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1.0 Executive Summary

1.0 Executive Summary

Five sites have been selected from 20 for detailed
evaluation. Key features of the Recommended
Portfolio Inventory are:

e Significant overall theoretical mid-case
capacity of 1.6GT.

e (Good geological diversity: 1 Permian, 2
Triassic, 1 Paleogene and 1 Lower
Cretaceous age sites.

e Good diversity of site type: 2 depleted gas
fields and 3 aquifers — 1 with structural closure
and 2 more open.

e Understanding of all sites can be materially
progressed through the project.

e Portfolio provides strategic build-out options
from Phase 1 CCS projects.

This Energy Technologies Institute (ETI) Strategic UK CCS Storage Appraisal
project has been commissioned on behalf of the Department of Energy and
Climate Change. The project brings together existing storage appraisal
initiatives, accelerates the development of strategically important storage
capacity and leverages further investment in the building this capacity to meet
UK needs.

The primary objective of the overall project is to down-select and materially
progress the appraisal of five potential CO2 storage sites on their path towards
final investment decision (FID) readiness from an initial site inventory of over
500. The desired outcome is the delivery of a mature set of high quality CO2
storage options for the developers of major power and industrial CCS project
developers to access in the future. The work will add significantly to the de-
risking of these stores and be transferable to storage developers to complete
the more capital intensive parts of storage development.

The initial stage of the project has focussed on selecting a technically and
strategically robust portfolio of 5 candidate CO: storage sites from an initial
inventory of 579 potential sites. During the next and final stage of the project a
detailed subsurface evaluation of each of the sites will be completed and form
part of an outline storage development plan and budget for that location.

Due Diligence evaluation of all 20 sites in the Select Inventory was undertaken
and each site reviewed with respect to its ability to meet the project
requirements, progress through further evaluation/appraisal and contribution to
the site portfolio.

Pale Blue Dot Energy | Axis Well Technology
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1.0 Executive Summary

The recommended portfolio of 5 sites has been tested with industry stakeholders
on 29t July 2015. It was further endorsed by third party review from academic
and industry CCS expert peer review panel and finally by ETI’s advisory panel.
The portfolio represents a diverse set of sites from a range of perspectives:-

It services the emission requirements from the whole of the UK, including one
site in the East Irish Sea (EIS), two in the Southern North Sea (SNS) and two in
the Central North Sea (CNS).

It has good diversity in store types with two depleted gas fields and three
aquifers, one with a structural closure and two more open systems.

It is well placed to support the future development needs of a CO2 enhanced oil
recovery industry.

It has good geological diversity with one Permian reservoir which will help to
more forward significant storage potential in the Southern North Sea, two
Triassic structures, one a depleted gas field and one a saline aquifer, one Lower
Cretaceous Captain aquifer and one Early Tertiary Forties aquifer, the latter two
systems looking to access the huge potential that open aquifer systems have to
offer. This is a key strategic step if CO2 storage is to be developed at scale in
the UKCS. This diversity is important in order to manage and minimise the
single point of failure risk.

Finally the portfolio represents sites that would be strong build out options from
both Phase 1 projects should they go ahead.

Collectively the storage units identified in this portfolio have a target theoretical
mid case capacity of 1.6GT and contains sites where appraisal can be materially
progressed within the constraints of this project.

The Portfolio Inventory comprises:-

« SNS_Site 7 _139.016 Bunter Closure 36 Structurally Closed Aquifer
« SNS_Site 5 141.035 Viking depleted gas fields

« CNS_Site_14 218.000 Captain_013_17 Open Aquifer System

« EIS_Site 19 248.002 Hamilton depleted gas field

« CNS_Site_2 372.000 Forties 5 Open Aquifer System

A generic work programme has been developed for WP5 in WP1 (Pale Blue Dot
Energy - Axis Well Technology, 2015). This has been further refined and
developed with customised elements for each storage site. These are described
in this report and have been independently peer reviewed.

Finally the BGS have been commissioned to deliver a review of CO2 Storage
appraisal lessons learned from previous studies and an assessment of how
these may be applied to the for appraisal of the Portfolio Inventory.

The project is well placed to achieve the Value Objective and Project Objectives.

Pale Blue Dot Energy | Axis Well Technology

Page 7 of 100



D05: Due Diligence and Portfolio Selection

2.0 Objectives

2.0 Objectives

The primary objective for this project is to identify and materially progress the
appraisal of five high potential CO2 Storage sites on a path towards FID
readiness. The desired outcome is the delivery of a mature set of high quality
CO: Storage options for the developers of major power and industrial CCS
projects to access in the future. The work will add significantly to the de-risking
of these five stores and will be available to storage developers as a basis for
them to commission the more capital intensive parts of storage site appraisal.

