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1.0 Introduction / Foreword

The Net Zero Teesside (NZT) project in association with the Northern Endurance Partnership
project (NEP) intend to facilitate decarbonisation of the Humber and Teesside industrial
clusters during the mid-2020s. Both projects will look to take a Final Investment Decision (FID)
in early 2023, with first CO2 capture and injection anticipated in 2026.

The projects address widely accepted strategic national priorities — most notably to secure
green recovery and drive new jobs and economic growth. The Committee on Climate Change
(CCC) identified both gas power with Carbon Capture, Utilisation and Storage (CCUS) and
hydrogen production using natural gas with CCUS as critical to the UK’s decarbonisation
strategy. Gas power with CCUS has been independently estimated to reduce the overall UK
power system cost to consumers by £19bn by 2050 (compared to alternative options such as
energy storage).

1.1 Net Zero Teesside Onshore Generation & Capture

NZT Onshore Generation & Capture (G&C) is led by bp and leverages world class expertise
from ENI, Equinor, and TotalEnergies. The project is anchored by a world first flexible gas
power plant with CCUS which will compliment rather than compete with renewables. It aims to
capture ~2 million tonnes of CO2 annually from 2026, decarbonising 750MW of flexible power
and delivering on the Chancellor’s pledge in the 2020 Budget to “support the construction of
the UK'’s first CCUS power plant.” The project consists of a newbuild Combined Cycle Gas
Turbine (CCGT) and Capture Plant, with associated dehydration and compression for entry to
the Transportation & Storage (T&S) system.

1.2 Northern Endurance Partnership Onshore/Offshore Transportation & Storage

The NEP brings together world-class organisations with the shared goal of decarbonising two
of the UK’s largest industrial clusters: the Humber (through the Zero Carbon Humber (ZCH)
project), and Teesside (through the NZT project). NEP T&S includes the G&C partners plus
Shell, along with National Grid, who provide valuable expertise on the gathering network as the
current UK onshore pipeline transmission system operator.

The Onshore element of NEP will enable a reduction of Teesside’s emissions by one third
through partnership with industrial stakeholders, showcasing a broad range of decarbonisation
technologies which underpin the UK’s Clean Growth strategy and kickstarting a new market for
CCUS. This includes a new gathering pipeline network across Teesside to collect CO2 from
industrial stakeholders towards an industrial Booster Compression system, to condition and
compress the CO2 to Offshore pipeline entry specification.

Offshore, the NEP project objective is to deliver technical and commercial solutions required to
implement innovative First-of-a-Kind (FOAK) offshore low-carbon CCUS infrastructure in the
UK, connecting the Humber and Teesside Industrial Clusters to the Endurance CO2 Store in
the Southern North Sea (SNS). This includes CO2 pipelines connecting from Humber and
Teesside compression/pumping systems to a common subsea manifold and well injection site
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at Endurance, allowing CO2 emissions from both clusters to be transported and stored. The
NEP project meets the CCC’s recommendation and HM Government’s Ten Point Plan for at
least two clusters storing up to 10 million tonnes per annum (Mtpa) of CO2 by 2030.
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Figure 1: Overview of Net Zero Teesside and Zero Carbon Humber projects.

The project initially evaluated two offshore CO2 stores in the SNS: ‘Endurance’, a saline
aquifer formation structural trap, and ‘Hewett’, a depleted gas field. The storage capacity
requirement was for either store to accept 6+ Mtpa CO2 continuously for 25 years. The result
of this assessment after maturation of both options, led to Endurance being selected as the
primary store for the project. This recommendation is based on the following key conclusions:

e The storage capacity of Endurance is 3 to 4 times greater than that of Hewett

e The development base cost for Endurance is estimated to be 30 to 50% less than
Hewett

e CO2 injection into a saline aquifer is a worldwide proven concept, whilst no
benchmarking is currently available for injection in a depleted gas field in which Joule-
Thompson cooling effect has to be managed via an expensive surface CO2 heating
solution.

Following selection of Endurance as the primary store, screening of additional stores has been
initiated to replace Hewett by other candidates. Development scenarios incorporating these
additional stores will be assessed as an alternative to the sole Endurance development.
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2.0 Executive Summary

The Clean Gas Project (as it was known at the time) was initially developed and funded by the
ETI during 2016 and first half of 2017. In August 2017 the project was transferred from the ETI
to OGCI CI.

Following the peer review conducted with experts from OGCI Cl members in early 2018,
Teesside was selected as the location, and four stores were considered, and the following
ranking emerged:
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2 000 0

Option
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Figure 2 - CDOH - Contingent Resource — Development on Hold, CUC - Contingent Resource
— Development Unclarified

The Peer Review recommendation was to take forward one preferred store (Endurance,
depending on accessibility) and one reserve store (Hewett or Bunter Closure 36, depending on
legacy well integrity) through the stage gate, with confirmation of the selected store within 3
months.

In April 2019, BEIS committed to fund 47% (capped at £ 3.76 MM) of the subsurface and
environmental components of CGP (today the Net Zero Teesside/Northern Endurance
Partnership -NZT/NEP- project) for a period of 2 years, bounded by consideration of the
Endurance (normally-pressured saline aquifer) and Hewett (a depleted former gas field) stores
only.
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Figure 3 - Hewett field

The Hewett Field, a depleted gas offshore field, is located in the United Kingdom’s Southern
North Sea (30 m water depth), straddling the Blocks 48/28, 48/29, 48/30, 52/4a, 52/5a.

Hewett, now operated by ENI, has ceased its production and has entered in the
decommissioning phase.

The asset has 32 platform wells spread over 4 platforms plus 8 subsea production wells and
one suspended subsea P&A well. All wells were drilled between 1967 and 2008 by different
operators.

Eni has now started a decommissioning campaign of all the subsurface and surface
infrastructures. The campaign will include the Plugging & Abandoning of all the 40 wells, the
isolation of the subsea well flowlines and umbilicals to make the platforms hydrocarbon free
and the dismantling of all the platforms.

OGCI has signed in 2019 a Technical Service Agreement with ENI to run some of the studies
needed for upgrading the field as a valid candidate for CO2 storage: reservoir, wells integrity,
flow assurance, engineering assessment studies. These studies have been completed and are
part of this report in different annexes.

ENI studies proposed the following high-level principles of using Hewett as a store:
Total Injection Rate: 6 Mtpa (=16500 tons/d CO2)

CO2 transported as liquid phase through a pipeline @Tamb
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Liquid CO2 at platform will be heated (to avoid the Joule Thompson effect) and laminated to:

e control initial pressure drops across sand face
e guarantee initial gas phase injection

All the relevant data and study details have been given in time to the NZT/NEP team to allow
drawing the following conclusion:

A pipeline feeding the CO2 to Hewett store in a gaseous phase would not have been
conceivable with the proposed rate of 6 Mtpa. Its size, over 280 km, would have been
unrealistic and non-economic. The only solution is to transport the CO2 in dense phase leading
to affordable pipeline sizing.

The CO2 arriving on site with a pressure of 81 bars (WHP) has to be transferred to a highly
depleted reservoir (4 bars, 40°), therefore storing the CO2 in gaseous phase. To avoid the
Joule Thomson effect, accompanying this phase change, leading to a sharp cooling effect
(negative temperature into the wells), the CO2 has to be heated at the surface.

This heating need is conditioning the choice for Hewett of a platform (dry wells), supporting
heating facilities, therefore leading to higher CAPEX and OPEX than with a normally
pressurized reservoir (case of Endurance). Power need for heating the CO2 @ 6 Mtpa is
estimated at 60 Mw by NZT/NEP.

Hewett reservoir is of excellent quality, well-known after 50 years of production, NZT/NEP is
estimating its capacity more conservatively to 150 Mt vs 180 Mt by ENI (for the Lower Bunter
Reservoir).

Upper Bunter reservoir could be an upside but absence of connection of this reservoir with
Little Dotty field has to be closely assessed, as the integrity of the legacy wells tying this
reservoir.

The Endurance field was eventually chosen as preferred choice for the project, based on:

Volume - Endurance has approximately three time the effective pore volume of Hewett (~450
Mt vs. 150 Mt probable).

Benchmarking - Benchmarking and operational experience is available for CO2 storage in
saline aquifer reservoirs, giving confidence in Endurance. No such history is available for a
depleted field such as Hewett.

Complexity - Endurance does not require heating to mitigate Joule-Thompson cooling across
the well choke, enabling operation from a simple NUI or subsea development; Hewett requires
60MW of heating and a more complex platform with power from shore.

Cost - Endurance is only 140km from Teesside, compared to 280km for Hewett. This
combined, with the simpler design, results in simpler project execution and a significant lower
CAPEX and OPEX than Hewett.
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Figure 4 - Endurance pipeline route

This choice should not overshadow the fact that depleted HC fields are a major (and most
probably the greatest) component of the future CO2 worldwide storage:

They are well identified and well understood with regards to capacity and integrity
With facilities already in place, some of them could potentially be re-used

There are still technical (and cost) challenges to overcome: JT cooling effect leading to the
requirement for CO2 heating depending on the difference between arrival pressure and
depletion, but there is a strategic benefit to the UK CCUS sector in advancing knowledge of
these types of reservoirs. This includes diversity in store failure modes and enabling
progression of additional CO2 store volumes for future expansion, driven by proximity to CO2
source and pricing.

For these reasons, the project team has stopped progressing the subsurface definition of
Hewett, and have commissioned a facilities-based study to understand the combinations of
reservoir pressure and distance from a CO2 source for which depleted gas reservoirs offer an
advantage in being able to store CO2 without significant JT impact (Refer to Annex 0 NS051-
PR-TEC-040-00004 - Generic Depleted Reservoir Study)
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3.0 Reservoir

The field has a length of approximatively 29 km and lies in a water depth ranging between 20
and 40 m, at about 16 km from the coastline

Hewett is an offshore depleted gas field (120 ft water depth), located in the United Kingdom’s
Southern North Sea (120’ water depth). It is located in Block 48/28, 48/29, 48/30, 52/4a, 52/5a
(Figure ). 1t was discovered by well 48/29-1 (Arpet in 1966) and well 52/5-1 (Phillips) and was
then developed by a total of 35 wells through 3 production platforms. It came on stream,
operated by Philips, in 1968 from the Lower Bunter and in 1973 from the Upper Bunter.
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Figure 5 - Hewett gas field
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ENI took ownership of the Hewett installation and infrastructure in 2008. Cumulative production
is 3490 Bscf at CoA (2019) for an estimated Gif of 3.88 Tcf with the following break out:

Reservoir Lithology |Start-up |OGIP Current RF [%] [Current Pressure
[psia]
(Tcf)
Upper Bunter [Sandstone [1973 1,37 90 126
Lower Bunter [Sandstone [1968 2,17 99 36
Zechstein Carbonate (1986 0,34 45 500

The two main reservoirs are the Lower Triassic Upper Bunter and Lower Bunter Sandstones,
overlaid by a thick and continuous sequence of shale, inside a NW-SE elongated dome
structure bounded by major sealing faults.

Lower (also known as Hewett Sandstones) and Upper Bunter Formations consist of good
guality sandstones deposited in a deltaic fluvial environment while Zechstein Formation has
carbonate origins. Lower and Upper Bunter sands are of excellent quality: mean porosity of
21% and average permeability 1300 mD + in both Fm, with 750 ft of seal over the Lower
Bunter and 1400 ft over the Upper Bunter.

A minor accumulation is located into Zechstein Formation (Permian).

ENI has completed an integrated Reservoir Study which is shown in Annex 0 NS051-RE-STU-
434-00001 - Integrated Reservoir Study Report with Preliminary Screening CO2. Following this
study, together with Geochemical and Geomechanical preliminary assessments, the suitable
characteristics of the field as a CO2 storage site, are confirmed. Field capacity has been
evaluated in 180 Mt for Lower Bunter level while Upper Bunter could be considered as an
upside level with a capacity estimated in about 100 Mt.
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Figure 6 - Integrated reservoir study

The NZT/NEP project drew the following conclusions from this study:

Hewett reservoir is of excellent quality, well-calibrated after 50 years of production, with
excellent permeability and probable lateral excellent connectivity.

NZT/NEP is discarding the Upper Bunter reservoir, that could be an upside, but absence of
connection of this reservoir with Little Dotty field has not been assessed, as the integrity of the
legacy wells tying this reservoir.

NZT/NEP is estimating more conservatively the Lower Bunter capacity to 150 Mt vs 180 Mt by
ENI.
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4.0 Facilities

In the preliminary phases of the project to convert Hewett field into a CO2 sequestration site,
different options have been considered and they included also the possibilities to utilize the
existing wells.

In order to process and inject gas into the Hewett Reservoir a four-leg unmanned platform, four
wells single completion type and one slot spare are considered.

Reusing or side-tracking the existing wells has also been considered in the first instance but
has been rejected as it showed elevated risk mainly related to well integrity issues but also to
directional plan limitation.

The current well integrity status has been verified and found in poor condition both for casing
condition and for cement reliability in respect of newest CO2 reservoir fluid.

The following ENI studies are included in the attachments (0):

HEWETT PLATFORM TOPSIDE FACILITIES FLOW ASSURANCE_STRUCTURES
STUDY_REV.01BIS

HEWETT GAS FIELD CONVERSION INTO CCS - DC FEASIBILITY STUDY
COAPESA-P-1-P-28046 WELL DESIGN

HEWETT GAS FIELD CONVERSION INTO CCS - DC FEASIBILITY STUDY
COAPESA-P-1-P-28047 TIME-COST

The NZT/NEP project has elaborated the following study and drawn the following conclusions
in term of cost estimate:

The facilities for the Hewett development were estimated to be £490 MM more than the
Endurance development. This is mainly due to:

More complex facilities resulting in a 1900 te heavier NUI for Hewett compared to Endurance

The pipeline is 144km longer from Teesside to Hewett compared to Teesside to Endurance
with an additional 7 pipeline crossings.

Additional compression power and compression stages (220 barg vs 150 barg) to enable
transport of the CO2 over longer distances.

The key differences in the facilities between Endurance and NUI are described below:
The Endurance NUI is a much simpler injection facility with a ca 2425 te topside weight.

It has a much simpler functionality compared to the heating demand required to inject into the
Hewett store.



Hewett Conclusive Report

On arrival on the NUI at ca 110 barg the CO2 stream passes through filters to remove any
particulates to prevent plugging of the reservoir. From these it is routed to the wells through a
common manifold with individual flowline offtakes that include flow metering for reservoir
monitoring, a flow/backpressure control valve, MEG injection connection and wash water
connection.

Water washing of wells will be undertaken on a periodic basis to mitigate against halite
precipitation. Wells will be washed one at a time and the operation will be remotely managed
from the onshore Compression Plant.

MEG will be located offshore for hydrate management. Use of this is expected only during well
washing to provide a barrier between CO2 and the wash water in the well bore.

The NUI will import power through a cable routed with the pipeline which will also provide
control and monitoring capability. At this stage a robust utilities support has been defined
including an instrument air system, crane, nitrogen quads, vent (no flare required) and a
Temporary Refuge. As a project given was no fossil fuel power generation offshore no back up
diesel generator is provided (UPS batteries only) and the crane is defined as electric driven.

A laydown area requirement to support maintenance activities and well workovers has been
included. As the maintenance philosophy will be for 4 visits per year using ‘walk-to-work’
capability only no heli-deck is included.

The functionality of the Hewett platform is more complex resulting in a ca 4422 tonne NUI.

The functionality of the Hewett NUI differs from Endurance due to the nature of the reservoir;
being a depleted hydrocarbon reservoir (low pressure) as opposed to an aquifer reservoir (high
pressure).

As with Endurance, on arrival on the NUI the CO2 stream passes through filters to remove any
particulates to prevent plugging of the reservoir. From these it is passed through heaters where
the stream is heated to approximately 70°C before being routed to the wells through a common
manifold with individual flowline offtakes that include flow metering for reservoir monitoring, a
flow/backpressure control valve, MEG injection connection.

The Hewett reservoir will not require any pressure management by producing the brine. As
such no brine handling or wash water facilities are required.

MEG will be located offshore for hydrate management. It is not expected during normal
operation but may be required on failure to maintain injection temperatures.

The support utilities included for Hewett in the concept phase are considered robust with a
similar selection as for Endurance. The main difference being the heaters are assumed to be
electric (no offshore power generation or waste heat available) and therefore have a peak
demand of 20 MW per 2 Mtpa injection rate. The Hewett concept (Concept 1B) has a final
injection rate of 6 Mtpa therefore power demand for heating is estimated at 60 MW.



Hewett Conclusive Report

Heating of the CO2 stream is required to prevent below 0°C operation anywhere in the system
through to the reservoir to prevent potential freezing and plugging. Figure 8 shows several
temperatures versus pressure profiles in the wellbore (flowing at the maximum 1.5 Mtpa)
superimposed on the phase envelope of the injection stream.

With arrival pressure upstream of the well choke of 100 barg the lowest CO2 operational
temperature will be 4°C, set by the lowest seabed temperature. With no heating the top-hole
pressure required is approximately 18 barg. This results in a fluid temperature of -26°C. As the
fluid travels down the wellbore it gains in pressure, due to static head, and temperature, due to
surrounding inflow.

Any upstream temperature below 60°C would result in the top-hole conditions entering the 2-
phase region of the phase envelope and still experience temperatures below 0°C at the
interface with the reservoir. A minimum of 65°C is required upstream of the choke to ensure
acceptable temperatures. Therefore, Hewett has been sized to provide 70°C to allow for
operational margins.
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Figure 2 - Wellbore temperatures vs pressure profiles

It was considered not practical to transmit 60 MW of power demand 290 km from the
Compression Plant. Therefore, it was assumed this power would be sourced from the closest
practical tie-in point. This was determined to be the Salle sub-station (for the Sheringham
Shoal windfarm) in East Anglia.

Costs for this option therefore included for a power cable run of 30 km onshore and 30 km
offshore with a dedicated shore crossing. At this stage there was no confirmation that the
required power demand could be sourced from the Salle sub-station or that the National Grid
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electrical system has sufficient capacity but was considered feasible and identified as a critical
risk for this concept.

Monitoring and control of the NUI would be as per the Endurance concepts, with a cable from
the Compression Plant following the pipeline route.

Annex A — Attachments (See attachments tab)

NS051-PR-TEC-040-00004 - Generic Depleted Reservoir Study

NS051-PR-TEC-040-
00004 BO1 GenericC

NSO051-RE-STU-434-00001 - Integrated Reservoir Study Report with Preliminary Screening

CO2

NSO51-RE-STU-434-
00001-BO1-Hewett-h

NS051-RE-STU-434-00002-B01-Hewett-D&C Feasibility Study

NS051-RE-STU-434-
00002-B01-Hewett-C

NS051-RE-STU-434-00003-B01-Flow Assurance Topside Facilities & Structures

NSO051-RE-STU-434-
00003-BO1-Flow Assi
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1.0 INTRODUCTION

1.1 Overview

Oil and Gas Climate Initiative Climate Investments (OGCI Cl) is proposing a Power and
Industrial CCS value chain consisting of a gas-fired combined cycle power station with post-
combustion carbon dioxide capture, a gathering system collecting carbon dioxide from the
power station and other industrial emitters in the locale, a carbon dioxide compression station,
a transportation pipeline and sequestration by injection into an offshore geological formation.

The proposed location of the new compression plant is close to the coast in Redcar in the
north east of England on the site of a decommissioned steel works (SSI). The foundation
supplier to the CCS system will be a new power station built adjacent to the compression plant
(as part of the overall clean power project) and will provide a base load of 2 MTPA of CO, for
sequestering. The capacity of the compression plant and transport system to the injection
wells will be designed to permit expansion up to 10 MTPA to allow for the inclusion of future
additional industrial emitters.

The ‘upstream’ scope of this project covers the power station and CO; gathering system. The
gathering network will collect carbon dioxide emitted by a range of other industries in Teesside
for transfer to the Compression Plant (start of the ‘downstream’ scope of the project). The
Compression Plant, comprising metering, dehydration and compression will then forward the
dense phase CO; via a dedicated shore crossing and subsea pipeline to an offshore facility
(NUI) for sequestration into the Endurance aquifer located approximately 144 km from Redcar.

Figure 1-1 summarises the scope of the overall project.

Figure 1-1 Schematic of the Overall Clean Gas Project

Low Carbon \Y ) _COZ frqm
Power Sales m industrial sources
-3 B p— | — _
A w ﬁ [N ]}
Natural Power Generation CO, Capture Con_ﬂpression

Gas

The Endurance reservoir is an aquifer type reservoir, that is, it is at relatively high pressure,
with an initial pressure of 140 barg increasing to 200 barg as CO; is injected over a period of
time. There is a risk that this reservoir may not be able to sequester the long-term volumes
envisaged under this project. As an insurance for this risk, a ‘Tee’ has been included into the
subsea pipeline near to the NUI at Endurance to allow for installing additional pipeline to re-
route the injection stream to an alternate reservoir. For this project the alternate has been
identified as the Hewett reservoir. This is a depleted hydrocarbon reservoir with an initial
pressure of approximately 2.5 barg.
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1.2 Study Scope

The Clean Gas Pre-FEED project is based on supercritical CO» injection into the endurance
field. The selection of this field was largely due to its proximity to the source at Teesside as
well as a higher initial reservoir pressure. The higher reservoir pressure means that there is
less pressure drop that occurs across the choke valves as the CO; injection occurs which
results in a lower degree of cooling as the gas expands (limits the JT cooling effect). It is
recognised however, that if the Clean Gas Project is to be replicated or expanded elsewhere,
a suitable aquifer type reservoir may not be readily available. Additionally, if an existing
depleted gas reservoir can be used, there are many obvious synergies that can be realised,
these include potential re-use of existing pipelines, offshore facilities and possibly even wells.
As such this study has been conducted to look at identifying the challenges associated with
injecting CO; into Hewett.

The early concept work identified one of the major challenges of the Hewett reservoir is
overcoming the pressure drop/cooling associated with injecting into a lower pressure
reservoir. The facilities required to inject the CO» volumes, under the Clean Gas Project, into
the depleted Hewett reservoir were quantified as part of the concept phase [Ref. 1] resulting
in an estimated 10 MW per 1 MTPA heating duty required at start of field life. This report will
study the heating requirements in greater detail with a view to assess heat loads for a generic
depleted reservoir.

1.3 Pre-FEED Flow Assurance Analysis

As part of the Clean Gas Pre-FEED flow assurance scope the extent of heating required to
inject CO; into the Hewett wells was investigated. The analysis determined that for initial
temperatures less than 60°C (equivalent to 6 MW/MTPA) the CO; remains in the two phase
region as it expands into the wellbore [Ref. 3]. This means that 6 MW/MTPA represents a
minimum heating load, below which all the energy is consumed by phase change and has
minimum impact on the bottom hole temperature.

In order to stay above 0°C after expansion to 2.5 barg in addition to operating the supply
pipeline in the dense phase, it was concluded that the temperature upstream of the chokes
needs to be greater than 70°C which results in a heating duty of 7.4 MW/MTPA for min arrival
temperatures.

GENESIS

Page 9 of 19



Project Title: CGP — Compression, Pipeline & Facilities t bp
Client Doc & Rev No:  NS051-PR-TEC-040-00004 Rev B01 m cumare 2

. - . INVESTMENTS 4‘
Document Title: Generic Depleted Reservoir Study Byet

2.0 BASIS AND METHODOLOGY

2.1 Pipeline and Reservoir Operating Pressure

Typically CO; is transported in the dense phase for sequestration as this reduces the pipeline
line size and minimises dynamic pressure losses. The flow assurance performed for the Clean
Gas Project is based on a minimum arrival pressure of 100 barg at the injection facility,
providing a 20 bar margin above the critical pressure.

This means that when the CO; arrives at an injection well associated with a low pressure
reservoir, the CO, will expand across the choke valve and experience substantial temperature
drop in the process. This study will consider reservoir pressures as low as 2.5 barg, which is
the value reported for the Hewett field.

2.2 Temperature Constraints

The concern with low pressure reservoirs (as opposed to aquifers) is the associated J-T
cooling of the injection stream resulting in very cold temperatures in the wellbore / annulus
and/or reservoir. The concerns of low temperature operation include:

e Risk of water freezing leading to damage to the well and or reservoir.

e Loss of reservoir permeability and injectivity due to plugging from ice and or hydrate
formation.

e Need for more exotic and expensive materials to avoid brittle fracture at low
temperatures.

In order to avoid these concerns the CO; is heated upstream of the choke valves such that
when injected into the well/reservoir the temperature does not drop below 0°C . Consideration
should also to be given to hydrate formation curve when looking at flowpaths. Figure 3-3
shows the hydrate curve for pure CO, in salt free water and can be used as a guide.
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Figure 2-1 Hydrate Formation Curve for Pure CO: using Different Prediction Methods

: [
/

Pressure [bar]
8

; |

5 -3 -1 1 3 5 7 9 ] 13
Temperature [°C]

[ T sim ver.12.0.8 ——HYSYS wer.2.4,1 — —— HYDOFF (CSMhyd) 1998 |

2.3 Simulation

HYSYS V10 in conjunction with the GERG 2008 fluid package was used to model the CO;
stream fluid properties and heating requirements. This is the same simulator and fluid package
used for the Pre-FEED H&MB generation.

The assessment in this report is based on the rich composition, refer to the Fluid
Characterisation Report [Ref. 2] for details. It should be noted that the difference between the
rich and lean case molecular weights is less than 1% so the results differ only to a small
degree.

2.4 Assumptions
Assumptions used to quantify heating duty and pressures in this study are:

e No heat inflow from the surroundings is included (including geothermal gradient
through the rock on the way to the reservoir). This will inherently result in a more
conservative result and higher estimate the heat load required.

e Pressure loss across formation is 20 bar for 1.5 MPTA, based on the results of the
Pre-FEED flow assurance work. [Ref. 3]

2.5 Flowrates

The analysis will be building off previous work performed on a 1.5 MPTA flowrate per well,
however as heat transfer is not being considered, the heating loads will simply be reported on
a per MTPA basis.
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3.0 TECHNICAL ASSESSMENT

3.1 Dense Phase Operation

From work completed in the concept phase of this project [Ref. 1] transport of CO, for
sequestration into a reservoir in the North Sea is expected to be in the dense phase. This
offers the advantage of allowing an expanded operating envelope without excessive pipeline
diameter and / or offshore booster compression / pumping.

Low pressure, gas phase, operation is possible, but this results in a limited operating window
(typically with a maximum arrival pressure of 30 barg and discharge approximately 40 barg)
and large diameter pipelines for expected flowrates of CO.. It may be suitable for specific
depleted reservoirs at the start of injection but is likely to be limited by top-hole pressure
requirements as the reservoir pressure increases.

Two-phase flow is not considered practical given the requirement for offshore slug / surge
management.

Figure 3-1 shows the phase transition line for pure CO, and the phase envelope for the 96%
(rich) CO> composition from the project [Ref. 2].

Figure 3-1 Nominal Pipeline Operating Envelopes
120

Dense Phase Operation

100 |

80 -
Critical Point

Pressure (bar)
@
(=]

40 |
Single Phase (LP) Operation
20 |
e Phase Envelope

s Pure CO2

-60 -40 -20 0 20 40 60 80
Temperature (°C)

Low pressure operation is restricted to nominally 40 barg to prevent possible two-phase
conditions in the pipeline during shutdown or settle out conditions (increased pressure at the
injection point and seabed temperatures of 4°C (for the North Sea)).
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Dense phase operation will maintain a minimum pressure in the pipeline to prevent conditions
that could allow two-phase conditions during a shut down, settle out and cooldown in the
pipeline. Typically, a minimum pressure of 90-100 barg would be specified at the injection
point to ensure dense phase conditions under all expected operating or shut-in scenarios with
margin to account for transient conditions.

3.2 Injection Profile

3.2.1 Injection Flowpath

Figure 3-2 shows the expected arrangement for a typical CO- injection well, for a depleted gas
reservoir on an offshore facility. Given North Sea conditions the arrival temperature will be a
minimum of 4°C (1). The stream is heated (2) and then injected into a well (3). Assuming a
low-pressure reservoir, as the stream passes down the well it may cross the phase boundary
(4) and then reach bottom hole conditions (5). Finally, the injection stream passes through the
near well sand face to reach bulk reservoir pressure (6).

Figure 3-2 Topsides Injection Stream Flowpath Schematic

®
l®
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Figure 3-3 shows this injection stream flowpath on a P/T diagram which includes the phase
envelope for i) pure CO, and ii) 96% CO: (rich Ref. 2). Figure 3-3 shows several heating
scenario flowpaths assuming an reservoir pressure as per Hewett (2.5 barg).

Arrival conditions upstream of the heater (i.e. onto the offshore platform) is 100 barg (specified
to maintain dense phase in the pipeline under all expected scenarios and aligned with the

Clean Gas Project specification) and at 4°C, seabed minimum temperature.
Three heating scenarios are shown:

1) No heating (for 96% CO_ composition shown in blue and for pure CO; show in orange)
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2) Heating to 51°C (6 MW per MTPA) (flowpath shown in purple for 96% CO;
composition)

3) Heating to 84.5°C (8.5 MW per MTPA), which corresponds to the minimum
temperature required to stay above 0°C when expanding to reservoir pressure
(flowpath shown in green for 96% CO, composition).

Unless otherwise stated then the flowpaths below are for 96% CO, composition.

Figure 3-3 Injection Flowpath Against Phase Envelope
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3.2.2 No Heating Scenarios

With conditions upstream of the well choke at 100 barg and 4°C some pressure loss occurs
across the choke valve to the top of the wellbore. As the stream is in dense phase / liquid
phase the J-T cooling effect is small such that the stream temperature will be above 0°C. If
the pressure in the reservoir is low enough then at some point in the wellbore the fluid will
cross the phase boundary. At this point the generation of a vapour phase results in significant
evaporative cooling such that only a few bar pressure drop can be tolerated before the 0°C
minimum allowed temperature is breached.

For the pure CO; and no heat input, to maintain the temperature above 0°C the reservoir
would have to be a minimum pressure of approximately 33 barg (where the phase transition
is for 0°C). For the 96% CO. composition the bubble point (liquid side) of the phase envelope
is entered at a higher pressure; 52 barg. At this pressure the stream temperature is
approximately 2°C therefore only a further 2 barg pressure drop can be allowed before the
minimum temperature limit is breached. Therefore, for this composition a minimum reservoir
pressure of 50 barg would be required.
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3.2.3 Heating Scenarios

Heating the injection stream to 51°C, equivalent of a heat input of 6 MW per 1 MTPA, allows
more pressure drop, hence a lower reservoir pressure, before the minimum temperature is
breached. The J-T effect in the wellbore is more pronounced due to the injection stream
becoming initially being a vapour phase. In this scenario the stream crosses the phase
boundary on the vapour, or dewpoint, side of the phase envelope. Once crossed the fluid
follows the phase envelope / phase ftransition line. A minimum reservoir pressure of
approximately 35 barg is required to prevent the minimum temperature limit being breached.
This is independent of the composition of the stream.

If heated to 84.5°C, equivalent of 8.5 MW per 1 MTPA, the conditions at the top of the wellbore
is sufficiently far enough away from the phase envelope that the J-T effect does not result in
the phase envelope / phase transition being crossed. In this case the reservoir pressure can
be as low as approximately 2.5 barg, matching the Hewett field, before the minimum
temperature limit is breached.

Therefore, the addition of 6 MW per MTPA heat input allows the reservoir pressure to be
reduced from 50 barg (no heating) to 35 barg. A further 2.5 MW / MTPA allows the reservoir
pressure to be reduced to 2.5 barg.

3.3 Reservoir Pressure and Heating Duty

Figure 3-4 also shows the minimum reservoir pressure required to maintain above 0°C
operation for the different compositions considered.
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Figure 3-4 Minimum Reservoir Pressure
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Without any heating the reservoir pressure must be approximately equal to the phase
transition pressure at 0°C. With little margin between minimum seabed temperature and
freezing point then any pressure lower than this results in liquid formation causing temperature
loss. The less pure the CO; stream (i.e. the more lighter components in the stream) the higher
the pressure required to prevent entering the two-phase region of the phase envelope.

The addition of heating helps reduce the minimum reservoir pressure but there is little benefit
in lowering the acceptable reservoir pressure until the temperature of the injection stream is
sufficiently high enough to avoid the two-phase region and inject only as gas phase.

The amount of heating required to ensure the injection stream is maintained above 0°C at all
conditions through to the bulk reservoir pressure (assuming no heat input from the
surroundings) is shown in Figure 3-5. The heating duties in MW/MTPA are shown for pure
COz, 98% CO; and 96% CO: (the latter two being the range for the Clean Gas Project
composition) [Ref. 2].
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Figure 3-5 Reservoir Pressure v Heating Duty
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Figure 3-5 shows that for pure CO2 no heat input is required until the reservoir pressure is
below the phase transition pressure of 33 barg. Once this is reached then the bulk of the
heating (approximately 7 out of 8.5 MW/MTPA) is required to provide the latent heat required
for phase change. At lower reservoir pressures the heating duty increases due to the J-T effect
of the gas phase. At 2.5 barg reservoir pressure 8.5 MW/MPTA of heating is required.

The compositions with 98% and 96% CO- require the start of heat input at higher reservoir
pressures as their phase envelopes are entered. The lower the purity of CO; the wider the
phase envelope and therefore the higher the pressure at which heat input will be required. For
the 98% and 96% CO, streams the heat duty increases as the reservoir pressure decreases
until approximately matching the pure CO, duty at 33 barg (approximately 7 MW). As with the
pure CO; composition, at lower reservoir pressures the increase in duty is due to the J-T effect
of the vapour.

All the data presented above considers the minimum seabed temperature of 4°C. For summer
conditions, with a maximum sea bed temperature of 17°C, the heating loads presented are
reduced by approximately 2 MW / MTPA.
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4.0 CONCLUSION

For transport reasons, CO, is commonly delivered to any injection facility at supercritical
conditions (pressures greater than 80 barg). This means that if the CO. is injected into a low-
pressure reservoir, it will be subject to significant expansion cooling. Temperatures below 0°C
are not advised due the risk of freezing water in the well annulus, and potentially degrading
reservoir injectability due to ice and or hydrate accumulation.

The proposed solution to the issue of CO, expansion cooling is to pre-heat the CO, upstream
of the wellhead. In order to be effective, any pre-heating must be sufficient to avoid the two-
phase region of the injection stream during expansion, as the substantial latent heat will
ensure that temperatures rapidly drop below zero.

This means that for reservoir pressures below the dewpoint of CO, (35-45) barg at ambient
conditions the injection gas must be heated to at least 70°C, and even higher as the reservoir
pressure approaches 0 barg. The heating duty associated with this is substantial and is the
range of 7-9 MW/MTPA for minimum sea bed temperatures (4°C), reducing to 5-7 MW/MTPA
for summer conditions (17°C).

These values are approximately double the energy required to compress the CO, from 20
barg to 150 barg at the onshore compression facility. If the injection wells could be located
adjacent to the compression facility, the heat of compression from the final stage would likely
avoid the need for heaters. However, placing compression offshore would not be cost effective
and locating injection wells onshore introduces potential safety concerns that have not yet
been assessed.
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1. EXECUTIVE MANAGEMENT SUMMARY

INTRODUCTION & STUDY OBJECTIVE

Oil&Gas Climate Initiative (OGCI) by its Climate Investment branch with the Clean Gas Project
(CGP) is evaluating the suitable reservoir candidates to capture and storage by injecting for 30
years about 6 Mte/y CO2 emissions produced by the Teesside industrial area.

The aim of this study is to evaluate Hewett field CO2 storage suitability for Carbon Capture and
Storage (CCS) project.

Hewett is a depleted off-shore gas field located in the United Kingdom’s Southern North Sea (120
ft water depth).

It was discovered by well 48/29-1 (Arpet in 1966) and well 52/5-1 (Phillips) and was then developed
by a total of 35 wells through 3 production platforms (Errore. L'origine riferimento non é stata
trovata.).
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\ :
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Figure 1-1: Hewett field - Platforms scheme.
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CONCLUSIONS AND RECOMMENDATIONS

The Integrated Reservoir Study, including Geomechanical and Geochemical assessments, proved
Hewett field as a suitable CO: reservoir storage candidate for Carbon Capture and Storage CGP
project thanks to:

o storage capacity (280 MMton)
o verified containment thanks to the presence of a thick and continuous seal of the cap rock
e well gas injectivity thanks to its high quality and homogeneous petrophysical sandstones
characteristics.
geochemical favorable conditions (no evidence of solids precipitations)
fluid dynamic suitable CO:z injection (depleted gas reservoir)

Hewett main storage reservoir consists of the Lower Bunter sands (mean porosity of 21% and
average permeability 1300 mD with 750 ft of seal). A second potential storage candidate is the
Upper Bunter reservoir (same excellent properties and 1400 ft of seal).

Geomechanical preliminary assessment ensure that cap rock integrity is not affected by the CO:
injection process.

Major lateral faults are sealing and isolate Hewett from the surrounding fields while internal faults,
where present, do not compromise the containment in the whole area.

The development scenario foresees the injection of 16500 ton/d (equivalent to 6 MMton/y), by 3
wells for a period of 30 years.

To strengthen the geomechanical assessment due to paucity of direct stress measurements on
existing wells, a data acquisition plan is highly recommended.

2. GENERAL INFORMATION AND FIELD HISTORY

Hewett is an offshore gas field located in the United Kingdom’s Southern North Sea (120" water
depth). It is located in Block 48/28, 48/29, 48/30, 52/4a, 52/5a (Figure 2-1).

