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sub-contractors (the Consortium) solely for the Department for Energy and Climate Change in
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Information. In so far as permitted by law, no member of the Consortium or any company in the
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for negligence or any other reason, for any damage or loss arising from any use of or any reliance
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whom the Information is made available must make their own independent assessment of the
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Executive Summary

There are currently five suspended production wells on the Goldeneye platform, drilled and
completed by the Maersk Innovator in 2003. For the carbon capture and storage project, it is
planned to work these wells over prior to the start of CO, injection. The requirement for working
over (re-completing) the wells and the proposed conceptual well design is described in the
Conceptual Completion and Well Intervention Design Endorsement Report (Key Knowledge
Deliverable 11.093) and the Well Completion Concept Select (Key Knowledge Deliverable 11.097).

At the end of field life, i.e. upon cessation of CO, injection, the Goldeneye field will be
decommissioned.  As part of the decommissioning process, the development wells will be
permanently abandoned, and the proposed abandonment designs are detailed in this document.

The platform well abandonment designs are based on the following design premises, detailed
description of which is available in the Dynamic Reservoir Modelling Report (Key Knowledge
Deliverable 11.122) and the Well Integrity Assessment Report (Key Knowledge Deliverable 11.113)

e All the injected CO, is contained within the Captain reservoir.

0 However, a contingency design is supplied, should CO, leak from the Captain reservoir
to the Balmoral formation.

O 'The Plenus/Hidra Marl and Rodby Shale are the primary seal for Captain sand reservoir
pressure containment.

e The Lista Shale is the primary seal for Balmoral sand containment.

e The most effective method of providing a permanent seal is to set cement plugs inside
cemented casing. This type of abandonment barrier provides full cross-sectional coverage,
and its position and integrity can be confirmed via tagging, pressure and inflow testing. The
preferred concepts are based on this design premise.

O However, in the event that there is poor annular cement coverage behind the production
casing string, a contingency abandonment design, involving section milling a casing
window to allow the placement of a “rock-to-rock” cement plug abandonment barrier,
has been described.

O It is planned to obtain cement bond logs for the 9 %" [244.48mm)] production casing
strings when conducting the workovers required for conversion to CO, injection. The
results from these will be used to assess the quality and position of the cement behind
the 9 %" production casing string, and will determine the abandonment design to be
implemented.

The abandonment designs for the five development wells have been designed in accordance with the
Oil & Gas UK, “Guidelines for the Suspension and Abandonment of Wells”, Issue 4, July 2012 and
Shell standards. The primary abandonment designs for each well are based on setting cement plugs
inside well cemented casing and across the sealing Rodby Shale, Plenus/Hidra Matl and Lista Shale
formations, with conventional abandonment techniques being employed. However, it is recognised
that contingency designs may have to be applied in the event that pootly cemented casing is
encountered, and these contingency designs are also described in this document.

In addition, the abandonment plugs are currently planned to be constructed using conventional
cementing materials; however this will be re-evaluated at the time of abandonment, to ensure that the
most appropriate materials available are used.
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@ PETERHEAD CCS PROJECT Introduction

1. Introduction

1.1. Summary

The Goldeneye field is currently being evaluated as a potential store for CO, disposal, and following
workover, the existing platform wells will be used for CO, injection. Upon cessation of CO,
injection, the Goldeneye field will be decommissioned, during which the injection wells will be
abandoned.

The purpose of this document is to detail the abandonment design concept for the Goldeneye
platform wells.

2. Goldeneye Wells

The Goldeneye field currently consists of a normally unmanned platform with five gas production
wells. The wells are similar in design and were drilled with the Maersk Innovator heavy-duty jack-up
tig during 2003/2004. An intervention campaign was catried out in 2012 and suspension plugs were
set in all the wells.

The existing wells have been constructed in the following manner:

e The 30” [762mm] conductors were driven to approximately 750ft [229m]. Slots were cut in
the conductors at seabed level during well construction for surface casing cementing
purposes.

e The 20” x 13 % surface casing strings were set at approximately 4,000ft.

e The 10 % x 9 %” production casing strings were set either just above, or directly below the
top of the Captain reservoir sands.

e The 77 slotted liners with 4 2” screens and gravel packs were installed across the Captain
reservoir sands for sand control purposes.

e The upper completions consist of 7”7, 13Cr tubing, with the following completion
components included:
0 A 9°4” production packer with perforated joint below.
O A PBR and seal unit above the production packer.
0 A permanent downhole gauge.
0 A TRSSSV set at approximately 2,5001t

e  The surface Xmas tree is a 6 %s” mono-bore system, rated to 5,000 psi.

e  The surface wellhead is a Cameron compact design, rated to 5,000 psi.

Some of the existing wells will be selected for CO, disposal purposes, and these will be worked over
in order to install a tapered 4-1/2” x 3-1/2”) slim completion which shall include a safety valve, well
monitoring package (permanent downhole gauge, DTS (Distributed temperature Sensing), DAS
(Digital Acquisition system)), and a production packer with a stinger. The new upper completion shall
sting into and seal in the existing lower completion screen packer. The proposed well construction
including casing strings is discussed in the Conceptual Completion and Well Intervention Design
Endorsement Report (Key Knowledge Deliverable 11.093)

In the worked over wells, the existing casing and lower completion shall not be changed. Therefore,
for abandonment purposes, the status of these items will remain the same as when originally
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@ PETERHEAD CCS PROJECT Goldeneye Wells

constructed. Details of the existing well condition, field geology and reservoir characteristics are
included in the Well Functional Specification (Key Knowledge Deliverable 11.098)

2.1. Goldeneye Stratigraphy

The stratigraphy encountered in the Goldeneye development wells is shown in Figure 2-1 below.

Depth: TVDSS
L] itnnnnnnnr
3007 Sazbed
1
Dormch 5 g Toyrnioch and shallower formations are believed
i sfifie : to be in communication with each other and to
seabed
Lista shales are the secondary seal in the
AR RSN RReY stratigraphy
4445 {Bakinpral 1=l Balmoral sands are water bearing permeable
PR e e e o sandstons, coversd by impermeable shales
0 |Ekofi
STTE|Tor
-531?‘1{3&@%% 5'-!— Challk features low permesbility | but ne

- sealing capacity due to micro fractures

Fodby shales and Hidra marl are the main seal
above the Injection reservoir

o == C(apfain zands are the CO: Injection reservoir

~4—— Thick layers of Kimmeridge and Heather shales
prevent CO: from migrating downwards o
permeable reservoirs

D
Figure 2-1: Main Stratigraphy for Goldeneye area, average depths of formation tops
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@ PETERHEAD CCS PROJECT Goldeneye Wells

The following stratigraphic facts have been taken into account when designing the abandonment
concepts for each well:

e The Plenus/Hidra Matl and Rodby Shale directly ovetlying the Captain resetvoir are sealing,
and can be used for permanent abandonment integrity purposes.

e The Ekofisk, Tor, Mackerel and Herring are Chalk formations, which contain fractures.
Therefore, these formations are not considered to be suitable for providing a permanent
abandonment seal.

e  The Mey, Balmoral and Maureen Sands are permeable, and are not considered to be suitable
for providing a permanent abandonment seal.

e The Lista Shale is sealing, and can be used for permanent abandonment integrity purposes.

e The formations overlying the Lista are non-sealing and normally pressured, and are thought
to be in communication with the seabed.

Therefore, the proposed abandonment concepts will be based on positioning permanent
abandonment plugs opposite the sealing formations of the Plenus/Hidra Matl, Rodby and Lista
Shales.

2.2. Goldeneye Wells: Current Well Status

The data relating to the current status of the existing five wells is described in the tables and figures
provided in sections 2.2.1 to 2.2.5.