The focus of this work package 4 (WP4) is to select a Portfolio Inventory of five
final storage sites on the UKCS from a Select Inventory of twenty. This "Twenty
to Five" down-selection follows a process of due diligence on key data obtained
from the CO2Stored database using independent sources of information
wherever possible. This due diligence step was followed by a portfolio creation,
scoring and ranking step. The portfolio aspects of this project are not covered
by the range of best practice guidelines currently available to the industry, since
these are generally focused upon the development of a single site. The ranking
of the different portfolios was based upon a portfolio score which encompassed:-

The collective due diligence performance of each site in the portfolio.

2. The ability of the portfolio to service the requirements of the ETI build
out scenarios in terms of geography, timing of availability and build out
rates.

3. The ability of the portfolio to manage risk through portfolio diversity to
minimize the impact of critical failure risk factors at this early stage in
the industry.

Further details of the overall methodology and approach to this challenge are
described in the D01 - Screening Methodology report (Pale Blue Dot Energy -
Axis Well Technology, 2015). Minor aspects of this approach have been refined
and are detailed here but the general method remains the same.

The scope of work for this WP4 has been divided into the following five tasks:-

1. Complete due diligence checks on each of twenty potential storage sites
from the Select Inventory. These are accompanied by Storage Site
Summary Sheets.

Execute the portfolio creation and assessment methodology.
Complete a report of the portfolio selection process and the results.
Review lessons learned from other projects and highlight those
specifically relevant to the five selected sites.

5. Present the results and test the outcomes with external stakeholders
and present.

This report documents the process and results of this WP4 down select.

Pale Blue Dot Energy | Axis Well Technology

Page 8 of 100



D05: Due Diligence and Portfolio Selection

3.0 Methodology

3.0 Methodology

Approach

The Purpose of Work Package 4 (WP4) is to deliver a final down selected
portfolio of five viable CO2 Storage sites that are capable of being materially
progressed within WP5 from the short list of twenty sites delivered by WP3. The
workflow followed is illustrated in Figure 1.

It is anticipated that at least one of the five down-selected sites will be capable
of progressing through towards the end of the appraisal stage by the end of the
project or shortly thereafter. As such, it is expected that one or more of the five
sites will be suitable to serve an early Phase 2 CCS project (FID ~ 2020). It is
also anticipated that at least one other site will be a substantial new storage play
aimed at much later FID in the late 2020s.

Figure 1 - WP4 "Twenty to Five" Methodology
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At the end of WP3, the project had generated a well-qualified portfolio of twenty
potential CO2 storage sites, all aligned with the project objectives (Pale Blue Dot
Energy - Axis Well Technology, 2015). Even with this reduced number of sites,
it is impractical to seek significant new insight through original work at this stage.
Instead, an evidenced based approach to site due diligence has been applied.
This rigorously qualifies each site with respect to the hard evidence available.
Such evidence will either support or refute the ability of the site to meet the CO2
Storage role asked of it.

The WP4 down select process has two key steps.

1. Due Diligence - The twenty sites (Select Inventory) are subject to
individual due diligence review and the storage site attributes updated
as appropriate.

2. Portfolio Creation, Assessment and Ranking - Portfolio selections
comprising five sites from the twenty candidates are generated and
scored before selecting and recommending a final portfolio of five sites
to progress to WP5 which together should meet the project objectives.

WP4 has been divided into 5 tasks culminating in this WP4 Report (D05), a key
Stakeholder Workshop (R04) and Stage Gate Review 1 (R05). It has delivered
the final recommendation on the five sites (plus reserve sites) to progress to
detailed appraisal in WP5. In detail the methodology included:-

WP4.T1 - Complete due diligence checks on each of twenty potential storage
sites. Due diligence process on the key attributes developed in WP3 was
achieved through the access to representative well and seismic data. The
results were compiled into storage site summary sheets (D06) and results in a
due diligence score for each site.

WP4.T2 - Execute the portfolio creation and assessment methodology. The
resulting recommended portfolio was tested with independent peer review,
stakeholder review and expert judgement to ensure that the sites selected are
robust and fully qualified members. "Near miss" sites will be captured and held
in reserve. There was a specific Stakeholder Workshop (R04) held on 29th July
2015 at which the down select process and results were presented and
scrutinised by a team of CO2 Storage professionals. Stakeholder comments to
the recommended selection were captured to ensure that the final portfolio
meets general industry expectations. The workshop report is included as
Appendix 1.