This field has been discovered by Arpet in 1966 (well 48/29-1) and Phillips (well 52/5-1).

Eni was involved since the beginning of Exploration: in April 1969 an Unitization Agreement was
signed (Field areas in Quad 48, 49, 52) and Phillips became the Operator while in 2001 with the
LASMO take over, Eni increased the participating interest; after six years, in 2007, Perenco acquired
the “Exxon-Mobil” interests and, one year later (2008), Eni UK completed the acquisition of a
51.69% equity interest and the operatorship of the Hewett Unit and the associated Bacton onshore
gas processing terminal.
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Figure 2-1: Hewett field location

Five others exploratory wells were perforated followed by 35 producers.

The two main reservoirs are the Lower Triassic Upper Bunter and Lower Bunter Sandstones, overlaid
by a thick and continuous sequence of shale, inside a NW-SE elongated dome structure bounded by
major sealing faults.

A minor accumulation is located into Zechstein Formation (Permian).

Lower (also known as Hewett Sandstones) and Upper Bunter Formations consist of good quality
sandstones deposited in a deltaic fluvial environment while Zechstein Formation has carbonatic
origins.

Production started in 1968 from the Lower Bunter and in 1973 from the Upper Bunter.

Estimated Original Gas in Place for the two main reservoirs is 3.7 Tcf (dry gas): in particular, Upper
Bunter has an estimated HOIP equal to 1.32 Tcf (RF=90%) while Lower Bunter has an HOIP equal
to 2.38 Tcf (RF=99%).

3. DATA GATHERING

A 3D seismic survey (Survey PH943F0003) was acquired in 1994/1995 by PGS for Phillips
Petroleum and was publicly available since 2000. It is a quality seismic up to 75 Hz and shows good
tie with wells.

Since reservoir static and dynamic models were already in use and demonstrated to be a robust
tool for reservoir management during the production life of the field, sesmic derived tops and faults
used in the model were considered still valid (an example in Figure 3-1); therefore no seismic data
review was performed.




Eni SpA Date. Doc. N° DF02B367-0 Rev. | Page
5 EORG-GEOLAB 30 September 2019 IPET-REIT-EORG 00 9 of 77

Carbon Capture and Storage (CCS)
Hewett Integrated Reservoir Study

Structural tops used in the model are:

- Triassic Sequence

- Upper Bunter Sandstones

- Zechstein
Stratigraphic tops encountered by wells ensured calibration and definition of structural tops that
were not pickable from seismic (e.g.: Lower Bunter).

TWT map of Top Bunter Sandston

pb_TBunt_assested
TWT [ms]

-700.00
-,: -725.00

— -750.00

— 775.00

— -300.00
-826.00
-850.00
- —-875.00
-900.00
-025.00
-050.00

-975.00
-1000.00

: 10000m 10 km !

Figure 3-1: Seismic derived strctural top - Upper Bunter.

A complete well log data set was available for reservoir characterization, including CPIs for 22
wells.
In particular, log data available are (Figure 3-2):
- Caliper
- GR
- NPHI-RHOB
- Sonic
- Resistivity
- Porosity
- Shale Volume
- Water Saturation
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Figure 3-2: Available log dataset

Core data (core porosity and core permeability from RCA) are available for the following wells:
- 48/29a-Al
- 48/29-1
- 48/29-2
- 48/29-3

- 52/5-1
- 52/5-3

- 48/29-5
- 48/30-9
Examples of cores are shown in the following Figure 3-3 and Figure 3-4.
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Figure 3-3: Well 48/29-A1, core 1, depth 2964 - 2970 ft (Upper Bunter interval).

Figure 3-4: Well 48/29-A1, core 8, depth 4249 - 4255 ft (Lower Bunter interval).
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Available Reservoir engineering Data are fluids samples (recombined separator sample) from
wells 48/29-A1 and 52/5a-A4. The water salinity and water composition have been retrieved from
literature and previous reports.

Production data derive from OFM and previous operator’'s database.

4. GEOLOGICAL SETTING

The geological evolution of the Hewett area was characterized by several paleoenvironment.

The stratigraphic sequence is shown in Figure 4-1 and here below described.

In particular, in the Late Carboniferous coastal plain deposits developed to the northern part of the
London-Brabant Massif (southwest of the Hewett Field): these sediments were deposited during a
period of continuous conditions creating very thick coal-bearing sequences called the Rotliegendes
Group. These sediments contain the source rock that generated the hydrocarbons found in all
reservoirs in the Hewett area.

During the Permian period these Carboniferous rocks were uplifted and eroded.

Such conditions were brought to an abrupt end when the Rotliegendes basin was flooded by the
Zechstein Sea: Zechstein base is well marked by the Kupferschiefer shale and this shale is overlain
by four carbonate-evaporite sedimentary cycles of marine transgression followed by a regression.
The Rotliegendes and Zechsteinkalk formations are sealed by the overlying and adjacent Zechstein
evaporites.

In the Triassic, the Bacton Group was deposited: it is made up of the Bunter Shale Formation and
Bunter Sandstone Formation (Upper Bunter). The Bacton Group is a clastic succession deposited in
a non-marine environment settled when the Permian Zechstein Sea withdrew.

Starting from the bottom, the Bunter Shale represents the base of the succession in the basin and
embeds the Lower Bunter Sandstone (also known as the Hewett Sandstone): a clastic alluvial fan
deposit described as a fine to coarse, well sorted quartzose sandstone with scattered pebbles and
thin conglomerates with angular clasts of metamorphic rocks. It is a complex of fluvial, distal
floodplain and playa lake clastic deposits with minor evaporates prograding eastwards and north
eastwards into the Southern North Sea basin from the London-Brabant Platform.

The Lower Bunter formation is characterized by very fine sandstone at the top becoming medium
sized and coarse at the base (it can contain anhydritic cement): its average thickness is 25m (85-
90ft).

Upper Bunter Sandstones deposited over this succession and the top is defined by a sharp downward
change from mudstones with dolomite and evaporate interbeds to a thick sandstone dominated
sequence: this boundary is an interpreted angular unconformity at which beds within the formation
are truncated and where overstep by the overlying Dowsing Dolomite Formation occurs. The
environment of deposition is interpreted as an alluvial fan succession dissected by fluvial braided
channels in a semi-arid climate: it was supposed that the distal deposits at the margins were
probably formed by a series of coalescing alluvial fans intersected by braided rivers whereas the
more proximal central deposits were lain down by sheet floods.

From Hewett wells correlations it is possible to observe the increasing thickness of the sandstone
from the north of the field at 48/29-1 where the thickness is 270ft to the south of the field at 52/5-
3 where the thickness reaches 700ft.
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The Bacton Group extends from Hartlepool, NE England till the Central North Sea province, and it
is continuous with that of the Eskdale and Sherwood Sandstone Groups onshore to the southwest.
Bunter Shale Formation is made up by an anhydritic floodplain mudstone with interbedded siltstone
and claystone with dolomite and sand stringers at the top (average thickness is 650ft).
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Figure 4-1: Hewett Stratigraphic Sequence
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5. RESERVOIR MODELLING & SIMULATION

5.1. GEOLOGICAL ARCHITECTURE

sw , / NE
Lwr Jurassic

seafloor subcrop

T Triassic

Contact: -3020 ft ss

T Bunter Sst

T Hewett Sst }—"‘— LT !

| —— |
I P AN AT R
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T Rotliegendes

Figure5-1: Structural setting of Hewett Field

For the purpose of this study, the attention was focused on the two main reservoirs, Upper and
Lower Bunter. They belong to the Bacton Group (Triassic), consisting in a clastic succession
deposited in a fluvial environment.

In particular, Lower Bunter Formation is a clastic alluvial fan deposit very continuous and
homogeneous all along the field with an average thickness of 90 ft.

This formation is overlaid by the Bunter Shale Formation, claystone interbedded with sandstone
locally grading to siltstone (average thickness: 750 ft).

The Upper Bunter Formation (average thickness: 550 ft) is characterized by an angular
unconformity at its top and its paleoenvironment can be related to a series of coalescing alluvial
fans intersected by braided rivers whereas the more proximal central deposits were lain down by
sheet floods.

The Upper Bunter seal is an Upper Triassic succession characterized by an alternation of shale and
anhydrites with an average thickness of 1400 ft.

The high number of wells drilled lead to a good control and clear definition of the strucure, which
consists of a fault bounded NW-SE trending anticline (Figure5-1).
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5.2. PETROPHYSICAL CHARACTERIZATION

The petrophysical characterization has been carried out using both Log and core data: porosity from
Log and core porosity data has been merged together in order to increase data population and to
make the following interpretations more robust.

As results, the following characteristics for Upper Bunter (UB) and Lower Bunter (UB) have been
found through CPI analysis (Errore. L'origine riferimento non é stata trovata.):

NTG PORO PERM SWi Vsh
[-] [-] [mD] [-] [-]
UB 0.80 0.20 1330 0.17 0.21
LB 0.90 0.21 1615 0.10 0.1
*full field mean values

Table 5-1 Petrophysical parameters.

Due to the occurrence of high quality petrophysical characteristics in both reservoirs, Upper Bunter
can be considered as an additional potential storage site.

5.3. FLUID CONTACTS & COMPARTMENTS

Fluid contacts could be clearly detected from log analysis (Figure 5-2). Also from seismic data GWC
has clear seismic expression (i.e. at Well 52/51)
In particular, the following contacts have been interpreted:

- Upper Bunter: GWC at 3020 ft

- Lower Bunter: GDT at 4415 ft (from well 52/5-3)

No compartmentalization has been recognized even if some faults are present: Hewett is
characterized by two main border sealing fault and by minor strike-slip faults inside the field that
do not act as barriers to flow, as demonstrated by dynamic data (Figure 5-3).
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Figure 5-2: GWC definition in Upper Bunter
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Figure 5-3: Structural Tops Of Upper and Lower Bunter

A more complex situation is present at the fault that separates Hewett from Little Dotty (Figure
5-4): itis a NW-SE trending, scissors-like fault with high thrown towards the South that could create
partial communication between these two fields but only in the Upper Bunter and through the
acquifer on its NW side.
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Figure 5-4: Stuctural separation between Hewett and Little Dotty field

5.4. 3D GEOLOGICAL MODELING

A traditional geological modeling workflow has been adopted using Petrel software to obtain a 3D
static model as a base for volumetric calculation, History Match and CO:z injection scenarios.
The workflow steps are shown in figure Figure 5-5.
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Figure 5-5: Adopted modelling workflow

Fault modeling was performed with a simplistic approach: faults surrounding and crossing Hewett
field were created as vertical planes. Due to the small amount of control points across the central
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faults, they were assumed not to have a significant thrown, but were constructed to account for any
possible dynamic flow interference. External faults define the limit of the generated 3Dgrid (Figure
5-6).
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Figure 5-6: 3D grid creation

The 3D grid consists of 5238380 cells with 50x50x10ft dimension and was created using existing
faults and additional trend directions, in order to obtain the most orthogonal gridding possible to
facilitate the dynamic simulation.

Make Horizon process (based on “conformable” option) has been performed starting from the
seismic derived structural tops to obtain the main element of Hewett field:

- Triassic seal sequence

- Upper Bunter

- Top Bunter Shale

- Lower Bunter

- Lower Bunter Shale
The layering process (based on “proportional” option) has been performed on Upper and Lower
Bunter creating 5 ft thick layers in order to catch the vertical heterogeneity in each reservoir: Upper
Bunter, 500 ft thick, has been divided into 50 layers, while Lower Bunter, 90 ft thick, into 18 layers.

Facies definition was first performed in order to distribute the other properties according to the
facies occurrence.

Two facies were identified and distributed inside Lower and Upper Bunter; in particular, they were
defined with a Vsh=35% cut-off, discriminating sand and fine sand facies.
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Facies distribution was performed through Data Analysis with Vertical Proportion Curves (VPC) and

histogram statistics.

To account for possible heterogeneity in the areas not controlled by wells, two cases have been
defined: a base case where facies percentage at field scale strictly reflects well data statistics and
a downside case where coarse sands percentage at field scale is lower (it has been defined with a
Vsh=25 cutoff), but set to obtain the minimum GOIP needed to justify the field produced gas volume

(Figure 5-7).
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Figure 5-7: NTG distribution - Upper Bunter




% Eni SpA
5 EORG-GEOLAB

Date.

30 September 2019

Doc. N° DF02B367-0
IPET-REIT-EORG

Carbon Capture and Storage (CCS)
Hewett Integrated Reservoir Study

Rev.

00

Page
22 of 77

Make model | Hints

(@ petrophysical modeling with 'CCS_AR/3D grid"

&

& © Create new
/@ Edit exsting:

FACI ~

@ Trends
[Es] Variogram

)

Seed number
Seed: |15725

Output data range
Min: 0.2

Max: 0.65
Distibution method
|® Standard
Distrbution
| @ From upscaled logs
© Nomal
© Lognomal
© Beta

() General distribution

!
B Lower Bunter set(Bunt ~ (4] (4] (0] (] (&) &) (@1 (OO ()

Ng NTG ) -
Status Is upscaled

Globalseed: 8331

oD oEEE N

Methodfor |6 Gaussian random function smulation ¥ |
zone/facies
[#] Expert @ Hints:
aS Distribution s Co-kriging
Absolute -
Estimate:

e
| © Bivariate

NE Settings for TG [U]' (=
fx Operstions |F§ More || Variogram Quality atiributes Structural analysis
&  Syle Info I, Sttistics hl,  Histogram I Colors
B E
Intervals  » 20 - [EIRE S -] Lower Bunier Sst (Bunt [Rd
E% [[Lg DMm 012 [ Max 1

. | 2 4 6 & 10 12 14 16 18 220 2

40 |
375

35

325

30

275

25

25

20

175 -

15

125

10

75

5

25 ’_l H

n mleepll o n_mﬂ |
012 024 038 048 08 072 084 038
Ente vt logs

[y | [wOK ] [ACancel ]

[ oy | [wOK | [ Cancel

Figure 5-8: NTG distribution — Lower Bunter

The 3D Grid has finally been populated with the following properties:

- Facies

- NTG

- Porosity

- Water Saturation

Properties distribution has been performed based on statistical evaluation of the property values for
each facies (an example onFigure 5-8).
Statistics, settings and results are shown in the following figures (from Figure 5-9, to Figure 5-11).
Results shows very good correspondence among well logs and upscaled cells both for Upper and

Lower Bunter.
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Figure 5-10: Statistical distribution

analysis: porosity in Lower Bunter.
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Figure 5-11: Porosity distribution results in Upper and Lower Bunter

5.5. PRODUCTION DATA ANALYSIS

The production and pressure data for the two reservoirs are available in different formats with

different peculiarities each: in the following sections the analysis and the quality check of the data
is reported.

5.5.1. LOWER BUNTER (25 WELLS)

Lower Bunter data comes from an OFM database updated by Eni UK on monthly basis. The available
data span from the first gas (1969) to the last available month (February 2019).
The dataset comprises the Gas production both at field level and at well level: however, a few
criticalities have arisen during the QC of the available data.
e Before January 1995: the well 48/29-A2 accounts for the total field production, monthly. The
field is under ConocoPhillips operatorship
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e 1995 - 2002: the well 48/29-A2 accounts for the total field production, daily. ConocoPhillips
still in charge of the operation

e 2002-2010: Total field production allocated on well basis, daily. Tullow operatorship

e 2010 onwards: Total field production allocated on well basis, daily. Eni operatorship
The different allocations are shown in Figure 5-12 and Figure 5-13: the total cumulative production
at February 2019 is 2.1-10'2 scf.
Due to different operatorship and various allocation method, the Lower Bunter observed production
have been kept unaltered and no re-allocation has been performed to avoid any human artifact that
would lead to a less robust model.

48/29-A2

Conoco monthly

W _MonthiyRate { MWCd FFic: Hewel

Conoco
daily

88 £

92 24
Date

Figure 5-12: Lower Bunter: 48/29-A2 allocated production
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Pressure data comes from three different sources: Conoco Phillips Report (1998), Tullow Report
(2002) and the Eni UK database.
Conoco Phillips pressure are Shut-In Bottom Hole Pressures (SIBHP from now on), which come
comprehensive of gas gradients and depth references, are illustrated in Figure 5-14.
Conoco Phillips dataset comprises of the following data :

e 48/29-A platform: June 1968 - June 1994

e 48/29-B platform: November 1972 - September 1993

e 52/5 platform: June 1967 - May 1972
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Figure 5-14: Lower Bunter Pressure, Conoco Phillips Report

A limited difference (less than 15 psia — 1 bar) in the initial pressure points may be noticed, which
can be imputed to the initial pressure wave propagation limited to the near wellbore region and the
initial drainage:

This behavior is indicative of two important reservoir characteristics:
e There is no significant compartimentalization of the reservoir

it is worth mentioning that the trends for the two main platforms (48/29-a and
48/29-B) tend to coincide after 1976 with almost the same value.

e The flow becomes boundary dominated after 1976
The aforementioned findings have been used to drive the reservoir simulation to deliver a validated
model for the injection phase

Tullow data are comprehensive of Shut in WellHead Pressures (SIWHP from now on) together with
shut-in times. Those pressures were extrapolated at the datum depth by using an average gradient.
Figure 5-15 reports the available data, that confirms the consideration made by analyzing the
Conoco Phillips ones
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Figure 5-15: Lower Bunter: Tullow Report data (2002)

Eni UK databases comprises of SIWHP (Figure 5-16). Given the lack of completeness of well data
(completion schematics, intervention history etc.) those pressure have been used as a soft to
evaluate the match quality without performing any THP match.
Neither water influx nor watering out has been observed during the exploitation of the Lower Bunter
reservoir: given the very high recovery factor (above 99%) and the pressure evolution during time,
with low (less than 3 bar) but stable pressure lead to the fact that no water is movable within this
system, which behaves as a closed, isolated tank.
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Figure 5-16: Lower bunter Pressure (sample), Eni UK SIWHP Database

5.5.2. UPPER BUNTER (10 Wells)

The Upper Bunter production data comes in the form of an excel database with the Gas production
grand total only: the total cumulative production is 1.218 1012 scf (Figure 5-17). No information
about the well allocation is available: henceforth the main assumption driving the allocation has
been the petrophysical uniformity and the volumetric distribution of hydrocarbons within the Upper
Bunter Unit (Figure 5-18). the total cumulative production at February 2019 is 1.218 1012 scf
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A B C D E F G
Field Average
Gas Cumulative Field Average Daily Rate CElETTley LAl e Monthly
Date Meonthly Well Count Rate cumulative
[10° sef] [10° sef/d] (10° scffel] [10° sef] cumulative
[10° scf]
01/09/2001 12171 14016.1 10.0 1401.6 42048.21918 420482.1918
01/10/2001 1217.2 3370.1 10.0 337.0 10447.33333 104473.3333
01/11/2001 1217.2 27815 10.0 278.1 8344416667 83444.16667
01/12/2001 12174 3634.5 10.0 363.5 11267 112670
01/01/2002 1217.5 3149.0 10.0 3149 9762 97620
01/02/2002 1217.5 3238.2 10.0 323.8 2067 90670
01/03/2002 1217.6 3075.2 10.0 307.5 9533 95330
01/04/2002 12176 69.7 10.0 7.0 209 2090
01/05/2002 12176 0.0 10.0 0.0 ] 0
01/06/2002 1217.6 0.0 10.0 0.0 o 0
01/07/2002 1217.6 0.0 10.0 0.0 o 0
01/08/2002 1217.6 0.0 10.0 0.0 o 0
01/09/2002 1217.6 1783 10.0 17.8 535 5350
01/10/2002 1217.7 1898.1 10.0 189.8 5884 58840
01/11/2002 1217.8 1567.0 10.0 156.7 4701 47010
01/12/2002 1217.8 0.0 10.0 0.0 1] 0
01/01/2003 1217.8 0.0 10.0 0.0 1] 1]
1217.8 0.0 10.0 0.0 1] 0

Figure 5-17: Upper Bunter production data
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Figure 5-18: Upper Bunter Gas Saturation distribution

The initial assumption for re-allocating the grand total was to follow the petrophysical uniformity of
the reservoir unit: high quality sands, little variation in the petrophysical properties at core and log
scale across the sampling points led to an equal repartition among the wells, timed on the individual
well start-up date (retrieved from end of well reports anorperforation reports). The whole 52/5-A
platform is dedicated to the production from the Upper Bunter unit, with later exploitation coming

from two 48/29-B: Bl

and B6

This assumption has been later modified accounting for the hydrocarbon distribution depicted in
Figure 5-18: given the local asymmetry of the structure the contribution of the 48/29-B has been
reduced and proportionally redistributed on the 52/5A wells: Figure 5-19 shows the production data
for a 52/5-A well and for a 48/29-B well.
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Figure 5-19: Upper Bunter well production: 52/5 well (top); 48/29-B well (bottom)

5.5.3. RECOMMENDED SIMULATION APPROACH

For the purposes of the CCS study, the evaluation of the storage capacity and the correct evaluation
of the CO2 plume propagation dynamics the most viable option is the 3D compositional simulation.
This methodology allows to perform the most reliable evaluation of the complex thermodynamic
phenomena occurring during the injection of a stream with specified composition into a depleted
gas reservoir, allowing to keep track of density evolution during time and opening the possibility to
additional specialist studies that rely on compositional models.
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5.6. THERMODYNAMIC STUDY & CO2 CHARACTERIZATION

To assess a correct modeling of the CO2 storage process into a depleted gas reservoir, the fluid
characterization is crucial.

Initial condition of the two reservoir are different both in terms of initial temperature and initial
reservoir pressure as Table 5-2 shows.

Formation Initial P (bara) Initial T (°C)
Upper Bunter 137 52.2
Lower Bunter 94 42

Table 5-2 Initial Reservoir Condition.

Given the long production history of the field (almost 50 years) the selection of the most
representative fluids for the PVT characterization has been made accordingly to:

e Sampling date

e Sampling well

e Sample type (bottom hole/separator)

For the Hewett reservoir two fluids samples are available for the thermodynamic characterization:
e Fluid samples from well 48/29-A1 (separator sample, recombined), representative for the
Lower Bunter unit (LB_sample from this point onwards)
e Fluid samples from well 52/5a-A4 (separator sample) w/o experimental data, representative
for the Upper Bunter Unit (UB_sample from this point onwards)

Figure 5-20 and Figure 5-21 shows the experimental data available: whilst LB_sample possesses a
CCE experiment performed close to the reservoir temperature (129°F) used for validating the
thermodynamic model, UB_sample comes only with separator test data: henceforth the validity
assessment of the UB_sample PVT model has been performed with the separator data only.
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Figure 5-20: LB experimental data and composition

CORE LABORATORIES UK LTD.
Patralsum Ressrvoir Engineering
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HYDROCARBON ANALYSES OF SEPARATOR PRODUCTS AND CALCULATED WELL STREAM
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Figure 5-21: UB composition data
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5.6.1. LOWER BUNTER

Peng-Robinson 78 equation with Temperature dependancies has been selected for the proper
modelization of the fluids by PVTSim 3.3.
One may notice the proximity of the phase envelope to the separator test point, as well as the
limited distance between the Cricondermtemp and the Reservoir temperature: due to the total
absence of condensate production throughout the reservoir life, monitoring this parameter is crucial
to provide the correct fluid description and limiting the two-phase regime at reservoir condition.

The initial phase envelope is close to the separator tests condition: to match the condensate
presence, the separator point are used for the numerical validation of the EOS model via tuning of
the following C7+ fraction properties:

e Molecular Weight

Critical Temperature

[ ]
e Critical Pressure
[ ]

Acentric Factor

Figure 5-22 show the tuning results.

-50

2500

2000

1500

1000

500

0 50 100 150

Temperature [°F]

w/o Tuning EOS Tuned
w/o Lumping

A Separator Test Lower Bunter Condition

Pressure [psia]

Figure 5-22: Lower Bunter Tuned EOS model (orange line)

Performing the separator test at the dedicated condition gave good results in terms of composition
of separator fluids as well as GLR.
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The original model comes out with 11 components: to reduce the computational cost of each
simulation the initial set has been reduced to 7 components, providing a suitable description of the
examined fluid. The main lumping criteria is the molecular similarity (same vibrational dynamics)
Table 5-1Table 5-3 shows the lumping scheme for the Lower Bunter Fluid, with the tuned phase
envelope of the 7-component equation pictured in Figure 5-23

Fluid Component Lumping Group
CO, CO2
N> PS1
C1 PS1
Cc2 PS2
C3 PS2
iC4 PS2
nC4 PS2
nC5 PS3
iC5 PS3
C6 PS3
C7+ PS4

Table 5-3: Lumping Scheme

2500

2000

1500

”
Pressure [psia]

1000

500

0
-50 0 50 100 150

Temperature [°F]

w/o Tuning EOSTuned  =———w/ EOS Tuning
w/o Lumping w/ Lumping

Lower Bunter Condition

A Separator Test

Figure 5-23 Lower Bunter models: 11 components (black line) vs 7 component
tuned (green line)

At this stage to simulate the CCE performed on the Lower Bunter reservoir fluid a series of flash
calculation to atmospheric pressure can reconstruct the Relative Volume, Gas Compressiblity and
Gas Formation volume factor table versus pressure: the accordance between the simulated and
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experimental data is good, with a contained relative difference (ca. 3%) to the experimental data.
Figure 5-24 shows the aforementioned comparison.
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Figure 5-24: Comparison between Lower Bunter experimental (black dots) and simulated (orange
line) data

5.6.2. UPPER BUNTER

The Upper Bunter (UB) fluid characteristics comes out from the fluid sample taken from well 52/5-
A4. Fluid composition and separator condition are available, toghether with the separator test
condition and the separator GLR

The same EOS (PR78-T) has been chosen for the Upper Bunter fluid.

Starting from the original one, composition has changed to tune the EOS model for the Upper Bunter
reservoir, accounting for heavier compounds which can cause condensation: given the very Low
CGR, any small oscillation into the C7+ subcomponents abundance turns into a dramatic variation
of the CGR estimate.
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Figure 5-25: Upper bunter Lumped and Tuned EOS model

The lumping scheme is the same mentioned in section 5.6.1 with the adoption of the same criteria:
Figure 5-25 shows the results of the tuned EOS model: at this stage the relative difference between
the Separator GLR and the calculated one is less than 25%
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5.6.3. WATER PROPERTIES

For the Hewett area neither water samples nor separator water are available: Salinity in terms of

NaCl equivalent [2] is available for the two reservoir, with the respective ranges reported in Table
5-4:

Formation Salinity range (kppm)
Upper Bunter 70 - 90
Lower Bunter 120-140

Table 5-4: Water Properties

5.6.4. CO2 CHARACTERIZATION FOR RESERVOIR MODELING

The project foresees a constant injection of 6-10° t/y of CO2, however no detailed spefication of the
stream composition are available at this stage. Henceforth the injection stream will be composed
by 100% CO2.

Thermodynamic properties of CO2 are well modeled in literature (Figure 5-26): for reservoir
modeling purposes the same EOS of the two reservoir applies.

Carbon dioxide phase diagram

Critical point

Figure 5-26: CO2 Envelope

5.6.5. SATURATION AND ROCK FUNCTIONS

No SCAL data are available for the Hewett reservoir units, henceforth the search from analogous
formation has been a necessity to model the fluid flow within the porous medium. The initial
saturation function tables come from an analogue reservoir located in the Liverpool Bay area, which
shows similar reservoir characteristics (comparable ¢- and k- ranges)
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The relative permeability curves are depicted in the plots below (Figure 5-27) in which both drainage
and imbibiion curves are depicted. One may note that, being the Hewett sandstones gas-bearing,
only the upper portion of the Krg(Sg) curves (i.e. Sg=1) is explored during the reservoir life
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Figure 5-27: Saturation Function: Upper Bunter drainage and imbibition (top left: gas, top right
water); Lower Bunter drainage and imbibition (bottom left: gas, bottom right: water)

Imbibition curves are introduced to mimick the future back-displacement of water in case of
injection within a reservoir that bears mobile water, thus allowing the simulation of gas trapping
phenomena.

Given the absence of oil rims at reservoir condition and the negligible interaction within gas and
water, capillary pressure curves are set to 0 for every saturation

No experimental data are available for the rock compressibility: the default value set by intersect
(i.e 2.2-10° psit) is used

6. INITIALIZATION AND VOLUMETRIC CONSISTENCY

Following the contact identification described in section 6.2, two distinct equilibration region have
been defined, with the intial condition set depicted in Table 6-1. No acquifers have been introduced
in the numerical model.




ﬁ Eni SpA Date. Doc. N° DF02B367-0 Rev. | Page
EORG-GEOLAB 30 September 2019 IPET-REIT-EORG 00 42 of 77

eni Carbon Capture and Storage (CCS)
Hewett Integrated Reservoir Study
Hewett Datum Pressure Datum Depth gg:t:::it?frt Temperature
Level (psia) (ft TVDSS) TVDSS) (°F)
Upper 1985 4200 4415 126
Bunter
Lower 1362 2900 3020 108
Bunter

Table 6-1: Initial condition

All the wells are perforated within the reservoir section, either in the Upper Bunter or the Lower
Bunter: no commingle production has been reported during the field exploitation, as per the Well
report and well intervention history: no details are available for the completion diagram, henceforth
no VLP computation have been performed. Each of the well run in RESV (Reservoir Volume) to
ensure that the reservoir pore volume is adequate enough to sustain the production given the PVT
properties descripted in section 5.5.

The grid model, composed by almost 5-10° cells (as described in section 6.1) was initialized without
upscaling using Intersect (IX) as reservoir simulator. Consistency checks have been performed to
ensure static equilibrium of the fluid system: the reservoir fluid stays stable after 30 years of
simulation without any production, with Ap(t) = 0 vt. Static volumes were calculated per region
assuming the distributed water saturation, NTG and Porosity as per the modelling process described
in Section 5.4

The results of the initialization, in terms of static vs. dynamic model comparison, is highlighted in
Table 6-2: Hewett volumes: static vs. dynamicTable 6-2.ERRORE. L'ORIGINE RIFERIMENTO NON E STATA
TROVATA.

Hewett Level Initial Static volume Initial Dynamic volume Delta to static
(10° scf) (10° scf)) (%)

Upper Bunter 1320 1253 -5%

Lower Bunter 2380 2301 -1%

Table 6-2: Hewett volumes: static vs. dynamic

One may note a difference among the static and the initialized dynamic models which might be
imputed to structural modelling: all the control points of the whole grid are located among the major
axis of the reservoir (namely NE-SW), providing little control on the lateral behaviour of the
horizons. Henceforth an introduction of pore volume multipliers has to be foreseen to properly
evaluate the dynamic behaviour of the reservoir fluid.

6.1. MODEL VALIDATION (History Match)

The history matching phase objectives have been:
e Honor the gas production rate
e Match the available pressure points
e Reproduce the mentioned produced water

As per the description in the previous sessions, and given the reservoir volumes produced up to
February 2019 highlighted in Section 5.5 the history matching has been performed by adjusting
primarly the pore volume multipliers to take into account the lack of lateral control of the structure
Given the lack of a detailed well equipment description, all the wells have been described as a
volumetric point source without performing any THP calculation.
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In addition, due to the absence of a clearly identified Gas Water Contact in the Lower Bunter
reservoir, all the cells falling below the GDT have been deactivated.
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Figure 6-1: Hewett Field History matched model

Figure 6-1 shows the history match results at field level: gas production rates are honoured for each
of the well involved in the field exploitation. The elapsed time for the simulation is approximately
1.5 hours with 256 processors

Figure 6-2ERRORE. L'ORIGINE RIFERIMENTO NON E STATA TROVATA. to Figure 6-4 show the match of the
available SIBHP data: the overall match quality is good, with a satisfactory reproduction of initial
pressure and the main depletion experienced during the field exploitation.
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Figure 6-2: Lower Bunter wells: 48/29-a1l (left); 48/29-b1 (right)
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Figure 6-4: Upper Bunter 52/5-1: rates (left); pressures (right)
The shut-in wellhead pressures, available from 2010 onwards, have been used as a soft trend for
validating the pressure match as mentioned in the previous section.

The average reservoir pressure at the end of the history match henceforth are:
e 346 psia for the Upper Bunter Reservoir
e 115 psia for the Lower Bunter Reservoir

Table 6-3 shows the Initial Static and the HM volumes, with the associated variation

Hewett Upper Bunter | Hewett Lower Bunter Grand Total
[1012 scf] [1012 scf] [1012 scf]
Static HM A[%] Static HM A [%] | Static HM A[%]
1.32 1.37 4% 2.38 2.17 -7% 3.65 3.54 -3%

Table 6-3: History Matched volumes
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Whe following figure (Figure 6-5) shows gas density distribution inside UB and LB reservoir.

Gas reservoir density (DENG)
Liquid density [bmft3]
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Figure 6-5: Gas densities: Upper Bunter (top), Lower Bunter (bottom)

6.2. DEVELOPMENT SCENARIOS

The development scenarios for the purposes of the CCS study stick to the following workflow:

Preliminary Capacity estimate
Assessment of the existing well status
Definition of the injection strategy
Well Modeling

3D simulation
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For the specific case of the Hewett field only the forecast injection rate is defined, with an expected
tonnage equal to 6 10® metric tonnes per year (MTPA from now on) corresponding to ca. 9-10°
sm3/d. The preliminary capacity estimate led to the following results:

e 120 10° t for the Upper Bunter Unit

e 206 10° t for the Lower Bunter Unit

With those figures, which represent the maximum theoretical capacity, the definition of the injection
points and strategy has been carried out taking into account:

e Existing/legacy well status

e Reservoir quality

e Fault proximity

Hewett field exploitation started in the early 1970s, henceforth the average age of the wells is
around 50y, rendering them not viable for Carbon Dioxide injection especially for corrosion-related
issues. Also Sidetracked wells are not practical because of the status of the parent holes (cased or
not), no more accessible. Further details are available in the drilling section of the CCS reservoir
study.

The situation of the existing/legacy wells led to the definition of a new injection point considering
all the factors defined above. Focusing on the reservoir part, good quality sandstones with lateral
continuity guarantees sufficient pore space to accommodate the injected fluid. Mid-high
permeability, combined with the thickness, can provide high injectivity allowing a smooth increase
in pressure with limited pressure drop across the perforations.

Hewett field complies with all the requirements listed above (figures of merit are described in Section
5.4): the most adequate location for CO:2 delivery is the central area of the field, almost midway
between the 52/5-A and 48/29A platforms. The injectors are closer to the central culmination,
allowing CO2 dispersion, which in turns allows the exploitation of the reservoir as a whole.

As Figure 6-6 and Figure 6-7 depict, the location of the platform would allow also a future injection
in the Upper Bunter unit, being closer to the top of the South-western culmination




48/29-A
Platform

Figure 6-6: Top Upper Bunter injector platform location

m Eni SpA Date. Doc. N° DF02B367-0 Rev. | Page
ent Carbon Capture and Storage (CCS)
Hewett Integrated Reservoir Study
Platform

Injector
Location

Injector
Location
(x-section)

Figure 6-7: NTG and Injector Location. Top view (left); Side view (right)
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The well trajectory definition come from a neighbouring field (gas bearing sandstone, depleted): a
deviated well with an average inclination of 50° to increase the contact area between the CO2
source and the reservoir (given the thickness of the formation, almost uniform around 100 ft).
Given the well trajectories, the model set-up in PROSPER required the injection fluid specifics and
temperature. The modelling of the Vertical Lift Performance curve (VLPs from now on) has
developed with the subsequent assumption:

e Single completion well (3 in to 9 in)

e Injection temperature: 40 °C or 10°C

The calculation of the VLPs have been performend accounting for
e Reservoir Temperature (52.2 °C)
e Injection Temperature (10 °C, 40 °C)
¢ Injection rate range: 0 - 4-10°% sm3/d
e THP range: 5 - 200 bar
e Perforation depths
e Fracturing pressure (estimated): 105 bar

The VLP and the Bottom hole temperature (BHT from now on) for the 40 °C scenario are illustrated
in Figure 6-8: the exploitable regimes fall all below the fracturing pressure, and no freezing of the

Fracture Regime

500,000 1,000,000 1,500,000 2,000,000 2,500,000 3,000,000

Figure 6-8: 40° injection VLP. BHP (left), BHT (right)

For the 10° C Tubing Head Temperature (THT from now on), a few more considerations take place:

e Bottom hole freezing: BHT may lower far below 0°C because of gas expansion, causing
either formation water freezing or Hydrate formation. This limits the injection rate

¢ Unstable flow: close to the CO2 vaporization line , i.e. p. (T = 10°C) ~ 46 bara, slug/bubble

vap
flow may arise, posing another cap on the injection rate

¢ Two-phase flow: presence of two phase flow within the tubing string. This caps the
maximum THP

All the above consideration, depicted in Figure 6-9 poses the necessity to find a smaller completion
diameter to guarantee the absence of phase transition/freezing in any point across the well.
The single phase is ensured via a recompletion option: to keep the bottom hole condition (pressure,
injection) different combination of tubing were tested to

e Being able to inject the maximum rate in gas phase (i.e. 3.0 105 sm3/d)
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e maintain the working point (i.e. 46 bar at bottom hole)
e Being able to inject the maximum rate in liquid phase
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Figure 6-9: Low T scenario: regions

Figure 6-10 shows the combination of completion selected according to the workflow listed above:
the yellow bold cross represents the working condition for the injector wells.
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Figure 6-10: Low T scenario: recompletion

To favour the re-pressurization of the reservoir and avoid excessive pressure drop at perforation
level, thus counteracting the Joule-Thompson effect, the injection strategy foresees an initial ramp-
up to target rate in 5 years, followed by a 25 y steady state injection. Moreover this step rate
program might be feasible for monitoring purposes. Figure 6-11 shows the implementation in IX
syntax with a graph of the constraint.

