9.7).

There will be no additional continuous flaring via the HP flare arising from the introduction of the Jackdaw
fluids. It is expected that during commissioning and following cold starp the pipeline will be routed to HP
flare as described in Sectior?.6.8. Approximately 770 te/yr of flared hydrocarbon are included as a
conservative estimate.

During a shutdown, the pipeline may need to be depressurised via the Shearwater HReflale need for
flaring and, if so, the flared quantity will depend on the duration of thehut down and can range from no
depressurisation, partial depressurisation to full pipeline depressurisation.

Shut down requiring full depressurisation of the pifiae is consideredunlikely and would only occur when
measures to avoid full pipeline depissurisation have been exhausted. Such measures include:

Predosing of the pipeline prior to planned shutdown;
Subsea temperature monitoring; and
Partial depressuriation of the pipeline to extend the time before colgtart would be necessary.

As a worst case scenario, the impact assessment has assumed one full depressurisation per year, requiring
250 te hydrocarbon to be flared.

2.9.7. Incremental Discharge from Amine Unit

It is expected that even with the addition of Jackdaw production at Shearwater the-mingled gas will be
within the original design envelope of the amine system. However, as a result of producing Jackdaw fluids
with a 4.2% mol CQ, content, there will be a incremental volume of CQ and H,S in the amineunit
emissions, as such aWill be directed to a new atmospheric discharge on Shearwater.

Theamine system is a closed loop process and there are no discharges to water from the system.

Shearwater uses armmine based removal unit to extract some of the GGnd H.S present inall field gas to
make sure the produced gas is within the required specified limfter export. The amount of CQ, H.S
removed from the gas is controlled bthe chemical composition ofhe amine (solvent) used, circulation rates
and amine concentration amongsbther parameters. All these parameters are carefully optimized in
operations to meet gas export specifications.

The spent amine (solvent) isagcledby applying high heat treatmat. Ths causes the spent amine to release
the CO; and H,S it has absorbedand is thenfit for reuse andis recycled backwithin the unit br continuous
removal of CQ, and H,S from the inlet gas The released gasGO-, H,S) is then emitted through the new
discharge point. Figure 2-17 outlines the flows for the amine system.
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Figure2-17 Outline of flows for the Shearwater Amine System
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SEAL pipeline into the Fulmar Gas Line (and onto the onshore terminal at St Fergus), we have now been able
to assess the potential to increase the Shearwater export gas@0ncentration, vith the effect of reducing
offshore CQ emissions.

The solvent usgvould be optimised to provide a high HS / low CO ; removal efficiency. Thiss expected to
result in ensuring HS is removed offshore (to ensure pipeline integrity) whilst allowing @mcreased
proportion of CO, to remain in the export gas within the required gas export specifications.

The impact of this is discussed further in Section 7.

2.9.8. Incremental Fuel Usage

No new combustion equipment is required with the addition of Jackdaw prodion at Shearwater. There
may be some incremental energy and fuel gas usage on Shearwater as a result of Jackdaw production, but
this would only be a small impact. This is discussed further in Section 7.

2.9.9. Incremental Chemical Use

The addition of the Jackdawfluids will increase the existing demulsifier and export corrosion inhibitor
consumption on Shearwater. Corrosion inhibitor is injected into the processed export condensate to protect
the carbon steel export pipeline. This can be managed within the exigtifacilities

2.10. SUPPORWESSELS

A number of support vessels will be required during the jacket installation, drilling, topsides installation,
subsea installation, pipeline preommissioning, and Shearwater topsides modifications. An estimation of the
vessérequirements and their associated fuel consumption during each of these activities is provide@able
2-12.
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Table2-12 Estimated vessel types and associated fuel congtiion during the Jackdaw Project.

DURATION {ote 1) TOTAL FUEL
VESSEL TYPE (days) CONSUMPTION (Te)
WHP Jacket InstallatiofQ3 2023)
HLV piling and jacket 19 700
Tugs 72 1,800
Barges 84 2,100
Subtotal 4,600
Drilling (Q3 2023 to Q2 2025)
HDJU Rig 513 12,825
AHV (x3) 40 3,000
ERRV (transit) 22 77
ERRV (working) 513 410
Supply Vessel (transit) 385 3,850
Supply Vessel (working) 129 194
Helicopter 769 hours 385
Subtotal 20,740
Topsides InstallatiofQ3 2024)
Heavy Lift Vessel (HLV) topsides 16 650
W2W vessel 67 98
Tugs 35 875
Barges 41 1,025
Subtotal 2,648
Pipeline Installation(2024-2025)
Pipelay Barge 39 1,286
Pipelay Support Vessel 43 1,075
RockDumping 10 100
Construction Vessel 7 103
DSV 46 700
Guard Boats 73 58
Trenching Vessel 16 277
Backfill Support Vessel 10 158
Subtotal 3,756
Shearwater Host Modification§2023 to 2025)
DSV 19 281
Hydrotesting & Commissioning 1.25 31
Flotel 36 960
Subtotal 1,272
Production Phase (per annum)
ERRYV (transit) 18 180
ERRV (working) 48 72
Supply Vessel (transit) 18 180
Supply Vessel (working) 5 7
Helicopter 54 hours 27
Subtotal 466

Note 1: The total duration in days include mobilisation, transit, working, demobilisation and n@noductive time.
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2.11. PROJECTINCERTAINTIES

This ES was pepared during the Define Phase of the project. As a result, some assumptions have been made
in order to undertake the IA. Where assumptions have been made, the environmental worst case option was
assessed. Assumptions and uncertainties are outlined below:

Production profiles based on models have a certain degree of uncertainty associated with them. The
production profiles presented in this ES are based on a high case and are an annualised average of
the projected production from the Jackdaw Field.

The anicipated quantities of rock cover, mattresses and grout bags is determined based on the
geotechnical reveéw of the pipeline route and this may be subject to further refinements as the project
progresses. The seabed disturbance assessment presented indde6tis based on this indicative
worstcase potential rock quantities, number of mattresses and grout bag

A cooling manifold may be required at the Jackdaw SSIV. If a cooling manifold is installed there
would be a need to bury the fortified tie in sposlfrom the riser to the SSIV for hydrate management
purposes. As a worst case the ES assumes that coolingnifold will be installed within the 500 m
exclusion zone. If required this structure would be gravity based and fishing friendly.