2.2.1.Goldeneye Well GYA01 (14/29a-A3)
Table 2-1: GYAO01 (14/29a-A3) Well Details

Water Depth 395 ft
Rig Floor Elevation 152.5 ft
Wellhead System Cameron SSMC Compact Spool
Xmas Tree Cameron 5 ¥s” Monobore
Initial Reservoir Pressure 3,800 psi
Estimate Abandonment Reservoir Pressure 3,800 psi
Reservoir Temperature 180°F
Total Depth (TD) 9,166ft AHDBDF
Maximum Inclination 30.4° at 7,574ft AHDBDF
30” Conductor Setting Depth 750ft AHDBDF
307 Conductor Specification 1.5” WT, X52, Merlin (Iflternal Upset)
2” WT used for drive shoe
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Goldeneye Wells

30” Cement Job

Conductor driven, N/A

20” x 13 ¥s” Casing Setting Depth

4,155tt AHDBDF

207 x 13 ¥s” Casing Specification

207, 202.71b/ ft, X80, Metlin (top joint)
207, 202.71b/ft, X65, Metlin box x
SR20 pin Crossover Joint
207, 202.71b/ft, X65, SR20
13 347, 68lb/ft, 1.80, Dino VAM
207 x 13 %8” XO at 704ft AHDBDF

30” x 207 /13 34" Annulus Fluid Seawater
Single Slurry at 582pptf
207 x 13 %’ Cement Job HEe Sy At 25bP
TOC at seabed
10 %4 x 9 %/8” Casing Setting Depth 9,066ft AHDBDF

10 %47 x 9 ¥8” Casing Specification

10 %47, 55.51b/ft, .80, VAM Top
9 %”: 53.51b/ft, 1.80, VAM Top
10 %4 x 9 %87 XO at 3,130ft AHDBDF

207/13 %" x 10 % /9 %" Annulus Fluid

560 pptt LTOBM

10 %47 x 9 %8” Cement Job

Single Class G Slurry at 728 pptf

TTOC at 7506ft AHDBDF
7” Pre-drilled Liner Setting Depth 9,066ft AHDBDF
77 Pre-drilled Liner Specification 77, 291b/ft, 13Cr 180, NK3SB
8 2” x 7”7 Annulus Fluid N/A
7 Cement Job N/A
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Goldeneye GYA-01
Shell

Depths relative to RKB

Seabed 548’

704’ — 20” x 13 3/8” casing x/o
750 - 30” conductor

1837 [ Horaalang S

< —>|2549° - TRSSV Halliburton 7”
\ 3130° - 10 %" x 9 5/8” casing x/o0

4156’ - 20” x 13 3/8” casing shoe

4809’ [«— | Tubing 7” 29#, 13Cr L80, NK3SB

5961’ [Ekofisk
m——
1 % o

95/8” TOC — | 7506 — Theoretical TOC 9 5/8”
v 8322’ - Tubing 5 %" 23#, 13Cr L80, NK3SB x/o

IEI o 8383’ — PDHG, Schlumberger 5 2"
i 8443’ — PBR, Halliburton 120k shear/20’ stroke/
circ. sub. PBR not sheared

Herring 8528’ — Halliburton HHC packer
8547’ -

Mackerel

o 8651” - Perforated pup
8681’ - Seal Assembly, Baker G22

8821’ 8696" - SCR2 packer; Top screens
8755’ — FIV, Schlumberger

8831’ - TOL 7”Uniflex PBR

9006’ - 10 3/4” x 9 5/8” casing shoe

9154’ - 4” Excluder screens

9163’ - 77 pre-drilled Liner
9166’

Figure 2-2:  GYAO1 (14/29a-A3)
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2.2.2.Goldeneye Well GYA02s1 (14/29a-A4z)

Table 2-2: GYAO02s1 (14/29a-A4z) Well Details

Goldeneye Wells

Water Depth 395 ft
Rig Floor Elevation 152.5 ft
Wellhead System Cameron SSMC Compact Spool
Xmas Tree Cameron 5 ¥s” Monobore
Initial Reservoir Pressure 3,811 psi
Estimate Abandonment Reservoir Pressure 3,800 psi
Reservoir Temperature 182°F
Total Depth (TD) 11,464ft AHDBDF
Maximum Inclination 60.5° at 10,622ft AHDBDF
30” Conductor Setting Depth 750ft AHDBDF

30” Conductor Specification

1.5” WT, X52, Merlin (Internal Upset)
2” WT used for drive shoe

30” Cement Job

Conductor driven, N/A

207 x 13 ¥s” Casing Setting Depth

4,154ft AHDBDF

20” x 13 ¥/s” Casing Specification

207, 202.71b/ ft, X80, Metlin (top joint)
207, 202.71b/ft, X65, Metlin box x
SR20 pin Crossover Joint
207, 202.71b/ft, X65, SR20
13 %8, 68lb/ft, 180, Dino VAM
207 x 13 %8” XO at 703ft AHDBDF

30” x 20”/13 34" Annulus Fluid Seawater
Single SI t 582pptf
20” x 13 %5” Cement Job nee Sy A PP
TOC at seabed
10 %47 x 9 %8” Casing Window Depth 10,990ft AHDBDF

10 %47 x 9 %8” Casing Specification

10 %, 55.51b/ft, 180, VAM Top
9 %4”: 53.51b/ft, 1.80, VAM Top
10 %4” x 9 %” XO at 3,155ft AHDBDF

207/13 %” x 10 %4” /9 %” Annulus Fluid

610 pptf LTOBM

Doc. no.: PCCS-05-PT-ZW-7180-00001, Abandonment Concept for Injection Wells

Revision: K02 7

The information contained on this page is subject to the disclosure on the front page of this document.




@ PETERHEAD CCS PROJECT Goldeneye Wells

Single Class G Slurry at 728 pptf
10 %47 x 9 %8” Cement Job
TTOC at 9,768ft AHDBDF
77 Pre-drilled Liner Setting Depth 11,462ft AHDBDF
77 Pre-drilled Liner Specification 77, 291b/ft, 13Cr 180, NK3SB
8 2” x 77 Annulus Fluid N/A
7 Cement Job N/A
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Goldeneye GYA-02s1 ! Depths relative to RKB

Shell

Seabed 548’

703’ - 20” x 13 3/8” casing x/o

30” 750’ - 30” conductor shoe

1839 Fiordaland

H< {2578’ - TRSSV, Halliburton 7" SP-2
) 3155’ — 10 %4 x 9 5/8” casing shoe x/o

4155’ - 20” x 13 3/8” casing shoe

4798’

<— | Tubing 77 29#, 13Cr L80, NK3SB

6451’ (Ekofisk
Tor I%% EI
e

Mackerel T 95/8” TOC —> 9768’ — Theoretical TOC 9 5/8”

Herring b= : 10465’ - Tubing 5 %" 23#, 13Cr L80, NK3SB X/0
10473’ . 10529’ — PDHG, Schlumberger 5 "

T 10592’ — PBR, Halliburton 120k shear/20’ stroke/

circ. sub. PBR not sheared
10675’ — Halliburton HHC packer

= Ny

, o 110797” - Perforated pup

10943 10826’ - Seal Assembly, Baker

| 10839’ - SCR2 packer; Top screens
——]10900° - FIV, Schlumberger

10955’ - TOL 77, Uniflex, top PBR
10990’ - 10 3/4” x 9 5/8” casing window

1 11454” - 4” Excluder screens

1 11462’ - 7” pre-drilled Liner
11464’

Figure 2-3:  GYA02s1
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2.2.3. Goldeneye Well GYAO3 (14/29a-A5)
Table 2-3: GYAO03 (14/29a-A5) Well Details

Water Depth 395 ft
Rig Floor Elevation 152.5 ft
Wellhead System Cameron SSMC Compact Spool
Xmas Tree Cameron 5 ¥s” Monobore
Initial Reservoir Pressure 3,820 psi
Estimate Abandonment Reservoir Pressure 3,800 psi
Reservoir Temperature 182°F
Total Depth (TD) 9,507ft AHDBDF
Maximum Inclination 40.1° at 5,983ft AHDBDF
30” Conductor Setting Depth 738ttt AHDBDF

1.5” WT, X52, Merlin (Internal Upset)
2” WT used for drive shoe

30” Cement Job Conductor driven, N/A

30” Conductor Specification

207 x 13 ¥s” Casing Setting Depth 4,143ft AHDBDF

207, 202.71b/ ft, X80, Metlin (top joint)
207, 202.71b/ft, X65, Metlin box x
SR20 pin Crossover Joint
207, 202.71b/ft, X65, SR20
13 3/8”, 681b/ft, L80, Dino VAM
207 x 13 %8” XO at 703ft AHDBDF

20” x 13 ¥/s” Casing Specification

30” x 20”/13 34" Annulus Fluid Seawater
Single SI t 572pptf
20” x 13 %5” Cement Job nee Sy A PP
TOC at seabed

10 %47 x 9 %8” Casing Window Depth 9,365ft AHDBDF
10 %47, 55.51b/ft, 180, VAM Top
10 % x 9 %8 Casing Specification 9 5/8”: 53.51b/ft, L80, VAM Top

10 %7 x 9 %7 XO at 3,013ft AHDBDF
207/13 %5” x 10 %4 /9 %" Annulus Fluid 610 pptf LTOBM
Doc. no.: PCCS-05-PT-ZW-7180-00001, Abandonment Concept for Injection Wells Revision: K02 1
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Single Class G Slurry at 728 pptf
10 %47 x 9 %8” Cement Job
TTOC at 7,865t AHDBDF
77 Pre-drilled Liner Setting Depth 9,503ft AHDBDF
77 Pre-drilled Liner Specification 77, 291b/ft, 13Cr 180, NK3SB
8 2” x 77 Annulus Fluid N/A
7 Cement Job N/A
Doc. no.: PCCS-05-PT-ZW-7180-00001, Abandonment Concept for Injection Wells Revision: K02 14

The information contained on this page is subject to the disclosure on the front page of this document.