Name: INJ_1
Type: Injector -
Productivity index type: v
Status: Open -
Closure reason: None v
ints: Injection tubing head pressure » [290.07547546 psi -
Gas injection rate » 4237760006579 | MSCFid «
Injection bottom hole pressure - [1522 psi .
Injection stream: [ ] [ Injectable_Carbon_Dioxide Q H d
Observed Data: v
Historical control S
modes: ] Ij
Flow per table:/=}| [T,,,1.L8_INJ1_PREFEAS 1 Q 2]
35 100
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E E
nén 50 %
S1s 0 £
= a
1 . E
20
05
10
0 0
0 5 10 15 20 25 30
Time (years)
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Figure 6-11: Rate constraint
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The results of the injection scenario, as shown in Figure 6-12, shows that for a 30 y injection period
the Lower Bunter reservoir is capable to accommodate 180-10° t of CO2 within the given set of
boundary conditions.
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Figure 6-12: Lower Bunter injection scenario: history match (fluo green); 40° C injection (red
line); 10° injection (blue line).

Given the fast dynamics occurring at the beginning of the injection, the simulation time for the
whole run (injection + stabilization) is approximately 11 hours with 256 processors.
After the simulation the analysis of the well performances (Figure 6-13) has shown that

e The wells are able to inject up to 3-10% sm3/d without any major issues

e Each well can store one third of the total cumulative

e The reservoir reaches an average pressure of 110 bara in 30 y, lower than the initial one

e The gas density increases up to 400 kg/m3, due to CO: transition from dense gas to

supercritical phase
e THP trend smooths out during time

Moreover, the difference between the flowing BHP (WBHP) and the average static pressure
calculated in IX (namely WBPC_3) is less than 1 bar, as Figure 6-14 show. This limits the severity
of the cooling across the perforation length, the most critical point during the whole injection phase
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Figure 6-13: INJ_1 profiles
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Figure 6-14: INJ_1 WBHP (dotted curve) vs WBPC_3 (continuous curve). 10 °C injection (red) and
40 °C injection (fluo green)
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7. SPECIALISTIC STUDIES

7.1. GEOMECHANICAL STUDY CHARACTERIZATION

In order to perform a suitable geomechanical and thermo-mechanicall characterization for both cap
rock and reservoirs, the following data are needed:

Density, compressional and shear sonic logs

Geomechanical tests results on reservoir and, possibly, cap rocks
In situ stress measurements/data

Thermal parameters for the formations under investigation

Data search has been performed in HQ and Eni UK databases and in the National Data Repository
of the UK Oil & Gas Authority.

The results of the data scouting can be summarized as follows:

¢ No suitable set of logs, for geomechanical analyses, available for any Hewett wells

e No stress measurement performed in Hewett field (with the exception of some Leak Off Tests
results)

e One report from Imperial College [3] concerning multi stage triaxial tests, perfomed on
samples from wells 48/29-7, 48/29-B9, 48/30-13. Such geomechanical tests have been
perfomed, however, on deeper reserovoir in the area and not on the Bunter sandstone.

In order to attempt building a consistent geomechanical model for the Bunter sandstones it has
been decided to go on with the following program:

Geomechanical & Thermal parameters
¢ Extend the review of available geomechanical data to include wells’ data from nearby fields
and of eventual analogues from literature

In situ stresses

e Vertical stress: re-evaluation from available logs and implementation in 1D geomechanical
model

e Horizontal stresses direction: update information from World Stress Map [4]

e Horizontal stress magnitudes: extend the review of available fields data to include wells’ data
from nearby fields (Dawn, Deborah) then use Deborah frac tests to calibrate stresses in
Leman sandstone and its cap-rock and propagate the results to Bunter sandstones and their
cap rocks.

e Implement a poro-elastic model, based upon Deborah calibration, for initial and actual
stresses magnitudes

e Pore pressure from reservoir model

7.1.1 Geomechanical modelling: rock parameters

For the estimate of the rock strength, laboratory data and sonic logs from well 48/29-B9 have been
used. In Table 7-1 are reported the results of the laboratory tests: it has to be highlighted that the
Uniaxial Compressive Strength reported is computed form the Mohr-Coulomb failure envelope and
not measured and refers to samples cut from the Leman sandstone reservoir.
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Well Depth Log depth ucs ucs Friction angle
ft ft psi MPa deg
48/29-B9 6581.6 6601.6 1394 9.61 49
48/29-B9 6613.2 6633.2 894 6.16 39
48/29-B9 6648.2 6668.2 2039 14.06 33
48/29-B9 6737.9 6757.9 2396 16.5 32
48/29-B9 6795.9 6815.9 1432 9.87 25

Table 7-1: Summary of lab test performed on samples from well 48/29-B9.

Some literature available correlations between DTC and trength have been evaluated, focusing on
the ones more appropriate for the lithologies of the North Sea. It turned out that the best result
was obtained with the correlation (named as FORMEL) taken from ref. [5]:

UCS = 140 —2.1-DTCO + 0.0083 - DTCO*

where DTCO is in us/ft and the resulting UCS in MPa.

In the last track of Figure 7-1 are reported the experimental UCS points and the estimated UCS
curve: the agreement has been considered good for the purpose of the study and therefore the the
FORMEL correlation has been used to estimate strength.
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Figure 7-1: Geomechanical parameters -Well 48/29-B9

Another rock parameter useful to set up the mechanical earth models is the Poisson’s ratio: this has
been evaluated from sonic logs and assuming that the dynamic Poisson’s ratio is equal to the static
one.
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Dynamic Young’s modulus (Eayn) has been evaluated from density and sonic logs. The static Young'’s
modulus (Esta), which is the one used for geomechanical evaluation, has been estimated from the
following generic correlation, available in Techlog:

Egq = 0.032 - E353
The correlation is reported to be based on a sandstone data set from the North Sea and it has been
used as such, since it could not be calibrated due to the lack of experimental data.

Finally, the following rock thermal properties are needed for the thermomechanical models: thermal
dilation coefficient, thermal conductivity and heat capacity. These data have been selected from
literature data ([6], [7]), chosing average values reported for sandstones and shales.

In Table 7-2 the final geomechanical and thermal parameters are summarized that have been used
for the modelling activities.

Lower Bunter Bunter Shale Upper Bunter Hailsborough
E [GPa] 8 5 8 5
v [-] 0.22 0.3 0.28 0.30
¢ [-] 0.20 0.027 0.20 0.07
K [mD] 1500 0.006 500 25
a[1/°C] le-5 le-6 le-5 le-6
Thermal
conductivity 3 3 3 3
[(W/(m-K)]
AGEIS R El 1000 1400 1000 1400

[3/(kg-K)]

Table 7-2: Final geomechanical and thermal parameters

7.1.2 In situ stresses

The direction of the horizontal stresses has been derived from the World Stress Map database [4],
due to the lack of image or 4-arm caliper logs. The results are shown in Figure 7-2 where are
reported the Hewett field together with the indicators of the maximum horizontal stress direction,
both from well’s breakout analyses (in black) and from earthquakes focal mechanisms (in colors).

It appears that the general trend of the maximum horizontal direction in the Hewett area is NW-SE
and an average azimuth of 130 deg can be reasonably assumed for the field.
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Figure 7-2: Maximum horizontal stress direction for UK and Central North Sea area (from [4]).

The horizontal stress magnitudes has been estimated according to the subsequent workflow:

Stress data (frac tests) and the minimum required set of logs (density, compressional and
shear sonic slwnesses) were available from Deborah wells 48/30A-20, both in Bunter
sandstone (aquifers in Deborah) and Bunter shales.

Closure pressure —-i.e. minimum horizontal stress magnitude, from stress tests, available in
Leman sandstone (Deborah reservoir) and its shale/carbonate caprock (Figure 7-2)

With the data derived from the logs, namely the overburden stress and the Poisson’s ratio,
and the pore pressure values available from the former Deborah study, setup and calibration
of a poro-elastic stress model for the Leman sandstone and its caprock.

Extend the derived stress model in Bunter shale and sandstones. Normal state of stress (with
certain horizontal anisotropy) has been assumed, according to both regional stress
information and verification against wellbore behaviour.

Where no shear sonic log is available, (e.g. Dawn well 48/29-9) the Greenberg-Castagna
model has been used, calibrating it from the 48/30A-20 data and using the calibrated model
to estimate shear slowness from the compressional one.
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The uniaxial strain condition has been assumed for the evaluation of the variation of horizontal
stress vs. the depletion; the total stress variation ASh for a given depletion AP is given by:

where v is the Poisson’s ratio.

In Figure 7-3 are summarized the resulting vertical and minimum horizontal stresses in Leman
sandstone and its cap rocks (thin Kupferschiefer shale and Zechsteinkalk layers). In particular, in
track 5 are shown:

Vertical stress (black line)

Initial Pore pressure (blue line)

Pore pressure after depletion (blue dashed line)

Initial minimum horizontal stress (green line)

Minimum horizontal stress after depletion (green dashed line)
Closure pressure from frac tests (red diamonds)

Measured breakdown pressure (blue circles)

Estimated break down pressure (in reservoir, thin dashed blue curve)
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Figure 7-3: Well 48/30A-20: Stresses and rock parameters for the top of Leman sdst. and caprocks.

It can be observed that in the reservoir the measured closure pressure is well captured by the poro-
elastic minimum stress evaluation, as well as it is the observed breakdown pressure vs. the
estimated one.

In the Zechsteinkalk dolomitic cap rock, the agreement is not so good. One possible justification
could be that the fracture did not close completely, indeed the closure pressure is quite close to the
breakdown one, due to the low permeability of the caprock.

Given the good match obtained in Leman sandstone, the standard poro-elastic stress model has
been used to estimate the horizontal stress for the shallower Bunter sandstones and shales.

Like in Figure 7-3, in Errore. L'origine riferimento non é stata trovata.Figure 7-4 and Errore.
L'origine riferimento non é stata trovata.Errore. L'origine riferimento non é stata trovata.
are reported the data for the Lower Bunter and its caprocks (Brockelshiefer shale and Bunter shale)
and for the Upper Bunter and its caprock, which in well 48/30A-20 is given by dolomitic and shale
interlayers.
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Figure 7-4: Well 48/30A-20: Stresses and rock parameters for the Lower Bunter and its caprocks.
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Figure 7-5: Well 48/30A-20: Stresses and rock parameters for the Upper Bunter and its caprocks.

In Figure 7-6 are reported the stresses and rock parameters for well 48/29-9 where logs were
available for the Lower Bunter layer and for the the lowermost part of the Bunter Shale. For the
evaluation of the depleted stress condition, a pore pressure equal to 0.3 MPa has been assumed.
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Figure 7-6: Well 48/29-9: Stresses and rock parameters for the Upper Bunter and its caprocks

7.1.3 GEOMECHANICAL MODEL

In this section are summarized the results of the geomechanical modelling activities performed,
which were related to:

Analytical estimate of the reservoir state of stress during depletion and repressurization;
Thermo-poro-mechanical modelling to evaluate the risk of thermal induced fracture (TIF) to

happen.
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7.1.4 Stress state during depletion and repressurization

The uniaxial strain model has been used to estimate the actual horizontal stress and evaluate how
the minimum horizontal stress will increase upon injection.

According to the uniaxial strain model, when a pore pressure variation AP takes place, the total
vertical stress variation is null (i.e. no stress arching taking place) while the variation of the total
minimum horizontal stress ASh is given by:

where v is the Poisson’s ratio.

The simple analytical evaluation provide an envelope of the horizontal stress value, which can be
considered as a threshold limit for the bottom hole injection pressure. The results for the Lower
Bunter injection are summarized in Table 7-3 and Figure 7-7.

Lower Bunter
Depth 4100 ft 1249.68 m

Svert Sh_init Ppore_init Sh_depl Ppore_depl
MPa MPa MPa MPa MPa
30 17.7 13 8.7 0.3

Table 7-3: Initial and actual minimum stress in reservoir, Lower Bunter.
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Figure 7-7: Min. horizontal stress vs. reservoir pressure, Lower Bunter

According to the model’s result, cap rock integrity is not an issue, under actual hypotheses, as the
maximum repressurization value (8 MPa) is lower than the original reservoir pressure (13 MPa) and
no reservoir integrity issues have been reported during the production phase of the field.

The following comments have to be however underlined:

e A more comprehensive stress model would require the set-up of a 3D geomechanical model,
including not only the reservoir but also overburden and underburden.

e More exhaustive cap rock integrity evaluation would also require a 3D geomechanical model, to
evaluate the deformations happened during the production phase of the field, how such
deformations, and the stresses variations, have eventually impacted the reservoir and the cap
rock and if the repressurization could lead to critical situations.

The analytical model considers isothermal conditions; since the CO2 injection will take place at
bottom hole temperature lower than the reservoir temperature, a more complex analysis have been
performed to evaluate if such temperature variations could lead to the development of induced
fractures in the near wellbore region and if the cap rock could be affected as well.

7.1.5 Thermo-poro-mechanical modelling of COz injection

In this section are outlined the activities performed to evaluate the risk of generating induced
fractures (TIF) due to the thermal effects originating while injection COo..

The injection conditions of three new wells, whose objective is to inject 180 10 of CO2 in 30 years.
The imposed rate, assumed equal for each well, is 5.5 kton/d. The target area is the Lower Bunter
formation and a Bottom Hole Temperature (BHT) equal to 40°C is assumed.

The results of the geomechanical characterization, outlined in section 7.1.2, have been used for the
thermal modelling while the estimate of the TIF occurrence has been performed assuming different
scenarios of rock deformability, i.e. Young’s modulus, which is the parameter that greatly affect TIF
development.

An analytical evaluation of the Joule-Thomson effect has been performed in advance, to check if
such effect could contribute to further decrease the temperature in the near wellbore region and
thus impacting the conditions of TIF development.

The simplest analytical model of the Joule-Thomson effect assumes that adiabiatic cooling/heating
occurs, i.e. no thermal exchanges occur between the fluid and the surrounding enviroment. The
following relationship describes the J-T effect:

Where r is the Joule-Thomson coefficient, whose numerical values have been taken from the NIST
database.
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Assuming BHIT=40°C and BHIP=20 bar, the estimated temperature variation is AT=0.97x20=19.4
°C.

Since the initial reservoir temperature is about 40-50 °C, Joule-Thomson effect will not likely to
induce significant variations in the near wellbore region.Moreover, due to active thermal exchange
taking place with the surrounding rock real temperature decrease would be lower than the estimated
one. The associated stress variation due to JT cooling is less relevant respect to the one given by
change in pore pressure (i.e. mechanical).

The TIF occurrence has been studied using COMSOL Multiphysics®, a commercial software able to
manage different type of physical phenomena and to couple them, by solving them simultaneously.

Since COMSOL cannot manage two phase flow and thermal coupling at the same time, a simplified
analysis has been performed by considering monophasic fluid flow.

As first step, a simplified but full size simulation Figure 7-8 has been performed in order to diagnose
an eventual interference radius between the wells and then to isolate a radial sector (smaller) model.
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Figure 7-8: Full-size schematic model; the three points represent wells’ locations.

Figure 7-9 shows the temperature front propagation between two injectors: in terms of
temperature, there is no interference, so a smallest radial sector model has been built.
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Figure 7-9: Interference evaluation

The smaller model set up for TIF evaluation consists in a cylinder of 500 m radius, the well is coaxial
with the domain, the vertical extent includes the two reservoir zone Lower Bunter and Upper Bunter
and the two sealing layers Bunter Shale and Hailsorough (Figure 7-10).
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Figure 7-10: Geometry and mesh

In order to reduce the simulation time, the grid has different dimensions: in the Lower Bunter
injection layer the elements have the smallest dimension. The mesh has a total number of elements
equal to about 1200. The domain is modeled as a linear elastic material; the material parameters
are summarized in Table 7-4:

Lower Bunter Bunter Shale Upper Bunter  Hailsborough

E [GPa] 8 5 8 5
v [-] 0.22 0.3 0.28 0.30
¢ [-] 0.20 0.027 0.20 0.07
K [mD] 1500 0.006 500 25
a[1/°C] le-5 le-6 le-5 le-6
Thermal
conductivity 3 3 3 3
[W/(m-K)]
i 1000 1400 1000 1400

Table 7-4: List of parameters
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The phenomenon of TIF is governed by the following equation:

AT-a-E 1, 1
2-(1—v) 1+ 1.45 (h/d)*° + 0.35(h/d)?

Ao =

Where a is the coefficient of thermal expansion, E is the Young’s modulus, v is the Poisson’s
coefficient, h is the height of the reservoir, d is the time-dependent diameter of the cooled zone.

The most impacting and uncertain parameter is the Young’s modulus E (the coefficient of thermal

expansion a and the Poisson’s coefficient v have small variation). So, a sensitivity analysis, based
on different combination of Young’s modulus of the reservoir and the cap-rock, has been performed.

In Table 7-5 are summarized the four cases considered. The values of the elastic modulus are the
maximum and the minimum resulting from log’s correlation.

ELower Bunter [GPa] EBunter shale [GPa]

Base Case 8 5
Case 1 3 5
Case 2 8 3,5
Case 3 3 3,5

Table 7-5: Sensitivity parameters

The aim of this analysis is to evaluate the occurrence of TIF both at the sand face and at the interface
with the cap rock.

In the next figures (Figure 7-11 and Figure 7-12) are summarized the main results in terms of
temperature and stress field. The graphs report on the x axis the distance from the well (in meters),
on the left y axis the pressure in bar and the hoop stress in MPa, on the right y axis the temperature
in Celsius degree.




% Eni SpA Date. Doc. N° DF02B367-0 Rev. | Page
X EORG-GEOLAB 30 September 2019 IPET-REIT-EORG 00 68 of 77
eni Carbon Capture and Storage (CCS)
Hewett Integrated Reservoir Study
1? _I._\I_\_\IL_\_--- T T T T T T TTT T T T T T T 17T T T T T T T TTT T T T I_ 50
16 H\““"-\__ 49
~_
.
15+ “‘\\ 48
\\\
5 14} ~ 147
H N
E 13- [+—— \\\ 46 2
i — p (bar) @ 2 years \\\\ §
% 12 | | — Sphi (MPa) @ 2 years \\\\ Jus g
| N N g
= 11| —— T(degC) @ 2 years \\ Jaa £
g ANl =
g 10} N
a \\\\ -43
9k \\\
. H42
N
8r / — r—r—
/" H41
7 R S S A g
111 1 1 I. TI I_# _I _I Ii | N T I 1 1 1 1 11111 1 1 1 17 40
107 10° 10? 10°
Arc length (m)
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Figure 7-13Figure 7-11 and Figure 7-12Figure 7-14 show the pressure, stress and temperature
profiles after two years of injection, when the minimum BHT is reached and the maximum reduction

of tangential stress will occur.
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Figure 7-13: Reservoir results at minimum BHT (after 2 years of continuous injection) - Case 1
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Figure 7-14: Interface results at minimum BHT (after 2 years of continuous injection) - Case 1
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Figure 7-18: Interface results at minimum BHT (after 2 years of continuous injection) — Case 3

In Figure 7-13 to Figure 7-18 are shown the pressure, stress and temperature profiles after two
years of injection, for the Case 1, 2 and 3.

It can be observed that the most critical combination of parameters is the one of the base case, in
which both the Young’s moduli have the highest values, therefore the maximum stress reduction is
originated. Anyway, the occurrence of TIF is not foreseen in any of combinations considered.
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7.2. GEOCHEMICAL ASSESSMENT

Regarding geochemical assessment and modelling, the data acquirement followed two main lines:
e Preliminary bibliographic and report review
e Laboratory analysis

7.2.1 Bibliographic review

In the early phases of the study a bibliographic and report review has been performed to verify
whether the collected data were suitable to set up a geochemical model. This analysis was mainly
focused on the definition of the formation mineralogical composition and on the chemical
composition of the formation water, the two pillars input data needed for a complete geochemical
assessment.

- Mineralogical composition

From available data it was not possible to obtain a definitive mineralogical composition both for the
Upper and the Lower Bunter.

For the Upper Bunter a bulk mineralogical composition of the rock was taken from literature (Aminu
et al. 2018) and, although not site-specific for the Hewett field, was used to initialize the
geochemical model. Very few data for the Lower Bunter were found in the reports and no data was
found in literature. The bulk mineralogical composition for this interval was therefore estimated
from the few available report information (Capacity Assessment- Reservoir/Caprock
Characterisation - E.ON, 2010) being aware that more constraining mineralogical data are needed
to properly set up a reliable modelling.

- Water Chemical composition

From available data it was not possible to obtain a definitive water chemical composition both for
the Upper and the Lower Bunter.

The only data available for the formation water was total salinity (70K to 90K ppm NaCl equivalent
for Upper Bunter interval, 120-140 for Lower Bunter interval) indicated in report Capacity
Assessment—- Reservoir/Caprock Characterisation - E.ON, 2010). Two synthetic formation waters
were computed by using numerical procedure which considers the equilibrium with the mineralogical
compositions of the two respective intervals. PHREEQC software was used to obtain the chemical
composition of the synthetic formation waters at the intervals P-T condition.

7.2.2 Laboratory analysis

New mineralogical data are under acquisition by using X-Ray Diffraction and X-Ray Fluorescence,
on 12 samples belonging to well 48/29-al1, and on 2 samples of well 48/29-2. Both the intervals
are covered by these samples.

Detailed Scanning Electron Microscope chemical analyses are ongoing on thin sections derived from
the same samples used for X-Ray Diffraction and X-Ray Fluorescence analyses. A detailed chemical
composition is needed to estimate the thermochemical parameters (Eni developed procedure,
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PEPITA: Parameter Estimation and Parameter Interpolation for Thermochemical Analysis) to
augment with site-specific data the database used in the reactive geochemical models.

Due to both rock and formation waters heterogeneities between Upper and Lower Bunter interval,
two different geochemical investigations are performed.

7.2.3 Upper Bunter interval

Mineralogical phase % weight
Quartz 42.6
Albite 18.1

Ankerite 17.8
Clay (mica) 7.9
K-feldspar 7.8

Halite 1.1
Chlorite 0.8
Hematite 0.5
Calcite 0.1

Table 7-6: Bulk mineralogical composition of Bunter Sandstone Formation of well 43/12-1 (Aminu
et al. 2018)

The Upper Bunter bulk mineralogy was reconstructed using the data in the table above (Table 7-6).
The clay (mica) mineral phase is supposed to be muscovite. Chlorite component is divided, in equal
parts, in chamosite and clinochlore mineralogical phases. Microcline is considered as a proxy for the
k-feldspar. Halite and hematite are not considered in this first assessment.

The synthetic formation water is characterized by the chemical composition reported in the table
below (Table 7-7). Total water salinity and temperature used in the computation are respectively
80000 ppm and 42.2 °C.

Element Molality (mol/kg of water)
Al 9.430e-09
C 1.104e-02
Ca 6.524e-03
Cl 1.271e+00
Fe 4.543e-05
K 3.402e-03
Mg 1.178e-02
Na 1.404e+00
Si 2.688e-04

Table 7-7: Reconstructed Upper Bunter water chemical composition

CO02 is added to the geochemical system step by step to mimic an isothermal increase of the CO2
partial pressure from 10 to 80 bar (injection process). The results of the simulation (Figure 7-19)
show two distinct processes: a progressive dissolution of albite driving the precipitation of dawsonite
and quartz is the main process which can be casted in the following equation:

NaAlSi;0g + CO, + H,0 - NaAlCO5(OH), + SiO0,
Albite Dawsonite Quartz
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A secondary process involves a very negligible reactivity of carbonates, chlorites and muscovite.

Upper Bunter - CO2 injection
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Figure 7-19: Upper Bunter minerals precipitation/dissolution during CO2 injection.

The progress of the simulation (CO2 addition) is represented by the reaction step humber, since
the injected CO2, being sequestered by dawsonite, cannot be used as a variable with a linear
increment suitable for plotting the advancement of the simulation.
To increase the reliability of the assessment, new mineralogical and chemical data have been
acquired and a more precise investigation is being performed.

7.2.4 Lower Bunter interval

Due to the lack of detailed mineralogical data of Lower Bunter interval, a bulk mineralogical
composition has been reconstructed taking into account the reports indications and reported in the
table below (Table 7-8): slightly micaceous quartzose sandstone, containing anhydritic cement and
calcareous cement (Capacity Assessment— Reservoir/Caprock Characterisation - E.ON, 2010).

Mineralogical phase % weight
Quartz 85
Calcite 2.5

Anhydrite 2.5
Microcline 5
Muscovite 5

Table 7-8: Reconstructed bulk mineralogical composition of Lower Bunter.
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The synthetic formation water is characterized by the chemical composition reported in the table
below (Table 7-9). Total water salinity and temperature used in the computation are respectively
130000 ppm and 52.2 °C.

Element Molality (mol/kg of water)
Al 1.886e-07
C 3.318e-05
Ca 5.946e-02
Cl 2.105e+00
K 3.707e-04
Na 2.105e+00
S 5.943e-02
Si 5.618e-04

Table 7-9:synthetic water composition.

CO2 is added to the geochemcial system step by step to mimic an isothermal increase of the CO2
partial pressure from 7 to 95 bar (injection process).

The numerical model predicts (Figure 7-20):

Dissolution of microcline and precipitation of muscovite, quartz (with the concomitant
increase of the potassium dissolved in the aqueous phase) according to the following
mechanism:

3 KAlSi;04 + 2H* — KAl,(AlSi3)0,0(0H), + 6 Si0, + 2K*

Microcline Muscovite Quartz

The microcline dissolution process is likely driven by brine acidification induced by CO2
injection.

Dissolution of calcite and precipitation of anhydrite (with reduction of the sulphate in the
aqueous phase)

CaC0; + S0;%2 > (CaS0, + CO3?

Calcite Anhydrite

This process could be emphasized by an overestimation of initial anhydrite content and does
not seem related to the CO2 injection.

Dawsonite does not play a significant role in this geochemical condition
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Figure 7-20: Lower Bunter minerals precipitation/dissolution during CO2 injection.

The progress of the simulation can be represented either by the reaction step number or the added
CO2 since this two parameter are linearly correlated (CO: is not sequestered by dawsonite).

New mineralogical and chemical data have been acquired to perform a more constrained
geochemical investigation.
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1. SCOPE OF WORK

The present document is a Feasibility study for the Drilling and Completion activities to convert and
reutilize Hewett Gas Producer Field as a Carbon Sequestration Site.
The scope of this study is to assess the well design for the appraisal and development scenario from a

D&C engineering point of view.

Time and cost estimation will be included in a separate document.

This report presents methodology, results, analysis and recommendations for the design of the wells.

All data used for this study are the most updated and available during document preparation.

Any change from the original data received could affect the future estimation.



2. DEFINITION, ACRONYMS & ABBREVIATIONS

Acronym Definition

BHST Bottom Hole Static Temperature

BOP Blow Out Preventer

CAPEX Capital Expenditure

CCS CO2 Capture Storage

CP Conductor Pipe

CRA Corrosion Resistant Alloy

D&C Drilling and Completion

DHE DownHole Equipment

DLS Dog Leg Severity

DP Drill Pipe

ECD Equivalent Circulating Density

FG Fracture Gradient

FW-PO-KC Fresh Water — Polimer — Potassium Chloride

GRE Glassfiber Reinforced Epoxy

KOP Kick-Off Point

LB Lower Bunter

MAASP Maximum Allowable Annular Surface Pressure

MADF Minimum Acceptable Design Factor

MAWHP Maximum Anticipated Wellhead Pressure

MD Measured Depth

MLS Mud Line Suspension

MSL Mean Sea Level

MW Mud Weight

OPD Opportunity & Project Development

P&A Plugging & Abandonment

PPG Pore Pressure Gradient

PPFG Pore Pressure and Fracture Gradient

RKB Rotary Kelly Bushing

SCSSV Surface Controlled — Sub-surface Safety Valve

SG Specific Gravity

TD Total Depth

THP Tubing Head Pressure

THT Tubing Head Temperature

TOC Top Of Cement

TOL Top Of Liner

TVD True Vertical Depth

TVDss True Vertical Depth Sub Sea

UB Upper Bunter

WBM Water Base Mud

WBS Wellbore Stability

WD Water Depth

WPR Working Pressure Rating

XT Christmas (Production) Tree




3. PROJECT INTRODUCTION

Hewett is a mature field, been on production for over 40 years. It was discovered in 1966 with first
production in 1969. Eni took ownership of the Hewett installation and infrastructure in 2008.

The field has a length of approx 29 km and lies in a water depth ranging between 20 and 40 m, at about
16 km from the coastline.
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Table 3.1: Location map and evidence of blocks and permits



The asset has 32 platform wells spread over 4 platforms plus 8 subsea production wells and one

suspended subsea P&A well. All wells were drilled between 1967 and 2008 by a different operator.

The reservoir includes 5 separate stacked layers:
e Upper Bunter (shallowest)
e Lower Bunter
e Plattendolomit
e Zechsteinkalk

¢ Rotliegend (deepest)
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Figure 3.2: Typical lithological sequence of the field

Only two layers are selected for the purpose of CO2 injection and storage:



e Upper Bunter, secondary target (827 — 964 m TVD MSL)
e Lower Bunter, primary target (1200 — 1268 m TVD MSL)

Both formations are highly depleted, PPG values are around 0.1 kg/cm?/10m.

Eni is now on starting a decommissioning campaign of all the subsurface and surface infrastructures.
The campaign will include the Plugging & Abandoning of all the 40 wells, the isolation of the subsea
well flowlines and umbilicals to make the platforms hydrocarbon free and the dismantling of all the
platforms.

In the preliminary phases of the project to convert Hewett field into a CO2 sequestration site different
options have been considered and they included also the possibilities to utilize the existing wells.
Reusing or sidetracking the existing wells has been considered in the first instance but has been
rejected as it showed elevated risk mainly related to well integrity issues but also to directional plan
limitation.

The current well integrity status has been verified and found in poor condition both for casing condition
both for cement reliability in respect of newest CO2 reservoir fluid.

Moreover the sidetracking strategy foresees to perform cased hole side track inside the 9 5/8” casing
and completing the well with a 7” production liner. This appeared to be not in line with the requirement

of displacement distance and minimum rate of injection.

Therefore Eni approached the life extension of the field considering only new appraisal and new injector

wells to be drilled.

Drilling and completion activities are intended to be carried on through a Jack-Up rig. A water depth of

33 m and an RKB elevation of 40 m have been considered during the design of the wells.

The development scenario foresees five wells to be drilled from a unique new platform:
¢ One appraisal vertical well with 7” production liner
o Three slanted Injector wells dedicated to the Lower Bunter with 7” production liner

¢ One slanted Injector well dedicated to the Upper Bunter with 9 5/8” production liner

For all the deviated wells, inclination was limited to 45°, as per preliminary output of Eni geomechanical

study.



4. BASIS OF DESIGN

All data used for this study are the most updated provided by Reservoir Department and Flow
Assurance teams at the time of document preparation. In addition to that, also information gathered

from offset well already drilled in the Field have been considered.

Due to the innovative nature of this project and the uncertainties associated with the use of a depleted
reservoir for CO2 storage, the integrity of the wells is mainly ensured by the fact that it will be avoided
having in the well CO2 status changes from liquid / dense / critical to gaseous. The modulation of the
injection rate and of the all main parameters will take place in such a way as to inject at wellhead CO2

in gaseous form only, by limiting pressure and temperature drops in the wellbore too.

Still remains a margin of uncertainty in the CO2 behavior simulation’s with softwares currently in use,

especially during phase changes.

To overcome the current assumption of CO2 injected in gas phase only, the following aspects should

be further explored:
¢ Evaluation of the possible ram stroke on the fixed elements of the completion (packer, hanger);

e Possible formation of hydrates and / or dry gas depending on the composition of the mixture,

under different conditions of temperature and pressure;

e Possible effects on tubular materials and connections following rapid cooling of the fluid along

the string;
o Evaluation of the possible freezing of the annuli of the well and effects on the closed rooms.

Any variation on the current input data could affect the proposed drilling strategy.



5. EXECUTIVE SUMMARY

The scope of this document is to provide a Drilling & Completion feasibility study concerning Hewett
gas field conversion into a carbon sequestration site.
On the basis of the data available, the basis of design and the main assumptions considered the Drilling

& Completion feasibility is confirmed for all foreseen wells typologies.

Five wells will be drilled from a unique new platform with a conventional jack up rig:
¢ One appraisal vertical well with 7” production liner
o Three slanted Injector wells dedicated to the Lower Bunter with 7” production liner
¢ One slanted Injector well dedicated to the Upper Bunter with 9 5/8” production liner
No specific surface location was requested to be considered for the time being.
The wells have been designed with a slant profile, a maximum inclination of 45° and KOP short below

surface casing seat.

The main features of the three proposed well profiles are presented in the table below:

Well type | Profile | Wells TVD MD KOP Max Max |Casings| Prod.

number| [m [m [m Incl. DLS (| number Inr

MSL] | RKB] | RKB] ] [°/30 size [in]

m]

Appraisal | S-shape 1 1268 1308 - 0 0 5 7

Injection | ganted | 1 | 1004 | 1117 | 330 | 45 2 3 95/8
Upper Bunter

Injection | ganted | 3 1268 | 1535 | 330 45 2 5 7
Lower Bunter

Table 5.1: Well profiles features

For the trajectories design, a water depth of 33 m and a RKB elevation of 40 m have been considered.

All wells are designed to allow a single completion with a slotted liner set in the reservoir zone

(monobore). Selective completion options are not considered.

The proposed operations sequence will be:
¢ Rig mobilization for appraisal campaign
e Drilling Appraisal well + log + P&A
¢ Rig demobilization
¢ Rig re-mobilization for development campaign
o Re-entry Appraisal well and Completion
e Dirilling and Completion Upper Bunter Injection well

e Dirilling and Completion 3 Lower Bunter Injection wells
10



6. DRILLING STUDY

The scope of this document is to provide a drilling feasibility study concerning Hewett gas field
conversion into a carbon sequestration site.
The project foresees the drilling of:
e 1 appraisal well
e 4 Injection wells
o 1 well to Upper Bunter formation
o 3 wells to Lower Bunter formation
All wells are designed to allow a single completion with a slotted liner set in the reservoir zone
(monobore). Selective completion options are not considered.
All wells are designed in order to inject with the maximum tubing head pressure expected and well

integrity is satisfied also in case of back flow during well shut-in.

The study is based on the following main input data (reported in the following paragraphs):

¢ Lithostratigrafic column

e PPFG curves estimate

The study includes the following main objects:

e Casing setting depths

e Deviation profiles

e BOP/Wellhead selection
e Casing design

e Fluid selection

¢ Cement study

11



6.1 LITHOSTATIGRATIC COLUM AND PRESSURE GRADIENTS ESTIMATE

The following lithological column and PPFG gradient estimate have been considered

Seabed 1108t

Rheatic | ~1450ft

Keuper

Muschelkalk
Upper Bunter

Bunter Shale

Lower Bunter ~3935ft

Zechstein

Note: Data from 48/29-B1 well (Bunter well)

Figure 6.1: Lithological prognosis

Eni Reservoir department confirmed to consider the following depths as reference for the current
document.

e Top Upper Bunter: 827 m
¢ Bottom Upper Bunter: 964 m
e Top Lower Bunter: 1200 m

e Bottom Lower Bunter: 1268 m

12
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Figure 6.2: PPFG estimate
6.2 TEMPERATURE GRADIENTS ESTIMATE

The temperature gradient is assumed to be standard (3°C/100 m).

13



6.3 WELLBORE STABILITY

At the current stage, a dedicated WBS study has not been performed.

However, a preliminary geomechanical analysis highlights that the maximum well inclination shall be

set lower then 45° degree in order to guarantee drilling feasibility inside the depleted reservoirs.

This assumption has been considered as one of the main driver of this drilling feasibility study.

Mud Window

2000 Mud Pressure (MPa)

o

Hole Deviation
Mud Min — Mud Max
Hazi = 90.00 Pp = 0.30 Co = 25.00

Reference Model:
Lade 3D

Input data:

Depth 4100 ft
Svertical = 30 MPa
Actual Shmin = SHmax = 8.7 MPa
Actual Ppore = 0.3 MPa
UCS = 25 MPa

Figure 6.3: MW range vs hole deviation (preliminary)
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6.4 CASING SEAT

The purpose of this section is to provide a well scheme for the development wells included in the project.

Based on the actual information, casing seat has been designed in order to reach the desired well

targets according to Eni minimum requirements.

The herebelow tables report the two well profiles:

¢ the first one for the appraisal well and the injection wells targeting Lower Bunter formation (4

casings profile);

¢ the second one for the injection well targeting Upper Bunter formation (2 casings profile).

All the casing depths, TVD and MD, refer to Mean Sea Level.