It is not currenty known whether the Jackdaw SSIV will require installation of a control umbilical and
associated protectin materials. If required, the new umbilical would be installed in atdbe and
protected using concrete mattresses and grout bags the length is egtichto be around 400 m.

A section of the tie in spools at Jackdaw and Shearwater ends (close to the SBivay need to be
buried to accommodate liquids free draining from the platform side of the SSIVs to provide sufficient
heat retention capacity to presnthydrates.

2.12. POSSIBLEEUTUREEXPANSION ORMODIFICATION

The proposed Jackdaw Project is designed to alldar future expansion. First production is targeted for Q3
2023/Q3 202 5 based on a four well core field development with a production plateau case di@MMScfd
(5.7 million Sn¥/d). There is potential for further field exploration, which ifealised, could add incremental
production and volumes.

Provision has been made for electrification of the WHP in the future in case it becomes viable to connect to
a future green power hub. Space has been identified on the WHP topsides for transformevdtchgear and
controls, and the jacket is designed to accommodate dube to enable the potential future electrification.

2.13. DECOMMISSIONING
Decommissioning of the J&claw facilities will be carried out in compliance with UK Government legislation
and intemational agreements in place at the end of the field life. Agreement to the Cessation of Production
will be sought from the OGA (or its equivalent at the time) as argrequisite for approval of the
Decommissioning Programme. Nearer to the end of fieldelifa full decommissioning programme shall be
developed in consultation with the relevant statutory authorities and an associated IA will be prepared as per
regulations

Consideration will be made in the design, construction and operational phases of thevdéopment to matters
that will facilitate decommissioning of the field facilities.

2.13.1. Jackdaw WHP

The WHP topsides and jacket will both be designed for removal as ditfts. In addition, jacket designs are
being considered with the capacity tenable the well conductors/risers to be removed in the same (single)
jacket lift.
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2.14. PIPELINE ANCBUBSEASTRUCTURES

Pipeline decommissioning will be subject to a Comparative Asse®ri to determine the most appropriate
decommissioning option. Where technicgllsafe to do so it is expected that all mattresses and grout bags
will be recovered during decommissioning whilst rockdump will be decommissioneditu.

2.15. WELLs

The wells willbe plugged and permanently abandoned in accordance with the Oil and Gas UK Well
Decommissioning Guidelinegor its equivalent at the time). The wells will be designed for minimum scope
decommissioning, avoiding the need for a jackip rig where possible.

2.16. CHANGESIN THEENVIRONMENTALSTATEMENT
Dates for the execution of the project va shifted to approximately one year later.

The potential for additional subsea isolation valves (SSIVs)heeen included in the ES along with the
required support infrastruatre and umbilical. These are in the pipeline between Jackdaw and Shearwater at
the end of the fortified tiein spools and include some additional seabed disturbance as result of their
installation. In addition, 120 mattresses and 1000 grout bags are req&id.

Fdowi ng the reconfiguration i n 20 Rawaydrdmthe BEAL Sdelmear wat er
into the Fulmar Gas Line (and onto the onshore terminal at St Fergus), we have now been able to assess the
potential to increase the Shearwater @ort gas CO, concentration, with the effect of reducing offshore GO

emissions and managing process efficiency at St Ferglise CQ retained within the Jackdaw gas for export

is expected tomake up approximately 44% of the total C&content of the producd gas.

2-50



JACKDAW FIELD DEVELOPMENT PROJECT
BASELINE ENVIRONMENT

3. BASELINE ENVIRONMENT

3.1. INTRODUCTION

An understanding of the baseline environment is required in order to identify the potential environmental
impacts of the development and to provide a basis for assessing the potential interactions of the pexpos
project with the environment. The environment@ceptors considered include seabed / sediments, plankton,
benthos, birds, fish, marine mammals, cultural heritage and other sea users.

The Jackdaw field lies in approximately 78 m water depth in UKCS Bitsc30/ 02a, 30/03a DEEP and
30/02d in the CNS, app roximately 250 km from Aberdeen and adjacent to the UK Norway median line.

3.2. Environmental Baseline Surveys

A number of environmental baseline surveys have been carried out in the project area to inform the
understanding of the main physical and biological characteristics in the area. Surveys carried out in the area
are listed inTable3-1 below and their location is shown irFigure 3-1.

A site-specific survg of the Jackdaw field and the Jackdaw to Shearwater pipeline route corridor was
undertaken in 2018 (Fugro, 2019a). Six stations in the Jackdaw field (including a reference station, JD04)
were sampled along with 20 stationslang the pipeline route. Additonally, data were acquired at 19 camera
transects and 9 camera drogdown stations.

In the recent sitespecific survey (Fugro, 2019a) the proposed sampling stations corresponded to those
sampled in 2013. Sampling and analytichmethodologies were largely casistent between the two surveys,
with some exceptions:
Appendix A. In 2018 metals analysis was conducted using three techniques:

50 % nitric acid digest on all samples;

hydrofluoric acid digest on all samples; and

extraction of total baium by fusion of solids folloved by acid dissolution.

Appendix B. In 2013 only hydrofluoric acid digest was used.

Appendix C. In 2018 n-alkanes nC12 to nC36 were analysed whereas in 2013 nC10 to nC40 were
analysed.

Appendix D. Sample collection in 2018 was undertaken with a 0.1 Adual van Veengrab whereas

in 2013 sampling was undertaken with a 0.1 M Day grab.

Along the Jackdaw to Shearwater pipeline route corridor, three proposed sampling stations in the 2018
survey correspond to those sampled in 2013. Sampling methodologies were largebngstent except that
sample ollection in 2018 was undertaken with a 0.1 r dual van Veen grab whereas in 2013 sampling
was undertaken with a 0.1 i Day grab.

In the vicinity of the Shearwater installation, monitoring surveys were undertaken in 2010 &@d 3. Stations
historically sanpled in the presence of cutting piles were deemed not comparable to the 2018 survey and
were excluded from comparisons. The methodologies used were comparable, with the exceptions described
above. Information from this survegnd other surveys carried outn the area (listed inTable 3-1) was used

to inform the baseline description.

3-1



JACKDAW FIELD DEVELOPMENT PROJECT

BASELINE ENVIRONMENT

Table3-1 Jackdaw field environmental surveys and other saeys of relevance.

