To flow or not to U e e
flow, that is the
question...




To flow or not to flow...

» The Inconvenient Truth
» Regulatory Context

> What Is Sustained Flow Potential?

» Case Study Examples
o “Confirmation Bias”
o “Challenging The Norm”




Why Abandon?

Macondo, Gulf of
Mexico

»Wells need to be abandoned to
ensure safety, environmental
protection, and regulatory
compliance after they are no
longer productive or operational.

Thermal image o
methane leak, California

“...no unplanned escape of
fluids from the well or from ”
the reservoir to which it led.




Multi-beam sonar image
of methane seeps in the
Gulf of II'c:iico America

Credit: Courtesy of Officers and Crew of NOAA Ship PISCES; Collection of Commander Jeremy Adams, NOAA Corps
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A Little Bit Or A Lot
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Somewhere a little closer to my home...
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Global Seeps & Weeps
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What Can Flow/Leak?

Figure not to scale

E Annulus Nomenclature

Wellheadisealfailure)

andlcorrosiongl P- (
; l

Drilling/construction
related activities

Intact cap rock is generally
caplllary sealmg unless altered |

Primary governed by pressure
and permeability contrasts




Regulatory Context

The Global Context

"Zero Leaks
Forever" Mindset

Conservative, multi-level plugging
strategy driving cost-escalation and
project deferment

ZOSFP

| Proposed Abandonment |

45-100m below — MSU

seabed/surface

12
45m
surface : |
lug
Remediated open annulus
30m abm: ________ 30”
30m below: T
15m above I‘ _______
Cement Retainer 20
45m belowI I r Ctasl;ng
_____ stu
above
reservoir
.
Multiple
barriers
133/8”
15m above: ______ Liner lap
Cement Retainer above
45m below reservoir
——
95/8”
30m above: ===
—— p——perf zone
30m below A

7

Lithology
[ sandstone
EES siltstone
=3 Claystone
EE. Limestone

Fluid

B Hydrocarbon (oil or gas)
=S water

Pressure

[ Hydrostatic

[ Overpressure

3 significantly overpressure

Zone

I Cap rock

[ Permeable zone

B 7one of sustained flow
potential (ZOSFP)



Regulatory Context

The Global Context

Risk-Based
Mindset

Use data, and specific engineering
& subsurface studies to “reduce
the leak risk to ALARP*”

1996 No. 913 HEALTH AND SAFETY eUK
statutory instrument OEUK Well Decommissioning
Reg. 13 of Offshore Installations and Guidelines

Issue 7, “Section 2, Evaluation of

Wells (Design and Construction, etc)
Regulations 1996 (SI 1996/913) [DCR] Formations with Flow Potential”

*as low as reasonably practicable

| Proposed Abandonment |

MS
30"
2 x 100ft/60m 20"
1x 20(;’7;/120m caSing
Cement Retainer stub .
above thhology
reservoir | 5] gandstone
E= siltstone
=3 Claystone
Reduced EEE |imestone
scope
Fluid

J Lu 3/8”

Liner lap
1x 100ft / 60m above .
reservoir
Cement Retainer
95/8”
—— p——perf zone

B Hydrocarbon (oil or gas)
=S water

Pressure
[ Hydrostatic

[ Overpressure

3 significantly overpressure

I Cap rock
[ Permeable zone
B 7one of flow potential (ZOFP)



Regulatory Context

What Does The UK Regulator Expect?

UK Legislation

¥ 1996 No. 913 HEALTH AND SAFETY
statutory instrument

Reg. 13 of Offshore Installations and
Wells (Design and Construction, etc)
Regulations 1996 (SI 1996/913) [DCR]

)

“...no unplanned escape of fluids from the well...’
“....abandoned in a safe manner...”

“....risks to the health and safety of persons are as
low as is reasonably practicable (ALARP)....”

UK Guidance

OC2UK OEUK Well Decommissioning
— Guidelines

o Issue 7, “Section 2, Evaluation of
Formations with Flow Potential”

“... subsurface assessment to understand
formation flow potential...”

“...risk-based approach...”

“..leak risk should be ALARP...”

*as low as reasonably practicable




C2UK

OEUK Well Decommissioning

Guidelines
e g u a o ry o n ex = | Issue 7, “Section 2, Evaluation of

Formations with Flow Potential”

What Is Subsurface Assessment?