Casing Diameter TVD (m) Drilling Phase
Conductor Pipe 30” 70

Surface Casing 20" 300 24”
Intermediate Liner 16" 827 17 %
Production Casing 13 3/8" 964 14 %7
Production Liner 9 5/8" 1200 12 47
Slotted liner 7" 1268 8 2"

Table 6.1. Proposed csg scheme Appraisal /Lower Bunter Injection wells

Casing Diameter TVD (m) Drilling Phase
Conductor Pipe 30” 70

Surface Casing 20" 300 24”
Production Casing 13 3/8" 827 1747
Slotted liner 9 5/8" 964 12 %7

Table 6.2. Proposed csg scheme for Upper Bunter Injection wells

In appraisal/Lower Bunter wells, after surface casing setting at 340 m, the 16” intermediate liner will be
set at the top of Upper Bunter formation. 13 3/8” casing is run to cover Upper Bunter depleted formation
and to drill the following phase till the top of the Lower Bunter where 9 5/8” casing is set. Reservoir zone

is drilled in 8 2" section and completed with 7” slotted liner.

This casing design include 16” casing run in 17 2" hole and 13 3/8” casing in 14 %” hole. It takes the

advantages of Lean Profile technique that has been developed by Eni E&P in the last fifteen years by

15



reducing the clearance between casing and open hole. This well profile significantly reduced sizes of
the sections drilled, without affecting the final production casing and tubing size. Major benefits of this
technics are an enhancement of operational performances, a reduced environmental impact, a better
hole quality and related drilling costs saving. This techninque is currently the base case of Eni CSG

design.

In Upper Bunter well, after setting surface casing at 340 m, 13 3/8” intermediate/production casing is
set at the top of Upper Bunter formation. Reservoir zone is drilled in 12 4" section and completed with

9 5/8” slotted liner.

The here presented well profiles do not report any contingency phase/s, but a preliminary strategy could
foresee a 11 %" liner and a 9 5/8” near flush casing. Related time and cost estimations are captured in

the risk assessment and probabilistic model (see releted paragraph for more details).
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6.4.1 APPRAISAL WELL
The following pictures include the different well profiles, considering an RKB elevation of 40 m as

reference. The main drilling margin required by Eni policies are highlighted.

Well name : Hewett appraisal Subsea Wellhead no
Water depth : 33.0m Rotary Table 40.0m Used Gov deep water Ref. no
RKB-Mud line " 730m Rig TED
[]
[T T T TTTTTI [T T TTTTTT
Pore Pressure Gradient Cheke Mamgin (atm)
(kglem2 10m)
| s0"cP e Overburden Gradient 1 b = Differentia|Presue |-
(kglem2/10m) (atm)
N o=
\\ \\
20" csg . .
Rheatic 00 \ ||-”
Muschelkak 16" Inr ’
Upper Bunter 133/8" csg l ‘
Bunter shale
95/8" Inr \
[ I I ‘ ..._1
Lower Bunter 81/2"OH l
Zechstein \ \
45 olo os 10 15 - 1] a5 190 a0
1500
DP BHA
Open llax.l @ @ |Diff.|s'@
o |
n°| cse |Type Holes |28 | ww |M2X: GP | p oy, Drill Bal. Min. Gp o oo e Choke Marg. Bol iy Gi(*) Kick Tol.
Inch | yesimo | sg. [l kgiemom| m kgient  |kgiemom| m | kgrem’ jgiem®ion kglem’ inch | inch | m 5g. m3
1 36" c.p. 36 YES [ 1.04 | 1.03 | 100 - 0.00 73 1.08 - 65/8/81/4 100 - -
2 20" csg 24 NO | 1.04 || 1.03 110 0 1.03 110 0 | 155 0 65/8/81/4) 100| 1.05 0.0
3 16" Inr 171/2| NO | 115 1.09 600 4 0.10 867 | 91 | 1.48 14 65/8/81/4 100| 1.16 10.2
4 133/8" | esg 143/4| NO | 115 010 867 91 0.10 867 | 91 | 1.74 28 6 5/8/81/4 100| 1.16 o.h.
5 958" Inr | ### 121/4| NO | 115 1.04 | 1005 1 0.02 | 1240 | 140 | 1.46 38 6 5/8 81/4| 100 1.16 o.h.
6 812" o.h. | ### 81/2 | NO | 115| 002 | 1240 140 _0.02 1240 | 140 | 1.84 38 5 61/2) 100| 1.16 o.h.
I" kick tollerance has been calculated using a pore pressure greater than MW of 1%
™ If the "Gov deep water ref." is used the Gf is recalculated using parameter K=> Fixed by GEOPR dept.
|mTE For choke margin calculation, the friction losses in choke and Kill line are not considered.

Figure 6.4: Wellbore and Casing Seat Profile for Appraisal Well
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6.4.2 INJECTION WELLS TO LOWER BUNTER
Well name Hewett Lower Bunter Subsea Wellhead no
Water depth : 33.0m Rotary Table 40.0 m Used Gov deep water Ref. no
RKB-Mud line 73.0 m Rig TBD
¢ [TT T TTTT11 [TIITIT1T111
— Piore Pressure Gradent == Choke Mamgin (atm)
(kglcm2/10m)
- 30ner —O Gradient - b e Differential Pressure ||
(kglem2/10m) (atm)
\\ Fracture Pressure Gradient
\ (kglcm2/10m)
\\ \\
N
20" csg L _
L]
500 \ |-|-|
Muschelkak 16" Inr
———
Upper Bunter 133/8" csg
Buntershale
95/8" Inr \
R o
Lower Bunter 81/2" oH J
‘ _—
\
45 oo ofs 1o 1ls 20 2s 190 20
1500
DP BHA
o TVD|TVD Oﬂenl Max.l @ @ |piff.[cr e
ne| cse  (Type| "l oia| Holes [P7Ve | mw [MX- OP | pepyp | Drill- Bal. [Min. Gp |, oo o ::;: Choke Marg. B¢ Lng Gi(*) Kick Tol
m m Inch | yesino | sg. [[kglem@Om| m kgien?  |kglem®Om| m | kglen? fglenti kglem® inch | inch | m 5.9 ma
1 36" cp.| 70 36 YES | 1.04 | 1.03 [ 100 - 0.00 | 73 1.08 65/8/81/4) 100| - =
2 20" csg | 300 24 NO | 1.04 1.03 110 0 1.03 110 0 | 1.55 0 65/8 81/4| 100| 1.05 0.0
) 16" Inr | 827 171/2| NO | 1.15 1.09 600 4 0.10 867 | 91 | 1.48 14 65/8 81/4| 100| 1.16 10.2
4 133/8" | csg| 964 143/4| NO | 115 0.10 867 91 0.10 867 | 91 | 1.74 28 65/8 81/4| 100| 1.16 o.h.
5| 958" Inr | ### 121/4| NO | 1.15 1.04 1005 11 0.02 | 1240 | 140 | 1.46 38 65/8 81/4) 100| 1.16 o.h.
6 812" o.h. | ### 81/2 | NO | 115 0.02 1240 140 0.02 1240 | 140 | 1.84 38 5 61/2| 100| 1.16 o.h.
MW of 1%

F kick tollerance has been calculated using a pore pressure greater than

e deep water ref.” is used the Gf is recalculated using parameter K==>

Fixed by GEOPR de pt.

|N0'I‘E For choke margin calculation, the friction losses in choke and kill line are not considered.

Figure 6.5: Wellbore and Casing Seat Profile for Lower Bunter Well




6.4.3 INJECTION WELL TO UPPER BUNTER

Well name Hewett Upper Bunter Subsea Wellhead no
Water depth : 33.0m Rotary Table 40.0 m Used Gov deep water Ref. no
RKB-Mud line 73.0m Rig TBD
1]
HEEEEEEEN [TITTTTITTTT]
Pomre Prssure Gradent Choke Margh (atm)
(kglem2/10m)
| 30"CP _| Overburden Gradient 1 t-{ = DiferentalPressure |
\ (kglem2/10m) (atm)
\\ \ (Fki;::‘r;msunﬁadmt
\\ \
20" esg Ll
500 \ \
Keuper
5 133/8"csg ’
Muschelkak
Y
UpperBunter 121/4" OH \
Bunter shale
Lower Bunter
\
45 ojo o5 1o 115 20 a5 E il 1p0) 130
1500
DP BHA
o TVD|TVD( Open Max. @ @ |Dpifi.|sf@
el ©SG  [Type| 'l oka| Holes [P1Ve | mw |M2X- OP peptn| Dril-Bal- Min.Gp | D oroe :;.; Choke Marg. BC Lng Gi(*) Kick Tol.
m m Inch | yesino | sg. [|kglemf/Om| m kglen? | kalemifOm| m | kglem? jglent 10 kglem? inch | inch | m 59. m3
1 36" c.p. | 70 36 YES | 1.04 | 1.03 100 0.00 73 - | 1.08 = 65/8/81/4 100 - &
2 20" csg | 300 24 NO [1.04 1.03 [ 110 0 103 [ 110 [ 0 | 1.55 0 65/8/81/4) 100| 1.05 0.0
3| 135/8" | csg | 827 171/2| NO | 115 1.09 600 4 0.10 867 | 91 | 148 14 65/8/81/4 100| 1.16 10.2
4| 121/4" | o.h. | 964 121/4| NO | 115 0.10 867 9 0.10 867 | 91 | 1.74 28 65/8/ 81/4| 100| 1.16 o.h.
kick tollerance has been calculated using a pore pressure greater than MW of 1%

the "Gov deep water ref." is used the Gf is recalculated using parameter K=>

Fixed by GEOPR dept.

|NOTE: For choke margin calculation, the friction losses in choke and kill line are not considered.

Figure 6.6: Wellbore and Casing Seat Profile for Upper Bunter Well
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6.5 DIRECTIONAL PROFILE

All wells directional profiles are studied by drilling department and verified by Reservoir department

using reservoir model.

The appraisal well is designed with a vertical profile.

A 2D trajectory has been designed for all injection wells, in order to reach an inclination of about 35° for
UB and 45° for LB wells.

Surface casing nudging is considered for anticollision issue: max inclination at surface casing shoe of
4° and DLS less then 1°/30 m.

KOP is kept at about 340 m TVD RKB, meanwhile DLS values are planned considering the maximum
value during the 17 1/2” section (2°/30 m)

All the wells trajectories are reported in the next pages and the mentioned depths (TVD-MD) refer to an
RKB elevation of 40 m.
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WELL DETAILS: Appraisal well

Water Depth: 34.00

Northing Easting
5873807.00 421234.00
N 100—
. s 1
: ARRRARES E o
100 o Cosma_ .ol 8
N 5 ,.:
200 g = E
4 £ s0—
300 - g -
’ ] 20" Swiece Casing-t4 1IN | 2B
] S & -
400 - 4
7] O L L L L L L L LB L L LB
o 7] -100 -50 0 50 100
é b= West(-)/East(+) (100 m/in)
8 .
-
£ o
=9 -
3
g 700
-
T | 16" Intermediate Liner| | | | [ J | |||
L AR, it e
1003- L] 113 38° Intermediate Casing | | I
1 ey : 1t i .
1100 3
1200
- 9 S/8" Intermediate Liner, |
! Lower Bunter top | | - .
1300 __J! } L. Linet, == I‘__
' Lower Bunter bottom ] || Appraisal well SC |
-iili}i};i}i} B I B B T B LA o B B A
-600 500 400 -300 200 -100 0 100 200 300 400 500 600
Vertical Section at 0.00° (200 m/in)
SECTION DETAILS
Sec MD Inc AZi VD +N/-S +E/-W Dleg  TFace VSect Target
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 1308.00 0.00 0.00 1308.00 0.00 0.00 0.00 0.00 0.00
CASING DETAILS
TVD MD Name Size
110.10 110.10 30" Conductor Casing 30.000
340.00 340.00 20" Surface Casing 20.000
867.00 867.00 16" Intermediate Liner 16.000
1004.00 1004.00 13 3/8" Intermediate Casing 13.375
1240.00 1240.00 9 5/8" Intermediate Liner 9.625
1308.00 1308.00 7" Protective Liner 7.000

Figure 6.7: Appraisal well trajectory
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WELL DETAILS: Development well upper Bunter

Water Depth: 34.00

110.00 110.00 30" Conductor Casing 30.000

340.00 340.00 20" Surface Casing 20.000
867.00 898.72 13 3/8" Production Casing 13.375
1079.22 9 5/8" Production Liner 9.625

Northing Easting
5873807.00 421234.00
o 75—
i c -
1 _ E ]
100—] 30" Conductor Casing | _ i % 0__
1 T g
200— % 75—}
] E .
] E
300— | ! | S -150—
. 20" Surface Casing | 0% i
400; -225—‘_
1 _"I""I""l""l"
. 1 0 75 150 225
-é 00 West(-)/East(+) (150 m/in)
o 1
o
S ]
= 600—
i=1 )
@
e ]
T 700—
g ]
> ]
QQ B
2 800
= 2
] 13 3/8" Production Casing | '\,
goo; Upper Bunter top
1000—] . I
= Unper Bunter boliog Development UB 45deg
1100
1200
] Lnufer Bunter top
1300—. &
-1 Lower Bunter bottom
IIIIIII:I:II I|I|IIIII|IIII.I|-I-|I |||||||I|II|I|I|||I
-500 -400 -300 -200 -100 0 100 200 300 400 500 600 700
Vertical Section at 120.00° (200 m/in)
SECTION DETAILS
Sec MD Inc Azi TVD +N/-S +E/-W Dleg TFace VSect Target
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 370.00 0.00 120.00 370.00 0.00 0.00 0.00 120.00 0.00
3 B898.723469 120.00 867.00 -77.62  134.44 2.00 120.00 15524
4 1065.34 3469 120.00 1004.00 -125.04 216.58 0.00 0.00 250.08
CASING DETAILS
TVD MD Name Size

Figure 6.8: Upper Bunter injection well trajectory
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WELL DETAILS: Development well Lower Bunter

Water Depth: 34.00

Northing Easting
5873807.00 421234.00
0 s00—]
] % ]
100— 130" C Casing| L D 375
- u i
3 £ ]
200 gzsu .
1 20" Swtace Casing. |l 5 S
s00— R o
1 N ERE] e
_ I 250 125 0 125 250
T 500
E i LI 111 West(-)/East(+) (250 m/in)
o 1
o
€ 00!
£ 4
(=9 N
3
g 700
2 1
3 A
[l 509 i | | 111
NN | 16" Intermediate Li
L MR R S RS R s
1000 ~~; ] LA
1 Upper Bunter bottom
1100
1200
A lwﬂmtw
1300 —— 1’ eSS ==
< Lower Bunter bottom | Development LB 45deg SC|
Yt
-300 -200 -100 0 100 200 300 400 500 600 700 800 900
Vertical Section at 0.00° (200 m/in)
SECTION DETAILS
Sec MD Inc Azi TVD +N/-S +E/-W Dleg TFace VSect Target
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 370.00 0.00 0.00 370.00 0.00 0.00 0.00 0.00 0.00
3 1055.80 45.00 0.00 987 .44 255.75 0.00 2.00 0.00 255.75
4 1509.14 45.00 0.00 1308.00 576.31 0.00 0.00 0.00 576.31
CASING DETAILS
TVD MD Name Size
110.00 110.00 30" Conductor Casing 30.000
340.00 340.00 20" Surface Casing 20.000
867.00 898.72 16" Intermediate Liner 16.000
1004.00 1079.22 13 3/8" Production Casing 13.375
1240.00 1412.98 9 5/8" Production Liner 9.625
1308.00 1509.14 7" Protective Liner 7.000

Figure 6.9: Lower Bunter injection wells trajectory
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6.5.1 SPIDER PLOT

The following map shows the injection scheme currently proposed by reservoir dept.

The three injectors to the Lower Bunter are equally phased with 120° azimuth variation.

The injector to the Upper Bunter (which will be activated once the pressure of the two reservoirs are
approximately equalized) will be directed to an azimuth between two LB wells.

Based on the planned well trajectories currently it is not foreseen any collision risk. If modification will

be required, the need of an anticollision analysis will be evaluated.

Grey: pre-feasibility trajectory (May 2019)

Blue: revised trajectory (july 2019)

o118

Old 12 - LB

Old 13- LB

Figure 6.10: Spider Plot
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6.6

CASING DESIGN

The casing design has been evaluated according to the pressure gradient prognosis curves currently

available.

The selected tubular material shall be considered as the minimum required.

Casings design studies have been verified in compliance with the ENI company policies, as

summarized in the table below.

All the here reported well profiles consider an RKB elevation of 40 m.

6.6.1 APPRAISAL WELL
The appraisal well was designed considering the drilling load only. The injection scenario is not
considered.
. MD Drift | Minimum Safety Factors (Abs)
String ODE;‘:_\::;SN’ Connection | Interval Dia. Collaps . Triaxia
(m RKB) (ln) Burst e Axial I
Surface 20", 106.5
Casing opf, J-55 Coupled 10-340 |18.813| 1.21 1.55 16.79 | 1.51
Intermediate 16", 94.5 , N 14.75 .
Liner opf, K-55 Semiflush 240 - 899 sD 1.95 1.32 6.30 2.44
Production | 13 3/8", 68 | Semiflush | 4 41079 |12259| 187 | 138 | 563 | 2.29
Casing ppf, N-80 Premium
Production | 95/8",40 | Coupled | 954 4413 | g5 | 331 | 152 |2360| 2.38
Liner ppf, N-80 premium

* The near flush connection are assumed with 70% of efficiency

Table 6.3: Casing Design for Appraisal well
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6.6.2

6.6.2.1

INJECTOR WELLS

WELL TO UPPER BUNTER

The design are verified for drilling, injection and back flow load.

MD

Drift

Minimum Safety Factors

. OD, Weight, Connecti . (Abs)
String Grade on L I Colla Triaxia
(mRKB) | (i) |Burst| =7 P | Axial :
Surface | 20", 106.5ppf, J- | 0\ hieq | 10-340 | 18.813 | 121 | 155 | 16.79 | 1.51
Casing 55
Production | 13 3/8", 68 ppf, N- | Coupled | 1 a99 | 12259 | 232 | 160 | 7.91 | 2.64
Casing 80 premium

The production casing considers two different scenarios:

Table 6.4: Casing Design for injection well to Upper Bunter

e Tubing leak during injection with max expected pressure for ordinary operations.

Injection pressure 60 kg/cm? (maximum expected)

Packer fluid density 1.15 SG (last phase mud density)

e Tubing leak during backflow from pressurized reservoir.

Due to the preliminary stage ad current modelling in progress, the maximum reservoir pressure

is not available. The casing design verification are performed considering the reservoir pressure

equal to cap rock fracture pressure (the most possible conservative approach).

o CO; gas density 15.7 kg/m? (minimum expected)
o Packer fluid density 1.15 SG

With these assumption, the maximum tubing head pressure reaches 141 Kg/cm?, meanwhile

the reservoir pressure is 240 Kg/cm?

Furthermore, the maximum injection pressures applicable in particular operations (stimulation, acid

job..) is 310 kg/cm?, with minimum requirement tubulars (as per table above) and considering the

packer fluid density equal to 1.15 SG

For the lower portion of the13 3/8” casing ( ~150-200 m) CRA material shall be used. The casing joints

shall be of same weight (68#) and yield strength (80 Kpsi).
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6.6.2.2

WELLS TO LOWER BUNTER

The design is verified for drilling, injection and back flow load.

MD Drift Minimum Safety Factors
. OD, Weight, Connectio | Interval . (Abs)
String Dia. r—
Grade n (m (in) Burs | Collaps Axial Triaxia
RKB) t e [
SC‘;Z?rf; 20%1005PPL 1 Coupled | 10-340 | 18.813 | 1.21 | 155 |16.79| 151
Intermediat " . « | 240 - 14.75 .
e Liner 16", 94.5 ppf, K-55 | Semiflush 399 sD 212 1.32 |3.44*| 2.65
Production | 13 3/8", 68 ppf, N- | Semiflush 10 - .
Casing 80 Premium® 1079 12.259 | 1.15 1.38 |4.21 1.41
ProQuctlon 9 5/8", 40 ppf, N- Coupled 980 - 8.75 1.95 152 11043 2492
Liner 80 premium 1413

* The near flush connections are assumed with 70% of efficiency

The production casing considers two different scenarios:

e Tubing leak during injection with max expected pressure for ordinary operations.

Table 6.5: Casing Design for injection wells to Lower Bunter

Injection pressure 60 kg/cm? (maximum expected)

Packer fluid density 1.15 SG (last phase mud density)

e Tubing leak during backflow from pressurized reservoir.

Due to the preliminary stage ad current modelling in progress, the maximum reservoir pressure

is not available. The casing design verification are performed considering the reservoir pressure

equal to cap rock fracture pressure (the most possible conservative approach)

With these assumption, the maximum tubing head pressure reaches 203 Kg/cm?, meanwhile

the reservoir pressure is 345 Kg/cm?

o CO; gas density 15.7 kg/m? (minimum expected)
o Packer fluid density 1.15 SG

Furthermore, the maximum injection pressures applicable in particular operations (stimulation, acid

job..) is 215 kg/cm?, with minimum requirement tubulars (as per table above) and considering the
packer fluid density equal to 1.15 SG

For the lower portion of the 9 5/8” liner ( ~150-200 m) CRA material shall be used. The casing joints
shall be of same weight (40#) and yield strength (80 Kpsi).




6.7 WELLHEAD, X/MAS TREE AND BOP SELECTION

As per ENI policy, well surface equipment such as:

e BOP

e Wellhead

e Xmas Tree

e SCSSV

e Choke manifold
shall have a Working Pressure Rating value of 10% more than the Maximum Anticipated Wellhead
Pressure, calculated as the maximum between the two values here given:
Gosre —Prs iy

10

0'6(6;7"155 - pgas)Hshoe MA I"V'Hp;apnd —
10
The highest values for the two MAWHP values are expected for the deepest casing and the respective

MAWHPdrilling =

calculation results are here given:

APPRAISAL WELL Units Drilling

WPR CALCULATION scenario

Reference depth TVD RKB metres 1240

Gradient value (FG) g/cc 1.46

Fluid density g/cc 0.3

MAWHP psi 1227

WPR psi 2000

UPPER BUNTER INJECTION WELL Units Drilling Injection Tbg Leak
WPR CALCULATION scenario scenario (Back Flow sensitivity)
Reference depth TVD RKB metres 867

Gradient value (FG or PPG) g/cc 1.48

Fluid density g/cc 0.3

MAWHP or Injection pressure pSi 873 853 2005
WPR required psi 2000 2000 3000
UPPER BUNTER INJECTION WELL Units Drilling Injection Tbg Leak
WPR CALCULATION scenario scenario (Back Flow sensitivity)
Reference depth TVD RKB metres 1240 2661

Gradient value (FG or PPG) g/cc 1.46 1.25

Fluid density g/cc 0.3 0.3

MAWHP or Injection pressure psi 1227 853 2887
WPR psi 2000 2000 5000

Table 6.6: WPR calculation
Then, 5000 psi WPR is the requirement for the equipment (as per Eni’s minimum standard for new

wells)

Currently not foreseen fracture scenario for wellhead and Xmas tree are not included in this evaluation.
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7. DRILLING FLUIDS AND CEMENT STUDY

7.1 DRILLING FLUIDS

Drilling fluids selection and their definition are based on the experiences gained in the field considering
technical, economic and environmental aspects. General mud proposal is summarized in table. Actual

mud weight will be defined according to real pore gradient development and wellbore conditions.
The current estimation is based on the worst case scenario: wells to Lower Bunter.

24” phase will be drilled using KCI Polymer mud system and High Vis Sweeps. This interval will be
drilled to 340 m MD/VD RKB and mud weight will be 1.04 SG. Upon reaching section TD, it is
recommended to pump a 15-20 m3 Hi-Vis Pill and then spot enough 1.20 SG FW-PO-KC Mud volume
to fill the open hole prior to short trip to mud line and RIH csg. Prior to drill the phase, build up 70 m? of
1.4 SG WBM kill mud for emergency in case of shallow hazard presence. This interval will be cemented
with 20” casing. FW-PO-KC mud system with additives of shale stabilizer is selected in order to inhibit
shale hydration and mitigate the effect of cuttings on viscosity rising. It is expected to minimize the
problems such as excessive dilution rates, increasing torque and drag, high surge and swab pressures

and bit balling.

17 2" phase will be drilled using inhibitive KCI Polymer mud system. This interval will be drilled to 867
m VD RKB and mud weight will be 1.15 SG. This interval will be cemented with 16” liner. Design

objectives identified for this phase are the following:
e Borehole stability
¢ Clay inhibition and bit balling prevention
¢ Provide efficient hole cleaning

14 %" phase will be drilled using inhibitive KCI Polymer mud system. This interval will be drilled 1004
m VD RKB and mud weight will be 1.15 SG. This interval will be cemented with 13 3/8” casing. Design

objectives identified for this phase are the following:
e Borehole stability
e Preventing differential sticking in depleted zone
¢ Provide efficient hole cleaning
e Prevention of losses in depleted zone

12 '/4” phase will be drilled using inhibitive KCI Polymer mud system. This interval will be drilled to 1240
m VD RKB and mud weight will be 1.15 SG. This interval will be cemented with 9” 5/8. Design objectives

identified for this phase are the following:

e Borehole stability
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¢ Clay inhibition and bit balling prevention

e Provide efficient hole cleaning

8 '2” phase will be drilled using inhibitive KCI Polymer mud system. This interval will be drilled to 1308

m VD RKB and mud weight will be 1.15 SG. Design objectives identified for this phase are the following:

e Borehole stability

e Preventing differential sticking in depleted zone

¢ Provide efficient hole cleaning

e Prevention of losses in depleted zone

Reservoir phases in both lower and upper Bunter will be drilled using a 1.15 SG mud weight. Bridging

material will prevent and limit downhole losses in these depleted intervals. In case of need acid

treatments will be evaluated to increase injectivity.

The estimated mud volumes to be built up for each section are referred to the here below table:

Phase 24” 17 V" 14 3,7 12 V” 8 1"
FW-PO-KC FW-PO- | FW-PO-
Mud type o FW-PO-KC | FW-PO-KC
Hi Vis pills KC KC
Density (SG) 1.04/1.20 1.15 1.15 1.15 1.15
MD RKB (m) 340 914 1104 1438 1534
Hole Volume (m?) 98 89 21 25 4
Surface Volume (m3) 150 150 150 150 150
Casing Volume (m°) 64 60 113 84 53
Dilution factor 150% 150% 150% 150% 150%
Dilut.Volume (m?) 147 133 31 37 6
Mud volume for phase
5 459 432 315 296 213
(m?)
Vol. received from
. . 3 0 283 263 234 203
previous section (m°)
Build Volume (md) 459 149 52 62 10

Table 7.1: Mud volumes per section
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7.2 CEMENTING

Estimates relevant to cementing operations to be performed on the wells are herein reported. Current
figures, especially those related to volumes, and slurries compositions, have to be considered
provisional since final estimation will be dictated by actual operational requirements. In particular, the
final recipe, final slurry volume, final chemical composition and operation details will be provided after

field and lab tests results, prior to commence the cementing job.
Depending on the different hole sections, TOC and slurry height will be as follows (see table below):
o 20" casing will be cemented up to well head with single slurry 1.9 SG.

o 16" liner will be cemented till Top of Liner (TOL 100 m inside previous csg shoe) with two slurries
(150 meters of 1.9 SG Tail slurry + 524 meters of 1,50 SG Lead slurry).

e 13" 3/8 casing will be cemented up to 700 m (about 200 m inside previous csg shoe) with two
slurries (150 meters of 1.68 SG tail slurry+ 229 meters of 1,44 SG Lead slurry).

e 975/8 liner will be cemented till Top of Liner (TOL 100 m inside previous csg shoe) with single

slurry.

Cement design will be verified in relation to the possible local authorities requirements before the

execution phase.
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All volume and characteristics have to be considered only preliminary:

*** 13 3/8” casing volume are based on worst scenario with 17 72" section (UB well).

CASING SIZE 20” CSG 16 “ LNR 13 3/8” CSG 9 5/8” LNR
Casing Shoe MD /VD | 544,34 899/867 1079/1004 1413/1240
from RKB (m)
Top Of Cement (m) 0 240 700 980
Hole size (in) 267 17 V%" 17 15" *** 12 Va”
Excess 150 % 100 % 50 % 30 %
TYPE OF SLURRY / VOLUME
Extender +
TYPE SLURRY Class G | Extender+ Extender + Pozzolanic +
Class G Pozzolanic . L g
weighting
TOTAL VOLUME (mc) 120 40 38 20
LEAD SLURRY
VOLUME (mc) 0 32 23 0
TAIL SLURRY
VOLUME (mo) 120 8 15 20
Possible issues Losses Losses Losses + CO, CO; reservoir
reservoir cover
MUD
FW-PORC 1 bwpoke FW-PO-KC FW-PO-KC
Mud type Hi Vis pills
mud density (sg) 1.04-1.20 1.15 1.15 1.15
SPACER
Compatible with WBM and Slurries and suitable to remove mud filter
Type cake
Density/ Rheology

Higher than Mud / lower than Slurry

Contact time

Enough to cover at least 150 m in OH and/or guarantee more than 10
minutes of Contact Time

Table 7.2. General information
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7.3 CEMENT WELLBORE INTEGRITY CONSIDERATIONS FOR CO:
INJECTION AND STORAGE WELLS

7.31 INTRODUCTION

Well Design, Construction and Abandonment is a challenge in fields where high rate CO; injection is
planned due to the conversion of Portland cement (neat Class G cement) to calcium carbonate and its
dissolution in an acid environment. The negative effect of CO»-containing fluids on set cement slurries
is caused by the fact that CO; can destroy their structural integrity as a consequence of the reactions
taking place among CO,, water and some components of the cement, first of all calcium carbonate,
CaCOs3, and the C—-S-H gel. In fact, CO, reacts with water giving carbonic acid, H2COs3, which in turn

transforms Ca(OH),; and the C-S-H gel into the insoluble calcium carbonate, CaCO3; and an amorphous

gel.
CO; + H,0 < H,CO3 < H* + HCOg3z
Ca(OH)z + H*+ HCO3s — CaCO;;l + 2H->0
C-S-H gel + H* + HCO5 — CaCOs| + C-S-H gel

As the water containing CO; continues to invade the set cement matrix, other equilibrium conditions

are established, which convert the insoluble CaCOs into water-soluble calcium bicarbonate, Ca(HCO3)s.

CO> + H,O + CaCO3 Ca(HC03)2

The bicarbonate can be transported outside the cement matrix by the percolating water or can react

with calcium hydroxide giving again water and calcium carbonate.

Ca(HCO3); + Ca(OH)2 <> 2CaCOs | + Hz0

The “free water”, obtained during this last reaction, can dissolve more calcium bicarbonate with the final
result that this process:

e Leaches out of the cement matrix a considerable quantity of cementitious material,
¢ Increases cement porosity, and consequently
o Decreases its mechanical properties.

The degradation rate of Class G cement exposed to CO, can be evaluated according to the Barlet —
Gouedard experimental formula?:

d=a* ()2

where:

d: degraded cement thickness (mm)

a: constant 0.262 - supercritical CO2/ 0,218 — CO; saturated water
t: time (hours)

According to this, it takes about 1 year to degrade 25 mm of cement.

1 SPE 98294 Mitigation Strategies for the risk of CO2 Migration through Wellbores Barlet Gouedard et al.
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7.3.2 BASIS OF CEMENT DESIGN

Slurries must be formulated both to chemically resist to aggressive environments and to be
mechanically durable. In fact, after setting, cement sheath must withstand stresses imposed by changes
of pressure regime during post cementing operations such as stimulation treatments, casing pressure
test, fluid injection. Moreover, sudden changes of temperature can also cause change in the wellbore
stress field: all these issues may lead to a loss of zonal isolation. For all those reasons cement slurry

shall be designed to:

¢ Provide zonal isolation ensuring no communication between different formations

e Match the changing stresses in the wellbore

¢ Have low permeability, good compressive strength, enhanced flexibility and chemical resistance
to acid environments

e Expand to seal micro-annuli both outward and inward, ensuring complete hydraulic isolation

From a mechanical point of view elasticity shall be preferred to mechanical resistance, below the
recommended Young Modulus and Expansion ratio:

- Young Modulus 0,8 - 1,0 Mpsi

- Net Expansion between 0,3-1,0%
Also cement placing has to be optimized trying to displace drilling fluid in turbulent flow or, if not

possible, optimize the fluids (mud, spacers, cement) hierarchy according to following rules:

- Minimum Difference in Density between mud and cement: 20%
- Friction Pressure Drop ratio between fluids: 1.2
- Minimum Pressure Gradient: The wall stress for the displacing fluid shall be always greater than its

yield stress.
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In the slurry selection two different approach will be considered:

- Use of Portland modified cement to slow or prevent reaction with CO; (eg Class G cement + fly

ash, as per table below) based on the Eni experience acquired in harsh environment fields;

Slurry Main Components

Class G cement
Fly Ash
Elastic particle
Friction reducer
Fluid loss reducer
Defoamer
Fibers
Expanding agent
Retarder

Water

Or
- use a CO2 cement slurries like EverCRETE, Welllife or PermaSet that are currently under study

for this specific application.
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8. PRELIMINARY COMPLETION STUDY

The objective of this section is to provide a feasibility engineering design study for the project.
The following main technical requirements have been considered:

o The completion design is based on the results produced by Eni flow assurance team with OLGA

simulator, which is currently considered the most reliable tool for this analysis.

e The maximum well-head injection pressure considered for completion design is 60 Bar as it

covers all the design features of the field life.

e Tubing sizes has been selected to allow the daily average CO2 injection rate that during the
project life will range from 1066 SMm3/d to 3046 SMm3/d.

¢ In compliance with Eni procedure, the completion design includes: a tubing retrievable surface

controlled sub-surface safety valve (TR-SCSSV) and a production packer.

e Completion design of the injector wells includes a permanent downhole gauge above the

production packer for monitoring purposes.

e Tubing size has to allow the use of wire-line tools for corrosion monitoring, execution of other

possible logs and P/T measurements during the well life.

More details on the completion equipment are provided in the following sections.

8.1 MATERIAL SELECTION

Regarding material selection of the Hewett wells, previous Eni studies related to CO; injection have
been taken as reference. Based on that, Chrome material has been preliminarily considered suitable

also for this project.

Considering that the cost range for the chromium steel is significantly variable, as a conservative
approach, the preliminary material selection for the tubing string and the downhole equipment
considered is the nickel alloy (28Cr). In a future phase of the project a dedicated study can be performed

to optimize the most suitable material selection and to improve the potential cost optimization.

According to a preliminary benchmark, Glassfiber Reinforced Epoxy (GRE) resin lining technology has
been used by manufactures in some COs: injector wells and it may be considered as a cost effective
alternative to the chromium steel. Nevertheless, this possibility shall be better assessed in the future

project phases.
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8.2 COMPLETION EQUIPMENT

According to the two reservoir targets planned for the CO2 injection (Lower Bunter and Upper Bunter),

different completion architecture have been evaluated.

The main objective of the completion design is to maximize tubing size.

Injector wells targeting Upper Bunter reservoir

For the injector wells targeting the shallowest reservoir the following completion architecture have been

proposed:
o0 Lower completion: 9 5/8” slotted liner
0 Upper Completion: 9 5/8” tubing
9 5/8” TR-SCSSV
9 5/8” DH P/T gauge above packer
9 5/8” Landing Nipples
13 3/8” x 9 5/8” Production Packer

In order to simplify completion operations the standardization of the downhole equipment has been

considered whenever possible.

The completion schematics for the different optiions and the equipment with relevant main features are

described in the following sections.

Injector wells targeting Lower Bunter reservoir
For the wells targeting the deepest reservoir two completion options have been proposed:
e Option 1: 7” monobore completion
0 Lower completion: 7" slotted liner
0 Upper Completion: 7" tubing
7" TR-SCSSV
7” DH P/T gauge above packer
7” Landing Nipples

9 5/8” x 7” Production Packer
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e Option 2: 9 5/8” x 7” tapered completion

o0 Lower completion:

0 Upper Completion:

7" slotted liner

Tapered 9 5/8” x 7” tubing

9 5/8” TR-SCSSV

7” DH P/T gauge above packer
7” Landing Nipples

9 5/8” x 7” Production Packer
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8.3 PRELIMINARY COMPLETION SCHEMATIC FOR UPPER BUNTER WELLS

30" Conductor Pipe
(shoe @ 70.10 mMD

20" Surface Casing
(shoe @ 300.10 mMD)

Production Casing
13 318", 72 ppf
(shoe @ 985.85 mMD)

Slotted Liner
95/8", 53.5 ppf
(shoe @ 1206.46 mMD)

Tubing Hanger

95/8” TR-SCSSV

Tubing
9 5/8", 53.5 ppf

Landing Nipple

13 3/8" Production Packer

Landing Nipple

Figure 8.1: Preliminary Completion Scheme for Upper Bunter Wells



8.4 PRELIMINARY COMPLETION SCHEMATIC FOR LOWER BUNTER WELLS

8.4.1 OPTION 1: 77 MONOBORE COMPLETION

Tubing Hanger
30" Conductor Pipe
(shoe @ 70.10 mMD

20" Surface Casing
(shoe @ 300.10 mMD)

7” TR-SCS5V

16" Intermediate Liner
(shoe @ 985.85 mMD)

13 3/8" TOC @ 885 m

Production Casing
13 318", 72 ppf
(shoe @ 1212.12 mMD)

77, 29 ppf Tubing

7" Permanent Downhole Gauge

Landing Nipple

95/8" x 7" Production Packer
Production Liner

9 5/8", 53.5 ppf Landing Nipple
(shoe @ 1635.056 mMD)
7" Slotted Liner
8% OH

(TD: 1750.96 mMD)

Figure 8.2: Preliminary Completion Scheme for Lower Bunter Wells
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8.4.2

OPTION 2: 9 5/8” X 7” TAPERED COMPLETION

30" Conductor Pipe
(shoe @ 70.10 mMD

20" Surface Casing
(shoe @ 300.10 mMD)

16" Intermediate Liner
(shoe @ 985.85 mMD)

13 3/8" TOC @ 885 m

Production Casing
13 318", 72 ppf
(shoe @ 1212.12 mMD)

Production Liner
9 5/8", 53.5 ppf
(shoe @ 1635.06 mMD)

8" OH
(TD: 1750.96 mMD)

Tubing Hanger

9 5/8” TR-SCS8V

Tapered Tubing
9 5/8", 53.5 ppf x 77, 29 ppf

7" Permanent Downhole Gauge

Landing Nipple

95/8" x 7" Production Packer

Landing Nipple

7" Slotted Liner

L

Figure 8.3: Preliminary Tapered Completion Scheme for Lower Bunter Wells
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8.5 TR-SCSSV

As per Eni “Well Control Procedure” (STAP-P-1-M-25007), in each well capable to flow at
wellhead, any new completion design shall include a Tubing Retrievable Surface Controlled
Sub-surface Safety Valve (TR-SCSSV) to ensure safety in the event of an uncontrolled well

flow.