N

JACKDAW SPECIFIC SURVEYS
SURVEY DATE OF TYPE OF DATA REPORT
SURVEY ACQUIRED REFERENCE
Rig Site and Habitat Assessment Surve Bathymetry, seabed Gardline
UKCS Block 30/2,Jackdaw N1-SW2. September | sediment, seismic, grab i
: Geosurvey Limited
2006 sampling and sealed
. (2007)
imagery.
Jackdaw SZ JaclUp Site and Habitat Bathymetry, seabed .
. A Gardline
Assessment Survey, UKCS Block 30/2. sediment, seismic, grab) I
March 2010 . Geosurvey Limited
sampling and seabed
. (2010)
imagery.
Seafloor / HR Seisnt Hazard Survey Bathymetry, seabed
and Habitat Assessment, UKCS Block August to features, seabed Gardline
30/2. September | sediment, seismic, grab| Geosurvey Limited
2012 sampling and seabed (2012)
imagery.
Seafloor / HR Seismic Hazard Survey, Bathymetry, seabed Gardline

Habitat Assessmant; Platform Site

September to

features, seabed

Geosurvey Limited

Survey, Pipeline Route Surveys and December | sediment, seismic, grab,

. . . (20144, 2014b
Environmental Baseline Survey, UKCS 2013 sampling and seabed and 2014c)
Block 30/2 and 30/3. imagery.

Jackdaw Field and Jackdaw to Bathymetry, seabed .
L . Fugro GB Marine
Shearwater Pipeline Route Geophysical October to features, seabed S
. . Limited (2019a,
Survey, Habitat Assessment and November sediment, grab
. . . 2019b and
Environmenal Baseline Survey. 2018 sampling and seabed 2019¢)
imagery.
OTHER SURVEYS OF RELEVANCE
Environmental Monitoring Survey July to Photo, video, seabed Fugro EMU
Shearwater UKCBlock 22/30b. August 2013 samplin Limited (2017)
Environmental Monitoring Report. 9 ping.
Environmental Baseline Survey and August to Photo, video, seabed .

. . Fugro GB Marine
Habitat Assessment Report Shearwatelf November sampling and water S

. . Limited (2019c)
Field. 2018 sampling.
Pierce Depressurisation Pipeline Route
Geophysical and Environmental April to May Video, seabed Gardline Limited
Basline Suvey Environmental Survey 2018 sampling. (2018a)

Report.
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Figure3-1 Overview of environmental surveys in the Jackdaw Project area.
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3.3. PhysicalEnvironment

The type and distribution of marine life is influenced by the physical conditions of the surrounding
environment, biological interactions and anthropogenic activities. These physical factors, which include,
currents and tides, wave, temperaturesalinity and wind also help set the design parameters for offshore
facilities and influence the fate and behaviour of any emissions and discharges from an installation and the
risk associated with them.

3.3.1. Meteorology

Winds at the proposed Jackdaw Projecbtation are predominately from a southwest direction reaching
speeds of > 16 m/s with an average wind speed of 8.6 m/s (Dat&xplorer,2019). Although the prevailing

wind direction is from the souttwest, winds do occur from all directions throughout thregion and there is

some seasonality to the directional distribution. Low pressure systems cause the strongest winds and these
usually track from approximately southivest to northeast across the northivest European Continental Shelf

and have central presgres in therange 950 to 1,040 mb. Any depression with a central pressure below

990 mb may result in gales. There is a strong seasonal trend, with generally calmer winds during the period
June to August, and the highest probability of strong winds in thegod November to March. Occasional
strong winds may occur in September and October due to exttapical storms! (Shell, 2019a).

N

Wind Speed (m/s)

Figure 3-2 Hourly mean wind speed at 10 m above sea level rose and directional distrtian (all year)
(Source: Shell, 2019a).

Analysis of the wind rose for the Jackdaw field shows the occurrence of winds from all directions, although
winds from the soutksouthwestand west dominate Figure 3-2), with litle seasonal variation. Wind speeds

I Extratropical storms form in the transition zone between subtropical and polar climate zones. They differ from tropical
storms in their area of formation, tracks, geographical size and intensity.
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3.3.2. Temperature and Salinity

N

exceed 5.4 m/s for 75 % of the year, 8.0 m/s for 50 % of the year, 19.7m/s for 1 % of the year at 10 m
above sea level. The hourly average wind speed with an average recurrence of 100 years is 32.2 m/s at 10
m above mean sea level (Shell, 2019a).

Information from the National Marine Plannteractive (NMPi) Map (Scottish Government, 2019a) indicates
that the annual mean surface temperature in the area is approximately 4D whilst the annualmean seabed
temperature is approximately 7 °C.

Salinity varies with season and variations in ocearuents. The annual mean surface and seabed salinity

range

3.3.3. Water Masses, Currents and Tides

S

approxi mately

34

t o

35

0

(Scottish

Gover nme|

Water mas®s local current speeds and direction influence the transport, dispersion and ultimate fate of
marine discharges, nutrients, plankton and larvae (OSPAR, 2010).

Circulation in the North Sea is driven by a combination of winds, tidal forcing and freshiea inputs (DECC,
2016). The predominant regional current in the CNS originates from the verticallgl-mixed coastal water
and Atlantic water inflow of the Fair Isle/Dooley current, which flows around the north of the Orkney Islands

and into the North Se& (BMT Cordah, 1998; North SeaTask Force, 1993).

The proposed Jackdaw Project is in an area whiclebomes stratified in the summer months. It is influenced
by Scottish coastal water which flows clockwise around the coast of Scotland, and the Fair Islezoaley

currents which flow from the north (DECC, 2016}igure3-3).

Legend

I:I Blocks 30/2a, 30/3a and
30/2d

I:l Blocks traversed by
proposed pipeline

—— Median line

Project  Proposal
Jackdaw Project

Title:

North Sea

Prevailing Ocean Currents in the

Scale

40 80 120
— —— kM
Coordinate System & Prajection:

ED 1950 UTM Zone 31N
Transverse Mercator

Author: ECa/NB
Date:05/08/2019

Map Reference
J75050A_MAP0O0S_VEROO3. mxd

Figure 3-3 Prevailing currents in the CNS (after Turredt al., 1992).
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Current Speed (mfs)

Figure3-4 Surface total current speed rose and directional distribution (All Year) (Shell, 2019a).