Excerpt from page 14 of the Guidance:

Flow originates from formations with permeability and a2 pressure differential with respact to other
formations or the surface/subsea environment. The pressure differential needs to be sufficient to
maintain flow once the well is filled with formation fluids. Typically, assessment of flow potential

includes an evaluation of formations known to be productive from field or offset data. Formations with
low (e.g. <0.1mD) matrix permeability, like shales and chalk, may also have flow potential (eg. if
fractured), in which case these may require isolation. Fractures may be natural or induced by operations

It is important to note that direct permeability and pressure data are typically only available for
formations that have produced hydrocarbons, hence the requirement for subsurface expertise to
identify relevant offset and analogue data in the assessment of flow potential. The value of such



C2UK

OEUK Well Decommissioning

Guidelines
u s u ace ssess m e n - Issue 7, “Section 2, Evaluation of

Formations with Flow Potential”

Workflow For Determining Formation Flow Potential

* Assess risk of potential
flow and design isolation
strategy accordingly

 What is Sustained
Assessment of flow q
No flow potential potential for a Flow Potential?

particular formation

No/limited flow

potential®

Capable of Formation

sustained flow? Yes

significantly FOLmat.ion?HC
overpressured? earing:

Capable of

sustained flow? No No flow potential

Yes

Flow potential*

Flow potential Co-mingling considerations
affect number of barriers

*Formations require isolation from
environment — deviation may be
considered if risk of release is deemed
ALARP and satisfy DCR Reg 15



C2UK

OEUK Well Decommissioning

Guidelines
u s u ace ssess m e n - Issue 7, “Section 2, Evaluation of

Formations with Flow Potential”

Sustained Flow Potential

Seabeg Effective / Relative

Connected
Zonal Volume

Unconsolidated
formation

——
______

Heterogeneity
Distribution
Connectivity

Permeable zone
with possible oil

Fluid

Properties Formation

Pressure
hose
Saturation cement sheath Formation pressure >
Viscosity [debonding Formation fluid gradient

Relative mobility



Why Does It Matter?

What is the impact on our abandonment cost?

‘ ﬂ Impact of mis-identifying sustained
QCD flow potential?

| a Impact of “over-abandoning” a zone
kﬂ unnecessarily?

| @ Miss optimisation opportunities ) i
L ¢y (cost-reduction) and/or risks We might miss the
bigger picture




Case Study 1: “Confirmation Bias”

Major Event Source: von Deimling et al. 2015

» 22/4b-4 blowout in November 1990

» Gas bubbles observed on surface (bit at 360 m,
driller POOH, swabbing gas into the well (H2S
and methane)

» The well had encountered a 31 - 46m thick, 67
psia over-pressured gas column, with max.
pressure of c. 9.5ppg EMW

» This blow out event directly influenced all
subsequent drilling procedures in the area:

1. Surface casing should be set prior to
penetrating this sandstone at c. 500 m

2. A weighted mud system must be used for
well control (>9.5 ppg mud)




“Confirmation Bias”
The Benefits of a “Fresh Eyes” Approach

Change todrlling procedures
forallisubsequentwells

- Wellsidrilledwithilittle/no
shallow/gasirecorded

Flow potential falls out of the
subsurface narrative

Flow Zone not recognised as
requiring isolation in
abandonment planning



“Co nfi rm ati on Bi as,, Typical Well Architecture Lith Zones
Seabed
PP/FG

26" conductor

18 5/8” shoe
Shallow sandstones
assumed to be water-
bearing and hydrostatic

» Production commenced in 2001 from a
Palaeocene oil & gas-bearing reservoir, CoP
reached 2017

13 3/8” shoe

» 12 platform wells, 5 subsea wells tied back

» Minor depletion — will recharge to virgin

due to large aquifer : ; e €m Thick caprock interval
> Shallow overburden sandstones assumed 1k ,_

to be water-bearing & hydrostatically — _.9_.;‘1“ ===

pressured =

B Caprock

Zonel

1 Permeable Zone ]

B Zone of flow potential (HC's) =:

IETH Existing plug el

== Claystone —
—

« oil & gas bearing,
producing reservoir

[ Sandstone
E==m Silts & muds
== Limestone




“Confirmation Bias”
12 platform wells, with 5 subsea wells tied back

Plumbing Diagram L] Sandstone  k Casingshoe

I Mudstone Annular cement
E=T Limestone -+ Gas Oil Contact (GOC)
== Claystone === Gas Water Contact (GWC)
N
SW |WellA Well B Well C - Well D Well E NE
Seabed I II! o

s na

Platform

______ Shallow

o I-llrﬂﬁﬁllllrulmluulm-uunl ______- Sandstones

750

1250

GOC 1456 m TVD.
1500 "Lt

fo®a’a’a P 2’a0%c" *0 {00 DR . DR R I Y e R T R T ZonE1

OWC 1935 m TVD.