Typically the TR-SCSSV is installed below the Xmas Tree and, in case of platform application

such as Hewett, below seabed, at shallow depth.

Itis recommended to use a tubing retrievable flapper type valve, non self equalizing, rod piston,
with lock-open device with the provision of an insert - wire line retrievable valve to be installed

in the top no-go landing nipple if required.

With respect to the 9 5/8” TR-SCSSV proposed in the Upper Bunter well and in Option 2 of
Lower Bunter wells, it is important to highlight that, as per a preliminary benchmark, different
Service Contractors have this valve size currently available in their portfolio, but the confimation
on the number of deployments and under which conditions they have been deployed is still
pending. Furthermore, it is important to highlight that Eni has no experience on this TR-SCSSV

size, but it is in constant contact with providers that declare to have reliable case hystories.

In case time and cost implication will be not viable from a project standpoint, two possible

solutions could be evaluated:
1. Reduce tubing and all DHE (including TR-SCSSV) size to 7” as per Option 1
2. Revise 9 5/8” completion design with a 7” TR-SCSSV

The 7” TR-SCSSV can be provided by all major Service Contractors and has already been

used within Eni.

Although both options are feasible, among the two, the first one would be preferrable from a
completion standpoint since the size of the tubing and DHE is coherent and there is a limited
size reduction all along the completion and consequently limited frictions. OLGA simulations
will have to be performed to verify the impact of the completion size reduction on the injection
conditions, for the full injection life. This may have a potential impact on the cost if the

simulations will show that an additional well will be required.

Also for the second option, OLGA simulations would have to be re-run considering that, at the
TR-SCSSV depth, there will be a bigger restriction with higher frictions. Also in this case this

may have a potential impact on the injection parameters which will have to be calculated.
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8.6 PRODUCTION PACKER

The production packer proposed for all the completion configurations is a hydraulically set
packer, retrievable by mandrel cutting, with Landing Nipple profiles below and above. The

hydrostatic setting packer could be considered as an alternative.

The Nipple/locating profile in the packer bottom sub will be used for setting purpose, in case of

hydraulic packer set.

The Nipple/locating profile in the packer top sub will be used to pressure test the string, if

required, and as a locating point for thru-tubing mechanical/chemical/jet packer mandrel cut.

With respect to the 13 3/8” x 9 5/8” Production packer proposed for wells targeting the Upper
Bunter reservoir, as already explained for the 9 5/8” TR-SCSSV, from a preliminary benchmark
some Service Company has a packer of this size in its portfolio. Eni has never used this type

of packer but it is in constant contact with providers that declare to have reliable case hystories.

8.7 LANDING NIPPLES

A no-go type Landing Nipple is installed above the TR-SCSSV for installation of a wireline
safety valve (WR-SCSSV) in case of failure of the TR-SCSSV.

A no-go type Landing Nipple is installed below the packer to allow hydraulic packer set.

A no-go type Landing Nipple is installed above the packer for tubing pressure test and as

locating point for thru-tubing mechanical/chemical/jet packer mandrel cut.
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8.8 PRESSURE/TEMPERATURE GAUGE

A pressure and temperature gauge with its electric cable has been included in the completion
design in order to provide continuous monitoring of the injection parameters at the gauge

installation depth.

The gauge will be installed above the production packer avoiding any feed through across the

production packer and therefore any potential leaking point.

A single gauge, quartz type, for the tubing monitoring has been considered but, if deemed
useful, a dual gauge for monitoring of the tubing and also the annulus can be considered with

minimal impact on costs.

8.9 PRELIMINARY TUBING STRESS ANALYSIS

A Tubing Stress Analysis with Landmark WellCAT software version 5000.15 has been
performed in order to verify ability of the tubing string and equipment to withstand the loads

applied during the well life, including eventual acid stimulation loads.

Considering the uncertainties of the software to simulate the Joule-Thomson behavior of the
CO:2 mixture used as injection fluid, the worst case scenarios have been considered in the well

architecture and the Temperatures and Pressures applied as “operations” and “loads”.

Because no feedbacks on the reliability of the outputs for CO2 fluids injection cases are
available for Eni and Landmark software, the applied minimum and maximum Pressures and
Temperatures have been taken by OLGA software simulations, which, currently, appears to

be the most reliable software in this phase of the project.

Three different WellCAT files have been created to cover all the possible completion

alternatives:
1. 975/8 production tubing down to the upper Bunter reservoir
2. 77 tubing down to the Lower Bunter reservoir
3. 9”7 5/8 x 7” tapered string down to the Lower Bunter reservoir.
A 28 Chrome cold worked material has been considered for the metallurgy.

Several WellCAT “Operations” with different flow rates, injection times Pressures and

Temperatures have been created applying the following conditions combinations:
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- Injection time of 1 minute and 1 year;

- Tubing head injection Pressure of 8 and 60 bars;

- Tubing head injection Temperature of 0° and 40° C;
- Injection flow rates of 1066 and 3046 SMm?/d

Results have been analyzed and the worst cases in terms of Temperature variations and
maximum Pressures were taken as reference to link the “Load” cases. Moreover “Custom”

loads were also added in order to cover all the possible worst stress operative situations.

8.10 CONCLUSIONS FOR COMPLETION DESIGN

Based on tubing stress analysis it is possible to conclude that the following strings:
- 77, 29ppf, 28Cr-95,

- Tapered 975/8, 53ppf, 28Cr-95 and 7”, 29ppf, 28Cr-95

- 77, 29ppf, 28Cr-95

are completely verified with high safety margin for the expected production flow rates and with

safety margin for acid job loads.
Lower production string weights could be optimized in a future phase of the project.

The worst case load during the well life is during the string Pressure test that in any case show

safety factor values higher than 2.0.

45



8.11

INPUT DATA FOR WELLCAT SIMULATION

Bottom hole data

Lower Bunter Reservoir Temperature 52°C (BHST)
Upper Bunter Reservoir Temperature 42°C (BHST)
Initial pumping pressure Lower Bunter 7 Bar

Initial pumping pressure Upper Bunter 23 Bar

Final Reservoir Pressure Lower & Upper Bunter 95 Bar

Completion Data

Tubing string (3 different scenarios foreseen):

- 770D, 29ppf, 28Cr-95

- tapered 975/8 OD, 53ppf, 28Cr-95 and 77, 29ppf, 28Cr-95

- 770D, 29ppf, 28Cr-95

Connections: qualified metal to metal seal threads, with 100% efficiencies
Packer fluid density: 1.15 SG, CaClz solution

Hydraulic Packer initial setting pressure: 1500psi

Well profile & Casing design: (from Drilling Study)

Load Case analysed (worst case scenario as per Par. 6.9)

Injections
THT at 0°C and 40°C

THP at 60bar and 8bar

Injection times of 1 minute and 1 year
Flow rate of 1066 Mm?3/d and 3046 Mm?3/d
Pressure tests

String P test at 5000 psi

Packer P test from below at 5000 psi

Packer annulus P test at 3000 psi
Acid job

Injection P of 3118 psi

Inlet T of 15°C

Flow rate 20 bbl/min

Tubing evacuation

During the “short” injection operation, at 60 bar and 0°C with low flow rate
Tubing leak
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» During the “short” injection operation, at 60 bar and 0°C with low flow rate

Eni Safety Factors

Eni “Completion Design Procedure” (doc. Ref. STAP-P-1-M-26543) defines the following

safety factors to be used in the tubing stress analysis for the CRA materials:

* Burst: 1.3

» Collapse: 1.125
* Axial Tension: 1.4

» Axial Compression: 1.4

» Triaxial: 1.35
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8.12 RESULTS

8.121 7’ OD PRODUCTION TUBING STRING DOWN TO THE LOWER BUNTER
RESERVOIR

The figure below shows the completion scheme used for stress analysis calculations.

Well Schematic
RKB, 0.00 m (All depths are MD)

u U 30.00 m 30" Conductor Driven

240.00m TOL

340.00 m 20" Surface Casing

899.00 m 16" Intermediate Liner

980.00 m TOL - —

121200 m 13 3/8" Intermediate Casing
%‘Z Xj 1400.00m Packer #1
1413.00m 9 5/8" Production Liner

1490.00 mi@l7" Production Tubin

Figure 8.4 - Completion Scheme for stress analysis calculations

The strings verify stress analysis with high safety margin as also confirmed from the graph
below.
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Figure. 8.5 - Design Limit Plot for 7” string case

The figure below shows all the loads acting on the production packer:

Production Tubing - Pz 1 (1 00.00 m MD)
Tubing-to-Packer| Avial Load Annulus Pressure Temperature| L3NNG | Packerto-Casing
Load Force = Force Force
{tonne) Above (tonne) Below {tonne) Above (psi) Below (psi) (°C) {tonne) {tonne)
1 Initial Conditions -8.1730 27843 -5.3908 201433 2014.40 37872 = -8.1730
2 INJECTION 1min 60bar 0°c LOW RATE 23132 -2.5995 -4.9147 2037.49 1943.39 47.283 — -1.5137
3 INJECTION 1year G0bar 40°c HIGH RATE 17.1915 -17.1292 0.0605 2029.83 736.31 23197 — 281303
4 INJECTION 1year &bar 0°c HIGH RATE -31.7723 322087 0.4345 2055.15 595.64 1.946 = -19.3735
5) ACID INJECTION -41.4075 248580 -16.5516 304480 493718 18.047 = -57.4837
5] TBG EVAC 1min 60bar O°c LOW RATE 14.6045 -11.8858 27168 2030.35 0.00 47.338 — 31.8528
7 TBG LEAK 1min G0bar 0°C LOW RATE 25694 -8.1692 -5.6019 20800.55 2118.47 47.338 — 9.2133
8 P TEST FROM BELOW -68.2073 43 6557 -24 5538 2014.25 7014.40 37.872 = -110.6847
9 P TEST PLUG 19.0731 43.6557 B2 7267 201425 2014.40 37872 = 19.0731
10 P TEST ANNULUS 23.2480 -28.6367 -5.3908 5014.25 2014.40 37.872 — 487325
11 CUSTOM 0°TH 40 RESERVOIR -12.8547 6.9811 -5.8756 2014.30 214087 378z — -13.9300
12 CUSTOM 40°TH 0 RESERVOIR -40.6337 347601 -5.8756 2014.20 214087 0.197 = -41.7090
13 INJECTIOM 1min 60bar 40°c LOW RATE 23132 -2.5896 -4.9147 203749 194339 47283 — -1.5137
14
15 |Negative forces are in the upward direction.

Table 8.1 - Packer envelope table for 7” string case

Itis possible to plot the table above in F vs (delta) p diagram where all the loads have to remain
inside the packer envelope area. The packer suitable for all the foreseen operations needs to

include all the loads plotted in the below graph.
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Force (tonne) (+ Tensile)

112
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Figure 8.6 - Packer envelope for 7” string case

50



8.12.2

LOWER BUNTER RESERVOIR

9”5/8 X 7” OD TAPERED PRODUCTION TUBING STRING DOWN TO THE

Differential Pressure (psi)

-10000°T
-330

Triaxial 1.350

AP Burst 1.300,

Tension 1.40

14007

-'N—QO‘\

—)]

yd

d
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ACID INJECTION

N
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Figure 8.7 - Design Limit Plot for 9 5/8” x 7” tapered string case

on Tubing -

i Axial Load Annulus Pressure TR Latching |Packerto-Casing
Load . § = Force Force
Above (tonne) Below (tonne) Above (psi) Below (psi) (°C) {tonns) {tonne)

i 1 Initial Conditions 5.7806 -6.6124 2206.49 2206.59 35.256 - -12.3926
2 INJECTIOM 1min 60bar 0°c LOW RATE -10.9276 57011 2209.01 2006.24 45.080 — 5.9494
3 INJECTION 1year 60bar 40°c HIGH RATE 58.9441 -64.6449 57011 1136.64 2037.86 62166 — 51.2880
4 INJECTION Tyear 8bar 0°c HIGH RATE -39.0357 33.3349 -5.7011 227.04 2048.14 6.186 = -54.5064
5 ACID INJECTION 6.5830 -12.2838 -5.7011 6186.53 1973.40 16.467 = 42.3745
] TBG EVAC 1min 60bar O°c LOW RATE 8.5154 -6.3669 21485 1361.90 0.00 45.080 = 20.0851
7 TBG LEAK 1min 60bar 0°C LOW RATE -1.8247 -3.8760 -5.7011 1361.90 2005.82 45.080 — -7.2950
8 P TEST FROM BELOW -58.3876 326126 -2657754 2206.41 T206.59 35256 — -100.8652
9 P TEST PLUG 25.1265 -31.7385 -6.6124 2206.41 2206.59 35.256 = 25,1265
10 P TEST ANNULUS 8.3840 -14.9961 -6.6124 5206.41 2206.59 35.256 = 33.8682
11 CUSTOM 0°TH 40 RESERVOIR -16.6684 9.5716 -7.0972 2206.48 2333.07 35.256 = -17.7438
12 CUSTOM 40°TH 0 RESERVOIR -55.3046 48.2078 -7.0972 2206.48 2333.07 0.002 - -56.3800
13 INJECTION 1min G0bar 40°c LOW RATE 5.2269 -10.9276 57011 2209.01 2006.24 45.080 — 5.9494
14
15 |Negative forces are in the upward direction.

Table 8.2 - Packer envelope table for 9 5/8” x 7” tapered string case
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Force (tonne) (+ Tensile)

T
@initial Conditions
INJECTION 1min 60bar 0°c LOW RATE
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Figure 8.8 - Packer envelope for 9 5/8” x 7” tapered string case
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8.12.3 9”5/8 OD PRODUCTION TUBING STRING DOWN TO THE UPPER BUNTER
RESERVOIR
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000 Triaxial 1.350
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Figure 8.9 - Design Limit Plot for 9 5/8” string case

Axial Load Annulus Pressure Latching |Packerto-Casing
Load . § Temp_erature Force Force
| (tonne) Above (fonne) Below (tonne) Above (psi) Below (psi) C) {tonne) {tonne)
1 Initial Conditions -15.5684 6.0597 -9.5129 1494.86 1494.94 39.239 — -15.5684
2 INJECTION 1min 60bar 0°c LOW RATE 13.2049 -21.6002 -5.3994 1589.80 1352.82 50.086 = 20.8861
3 INJECTION 1year G0bar 40°c HIGH RATE 51.0408 -69.4360 -8.3994 1065.20 1358.07 56.376 = 54.3649
4 INJECTION 1year 8bar 0°c HIGH RATE -80.6290 722337 -8.3994 28.20 1361.65 -12.477 — -111.0243
5 ACID INJECTION 50.7932 -59.1885 -5.3994 5520.95 133847 16.088 = 146.1309
3] TBG EVAC 1min 60bar O°c LOW RATE 14.2611 -13.0654 1.1921 830.60 0.00 50.086 = 331942
7 TBG LEAK 1min 60bar 0°C LOW RATE -6.0097 -2.3855 -8.3994 830.60 1352.45 50.086 — -17.9053
8 P TEST FROM BELOW -128.6822 83.9146 447717 1494.84 G494.94 39.239 = -242 6572
9 P TEST PLUG -128.6822 83.9146 447717 1494.84 6494.94 39.239 = -242 6572
10 P TEST ANNULUS 43.831 -563.3458 -9.5129 4494 84 1494.94 39.239 — 112.2186
11 CUSTOM 0°TH 40 RESERVOIR -27.8577 15.7904 -12.0713 1494 86 1857.74 39.239 = -36.1283
12 CUSTOM 40°TH 0 RESERVOIR -T6.4647 54.3975 -12.0713 1494 86 1857.74 1.196 = -84.7363
13 INJECTION 1min G0bar 40°c LOW RATE 13.2049 -21.6002 -8.3994 1689.80 1352.82 50.086 — 20.8861
14
15 Negative forces are in the upward direction.

Table 8.3 - Packer envelope table for 9 5/8” string case
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Force (tonne) (+ Tensile)

"
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Figure 8.10 - Packer envelope for 9 5/8” string case
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9. SUMMARY OF THE OPERATIONAL SEQUENCE

The operative sequence considered for the time and cost estimation are reported in the following

paragraphs.

The reference wells considered for the study are:
e Appraisal well
e Upper Bunter injection well

e Lower Bunter Injection well

9.1 APPRAISAL WELL

The well shall be equipped with Mud Line Suspension System (included in the time and cost estimation).

The drilling activity time estimation for this well includes the following main operations (some operations

may change due to BOP stack configuration):

Rig preparation and M/U DP stands
Install CP

Install diverter

Drill 24” phase

RIH and cement 20” casing

Install BOP and test

Drill 17 1/2” phase

RIH and cement 16 liner

Drill 14 3/4” phase

RIH and cement 13 3/8” casing
Remove and Install new BOP stack. BOP test
Drill 12 V2" phase

RIH and cement 9 5/8” liner

Drill 8 2" phase at TD

Logs

Run 7” slotted liner

Temporary P&A

For future well re-entry

Rig preparation and M/U DP stands
Install BOP

Well re-entry

Upper completion installation
Remove BOP

Install Xtree



9.2 UPPER BUNTER INJECTION WELL

The drilling activity time estimation for this well includes the following main operations (some operations

may change due to BOP stack configuration):

e Install CP
¢ Install diverter
e Drill 24” phase
e RIH and cement 20” casing
¢ Install BOP and test
o Drill 17 1/2” phase
¢ RIH and cement 13 3/8” casing
¢ Remove and Install new BOP stack. BOP test
e Drill 12 74" phase
e Run 9 5/8” slotted liner
o Well cleaning operations and brine displacement
¢ RIH upper completion
e Install Xmas Tree
o Close well
9.3 LOWER BUNTER INJECTION WELL

The drilling activity time estimation for this well includes the following main operations (some operations

may change due to BOP stack configuration):

Install CP

Install diverter

Drill 24” phase

RIH and cement 20” casing

Install BOP and test

Drill 17 1/2” phase

RIH and cement 16 liner

Drill 14 3/4” phase

RIH and cement 13 3/8” casing

Remove and Install new BOP stack. BOP test
Drill 12 Y4” phase

RIH and cement 9 5/8” liner

Drill 8 2" phase at TD

Run 7” slotted liner

Well cleaning operations and brine displacement
RIH upper completion

Install Xmas Tree

Close well
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APPENDIX A — ENI P&A CAMPAIGN OF HEWETT EXISTING WELLS

Eni has already planned to P&A the Hewett wells considering its low productivity. Therefore, as the
Bunter Sandstones, both Lower and Upper level, are gas-bearing and depleted, they have been

evaluated suitable for CO2 storage and segregation.

All existing wells will be abandoned, providing that the CO2 injection will be carried out throughout new

dedicated wells.

Eni is currently starting a decommissioning campaign of all the subsurface and surface infrastructures
that includes the Plugging & Abandoning of all the existing 40 wells; it will be used a Jack-Up rig to plug
the wells with cement plugs, cut and recover the conductors and casings from approximately 1.5 -3 m

below the sea bed.

Abandonments will be planned and executed with the best technologies and method currently available
to achieve the well integrity during all the CCS field life. The well’s plugging will be carried out in such
a way to avoid any future remedial job due to a downhole failure and minimizing the need of seabed

monitoring.

This appendix briefly summarizes the additional activities that are required to the already scheduled

abandonments plans to make the wells compliance with CO2 injection.

The existing plans for well abandonment take into account Eni procedure “STAP 26521” and Oil & Gas
UK Guidelines, Issue 6. Oil & Gas UK guidelines specify that wells lying in fields which could be used
for CO2 injection and storage should be abandoned to be CO2 resistant in terms of injection pressures

and storage concentration.

28 out of the 40 wells on the main field (Platforms A, B and 52/5A) are Bunter or Zechstein producers
and require to be abandoned to be CO2 resistant. The Zechstein wells pass through the Bunter
Sandstones and are not directly perforated in those zones, but in any case will be in contact with the

injected CO2. Therefore, they need to be CO2 proof abandoned.

The wells were predominantly drilled in the late 60’s and early 70’s and production casing strings have
been cemented with Class B cement, which is not resistant to the concentration of CO2 foreseen in the
CCS project.
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To upgrade the abandonment plan such that the main field wells would be entirely CO2 resistant and

capable of withstanding CO2 at the concentration and pressures of injection, the following additional

activities will be required:

All the cement that will be used to isolate the Bunter reservoirs will be CO2 resistant;

All new cement barriers above the Upper and Lower Bunter will be set in casing milled windows.
The currently present annular cement, even if in acceptable condition, is class B and it is not
design to resist to the CO2 that will be injected in the reservoir. For this reason, a window will
be milled in the production casing, above each Bunter reservoirs, removing the old cement
currently present beyond the casing. A new cement plug barrier will be placed instead rock to

rock, sealing directly and recreating the original cap rock.
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1. SCOPE OF WORK

The present document refers to the “HEWETT GAS FIELD CONVERSION INTO CARBON
SEQUESTRATION SITE - DRILLING AND COMPLETION FEASIBILLITY STUDY” and includes and

implement the Time & Cost estimates for the Drilling and Completion activities.

All the Well engineering and design details are only briefly summarized in this document.

The time/cost analysis has been obtained from a risk analysis approach as indicated in the Eni D&C
procedure STAP-P-1-MG-26505 - rev.01 (Cost Estimating, Budgeting and Controlling Handbook for

Drilling, Completion and Workover Activities), with an accuracy within +/-40%.
All data used for this study are the most updated and available during the document preparation.

Any change from the original data received could affect the future estimation.



2. DEFINITION, ACRONYMS & ABBREVIATIONS

Acronym Definition

BHST Bottom Hole Static Temperature

BOP Blow Out Preventer

CAPEX Capital Expenditure

CCs CO2 Capture Storage

CP Conductor Pipe

CRA Corrosion Resistant Alloy

D&C Drilling and Completion

DHE DownHole Equipment

DLS Dog Leg Severity

DP Drill Pipe

ECD Equivalent Circulating Density

FG Fracture Gradient

FW-PO-KC Fresh Water — Polimer — Potassium Chloride

GRE Glassfiber Reinforced Epoxy

KOP Kick-Off Point

LB Lower Bunter

MAASP Maximum Allowable Annular Surface Pressure

MADF Minimum Acceptable Design Factor

MAWHP Maximum Anticipated Wellhead Pressure

MD Measured Depth

MLS Mud Line Suspension

MSL Mean Sea Level

MW Mud Weight

OPD Opportunity & Project Development

P&A Plugging & Abandonment

PPG Pore Pressure Gradient

PPFG Pore Pressure and Fracture Gradient

RKB Rotary Kelly Bushing

SCSSV Surface Controlled — Sub-surface Safety Valve

SG Specific Gravity

TD Total Depth

THP Tubing Head Pressure

THT Tubing Head Temperature

TOC Top Of Cement

TOL Top Of Liner

TVD True Vertical Depth

TVDss True Vertical Depth Sub Sea

UB Upper Bunter

WBM Water Base Mud

WBS Wellbore Stability

WD Water Depth

WPR Working Pressure Rating

XT Christmas (Production) Tree




3. PROJECT DESCRIPTION

Hewett is a mature field, been on production for over 40 years. It was discovered in 1966 with first
production in 1969. Eni took ownership of the Hewett installation and infrastructure in 2008.

The field has a length of approx 29 km and lies in a water depth ranging between 20 and 40 m, at about
16 km from the coastline.

[ Eni Cperaind injamet
[ Enibor-operaled Intorsst
[} 10 0%n
—
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48/29 1 Emergency Diesel Generator DELILAH
AREA 8 e 2CDONIY
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Figure 3.1: Location map and evidence of blocks and permits

The asset has 32 platform wells spread over 4 platforms plus 8 subsea production wells and one

suspended subsea P&A well. All wells were drilled between 1967 and 2008 by a different operator.



The reservoir includes 5 separate stacked layers:
e Upper Bunter (shallowest)
e Lower Bunter
e Plattendolomit
e Zechsteinkalk

¢ Rotliegend (deepest)
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Figure 3.2: Typical lithological sequence of the field

Only two layers are selected for the purpose of CO2 injection and storage:
e Upper Bunter, secondary target (827 — 964 m TVD MSL)
e Lower Bunter, primary target (1200 — 1268 m TVD MSL)
Both formations are highly depleted, PPG values are around 0.1 kg/cm?/10m.



Eni is now on starting a decommissioning campaign of all the subsurface and surface infrastructures.
The campaign will include the Plugging & Abandoning of all the 40 wells, the isolation of the subsea
well flowlines and umbilicals to make the platforms hydrocarbon free and the dismantling of all the
platforms.

In the preliminary phases of the project to convert Hewett field into a CO2 sequestration site, different
options have been considered and they included also the possibilities to utilize the existing wells.
Reusing or sidetracking the existing wells has been considered in the first instance but has been
rejected as it showed elevated risk mainly related to well integrity issues but also to directional plan
limitation.

The current well integrity status has been verified and found in poor condition both for casing condition
both for cement reliability in respect of newest CO2 reservoir fluid.

Moreover the sidetracking strategy foresees to perform cased hole side track inside the 9 5/8” casing
and completing the well with a 7” production liner. This appeared to be not in line with the requirement

of displacement distance and minimum rate of injection.

Therefore Eni approached the life extension of the field considering only new appraisal and new injector

wells to be drilled.

Drilling and completion activities are intended to be carried on through a Jack-Up rig. A water depth of

33 m and an RKB elevation of 40 m have been considered during the design of the wells.

The development scenario foresees five wells to be drilled from a unique new platform:
¢ One appraisal vertical well with 7” production liner
e Three slanted Injector wells dedicated to the Lower Bunter with 7” production liner

¢ One slanted Injector well dedicated to the Upper Bunter with 9 5/8” production liner

For all the deviated wells, inclination was limited to 45°, as per preliminary output of Eni geomechanical

study.

All data used for this study are the most updated provided by Reservoir Department at the time of
document preparation. In addition to that, also information gathered from offset well already drilled in

the Field have been considered.

Any variation on the current input data could affect the proposed drilling strategy.



4, EXECUTIVE SUMMARY

Time & Cost estimates, related to Drilling and Completion activities to convert and reutilize Hewett Gas
Producer Field as a Carbon Sequestration Site, are here below summarized, together with a brief

activities summary and main well’s features description.

Five wells will be drilled from a unique new platform with a conventional jack up rig:
e One appraisal vertical well with 7” production liner
e Three slanted Injector wells dedicated to the Lower Bunter with 7” production liner
¢ One slanted Injector well dedicated to the Upper Bunter with 9 5/8” production liner
No specific surface location was requested to be considered for the time being.
The wells have been designed with a slant profile, a maximum inclination of 45° and KOP short below

surface casing seat.

The main features of the three proposed well profiles are presented in the table below:

Well type | Profile | Wells TVD MD KOP Max Max [Casings| Prod.

number| [m [m [m Incl. DLS | number Inr

MSL] | RKB] | RKB] [°] [°/30 size [in]

m]

Appraisal | S-shape 1 1268 1308 - 0 0 5 7

Injection 1 g1anted | 1 1004 | 1117 | 330 45 2 3 95/8
Upper Bunter

Injection 1 g1anted | 3 1268 | 1535 | 330 45 2 5 7
Lower Bunter

Table 4.1: Well profiles features

For the trajectories design, a water depth of 33 m and a RKB elevation of 40 m have been considered.



Based on the operating strategy selected (drilling activities carried on by a Jack-Up rig), the following

tables summarizes time and cost estimates for each well type.

Drilling Time Completion Time Total Time
Well type (Days (Days) (days)
P10 | P50 | P90 | P10 | P50 | P90 | P10 | P50 | P90
Appraisal well
Drilling + Temp P&A 31.9|33,8] 37.5
Appraisal Well 14,0 | 14,6 | 14,8 | 459 | 48,4 | 52,3
Re-entry and Completion
Upper Bunter Well 12,6 | 15,1 | 22,1 6,8 7,6 85 | 194 | 22,7 | 30,6
Lower Bunter Well 229 (24,7 | 28,3 | 8.1 8.6 8.7 | 31,0 33,2 | 37,1

Table 4.2: Wells Time estimate

Drilling Cost Completion Cost Total Cost
Well type (MME (MME£) (MME)
P10 | P50 | P90 | P10 | P50 | P90 | P10 | P50 | P90
Appraisal well
Driling + Temp P&A | 122 | 129 | 14.0
Appraisal Well
Re-entry and 54 | 56 | 56 | 17,6 | 18,4 | 19,6
Completion
Upper Bunter Well 64 | 7.2 9.2 3.5 3.7 3.7 1100 [ 11.0 [ 12.8
Lower Bunter Well 97 10,3 11,2 | 34 3,6 3511321 13,8 | 14,8

Table 4.3: Wells Cost estimate



The following table summarizes the overall schedule time and cost:

¢ Rig mobilization (appraisal campaign)

e Dirilling Appraisal well + log + P&A and Rig demobilization

¢ Rig re-mobilization (development campaign)
e Re-entry Appraisal well and Completion

e Dirilling and Completion Upper Bunter Injection well

e Dirilling and Completion 3 Lower Bunter Injection wells

Total time Total cost
Phase (Days) (MME£)

P10 | P50 | P90 | P10 | P50 | P90
Rig mobilization 3 3 3 0,75 | 0,75 | 0,75
Drilling Appraisal well + log + P&A and Rig demobilization | 31,9 | 33,8 | 37,5 12,2 | 12,9 | 14
Rig mobilization 3 3 3 0,75 | 0,75 | 0,75
Re-entry and Completion Appraisal well 14 14,6 | 14,8 | 459 | 48,4 | 52,3
Drilling and Completion Upper Bunter Injection well 19,4 | 22,7 | 306 | 10 11 128
Drilling and Completion Lower Bunter Injection well 31 33,2 | 37,1] 13,2 | 13,8 (14,8
Drilling and Completion Lower Bunter Injection well 31 33,2 | 37,1] 13,2 | 13,8 (14,8
Drilling and Completion Lower Bunter Injection well 31 33,2 | 37,11] 13,2 | 13,8 (14,8
Total 164,3| 176,7 | 200,2]109,2 (115,2 | 125

Table 4.4: Total D&C time and cost estimate
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5. WELL DESIGN

Five wells will be drilled from a unique new platform with a conventional jack up rig:
¢ One appraisal vertical well with 7” production liner
e Three slanted Injector wells dedicated to the Lower Bunter with 7” production liner
¢ One slanted Injector well dedicated to the Upper Bunter with 9 5/8” production liner
No specific surface location was requested to be considered for the time being.
The wells have been designed with a slant profile, a maximum inclination of 45° and KOP short below

surface casing seat.

The main features of the three proposed well profiles are presented in the table below:

Well type | Profile | Wells TVD MD KOP Max Max |Casings| Prod.

number| [m [m [m Incl. DLS (| number Inr

MSL] | RKB] | RKB] [°] [°/30 size [in]

m]

Appraisal | S-shape 1 1268 1308 - 0 0 5 7

Injection | ganted | 1 | 1004 | 1117 | 330 | 45 2 3 95/8
Upper Bunter

Injection | ganted | 3 1268 | 1535 | 330 45 2 5 7
Lower Bunter

Table 5.1: Well profiles features

For the trajectories design, a water depth of 33 m and a RKB elevation of 40 m have been considered.
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WELL DETAILS: Appraisal well

Water Depth: 34.00

Northing Easting
5873807.00 421234.00
N 100—
. g
N o ) E 50—
100 30 Casing| . . 8 b
& = ,.:
20 B
] z
S £ o0
00 e h e
N ~100-]
7] O L L L L L L L L LB L
ﬁ i -100 50 0 50 100
-é 0 West(-)/East(+) (100 m/in)
8 -
< N
E 600—
-
g 700
£ 3
g —
JCEEH | 167 Intermediate Liner _'_.,_'mf.:.
e TP 1t e St o B 1 3
sDM-;h | 13 38" Intermediate Casing_ [
{ T 5 O
1100-
1200-
E 9 /8" Intermediate Liner| -
1 LowerBuntertop I I
tds Liner_
1m_.-\J! i 1 1 1 . 1 e I Y 1 1
-':.I.."..[.}'...}.;ii.}i.i%i..ii.i.k.}.iii..ii..}.ii%.{ii
500 500 400 -300 -200 -100 0 100 200 300 400 500 800
Vertical Section at 0.00° (200 m/in)
SECTION DETAILS
Sec MD Inc AZi TVD +N/-S +E/-W Dieg TFace VSect Target
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 1308.00 0.00 0.00 1308.00 0.00 0.00 0.00 0.00 0.00

CASING DETAILS

TVD MD Name Size
110.10 110.10 30" Conductor Casing 30.000
340.00 340.00 20" Surface Casing 20.000
867.00 B67.00 16" Intermediate Liner 16.000
1004.00 1004.00 13 3/8" Intermediate Casing 13.375
1240.00 1240.00 9 5/8" Intermediate Liner 9625
1308.00 1308.00 7" Protective Liner 7.000

Figure 5.1: Appraisal well trajectory
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WELL DETAILS: Development well upper Bunter

Northing
5873807.00

Water Depth: 34.00
Easting
421234.00

U—_ TS—_
1 = 4
E ]
100— 30" Conductor Casing | 2 o
] T
R L by
200— %- .?5__
i = B
1 = ]
300— | | S -150—
1 20" Surface Casing é‘; ]
400—] -225—;
LB L B B
o R 0 75 150 225
-% 500 West(-)/East(+) (150 m/in)
= 4
o
& ]
= 600—
[= N -
@
Q i
T 700
g ]
> 4
© ]
2 800
= ]
i 13 3/8" Production Casing |
goo; Upper Bunter top
1000 : :
-1 Upper Bunter bottom De.velopment UB 45deg
1100;
1200—_
i LDwer Bunter top
1300 = s
Lower Bunter bottom
III-III-||.|.||.I|I|IIII]II|I|III-.I II||I|II|||I|II||I|
-500 -400 -300 -200 -100 0 100 200 300 400 500 600 700
Vertical Section at 120.00° (200 mf/in)
SECTION DETAILS
Sec MD  Inc Azi TVD +N/-8 +E/l-W Dleg TFace VSect Target
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 370.00 0.00 120.00 370.00 0.00 0.00 0.00 120.00 0.00
3 898723469 120,00 867.00 -77.62 134.44 2.00 120.00 15524
4 1065.34 3469 120.00 1004.00 -125.04 216.58 0.00 0.00 250.08
CASING DETAILS
TVD MD Name Size
110.00 110.00 30" Conductor Casing 30.000
340.00 340.00 20" Surface Casing 20.000
867.00 898.72 13 3/8" Production Casing 13.375
1079.22 9 5/8" Production Liner 9.625

Figure 5.2: Upper Bunter injection well trajectory
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WELL DETAILS: Development well Lower Bunter

N

5873807.00

Water Depth: 34.00
orthing Easting
421234.00

. %“ ]
100———— 30" Conductor Casing, B 375
- o |
- & 3
<01 B
. € 7
2 £
300 : 3125
[T 2 Surface Cosng 41T L o A
s00 I 0
H -TIIIiIIITII'.[iIIT
_ il \ -250 125 ( 125
é o West(-)/East(+) (250 m/in)
g 1
S N
§ 600
-§ 700
S 1
0 —
& 0
gm‘—--—l:preeraerw,\
1000———
1" upper Bunter bottom
1100—
1200—
Lower Buriter o
1300— == ]' ]' ==t
| B errem—m B | Development LB 45deg SC| |
-TI'.Ill'IIII!I'I[lll'.IIIIIIIII.Illl.l'lfl|.|:[|il"[ll‘l‘[l‘;l"ﬁl‘;l‘l""[l"ll‘T
300 200 -100 0 100 200 300 400 500 600 700 800 900
Vertical Section at 0.00° (200 m/in)
SECTION DETAILS
Sec MD Inc Azi TVD +N/-S +EI-W Dleg TFace VSect Target
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 370.00 0.00 0.00 370.00 0.00 0.00 0.00 0.00 0.00
3 1055.80 45.00 0.00 987 .44 255.75 0.00 2.00 0.00 255.75
4 1509.14 45.00 0.00 1308.00 576.31 0.00 0.00 0.00 576.31
CASING DETAILS
TVD MD Name Size
110.00 110.00 30" Conductor Casing 30.000
340.00 340.00 20" Surface Casing 20.000
867.00 B898.72 16" Intermediate Liner 16.000
1004.00 1079.22 13 3/8" Production Casing 13.375
1240.00 141298 9 5/8" Production Liner 9.625
1308.00 1509.14 7" Protective Liner 7.000

Figure 5.3: Lower Bunter injection wells trajectory
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30" Conductor Pipe
(shoe @ 70.10 mMD

20" Surface Casing
(shoe @ 300.10 mMD)

Production Casing
13 318", 72 ppf
(shoe @ 985.85 mMD)

Slotted Liner
95/8", 53.5 ppf
(shoe @ 1206.46 mMD)

Tubing Hanger

9 5/8" TR-SCS8V

Tubing

95/8" 53.5 ppf

Landing Nipple

13 3/8" Production Packer

Landing Nipple

Figure 5.4: Preliminary Completion Scheme for Upper Bunter Wells
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30" Conductor Pipe
(shoe @ 70.10 mMD

20" Burface Casing
(shoe @ 300.10 mMD)

16" Intermediate Liner
(shoe @ 985.85 mMD)

13 3/8" TOC @ 885 m

Production Casing
13 3/8", 72 ppf
(shoe @ 1212.12 mMD)

Production Liner
9 5/8", 53.5 ppf
(shoe @ 1635.05 mMD)

8" OH
(TD: 1750.96 mMD)

Tubing Hanger

7" TR-SCS3V

77, 29 ppf Tubing

7" Permanent Downhole Gauge

Landing Nipple

9 5/8" x 7" Production Packer
Landing Nipple

7" Slotted Liner

Figure 5.5: Preliminary Completion Scheme for Lower Bunter Wells
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30" Conductor Pipe
(shoe @ 70.10 mMD

20" Surface Casing
(shoe @ 300.10 mMD)

16" Intermediate Liner
(shoe @ 985.85 mMD)

13 3/8" TOC @ 885 m

Production Casing
13 318", 72 ppf
(shoe @ 1212.12 mMD)

Production Liner
9 5/8", 53.5 ppf
(shoe @ 1635.05 mMD)

8" OH
(TD: 17560.96 mMD)

Tubing Hanger

9 5/8” TR-SCS8V

Tapered Tubing
9 5/8", 53.5 ppf x 77, 29 ppf

7" Permanent Downhole Gauge

Landing Nipple

95/8" x 7" Production Packer

Landing Nipple

7" Slotted Liner

Figure 5.6: Preliminary Tapered Completion Scheme for Lower Bunter Wells
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6. TIME AND COST

Time and cost estimates for drilling and completion activity have been evaluated with a probabilistic

approach, applying Eni Risk Management evaluation as provided in the following documents:

e SVI.VMS.GL.0004.000 - Best Practice for Risk Management
o STAP-P-1-N-20913 - Project Risk Management for Drilling, Completion & Production

Optimization Activities
All the results and activities summarized in this document are based on the workflow provided by the
AWARE system (Advised Workflow for Accurate Risk Estimates) that is the Eni proprietary system and
process dedicated to support drilling and completion engineers in the identification, evaluation and
control of project risks. In addition, it allows to perform risk based time and cost evaluation maximizing

the accuracy of projects AFE.
The cost and time probabilistic calculations are performed by using the Landmark Well cost software.

