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SOLUTIONS
Zero Leaks. Forever.
Is There A Place For Pragmatism Over Perfection

In Well Abandonment?

Ruth Thomas

Subsurface Manager, We$afe Solutions

4 !i 1

Wﬂﬂ»Saf Sol oaa»l.d =




Hresentation < Utk

Leaks Around The Globe

Regulatory Expectations

Case Study Example: Options for Isolating Shallow Biogenic Gas Zones

The Role of Leak Characterisation & Societal Cost in Abandonment
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‘Shakedown and Field Trials

Credit: NOAA OKEANOS Explorer Program, 2013 ROV
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RegulatoryGantext

Carbon Capture & Storage (CCS)

Cumulative
Benefit Mindset
for CCS

Success Is measured by the
global total amount of CO
removed from the atmosphere
and stored underground

Directive 2009/31/EC
(“CCS Directive”)

Chapter 2
Article 4: Selection of Storage

2 Guids::sceD oooooo t1 99% Of InJeCted CQS
permanently stored

CO2 Storage Lifecycle and Risk
~>. v Management Framewor! k

Leak Acceptance

66aAIYATAOL Yl Ga Myaridy

1% leaks

Cumulative benefit outweighs
the cumulative negative impact
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Well Permanent Plugging & Abandonment (PP&A)

Zero llceaks
ForeverMimdset

Conservative, muHievel
plugging strategy driving cost
escalation and project
deferment

| Proposed Abandonment

45-100m belo MSL
seabed/surface
Seabed
Casing
stub
above
reservoir
J A

15m aboveI ------- Liner Iap
Cement Retainer above
45m bel F reservoir
mbelow) | g¥ | A
® pKkyé

Perf zone

Lithology
Sandstone
E==F Siltstone
E=—=4 Claystone
E=== Limestone

Fluid

I Hydrocarbon (oil or gas)
[ \Water

Pressure

1 Hydrostatic
1 Overpressure
[ Significantly overpressure

Zone

I Cap rock
1 Permeable zone
I Zone of flow potential (ZOFP)



RegulatoryGantext

Well Permanent Plugging & Abandonment (PP&A)

RiskBased
Mindset

Can there ever be an =

G OOSLJilI of S 55§§%,|-d£u

| Proposed Abandonment
MSL|

Shallow
Biogenic Gas

for hydrocarbons? =

g 9 SIK NPeg 11 N

&

e 1996 No. 913 HEALTH AND SAFETY mUK M .
statutory instrument .| OEUK Well Decommissioning al n
Reg. 13 of Offshore Installations and Guidelines
Wells (Design and Construction, etc) " | Issue 7, “Section 2, Evaluation of H d b
Regulations 1996 (SI 1996/913) [DCR] Formations with Flow Potential” y ro Car 0 n

*as low as reasonably practicable
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U Early Pleistocene interval comprising
sandstones and siltstones of mixed glacio
marine origin
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Historical Blow@ut i  22/4b-4 blowout in November 1990

Well 22/4b-4 U  The well had encountered a 34#6m thick,
Source: vorDeimlinget al. 2015 67 psia ovepressured gas sand at c. 360m
below seabed
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|:! Shallow gas associated with
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Well Architecture & Current Status

Nearby RiattormsAbaddonment 1

U Platform with 12 wells %eak pathway
DI€|B|| A I
. 1l
0 Sustained annular pressure i I 0 s
(SApr up to 150 pSI ‘ EI : {EZH:LIJHY 0T e FAaq
present in Gannulus | 15
::‘IP :#E::NYLIJPOYH:UH(iYIJ
Voo ko Biogenic
- Soom -_I -«gas sand
-V
Operational pressures and gas A Kvowoermons

must be managed safely

The necessity for longerm isolation remains a
subject of ongoing debate




Option 1: Conventional Barrier

i  Milled window approach
u  Fully verified ol -
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ResewoirsdAbandonment

Simplified Operational Steps

>

Assumptions:

Level 4 cost estimate Seabed
9% NPT
5% WOW

Spread rate: £120k/d Reservoir (AB1) Barrier

1.6

1.4 ‘
- 555555555555552
1 o
: ‘
0.8
0.6
. “Caprock:
0.2 . ::::::::::::::::::::_:
: :

Recover Tree  Run Drilling BOP Recover tubing Run CBL log  Run Bridge Plug
and Riser hanger and tubing and Set ABN1
Barrier

Log

__________

panmsasys
[ |
LI I B |

Duration (days / well)

__________

=

22 Oil & Gas

Total time per well: 6 days :
Reservoir

Total cost per well: £0.72 mm
Total cost across all wells (n=12): £8.61 mm




Option 1: CConventionabBareier

Simplified Operational Steps

Assumptions:

Level 4 cost estimate
9% NPT

5% WOW

Spread rate: £130k/d

6.0

o
o

»
o

w
o

N
o

Option 1: Milled Window

Duration (days / well)