Current Speed (mvs)

Figure 3-5 Surface residual current speed rose and directional distributioNI(Year) (Shell, 2019a).
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Semidiurnal currents are relatively weak in the offshore CNS (DTI, 2001a; Baxé&tal.,, 2011). Total current

is a combination of &andsiges)aaditidal induzed euarenis.dn ag darea suaghlagt i o n
the CNSthe oceanic circulation is small and therefore the residual current is dominated by storm surges. In

the Jackdaw Project area tidal currents flow in an approximately notiouth direction $hell, 2019a). In the

upper half of the water column, the total coent speed that is exceeded, on average, 75 % of the time is 0.14

m/s. At a height of 1 m above seabed a total current speed of 0.181/s is exceeded 50 % of the time. Total

and residual curent roses are shown irrigure 3-4 and Figure 3-5 respectively.

The average wave height in the CNS region follows a gradiedecreasing from the northern area of the
Fladen/Witch Ground to the southern area of the Dogger Bank. The annual nmrewave height within the
Jackdaw Project area ranges from 2.18 2.40 m with an annual mean power which ranges from 18.1-
24.0 kW/m (Scottish Government, 2019a). The significant wave height in the Jackdaw Project area exceeds
3 m for 4.4 % of the time andcan occasionally exceed 5 m (0.2 % of the time) (Shell, 2019a).

3.3.4. Bathymetry

Water depths in the Jackdaw field range from approximately 75 rfo 78 m below lowest astronomical tide
(LAT). At the proposed WHP location the water depth is approximately 78 meTtathymetry profile along
the pipeline route corridor has three distinct areas comprising:

Appendix E. shallower depths from the Jackdaw WHP to KP18epth ranges between 81 m and
76 m;

Appendix F. a transition from KP13 to KP19: water depth ranges between 90 m and 77 m; and

Appendix G. deeper seabed from KP19 to the Shearwater installation: water depth ranges from
91 mto 90m.

Figure 3-6 and Figure 3-7 show the topography and depths along the proposed pipaé route.

Jackdaw to Shearwater Topography

- Jackdaw WHP

-80

w—ackdaw to Shearwater
Bathymetry

Depth (m)

85

Shearwater C

o 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 22,000 24,000 26,000 28,000 29,500

Distance (m)

Figure3-6 Topography along the proposed Jackdaw to Shearwater pipeline reufgrey line to bottom of
trench).
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3.3.5. Seabed Sediments

Seabed sediments comprising mineral anarganic particles occur commonly in the form of mud, sand or
gravel and are dispersed by processes driven by wind, tides and density driven currents. dis&ibution of
seabed sediments within the North Sea results from a combination of hydrographic cdinds, bathymetry
and sediment supply.

The characteristics of the local sediments and the amount of sediment transport within a project area are
importantfactors in determining the potential effects of possible project activities (drill cuttings, instafaof
pipelines, anchor scouring) on the local seabed environment.

3.3.5.1. Seabed Features and Shallow Geology

The shallow sediments along the proposed pipelimeute are interpreted as comprising a Holocene veneer
of very loose to medium dense silty sand witltates of shell fragments and numerous cobbles and boulders.
This overlies the sand and clay accumulations of the Forth Formation, Coal Pit Formation ashkef
Farmation. Cobbles and boulders are expected to occur within the Forth and Fisher Formationgr@;u
2019d).

Cobbles, boulders and items of debris were observed along the pipeline route. An area of increased boulder
density, interpreted as a bouldefield, is present between KP0.45 and KP4.50 and is shovim Figure 3-11
(Fugro, 2019d). Depressions, generally less than 0.2 m deep occur and are interpreted as scour around
boulders. Trawl scars, anchor scars andn@har pull-out pits were also recaded.

The 2018 site specific survey identified one trenched subsea cable at KP25.34 (Judy to Culzean-fiptie
cable), two pipelines at KP29.64 and KP29.75 (Shearwater A to Starling and Scoter to Shearwater A
respectivey) and one umbilical at KP29.70 (Skarwater C to Scoter). Four spudcan footprints were observed
70 m northeast of the proposed WHP location (FugraP19d). The spudcan locations were also recorded
during the 2013 survey and reported to be up to 0.8n deepand up to 40 m in diameter, with amaximum
gradient of 6° (Gardline, 2014a; Gardline, 2014c).

3.3.56.2. Physical Properties

A modelled distribution of seabed sediments in the CNS is illustraied-igure 3-8. Sediments clasfied as
sand and slightly gravelly sand cover approximately 80 % of the CNS (Gatliff, 1994). These sandy sediments
occur over a wide range of water depths, from the shallow coastal zone down to about 1i0in the north

and to below 120 m in isolated depthsto the south and west. The carbonate (shell) content of the sand
fraction is generally less than 10 % (Gatliff,994).

Seabed sediments in the Jackdaw field generally comprise poorly to moderately sorted fine sand with small
amounts (up to 2 %) of grave(Fugo, 2019a). This is considered to be a veneer of Holocene silty sand with
shell fragments, extensive outcrops of clay and varying occurrences of cobbles and boulders (Gardline,
2014a).
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Figure 3-8 Modelled distribution of sediment types in the CNS (EMODnet, 2019).

As shown inFigure 3-9, particle size distribution (BD) analysis of sediments in the Jackdaw field (JDO1 to
JDO06) and sediments along the first half dfie pipeline route (KPO to approximately KP16) (JDS01 to JDS12
and JDS20) are dominated by fine sand with a fines content in the range of 6.5 % to 10.2 %his is broadly
comparable to the mean from the 2013 survey at the Jackdaw field (7.0%; Gardline,2&). Gravel content
varies widely from 0 % to 3.5 % (Fugro, 2019a), which itower than that of the reference station (JD04)
(3.54 %) and mainly higher tha the mean from the 2013 Jackdaw field survey (0.1%; Gardline, 2014c).

Sediments along the JackdawotShearwater pipeline route corridor are variable, with the majority of
sampling stations in the 2018 survey being dominated by moderately sorted fine safi@ stations). Four
stations were classified as very fine sand and two as coarse silt. The sedinfentsd along the pipeline route
are characterised by two main sediment distributions, which coincide with the change in bathymetry around
the mid-point of the proposed pipeline route.