The input data are based on previous Eni’'s experience in similar project, taking into account the

performances of the wells drilled in the area.

6.1 RISK REGISTER

The following picture summarizes all the drilling risks evaluated in AWARE with the risk matrix

.. :
A B c D E

Probability

approach.

on

I
=

Impacts
[PN]

[

[

Table 6.1: Risk Register (post-mitigation evaluation)
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All the reported risks are described in the following table. For each risk it is reported the pre-mitigation

evaluation (first row) and the post-mitigation evaluation (second row).

RISK DUE
CATEGORY IMPACT OWNER STRATEGY | STATUS DATE
>
E g
= w >
o [ wn (T} > w
RISK NAME < Z I 5|2
(-3 [ ~lylc|2|& 3| X
olz|2|lz|3|3|lale|s|[s]2
AREA ls|s|[g]z2 2le E s |le| = CONTROL STRATEGY DESCRIPTION
s[2]°|3|3|2]|8([2]2
2 SHIBIRE
z alg s
o
RISK DESCRIPTION
1. Borehole instability (loss hole, | well Condition B|-[-13]-|3]-]-[-|L]m - - Planned
stuck pipes, casing running &
cementing difficulties,.) Lithology Bl -|-131-13]-1-1-|L]|m -
Differential sticking
2. Integrity of cementing Drilling Cl-|-[4]-]2[-]-]" B | ) | Planned |
(toc,...) Cementing B|-|-14]|]-|a4]-]|]-]-|M|M Cement slurries design optimization
Casing not properly cemented, cement job not
performed as per plan
Organization Al--12|2]2|-]2]2|L]L - - Planned
3. Lack of offset wells info
Engineering Al--12|2]2|-]2]2|L]L -
Assumption based on development wells drilled in
60-70s by other operators. Not updated data
RISK DUE
CATEGORY IMPACT OWNER STRATEGY | STATUS DATE
z o
= w s
>
RISK NAME 2 z NEAE; E| 4
R HNEREHHHEHEEE
AREA c|&|El8|2|8|¢|&|s[&]= CONTROL STRATEGY DESCRIPTION
a gleg|lo|2]|Tl2z|l=z]le]| <
s M EAEIR AR
z g = <
i S s
o
RISK DESCRIPTION
Drilling cCl-1-13|-13]-|-1-IM|M - | - | Planned |
4. Logging / test operations
duration (stuck,) Control / Tests B|l-|-[3|-]2]|-|-]|-|M|M Possible log acquisition in TLC
Logging / test operations duration (stuck,)
Drilling Cl-|-3|-13|-1-1-IM|M - | - | Planned |
5. Mud losses . . :
D&C Fluids el -1-lal-Isl-1-1-Imlm Mud weight formul‘atlt‘m shall include
carbonate/bridging agent

Mud losses in the depleted reservoirs
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6. Borehole instability (loss hole, | well Condition cl-|-122-]-|-]-|L]|m - - Planned
stuck pipes, casing running &
cementing difficulties,.) Lithology cl-1-1212l-1-1-1-1cv]m -
WBS study never performed - Mud weight definition
to be revised (very old data available)
7. Availability of current drilling L
services contracts / uncertainty Organization Al 3]3f-]-(-]-|It]t - - Planned
on market prices for new
contracts or potential late Contracts Al-l-1313]-1-1-|-|¢cv|0L -
changes
Specific tool availablity, back-up strategy
RISK DUE
ATEGORY IMPACT TRATEGY | STAT!
CATEGO! > C | owner S GY | STATUS DATE
— w w
3 = 9| g =
RISK NAME Sluls] [z2]2]82 2| 2|3 z
] [ o 2
AREA o|&|2|3|2|2|8|5(E5|&8]| ¢« CONTROL STRATEGY DESCRIPTION
o< wlglo|S| |2l I~
O B = Sl I I -
g 3|8 g
O
RISK DESCRIPTION
8. Casing capability to reach Drilling Bl-]-]4]-]4f-[-]-|¢" B | B | Planned |
target depth (casing stuck) Casing gl -l-lal-lal-|-|-|L _
Casing capability to reach target depth due to
differential sticking, most likely referred to 13-3/8"
csg in wells reaching LB formation
9. Reliability (NPT records, Rig B|-|-12]|2]2]-]-]-|L]L - | - | Planned |
mechanical conditions,
con5|sten.t in QA, HSE and Performance Bl -l-l2l20121-1-1-IclvL R
maintenance)
Rig and Downhole Equipment Reliability (NPT
records, mechanical conditions, consistent in QA, HSE
and maintenance)
Completion D|-|-14|5]-]-]-]-|M|H - | - | Planned |
10. Availabil‘ity of equipment Cunmin Design change to 7" completion or
and services contracts 'g D|-]o]l2]|2]-]-]-]-|IM|M require to manufacturer additional
completion e . .
qualification tests (impact on costs)
Availability of equipment and services contracts for 9
5/8" TR SCSSV and 13 3/8" x 9 5/8" production packer
Completion Al-]-14|-14]|-|-]|-|L|IM - | - | Planned |
11. Slotted liner RIH .
Runnln'g al-l-lal-tlal-l-l-10o]lm )
completion

Slotted liner capability to reach target depth due to
differential sticking

Table 6.2: Risk Register detail
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6.2 SUMMARY OF THE OPERATIONAL SEQUENCE

The operative sequence considered for the time and cost estimation are reported in the following

paragraphs.

The reference wells considered for the study are:
e Appraisal well
e Upper Bunter injection well

e Lower Bunter Injection well

6.2.1 APPRAISAL WELL

The well shall be equipped with Mud Line Suspension System (included in the time and cost estimation).

The drilling activity time estimation for this well includes the following main operations (some operations

may change due to BOP stack configuration):

Rig preparation and M/U DP stands
Install CP

Install diverter

Drill 24” phase

RIH and cement 20” casing

Install BOP and test

Drill 17 1/2” phase

RIH and cement 16 liner

Drill 14 3/4” phase

RIH and cement 13 3/8” casing
Remove and Install new BOP stack. BOP test
Drill 12 V4" phase

RIH and cement 9 5/8” liner

Drill 8 2" phase at TD

Logs

Run 7” slotted liner

Temporary P&A

For future well re-entry

Rig preparation and M/U DP stands
Install BOP

Well re-entry

Upper completion installation
Remove BOP

Install Xtree

21



6.2.2 UPPER BUNTER INJECTION WELL

The drilling activity time estimation for this well includes the following main operations (some operations

may change due to BOP stack configuration):

e |Install CP
e Install diverter
e Drill 24” phase
e RIH and cement 20” casing
¢ Install BOP and test
e Drill 17 1/2” phase
¢ RIH and cement 13 3/8” casing
¢ Remove and Install new BOP stack. BOP test
e Drill 12 4" phase
e Run 9 5/8” slotted liner
o Well cleaning operations and brine displacement
e RIH upper completion
¢ Install Xmas Tree
e Close well
6.2.3 LOWER BUNTER INJECTION WELL

The drilling activity time estimation for this well includes the following main operations (some operations

may change due to BOP stack configuration):

Install CP

Install diverter

Drill 24” phase

RIH and cement 20” casing

Install BOP and test

Drill 17 1/2” phase

RIH and cement 16 liner

Drill 14 3/4” phase

RIH and cement 13 3/8” casing

Remove and Install new BOP stack. BOP test
Drill 12 ¥4 phase

RIH and cement 9 5/8” liner

Drill 8 72" phase at TD

Run 7” slotted liner

Well cleaning operations and brine displacement
RIH upper completion

Install Xmas Tree

Close well
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6.3 TIME ESTIMATES

Time estimate has been enhanced by ID3 software tool.

ID3 (Integrated Drilling Data Discovery) is an analytical platform dedicated to evaluate the performance
of the drilling and completion operations. The system is consolidating daily drilling reports and surface
logging data in order to provide accurate and objective KPI. The application of ID3 on multiple wells
allows to identify the Statistical Technical Limit and highlight the Invisible Lost Time.

An analysis was performed on the comparable wells currently stored in the database, drilled by jack up
rigs in shallow water and with same sections and casings diameters: primarily Rowallan 22/19C-G
(drilled in 2019, UK North Sea), plus 18 wells drilled in ltaly.

The job focused on tripping speed and casing running speed (none of the above is comparable as per
ROP).

e Tripping speed analysis: the reported values refer to the performance during Running In Hole

and Pulling Out Of Hole of the drilling string for each section.

Tripping speed (m/h)
0 50 100 150 200 250 300 350 400

DRILL 24" SECTION A 141
DRILL 17 1/2" SECTION N 265
DRILL 14 3/4" SECTION e 330
DRILL 12 1/4" SECTION |EG—————— 240

143

DRILL 8 1/2" SECTION —185 362

H ROWALLAN 22/19C-G ITALY

Table 6.3: Tripping speed

e Casing running speed analysis: the reported values refer to the performance during Make Up
and Running In Hole of each casing or liner string (different values are considered for liner

running with DP).
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Casing running speed (m/h)
0 20 40 60 80 100 120 140 160

RUN 20" cs NN 36
RUN 16" LNk N 65
RUN 13 3/8" csc INEE—— 109

" 122
RUN 9 5/8" LNR 91

RUN 7" LNR 137

B ROWALLAN 22/19C-G ITALY

Table 6.4: Casing running speed

The following main input data have been used in WellCost model for drilling operations:

Tripping speed ROP Csg running speed
Phase (m/h) (m/h) (m/h)
24" - 12-20 30-100
17777 200-280 12-20 100 - 150
14 % “ 200-280 12-20 100 - 180
12”7 200-280 12-20 100 - 180
8 %% 200-280 12-20 100 - 180

Table 6.5: WellCost model main input
The above values are derived from considerations including both ID3 results and previous similar fields

experience.

The time vs depth results obtained with the Well cost probabilistic model are reported in the next page.
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500

Depth

1000

1500

Time vs Depth

17 '2” section

RIH & cement
“ 16” Inr

Drilling
14 34> section

RIH & cement
13 3/8” csg

Drilling
12 '4” section

RIH & cement

9 5/8” Inr

Drilling
8 '2” section

Logging &run slotted liner

Tempoary P&A
Well-Rentry

Completion

Figure 6.1: Appraisal well - Time vs depth
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Drilling



Time vs Depth

Days
0 5 10 15 20 25 30 35
0 | 1 1 1 1 1 L ]
Install CP P90
P10
Drilling
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0” csg
500
- Drilling
"g 17 4 section
(m]
RIH & cement
13 3/8” csg
Drilling
1000 12 V4" section
Run Slotted Liner
Run Completion
1500

Figure 6.2: Upper Bunter Injection well - Time vs depth
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Install CP P50
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Drilling
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Drilling

17 '2” section

RIH & cement
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13 3/8” csg

Drilling
12 Y4” section

RIH & cement
9 5/8” Inr

X

Drilling
8 12"’ section

Run Slotted Liner
Run Completion

Figure 6.3: Lower Bunter Injection well - Time vs depth
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The here below table reports all the results:

Drilling Time Completion Time Total Time
Well type (Days) (Days) (days)
P10 | P50 | P90 P10 | P50 | P90 | P10 | P50 | P90
Appraisal well
Drilling + Temp P&A | 319 | 338 | 375
Appraisal Well 14,0 | 14,6 | 14,8 | 459 | 48,4 | 52,3
re-entry and completion
Upper Bunter well 12,6 | 151 | 22,1 6,8 7,6 8,5 19,4 | 22,7 | 30,6
Lower Bunter well 22,9 | 24,7 | 28,3 8.1 8.6 87 | 31,0 | 33,2 | 37,1

Table 6.6: Well duration

The mobilization (MOB) times are not included.
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6.4

COST ESTIMATES

Based on the previously given time estimates from reference wells, cost estimates are provided.

The input costs are reported in GBP and US$. The change is fixed to 1GBP =1.23 US$

It is to be specified that:

Daily Rig rate and services are based on the present contracts value of the wells ongoing in the

UK offshore.

Min value Average value Max value

DAILY RATES [E/day] [E/day] [E/day]
[US$/Day] [US$/Day] [US$/Day]

. . . 98.000 115.000 132.000

Rig Rate ( including fuel) 120.540 141.450 162.360

Services* 60.000 70.000 81.000

73.800 86.100 99.630

Logistic 34.000 40.000 46.000

41.820 49.200 56.580

Total Rate 192.000 225.000 259.000

236.160 276.750 318.570

Table 6.7: Daily rates

*Services daily rates include: cementing services, geological assistance, mud technical assistance, solid control,
casing running, deviation and waste treatment.

e Materials costs (for each well):
For casing materials, cost per meter values have been calculated in compliance with the existing
Tenaris Framework Agreement. A lump sum for tubular materials is considered for each well

typology (including also conductor, hangers and floating equipment).

TUBULAR COSTS
Min value Average value Max value
Well Type [£] [£] [£]
[US$] [US$] [US$]

Appraisal well 1.080.000 1.200.000 1.320.000
1.329.400 1.476.000 1.623.600

Upper Bunter well 900.000 1.000.000 1.100.000
1.107.000 1.230.000 1.353.000

Lower Bunter well 1.350.000 1.500.000 1.650.000
1.660.500 1.845.000 2.029.500

At least 150-200 m of CRA casing for production string section below packer is considered. For LB

Table 6.8: Tubular costs

case, 13 3/8” casing is also considered as CRA in front of UB formation.

Contingency 11 3/4” material is included as risk cost (200.000 £/246.00USD)




o For appraisal well, the MLSS is assumed 81300 £/100.000US$.
o Well head: 250.000 £/307.500US$
o For cementing, mud and consumable 2 MM£/2.46 MMUS$.

e A lump sum of 1.500.000 £/1.845.000 US$ has been considered for logging operation of the
Appraisal well, meanwhile 100.000 £/123.000 US$ is assumed for the other wells.
e The completion input data considered:
o Completion equipment (Packer, nipples and SCSSV): 975.600 £/1.200.000 US$
0 The tubing (28Cr) is evaluated in 1.057.000£/1.300.000 US$ for all well configuration
o The Xtree cost is assumed 406.500£/500.000 US$

All here above material cost could be evaluated in Well cost with a +10% distribution ratio.

Tax cost are not included in the estimation.

Here below are reported the final results for cost estimate, performed using a probabilistic approach
on reference well profiles.

Drilling Cost Completion Cost Total Cost
Well type (MME) (MME£) (MME£)

P10 | P50 | P90 | P10 | P50 | P90 | P10 | P50 | P90
12,2 | 12,9 | 14,0

Upper Bunter well 6.4 7.2 9.2 3.5 3.7 3.7 10.0 | 11.0 | 12.8

Appraisal well
Drilling + Temp P&A
Appraisal
Well re-entry and completion

Lower Bunter well 9,7 10,3 | 11,2 3,4 3,6 3,5 13,2 | 13,8 | 14,8

Table 6.9: Costs Evaluation

The mobilization (MOB) cost are not included.
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6.5 FINAL SUMMARY FOR TIME & COST

The following table summarizes the overall time and cost with the proposed schedule:

e MOB
e Drilling Appraisal well + log + P&A
e MOB

o Re-entry Appraisal well and Completion

e Dirilling and Completion Upper Bunter Injection well

e Dirilling and Completion 3 Lower Bunter Injection well

Eull Proiect Total time Total cost
Total Time ajnd Cost (Days) (MME£)

P10 P50 P90 | P10 P50 P90
MOB 3 3 3 0,75 | 0,75 | 0,75
Drilling Appraisal +log+ P&A 31,9 | 33,8 37,5 | 12,2 | 129 14
MOB 3 3 3 0,75 | 0,75 | 0,75
Re-entry Appraisal and Completion 14 14,6 14,8 | 45,9 48,4 52,3
Drilling and Completion Upper Bunter Injection well| 19,4 | 22,7 30,6 10 11 12,8
Drilling and Completion Lower Bunter Injection well | 31 33,2 371 1 13,2 | 13,8 14,8
Drilling and Completion Lower Bunter Injection well | 31 33,2 37,1 | 13,2 13,8 14,8
Drilling and Completion Lower Bunter Injection well | 31 33,2 371 1 13,2 | 13,8 14,8
Total 164,3 | 176,7 | 200,2 |109,2| 115,2 | 125

Table 6.10: Time & Cost Evaluation

Time and cost for MOB have been here included.
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1. SCOPE OF WORK

The present document refers to the “HEWETT GAS FIELD CONVERSION INTO CARBON
SEQUESTRATION SITE - DRILLING AND COMPLETION FEASIBILLITY STUDY” and includes and

implement the Time & Cost estimates for the Drilling and Completion activities.

All the Well engineering and design details are only briefly summarized in this document.

The time/cost analysis has been obtained from a risk analysis approach as indicated in the Eni D&C
procedure STAP-P-1-MG-26505 - rev.01 (Cost Estimating, Budgeting and Controlling Handbook for

Drilling, Completion and Workover Activities), with an accuracy within +/-40%.
All data used for this study are the most updated and available during the document preparation.

Any change from the original data received could affect the future estimation.



2. DEFINITION, ACRONYMS & ABBREVIATIONS

Acronym Definition

BHST Bottom Hole Static Temperature

BOP Blow Out Preventer

CAPEX Capital Expenditure

CCs CO2 Capture Storage

CP Conductor Pipe

CRA Corrosion Resistant Alloy

D&C Drilling and Completion

DHE DownHole Equipment

DLS Dog Leg Severity

DP Drill Pipe

ECD Equivalent Circulating Density

FG Fracture Gradient

FW-PO-KC Fresh Water — Polimer — Potassium Chloride

GRE Glassfiber Reinforced Epoxy

KOP Kick-Off Point

LB Lower Bunter

MAASP Maximum Allowable Annular Surface Pressure

MADF Minimum Acceptable Design Factor

MAWHP Maximum Anticipated Wellhead Pressure

MD Measured Depth

MLS Mud Line Suspension

MSL Mean Sea Level

MW Mud Weight

OPD Opportunity & Project Development

P&A Plugging & Abandonment

PPG Pore Pressure Gradient

PPFG Pore Pressure and Fracture Gradient

RKB Rotary Kelly Bushing

SCSSV Surface Controlled — Sub-surface Safety Valve

SG Specific Gravity

TD Total Depth

THP Tubing Head Pressure

THT Tubing Head Temperature

TOC Top Of Cement

TOL Top Of Liner

TVD True Vertical Depth

TVDss True Vertical Depth Sub Sea

UB Upper Bunter

WBM Water Base Mud

WBS Wellbore Stability

WD Water Depth

WPR Working Pressure Rating

XT Christmas (Production) Tree




3. PROJECT DESCRIPTION

Hewett is a mature field, been on production for over 40 years. It was discovered in 1966 with first
production in 1969. Eni took ownership of the Hewett installation and infrastructure in 2008.

The field has a length of approx 29 km and lies in a water depth ranging between 20 and 40 m, at about
16 km from the coastline.

[ Eni Cperaind injamet
[ Enibor-operaled Intorsst
[} 10 0%n
—

2 Gas Turbine Generators _
48/29 1 Emergency Diesel Generator DELILAH
AREA 8 e 2CDONIY

At A

Figure 3.1: Location map and evidence of blocks and permits

The asset has 32 platform wells spread over 4 platforms plus 8 subsea production wells and one

suspended subsea P&A well. All wells were drilled between 1967 and 2008 by a different operator.



The reservoir includes 5 separate stacked layers:
e Upper Bunter (shallowest)
e Lower Bunter
e Plattendolomit
e Zechsteinkalk

¢ Rotliegend (deepest)
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Figure 3.2: Typical lithological sequence of the field

Only two layers are selected for the purpose of CO2 injection and storage:
e Upper Bunter, secondary target (827 — 964 m TVD MSL)
e Lower Bunter, primary target (1200 — 1268 m TVD MSL)
Both formations are highly depleted, PPG values are around 0.1 kg/cm?/10m.



Eni is now on starting a decommissioning campaign of all the subsurface and surface infrastructures.
The campaign will include the Plugging & Abandoning of all the 40 wells, the isolation of the subsea
well flowlines and umbilicals to make the platforms hydrocarbon free and the dismantling of all the
platforms.

In the preliminary phases of the project to convert Hewett field into a CO2 sequestration site, different
options have been considered and they included also the possibilities to utilize the existing wells.
Reusing or sidetracking the existing wells has been considered in the first instance but has been
rejected as it showed elevated risk mainly related to well integrity issues but also to directional plan
limitation.

The current well integrity status has been verified and found in poor condition both for casing condition
both for cement reliability in respect of newest CO2 reservoir fluid.

Moreover the sidetracking strategy foresees to perform cased hole side track inside the 9 5/8” casing
and completing the well with a 7” production liner. This appeared to be not in line with the requirement

of displacement distance and minimum rate of injection.

Therefore Eni approached the life extension of the field considering only new appraisal and new injector

wells to be drilled.

Drilling and completion activities are intended to be carried on through a Jack-Up rig. A water depth of

33 m and an RKB elevation of 40 m have been considered during the design of the wells.

The development scenario foresees five wells to be drilled from a unique new platform:
¢ One appraisal vertical well with 7” production liner
e Three slanted Injector wells dedicated to the Lower Bunter with 7” production liner

¢ One slanted Injector well dedicated to the Upper Bunter with 9 5/8” production liner

For all the deviated wells, inclination was limited to 45°, as per preliminary output of Eni geomechanical

study.

All data used for this study are the most updated provided by Reservoir Department at the time of
document preparation. In addition to that, also information gathered from offset well already drilled in

the Field have been considered.

Any variation on the current input data could affect the proposed drilling strategy.



4, EXECUTIVE SUMMARY

Time & Cost estimates, related to Drilling and Completion activities to convert and reutilize Hewett Gas
Producer Field as a Carbon Sequestration Site, are here below summarized, together with a brief

activities summary and main well’s features description.

Five wells will be drilled from a unique new platform with a conventional jack up rig:
e One appraisal vertical well with 7” production liner
e Three slanted Injector wells dedicated to the Lower Bunter with 7” production liner
¢ One slanted Injector well dedicated to the Upper Bunter with 9 5/8” production liner
No specific surface location was requested to be considered for the time being.
The wells have been designed with a slant profile, a maximum inclination of 45° and KOP short below

surface casing seat.

The main features of the three proposed well profiles are presented in the table below:

Well type | Profile | Wells TVD MD KOP Max Max [Casings| Prod.

number| [m [m [m Incl. DLS | number Inr

MSL] | RKB] | RKB] [°] [°/30 size [in]

m]

Appraisal | S-shape 1 1268 1308 - 0 0 5 7

Injection 1 g1anted | 1 1004 | 1117 | 330 45 2 3 95/8
Upper Bunter

Injection 1 g1anted | 3 1268 | 1535 | 330 45 2 5 7
Lower Bunter

Table 4.1: Well profiles features

For the trajectories design, a water depth of 33 m and a RKB elevation of 40 m have been considered.



Based on the operating strategy selected (drilling activities carried on by a Jack-Up rig), the following

tables summarizes time and cost estimates for each well type.

Drilling Time Completion Time Total Time
Well type (Days (Days) (days)
P10 | P50 | P90 | P10 | P50 | P90 | P10 | P50 | P90
Appraisal well
Drilling + Temp P&A 31.9|33,8] 37.5
Appraisal Well 14,0 | 14,6 | 14,8 | 459 | 48,4 | 52,3
Re-entry and Completion
Upper Bunter Well 12,6 | 15,1 | 22,1 6,8 7,6 85 | 194 | 22,7 | 30,6
Lower Bunter Well 229 (24,7 | 28,3 | 8.1 8.6 8.7 | 31,0 33,2 | 37,1

Table 4.2: Wells Time estimate

Drilling Cost Completion Cost Total Cost
Well type (MME (MME£) (MME)
P10 | P50 | P90 | P10 | P50 | P90 | P10 | P50 | P90
Appraisal well
Driling + Temp P&A | 122 | 129 | 14.0
Appraisal Well
Re-entry and 54 | 56 | 56 | 17,6 | 18,4 | 19,6
Completion
Upper Bunter Well 64 | 7.2 9.2 3.5 3.7 3.7 1100 [ 11.0 [ 12.8
Lower Bunter Well 97 10,3 11,2 | 34 3,6 3511321 13,8 | 14,8

Table 4.3: Wells Cost estimate



The following table summarizes the overall schedule time and cost:

¢ Rig mobilization (appraisal campaign)

e Dirilling Appraisal well + log + P&A and Rig demobilization

¢ Rig re-mobilization (development campaign)
e Re-entry Appraisal well and Completion

e Dirilling and Completion Upper Bunter Injection well

e Dirilling and Completion 3 Lower Bunter Injection wells

Total time Total cost
Phase (Days) (MME£)

P10 | P50 | P90 | P10 | P50 | P90
Rig mobilization 3 3 3 0,75 | 0,75 | 0,75
Drilling Appraisal well + log + P&A and Rig demobilization | 31,9 | 33,8 | 37,5 12,2 | 12,9 | 14
Rig mobilization 3 3 3 0,75 | 0,75 | 0,75
Re-entry and Completion Appraisal well 14 14,6 | 14,8 | 459 | 48,4 | 52,3
Drilling and Completion Upper Bunter Injection well 19,4 | 22,7 | 306 | 10 11 128
Drilling and Completion Lower Bunter Injection well 31 33,2 | 37,1] 13,2 | 13,8 (14,8
Drilling and Completion Lower Bunter Injection well 31 33,2 | 37,1] 13,2 | 13,8 (14,8
Drilling and Completion Lower Bunter Injection well 31 33,2 | 37,11] 13,2 | 13,8 (14,8
Total 164,3| 176,7 | 200,2]109,2 (115,2 | 125

Table 4.4: Total D&C time and cost estimate
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5. WELL DESIGN

Five wells will be drilled from a unique new platform with a conventional jack up rig:
¢ One appraisal vertical well with 7” production liner
e Three slanted Injector wells dedicated to the Lower Bunter with 7” production liner
¢ One slanted Injector well dedicated to the Upper Bunter with 9 5/8” production liner
No specific surface location was requested to be considered for the time being.
The wells have been designed with a slant profile, a maximum inclination of 45° and KOP short below

surface casing seat.

The main features of the three proposed well profiles are presented in the table below:

Well type | Profile | Wells TVD MD KOP Max Max |Casings| Prod.

number| [m [m [m Incl. DLS (| number Inr

MSL] | RKB] | RKB] [°] [°/30 size [in]

m]

Appraisal | S-shape 1 1268 1308 - 0 0 5 7

Injection | ganted | 1 | 1004 | 1117 | 330 | 45 2 3 95/8
Upper Bunter

Injection | ganted | 3 1268 | 1535 | 330 45 2 5 7
Lower Bunter

Table 5.1: Well profiles features

For the trajectories design, a water depth of 33 m and a RKB elevation of 40 m have been considered.
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WELL DETAILS: Appraisal well

Water Depth: 34.00

Northing Easting
5873807.00 421234.00
N 100—
. g
N o ) E 50—
100 30 Casing| . . 8 b
& = ,.:
20 B
] z
S £ o0
00 e h e
N ~100-]
7] O L L L L L L L L LB L
ﬁ i -100 50 0 50 100
-é 0 West(-)/East(+) (100 m/in)
8 -
< N
E 600—
-
g 700
£ 3
g —
JCEEH | 167 Intermediate Liner _'_.,_'mf.:.
e TP 1t e St o B 1 3
sDM-;h | 13 38" Intermediate Casing_ [
{ T 5 O
1100-
1200-
E 9 /8" Intermediate Liner| -
1 LowerBuntertop I I
tds Liner_
1m_.-\J! i 1 1 1 . 1 e I Y 1 1
-':.I.."..[.}'...}.;ii.}i.i%i..ii.i.k.}.iii..ii..}.ii%.{ii
500 500 400 -300 -200 -100 0 100 200 300 400 500 800
Vertical Section at 0.00° (200 m/in)
SECTION DETAILS
Sec MD Inc AZi TVD +N/-S +E/-W Dieg TFace VSect Target
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 1308.00 0.00 0.00 1308.00 0.00 0.00 0.00 0.00 0.00

CASING DETAILS

TVD MD Name Size
110.10 110.10 30" Conductor Casing 30.000
340.00 340.00 20" Surface Casing 20.000
867.00 B67.00 16" Intermediate Liner 16.000
1004.00 1004.00 13 3/8" Intermediate Casing 13.375
1240.00 1240.00 9 5/8" Intermediate Liner 9625
1308.00 1308.00 7" Protective Liner 7.000

Figure 5.1: Appraisal well trajectory
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WELL DETAILS: Development well upper Bunter

Northing
5873807.00

Water Depth: 34.00
Easting
421234.00

U—_ TS—_
1 = 4
E ]
100— 30" Conductor Casing | 2 o
] T
R L by
200— %- .?5__
i = B
1 = ]
300— | | S -150—
1 20" Surface Casing é‘; ]
400—] -225—;
LB L B B
o R 0 75 150 225
-% 500 West(-)/East(+) (150 m/in)
= 4
o
& ]
= 600—
[= N -
@
Q i
T 700
g ]
> 4
© ]
2 800
= ]
i 13 3/8" Production Casing |
goo; Upper Bunter top
1000 : :
-1 Upper Bunter bottom De.velopment UB 45deg
1100;
1200—_
i LDwer Bunter top
1300 = s
Lower Bunter bottom
III-III-||.|.||.I|I|IIII]II|I|III-.I II||I|II|||I|II||I|
-500 -400 -300 -200 -100 0 100 200 300 400 500 600 700
Vertical Section at 120.00° (200 mf/in)
SECTION DETAILS
Sec MD  Inc Azi TVD +N/-8 +E/l-W Dleg TFace VSect Target
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 370.00 0.00 120.00 370.00 0.00 0.00 0.00 120.00 0.00
3 898723469 120,00 867.00 -77.62 134.44 2.00 120.00 15524
4 1065.34 3469 120.00 1004.00 -125.04 216.58 0.00 0.00 250.08
CASING DETAILS
TVD MD Name Size
110.00 110.00 30" Conductor Casing 30.000
340.00 340.00 20" Surface Casing 20.000
867.00 898.72 13 3/8" Production Casing 13.375
1079.22 9 5/8" Production Liner 9.625

Figure 5.2: Upper Bunter injection well trajectory
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WELL DETAILS: Development well Lower Bunter

N

5873807.00

Water Depth: 34.00
orthing Easting
421234.00

. %“ ]
100———— 30" Conductor Casing, B 375
- o |
- & 3
<01 B
. € 7
2 £
300 : 3125
[T 2 Surface Cosng 41T L o A
s00 I 0
H -TIIIiIIITII'.[iIIT
_ il \ -250 125 ( 125
é o West(-)/East(+) (250 m/in)
g 1
S N
§ 600
-§ 700
S 1
0 —
& 0
gm‘—--—l:preeraerw,\
1000———
1" upper Bunter bottom
1100—
1200—
Lower Buriter o
1300— == ]' ]' ==t
| B errem—m B | Development LB 45deg SC| |
-TI'.Ill'IIII!I'I[lll'.IIIIIIIII.Illl.l'lfl|.|:[|il"[ll‘l‘[l‘;l"ﬁl‘;l‘l""[l"ll‘T
300 200 -100 0 100 200 300 400 500 600 700 800 900
Vertical Section at 0.00° (200 m/in)
SECTION DETAILS
Sec MD Inc Azi TVD +N/-S +EI-W Dleg TFace VSect Target
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 370.00 0.00 0.00 370.00 0.00 0.00 0.00 0.00 0.00
3 1055.80 45.00 0.00 987 .44 255.75 0.00 2.00 0.00 255.75
4 1509.14 45.00 0.00 1308.00 576.31 0.00 0.00 0.00 576.31
CASING DETAILS
TVD MD Name Size
110.00 110.00 30" Conductor Casing 30.000
340.00 340.00 20" Surface Casing 20.000
867.00 B898.72 16" Intermediate Liner 16.000
1004.00 1079.22 13 3/8" Production Casing 13.375
1240.00 141298 9 5/8" Production Liner 9.625
1308.00 1509.14 7" Protective Liner 7.000

Figure 5.3: Lower Bunter injection wells trajectory
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30" Conductor Pipe
(shoe @ 70.10 mMD

20" Surface Casing
(shoe @ 300.10 mMD)

Production Casing
13 318", 72 ppf
(shoe @ 985.85 mMD)

Slotted Liner
95/8", 53.5 ppf
(shoe @ 1206.46 mMD)

Tubing Hanger

9 5/8" TR-SCS8V

Tubing

95/8" 53.5 ppf

Landing Nipple

13 3/8" Production Packer

Landing Nipple

Figure 5.4: Preliminary Completion Scheme for Upper Bunter Wells
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30" Conductor Pipe
(shoe @ 70.10 mMD

20" Burface Casing
(shoe @ 300.10 mMD)

16" Intermediate Liner
(shoe @ 985.85 mMD)

13 3/8" TOC @ 885 m

Production Casing
13 3/8", 72 ppf
(shoe @ 1212.12 mMD)

Production Liner
9 5/8", 53.5 ppf
(shoe @ 1635.05 mMD)

8" OH
(TD: 1750.96 mMD)

Tubing Hanger

7" TR-SCS3V

77, 29 ppf Tubing

7" Permanent Downhole Gauge

Landing Nipple

9 5/8" x 7" Production Packer
Landing Nipple

7" Slotted Liner

Figure 5.5: Preliminary Completion Scheme for Lower Bunter Wells
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30" Conductor Pipe
(shoe @ 70.10 mMD

20" Surface Casing
(shoe @ 300.10 mMD)

16" Intermediate Liner
(shoe @ 985.85 mMD)

13 3/8" TOC @ 885 m

Production Casing
13 318", 72 ppf
(shoe @ 1212.12 mMD)

Production Liner
9 5/8", 53.5 ppf
(shoe @ 1635.05 mMD)

8" OH
(TD: 17560.96 mMD)

Tubing Hanger

9 5/8” TR-SCS8V

Tapered Tubing
9 5/8", 53.5 ppf x 77, 29 ppf

7" Permanent Downhole Gauge

Landing Nipple

95/8" x 7" Production Packer

Landing Nipple

7" Slotted Liner

Figure 5.6: Preliminary Tapered Completion Scheme for Lower Bunter Wells
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6. TIME AND COST

Time and cost estimates for drilling and completion activity have been evaluated with a probabilistic

approach, applying Eni Risk Management evaluation as provided in the following documents:

e SVI.VMS.GL.0004.000 - Best Practice for Risk Management
o STAP-P-1-N-20913 - Project Risk Management for Drilling, Completion & Production

Optimization Activities
All the results and activities summarized in this document are based on the workflow provided by the
AWARE system (Advised Workflow for Accurate Risk Estimates) that is the Eni proprietary system and
process dedicated to support drilling and completion engineers in the identification, evaluation and
control of project risks. In addition, it allows to perform risk based time and cost evaluation maximizing

the accuracy of projects AFE.
The cost and time probabilistic calculations are performed by using the Landmark Well cost software.