PETERHEAD CCS PROJECT Goldeneye Wells

Depths relative to RKB

Goldeneye GYA-03
Shell

Seabed 548’

703’ - 20” x 13 3/8” casing x/o0
738’ - 30” conductor shoe

2578’ - TRSSV, Halliburton 7” SP-2
3013’ - 10 %" x 9 5/8” casing x/0

4143’ - 20” x 13 3/8” casing shoe

Tubing 7” 294, 13Cr L80, NK3SB

5954’Ekofisk \—E‘E% /T
Tor L

Mackerel 95/8” TOC — |- 7865’ - Theoretical TOC 9 5/8”
I 8693" - Tubing 5 %" 23#, 13Cr L8O, NK3SB x/o
Herring 8751’ - PDHG, Schlumberger 5 %"
8787 x 8811’ - PBR, Halliburton 120k shear/20” stroke/
! circ. sub. PBR not sheared
8894’ - Halliburton HHC packer

£

o |9039° - Perforated pup
9131’ 9069’ - Seal Assembly, Baker G22

9090’ - SCR2 packer; Top screens
—— 9150’ - FIV, Schlumberger
9196’ - TOL 77, Uniflex, top PBR

, Gi5/85L " bt 9365 - 10 3/4” x 9 5/8” casing shoe
9398 Captaini- ot 000000 0a0a%e ::::'._l::; g

19493’ - 4” Excluder screens

1 9503 - 7” pre-drilled Liner
9507’

Figure 2-4: GYAO3 (14/29a-A5)
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2.2.4.Goldeneye Well GYA04 (14/29a-Al)
Table 2-4: GYAO04 (14/29a-A1) Well Details

Water Depth 395 ft
Rig Floor Elevation 152.5 ft
Wellhead System Cameron SSMC Compact Spool
Xmas Tree Cameron 5 ¥s” Monobore
Initial Reservoir Pressure 3,820 psi
Estimate Abandonment Reservoir Pressure 3,800 psi
Reservoir Temperature 182°F
Total Depth (TD) 13,262ft AHDBDF
Maximum Inclination 68.1° at 6,020ft AHDBDF
30” Conductor Setting Depth 750ft AHDBDF

1.5” WT, X52, Merlin (Internal Upset)
2” WT used for drive shoe

30” Cement Job Conductor driven, N/A

30” Conductor Specification

207 x 13 ¥s” Casing Setting Depth 4.224ft AHDBDF

207, 202.71b/ ft, X80, Metlin (top joint)
207, 202.71b/ft, X65, Metlin box x
SR20 pin Crossover Joint
207, 202.71b/ft, X65, SR20
13 3/8”, 681b/ft, L80, Dino VAM
207 x 13 %8” XO at 705ft AHDBDF

20” x 13 ¥/s” Casing Specification

30” x 20”/13 34" Annulus Fluid Seawater
Single SI t 572pptf
20” x 13 %5” Cement Job nee Sy A PP
TOC at seabed

10 %47 x 9 %8” Casing Shoe Depth 13,010ft AHDBDF
10 %47, 55.51b/ft, 180, VAM Top
10 % x 9 %8 Casing Specification 9 5/8”: 53.51b/ft, L80, VAM Top

10 %7 x 9 %87 XO at 2,768ft AHDBDF
207/13 %5” x 10 %4 /9 %" Annulus Fluid 580 pptf LTOBM
Doc. no.: PCCS-05-PT-ZW-7180-00001, Abandonment Concept for Injection Wells Revision: K02 13
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@ PETERHEAD CCS PROJECT Goldeneye Wells

Single Class G Slurry at 728 pptf
10 %47 x 9 %8” Cement Job
TTOC at 11,510ft AHDBDF
77 Pre-drilled Liner Setting Depth 13,255ft AHDBDF

77 Pre-drilled Liner Specification 77, 291b/ft, 13Cr 180, NK3SB
8 2” x 77 Annulus Fluid N/A
7 Cement Job N/A
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Goldeneye GYA-04 | Depths relative to RKB

Shell

Seabed 548’

705’ - 20” x 13 3/8” casing x/o
750" - 30” conductor shoe

2567’ - TRSSV, Halliburton 77 SP-2
2768’ - 10 %" x 9 5/8” casing x/o

4224’ - 20" x 13 3/8” casing shoe

4934’ |Balrn Tubing 77 29#, 13Cr L80, NK3SB

6944"| Eofisk L

Tor
Mackerel 95/8” TOE 11510’ - Theoretical TOC 9 5/8”

12139’ Herring

12302’ - Tubing 5 ¥2” 23#, 13Cr L80, NK3SB x/0

12365’ - PDHG, Schlumberger 5 %~

12430’ - PBR, Halliburton 120k shear/20’ stroke/
circ. sub. PBR not sheared

12517’ - Halliburton HHC packer

|12665’ - Perforated pup
12695’ - Seal Assembly, Baker G22
12708’ - SCR2 packer; Top

12768’ - FIV, Schlumberger
12814’ - TOL 77, Uniflex, top
13010’ - 10 3/4” x 9 5/8” casing shoe

Pocer ) O [ SV C A 113240’ - 4” Excluder screens
P%0%6%8% %08 6C T e 132557 - 77 pre-drilled Liner
"""""""""""" TD 13262’

Figure 2-5: GYAO04 (14/29a-Al)
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2.2.5.Goldeneye Well GYAO5 (14/29a-A2)
Table 2-5: GYAO05 (14/29a-A2) Well Details

Water Depth 395 ft
Rig Floor Elevation 152.5 ft
Wellhead System Cameron SSMC Compact Spool
Xmas Tree Cameron 5 ¥s” Monobore
Initial Reservoir Pressure 3,820 psi
Estimate Abandonment Reservoir Pressure 3,800 psi
Reservoir Temperature 179°F
Total Depth (TD) 8,535ft AHDBDF
Maximum Inclination 7.2° at 1,785t AHDBDF
30” Conductor Setting Depth 750ft AHDBDF

1.5” WT, X52, Merlin (Internal Upset)
2” WT used for drive shoe

30” Cement Job Conductor driven, N/A

30” Conductor Specification

207 x 13 ¥s” Casing Setting Depth 4,107ft AHDBDF

207, 202.71b/ ft, X80, Metlin (top joint)
207, 202.71b/ft, X65, Metlin box x
SR20 pin Crossover Joint
207, 202.71b/ft, X65, SR20
13 %8, 68lb/ft, 180, Dino VAM
207 x 13 %8” XO at 704ft AHDBDF

20” x 13 ¥/s” Casing Specification

30” x 20”/13 34" Annulus Fluid Seawater
Single SI t 577pptf
20” x 13 %5” Cement Job nee Sy A PP
TOC at seabed

10 %47 x 9 %8” Casing Shoe Depth 8,395ft AHDBDF
10 %47, 55.51b/ft, 180, VAM Top
10 % x 9 %8 Casing Specification 9 5/8”: 53.51b/ft, L80, VAM Top

10 %7 x 9 ¥” XO at 3,130ft AHDBDF
207/13 %5” x 10 %4 /9 %" Annulus Fluid 560 pptf LTOBM
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@ PETERHEAD CCS PROJECT Goldeneye Wells

Single Class G Slurry at 728 pptf
10 %47 x 9 %8” Cement Job
TTOC at 6,295t AHDBDF
77 Pre-drilled Liner Setting Depth 8,530ft AHDBDF
77 Pre-drilled Liner Specification 77, 291b/ft, 13Cr 180, NK3SB
8 2” x 77 Annulus Fluid N/A
7 Cement Job N/A
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Depths relative to RKB

Goldeneye GYA-05
Shell

Seabed 548’

704’ - 20” x 13 3/8” casing x/o
750" - 30” conductor shoe

2592’ - TRSSV, Halliburton 77 SP-2
3130’ - 10 %2 x 9 5/8” casing x/o

4107’ - 20” x 13 3/8” casing shoe

4664°|Balr Tubing 77 29#, 13Cr L80, NK3SB

5708 Ekoflsk ‘—E‘E%

Mackerel

95/8” TOC ——| 6895’ - Theoretical TOC 9 5/8”

% 7739’ - Tubing 5 %2” 23#, 13Cr L80, NK3SB x/o

7798’ - PDHG, Schlumberger 5 %"

El 7858 - PBR, Halliburton 120k shear/20” stroke/
circ. sub. PBR sheared

Herrin ’ i
7961° g . 7941 - Halliburton HHC packer

% o |8064” - Perforated pup
8093’ - Seal Assembly, Baker G22
il 8095’ - SCR2 packer; Top

— | 8155’ - FIV, Schlumberger
8216’ - TOL 77, Uniflex, top PBR
8395’ - 10 3/4” x 9 5/8” casing shoe

8222

8417’

--fﬁ&ﬁﬁ
BT e ey
| SR RRRRNSNS
S
BRI
LRSS

LA

18519’ - 4” Excluder screens

............ 18530’ - 77 pre-drilled Liner
8535’

Figure 2-6: GYAO05 (14/29a-A2)
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@ PETERHEAD CCS PROJECT

3. Workover Design and Abandonment

In order to use the existing wells for CO, injection, workovers will be required to replace the upper
completions. Therefore, prior to CO, injection, each well will be worked over to install the upper
completion shown in Figure 3-1.