The marked change in sediment distribution can be seen from the pipelmé-point to the Shearwater
installation (JDS13 to JDS19), with fines increasing and medium satetreasing Figure 3-9). PSD analysis

of sediments along this section of the pipeline route (approximately KP16 t@8Pdesaibed the sediment

as very fine sand, fine sand or coarse silt with a fines contenttime range of 12.8 % to 30.3 % (Fugro,
2019a). The mean fines content observed here is comparable to that observed in the 2010 Shearwater
monitoring survey (22.9%; Rugro, 2011) and the 2013 Shearwater monitoring survey (16.0 %; Fugro,
2017). Gravel contert across the pipeline miepoint to Shearwater installation was up to 2.6 % (Fugro,
2019a). This is higher than the 2010 Shearwater monitoring survey (mean 0.00 %ygo, 2011), and the
2013 Shearwater monitoring survey (mean 0.2 %; Fugro, 2017).

The spatial distribution of sediments along the Jackdaw3bearwater pipeline route is shown ifigure 3-10
and Figure 3-11.
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Figure 3-9 Sediment composition in the Jackdaw field and along the proposed pipeline route corridor
(Fugro, 2019a).

3-11



JACKDAW FIELD DEVELOPMENT
BASELINE ENVIRONMENT

T
e
" =
~—
=
N\
\.
X
\
N
\
\
\
o 1 \
[P SR
+ Proposed Sediment Bathymetry [m below LAT)  Location Map
+ Infrastructure I Gravel %) s | Main Image Extent
_1_ Proposed Roule (KPs) Sand [%] Ll Survey Positions (Location Map)
Pipeline N Fines [%] Station
- P
92 Conservation Sites
I Marine Conservation Zone
CXNOR Tor, S 918 ACC. Mt Exnd Marine Protected Area
S Crouncoppd s s 1 08
T Toer N“:’la.l‘r}- T Powine T Pl TRTRITE T Sedwmte wacly
Ema e

Figure3-10 Spatial distribution of sediments along the proposed pipeline route (Shearwater end) (Fugro 2019a).
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Figure3-11 Spatial distribution of sediments in the Jackdaw field and along the proposed pipeliroute (Jackdaw end) (Fugro 2019a).
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3.3.5.3. Habitats

During the 2018 site specific survey, habitats in the Jackdaw field wectassified as European Nature

I nformation System (EUNIS) bi otope complex @&Circalit
Sheawaterpipel i ne route @&Circalittoral muddy sandg¢ (A5.26)
to e&eCitcédinetowac¢c (A5.36) in the northwest (Shear wat

sedi mentc¢ (A5.15) ocwlocatiommeaweéenm hehei packda midpoint
circalitt or a(A5.48) predonhinastly dccunbetweerthe pipeline midpoint and the Shearwater

installation with some patches near the Jackdaw field and the Jackdaw side of the pipelingeaddpoint

(Fugro, 2019a). Figure 3-12 shows the habitat types observed during the survey, whilst their spatial
distribution is shown inFigure 3-13 and Figure 3-14.

During this survey numerous boulders were also observed along the pipeline route (FW2pd9a). The
densest accumulations of boulders occur between 0 km and 5 km from the WHP location, mitihe sporadic
boulders occurrirg along the rest of the pipeline routeRigure3-13 and Figure3-14). A stonyreef assessment
was not considered to be necessary (Fugro 2019a).

Feature Activity Sensitivityobl (FEAST) is a sensitivity matrix of the impact of pressures that occur in the
marine environment on marine habitats and species. FEAST can be used as a starting point for determining
potential management requirements (Scottish Government, 2019d). A nuanbf potentially sensitive habitats

or species were observed during this survey:

Appendix H. Individuals and small clumps of horse musseldddiolus modiolu$;
occur along the pipeline route corridor but are absent from the Jackdaw field area;
density is generallydw and not considered to represent AnnexM. modiolusreef;

FEAST shows that horse me$beds are considered highly sensitive to physical removal of
substratum on the seabed, removal of target and ndarget species, siltation changes, and
sub-surface alrasion/ penetration (Scottish Government, 2019d).

Appendix I. Juveniles of the OSPAR (2008) threated and/or declining speciesArctica islandica
were found in all grab samples. No adult specimens were observed in the Jackdaw
field or pipeline route surveys, but twadult specimens were recorded in the 2018
Shearwater field survey (Fugro, 2019c);

Appendix J. OSPAR &®Sea pens and burrowing megafauna <co
present between KP16 KP28 of the pipeline route corridor (see Sectid@5.2.2). This
habitat is included in the Scottish Priority Marine Feature (PMF) feature "Burrowed

mud";

Appendix K. The PMF emud habitats in deep waterg¢ was C(
the pipeline route corridor (between 16.5 and 27.5 km from the WHP);

Appendix L. FEASTconsi demps s@che mudsa to al so be sensitive
for aburrowed muda (Scottish Government, 20
subti dal sands and gravels¢ was observed a
corridor from 0 to 20 km from the WHP (Fugro 2019a).

FEAST considers &dcontinental shel f course se

habitats and these areas are known to be highly sensitive to physical change, physical loss,
physical removal, surface abrasio, introduction of ron-indigenous species and
translocations (competition, and local salinity changes) (Scottish Government, 2019).
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A: Photograph 180725_JD01_05

Circalittoral Muddy Sand (A5.26)
Rippled muddy sand with shell
fragments

A. Starfish (Asteroidea)

B. Sea slugs (Nudibranchia)

B: Photograph 18075_JDTR18_14

Circalittoral Fine Mud (A5.36)
Sandy mud with shell fragments

A. Sea pen (Pennatula phosphorea)
B. Sea pen (Virgularia mirabilis)

C. Norway lobster

(Nephrops norvegicus)

Faunal burrows

C: Photograph 180725_JDTR05_05

Deep Circalittoral Coarse Sediment
(A5.15)

Coarse sediment with shells and
pipe/cable

A. Starfish (Asteroidea)

D: Photograph 180725_JDTR17_08

Deep Circalittoral Mixed Sediment
(A5.45)

Mixed sediment with shell, pebbles and
cobbles

A. Faunal turf (Hydroid/Bryozoa)

Figure3-12 Habitat types in the Jackdaw field and along the proposedgéline route (Fugro, 2019a).
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Figure 3-13 Habitats and features along pipeline routéShearwater end) (Fugro, 2019a).
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Figure 3-14 Habitats and features alongipeline route (Jackdaw end) (Fugro, 2019a).
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3.3.5.4. Sediment Chemistry

A summary of sediment metals and contaminants measured during the 2018 surveys is shovirabie 3-2.
The contaminant levels are compared againgtiblished concentrations:

Appendix M. &ebackgroundg¢ CNS concentrations reported by

Appendix N. OSPAR Coordinated Environmental Monitoring Programme (CEMP) effects range low
(ERL) concentrations.