The input data are based on previous Eni’'s experience in similar project, taking into account the

performances of the wells drilled in the area.

6.1 RISK REGISTER

The following picture summarizes all the drilling risks evaluated in AWARE with the risk matrix

.. :
A B c D E

Probability

approach.

on

I
=

Impacts
[PN]

[

[

Table 6.1: Risk Register (post-mitigation evaluation)
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All the reported risks are described in the following table. For each risk it is reported the pre-mitigation

evaluation (first row) and the post-mitigation evaluation (second row).

RISK DUE
CATEGORY IMPACT OWNER STRATEGY | STATUS DATE
>
E g
= w >
o [ wn (T} > w
RISK NAME < Z I 5|2
(-3 [ ~lylc|2|& 3| X
olz|2|lz|3|3|lale|s|[s]2
AREA ls|s|[g]z2 2le E s |le| = CONTROL STRATEGY DESCRIPTION
s[2]°|3|3|2]|8([2]2
2 SHIBIRE
z alg s
o
RISK DESCRIPTION
1. Borehole instability (loss hole, | well Condition B|-[-13]-|3]-]-[-|L]m - - Planned
stuck pipes, casing running &
cementing difficulties,.) Lithology Bl -|-131-13]-1-1-|L]|m -
Differential sticking
2. Integrity of cementing Drilling Cl-|-[4]-]2[-]-]" B | ) | Planned |
(toc,...) Cementing B|-|-14]|]-|a4]-]|]-]-|M|M Cement slurries design optimization
Casing not properly cemented, cement job not
performed as per plan
Organization Al--12|2]2|-]2]2|L]L - - Planned
3. Lack of offset wells info
Engineering Al--12|2]2|-]2]2|L]L -
Assumption based on development wells drilled in
60-70s by other operators. Not updated data
RISK DUE
CATEGORY IMPACT OWNER STRATEGY | STATUS DATE
z o
= w s
>
RISK NAME 2 z NEAE; E| 4
R HNEREHHHEHEEE
AREA c|&|El8|2|8|¢|&|s[&]= CONTROL STRATEGY DESCRIPTION
a gleg|lo|2]|Tl2z|l=z]le]| <
s M EAEIR AR
z g = <
i S s
o
RISK DESCRIPTION
Drilling cCl-1-13|-13]-|-1-IM|M - | - | Planned |
4. Logging / test operations
duration (stuck,) Control / Tests B|l-|-[3|-]2]|-|-]|-|M|M Possible log acquisition in TLC
Logging / test operations duration (stuck,)
Drilling Cl-|-3|-13|-1-1-IM|M - | - | Planned |
5. Mud losses . . :
D&C Fluids el -1-lal-Isl-1-1-Imlm Mud weight formul‘atlt‘m shall include
carbonate/bridging agent

Mud losses in the depleted reservoirs
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6. Borehole instability (loss hole, | well Condition cl-|-122-]-|-]-|L]|m - - Planned
stuck pipes, casing running &
cementing difficulties,.) Lithology cl-1-1212l-1-1-1-1cv]m -
WBS study never performed - Mud weight definition
to be revised (very old data available)
7. Availability of current drilling L
services contracts / uncertainty Organization Al 3]3f-]-(-]-|It]t - - Planned
on market prices for new
contracts or potential late Contracts Al-l-1313]-1-1-|-|¢cv|0L -
changes
Specific tool availablity, back-up strategy
RISK DUE
ATEGORY IMPACT TRATEGY | STAT!
CATEGO! > C | owner S GY | STATUS DATE
— w w
3 = 9| g =
RISK NAME Sluls] [z2]2]82 2| 2|3 z
] [ o 2
AREA o|&|2|3|2|2|8|5(E5|&8]| ¢« CONTROL STRATEGY DESCRIPTION
o< wlglo|S| |2l I~
O B = Sl I I -
g 3|8 g
O
RISK DESCRIPTION
8. Casing capability to reach Drilling Bl-]-]4]-]4f-[-]-|¢" B | B | Planned |
target depth (casing stuck) Casing gl -l-lal-lal-|-|-|L _
Casing capability to reach target depth due to
differential sticking, most likely referred to 13-3/8"
csg in wells reaching LB formation
9. Reliability (NPT records, Rig B|-|-12]|2]2]-]-]-|L]L - | - | Planned |
mechanical conditions,
con5|sten.t in QA, HSE and Performance Bl -l-l2l20121-1-1-IclvL R
maintenance)
Rig and Downhole Equipment Reliability (NPT
records, mechanical conditions, consistent in QA, HSE
and maintenance)
Completion D|-|-14|5]-]-]-]-|M|H - | - | Planned |
10. Availabil‘ity of equipment Cunmin Design change to 7" completion or
and services contracts 'g D|-]o]l2]|2]-]-]-]-|IM|M require to manufacturer additional
completion e . .
qualification tests (impact on costs)
Availability of equipment and services contracts for 9
5/8" TR SCSSV and 13 3/8" x 9 5/8" production packer
Completion Al-]-14|-14]|-|-]|-|L|IM - | - | Planned |
11. Slotted liner RIH .
Runnln'g al-l-lal-tlal-l-l-10o]lm )
completion

Slotted liner capability to reach target depth due to
differential sticking

Table 6.2: Risk Register detail
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6.2 SUMMARY OF THE OPERATIONAL SEQUENCE

The operative sequence considered for the time and cost estimation are reported in the following

paragraphs.

The reference wells considered for the study are:
e Appraisal well
e Upper Bunter injection well

e Lower Bunter Injection well

6.2.1 APPRAISAL WELL

The well shall be equipped with Mud Line Suspension System (included in the time and cost estimation).

The drilling activity time estimation for this well includes the following main operations (some operations

may change due to BOP stack configuration):

Rig preparation and M/U DP stands
Install CP

Install diverter

Drill 24” phase

RIH and cement 20” casing

Install BOP and test

Drill 17 1/2” phase

RIH and cement 16 liner

Drill 14 3/4” phase

RIH and cement 13 3/8” casing
Remove and Install new BOP stack. BOP test
Drill 12 V4" phase

RIH and cement 9 5/8” liner

Drill 8 2" phase at TD

Logs

Run 7” slotted liner

Temporary P&A

For future well re-entry

Rig preparation and M/U DP stands
Install BOP

Well re-entry

Upper completion installation
Remove BOP

Install Xtree
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6.2.2 UPPER BUNTER INJECTION WELL

The drilling activity time estimation for this well includes the following main operations (some operations

may change due to BOP stack configuration):

e |Install CP
e Install diverter
e Drill 24” phase
e RIH and cement 20” casing
¢ Install BOP and test
e Drill 17 1/2” phase
¢ RIH and cement 13 3/8” casing
¢ Remove and Install new BOP stack. BOP test
e Drill 12 4" phase
e Run 9 5/8” slotted liner
o Well cleaning operations and brine displacement
e RIH upper completion
¢ Install Xmas Tree
e Close well
6.2.3 LOWER BUNTER INJECTION WELL

The drilling activity time estimation for this well includes the following main operations (some operations

may change due to BOP stack configuration):

Install CP

Install diverter

Drill 24” phase

RIH and cement 20” casing

Install BOP and test

Drill 17 1/2” phase

RIH and cement 16 liner

Drill 14 3/4” phase

RIH and cement 13 3/8” casing

Remove and Install new BOP stack. BOP test
Drill 12 ¥4 phase

RIH and cement 9 5/8” liner

Drill 8 72" phase at TD

Run 7” slotted liner

Well cleaning operations and brine displacement
RIH upper completion

Install Xmas Tree

Close well

22



6.3 TIME ESTIMATES

Time estimate has been enhanced by ID3 software tool.

ID3 (Integrated Drilling Data Discovery) is an analytical platform dedicated to evaluate the performance
of the drilling and completion operations. The system is consolidating daily drilling reports and surface
logging data in order to provide accurate and objective KPI. The application of ID3 on multiple wells
allows to identify the Statistical Technical Limit and highlight the Invisible Lost Time.

An analysis was performed on the comparable wells currently stored in the database, drilled by jack up
rigs in shallow water and with same sections and casings diameters: primarily Rowallan 22/19C-G
(drilled in 2019, UK North Sea), plus 18 wells drilled in ltaly.

The job focused on tripping speed and casing running speed (none of the above is comparable as per
ROP).

e Tripping speed analysis: the reported values refer to the performance during Running In Hole

and Pulling Out Of Hole of the drilling string for each section.

Tripping speed (m/h)
0 50 100 150 200 250 300 350 400

DRILL 24" SECTION A 141
DRILL 17 1/2" SECTION N 265
DRILL 14 3/4" SECTION e 330
DRILL 12 1/4" SECTION |EG—————— 240

143

DRILL 8 1/2" SECTION —185 362

H ROWALLAN 22/19C-G ITALY

Table 6.3: Tripping speed

e Casing running speed analysis: the reported values refer to the performance during Make Up
and Running In Hole of each casing or liner string (different values are considered for liner

running with DP).
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Casing running speed (m/h)
0 20 40 60 80 100 120 140 160

RUN 20" cs NN 36
RUN 16" LNk N 65
RUN 13 3/8" csc INEE—— 109

" 122
RUN 9 5/8" LNR 91

RUN 7" LNR 137

B ROWALLAN 22/19C-G ITALY

Table 6.4: Casing running speed

The following main input data have been used in WellCost model for drilling operations:

Tripping speed ROP Csg running speed
Phase (m/h) (m/h) (m/h)
24" - 12-20 30-100
17777 200-280 12-20 100 - 150
14 % “ 200-280 12-20 100 - 180
12”7 200-280 12-20 100 - 180
8 %% 200-280 12-20 100 - 180

Table 6.5: WellCost model main input
The above values are derived from considerations including both ID3 results and previous similar fields

experience.

The time vs depth results obtained with the Well cost probabilistic model are reported in the next page.
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Figure 6.1: Appraisal well - Time vs depth
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Figure 6.2: Upper Bunter Injection well - Time vs depth
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Figure 6.3: Lower Bunter Injection well - Time vs depth

27



The here below table reports all the results:

Drilling Time Completion Time Total Time
Well type (Days) (Days) (days)
P10 | P50 | P90 P10 | P50 | P90 | P10 | P50 | P90
Appraisal well
Drilling + Temp P&A | 319 | 338 | 375
Appraisal Well 14,0 | 14,6 | 14,8 | 459 | 48,4 | 52,3
re-entry and completion
Upper Bunter well 12,6 | 151 | 22,1 6,8 7,6 8,5 19,4 | 22,7 | 30,6
Lower Bunter well 22,9 | 24,7 | 28,3 8.1 8.6 87 | 31,0 | 33,2 | 37,1

Table 6.6: Well duration

The mobilization (MOB) times are not included.
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6.4

COST ESTIMATES

Based on the previously given time estimates from reference wells, cost estimates are provided.

The input costs are reported in GBP and US$. The change is fixed to 1GBP =1.23 US$

It is to be specified that:

Daily Rig rate and services are based on the present contracts value of the wells ongoing in the

UK offshore.

Min value Average value Max value

DAILY RATES [E/day] [E/day] [E/day]
[US$/Day] [US$/Day] [US$/Day]

. . . 98.000 115.000 132.000

Rig Rate ( including fuel) 120.540 141.450 162.360

Services* 60.000 70.000 81.000

73.800 86.100 99.630

Logistic 34.000 40.000 46.000

41.820 49.200 56.580

Total Rate 192.000 225.000 259.000

236.160 276.750 318.570

Table 6.7: Daily rates

*Services daily rates include: cementing services, geological assistance, mud technical assistance, solid control,
casing running, deviation and waste treatment.

e Materials costs (for each well):
For casing materials, cost per meter values have been calculated in compliance with the existing
Tenaris Framework Agreement. A lump sum for tubular materials is considered for each well

typology (including also conductor, hangers and floating equipment).

TUBULAR COSTS
Min value Average value Max value
Well Type [£] [£] [£]
[US$] [US$] [US$]

Appraisal well 1.080.000 1.200.000 1.320.000
1.329.400 1.476.000 1.623.600

Upper Bunter well 900.000 1.000.000 1.100.000
1.107.000 1.230.000 1.353.000

Lower Bunter well 1.350.000 1.500.000 1.650.000
1.660.500 1.845.000 2.029.500

At least 150-200 m of CRA casing for production string section below packer is considered. For LB

Table 6.8: Tubular costs

case, 13 3/8” casing is also considered as CRA in front of UB formation.

Contingency 11 3/4” material is included as risk cost (200.000 £/246.00USD)




o For appraisal well, the MLSS is assumed 81300 £/100.000US$.
o Well head: 250.000 £/307.500US$
o For cementing, mud and consumable 2 MM£/2.46 MMUS$.

e A lump sum of 1.500.000 £/1.845.000 US$ has been considered for logging operation of the
Appraisal well, meanwhile 100.000 £/123.000 US$ is assumed for the other wells.
e The completion input data considered:
o Completion equipment (Packer, nipples and SCSSV): 975.600 £/1.200.000 US$
0 The tubing (28Cr) is evaluated in 1.057.000£/1.300.000 US$ for all well configuration
o The Xtree cost is assumed 406.500£/500.000 US$

All here above material cost could be evaluated in Well cost with a +10% distribution ratio.

Tax cost are not included in the estimation.

Here below are reported the final results for cost estimate, performed using a probabilistic approach
on reference well profiles.

Drilling Cost Completion Cost Total Cost
Well type (MME) (MME£) (MME£)

P10 | P50 | P90 | P10 | P50 | P90 | P10 | P50 | P90
12,2 | 12,9 | 14,0

Upper Bunter well 6.4 7.2 9.2 3.5 3.7 3.7 10.0 | 11.0 | 12.8

Appraisal well
Drilling + Temp P&A
Appraisal
Well re-entry and completion

Lower Bunter well 9,7 10,3 | 11,2 3,4 3,6 3,5 13,2 | 13,8 | 14,8

Table 6.9: Costs Evaluation

The mobilization (MOB) cost are not included.
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6.5 FINAL SUMMARY FOR TIME & COST

The following table summarizes the overall time and cost with the proposed schedule:

e MOB
e Drilling Appraisal well + log + P&A
e MOB

o Re-entry Appraisal well and Completion

e Dirilling and Completion Upper Bunter Injection well

e Dirilling and Completion 3 Lower Bunter Injection well

Eull Proiect Total time Total cost
Total Time ajnd Cost (Days) (MME£)

P10 P50 P90 | P10 P50 P90
MOB 3 3 3 0,75 | 0,75 | 0,75
Drilling Appraisal +log+ P&A 31,9 | 33,8 37,5 | 12,2 | 129 14
MOB 3 3 3 0,75 | 0,75 | 0,75
Re-entry Appraisal and Completion 14 14,6 14,8 | 45,9 48,4 52,3
Drilling and Completion Upper Bunter Injection well| 19,4 | 22,7 30,6 10 11 12,8
Drilling and Completion Lower Bunter Injection well | 31 33,2 371 1 13,2 | 13,8 14,8
Drilling and Completion Lower Bunter Injection well | 31 33,2 37,1 | 13,2 13,8 14,8
Drilling and Completion Lower Bunter Injection well | 31 33,2 371 1 13,2 | 13,8 14,8
Total 164,3 | 176,7 | 200,2 |109,2| 115,2 | 125

Table 6.10: Time & Cost Evaluation

Time and cost for MOB have been here included.
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1 INTRODUCTION

The scope of this document is to describe the outcome of the Concept Definition Study for a CO2 Injection
Platform to be located in the Hewett Off-Shore dry gas field, in order to ensure the correct functionality of
the equipment as well as the protection of the personnel and the environment.

All the equipment will be designed according with the criteria described in the next paragraphs in order to
meet the following targets:

e gas processing

e injection of processed gas into Hewett Reservoir

e ensure all necessary utilities for a safe and complete operation.

1.1 General information

In order to process and inject gas into the Hewett Reservoir a four leg unmanned platform, four wells single
completion type will be installed and one slot spare.

The Hewett Platform will be located inside Hewett Field, a depleted gas off-shore field located in the United
Kingdom’s Southern North Sea (30 m water depth). It is located in Block 48/28, 48/29, 48/30, 52/4a, 52/5a.

Within Hewett field, CO2 storage capacity has been estimated corresponding to 206 MMt (Lower Bunter)
and 120 MMt (Upper Bunter).

The Hewett Injection Platform geographical coordinates at platform location are the following:

Platform Longitude Latitude
Hewett Injection Platform | 1.584389 deg EAST]| 53.112556 deg NORTH
(water depth: 30m) (TBC) (TBC)

The platform will be designed to handle CO2 coming from by the Teesside Bay industries (East UK coast)
through a specific pipeline in order to be injected inside Hewett depleted field.
More in detail Hewett platform is composed by:

e  Four legs platform in 30m (TBC) water depth connected to the ground by foundation piles;

e wellhead module to perform wells drilling;
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e 6 Single Completion wells;
e deck including process and utilities plants, deck structure will be designed in order to minimize
hook-up works.

The Hewett CO; Injection platform facilities shall be designed to meet the following targets:
e  CO; processing;

o supply of all necessary utilities for a safe and complete operation.

A monoethylenglycol (MEG) injection system is foreseen to prevent hydrate formation in the gas stream
lines.

MEG injection will be used, where necessary, for occasional operations (start up, workover etc).
Fixed MEG injection point has been envisaged before each wellhead.

Indirect oil-bath gas heater is used to guarantee optimal CO2 injection temperature during normal operation.
The oil-bath heater will be equipped with an electrical heater.

The normally unmanned platform is linked with onshore facilities by mean of a radio communication system

and is designed to perform safe and complete operations also during the manned period (only for
maintenance purpose).

1.2 Design service life

Design life is 30 years of continuous operation (365 days per year).

1.3 Attending philosophy

The Hewett CO2 Injection platform shall be normally unmanned; for this reason, a self-regulating
configuration shall be foreseen through the installation of high reliability and low maintenance equipment
and apparatus.

It will be a self-regulating platform (by means of a RTU system and hydro/pneumatic WHCP), monitored by
redundant radio link through Telecom System; only routine maintenance activities will be performed on the
platform.

Electrical power shall be ensured by mean of dedicated electrical cable coming from onshore. The dedicated
electrical supply system shall be designed to cover the 100% of the electrical loads and at the same time to
charge the battery system (unit 720).

Production or maintenance personnel shall perform only routine maintenance activities periodically. During
these activities the platform is temporary manned and the electrical power, in case of emergency/shutdown

shall be ensured by mean of service diesel generator (unit 480) located on the platform.

During manned period, the supply vessel (or helicopter) shall be continuously present at the boat landing
(helideck).
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2 NORMS, CODES / STANDARD, RULES

This project shall be developed in compliance with all locally applicable laws and regulations, with emphasis
on safety and environment, and responsible standards in the absence of regulations.

The platform shall be designed, fabricated, inspected and certified in conformity with the Codes and Eni
Standards listed in “Part D of Appendix D”: Section 7 — List of Company’s Standard and Specifications.

In case of conflict arising from the multiplicity of applicable documents, the following priority applies:
e UK National, Regional and Local Laws

e National and International Codes, Standards, Rules, Regulations
e  Project Technical Documents with Company’s approval
e  Company’s General Specifications and Standards

Should any conflict arise between the requirements of applicable National Legislation as well as applicable
National and International Codes, Standards, Rules and Regulations, then the most stringent requirement
applies.
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3 REFERENCE DOCUMENTS

3.1 Documents supply by Company

[1] UK and International Laws, rules and regulations

[2] List of Company’s Standard and Specifications

[3] Contract HSE Requirements for Abroad Activities

[4] Assessment of Meteo-Marine Design Parameters

3.2 Attachments

[1] http://www.hse.gov.uk/carboncapture/assets/docs/major-hazard-potential-carbon-dioxide.pdf

[2] COSHER RuptureTestl _Report13 Augl3

[3] PLOT PLAN +16500.pdf

(4] PLOT PLAN +22500.pdf

[5] PLOT PLAN +29500.pdf

(6] PLOT PLAN +35500.pdf

[7] PLOT PLAN +41500 plus HIdk.pdf

[8] Olga 2018 sample input file for Teesside-Hewett transportation

[9] Olga 2018 sample input file for Humberside-Hewett transportation

[10]  Olga 2018 sample input file for Bacton-Hewett transportation
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4 DESIGN CRITERIA

4.1 Language and System of Units

The official language of the Project is English.
The units of measurement to be used within the Project will be as per the following table.
Concerning the system of units, in principle the SI measurement system will be applied.

All derived units (multiple, sub-multiple or combination) may also be used.

However the following reference conditions and specific selections will be used.

Reference Temperature °C | Pressure bara
Standard Conditions | 15,56 1,013
Normal Conditions | O 1,013
Quantity Name of Unit Symbol Notes
Piping standardisation ASME
Piping nominal diameter inches
Piping thickness schedule
Insulation thickness millimiters mm
Length meters m
v millimiters mm
Temperature degree Celsius °C
! " Kelvin K
Pressure Bar bar
" " Pound square inch Psi
Capacity cubic metres m?3
Current ampere A
Liquid flowrate (volume) litres per hour I/h
" " (volume) cubic metres per hour m3/h
" " (volume) Standard cubic metres per hour |S m3/h @15.5°C
! " (mass) kilograms per hour kg/h
Gas and vapour flowrate (vol.) Standard cubic metres per hour |S m3/h @ 15.5° Cand 1.013 bar
Surfaces square metres m?
" " square centimetres cm?
" " square millimetres mm?
Mass kilogram kg
Density Kilograms per cubic metre kg/m3
" " API| Gravity ° API
! " Specific Gravity Sp.Gr.
Energy Kilojoule kj
Kilowatt/hour kWh
Power kilowatt kW
Plane angle degree deg
! " minute '
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" " second "
Time second s
“ou minute min
v hour h
Frequency hertz Hz
Speed — linear metres per second m/s
Speed - angular degrees per second deg/s
Speed - rotating revolutions per minute rpm
Amount of substance kilogram mole kmol
Molecular weight kilogram per kilogram mole kg/kmol
Concentration, mass parts per million, mass ppm w
Concentration, volume parts per million, volume ppm v
Force Newton N
Stress Newton per square millimetre N/mm?
Viscosity - dynamic centi-Poise cP
Viscosity - kinematic centi-Stocks cSt
Voltage volts Vv
Surface tension dyne per centimetre dyne/cm
Heat kilocalorie kcal
Heat flow rate kilocalories per hour kcal/h

Specific heat

kilocalories per kilogram degree
Celsius

kcal/kg °C

Thermal conductivity

kilocalories per metre degree C
hour

kcal/h m °C

Heat transfer coefficient

kilocalories per square metre
degree C hour

kcal/h m?°C

Enthalpy/Entropy kilocalorie  per  kilogram  /|kcal/kg/
kilocalorie per kilogram degree C |kcal/kg °C
Electric power Volt Ampére / Watt VA /W
Radiation intensity Watt per square metre W/m?
Electric current Ampere A
Electric potential Volt Vv
Illuminance lux Ix
Resistence Ohm
Resistivity Ohm metre ERIm
Noise decibel dB(a)

This document is Company property. The Company lawfully reserves all rights




m Eni SpA Date. Doc. N° 28920.ENG.GEN.REL Rev. Page
TA&E 20 December 2019 Title: Hewett CCS Facilities and Flow Assurance | 01 13 of 108

eni

4.2 Design Pressure / Design Temperature

4.2.1 Equipment and Lines

Design pressure for equipment and lines shall be defined according to the following process rules:

Max. Operating Pressure
MOP

Design Pressure

Atmospheric Pressure

Max. Hydrostatic pressure
+35000/-250 mm H20

Vacuum Full vacuum/+3.5 barg

0 <MOP < 1.5 barg 3.5 barg (except Open Drain)
1.5 <MOP £ 18 barg MOP +2 barg

18 < MOP < 40 barg MOP + 10% min.

40 < MOP = 80 barg MOP + 4 barg

MOP > 80 barg

MOP + 5% min.

Design Pressure for equipment shall be the Maximum pipeline pressure.

Design pressure injection header (*) shall be:
- Upstream pressure control valve:
- Downstream pressure control valve:

150 barg
70 barg

Vent and Purge Burner Design Pressure shall be 3.5 barg; selected thickness shall resist for an internal

mechanical pressure (internal explosion), of 8 barg.

Design temperature for equipment and lines shall be defined according to the following process rules:

MOT

Max. Operating Temperature

Design Temperature
(Min/Max)

MOT < -29°C

Minimum calculated temperature and 60°C

-29 < MOT <313°C

Minimum calculated temperature/MOT+30°C or
60°C (whichever is greater)

MOT = 313°C

Shall be specified according to selected material
and process requirements

The minimum design temperature will be based on depressurization/blowdown calculations.

4.2.2 Equipment downstream of pumps

For equipment downstream of pumps the following design pressure shall be applied:

A. For centrifugal type the design pressure shall be as follows:

Design pressure shall be equal (or greater) than design pressure of centrifugal pump.

B. For volumetric type the design pressure shall be as follow:

Pd= 1.15 Pmaxdischarge, barg or

Pda= Pmaxdischarge +1.8, barg whichever is greater
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Downstream equipment shall have adequate protection unless pump’s driver can’t supply sufficient power
to overcome pump design pressure.

4.3 Nozzles diameter

For vertical separators nozzle’s diameter calculation, the following criteria shall be applied:

pv? Criteria, (kg/m? (m/sec)?)
Inlet Separator Nozzles
- nozzle with no fittings 1500
- nozzle with simple fittings to aid separation 3750
Gas Outlet Separator Nozzles 3750
- Inlet/Outlet Heat Exchanger nozzle 6000
4.4 Piping design
44.1 Introduction

All platform piping shall be designed in accordance to ASME B31.3 Process Piping. However, the Pig Trap and
pipe systems to the Riser for both platforms will be designed as primary piping in accordance with pipeline
code ISO 13623.

4.4.2 Current Piping design parameters
pv? Criteria, (kg/m? (m/sec)?)
Gas piping design (without limitations on allowed pressure drop) pV? < 15000;
Gas piping design (with limitations on allowed pressure drop) pV?2 < 6500;
Blow-down header piping design V < 0.5 Mach
Blow-down sub-header piping design V < 0.5 Mach
Blow-down discharge line V < 0.7 Mach

Pressure drop < 0.5bar;

Blow-down stack design V < 0.7 Mach

DP<10% set pressure @ PSV
PSV discharge piping design rated Capacity
V < 0.7 Mach

DP<3% set pressure @ PSV

PSV inlet piping design rated Capacity
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45 Overdesign

The following overdesign shall be considered:

e @Gas system 20% on flowrate
e Liquid/Water system 10 % on flowrate

4.6 Wellheads movements

A possible vertical movement of +/- (TBD) mm shall be considered for the wellheads, due to pressure effects
or soil settlement. Piping flexibility will be guaranteed accordingly.
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5 BASIC DATA

5.1 Location

The well site is located offshore of Bacton premises.

The preliminary well site coordinates are displayed in the following table.

LOCATION CENTRAL WELL COORDINATES WATER DEPTH
Type East North
Hewett Geographical |TBC TBC 30m
Metrical TBC TBC
5.2 Well Head Data

The platform design will be based on the following basic data:

Drilling configuration

6 Well Single completion Configuration
Wellhead Cameron Dual X-Mas Tree APl 5000

53 Reservoir Data

According to reservoir study, the platform design shall be based on the following data:

Description
Maximum static wellhead pressure (barg) 130
Operating well head flowing temperature (°C) 0-60

Platform total maximum gas production: 16500 ton/d.
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54 Fluid Composition

The following fluid compositions have been used for the design of the platform facilities:

Component Mole %(dry basis)
CO, 96-100
N> TBD
H, <1.0
NOy TBD
SOx TBD
co TBD
Ar TBD
H,0 <100 ppm (TBC)
H,S 0
5.5 Injection Profile

The following injection profiles have been used for the design of the Hewett Platform facilities:

Sealine design pressure: 150 barg.
Fluid flowrate: 16500 ton/d
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5.6 Live Loads

The following permissible loads will be adopted for floors design:

LIVE LOAD FOR FLOOR

REDUCTION FACTORS FOR

STRUCTURE CHECK
DECKAREA ) JACKET/PILE CHECK

[KN/m?]
Lay-down area 20 0.5
Upper Deck Drilling Area (if any — for local

20 n.a.

check only)
Upper Deck Free Area 9.0 0.5
Mezzanine Deck Free Area 9.0 0.5
Cellar Deck Free Area 9.0 0.5
Stairs, Walk ways 4.5 0.5
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6 METEO MARINE DATA
6.1 Water Depth

The water depth at Hewett site is 30m (TBC).

6.2 Seawater Characteristic

As reported in [4], the minimum, mean and maximum values of water temperature T, salinity S and density
p are reported below for different water depths:

TEMPERATURE T SALINITY S DENSITY p
[°C] [%] (kg/m?]
MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX
SURFACE 0 10 23
BOTTOM 0 9.8 17

Table 1 — Water Temperature, Salinity and Density

The mean density of sea water is 1028 kg/m3.
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6.3 Air Temperature

The behaviour of the minimum, mean and maximum values of air temperature vs month is supplied in the
following table:

AIR TEMP (°C) JAN i FEB ) MAR i APR ) MAY i JUN ) JuL ) AUG i SEP ) ocT ) NOV i DEC T Year
UF TO -8.0 2 1 3
-79T0-7.0 1 1
6.9 TO -6.0 1 1
5.0 7TO -5.0 2 1 3
-4.9T0 -4.0 1 3 4
-397T0-3.0 5 13 18
2970 -2.0 21 34 1 5 61
1.9TO -1.0 40 51 1 8 120
-0.9TO 0.0 63 85 20 1 35 204
0.17T01.0 115 194 67 B 66 450
1.1T0 2.0 209 218 133 14 12 145 L
2170 3.0 237 3z6 200 17 29 178 987
3.1T04.0 277 400 317 58 1 48 197 1298
4170 5.0 416 530 479 160 3 73 35 1982
5170 6.0 626 649 609 353 15 L} 130 301 2872
61T07.0 799 692 £40 574 43 1 21 228 306 3706
74TO8.0 790 523 850 749 206 1 47 326 560 4052
8.17T09.0 488 333 559 732 394 18 1 161 483 657 3826
9.1T0 10,0 245 151 247 597 668 64 1 1 333 695 484 3486
10.1 TO 11.0 137 55 88 395 799 179 3 2 8 417 810 307 3200
11.1TO 12.0 36 a 34 219 7oz 468 19 6 55 480 554 181 2853
12170 13.0 7 3 8 76 570 683 102 22 178 584 404 48 2685
13.1T0 14.0 7 42 392 772 322 92 373 631 171 16 2818
14.1TO 15.0 26 193 798 699 302 558 625 67 3 32N
15.1 TO 16.0 1 5 92 539 937 620 77 533 19 1 3518
16,1 TO 17.0 3 45 297 831 913 828 267 14 3198
17,170 18.0 1 22 146 314 982 604 104 2373
18.1 TO 19.0 1 4 64 400 679 304 20 1562
19.1 TO 20.0 1 45 210 362 177 3 798
20.1TO 21.0 1 96 109 42 248
21.1TO 22.0 2 54 70 18 144
22170 23.0 1 7 30 2 60
23170 24.0 & 2 8
24,170 25.0 1 7 1 9
25170 26.0 2 2
26,1 TO 27.0 1
27170 28.0
28,170 29.0
20.1 OR MORE

TOTAL 4518 ) 4270 i 4551 i 4030 ) 4241 i 4080 . 4232 . 4192 . 4010 . 4236 i 4070 B 4124 | 50553

The peak values to be considered are:

Tmax: +27°C
Tmin: -8°C for all equipment

Design values for piping/equipment are:
Tmax: +40°C

Tmin: -10°C

6.4 Service Temperature

The structural elements will be design with service temperature as below:

e Jacket > +0.0°
e Deck > -10.0°
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6.5 Tides

The sea level variation is correlated to the astronomical tide and storm surge elevation.

Astronomic tidal ranges are summarized in the following table.

TIDAL LEVELS [m] The following parameters do not vary with return period
HAT 3.19
MHWS 2.91
MHWN 2.29
MSL 1.85
MLWN 0.98
MLWS 0.29
LAT 0.00

Surge contribution due to storms is reported in the following table for different return periods along with
still water level and extreme water levels (i.e. wave crest height).

LEVELS [m] 1-Year 10-Year 50-Year | 100-Year | 1K-Year | 10K-Year

Positive Surge Levels (MSL) 1.47 1.94 2.26 2.40 2.86 3.33

Negative Surge Levels (MSL) -1.30 -1.69 -1.96 -2.09 -2.48 -2.88

Still Water Level (LAT) 4.39 4.62 478 4.85 5.08 5.32

Extreme Water Level (LAT) 9.4 11.3 12.5 13.0 14.7 154
6.6 Waves

Extreme Waves

The wave data given in Ref.[4] will be used for platform design. A summary of the main parameters is
reported here below.

Extreme waves directional characteristics for different return periods are summarized in the tables below.
All directions have to be intended as wave coming from. They are relevant to true geographical North.