It is planned to set the packers as deep as possible in the Plenus/Hidra Matl to ensure the integtity
of the containment area. The table also shows the approximate available height to the top of the
Plenus/Hidra Matl in relation to the various well components for setting a cement plug during final
abandonment.

From the Table 3-1 it can be seen that the interval between the proposed packer setting depth and
the top of the Plenus/Hidra Matl is relatively short. For this reason, each abandonment will require
the production packer and possibly the SC-2R sand control packer and the tubing down to the FIV
to be removed to provide the required interval to set the abandonment plugs.

Table 3-1: Well Component Depth, Top of Cement and Top Plenus/Hidra Marl

GYA-
GYA-01 0281 GYA-03 | GYA-04 | GYA-05
Depth Depth Depth Depth Depth
ft, ft, ft, ft, ft,
AHDBD | AHDBD | AHDBD | AHDBD | AHDBD
F F F F F
Theoretical Top of Cement 7,506 9,490 7,865 11,510 6,895
Top Plenus/Hidra Matl 8,547 10,485 8,799 12,154 7,961
Proposed Packer Setting Depth 8,596 10,740 8,990 12,608 7,995
Cement to Top Plenus/Hidra 49 255 191 454 34
SC-2R Packer (sand control packer) 8,696 10,840 9,090 12,708 8,095
Cement to Top Plenus/Hidra 149 355 291 554 134
FIV (cut point) 8,755 10,900 9,150 12,768 8,155
Cement to Top Plenus/Hidra 208 415 351 614 194
Uniflex 7" Liner Hanger 8,831 10,955 9,196 12,832 8,237
Cement to Top Plenus/Hidra 284 470 397 678 276
9 s Casing Shoe 9,006 10,990 9,365 13,010 8,395
Cement to Top Plenus/Hidra 459 505 566 856 434
Proposed packer above 9 %5 Shoe 410 250 375 402 400
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Workover Design and Abandonment

GYA 01 Depth MD Description of ltem ID Drift
Proposed (1) (Inches)| (Inches)
79 Tubing Hanger 6.169
7.00 29# Tubing 13Cr/S13Cr 6.184 6.059
139 XOT7.00"29# x 4 1/2" 12.6# 3.958 3.833
4 1/2" 12.6# Tubing 13Cr/S13Cr 3.958 3.833
2500 SCTRSSSV 4 1/2" 13cr 3.813
3 3130 |Casing XO 10 3/4"x 9 5/8"
_— 6800 [XO41/2"126#x31/2" 2922
- 3 1/2" Tubing 2.922
8430 JO/Wire Finder Trip Sub 3 1/2" x 4 1/2" 12.6# 2.992 2.787
8536 4 1/2" PDGM for PDG + DTS 3.958 3.833
41/2" 12.6 # Tubing 3.958 3.833
8596 9 5/8" x 4 1/2" Packer 3.818
4 1/2" Circulating/Pressure Relief Device 3.958 | 3.833
4 1/2" Tubing
8696 |Baker SC-2R packer/screen hanger 13Cr (existing)
G22 Seal Assembly 3.958 | 3.833
8650 |XO 4 1/2"12.6# x 2 7/8" 6.4# FJ Tubing 2.441 2.347
8755 |Schlumberger FIV (existing) 2.94"
8850 |2 7/8" Mule Shoe
8952 |Top of 4.00" Screens (existing) 3.548

Figure 3-1:
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4. Abandonment Options for Goldeneye Wells

As stated in section 3, upper completion workovers are required in order to make the Goldeneye
wells suitable for CO, injection. The final abandonment of the five Goldeneye production wells will
therefore be based on the well status after workover.

4.1. Zones Requiring Abandonment
Abandonment design within Shell is currently conducted in accordance with:

e Oil & Gas UK, “Guidelines for the Suspension and Abandonment of Wells”, Issue 4 July
2012

e  Shell Standards
These documents state that:

e  Over-pressured permeable zones (both water and hydrocarbon bearing) and normally
pressured permeable zones containing hydrocarbons require a minimum of two permanent
(abandonment) barriers between the permeable zone and seabed/surface.

O One composite cement plug may be used to meet the two permanent barriers
requirement.

e Normally pressured permeable zones containing water require one permanent
(abandonment) bartier between the permeable zone and seabed/surface.

e Permanent barriers must be set opposite formations with sufficient strength to contain
“potential internal pressure” after abandonment. This means that the maximum reservoir
pressure which can occur over time must be considered as the “potential internal pressure”
value.

0 For Goldeneye, this has been assumed to be the virgin pressure of 3,800 psi.

e Permanent barriers must extend across the entire section of the wellbore. This may be
achieved by overlapping components of barriers (for example setting a cement plug inside
cemented casing will provide a barrier which extends across the entire wellbore).

e Provided that the requirement is met for setting cement opposite formations with sufficient
strength to contain anticipated pressures, it is not necessary to abandon reservoir sections by
setting cement plugs across sand screens.

e An annular column of 100ft of cemented casing is considered an acceptable barrier provided
that top of cement has been verified.

e An annular column of 1,000ft of cemented casing is considered an acceptable barrier when
top of cement has not been verified.

e A cement plug of a minimum 165ft length is considered an acceptable barrier provided that
it is set inside casing using a mechanical plug as a foundation. However, where possible, for
a single plug, at least 330ft of cement should be placed.

e TFor composite plugs, a minimum 660ft length is considered an acceptable barrier. However,
where possible, 800ft of cement should be placed.

At present, permanent barriers normally consist of cement, as this material will retain integrity over
time (i.e. cement does not corrode or perish). The type of cement to be used will be reviewed at the
time of abandonment and may include CO, resistant additives. This will be influenced by the best
practices and standards of the day at the time of abandonment.
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For the Goldeneye well, the zones requiring abandonment are:

e  Captain sands: Initially hydrostatically pressured, these reservoir sands are currently depleted
to 2,500 psi. However, they are expected to re-pressurise to their original virgin pressure of
3,800 psi over time. This zone was originally hydrocarbon bearing (gas condensate) and will
contain any remaining gas/condensate and injected CO, at the time of abandonment.

e  Balmoral sands: This formation is a hydrostatically pressured, water bearing permeable zone.
The Balmoral formation is contained by the Lista shales. The sandstones featured gas shows
during drilling, however it is believed to be small amounts of background gas and not
mobile gas that can flow and build up pressure. This zone was originally water bearing, but
may contain some injected CO, at the time of abandonment.

The cap-rock for the Captain reservoir is the Plenus/Hidra Matl and Rodby Shale. These formations
are impermeable, strong and approximately 500ft in vertical thickness. In Goldeneye, these
formations are positioned directly above the Captain reservoir.

The Lista formation will act as the cap-rock for the Balmoral formation, and also provides a
secondary seal for the Captain reservoir. The Lista formation strength is based on the data obtained
when conducting 13 %s” casing shoe formation strength tests, and is estimated to be as follows:

Table 4-1: Goldeneye wells: 13 %5 casing shoe formation strength

AHD (ft) 4155 4155 4143 4224 4107
TVD (ft) 4076 4085 4097.7 4073.2 4099.9

13 %7

shoe EMW 0.630 0.631 0.630 0.633 0.630

(psi/ft)
Pressure 2568 2577 2580 2578 2583
(psi)

The pressure from a CO, column to the 13 %s” casing shoe is as per Figure 4-1. As can be seen from
Table 4-1, the formation strength pressure at the 13 %5” shoe is approximately 2,570 psi. The highest
predicted pressure at the casing shoe based on the highest CO, injection pressure is approximately
2,200 psi. Therefore, a cement plug positioned opposite the Lista formation can also contain a CO,
column, and will provide additional abandonment sealing capability to support the barriers positioned
across the Plenus/Hidra Marl and Rodby Shale.
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Goldeneye - Closed In Conditions.