Total hydrocarbon (THC) levels recorded across most of the survegeel were below the CNS mean
background concentration (UKOOA, 2001), except abne station (SWAO05, 300 m NNE of the Shearwater

A platform) where THC levels exceeded the CNS mean concentration. THC levels at this station were lower
than in the previous sweys indicating that degradation of the hydrocarbons has taken place. THC
concentrations did not exceed the CNS 95% value at any of the survey stations (Fugro, 2019c)
comparison of THC concentrations with previous survey data at the Shearwater fadved a reduction in

THC concentrations for comparable stations from 2010 to 2018 as shownFigure 3-15 (Fugro, 2019c).
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Figure 3-15 Comparison of sediment THC values relation to distance from the Shearwater installation
between 2013 and 2018 (excluding cuttings pile) (reference stations SW_BS25 and
SW_BS26 are 1 km NNE and 1 km ESE from the Shearwatastallation respectively) (Fugro,
2019c).

None of the metal corentations measured during the 2018 surveys exceed the OSPAR CEMP ERL indicating
that there is not a significant environmental concern associated with metal contamination (Fugro, 2019b;

Fugo, 2019c).

Levels of barium exceed the CNS $5ercentile (95" %) doseto the Shearwater installation indicating likely
contamination by drilling mud discharges. Other metal concentrations are generally higher closer to the
Shearwater installation andlecrease with distance. All stations within the Jackdaw field werelow both the
CNS mean concentrations and the OSPAR CEMP ERLs (Fugro, 2019b; Fugro, 20Fgjre 3-16 shows
the variation in metal concentrations in the Jackdaw field and along the Jackdaw to Shearwater pipeline
route and shows that the metal concentrations are higher closer to the Shearwater installation.
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Figure3-16 Relative (maximum normalised) elemental concentrations in sediments, Jackdaw field and Jackd&kearwater pipeline route (Fugro, 2019a).
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3.3.5.4.1. Cuttings Pile at Shearwater Installation

The Shearwater cuttings pile was not included in the 2018 surveys therefore data from the 2013
environmental monitoring survey at Shearwater inform this section.

During the 2013 Shearwater environmental monitoring survey, sediment samples were collected from 31
stations. The majority of these were sampled using a dual van Veen grab and are along a tidally aligned
cruciform centred on the Shearwater A platform. They remite a previous survey completed in 2010, to
allow comparison of the results (Fugro, 2017).

Three additional pushcore stations were added in 2013 to investigate the cuttings pile. These are SWPC2
(37 m SW of the platform), SWPC3 (43 m NNE of the platform)radl SWPC4 (62 m NNW of the platform).

For each station the pushcore was subsampled into surface (S), middle (M) and bottom (B). The SWPC2
subsample had an additional split between surface and middle labelled as upper (U). For analysis of the
entire data setonly surface subsamples were considered to correspond to the sediment grab samples for the
rest of the survey site. The upper, middle and bottom subsamples were considered separately (Fugro, 2017).

The locations of the Shearwater survey stations, inchuglthe three cuttings pile pushcore stations, are shown
in Figure 3-17.

3-20



JACKDAW FIELD DEH . OPMENT PROJECT
BASELINE ENVIRONMENT

6322000

mN

LEGEND:
P Environmental station - 2010

+ Environmental station - 2013

-$— Existing platform

| Large scale map boundary

1~  Bathymetric contour (2 m interval)

& Historic platform

Depth [m below LAT]

92.0 91.5 91.0 905 90.0 89.5

89.0

mmm | %BS25 W
0 2000 4000 m 3
6330000 mN =4
3
301
+28
%02
%22~
L — | 13
¥*11 6320000 mN
+29 KBS 26
¥12

Figure3-17 2010 and 2013 Shearwater environmental monitoring survey locations (Fugi2017).
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The 2013 survey report identifies an ellipse shaped layer of contaminated cuttings spanning from 120
north northeast, to 62 m north northwest and 37 m southwest of the platform, ranging from @n thick in
the southwest to more than 31 cm thick to the@nth northeast (Fugro, 2013).

All of the stations sampled in thec¢2Wi3hsurmweeyxwermpd i
three cuttings pile stations which were characteri se:q
had 55.4 % d fines, SWPC3 had 72.0 %, and SWPC4 had 87.%. For the wider Shearwater survey area,

the highest fines wre recorded at station 12 (33.1 %), approximately &m southwest of the platform. Fine

sand was also dominant in the 2010 surveys, with relativeroportions of fine and coarse material also

comparable (Fugro, 2017).

Variability in particle size by depth n the cuttings pile was represented in the pushcore samples. The sample
taken at SWPC2 had varying percentages of fines through the core with tingper subsample showing a
high percentage of fines (86.9 %) which then dropped to 23.6 % in the bottom subsdenprhe subsurface
sediment at SWPC3 and SWPC4 had high proportions of fine sediment throughout (66.5 % and 53.6 %,
95.7 % and 97.6 % middle and ottom subsamples, respectively) (Fugro, 2017).

The cuttings pile samples also showed a significantly highepportion of total organic matter (TOM) than

the other stations. TOM at the background stations BS25 and BS26 were 0.96 % and 1.36 % respectively
compared to 4.91 % to 5.45 % in the cuttings layer samples. For comparable stations in the wider Shearwater
area, the concentrations of TOM recorded during the 2013 survey were overall slightly lower (mean 1.36 %)
than at the equivalent stations during th2010 monitoring survey (mean 1.77 %) (Fugro, 2017).

In comparison with published data, at the cuttings pileagions:

Appendix O. THC exceeded the OSPAR (2006) Sty/g contamination threshold;

Appendix P. total Polycyclic Aromatic Hydrocarbons (PAH) exceeded the UKOOA™percertile
at stations SWPC2 and SWPC3 and total PAH exceeded the UKOOA mean at station
SWPC4;

Appendix Q. mean concentrations bthe PAH CEMP listed compounds (OSPAR, 2014) exceeded
the ERL thresholds;

Appendix R. barium exceeded the UKOOA 98 percentile;

Appendix S. metal concentrations generbl exceed the UKOOA means;

Appendix T. copper and cadmium exceed the UKOOA 95 percentile;

Appendix U. at station SWPC2 many of the ptals exceeded the ERL and UKOOA 95th percentile;
and

Appendix V. all normalised metals were above their respective background concentrations (BCs)

and background asessment concentration®BACSs), except for arsenic at SWPC4.
The measured levels of contaminants in thettings pile stations arsummarised inTable 3-2.