2000



“Co nfi rm atio n B i as,, Current Well Status Lith Zones PP/FG Plot

0
ke \nrgmpragura i 1
Seabed B iy
PP/FG 26” conductor _SZ:;:::hleznne
mmm 7one of flow potential (HC's)
I Existing plug
—— Most Likely FG
18 5/8” shoe - gﬂl{ljsﬁlr:ldﬁeelr{tifum Z0SFP
Gas Gradient from ZOSFP
» Pore Pressure and Fracture I
Gradient models provided showing ]
depletion in reservoir I
133/8" shoe Cap Rock Unsuitable
» Minimum safe abandonment [ || || |Gl YX----—=—=—==—=—=-- MSAD
depth (MSAD) calculated using gas e g
gradient from top reservoir T
Isolation Window g
d
95/8” shoe Top Res 1
P —
E— e B RN B i TeErrEr T i A il "\ S e N
By [
Zone1l L
oil & gas bearing, map —=
. . —
producing reservoir —
L R
7” shoe 2300

Pressure (psi) 6000



Duration (days / well)

“Confirmation Bias”

Operational Steps

Spread rate: £175,000 p/d
(assumed jack-up or W/O unit)

AB1 Barrier - All Wells

1.4

B Platform ®Subsea
1.2
1.0

0.8

0.8
08 0.7 0.7
0.6 o
0.6 0.6
0.4
) H
0.0

Remove RunBOP & Remove Bullhead Perform CBL Place bridge Place AB1
Tree Drilling Riser Tuhing & plug Barrier
Hanger

Subsea £4.14 mm / 24 days
Platform £ 7.52 mm / 43 days

Overall Cost £11.66 mm

Current Well Status

Lith Zones

PP/FG Plot

T 0
1 > Virgin Pressure
1 = HydrostaticGradient M
1 Seabed — LithostaticGradient
1 = Caprock
1 26” conductor Permeable Zone
1 == 7one of flow potential (HC's)
1 ETH Existing plug
: —— Most Likely FG
—— Most Likely PP
: 18 5/8” shoe === 0il Gradient from ZOSFP
1 Gas Gradient fromZOSFP
]
1 1
N 1
g 1
| ]
N 1
. I
|| 1
]
]
]
I
1 13 3/8” shoe
1
: _______ MSAD
1
1
1 g
! kS
1 =
CBL 2
g i . 2
8 1 5 o
w
. o 2
§ = o
g 1 o
1
1
1 95/8” shoe Top Res 1
1| p—
| T i [ e L L L [T Tt (I
1
1
1
o ;
— 3
1 — \\
1| f— \ (@)
1 — ‘\
1 — \
1 J—— \
1| j— N\
1 H \@
Q s B T -
7" shoe @
2300
Pressure (psi) 6000



“Confirmation Bias”

Sustained Annular Pressure (SAP)

» Sustained annular pressure D Annulus

psi

hrs

of up to 150 psi present in C-
annulus, sampling methane

Gas or fluid migration

00 i i ' degF 300 Gas lift
N [ Out of Zone Injection
el Influence of Formation
N . pressure/fluids
N heating beneath
i platform
< |
a !
@ i
o |
) » Reinvigoration of native
biogenic system due t
5 iogenic system due to
% platform heating
%,
2000 . 3 overburden
0 psi 2000 (methanogenesis)

4

Cement/casing/tubing
integrity failure

Long uncemented
open-hole sections

Reservoir compaction

Low-level
. »
biogenic gas
22

Seabed

)

Bl A

26" conductor

:
"2 185/8” shoe

A0 13 3/8” shoe




“Confirmation Bias”

The problem with shallow barriers....

» Placement of pressure containing barrier at this
depth — very challenging

26" conductor

» Difficult to verify

18 5/8" shoe

(ssanL w) yadag

» Unknown formation properties

» Long term status of this zone? Remove platform . I 132/8"shoe
—remove heat — remove problem? 1

1000

0 Pressure (psi) 2000

What is the best approach?