=
o

Cut 9 5/8"
Casing

o
o

Recover 9
5/8"Casing

Set Bridge Plug Mill & Under-  Set Balanced Set

& Displace Wel
to Milling Fluid

Ream Window Cement Plug (1ZEnvironmental
hrs WOC) Plug

Seabed

N
B

:‘..-:'-:NYLIJPOYH)LIJi 6YW
s Biogenic
gas sand

INOLWOO Y wllt 6 V1




Option 1: CConventionabBareier

Simplified Operational Steps

Assumptions:
Level 4 cost estimate Seabed "
9% NPT ]
5% WOW :
Spread rate: £130k/d _ _ _ i o]
Option 1: Milled Window =
6.0 -
g RSN Y WP o Y bl 6 Y1)
5.0 R Biogenic
- e E gas Sand
©4.0
=
%3_0 INOLWOO Y kil 6 Y1
2
520
<
>
o 1R
Cut 9 5/8" Recover 9  Set Bridge Plug Mill & Under-| Set Balanced Set
Casing 5/8"Casing & Displace Welll Ream Window Cement Plug (12ZEnvironmental
to Milling Fluid hrs WOC) Plug




Option 1: CConventionabBareier

Simplified Operational Steps

Assumptions:

Level 4 cost estimate
9% NPT

5% WOW

Spread rate: £130k/d

Option 1: Milled Window

6.0
5.0
4.0
=
(2]
30
2
520
<
>
o 1IN
Cut 9 5/8" Recover 9  Set Bridge Plug Mill & Under- | Set Balanced Set
Casing 5/8"Casing & Displace Well Ream Window Cement Plug (1pPEnvironmental
to Milling Fluid hrs WOC) Plug

Seabed

u Verified, fully rockto-rock barrier

y tan .,
o

......

:‘..-:'-:NYLIJPO Yt 6Y1
- Biogenic

gas sand

A SNOWOO Y il 6 Y1




Assumptions:

Level 4 cost estimate
9% NPT

5% WOW

Spread rate: £130k/d

6.0

n w » o
o o o o

Duration (days / well)

=
o

Cut 9 5/8" Recover 9
Casing 5/8"Casing

o
o

Option 1: Milled Window

Set Bridge Plug Mill & Under-

& Displace Well Ream Window Cement Plug (1

to Milling Fluid

Set Balanced

hrs WOC)

Option 1: CGonventienabBareier

Simplified Operational Steps

Seabed

Not to scale!

Set
PEnvironmental

Plug

dohtimeprntelbaidiéleiss annuli containment
Total cost per well: £1.68 mm

Total cost across all wells (n=12): £20.13 mm

“Caprock: :

_____________________

® :‘:--:NYLIJPOYH:LIJi 6V 1
Biogenic
gas sand

ENOLWOO Y il 6 Y1



Assumptions:

Level 4 cost estimate
9% NPT

5% WOW

Spread rate: £130k/d

2.5

g
o

=
o

Duration (days / well)
o

o
o

o
o

Cut 9 5/8" Casing Recover 9
5/8"Casing

Option 2: IRefforatef&sSqueezeaBasrier

Simplified Operational Steps

Option 2: Perf & Squeeze

Set Bridge Plug  Perforate and Run with Squeeze
Inflow Test Packer and
Cementing (12 hrs
WOC)

2

e -

AT TP UG 7Y
s A P
H 2°a%0

Not to scale!

CAZ T hWHYOT e Ha VI

:‘..-:'-:NYLIJPOYH:LIJi 6YW
S Biogenic
gas sand
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Option 2: IReftoratef&sSqtieezeaBasrier

Simplified Operational Steps

Assumptions:

Level 4 cost estimate
9% NPT

5% WOW

Spread rate: £130k/d

Option 2: Perf & Squeeze

Cut 9 5/8" Casing Recover 9 Set Bridge Plug  Perforate and | Run with Squeeze
5/8"Casing Inflow Test Packer and

Cementing (12 hrs
WOC)

2.5

Y
o

Duration (days / well)
o N =
(&) o (6]

o
o

U aYy 2 ¢t SR3 Sinflovétest iLaa GPNdtunity to collect a
pressure data point to deisk operations; only required on first well

Seabed

Not to scale!

Y
......

AT wWHYOT e Ha VI

% YWPoYwl 6 Y1
Biogenic
gas sand
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Assumptions:
Level 4 cost estimate

9% NPT

5% WOW
Spread rate: £130k/d

2.5

o = = g
o o o o

Duration (days / well)

o
o

Option 2: Perf & Squeeze

Cut 9 5/8" Casing

Recover 9
5/8"Casing

Set Bridge Plug  Perforate and

Inflow Test

Run with Squeezs
Packer and
Cementing (12 hrg

WOC)

14

"4

U Obtaining circulation pathway might be challenging due to strung
out cement¢ may have to repeatshallower

Option 2: IRefforatef&sSqueezeaBasrier

Simplified Operational Steps

Monitor fr\

CGannulus

pressure f{h\

Seabed

LEE
ENERGY
SYSTEMS

Gator
Perforating
System

Not to scale!