WP4.T3 - Complete a report of the portfolio selection process and the results
in this WP4 Report (D05).

WP4.T4 — Review lessons learned from other projects and highlight those
specifically relevant to the five selected storage sites. BGS were commissioned
to deliver a short review and draw lessons learned from a wide range of relevant
industry projects. The focus was on drawing out lessons learned relevant to the
maturation of the sites in the recommended Portfolio Inventory. The BGS report
is included in Appendix 4. Finally, work programmes for each selected site
together with a stated objective of what uncertainty reduction such work
programme will try to achieve have been developed and tested with external
experts from the Scottish Carbon Capture and Storage group (SCCS) and
industry. The work programmes are presented in Section 6.1 of this report. This
has served to refine the WP5 plan and deliver a bespoke work programme for
each selected site.

WP4.T5 — The down-select programme and results were presented to

stakeholders to test and gain approval of the five site Portfolio Inventory for
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WP5. Finally the results from WP1 through to WP4 were presented to the ETI
CCS Advisory board at Stage Gate Review (R05) for formal approval.

Evidence Based Approach

An evidence based approach to the due diligence of each potential storage site
has tested the following central hypothesis for each storage site in the Select
Inventory.

Primary Hypothesis

This site is capable of being materially matured by this study to form the
foundation of a cost effective and viable Storage Development Plan to
accept the delivery of between 3 and 10 MT/yr over a minimum 15 year
period starting between 2025 and 2030 and thus playing a strategic role in
the UK CCS build-out programme.

The hypothesis will be broken down into three key areas of consideration:
Subsurface Environment

Does the site have appropriate blend of capacity, injectivity and
containment properties that give confidence that the site can meet the
primary hypothesis?

Development Potential

Does the site have a potentially important role in the build-out
programme of UK CCS infrastructure and can it be developed in a cost
effective manner such that the pipeline, facilities, and wells capex
requirements together with anticipated opex provide confidence that the
site can meet the primary hypothesis?

Appraisal Response

Does the site have the right combination of data availability (type, quality
and quantity), uncertainty reduction potential and Operator collaboration
or support (from whichever domain oil & gas, offshore wind, sand &
gravel etc.) to materially progress the appraisal status of the site in this
project, given the time and budgetary constraints.

An evidence based approach was used to test each site against each
hypothesis. This due diligence step will capture a consistent and clear
understanding of the existing key attributes of each store candidate including:

Subsurface Environment

An outline subsurface description will be captured from existing sources.
Subsurface structural configuration, reservoir quality review and potential
injection well performance including risk of geochemical sensitivity will be
considered.

Initial dynamic capacity review potentially including a material balance overview
of the storage site.

Review of intra reservoir connectivity and medium to long term injection well
performance, reservoir pressure, aquifer connectivity and injectivity. Review of
caprock resilience and evidence for containment and integrity from both a
geological (seal) and engineering (wells) perspective. Each site was tested
against the following hypotheses:-

Capacity: The site has appropriate capacity to give confidence that it
can meet the primary hypothesis and make a material contribution to a
portfolio of site capacity towards 1500MT.

Pale Blue Dot Energy | Axis Well Technology
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Injectivity: The site has appropriate injectivity of >= 1MT/yr per well
giving confidence that it can meet the primary hypothesis and be fully
capable to injecting CO2 volumes at a rate of between 3 and 10MT/yr
on a long term basis.

Containment: The site has appropriate containment properties to
ensure that the inventory of injected CO2 remains within the storage
complex indefinitely giving confidence that the site can meet the primary
hypothesis.

Monitoring: It is fully anticipated that the site will respond well to
appropriate monitoring programme to meet all the requirements of the
EU CCS Directive and enable full operational and post closure
monitoring of the injected CO: inventory giving confidence that the site
can meet the primary hypothesis.

Development Potential - can it be developed cost effectively?

This is a review of commercial factors likely to influence time and cost to FID
including interaction with competing subsurface users, decommissioning
timetables and practicality of transport connections to CO:2 sources.

As assessment of the cost of storage at the site will be made together with the
potential role that each site might play within the ETI CCS Scenarios to ensure
it has a strategic fit with the Project Objectives.

Scenario: Does the site have a potentially important role in the build out
programme of UK CCS infrastructure providing confidence that the site
can meet the primary hypothesis?