“Confirmation Bias”
12 platform wells, with 5 subsea wells tied back

Plumbing Diagram L] Sandstone  k Casingshoe

I Mudstone Annular cement
E=T Limestone -+ Gas Oil Contact (GOC)
o H == Claystone === Gas Water Contact (GWC)
o
i | NE
N 7 iy ey ke [ 17 Additional barriers
eéw Zone T l |'— | | to achieve isolation
H - atrorm
Requiring R Custer ;Rgﬁ%
Isolation e T
° ==+ Sandstones

1250

COCTAeTUDN N RO N N R R R o L
P I I R R R I

1750 PP ok e nn nlnn " 55 5 o

OWC 1935 m TVD o Suen o

2000



>

Duration (days / well)

“Confirmation Bias”

New Operational Steps

AB1 scope same as before

Additional AB2 Barrier - All Wells

14
12
1.0
0.8
0.8 |08
0.6
0.6 |0:6

04 0.4 [0.8
0.2
0.0

Place bridge Cut & recover 9 Perforate 13 Cement

pluginside 18  5/8" Casing 3/8” casing squeeze & place

5/8” shoe AB2 Barrier

<> Virgin Pressure
= Hydrostatic Gradient
= Lithostatic Gradient
= Caprock

Permeable Zone

= Zone of flow potential (HC's)
W Existing plug
—— Most Likely FG
— Most Likely PP
=== 0il Gradient from ZOSFP

Gas Gradient fromZOSFP

W Platform  ® Subsea

Recover BOP

Subsea +£3.13 mm / +18 days
Platform +£6.33 mm / +39 days

Overall Cost £21.13 mm

Current Well Status Lith Zones PP/FG Plot .
[]
1
: Seabed
I -
: 26" conductor Cap Rock Unsuitable
1
] - = = = = = —| MSAD 2
P81 153/s" shoe Isolation Window
i New Zone
i
1
1
1
]
!
cBl
i 13 3/8” shoe
i ------------- MSAD 1
= :
] g
1 =4
i 3
=
1 K3
1
1
==
1
!
95/8” shoe Top Res 1
—
e N RN E e A e "\ S i N
]
||
—
—
—
—
—
i G R G | W | A—
7” shoe 2300

Pressure (psi)



“Confirmation Bias”

Time/Cost Impact

£16,000,000

£14,000,000

£12,000,000

£10,000,000

£8,000,000

£6,000,000

£4,000,000

£2,000,000

£0

Example 2 - Platform Example 2 - Subsea

- -
M Increase M Decrease M Total mlllgateu rlsk B ncrease M Decrease M Total

£3,135417

£6,328,750 £13,853,750 £7,000,000

£6,000,000

£5,000,000

£4,138,021

£4,000,000

£7,525,000

£3,000,000

£2,000,000

£1,000,000

f0
Initial Isolation Strategy Add Additional Barrier New Isolation Strategy Initial Isolation Strategy Add Additional Barrier

Cost increase from original strategy: + £9.46 mm / + 57 days

£7,273,437

New Isolation Strategy



Case Study 2: “Challenging The Norm”

Blanket Isolation Philosophy

Subsurface isolation

requirements overly complex

Huge cost / complexity

implications for abandonment

Viany:wells arillieaiwith
additional cost

Change tordrilling procedures

ierallisupsequent wells

Zone of Sustained Flow

Potential interpreted as
requiring isolation everywhere




“Challenging The Norm”

Current Well Status  Lith Zones

I Caprock

Subsurface Summary s [ wellc ok

Seabed Troson o = Zone of flow potential (HC's)
[ Existing plug
= Claystone
1 Sandstone
m Silts & muds
E=1 Limestone

eeeeeeeeeeeeee

30" shoe

» Drilled in 1999 as appraisal of the
structure along strike from the original
exploration and appraisal wells

20" shoe

» Oil encountered in a Cretaceous

. OBM
reservoir . p—
no barrier |

» Overpressured in the region of 200 psi i: Q
133/8” s|

Zone 2
“Gas bearing zone,
inadequately abandoned”

oe
C NN

above hydrostatic

» Thick claystone overburden

Plug #7

» Thick sandstones in the shallow
overburden, normally pressured and
with connection to seabed

95/8” shoe

Zonel
Oil bearing, producing reservoir

8 %” open hole




“Challenging The Norm”

Plumbing Diagram

Well TBA

' [ BasementGranite ... Gas Water Contact (GWC)
producer exploration
SW wenc] weilo] NE

[==3 Sandstone
3 siltstone

== Limestone
[ Claystone

L Casingshoe
Annular cement
| CementPlug

------ Gas Oil Contact (GOC)

Seabed

Other

1250—]

VD (m)