:‘..-:'-:NYLIJPOYH:LIH 6YW
Biogenic

gas sand

A ENOWOO Y il 6 V1)




Option 2: IReftoratef&sSqtieezeaBasrier

Simplified Operational Steps

Assumptions:

Level 4 cost estimate
9% NPT

5% WOW

Spread rate: £130k/d

Option 2: Perf & Squeeze

Seabed

25
2.0
T
315
2
©
Z10
c
je
: . l
505
&)
0.0
Cut 9 5/8" Casing Recover 9 Set Bridge Plug  Perforate and | Run with Squeez¢
5/8"Casing Inflow Test Packer and
Cementing (12 hrg
WOC)

doahtple peyerl): Badelayannular cement / quality
Total cost per well: £0.928 mm

Total cost across all wells (n=12): £11.14 mm

Not to scale!

:‘..':'-:NYLUPOYH:UH 6YW
Biogenic

gas sand

A ENOWOO Y il 6 V1)



Option 3: EnvicommentaBBareed Anly

Simplified Operational Steps

Assumptions:

Level 4 cost estimate
9% NPT

5% WOW

Spread rate: £130k/d

Option 3: Environmental Barrier Only
2.5

= = g
o a o

Duration (days / well)

o
o

Cut 9 5/8" Casing Recover 9 5/8"Casing Log 13 3/8" Casing Set Environmental Plug
(circ. annulus)

o
o

Not to scale!

Log

dotabluxierner weluBuicdaysminants only
Total cost per well: £0.517 mm

Total cost across all wells (n=12): £6.21 mm

:‘..-:'-:NYLIJPO Yl 6 VY1
Biogenic
gas sand

A ENOWOO Y it 6 Y1



How Do @ptionsLk 2 € 3 Compace?

Comparative Assessment Criteria

Three options assessed against criteria for:

Legislation Technical Environment Cost

How complex is the| What is the resource
Doesoption comply? | option & what is the | burden and is there g
chance of success?| residual leak risk?

What is the overall
cost of option?

According to:

This assessment assumes all options sgehnically possibleand can beexecuted safely




How Do @ptionsLk 2 € 3 Compace?

Comparative Assessment Results " posiive|
Criteria Legislation Technical Environment (Days) Cost £
Option
Lower chancde Offf_ | Extended operational
Option 1: Fully-lateral barrier successNeed sufficient - time uses more
Conventional [ Sef o TRy We|:ght A torque@z]? (ESEHIEES (144.5 days)
: mill, SWARF, paeéffs, £20.13 mm
Barrier Regulation / Guidance  determines P&A unit, ~ If successful = gatight,
short response time pressure containing
5 1 chance \oF SUCCE A ~ .
Option 2: NoEa fullAverfied coel eanlee itess | (GUI0 CaYs
Perforate & DALHIER EStablishing-circulationt Trade @Off LA TR
Squeeze G ies with spirit o PAtIWAY Y B AC I
Barrier 3:;{:3& WIS DTG0 quality of annula | ~mead et of | (£8.9 mmliassaan
oh DARAEE | Option 1)
Ootion 3: Excellent chance of (41.4 days)
Er?\?icr)cr)]nrﬁental AMIET(0]E1) SUEEESS l.e. Leak £6.21 mm
Barrier only containment only Simple operations Acceptance

proven technology




Option 1: Conventional Barrier

With health & 3

vvhat IS the oni
mportant metric
left to consider?
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Climate Impact of Methane (CiH

9clirAalCcqRUNWBLI Yt qUaVYWEYHRIUIq! we

U Methane is anore potentgreenhouse gas (GHG) thanG(Cthe

shortterm

U Global Warming Potentiaf GWP)B4-87 times that of C@over 20 year$
U Methane emissions arstandardisedo CQ equivalent(CQe)

U Carbon Valué\ a
SYAaarzya

0 2

RSUSNNYAYSR

0 €e

codt of BRAUZIYNY Y S Y (i
YSSU clappedtp MTC& méricd YII S 32

Assumed leak rate /

tCH: to tCCe using

2025 Carborvalue**

Societal Cost (£)

Example

volume over20 years GWP20¢7)
Unmitigated | | cak rate 10 tCHyr = 200 tCH * 87 = 17,400 tC@e * £287
Leak Rate 200tCH | 17,400tCCe| £287MCCe | £ 5 mm

*per IPCC ARG, updated Aug 2024

**2025 value from Department for Energy Security and Net Zero (DE