This document is Company property. The Company lawfully reserves all rights



% Eni SpA Date. Doc. N° 28920.ENG.GEN.REL Rev. Page
5 TA&E 20 December 2019 Title: Hewett CCS Facilities and Flow Assurance | 01 22 of 108
emi
Tz Tp Tass
Hs Hmax I-?e:rizsl:t
Return Period (lower) |(central)| (upper) | (lower) |(central) | (upper) | (lower) |(central)| (upper)
(m) (s) (s) (s) (s) (s) (s) (s) (s) (s) (m) (m)
1-year
N 53 6.8 7.4 85 8.6 10.0 13.0 7.8 9.5 11.1 9.7 6.2
NE 53 6.8 7.4 8.5 8.6 10.0 13.0 7.8 9.5 11.1 9.6 6.1
E 5.0 6.6 72 8.2 84 9.7 12.7 7.6 9.2 10.8 9.1 58
SE 42 6.0 6.6 7.6 7.7 8.9 11.6 7.0 8.4 9.9 7.6 4.8
S 43 6.1 6.7 7.6 7.8 9.0 11.8 7.1 8.6 10.1 7.8 4.9
SW 3.7 5.7 6.2 7.1 7.2 8.4 10.9 6.6 7.9 9.3 6.8 4.3
W 46 6.3 6.9 7.9 8.0 9.3 12.1 7.3 8.8 10.4 8.3 53
NW 53 6.8 7.4 85 8.6 10.0 13.0 7.8 9.5 11.1 9.7 6.2
10-years
N 6.6 7.6 8.3 9.5 9.6 11.2 14.6 8.8 10.6 12.5 11.9 7.8
NE 6.5 75 8.2 94 9.5 11.1 14.4 8.7 10.5 12.3 11.7 7.5
E 6.2 7.3 8.0 9.2 9.3 10.8 14.1 85 10.2 12.0 11.2 7.1
SE 5.1 6.6 7.3 8.3 85 9.9 12.8 7.7 9.3 11.0 9.3 59
S 52 8.7 7.3 84 85 9.9 12.8 7.7 9.3 11.0 9.5 6.1
SW 46 6.3 6.9 7.9 8.0 9.3 12.1 7.3 8.8 10.4 8.3 53
W 58 7.0 7.6 8.7 8.8 10.3 13.4 8.1 9.7 11.4 10.2 6.5
NW 6.6 7.6 8.3 9.5 9.6 11.2 14.6 8.8 10.6 12.5 11.8 7.6
50-years
N 7.4 8.0 8.8 10.0 10.2 11.9 15.5 9.3 11.3 13.2 13.4 8.5
NE 7.2 7.9 86 9.9 10.0 11.6 15.1 9.1 11.0 12.9 13.2 84
E 6.9 7.7 8.5 9.7 9.9 11.5 15.0 9.0 10.9 12.8 12.6 8.0
SE 57 7.0 7.7 8.8 8.9 10.4 13.6 8.2 9.9 11.6 10.4 6.6
S 52 6.7 7.3 84 85 9.9 12.8 7.7 9.3 11.0 9.5 6.1
SW 46 6.3 6.9 7.9 8.0 9.3 12.1 7.3 8.8 10.4 83 53
W 586 7.0 7.8 8.7 8.8 10.3 13.4 8.1 9.7 11.4 10.2 6.5
NW 7.4 8.0 8.8 10.0 10.2 11.9 15.5 9.3 11.3 13.2 13.4 85
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Tz Tp Tass
Hs Hmax :;zsﬁt
Return Period (lower) |(central)| (upper) | (lower) |(central)| (upper) | (lower) |(central)| (upper)
(m) (s) (s) (s) (s) (s) (s) (s) (s) (s) (m) (m)
100-years
N 7.7 8.2 8.9 10.2 10.3 12.0 15.7 9.4 1.4 134 14.0 8.9
NE 7.6 8.1 8.9 10.2 10.3 12.0 15.7 9.4 1.4 13.4 13.8 88
E 7.2 7.9 8.6 9.9 10.0 11.6 15.1 9.1 11.0 12.9 13.1 8.3
SE 8.0 7.2 7.9 9.0 9.2 10.7 13.9 8.4 10.1 1.9 10.8 6.9
S HE 6.9 7.6 8.6 8.8 10.3 13.4 8.1 9.7 1.4 10.0 6.3
SW 4.7 6.4 7.0 8.0 8.1 9.5 12.3 74 9.0 10.5 8.5 54
w 5.6 7.0 7.6 8.7 8.8 10.3 13.4 8.1 9.7 1.4 10.2 6.5
NW 7.7 8.2 8.9 10.2 10.3 12.0 15.7 9.4 1.4 13.4 14.0 8.9
1,000-years
N 8.8 8.7 9.6 10.9 1.1 13.0 16.9 10.2 12.3 14.4 15.9 101
NE 8.6 8.8 9.4 10.8 10.9 12.7 16.5 10.0 12.0 14.1 15.7 10.0
E 8.2 84 9.2 10.6 10.7 124 16.2 9.8 11.8 13.8 14.9 95
SE 6.0 7.2 79 9.0 9.2 10.7 13.8 8.4 101 11.9 10.9 6.9
S 5.7 7.0 7.7 8.8 8.9 10.4 13.6 8.2 9.9 11.6 10.4 6.6
SW 4.7 6.4 7.0 8.0 8.1 9.5 12.3 74 9.0 10.5 8.5 54
W 5.6 7.0 7.6 8.7 8.8 10.3 13.4 8.1 9.7 114 10.2 6.5
NW 8.5 88 9.4 10.7 10.9 12.7 16.5 10.0 12.0 14.1 15.5 9.8
10,000-years
N 9.8 9.2 10.1 11.5 1.7 13.6 17.8 107 12.9 15.2 17.8 11.3
NE 9.6 9.1 10.0 11.4 11.6 13.5 17.6 106 12.8 15.0 17.5 1.1
E 9.2 8.9 9.8 1.2 11.4 13.2 17.2 104 12.5 14.7 16.7 10.6
SE 6.6 76 83 9.5 9.6 11.2 14.6 8.8 10.86 12.5 12.0 76
S 6.4 74 8.1 9.3 9.4 10.9 14.3 8.6 104 12.2 1.6 74
SW 5.1 6.6 7.3 8.3 8.5 9.9 12.8 7.7 9.3 11.0 9.3 59
W 6.2 7.3 8.0 9.2 9.3 10.8 14.1 8.5 10.2 12.0 11.2 71
NW 9.5 9.1 9.9 11.4 11.5 13.4 17.4 10.5 12.7 14.9 17.3 11.0
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Number of Seastates

The probability of wave occurrence per incoming direction is summarized in the follow in table.

wawe Direction - FROM {deg)
Lower | Upper M NE E SE s sw w NV Sum
0 05 | 4748 | 3041 | 1579 | 1275 | 1752 | 562 698 | 1730 | 15385
05 1 14576 | 7839 | 4509 | 4250 | 7457 | 3201 | 3680 | 5256 | 50758
1 1.5 | 11538 | 5512 | 3556 | 2691 | 6157 | 3622 | 4445 | 4778 | 42300
15 2 5406 | 2735 | 1772 | 1451 | 3750 | 2587 | 3393 | 3541 | 24635
2 2.5 2621 1289 1021 681 2193 1379 2024 2345 13553
25 3 1330 590 565 379 1199 630 1055 1426 7174
3 35 769 262 299 134 640 206 526 893 | 32835
z| 35 4 455 190 160 56 2 62 252 592 | 2029
i 4 4.5 308 %9 57 27 124 21 102 atn | 1048
g 45 5 201 43 14 8 34 9 37 176 522
& 5 5.5 114 21 1 0 3 1 19 91 253
5.5 6 64 13 2 0 2 0 ] a3 123
6 6.5 31 4 0 0 0 0 1 12 48
6.5 7 15 0 o] 0 0 o] o] 2 17
7 75 2 0 0 0 0 0 0 1 3
7.5 8 1 1] o] 0 0 ] 0 0 1
8 8.5 1 0 0 0 0 0 0 0 1
8.5 g 0 ] 0 0 0 0 0 0 0
Sum 42220 | 21739 | 13535 | 10952 | 23536 | 12370 | 16141 | 21192
It is also shown in the figure below.
E
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Scatter diagram in terms of significant wave height versus upcrossing period is detailed in the table below.
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6.7 Current
The extreme values of current for the 1 year and 100 years return period are taken from [4].
They are reported in the following tables.
Height/Depth Ratio MNorth Northeast East Southeast South Southwest West Northwest Omni
1 Year
Surface 0.82 0.33 0.54 1.74 0.76 0.25 0.31 1.64 1.74
75% of Water Depth 0.82 0.33 0.54 1.74 0.76 0.25 0.31 1.64 1.74
50% of Water Depth 0.82 0.33 0.54 1.74 0.76 0.25 0.31 1.64 1.74
40% of Water Depth 0.79 0.32 0.52 1.68 0.74 0.24 0.30 1.58 1.68
30% of Water Depth 0.76 0.31 0.50 1.62 0.71 0.23 0.29 1.52 1.62
20% of Water Depth 0.72 0.29 0.47 1.52 0.67 0.21 0.27 143 1.52
10% of Water Depth 0.65 0.26 0.43 1.38 0.60 0.19 0.25 1.30 1.38
5% of Water Depth 0.59 0.24 0.39 1.25 0.55 0.18 0.22 1.18 1.25
1m asb 0.58 0.23 0.38 1.23 0.54 017 0.22 1.16 1.23
10 Years
Surface 0.89 0.36 0.58 1.88 0.82 0.26 0.34 177 1.88
75% of Water Depth 0.89 0.36 0.58 1.88 0.82 0.26 0.34 177 1.88
50% of Water Depth 0.89 0.36 0.58 1.88 0.82 0.26 0.34 177 1.88
40% of Water Depth 0.85 0.34 0.56 1.82 0.80 0.26 0.32 1.71 1.82
30% of Water Depth 0.82 0.33 0.54 1.74 0.76 0.25 0.31 1.64 1.74
20% of Water Depth 0.77 0.31 0.51 1.65 072 0.23 0.29 1.55 1.65
10% of Water Depth 0.70 0.28 0.46 1.49 0.65 0.21 0.27 1.40 1.49
5% of Water Depth 0.63 0.26 0.42 1.35 0.59 0.19 0.24 127 1.35
1m asb 0.62 0.25 0.41 1.33 0.58 0.19 0.24 125 1.33
50 Years
Surface 0.83 0.38 0.61 1.98 0.87 0.28 0.35 1.86 1.98
75% of Water Depth 0.93 0.38 0.61 1.928 0.87 0.28 0.35 1.86 1.98
50% of Water Depth 0.83 0.38 0.61 1.98 0.87 0.28 0.35 1.86 1.98
40% of Water Depth 0.90 0.36 0.59 1.9 0.584 0.27 0.34 1.80 1.91
30% of Water Depth 0.86 0.35 0.57 1.84 0.80 0.26 0.33 173 1.84
20% of Water Depth 0.81 0.33 0.53 1.73 0.76 0.24 0.31 1.63 173
10% of Water Depth 0.74 0.30 0.48 1.57 0.69 0.22 0.28 148 1.57
5% of Water Depth 0.67 0.27 0.44 1.42 0.62 0.20 0.25 1.34 142
1m asb 0.66 0.26 0.42 1.40 0.61 0.20 0.25 1.31 1.40
100 Years
Surface 0.95 0.38 0.62 2.02 0.89 0.28 0.36 1.90 2.02
75% of Water Depth 0.95 0.38 0.62 202 0.89 0.28 0.36 1.90 202
50% of Water Depth 0.95 0.38 0.62 2.02 0.89 0.28 0.36 1.90 202
40% of Water Depth 0.92 0.37 0.60 1.95 0.85 0.27 0.35 1.84 1.95
30% of Water Depth 0.88 0.35 0.58 1.87 0.82 0.26 0.33 176 1.87
20% of Water Depth 0.83 0.33 0.54 1.77 077 0.25 0.32 1.66 177
10% of Water Depth 0.75 0.30 0.49 1.60 0.70 0.22 0.29 1.51 1.60
5% of Water Depth 0.68 0.27 0.45 1.45 063 0.20 0.26 1.36 1.45
1m asb 0.67 0.27 0.44 1.42 0.62 0.20 0.25 1.34 142

This document is Company property. The Company lawfully reserves all rights




m Eni SpA Date. Doc. N° 28920.ENG.GEN.REL Rev. Page
5 TA&E 20 December 2019 Title: Hewett CCS Facilities and Flow Assurance | 01 27 of 108
emi

6.8 Marine Growth Density

Data for marine growth are assumed as follows:

MARINE GROWTH THK

[mm]
from 0.31 LAT to -20.0 m LAT 120
from -20 m LAT to sea bottom 100

The fouling density in air is 1380 kg/m3.
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6.9 Wind

All directions are given in degrees, clockwise with respect to the Geographic North.

The wind speeds at el.10m LAT are taken from [4] and listed in the following tables:

240r | 12-hr | Ghr 3-hr 1r | 10min | 1-min | 15sec | Ssec | 3-sec
Direction [ o | (mis) | (mis) | (mis) | (mss) | (mis) | (mis) | (mis) | (mis) | (mis)
1-year
N 207 | 225 | 240 251 258 282 313 32 u7 353
NE 198 | 217 | 231 241 249 272 301 318 332 339
E 195 | 212 | 226 236 244 266 204 311 324 330
SE 18.2 198 | 211 220 227 47 | 272 288 300 305
s 197 | 214 | 229 | 239 2456 269 | 297 315 238 35
swW 207 | 225 | 240 25.1 258 282 313 32 U7 353
W 215 | 234 | 250 26.1 26.9 205 328 U7 63 370
NW 215 | 234 | 250 26.1 26.9 205 328 47 %63 370
10-year
N 20 | 249 | 267 | 278 287 315 351 73 300 398
NE 21 240 | 257 | 268 276 303 337 %8 374 382
E 216 | 235 | 251 262 27.0 206 329 49 365 372
SE 202 | 219 | 234 245 252 275 305 23 BT 344
s 219 | 238 | 254 265 273 209 333 353 69 W7
sw 20 | 249 | 287 | 278 287 315 351 73 390 08
w 239 | 280 | 278 290 209 29 6.7 0.1 09 | 418
NW 239 | 280 | 278 29.0 209 29 6.7 0.1 09 | 418
50-year
N 244 | 265 | 283 | 295 30.4 335 375 09 418 | 427
NE 35 | 255 | 273 | 285 203 23 36.0 383 401 400
E 230 | 250 | 267 | 278 287 315 352 74 301 399
SE 214 | 233 | 249 | 260 268 203 326 U5 361 36.8
s 22 | 252 | 270 282 200 319 356 78 396 | 404
SW 244 | 265 | 283 | 295 304 335 75 99 418 | 427
w 254 | 276 | 295 308 317 350 393 418 439 | 448
NW 254 | 276 | 295 308 317 350 393 418 439 | 448
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24-hr 12-hr 6-hr 3-hr 1-hr 10-min 1-min 15-sec 5-sec 3-sec
Direction [ vs) | vs) | ms) | (ms) | sl | ms) | ms) | s | s | )
100-year
N 250 271 200 30.3 3.2 44 386 41.0 430 4349
NE 241 262 280 282 301 331 370 394 412 421
E 235 2586 274 285 204 323 361 3a4 40.2 41.0
SE 2149 239 255 266 274 301 335 355 ETA| 3rg
s 238 259 277 288 29.7 327 35.6 389 40.7 416
SW 250 271 200 30.3 3.2 344 386 41.0 430 4349
W 26.0 283 n2 M5 325 359 40.3 430 451 451
NW 26.0 283 02 35 325 359 40.3 430 451 451
1,000-year
N 25.8 282 N2 325 335 ara 41.7 445 46.7 47.8
NE 258 281 0.0 3.3 323 357 401 27 448 457
E 253 275 204 306 e 49 381 416 436 446
SE 236 2586 274 2886 295 324 36.2 335 40.3 411
s 256 278 297 3.0 no 353 306 422 442 452
SW 25.8 282 3.2 325 335 T 4.7 445 46.7 47.8
W 2749 304 325 339 349 388 437 46.7 49.0 50.1
NW 274 304 3258 339 349 k8 437 46.7 49.0 50.1
10,000-year
N 285 310 332 346 35.7 39.6 448 47.8 503 514
NE 275 289 320 333 344 381 429 458 481 492
E 2649 252 N3 326 336 ir2 41.9 47 46.9 480
SE 251 273 202 304 34 46 388 413 433 442
s 27.2 286 N6 330 34.0 T 42.4 4513 475 486
SW 285 310 332 346 35.7 39.6 448 47.8 503 514
W 297 323 M5 36.0 T 41.4 46.9 50.2 52.8 540
NW 297 323 45 36.0 T 41.4 46.9 50.2 52.8 540

For the structural design the 1 min gust shall be considered for global analysis, while 3s guest have to be
considered for local design of topside members and equipment supports.
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7 SEALINE DESIGN AND FLOW ASSURANCE STUDY
7.1 Hewett CO2 Pipeline Sizing

The present Clause outlines the results of the preliminary sizing of the offshore long running pipeline required
to transport the CO2 produced by Teesside Bay industries (East UK coast) up to the Hewett offshore depleted
field, more specifically the Lower and Upper Bunter Sandstone reservoirs.

Preliminary pipeline routing has been planned in order to pass in the proximity of the not yet exploited
Endurance concession, to pass as much as possible far from already exploited fields along the pipeline path
and to minimize the crossings with already existing offshore pipelines. Anticipated number of not avoidable
pipeline crossings is 5, according to the last updated available information taken from the UKCS Oil and Gas
Activity database.

The resulting preliminary overall pipeline routing length is approximately 285 km, the maximum water depth
is 63 m and maximum local slope is 1.2%. The preliminary pipeline coordinates starting and ending points are
listed in the following table.

Coordinates LONGITUDE LATITUDE
Starting point (Teesside coast) -1.109234 deg EAST 54.609939 deg NORTH
Ending point (Heweitt field) 1.584389 deg EAST 53.112556 deg NORTH

The following figures show the resulting preliminary pipeline routing superimposed to the UKCS Qil and Gas
Activity pipeline and field database and the associated preliminary offshore pipeline profile.
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The preliminary mechanical sizing of the Hewett CO2 offshore pipeline has been performed according to 1ISO
13623 International Standard — Petroleum and natural gas industries — Pipeline transportation systems, as
far as are concerned the pressure containment requirements, supplemented by DNVGL-ST-F101 — Submarine
pipeline systems Standard, as far as are concerned the external collapse and propagating buckling
requirements.

The following main Project assumptions have been taken into account to perform the pipeline preliminary
mechanical sizing: different Project options have been considered as far as are concerned the pipeline Steel
Grade Material, the Design Pressure and pipeline outside diameters.

Design Temperature 50°C (no material strength de-rating)
Corrosion Allowance 6 mm

Maximum Water Depth 70 m (63 m + 10% allowance)

Line pipe manufacturing UOE (Ttab = 1 mm)

Steel Grade Material (2 options) L415 - L450

Design Pressure (2 options) 60 bar — 160 bar

Pipeline Outside Diameter (OD) (4 options) 30” — 28" -26" - 22"

The main results in terms of pipeline minimum Wall Thickness sizing are reported in the two following tables
as a function of the two envisaged different Steel Grade Materials, the two envisaged different Design
Pressures and the four different pipeline Outside Diameters.

The tabulated minimum pipeline Wall Thicknesses are the ones required to meet the external collapse and
the propagating buckling requirements according to DNVGL-ST-F101 Standard at the maximum envisaged
water depth of 70 m (external pressure maximization with pipeline in void condition) and to meet the
pressure containment requirements according to ISO 13623 International Standard at sea water level
(differential pressure maximization).

Pipeline @ Design
OD  Pressure
[inch] [bar] Collapse | PropBuck | Bursting
30 60 16.9 23.3 14.1
30 160 16.9 23.3 25.6
28 60 16.3 22.2 13.6
28 160 16.3 22.2 24.4
26 60 15.6 21.0 13.1
26 160 15.6 21.0 23.1
22 60 14.4 18.7 12.2
22 160 14.4 18.7 20.6

Pipeline Steel Grade Material Option 1 — L415 (SMYS 415 MPa)
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Pipeline  Design

OD  Pressure
[inch] [bar] Collapse | PropBuck | Bursting |

30 60 16.9 22.8 13.5

30 160 16.9 22.8 24.2

28 60 16.3 21.7 13.1

28 160 16.3 21.7 23.0

26 60 15.6 20.5 12.7

26 160 15.6 20.5 21.9

22 60 14.4 18.3 11.8

22 160 14.4 18.3 19.6

Pipeline Steel Grade Material Option 2 — L450 (SMYS 450 MPa)

From the above tables it is possible to ascertain the following:

The wall thickness sizing determined by the external collapse verification is independent from
both the Material Steel Grade and the Design Pressure and it is dependent only from the pipeline
outside diameter.

The wall thickness sizing determined by the propagating buckling verification is independent from
the Design Pressure and it is dependent from both the Material Steel Grade and the pipeline
outside diameter.

The wall thickness sizing determined by the pressure containment verification is dependent from
the Material Steel Grade, the Design Pressure and the pipeline outside diameter.

Considering the use of the L450 steel Grade Material with respect to the use of the L415 steel
Grade Material, the steel material and cost saving for pipelines sized by the propagating buckling
requirement is approx. 2% while the steel material and cost saving for pipelines sized by the
pressure containment requirement is in the range of 3%+6%, hence the selection of the L450 steel
Grade Material is recommended.

Considering a Project Design Pressure of 160 bar, the governing criterion for the pipeline sizing is
the pressure containment requirement, hence the following pipeline sizing is recommended as a
function of the pipeline outside diameters:

Pipeline Design
oD Pressure wTt
[inch] [bar] [mm]

30 160 24.2
28 160 23.0
26 160 21.9
22 160 19.6

Considering a Project Design Pressure of 60 bar, the governing criterion for the pipeline sizing is
the external collapse requirement. However, for pipelines sized according to external collapse the
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installation of buckle arrestors is required to prevent the likelihood of propagating buckling: in
this specific case buckle arrestors would be required in the water depth range from maximum 70
m w.d. up to 24+27 m w.d. (as a function of the different pipeline diameters) i.e. for almost the
overall length of the pipeline according to the preliminary offshore pipeline profile. To avoid the
installation of buckle arrestors a viable alternative is to size the pipeline according to the
propagating buckling requirement (thicker line pipes), however for this specific case the
cost/benefit preliminary analysis is in favour of the former alternative since the anticipated cost
of the additional buckle arrestors to be supplied is well below the additional anticipated cost of
the thicker line pipes. In this case the following pipeline sizing is recommended as a function of
the pipeline outside diameters:

Pipeline Design
oD Pressure wrt
[inch] [bar] [mm]
30 60 16.9
28 60 16.3
26 60 15.6
22 60 14.4

Being the pipeline overall length to be laid in very shallow / shallow waters it is mandatory to overweight all
the line pipes by concrete overweighting minimum 40 mm thickness; this is also necessary to guarantee a
specific gravity verification greater than 1.1 to avoid the pipeline self-buoyancy.

7.2 FLOW ASSURANCE — CO, composition

The simulations have been carried out with Olga 2018.1.0, both with the Single Component Pressure-
Enthalpy mode, for pure CO,, and the “.tab” Pressure-Temperature mode for impure CO..

In the latter case, the table of the PVT properties has been generated with Calsep PVTSim Nova v4.2. Given
the characteristics of the latter approach, more suitable to hydrocarbon mixtures, the representativeness of
the results has to be further checked.

The impure composition is notional (not associated to specific information):

Mol%

Ha
N
Ar
CO;

0.75

1.40

0.40
97.45

The phase diagrams of the CO, compositions used in this study are shown below.

The hydrate dissolution curve is shown in red, even if during transportation and injection into the wells it has
no relevance, since the water concentration makes hydrates formation negligible even inside of the stability
region. In case of hydrates formation risk during some transient operations, hydrate inhibitor (MEG) is

available on the injection platform.
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7.3 FLOW ASSURANCE — HEWETT WELLS

Flow assurance analyses have been carried out by simulating the lifetime behavior of the field during CO,
injection. The simulation activity started from the wells since the boundary conditions are dictated by the
reservoir pressure evolution, itself determined by the injection flow rate history and reservoir characteristics.

Consequently, a number of preliminary iterations with the Reservoir and Drilling & Completion departments
have been performed in order to set up a self-standing scenario on which the final simulation have been
carried out. All these preliminary attempts are not reported here.

Two injection strategies have been considered:
A. Lower Bunter only (to be followed decades later buy Upper Bunter injection)
B. Lower Bunter and Upper Bunter at a coordinated pressure, sharing the injection rate

Moreover, two transportation configurations have been simulated:

- dense-phase transportation, heating, depressurization and well injection

- gas and multiphase transportation and direct well injection (no heating)
Despite the fact that technological doubts exist on the latter, it deserved attention here since, if effective, it
could lead to significant plant simplifications and power savings.

For the Olga models, the well completions for the Lower and Upper Bunter have been taken by the data
reported below. The tubing diameters have been selected together with the Completion office to be as large
as possible, given the well geometry and the reservoir data. Preliminary simulations have in fact shown that
smaller diameters may limit the injection rate, especially in the no-heating injection scenario.
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Upper Bunter well completion

For the Lower Bunter wells, the tubing size has to be reduced from 9”5/8 to 7” at a TVD of about 1060m, to
comply with D&C feasibility constraints. Instead, the Upper Bunter tubing is 9”5/8 for its whole length.

7.4 FLOW ASSURANCE — INJECTION RAMP UP

The injection rate has not been assumed to start immediately at the plateau rate (6 MTPA), but to ramp up
in a number of steps. This injection profile is both consistent with the industrial development scenarios and
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also with a very low initial reservoir pressure, which suggests to adopt lower rates at the beginning of the
injection history. In particular, the following total injection profile has been adopted.

Total Injection Profile

100 7
90
6
80
T 70 5
© —
a g
[ =
3 o a2
H 2
L 50 5
o c
2 3.8
< 40 g
g £
a 30 2
20
1
10
0 0
2021/06  2025/06  2029/06  2033/06  2037/06  2041/06  2045/06  2049/06  2053/06
Time
—BHP —QG

In case of strategy A (injection in Lower Bunter only) the total injection rate has been split among the wells
in equal proportion. Instead in case of strategy B (coordinated injection in Lower and Upper Bunter) a
reservoir-driven flowrate partition has been adopted, in order to keep aligned the pressurization of both
reservoir levels. In fact, injection in the upper bunter level (starting at 23 bara) only begins when the lower
bunter pressure assumes the same value. Then, the two injection rates are balanced to achieve a similar
reservoir pressure increase in time.

Injection rate per well
25
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0.5

0
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7.5 FLOW ASSURANCE — WELLS UNDER STEADY STATE CONDITIONS

For the Olga simulations, a particular strategy has been used in order to simulate the whole injection history
of the wells: the time in weeks of the reservoir study have been converted into hours for the Olga simulations,
so that, e.g., the gradual pressure changes occurring in 52 weeks are compressed into 52 hours. This allowed
to simulate 30 years of injection in a reasonable time, but also to simulate the application of flowrate changes
in a realistic timeframe (e.g. 1 hour) so that the possible effect of transients could also be examined.

Moreover, the following can be observed:

Olga models have been run separately for wells and pipelines

It was observed that the complete model, including wells and pipelines, is not only much slower
but is also generally unstable in case of CO2 simulations. Consequently, the complete model has
been used for qualitative comparison, but not for the screenings.

Seasonal temperature changes have not been simulated during the injection lifetime. Some rough
tests in which a yearly sinusoidal ambient temperature change has been imposed have been
simulated, showing the absence of significant phenomena, both in the pipeline and in the wells.

As will be reported in a subsequent paragraph, well transients have been simulated in some
injection histories every about 30 weeks, to assess the effect of shut-downs and, after 3 hours, of
the following start-ups. No criticalities have been observed in Upper and Lower Bunter wells.

In general, care has been taken to identify the design choices which can be applied also in the
scenario which does not include any heater. This may have imposed some additional restrictions in
the heating case, but these did not seem significant.

7.5.1 Scenario A — Lower Bunter Only

For the well simulations, the CO; injection rate has been varied assuming the values 4°C, 10°C, 20°C and 30°C,
and the number of wells has been varied from 3 to 4.

As can be seen in the following charts:

with 3 wells, for the cases with inlet temperature of 4°C and 10°C, the minimum fluid temperature
in the tubing temperature drops significantly below zero during the flowrate ramp-up. The case at
20°C is just below zero and a small delay in the flowrate ramp-up can likely increase the minimum
temperature above zero. Nevertheless, the erosional velocity ratio EVR becomes significantly high
in the 7” tubing region, reaching values just below 4. This may render the three-well case
challenging to accomplish.
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Lower Bunter 3 wells - 4°C injection temperature

Lower Bunter 3 wells - 10°C injection temperature
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From the simulations, it can also be noticed that the wellhead pressure stabilizes substantially at the CO,
equilibrium pressure pertaining to the injection temperature (See chart at §7.2). This may be operationally
important since it disconnects the wellhead pressure from the bottomhole pressure: all the pressure excess
between bottomhole and wellhead is compensated by the CO, density along the tubing.

- With 4 wells, for the case with inlet temperature of 4°C, the minimum tubing temperature drops
for a short period of time down to -2.5°C for the last flowrate step, the one which reaches the
maximum rate. This seems more likely a transient effect (Olga simulations are in hours and not
weeks). When the bottomhole pressure increases from 20 to 25 bar, the minimum fluid
temperature in the tubing temperature returns to 4°C. In other terms, this phenomenon seems
avoidable with an appropriate operation and a small ramp-up rescheduling. Also, the EVR assumes
a maximum value of 2.8 at the beginning of the last flowrate increase and then decreases rapidly
below 2.5, which seems acceptable.

Lower Bunter 4 wells - 4°C injection temperature

Lower Bunter 4 wells - 10°C injection temperature
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Lower Bunter 4 wells - 20°C injection temperature Lower Bunter 4 wells - 30°C injection temperature
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Consequently, the reference case seems to foresee 4 wells.

An example of the P/T evolution along the injection lifetime for a Lower Bunter well (injection temperature
set at 10°C) is shown below, where time is indicated with a rainbow color scheme, from violet to red,
respectively for early injection and late injection rates. Filled and Empty dots represent respectively wellhead
and downhole conditions. The line joining them represents the P/T values along the whole tubing.

L Hewett Lower Buntgr We!l —YGO% ‘

100+ 1

60

Pressure [bara)

a0t

20+

0 10 20 30 40 50 60
Temperature [°C]

7.5.2 Scenario A — Lower Bunter Only

The coordinate injection in the two levels is achieved by injecting into three wells in the Lower Bunter level
until a pressure of about 23 bar is achieved. This coincides substantially with the last injection rate increase,
which would be accomplished by starting injection also in the Upper Bunter with a rate of about 35% of the
total rate. This is feasible since the Upper Bunter completion is all 9”5/8 and does not suffer from the
limitations imposed by the 7” section of the LB wells.

A simulation imposing 40% of the total rate on the UB is shown below, for a 10°C injection temperature.
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An example of the P/T evolution along the injection lifetime for an Upper Bunter well (injection temperature
set at 10°C) is shown below, where time is indicated with a rainbow color scheme, from violet to red,
respectively for early injection and late injection rates. Filled and Empty dots represent respectively wellhead
and downhole conditions. The line joining them represents the P/T values along the whole tubing.
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Consequently, also this scenario foresees 4 wells and seems technically acceptable.

7.6 FLOW ASSURANCE —WELLS UNDER TRANSIENT CONDITIONS

The behavior of wells under transients has been explored by simulating a 3h shut-in and subsequent restart
every 31 weeks along the whole history. This has been done for the case of 4 wells (or about 70% of the
flowrate for 3 wells).

A chart showing the P and T behavior for a transient is reported below. The shut-in starts at time 1hr and
finishes at time 3hr. The flowrate is stopped and restarted abruptly. The injection temperature is 10°C.

The minimum temperatures occur in the initial section of the lifetime, as seen in the subsequent charts.
It can be observed that the minimum temperature occurs for a very short time and only in the fluid (not in
the tubing material). This indicates that the problem is likely mitigated or eliminated by making the shut-in

less abrupt and that, in any case, it should not have structural effect on the tubing.

This is the only type of transient which has been simulated. Slow flowrate transients, longer shut-ins, well
depressurization or bull-heading operations have not yet been addressed.
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Minimum temperatures during shut-in / restart (hr=1 to 3)
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FLOW ASSURANCE — PIPELINE
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The pipeline transport has been simulated both for full liquid phase conditions (which imply heating needs
since start-up) and for gas/multiphase conditions (which might require heating after some years of injection).
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7.7.1 Liguid (=dense) phase pipeline

For the liquid transportation case, the pipeline inner diameter has been sized as 0.483m (19”) in order to:
- Minimize the line diameter
- Minimize outlet pressure (minimize platform choking)
- Minimize inlet pressure (minimize compressor power)
- avoid the phase transition curve in any line positions

An arrival pressure of 67 bara seems to allow reaching the above objectives (under steady state conditions)
for all the flowrate values considered. This is visible in the following chart, where the P/T values along the
pipeline and along the whole injection history can be seen (time is indicated with a rainbow color scheme,
from violet to red, respectively for early injection and late injection rates; filled and Empty dots represent
respectively wellhead and downhole conditions). Ambient temperature has been set to 5°C and inlet
temperature to 35°C.
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An arrival pressure of 75 bara may allow to avoid the phase transition line also during shutdowns. Smaller or
larger diameters, have the only effect to raise or reduce the inlet pressure, thus modifying the compressor
power needed onshore. The selection of the optimal diameter thus can be selected through a cost
comparison between the pipeline CAPEX with varying diameter and the compressor lifetime OPEX at
different discharge pressures, which is beyond the scope of this document.

The temperature falls exponentially from the inlet to ambient temperature in about 60km even at the highest
injection rates and then remains constant. The effect of the inlet temperature on the inlet pressure is

negligible, even passing from 36 to 75°C.

7.7.2 Gas — multiphase pipeline

The simulation of this case is much more complex, and definitive conclusions about its feasibility have not
been achieved yet.
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An easy achievement is the minimum pipeline inner diameter, which has to be above about 26”: this is
dictated by the Joule Thompson effect, which reduces the outlet temperature for the highest injection rates
to below 0°C for any diameter smaller than 24” included. Consequently, the reference inner diameter has
been selected to be 30”.

The evolution of P/T along the pipeline depends on the starting temperature and the pipeline insulation. Two
examples are reported below. In the charts, as elsewhere, time is indicated with a rainbow color scheme,
from violet to red, respectively for early injection and late injection rates; filled and Empty dots represent
respectively pipeline inlet and outlet.

Three cases are reported:
- Theinlet temperature is equal to the ambient temperature, 10°C in this simulation.
- Theinlet temperature is equal to 50°C
- Theinlet temperature is equal to 50°C and the pipeline is insulated with 5¢cm polyurethane coating

In the first case, the phase transition line is crossed “from above”, and a full transition to the liquid phase is

foreseen. In this case, heating on the platform might be needed if the transition from the liquid phase to the
gas phase is not desired to occur inside of the reservoir. No major instabilities are observed in the simulations.

Hewett Multiphase Pipeline 30" ID

60 = ., o = . = = == . = = = = = == = =
50}
40} |
- —"
© .
)
=,
® 30t {
= | . {
7]
0
Q
v 3
o o‘!
%
20} f
or
10}
0 |
0 5 10 15 20

Temperature [°C]

In the second case, the phase transition line is crossed “from below”, and a full transition to the liquid phase
is foreseen along the pipeline. In this case, severe instabilities are observed at the pipeline arrival, and this
particular operating condition is not recommended.
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In the third case, only a small entrance in the liquid phase, crossed the transition line “from below”, is
observed. Most of the pipeline is in a pure multiphase mode but major instabilities are not observed at the
pipeline arrival.
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As a consequence, it is clear that the overall flow regime depends on the operating mode and further
analyses are necessary to identify, if any, the satisfactory multiphase transport mode without heating.

7.7.3 Gas — multiphase pipeline and associated wells

The above results, suggest that a full model encompassing both pipeline and wells is required to properly
understand the feasibility of the multiphase transportation and injection. In fact, the pipeline and the well
are connected into a single node whose pressure cannot be chosen at will, since it is mostly dictated by CO2
properties and by its liquid/vapor ratio (and the associated latent heat). Moreover, the presence of a choke
is not desirable without heating facilities, since it would further lower the wellhead temperature WHT
through the Joule-Thompson effect. Consequently, the operating conditions of the whole system need to be
assessed by a full model.

This model takes several days to run and only a partial set of simulations has been carried out. Each of them
has been usually stopped after reaching constant conditions (at some point, pressures get fixed to the value
pertaining to the CO2 equilibrium curve at the operating temperature).

To speed up the full model, a simplification has been made: the four wells have been described as a carbon-
copy of one Lower Bunter well (Olga NEQUIPIPE keyword), instead of modelling the different wells
independently. As a side effect, it has to be noticed that 4 LB well are not equivalent to 3 LB wells + 1 UB well,
since the UB well has a higher injection capacity, due to its larger diameter and shorter length. Consequently,
a low bottom-hole temperature for some flowrates was produced as an artifact.

The Inner diameter has been chosen in the range 24” - 26”, in order to explore opportunities for reduction.
Moreover, the pipeline has been insulated (50mm of polypropylene in the model), to reduce the thermal

exchange with the environment and thus to limit CO2 phase transition from gas to liquid in the pipeline.

The main resulting charts for the 24” line are shown below (color codes for the PT diagrams as above).
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The analysis of the 24” case, shows that the arrival temperature of the pipeline falls below zero (min -4.2°C)
for an extended period of time. This phenomenon is also due to the specific insulation value chosen

Moreover, the bottom-hole temperature falls temporarily at about -10°C after the last flowrate step up. This
seems to be due to a combination of the lower injection capacity of 4 LB wells and to a transient

phenomenon, most likely mitigated by carrying out the step-up less abruptly. These hypotheses have not yet
been demonstrated by dedicated simulations.

It has to be noticed that the insulation has an influence effect on the thermal profile along the pipeline, but
for such a long line, especially for small diameters it has the effect of worsening the arrival temperature for
the highest rates. For the 24” pipeline, the thermal profiles with and without insulation are shown below:

24" insulated pipeline - Temperature profile 24" non insulated pipeline - Temperature profile

Temperture [*C]
Temperture [°C]

Distance [km] Distance [km]

—2A4AMTPA —3.7 MTPA 4.9 MTPA —6.0 MTPA —2.AMTPA —3.7MTPA 4.9 MTPA —6.0 MTPA

A non-insulated 24” line seems to be able to transport the multiphase flow down to the bottom-hole without
violating temperature constraints, both for steady state conditions and some transients (ramp-ups). Shut-ins
have not yet been simulated and the shut-in operational logic has to be properly set-up to avoid cooling by
depressurization. The first 2 years, up to max injection rate, for the non-insulated 24” are shown below.
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The 26”, 28” and 30” cases confirm the same findings but with better thermal conclusions even in the
insulated case. Below, it is reported the 26” simulation, stopped at about 500 hours but reported on the
same time-axis is used for the 24” case above for easier comparison.
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In fact, in this case the arrival temperature of the pipeline has a minimum of -1.2°C and most of the injection
history occurs at acceptable operating conditions.

The 28” line insulated results, not reported here, show an even better thermal behavior.

7.7.4 Gas — multiphase pipeline and associated wells — From Bacton or Humberside

In order to verify the effect of the pipeline length on the results achieved and to identify optimal conditions
for transportation, simulations have been performed with “notional” pipeline profiles coming from Bacton
and Humberside industrial areas. The bathymetries of such hypothetical lines were derived from the
Teesside-Hewett profile. All the cases were considered buried with an inlet temperature of 50°C.

145 km radius

43 km radius

‘Nottingham
nit

-~
‘Norwich
Leicester

Ypswich

The lengths of the pipelines were respectively 43km and 145km, with the accessible coastal sections
suggested by the circles in the picture above.
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The bathymetries used for the three cases are represented below for direct comparison. The notional cases
from Humberside and Bacton have been generated by modifying the reference Teesside case.
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The pipeline was connected to 4 identical injection wells, with the Lower-Bunter completion. This
simplification allowed for faster simulations, slightly conservative, since the injection capacity of the Upper

Bunter well (being shorter and larger diameter) would be larger.

To prevent low temperatures in the wells, the injection rate ramp-up has been regularized as follows:

1 year 2.44 MTPA
1 year 3.66 MTPA
1 year 4.88 MTPA
after 6.00 MPTA

This injection profile is qualitatively representative, i.e. is not considered unrealistic for all the cases studied.
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Olga simulations can be carried out in the Pressure-Enthalpy plane only with pure CO,, but as a reference, is
the graphics below also the phase diagram of impure CO; has been represented, to illustrate the changes
that the different phase envelope could imply.

The T-P evolution for the longer line case is illustrated below.
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From the diagrams, it is clear that the transportation in the 145 km pipeline and in the wells is almost always
multiphase, given the fact that the T-P points do not abandon the phase change line. This is mostly true also
for the wells.

The chart of the liquid hold-up in the pipeline (i.e. the pipeline fraction filled with liquid along it length and
along the injection history), is shown below.

Hamberside-Hewett 28" - Liquid hold-up
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Liquid hold-up at the end of the injection history

The above chart indicates that the first 50km of pipeline are free of liquids, i