1500 —

w750 —- -,

Additional barrier to
achieve isolation

2000 - -

2250

permeable
zones

Zonel




“Challenging The Norm”

Current Well Status Lith Zones
I I Caprock MSL
F OW zone 2 1 Permeable Zone
mmm Zone of flow potential (HC's) Seabed
T Existing plug
= Claystone
1 Sandstone 30"
mm Silts & muds
3 = | Ill—# | A === Limestone |
= —; L : 313
w & z
= | E g 3
< Pad! 5 - =t
e 1050 H T
= g ' | e ST o
o f { : Dead oil stain with
o5 L ' fast, milky cut
£3 q 1
3 o fluorescence
4 i L
»ad -+
e - Wi 4 ~ } 3 UD-;rO E»: |i=lty',‘ t tojmed|gy, pale,
<3 = 3 " 13 3/8’
1088:5. s" sl J a
= 7 : hin dolomites and
= | — 3 e . .
. =S limestone stringers with Gas max 25% C1,
Zc 4 .
BB flowlinegas 2.5% C2, 1% C3 .
| <<;> B : i 95/8”
M~ ] ITHC UMERTORE, pistiexd b
| — ) sli hrgil] ocd skefetall, vudey,
= =7 B RSy § |
1 |
> = ™ s
Excerpt from Well B Composite Log
o




Current Well Status Lith Zones

“Challenging The Norm”

FIOW Zone 2 1 Permeable Zone MSL Well D

mmm Zone of flow potential (HC's)

T Existing plug Seabed
Total Gas (%) Resistivity Sonic (msec/ft) == Claystone L
0 5 0.2 2000240 a [ Sandstone o
NT TN ] 1 = Silts & muds
B8 Limestone V kzo,,
E—1000n—FF1 -
I |} n
™~ < NOosonic
i L at
A IS C 1 | acquired
Y I i
™
/) gﬂ.g-cs 1
< > . )
«EEENS ' - Gas peaks in thin
R L : 14% (:: | : i |
S Z . sandstone stringers 133/8"
Tl | I
NI AE ] I
—
N D
P 050M—11 0
R, = L
T
*ﬂiﬁf;_ u <:| G k 95/8”
A1 <=7 | feaagtoooo |l 22% as peaks
— g
"";? = | ] @e}
bt | xS
3 e || &
ERPT T [Ea 27% <:I Gas peaks
[ | = ) T |
Eﬂﬁ:
T ¥
N ]
| vANS=, [ |

Excerpt from Well D Composite Log




“Challenging The Nor

PP/FG

>

Pore Pressure and Fracture Gradient
models had accounted for this zone as
a field-wide zone of flow potential
requiring isolation

Current Well Status Lith Zones PP/FG Plot .
<» VirginPressure
—— HydrostaticGradient MSL
— Li‘:hnslaticﬁradiant We” C
=== Caprock
Permeable Zone Seabed P corosioncn
== 7one of flow potential (HC's)
T Existing plug
— Mostlikelyrc | | )| | [Grerremner
= Most Likely PP
=== 0il Gradient from ZOSEP 30” shoe
Gas Gradient from ZOSFP
No caprock
20" shoe
P
————————————— MSAD 2
0BM Isolation Window (Zone 2)
]
N MSAD
y A TopRes2 | § -
13 3/8” shoe T
=
3
Pore 2
Pressure Fracture 2
%)
Gradient =

95/8” shoe

8%” open hole

Plug #7

8000

2000



“Challenging The No

Operational Steps

Duration (days / well)

Spread rate (rig): £300,000 p/d

rm”

Requirement for well control (BOP), cutting,

pulling and OBM handling

Environmental Cap
2.0
18
16

1.4

1.2
1.0
0.8
0.6
0.4
0.2
0.0

Set enviro plug Recover BOP Cut & Recover Wellhead

Demobilisation

Overall Cost £4.27 mm / 14 days

8%” open hole

95/8” shoe

Proposed Abandonment Lith Zones PP/FG Plot .
<» VirginPressure
= HydrostaticGradien
— [Ii\;hnsl:tilcﬁ‘iadiantl MSL We” C
mm Caprock
Permeable Zone Seabed == ==Y
== 7one of flow potential (HC's)
T Existing plug
—— Most Likely FG
= Most Likely PP
=== 0il Gradient from ZOSEP 30” shoe
Gas Gradient from ZOSFP
No caprock
20" shoe CBL
i
1
]
: P
B L | 1P Gl ekl MSAD 2
i . .
oM Isolation Window (Zone 2)
: P
T N e i MSAD
1
- TopRes2 | §
13 3/8” shoe v>:< E "‘:T- .
’ 3
1
1 Pr::::ire Fracture 2
Gradient <
Plug #7
Oil Gradient !
(1.17 psi/m) Top Res 1

8000

2000



» Could not map zone aerially — zone

“Challenging The Norm,, considered restricted

» No gas, no permeable lithologies

Subsurface Basis of Design Revealed...