& 2000ps BHP - 2500ps EHP - 3000ps BHP #- 350005 BHP

Figure 4-1: CO:, pressure as function of depth, based on various reservoir pressures.

4.2. Well Abandonment Design: Concept 1

Concept 1 is the base case abandonment design for wells GYA-01 and GYA-05, and assumes that all
injected CO, is contained within the Captain reservoir. As such, the Balmoral formation is water
bearing and only requires a single barrier from surface.

In this concept, the 9 %5” production casing is well cemented, with top of cement being confirmed as
being above top Plenus Matl via a cement bond log. However, the thickness of the Plenus/Hidra
Marl and Rodby Shale is insufficient to allow a composite cement plug to be set inside the 9 757
casing (which can act as two barriers). Therefore, two individual cement plugs will be set opposite
the Plenus/Hidra Marl and Rodby Shale, to provide the required permanent barriers for the Captain
reservoir sands. These cement plugs will be set on a mechanical plug inside cemented casing to
provide cement and steel coverage across the full wellbore cross-section. In order to provide
sufficient Plenus/Hidra Marl and Rodby formation length to set the base of the second abandonment
plug below the top of the Plenus Marl, the production packer, sand screen hanger and lower
completion to directly above the FIV will be removed from the well.

To isolate the Balmoral formation, the 9 %s” casing will be cut and pulled from the base of the Lista.
A single cement plug will then be set opposite the Lista formation, to provide cement coverage across
the full wellbore cross-section.

The operational steps required to deliver this concept are as follows:
e  Pull the upper completion, including the production packer and tailpipe.

e Run a cement bond log (CBL) to confirm that top of 9 %” annular cement is above the
Plenus Marl, and that the annular cement quality is suitable for abandonment purposes.

O If a CBL is obtained during workover operations, this data may be used for cement
evaluation purposes.

O If the 9 %" casing is poorly cemented, concept 4 will be applied.
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e  Remove the sand screen hanger and lower completion down to the FIV.
e Seta bridge plug in the 9 %" casing on top of the FIV, to act as a base for cement plug no.1.

e  Set cement plug no.1 on top of the bridge plug, such that the top of the plug is below top
Plenus Marl.

e Set cement plug no.2 on top of cement plug no.1.
e  Seta bridge plug in the 9 ¥s” casing 10ft below the planned casing cut depth.
e  Cut the 9 %8 casing 5ft below top Lista and pull the cut casing from the well.

e  Set cement plug no.3 on the bridge plug, with top of cement placed inside cemented 13 ¥s”
casing.

e Seta bridge plug in the 13 ¥5” casing at approximately 1,100ft.

e Set cement plug no.4 on the bridge plug, to act as an environmental barrier (i.e. to contain
any residual oil-based mud from the open annuli generated when cutting casing).

e Cut the 30” conductor and 20” casing string 10ft below seabed, and pull both strings to
surface.
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WELL STATUS RECORD GYA-01 PLATFORM: _ Goldeneye DECC WELL NO: __14/29a-A3
WeLLTYPE Development St - seabed 39051t
BRILLING FLUD: LToBM wre 152,50t
D weiGHT 560 pptf xop 800ft
COMPLETION FLUD, Seawater B 9,166ft
COMPLETION FLUD WT 445 pptt WX INCL 302°
CASING DATA
SIZE (in) WT (Ib/f) GRADE CONNECTOR
30" 310 x52 Merlin
20" 203 X65 SR-20
133/8" 68 L-80 Dino Vam
10314" 56 L-80 Vam Top
95/8" 535 L-80 Vam Top
7 29.0 13Cr L-80 NK3SB
oePTH oeeh et
DIAGRAM oEsCRIPTION
wosor | Tvoeor o
548 548 0 Seabed
704 704 1 20" x 13 3/8" Crossover
750 750 1 30" Conductor Shoe
800 800 1 Abandonment Plug no.4
Shallow Environmental plug,
1,100 1100 3 133/8" Bridge Plug
1,897 1,831 10
Hordaland
2,578 2,553 14
Dornoch
3,850 3,783 16 Top of Cement Plug 3
Abandonment Plug no.3
4,118 4,040 17
4,156 4,077 17 133/6" Casing Shoe
4,33 4,208 18
4,340 4,252 19 Mey 9 5/8" Casing Cut
4,350 4,261 19 9 5/8" Bridge Plug
4,809 4,685 27
Balmoral
5,961 5710 25
7,506 7,093 30 [Theoretical TOC
8,080 7,502 29 Top of Cement Plug 2
Abandonment Plug no.2
8,547 8,003 2
8,580 8,032 28 Top of Cement Plug 1
Abandonment Plug no.1
)
8,750 8,181 28 95/8" Bridge Plug
8,755 8,186 28 Rodby Shale 0 FIv
8,831 8,253 28 Z Top of 7" Pre-drilled liner
- -
5/
9,006 8,408 28 - =i 95/8" Casing Shoe
u " im
9,017 8,417 27 | ! | | n
n n
= T
n n '
= CH
u " im
Captain Sand H A
n n !
9,154 8,539 27 4" Excluder Screen Shoe
9,163 8,547 27 7" Pre-drilled Liner Shoe
9,166 8,550 27 TD: 8 1/2" Hole
Revision " REAsoN PrREPARED BY [E— oate ot

Figure 4-2:
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Abandonment Options for Goldeneye Wells

WELL STATUS RECORD GYA-05 PLATFORM: Goldeneye DECC WELL NO: 14/29a-A2
weLL TvpE Development WS- Seabedt 395ft
ORILLING FLUID, LTOBM ATE: 152 51t
MUD WEIGHT: 545 pptf o 7501t
COMPLETION FLUID: Seawater o 8,535ft
COMPLETION FLUD WT. 445 pptf WAXINCL 710
CASING DATA
SIZE (in) WT (Ib/ft) GRADE CONNECTOR
30" 310 X-52 Merlin
20" 203 X-65 SR-20
13 3/8" 68 L-80 Dino Vam
10 3/4" 56 L-80 Vam Top
95/8" 535 L-80 Vam Top
7 29.0 13CrL-80 NK3SB
oerTH oePTH ncL
OlAGRAM DESCRIPTION
aosor | Tvosor oe
548 548 0 Seabed
704 704 1 20" x 13 3/8" Crossover
750 750 1 30" Conductor Shoe
800 800 2 Abandonment Plug no.4
Shallow Environmental plug
1,100 1,100 3 13 3/8" Bridge Plug
1,834 1,831 7
Hordaland
2,547 2,540 4
Dornoch
3970 3,963 0 Top of Cement Plug 3
4107 4,100 0 133/8" Casing Shoe
4116 4,109 0 .
o Abandonment Plug no.3
4,455 4,448 0
4,460 4,453 0 Mey 95/8" Casing Cut
4,470 4,463 0 95/8" Bridge Plug
4,664 4,657 1
Balmoral
5,708 5,701 0
6.895 6,888 1 Theoretical TOC
7.485 7,478 1 Top of Cement Plug 2
Abandonment Plug no.2
7,961 7,953 2
7,985 7,977 2 Top of Cement Plug 1
T P e
Abandonment Plug no.1
8150 8,142 2 95/8" Bridge Plug
8155 8,147 2 Rodby Shale Av
8216 8,208 2 Top of 7" Pre-drilled liner
8395 8,387 2 95/8" Casing Shoe
8417 8,409 2
Captain Sand
8519 8,511 2 4" Excluder Screen Shoe
8530 8,522 2 7' Pre-drilled Liner Shoe
8535 8,527 2 TD: 812" Hole
Revision i ReAson: PREPARED BY: Dave Sweeney oute R

Figure 4-3:

GYAO05: Abandonment Proposal
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4.3. Well Abandonment Design: Concept 2

Concept 2 is the base case abandonment design for wells GYA-02S1 and GYA-03, and assumes that
all injected CO, is contained within the Captain reservoir. As such, the Balmoral formation is water
bearing and only requires a single barrier from surface.

In this concept, the 9 %5” production casing is well cemented, with top of cement being confirmed as
being above top Plenus Marl via a cement bond log. However, the thickness of the Plenus/Hidra
Marl and Rodby Shale is insufficient to allow a composite cement plug to be set inside the 9 757
casing (which can act as two barriers). Therefore, two individual cement plugs will be set opposite
the Plenus/Hidra Matl and Rodby Shale, to provide the requited permanent barriers for the Captain
reservoir sands. These cement plugs will be set on a mechanical plug inside cemented casing to
provide cement and steel coverage across the full wellbore cross-section. In order to provide
sufficient Plenus/Hidra Martl and Rodby formation length to set the base of the second abandonment
plug below the top of the Plenus Marl, the upper completion and production packer will be removed,
but there is sufficient shale length to allow the sand screen hanger and lower completion to be left in
situ.