Elevated levels of total barium were recorded at adtations across the survey areaincluding the two
background stations BS25 and BS26. Barium and other metal concentrations decrease with distance from
the Shearwater platform which is in alignment with the findings of the 2018 Jackdaw to Shearwater pipel
route survey Figure3-16). PAH and barium concentrations were higher in 2018an in 2010, possibly due

to resuspension of contaminated sediments (Fugro, 2017).
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Table3-2 Cuttings pile chemistry (ug/g) from the 2013 Shearwater environmental monitoring survey (Fugro, 2013).

SURVEY AREA STATION| THC PAH?2 Ba'? Cd Cr Cu Fe Hg Ni Pb Zn
Shearwater cuttings pile SWPC2 | 22,600 | 15,700 18,400 1.29 29.9 43.1 22,600 0.28 415 128 259
(Fugro, 2013)

SWPC3 | 1,040 3,200 12,700 0.56 42.3 28.1 25,500 0.10 42.2 44.8 101

SWPC4 343 645 3,350 0.49 43.9 26.0 25,500 0.05 36.8 21.4 71.2
CNS background (UKOOA, | Mean 9.5 0.233 178 0.03 9.13 241 4,725 0.03 7.31 6.75 13.48
2001)

95" % 40.1 0.736 532 0.12 31.0 6.00 11,160 0.12 19.0 16.7 32.59
OSPAR drill cuttings - 50 - - - - - - - - - -
threshold (OSPAR, 2006)
CEMP criteria (OSPAR, ERL - - - 1.2 81.0 34.0 - 0.150 - 47.0 150
2014)
Key > CNS mean > CNS 95" percentile > OSPAR drill cuttigs > OSPAR ERL

threshold

12 Total 2 to 6 ring AH
13 Baa barium, Cda cadmium, Cra chromium, Cué copper, Feé iron, Hg & mercury, Ni & nickel, Pba lead, V & vanadium, Zna zinc.
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3.4. Biological Environment

3.4.1. Plankton

Plankton are drifting organisms that inhabit the pelagic zone of a body of water and include single celled
organisms such as bacteria as well as plants (phytoplankton) and animals (zooplanktonytdilankton are
primary producers of aganic matter in the marine environment and form the basis of marine ecosystem food
chains. They are grazed upon by zooplankton and larger species such as fish, birds and cetaceans.
Therefore, the distribution of plarton directly influences the movementna distribution of other marine
species. Meroplankton includes the eggs, larvae and spores of maanktonic species (fish, benthic
invertebrates and algae).

The composition and abundance of plankton communities vahrdughout the year and are influencedy
several factors including depth, tidal mixing, temperature stratification, nutrient availability and the location
of oceanographic fronts. Species distribution is directly influenced by temperature, salinity, watlow and
the presence of local bentb communities (Robinson, 1970; Colebrook, 1982).

Over the past 30 years, rising sea temperatures have been accompanied by a rise in the North Atlantic

Oscillation Index (NAOI) (OSPAR, 2010). The NAOI is a measure dfie pressure gradient between the

relai vely high subtropical surface pressure of the &Azo
north, the @l celandic Lowg¢g. An increase in the NAOI t
including the North Sea (Met Office,2019). The seasonal timing of phytoplankton and zooplankton

production has altered in recent decades with some species present up to four to six weeks earlier than 20

years before. This directly affects their availaltil to predators such as fish (OSPARQ10).

Seasonal stratification also occurs as the water column is heated by solar radiation and wind and convection
induced heat exchange. Stratification affects the vertical distribution of nutrients and has a majgract on

the production and successioaf phytoplankton. Phytoplankton blooms in spring are followed by depletion
of nutrients and waning of phytoplankton in summer and autumn. Remixing of the water column and
regeneration of nutrients occur during the wiar. This cycle affects the structu the food web throughout
the year (Ruardijet al., 1998; Vidal et al., 2017).

A peak in phytoplankton abundance usually occurs every spring with phytoplankton communities dominated
by relatively large diatoms, for eample Thalassiosiria spp. and Chaetoce&os spp. There may be an
additional, but smaller, peak in phytoplankton numbers during the autumn with smaller dinoflagellate
species, for exampleCeratium dominating (SAHFOS, 2001).

Zooplankton communities in the Nth Sea are dominated by copepods, sut as Calanusspp. Acartia spp
and Metridia lucens occurring during the summer peak period (Nielsen and Richardson, 1989).

3.4.2. Benthos

Bacteria, plants and animals living on or within the seabed sediments are collectivefgrred to as benthos.
Speciesliving on top of the sea floor may be sessile (e.g. sea anemone) or freely moving (e.g. starfish).
Animals living within the sediment are termed infaunal (e.g. tubeworms and burrowing clams) while animals
living on the surfae are termed epifaunal (e.g. cabs, starfish). Seminfaunal animals, including sea pens,

lie partially buried in the sediment. The majority of marine benthic invertebrates exhibit a life cycle that
includes a planktonic larval phase from which the bottodwelling juvenile and adult phases recruit.

Benthic animals display a variety of feeding methods. Suspension and filter feeders capture particles which
are suspended in the water column (e.g. sea pens) or transported by the current (e.g. mussels). Deposit
feeders (e.g. seacucumbers) ingest sediment and digest the organic material contained within it. Other

benthic species can be herbivorous (e.g. sea urchins), carnivorous (e.g. crabs) or omnivorous (e.g. starfish).

Sessile infaunal species are particulgrvulnerable to exernal influences that may alter the physical, chemical
or biological characteristics of the sediment as they are unable to avoid unfavourable conditions. Each species
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has its own response and degree of adaptability to changes in the plog and chemical ewvironment.
Consequently, the species composition and relative abundance in a particular location provide a reflection
of the immediate environment, both current and historical (Clark, 1996). Surveys of the North Sea show that
the bentht fauna is characteised by water depth and seabed type, with depth mainly influencing epifauna,
whilst sediment characteristics are more important for the infauna (Regal., 2007).

The recognition that aquatic contaminants may alter sediment charadtas, together wit the relative ease
of obtaining quantitative samples from specific locations, have led to the widespread use of infaunal
communities in monitoring the longerm impact of disturbance to the marine environment (Retsl., 1990).