Total Gas (%) Resistivity Sonic (msec/ft)
o 5 0.2 2000240 4

J i:; ey
o
L=_1125mC.T

<

No

5,

5 ] H
by [
0 256 n rese g
n H Il g 22 : H
g 2 |z g ¢ : H g 08 g8 & ¥ |% .3
A A 00 A e AN A O A
Iiaed, v A
I W




“Challenging The Norm”

Plumbing Diagram

producer

sw_[EN

Well TBA

[==3 Sandstone

3 siltstone

== Limestone

[ Claystone

[ BasementGranite

L Casingshoe
Annular cement
| CementPlug

------ Gas Oil Contact (GOC)
------ Gas Water Contact (GWC)

NE

Seabed

Other

permeable
zones




“Challenging The No

New Operational Steps

» Spread rate (vessel): £179,000 p/d

(campaign)

» No requirement for well control

Environmental Cap - Vessel

35
30

— 25

]

2

=~ 20

“

4

o

=

- 15

S

m©

£ 10

a
05
oo EE

Mobilisation Set enviro plug to

contain OBM in annulus

Severe wellhead

rm”

Proposed Abandonment Lith Zones

PP/FG Plot

< VirginPressure
—— HydrostaticGradient
= Lithostatic Gradient
== Caprock
Permeable Zone
== Zone of flow potential (HC's)
T existing plug
—— Most Likely FG
—— Most Likely PP
=== 0il Gradient from ZOSFP
Gas Gradient from ZOSFP

Seabed

30” shoe

Demobilisation

Total £1.02 mm / <6 days

20” shoe

OBM

y A
13 3/8” shoe

95/8” shoe

8 %" open hole

Oil Gradient
(1.17 psi/m)

—————— MSA

O
[Eny

Top Res 1

(ssanL w) yadag

Pressure (psi)

8000

2000




“Challenging The Norm”

Time/Cost Impact

Example 2 [Ilecreasetl cnst]

M Increase M Decrease M Total

£4,500,000

£4,269,000

£4,000,000

£3,500,000

£3,000,000

-£1,434,000

£2,500,000

£2,000,000

£1,500,000

£1,020,300

£1,000,000

-£1,814,700

£500,000

£0
No AB2 required for well #1 Optimised Isolation Strategy
Initial isolation strategy with rig Vessel scope for well #1

Saving from original strategy: - £3.25 mm / - 8.4 days



What do these examples demonstrate?

Workflow Inputs

Well & Seismic Data,
Scanned Images,
Reports

Data Review

Porosity,
Permeability, Fluid
Properties, Lithology

Permeable
Zones

Pressure
Evaluation

Pore [ Fracture /
Fluid Gradients

Zonal Isolation
Philosophy.

Identify Zones
Requiring Isolation

Identify Subsurface,
Operational & Re-Use
Risks

Risk Review

Well Stakeholder

Engagement,
Abandonment Feedback &
(WA) Strategy

Assurance

Deliverables

Database, Identify

Data Gaps
Permeable

Zones
Identify Permeable
Zones & Caprocks

Reservoir Recharge,
Crossflow,

Minimum) Safe
AbandonmentDepth
& IsolationWindows

Risks Assessment &
Opportunities
Register

Risk Review

Fully Approved
Document

Typical Subsurface Basis of Design Workflow

Zonal Isolation
Philosophy.

Understand zonal
properties and distribution
in inter-well space

Determine how these zones
communicate through well(s) —
plumbing diagrams

How does an operational
risk (gas/SAP) translate to
a subsurface risk?



In Summary

Sustained flow potential relies on multiple factors — particularly
understanding the connected zonal volumes

©

Offset data is the key to unlocking uncertainties and providing
~context

A “fresh eyes” approach can be invaluable — reduces impact of
©®" ©®) confirmation bias

 Subsurface studies can materially change the operational strategy
(vessel VS rlg)

A multi-disciplinary approach, dedicatedto P&A, is the key to
oJ¢) erJjn,J and cost effective “jv’“ _JJ,JIJ,JJIJHJ—’IJ”
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