To isolate the Balmoral formation, the 9 %5 casing will be cut and pulled from the base of the Lista.
A single cement plug will then be set opposite the Lista formation, to provide cement coverage across
the full wellbore cross-section.

The operational steps required to deliver this concept are as follows:

e Set a 57 bridge plug in the lower completion below the sand screen hanger and above the
FIV to act as a base for cement plug no.1.

e  Pull the upper completion, including the production packer and tailpipe.

e Run a cement bond log (CBL) to confirm that top of 9 %s” annular cement is above the
Plenus Marl, and that the annular cement quality is suitable for abandonment purposes

O If a CBL is obtained during workover operations, this data may be used for cement
evaluation purposes.

O If the 9 %" casing is poorly cemented, concept 4 will be applied.

e  Set cement plug no.1 on top of the 57 bridge plug and sand screen hanger, such that the top
of the plug is below top Plenus Marl.

e  Set cement plug no.2 on top of cement plug no.1.
e  Seta bridge plug in the 9 %" casing 10ft below the planned casing cut depth.
e  Cut the 9 %8 casing 5ft below top Lista and pull the cut casing from the well.

e  Set cement plug no.3 on the bridge plug, with top of cement placed inside cemented 13 ¥s”
casing.
e Seta bridge plug in the 13 %3 casing at approximately 1,100ft.

e  Set cement plug no.4 on the bridge plug, to act as an environmental barrier (i.e. to contain
any residual oil-based mud from the open annuli generated when cutting casing).

e Cut the 30” conductor and 20” casing string 10ft below seabed, and pull both strings to
surface.
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\WELL STATUS RECORD GYA-02S1 PLATFORM: Goldeneye DECC WELL NO: 14/29a-A4
WELL TYPE: Development MSL - Seabed. 395ft
DRILLING FLUID: LTOBM RTE: 152 5ft
MUD WEIGHT 600 pptf KoP: 750ft
COMPLETION FLUID: Seawater o 11,464ft
‘COMPLETION FLUID W 445 pptf MAX INCL 60.3°
CASING DATA
SIZE (in) WT (Ib/ft) GRADE CONNECTOR
30" 310 X-52 Merlin
20" 203 X-65 SR-20
133/8" 68 L-80 Dino Vam
10 3/4" 56 L-80 Vam Top
95/8" 535 L-80 Vam Top
I 29.0 13Cr L-80 NK3sB
DEPTH DEPTH INcL
DIAGRAM DESCRIPTION
AHDBDF TvDBOF DEG
548 548 0 Seabed
703 703 0 20" x 13 3/8" Crossover
750 750 1 30" Conductor Shoe
800 800 1 Abandonment Plug no.4
Shallow Environmental plug
1,100 1,100 2 13 3/8" Bridge Plug
1,839 1833 10
Hordaland
2714 2,684 14
Dornoch
3870 3,807 12 Top of Cement Plug 3
4,151 4,081 13 Abandonment Plug no.3
4,155 4,085 13 133/8" Casing Shoe
4355 4,277 18
4,360 4,282 18 Mey 95/8" Casing Cut
4,370 4,201 19 9 5/8" Bridge Plug
4,798 4,682 29
Balmoral
6,451 5,768 56
9,768 7,650 58 Theoretical TOC
10,095 7,822 59 Top of Cement Plug 2
Abandonment Plug no.2
10,473 8,016 59
10,595 8,077 60 Top of Cement Plug 1
e P e o
Abandonment Plug no.1
10,839 8,201 58 Sand Screen Hanger packer
10,895 8,232 57 5" Bridge Plug
10,900 8,235 57 Rodby Shale Y
10,955 8,265 56 Top of 7" Pre-drilled liner
10,990 8,285 56 95/8" Casing Window
11,259 8,439 56
Captain Sand
11,454 8,547 56 4" Excluder Screen Shoe
11,462 8,552 56 7' Pre-drilled Liner Shoe
11,464 8,553 56 TD: 81/2" Hole
REVISION: vi REASON PREPARED BY: Dave Seeney Date: 15,0014

Figure 4-4:

GYAO02S1: Abandonment Proposal
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Abandonment Options for Goldeneye Wells

WELL STATUS RECORD GYA-03 PLATFORM: Goldeneye DECC WELL NO: 14/29a-A5
WELL TYPE Development ML - Seabed 395ft
DRILLING FLUID: LTOBM RTE 152.5ft
MUD WEIGHT: 576 pptf KOP: 750ft
COMPLETION FLUID: Seawater o 9,507ft
COMPLETION FLUID WT: 445 pptf MAX INCL: 40.0°
CASING DATA
SIZE (in) WT (Ib/ft) GRADE CONNECTOR
30" 310 X-52 Merlin
20" 203 X-65 SR-20
133/8" 68 L-80 Dino Vam
10 314" 56 L-80 Vam Top
95/8" 535 L-80 Vam Top
7 29.0 13Cr L-80 NK3SB
DEPTH DEPTH =
DIAGRAM DESCRIPTION
AHDEDF | TVDBOF oEG
548 548 0 Seabed
703 703 1 20" x 133/8" Crossover
738 738 2 30" Conductor Shoe
800 800 2 Abandonment Plug no.4
Shallow Environmental plug.
1,100 1,100 4 133/8" Bridge Plug
1841 1,833 9
Hordaland
2,641 2620 11
Dornoch
3,860 3817 11 Top of Cement Plug 3
Abandonment Plug no.3
4,143 4,095 12 " Casing Shoe
4,151 4,103 12
4,345 4,292 14
4,350 4,297 14 Mey 9 5/8" Casing Cut
4,360 4,306 14 95/8" Bridge Plug
4,729 4,659 21
Balmoral
5,954 5713 40
7,865 7252 36 Theoretical TOC
8,345 7,641 35 Top of Cement Plug 2
Abandonment Plug no.2
8787 8,007 33
8,845 8,055 32 Top of Cement Plug 1
T S e
Abandonment Plug no.1
9,090 8,266 29 | Sand Screen Hanger packer
9,145 8314 28 x 5 Bridge Plug
9,150 8,318 28 Rodby Shale H H 2%
9,196 8,359 28 Top of 7" Pre-drilled liner
9,365 8,510 2 95/8" Casing Shoe
9,398 8,539 26
Captain Sand
9,493 8,624 26 4" Excluder Screen Shoe
9,503 8,633 26 i 7" Pre-drilled Liner Shoe
9,507 8,637 2 4 TD: 81/2" Hole
REVISION: Vi REASON: PREPARED BY. Dave Sweeney Date: 15014

Figure 4-5: GYA03: Abandonment Proposal
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4.4. Well Abandonment Design: Concept 3

Concept 3 is the base case abandonment design for well GYA-04, and assumes that all injected CO,
is contained within the Captain reservoir. As such, the Balmoral formation is water bearing and only
requires a single barrier from surface.

In this concept, the 9 %5” production casing is well cemented, with top of cement being confirmed as
being above top Plenus Matl via a cement bond log. In addition, the thickness of the Plenus/Hidra
Matl and Rodby Shale is sufficient to allow a composite cement plug to be set inside the 9 %5” casing
(which can act as two barriers). The composite cement plug will be set inside cemented casing to
provide cement and steel coverage across the full wellbore cross-section. In order to provide
sufficient Plenus/Hidra Marl and Rodby formation length for the composite abandonment plug, the
upper completion and production packer will be removed, but there is sufficient shale length to allow
the sand screen hanger and lower completion to be left in situ.

To isolate the Balmoral formation, the 9 %s” casing will be cut and pulled from the base of the Lista.
A single cement plug will then be set opposite the Lista formation, to provide cement coverage across
the full wellbore cross-section.

The operational steps required to deliver this concept are as follows:

e Set a 5” bridge plug in the lower completion below the sand screen hanger and above the
FIV to act as a base for combination cement plug no.1.

e  Pull the upper completion, including the production packer and tailpipe.

e Run a cement bond log (CBL) to confirm that top of 9 %s” annular cement is above the
Plenus Marl, and that the annular cement quality is suitable for abandonment purposes

O If a CBL is obtained during workover operations, this data may be used for cement
evaluation purposes.