Pipeline: The site has a cost effective pipeline option which provides
confidence that the site can meet the primary hypothesis.

Facilities: The site has a cost effective option for offshore facilities
which provides confidence that the site can meet the primary
hypothesis.

Wells: The site has a cost effective option for injection wells which
provides confidence that the site can meet the primary hypothesis.

Appraisal Response - will the site respond to appraisal effort and be capable
of material progression in this study?

The initial status of the maturity of the site characterisation for each site was
made. This included any pre-existing CO: storage studies which were available
together with a consideration of how the maturity of the site could be developed
through WP5. This delivered a view of the maturity improvement potential. A
key input here is the availability of detailed well history and status of well integrity
and the willingness of any incumbent petroleum operator to collaborate and
share information into the Project.

Data: The site has the right combination of data availability (type, quality
and quantity) to materially progress the appraisal status of the site in
this project given the time, and budgetary constraints.

Users: This site has sufficient Operator collaboration or support (from
whichever domain oil & gas, offshore wind, sand & gravel etc.) to
materially progress the appraisal status of the site in this project given
the time, and budgetary constraints.

Potential: The site has significant uncertainty reduction potential which
if addressed could materially progress the appraisal status of the site in
this project given the time, and budgetary constraints available.

Pale Blue Dot Energy | Axis Well Technology
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Evidence Ratio Plots

The evidence ratio plots are used to
capture the results of the due
diligence considerations against
the primary hypothesis. The
evidence ratio plots are kite shaped
diagrams with two axes. The
vertical axis describes whether the
evidence for the site is mostly
supporting  (green) or mostly
refuting (red). Those due diligence
elements with mostly supporting
evidence will plot in the top half of
the diagram.

The horizontal axis describes the
evidence base. Here, uncertainty is
characterised by white space on
the flags and elements with
uncertainty will plot on the right
hand side of the diagram. Where
evidence is conflicting then this is
represented by the yellow flags and
the element will plot on the left hand
side of the diagram.

The star located at the apex of the
plot represents perfect combination
of  supporting  evidence and
confidence. Points closest to this
apex have performed best in the
due diligence.

Figure 2 - Example of Evidence Ratio Plot
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Each site was considered carefully with respect to how this project could
materially progress the maturity of the site on its path to its development of final
investment decision. The "Ability to Progress" was carefully considered against
a simple " CO:2 Storage Site maturity scale" Table 1.

0 No consideration of CCS at all

1 Initial screening — theoretical capacity available (UKSAP)

2 Concept Model [Zero dimensional model of the container]

3 Scoping Model: basic concept [Full project model static & dynamic model]

- without dynamic calibration

Feasibility Model: basic concept [Full project model static & dynamic

= model] - with dynamic calibration
5 FEED Grade Studies
6 Storage Development Plan

Table 1 - Simple CO2 Storage Site Maturity Scale

An assessment of the current maturity was made for each site and a view
developed of how far that maturity might be progressed within this project given
the data, time, budget and commercial constraints in place. This resulted in an
"Ability to Progress" factor which was subsequently also used in the portfolio
ranking.

A narrative summarise the key aspects of each site is provided in Appendix 2.
Appendix 5 contains D05 - Store Summary Sheets in poster form. These
document the key aspects of each site and its evidence base in a consistent

manner.

This due diligence process was used to deliver an overall score for each site
regarding how well the site meets the primary hypothesis, as illustrated in Figure
2. This is the plot distance of the site due diligence findings (Red Square) from
the ideal solution where there is perfect evidence based confidence in the
central hypothesis (Yellow Star). This score was also used in the subsequent
portfolio selection.

There were no sites that performed so poorly that they required substitution by
a reserve site from the list delivered by WP3 (Pale Blue Dot Energy - Axis Well
Technology, 2015).

Due Diligence Methodology

The key criteria used in the WP3 site screening and ranking were subject to
careful due diligence using source data wherever possible to validate the
position of the site in the Select Inventory. The due diligence process specifically
examined Capacity, Injectivity and Containment.

Capacity validation - Saline Aquifers

For saline aquifers this was calculated as the accessible pore volume of the
store multiplied by the storage efficiency and then converted to a mass unit using
the density of CO2 at an appropriate pressure.

Mcoz = Seff*GRV*NG*¢*pc02
Where
MCO2: Theoretical Capacity

Seff: Storage Efficiency Factor

GRV: Gross Rock Volume
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