During the 2018 site spedfic survey within the Jackdaw field and the Jackdaw to Shearwater pipeline route,
a total of 330 macrofaunal taxa were recorded. The data set was rationalised to give a better representation
of species diversity, giving a data set of Zbdisaete taxa and 28,287 individuals. As shown inFigure 3-18

and Figure 3-19, the community composition on both a taxon and individual level is dominateg annelids,
arthropods, molluscs and echinoderms (Fugro, 2019a). Whilst the composition of taxa remains fairly
consistent across the area, the composition by indivals varies in line with the change in bathymetry and
the change in seabed character.

Previous environmentasurveys characterised benthic communities in the Jackdaw Project area as typical of
those found over a wide area of the North Sea and are in generalignment with the 2018 site specific
survey (Fugro, 2019b; Gardline, 2014c).

100
---..--..--....---.-.---. - m Other phyla

Echincdermata
= Mollusca
® Arthropoda
= Annelida
0

(=]
w n un v u u
[a]
=

B (2] e
o o o

Composition of Taxa [%]
N
o

8
9
4
6
7
8

D
JD
JD
JD
JD
JDS
JD
JDS
JDS
JDS
JDS19*
Total

JDO1
JD02

JD03
JD05

[0 O

=

JDS01
JDS02
JDS03
JDS04
JDS05
JDS06
JDS07
JDS20

Figure3-18 Composition of taxa in the Jackdaw field and along the Jackdaw to Shearwater pipeline route
(Fugro, 2019a).
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Figure3-19 Composition of individuals in the Jackdaw field athalong the Jackdaw to Shearwatepipeline
route (Fugro, 2019a).

The top ten most dominant taxa across the survey area were present in more than 80 % of the stations
sampled. The top two most dominant and most abundant taxa were the polychadgBsathowenia and
Paramphinome jeffreysii The polychaete Pholoe assimiliswas the third most dominant, but fifth most
abundant taxon, followed by Spiophanes bombyxwhich was the fourth most dominant, but third most
abundant taxon. These taxa were present at all statis sampled across the survey area

The mollusc&dontorhina similisand Axinulus croulinensisvere ninth and seventh most abundant taxa, but
only presentin 30.8 % of the stations (stations JDS13 to JDS18 located at the regstern end of the pipeline
route). Overall, there was a low dgree of similarity between the taxa ranked most dominant and most
abundant (Table 3-3) (Fugro, 2019a).

Table 3-3 Dominant taxa in theJackdaw field and along the Jackdaw to Shearwater pipeline route
corridor (Fugro, 2019a).

RANK MEAN FREQUENCY

DOMINANCE SPECIES/TAXON | PHYLUM CLASS ABUNDANCE %)

1 Galathowenia Annelida | Polychaeta 360 100

2 Paramphinome Annelida | Polychaeta 152 100
jeffreysii

3 Pholoe assimilis Annelida | Polychaeta 36 100

4 Spiophanes Annelida | Polychaeta 67 100
bombyx

5 Spiophanes kroyeri| Annelida | Polychaeta 11 96.2

6 Phyllodoce Annelida | Polychaeta 10 96.2

groenlandica
7 Levinsenia gracilis | Annelida | Polychaeta 12 96.2
8 Soloplos. armiger | Annelida | Polychaeta 19 92.3
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DOS&%CE SPECIES/TAXON | PHYLUM CLASS ABl,;AI\IlE[? L\INCE FRE%;)ENCY
9 Philinidae Mollusca | Gastropoda 12 92.3
10 Eudorellopsis Arthropoda | Crustacea a7 84.6
deformis
16 Chaetozone setosa| Annelida | Polychaeta 28 73.1
37 Adontorhina similis Mollusc Bivalve 16 30.8
44 Axinulus Mollusc Bivalve 21 30.8
croulinensis
Notes:

Rank abundance is calculated based on the total number of individuals across the survey area.
Rankdominance is calculated based on frequency and abundance between stations across the survey area.
Frequency= Pacentage of the stations from which the taxa were recorded.

Top ten most abundant or dominant taxa only are included.

Annelids were the most numerous phyla at all stations, followed by arthropods and molluscs. In terms of
individuals, annelids were te most abundant taxa at all stations. The most abundant and most dominant
taxa were the polychaetesalathoweniaand Paramphinome jeffreysiwhich have previously been identified
from surveys undertaken in similar North Sea habitats (Fugro, 2019a).

At the Jckdaw field reference station (JD04 to the east of the Jackdaw WHP location) the molMisntacuta
substriataoccurs. Thisspecies was not reported within the characteristic taxa elsewhere in the survey area.
Annelids were most dominant along the first sgon of the pipeline route (KPO to approximately KP14), along
with the sanddwelling crustacearEudorellopsis deformisn the middle of the pipeline route several species
not found elsewhere in the survey area were recorded, such as the sea cucunhibbidoplax buskii and the
anemoneEdwardsia claparedii

Whilst still dominated by annelids, the second half of the pipeline neu(approximately KP15 to the
Shearwater platform) featured macrofaunal communities with fewer annelids and an elevated abundance of
bivalves such asAdontorhina similis Axinulus croulinensisParathyasira equalisand Timoclea ovatawhich

are characterisic of fine sediment and mud habitats.

Figure3-20 highlightsthe differences between the camunitiesand associated sediments along the Jackdaw
pipeline route.

The macrofaunal communities across the survey area comprised of taxa typical of muddy or sandy sediments
at depths ofc. 80 m within the CNS and were considred as representative of the lZkkground community.

The environmental surveys also considered the presence of potentially sensitive species and habitats. Shells
of A. islandica have been observed in video footage and recovered in grab samples in small nwarg)
suggesting the area provide stitable habitat for this species (Gardline, 2014c; Fugro, 2019a).

Results from the 2018 survey show that burrows and sea pens were observed at three stations in the Jackdaw
field and 17 stations along the pipelineroutey p t o0 &Co mmo n ¢ SACRKOR @uperabendaatn t h e
abundant, common, frequent, occasional, rare) scale (Fug2019a).
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Horse mussels were observed in areas of shell accumulations during the 2013 survey (Gardlidg4c).
During the 2018 survey, two We individuals were collected isanplesand small clumps were observed at
13 stations along the pipeline route (in low density) (Fugr2019a).
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Figure 3-20 Variation within the benthic communities across the Jackdaw field and JackdawShearwater pipeline route (Fugro, 2019a).
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