0 If the 9 %" casing is poorly cemented, concept 4 will be applied.

e  Set combination cement plug no.1 on top of the 5” bridge plug and sand screen hanger.

e Seta bridge plug in the 9 %" casing 10ft below the planned casing cut depth.

e  Cutthe 9 ¥8” casing 5ft below top Lista and pull the cut casing from the well.

e Set cement plug no.2 on the bridge plug, with top of cement placed inside cemented 13 %s”
casing.

e Seta bridge plug in the 13 %3 casing at approximately 1,100ft.

e Set cement plug no.3 on the bridge plug, to act as an environmental barrier (i.e. to contain
any residual oil-based mud from the open annuli generated when cutting casing).

e Cut the 30” conductor and 20” casing string 10ft below seabed, and pull both strings to

surface.
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GYA-04 Abandonment Proposal

'WELL STATUS RECORD GYA-04 PLATFORM: Goldeneye DECC WELL NO: 14/29a-A1
WELL TYPE: Development MSL - Seabed: 395ft
DRILLING FLUID: LTOBM RTE: 1525t
MUD WEIGHT: 580 pptf KoP: 750it
COMPLETION FLUID: Seawater o 13,262ft
COMPLETION FLUID W 445 pptf MAX INCL: 67.8°
CASING DATA
SIZE (in) WT (Ib/ft) GRADE CONNECTOR
30" 310 X-52 Merlin
20" 203 X-65 SR-20
133/8" 68 L-80 Dino Vam
103/4" 56 L-80 Vam Top
95/8" 535 L-80 Vam Top
7 29.0 13Cr L-80 NK3SB
DEPTH DEPTH Nt
DIAGRAM DESCRIPTION
AHDBDF TvoBDF DEG
548 548 0 Seabed
705 705 1 20" x 13 3/8" Crossover
750 750 1 30" Conductor Shoe
800 800 1 Abandonment Plug no.3
Shallow Environmental plug
1,100 1,100 4 13 3/8" Bridge Plug
1,854 1848 10
Hordaland
2,589 2,563 16
3,050 3818 22 Dornoch Top of Cement Plug 2
Abandonment Plug no.2
4224 4073 22 13 3/8" Casing Shoe
4,235 4,084 22 -
o ]
)
4,434 4,266 27
4,440 421 27 Mey 95/8" Casing Cut
4,450 4,280 27 95/8" Bridge Plug
4,934 4,678 a2
Balmoral
6,944 5,688 63
]
11,510 7,814 66 Theoretical TOC
11,908 7978 65 Top of Cement Plug 1
12,139 8,074 66
Combination Abandonment Plug
no.1
For Reservoir Abandonment
12,708 8316 64 Sand Screen Hanger packer
12,750 8335 64 5" Bridge Plug
12,768 8,343 64 Rodby Shale AV
12,814 8,363 64 Top of 7* Pre-drilled liner
13,010 8,448 65 95/8" Casing Shoe
13,138 8,501 65
Captain Sand
13,240 8544 65 4" Excluder Screen Shoe
13,255 8,550 65 7" Pre-drilled Liner Shoe
13,262 8,553 65 TD: 81/2" Hole
REVISION v REASON: PREPARED BY. Dave Sweeney Date: 159014

Figure 4-6: GYA04: Abandonment Proposal
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4.5. Well Abandonment Design: Concept 4

Concept 4 is a contingency case abandonment design for concepts 1 to 3, and assumes that the 9 757
production casing string has been poorly cemented (i.e. the annular cement is not of sufficient quality
for abandonment barrier purposes).

The completion components which are removed pending abandonment will be the same as for
concepts 1 to 3, and depends upon which well applies the contingency plan.

This concept delivers an acceptable abandonment barrier for the Captain reservoir by section milling
the production casing and cement opposite the Rodby shales, and then setting a cement plug across
the window to generate “rock-to-rock” cement coverage. Cuttings from the milling and associated
retained milling fluid shall be collected in skips for transportation to shore and onshore disposal (the
cuttings shall not be discharged to the marine environment). The second barrier (plug no.2) will be
placed directly on top of plug no.1 in order to make best use of the Plenus Matl / Hidra cap-rock.
The second barrier is supported on the outside of the production casing by annular cement from the
primary cementation and partly by the cap-rock. Because only one abandonment barrier is set across
the 9 %" casing annulus, and verification of the seal in this annulus is problematic, the second
Captain sand abandonment barrier is provided by the cement plug set across the Lista Shale (refer to
Section 4.1 for the rationale behind being able to use the Lista Shale as a secondary Captain sand
barrier).

The Balmoral formation will be isolated in the same manner as described in concepts 1 to 3.
An example of this contingency design, as applied to well GYA-01 is shown in Figure 4-7 .
The operational steps required to deliver this concept are as follows:
e  Pull the upper and lower completion (if required) as described in concepts 1 to 3.
e  Seta bridge plug to act as a base for cement plug placement as described in concepts 1 to 3.

e Section mill a 150ft window in the 9 %5 casing opposite the Plenus/Hidra Matl and Rodby
Shale.

e  Under-ream the window, to ensure that the cement plug will be set against clean rock.

e Set cement plug no.1 on top of the bridge plug and across the window, placing top of
cement above the window.

e Set cement plug no.2 on top of cement plug no.1.
e Seta bridge plug in the 9 ¥s” casing 10ft below the planned casing cut depth.
e  Cut the 9 %8 casing 5ft below top Lista and pull the cut casing from the well.

e  Set cement plug no.2 on the bridge plug, with top of cement placed inside cemented 13 ¥s”
casing.
e Seta bridge plug in the 13 ¥5” casing at approximately 1,100ft.

e Set cement plug no.3 on the bridge plug, to act as an environmental barrier (i.e. to contain
any residual oil-based mud from the open annuli generated when cutting casing).

e Cut the 30” conductor and 20” casing string 10ft below seabed, and pull both strings to
surface.
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Abandonment Options for Goldeneye Wells

WELL STATUS RECORD GYA-01 PLATFORM: Goldeneye DECC WELL NO: 14/29a-A3
WELL TYPE: Development MSL - Seabed: 395ft
DRILLING FLUID: LTOBM RTE 152 5ft
MUD WEIGHT: 560 pptf KoP: 800ft
COMPLETION FLUID: Seawater o: 9,166ft
COMPLETION FLUID WT: 445 pptf MAX INCL: 30.2°
CASING DATA
SIZE (in) WT (Ibfft) GRADE CONNECTOR
30" 310 X-52 Merlin
20" 203 X-65 SR-20
133/8" 68 L-80 Dino Vam
10 3/4" 56 L-80 Vam Top
95/8" 535 L-80 Vam Top
7 29.0 13Cr L-80 NK3SB
DEPTH DEPTH et
DIAGRAM DESCRIPTION
AHDEDF | TVDBDF oG
548 548 0 Seabed
704 704 1 20" x 13 3/8" Crossover
750 750 1 30" Conductor Shoe
800 800 1 Abandonment Plug no.4
Shallow Environmental plug
1,100 1,100 3 13 3/8" Bridge Plug
1,837 1831 10
Hordaland
2578 25553 14
Dornoch
3,850 3,783 16 Top of Cement Plug 3
Abandonment Plug no.3
4118 4,040 17
4,156 4,077 17 13 3/8" Casing Shoe
4,336 4,248 18
4,340 4,252 19 Mey 95/8" Casing Cut
4,350 4,261 19 95/8" Bridge Plug
4,809 4,685 27
Balmoral
5,961 5,710 25
7,506 7,093 30 L | Theoretical TOC
1 [ ]
L
1 [ ]
8,080 7,592 29 ! - Top of Cement Plug 2
L
1 [ ]
L Abandonment Plug no.2
I [ ]
L
8547 8003 28 | -
8,580 8032 28 | - Top of Cement Plug 1
L
[ ] Abandonment Plug no.1
L
8,600 8,049 28 Top of window
| ——
8,740 8,172 28 Bottom of Window
[ ]
8,750 8,181 28 n 95/8" Bridge Plug
8755 | 8186 28 Rodby Shale L 0 v
8,831 8,253 28 ! Z Z L Top of 7* Pre-drilled liner
- -
9,006 8,408 28 A - sl m ‘ 9 5/8" Casing Shoe
|| L -
9,017 8,417 27 - o=
u L] u
i L] L}
u - ]
. n L]
u - -
Captain Sand - om
|| - "
9,154 8,539 27 4" Excluder Screen Shoe
9,163 8,547 27 7" Pre-drilled Liner Shoe
9,166 8,550 27 TD: 8 1/2" Hole
REVISION: v REASON: PREPARED BY. Dave Sweeney Date: 18.00-14

Figure 4-7:

GYAO1: Contingency Abandonment Concept for the Captain
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4.6. Well Abandonment Design: Concept 5

Concept 5 is a contingency case abandonment design for concepts 1 to 3, and assumes that some
CO, has migrated to the Balmoral formation and is therefore present in both the Captain reservoir
and the Balmoral formations. Each formation will therefore require a minimum of two permanent
barriers between the formation and seabed.

The Balmoral formation is assumed to have been charged with CO, and therefore requires two
permanent barriers for containment. The Lista shales are the seal for the Balmoral formation, and
since two permanent barriers are required, the second barrier will be set on top of the first Balmoral
abandonment plug opposite the Dornoch shales.

An example of this contingency design, as applied to well GYA-01 is shown in .

The operational steps required to deliver this concept are as follows:
e  Pull the upper and lower completion (if required) as described in concepts 1 to 3.
e Seta bridge plug to act as a base for cement plug placement as described in concepts 1 to 3.
¢ Run a cement bond log (CBL), which identifies poor cement outside the 9 %5 casing.

O If a CBL is obtained during workover operations, this data may be used for cement
evaluation purposes.

e Section mill a 150ft window in the 9 %5 casing opposite the Plenus / Hidra Matl and Rodby
Shale.

e  Under-ream the window, to ensure that the cement plug will be set against clean rock.

e Set cement plug no.1 on top of the bridge plug and across the window, placing top of
cement above the window.

e  Set cement plug no.2 on top of cement plug no.1.
e  Seta bridge plug in the 9 %" casing 10ft below the planned casing cut depth.
e  Cut the 9 %8 casing 5ft below top Lista and pull the cut casing from the well.

e  Set cement plug no.2 on the bridge plug, with top of cement placed inside cemented 13 ¥s”
casing.
e Seta bridge plug in the 13 %3 casing at approximately 1,100ft.

e  Set cement plug no.3 on the bridge plug, to act as an environmental barrier (.e. to contain
any residual oil-based mud from the open annuli generated when cutting casing).

e Cut the 30” conductor and 20” casing string 10ft below seabed, and pull both strings to
surface.
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Abandonment Options for Goldeneye Wells

WELL STATUS RECORD GYA-01 PLATFORM:  Goldeneye DECC WELL NO: __14/29a-A3
WELL TYPE: Development WS- Seabed: 395ft
DRILLING FLUD: LTOBM wTE 1525t
MUD WEIGHT: 560 pptf o 800ft
COMPLETION FLUID Seawater o 9,166ft
COMPLETION FLUID WT: 445 pptf MAX INCL: 30.2°
CASING DATA
SIZE (in) WT (Ibfft GRADE CONNECTOR
30" 310 X52 Merlin
20" 203 X-65 SR-20
133/8" 68 L-80 Dino Vam
10 34" 56 L-80 Vam Top
95/8" 535 L-80 Vam Top
s 29.0 13Cr L-80 NK3SB
oEPTH oEPTH incL
DIAGRAM DESCRITION
AHDBOF | TVOBDF oeG
548 548 o Seabed
704 704 1 20" x 13 3/8" Crossover
750 750 1 30" Conductor Shoe
800 800 1 Abandonment Plug no.4
Shallow Environmental plug
1,100 1,100 3 13 3/8" Bridge Plug
1,837 1,831 10
Hordaland
2,578 2,553 14
3,450 3,400 15 Top of Cement Plug 4
Dornoch
Abandonment Plug no.4
3,850 3,783 16 Top of Cement Plug 3
Abandonment Plug no.3
4,118 4,040 17
4,156 4,077 17 13 3/8" Casing Shoe
4,336 4,248 18
4,340 4,252 19 Mey 9 5/8" Casing Cut
4,350 4,261 19 9 5/8" Bridge Plug
4,809 4,685 27
Balmoral
5,961 5,710 25
7,506 7,093 30 Theoretical TOC
8,080 7,592 29 Top of Cement Plug 2
Abandonment Plug no.2
8,547 8,003 28
8,580 8,032 28 Top of Cement Plug 1
Abandonment Plug no.1
8,750 8,181 28 9 5/8" Bridge Plug
8,755 8,186 28 Rodby Shale H O H FIv
8,831 8,253 28 Z X Top of 7" Pre-drilled liner
9,006 8,408 28 n n n 9 5/8" Casing Shoe
- L] -
9,017 8417 27 L ] n
|} | | ol
Captain Sand
9,154 8,539 27 4" Excluder Screen Shoe
9,163 8,547 27 7" Pre-drilled Liner Shoe
9,166 8,550 27 TD: 8 1/2" Hole
Revision: Vi REASON PREPARED BY. Dave Sweeney o 183011

Figure 4-8:
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5.

Conclusions

Upon cessation of CO, disposal, the Goldeneye injection wells will be permanently abandoned. The
abandonments will be based on the following conceptual basis of design:

The Captain and Balmoral formations are the zones which will require isolation during
abandonment.

The abandonment design currently complies with the latest versions of Oil & Gas UK,
“Guidelines for the Suspension and Abandonment of Wells” and Shell standards.

O However, at the time of abandonment, the designs will be updated to comply with the
prevailing legislative or industry standards.

The Captain reservoir will be abandoned by setting two cement plugs opposite the
Plenus/Hidra Matl and Rodby Shale.

Where sufficient formation length exists, the two cement plugs will be set as a single
combination plug.

In all cases, the upper completion production packer will be removed prior to setting the
abandonment plugs for plug length purposes.

If required for plug length, the lower completion screen hanger and tubulars down to the
FIV will be removed prior to setting the abandonment plugs.

Cement bond logs will be run in each 9 %5 casing string to determine the position of top of
cement behind the casing, and to evaluate cement quality.

O The cement bod logs will be run either during workover or abandonment operations.

O The expectation is that top of cement and cement quality will be acceptable, and if this is
confirmed, then the abandonments will be conducted by setting cement plugs inside the
9 %s” casing and opposite logged cement.

O In the event that either top of cement and cement quality are deemed to be unacceptable
following log evaluation, the Captain reservoir will be abandoned by section milling a
window in the 9 %" casing opposite the Plenus/Hidra Matl and Rodby Shale and setting
a “rock-to-rock” cement plug across the window. The abandonment plug set across the
Lista will provide the secondary barrier to the 9 %5” casing annulus in this case.

The Balmoral formation will be abandoned using a single cement plug, unless it is suspected
that CO, has leaked into this formation.

O If leakage is suspected, the Balmoral formation will be abandoned using two cement
plugs.

It is currently planned to use conventional cements with additives to maintain elasticity.

However, at the time of abandonment, cement slurry design will be re-evaluated to ensure

that any new products developed in the intervening period are incorporated into the
abandonment plug design.
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7. Glossary of Terms

Term Definition

13Cr 13 percent chrome content metallurgy
AHD Along Hole Depth

AHDBDF Along Hole Depth, below drillfloor
Bbl Blue Barrel — standard measurement
BHP Bottom hole pressure

BPM Barrel per minute

CBL Cement Bond Log

CCS Carbon Capture & Storage

CCS Carbon Capture Sequestration

CO, Carbon Dioxide

DAS Digital Acquisition system

DEG Degrees

DTS Distributed temperature Sensing
EMW Equivalent mud weight

ft feet

FIV Formation Isolation Valve

1D Inside Diameter

INCL Inclination

LB/FT Pounds per foot

LTOBM Low toxicity oil-based mud

MD Measured depth

MDT Modular Formation Dynamics Tester
N/A Not applicable

OBM Oil based mud

OD Outside Diameter

PBR Polished Bore Receptacle

PDGM Permanent downhole gauge mandrel
PDG Permanent downhole gauge

PPTF Pounds per thousand feet

PSI Pounds per Square Inch

PSIA Pounds per Square Inch, actual
PSI/FT PSI per foot
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RFT
RKB
ROV
TD
TOC
TOL
TRSSSV
TS
TTOC

TVDBDF
TVDSS
UTM
WH

WT

X/O

Doc. no.: PCCS-05-PT-ZW-7180-00001, Abandonment Concept for Injection Wells

Repeat Formation Tester

Rotary Kelly Bushing

Remotely Operated Vehicle

Total Depth

Top of Cement

Top of Liner

Tubing Retrievable Subsurface Safety Valve
Technical Standard

Theoretical Top of Cement

True Vertical Depth

True Vertical Depth, below drillfloor
True Vertical Depth, Subsea
Universal Transverse Mercator
Wellhead

Weight

Cross Over

Glossary of Terms
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8. Glossary of Unit Conversions

Table 8-1: Unit Conversion Table

Glossary of Unit Conversions

Length 1 Foot = 0.3048 metres
1 Inch = 25.4 millimetres

Pressure 1 Bara = 14.5psia

Temperature °F=(1.8)(°C)+32
°R=(1.8)(K) (absolute scale)

Weight 1 Pound = 0.454 Kilogram

Table 8-2: Well Name Abbreviation Table

DTI 14/29a-A3 GYAO1
DTI 14/29a-A4Z GYAO02S1
DTI 14/29a-A4 GYAO02
DTI 14/29a-A5 GYAO03
DTI 14/29a-A1 GYAO4
DTI 14/29a-A2 GYAO05
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