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Zero Leaks.
Forever.

LǘΩǎ ƻƪΣ ƻǳǊ ǇƭǳƎǎ 
are holding!



Credit: Courtesy of Officers and Crew of NOAA Ship PISCES; Collection of Commander Jeremy Adams, NOAA Corps

Multi -beam sonar image of methane 
seeps in the Gulf of Mexico

Rocks.
All.

Leak.
America

A Little Bit Or A Lot
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Credit: NOAA OKEANOS Explorer Program, 2013 ROV Shakedown and Field Trials

Methane bubbles flow, offshore Virginia



Somewhere a little 
ŎƭƻǎŜǊ ǘƻ ƘƻƳŜΧ

Dorset, UK

Osmington Mills

Wytch Farm Field

Portland

Oil seeps from 
Bencliff Grit, Corallian



Onshore seeps
Offshore seeps

Source: Global distribution of petroleum seeps (G. Etiope, 2009)

Dƭƻōŀƭ ά{ŜŜǇǎ ϧ ²ŜŜǇǎέ

1901 - The Lucas 
Gusher at Spindletop 
Oil Field, Texas. 



Very good reasons to be conscious of the 
impact of leaking hydrocarbons

5ŀǊƴΣ ƛǘΩǎ ŎƻƭŘ 
this time!

(and in particular, methane)



Carbon Capture & Storage (CCS)

Regulatory Context

Cumulative 
Benefit Mindset 

for CCS

Success is measured by the 
global total amount of CO2 

removed from the atmosphere 
and stored underground

1% leaks

99% of injected CO2 is 
permanently stored

Cumulative benefit outweighs 
the cumulative negative impacts

Leak Acceptance 
όάǎƛƎƴƛŦƛŎŀƴǘ Ǿǎ ƛƴǎƛƎƴƛŦƛŎŀƴǘέύ



Regulatory Context

Malaysia
PETRONAS Governing 

Standards 2024

Indonesia
SNI 6910:2022 ς 

Indonesian National 
Standard for Well 

Abandonment

Brazil
No. 2/2002 under ANP

25/2002

Argentina
Resolution 5/1996

Alaska
Alaska Admin Code 20 

AAC 25.112

Thailand
Draft PTIT 2009

Guidelines

India
Section 80, The Oil 
Mines Regulations, 

2017 and OISD 
Standard 17

Prescriptive Approach 

Germany
Federal Mining Act 

2016 And Directive Of 
The Mining Office In 

Clausthal-Zellerfeld On 
The Fil l ing Of 

Negligent Boreholes, 
1998Canada

Oil and Gas Operations 
Act 1985

Norway
NORSOK D-010

standards in l ine
with The Activit ies

Regulations and The
Facil i t ies Regulations

Denmark
DEA Guidelines (2009)

Netherlands
The Dutch Mining Act
- Mining Regulations

Well Permanent Plugging & Abandonment (PP&A)

USA
National Legislation

30 CFR 250. State
specif ic requirements

may also apply

Χmultiple plugs shall be placed to ensure 
no fluid or flow through the holeΧ

Χprevents any formation fluid from 
flowing through or escaping from the 

well-boreΧ

..well barriers shall be designed such that 

well integrity is ensured, and the 

barrier functions are safeguarded 
during the ǿŜƭƭΩǎ ƭƛŦŜǘƛƳŜΧ ΧǘƘŜ ǊŜǎŜǊǾƻƛǊ shall be fully sealedΧ

ΧŜƴǎǳǊŜ full and adequate isolation 
of formation fluids both within the wellbore 

ŀƴŘ ŦǊƻƳ ǎǳǊŦŀŎŜ ƻǊ ǎŜŀōŜŘΧZero Leaks 
Forever Mindset

Conservative, multi-level 
plugging strategy driving cost-

escalation and project 
deferment

Seabed

45m below

15m above

MSL

нлέ

ф рκуέ

олέ

мо оκуέ

Perf zone

45-100m below 
seabed/surface

Cement Retainer

45m below

Cement Retainer

15m above

45m 
surface 

plug 

30m below

30m above

Remediated open annulus

Liner lap 
above 
reservoir

Casing 
stub 
above 
reservoir

30m below

30m above

тέ

Proposed Abandonment

Sandstone
Siltstone
Claystone
Limestone

Lithology

Fluid

Hydrostatic
Overpressure
Significantly overpressure

Pressure

Cap rock
Permeable zone
Zone of flow potential (ZOFP)

Zone

Hydrocarbon (oil or gas)
Water



New 
Zealand

Health and Safety at 
Work (Petroleum 
Exploration and 

Extraction) Regulations 
2016 (WorkSafe)

United 
Kingdom

Offshore Installations
and Wells (Design and

Construction, etc.)
Regulations 1996

Australia
Offshore Petroleum &

Greenhouse Gas 
Storage (Resource 
Management and 
Administration) 

Regulations
2011

Risk-based Approach (ALARP)

Well Permanent Plugging & Abandonment (PP&A)

Regulatory Context

Χrisks to the integrity of the well 

will be reduced to as low as 
reasonably practicableΧ

Χleak risks will be reduced to as 
low as reasonably practicableΧ

Χƛƴ so far as it reasonably 
practicableΧthere can be no unplanned 

escape of fluids from the wellΧ

Risk-Based 
Mindset

Use data, and specific 
engineering & subsurface 

ǎǘǳŘƛŜǎ ǘƻ άǊŜŘǳŎŜ ǘƘŜ ƭŜŀƪ Ǌƛǎƪ 
ǘƻ ![!wtϝέ

*as low as reasonably practicable

Seabed

MSL

нлέ

ф рκуέ

олέ

мо оκуέ

Perf zone

Liner lap 
above 
reservoir

Casing 
stub 
above 
reservoir

2 x 100ft/60m 
or

 1 x 200ft/120m

тέ

1 x 100ft / 60m

Cement Retainer

Cement Retainer

Proposed Abandonment

Shallow 
Biogenic Gas

Main 
Hydrocarbon 

Reservoir

Can there ever be an 
άŀŎŎŜǇǘŀōƭŜ ƭŜŀƪ ǊŀǘŜκǊƛǎƪέ 

for hydrocarbons?



Case Study 
Example
Isolation Options For Shallow 
Biogenic Gas Formations In 
The Central North Sea, U.K.C.S



Base Quaternary (Lamb et al. 2016)
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Middle Pleistocene erosion surface

Sheet Sands
Basin/Claret Sands

Crenulate Reflection

Crenulate Member

Base Quaternary (Hydrosearch 1995)
F03 Surface (Lamb et al. 2016)

Base Naust Equivalent 
(Ottesen et al. 2014)

Seismo-strat.
(Various)

Lith

Holocene

Typical Seismic 
Character

0 m

1000 m
Re-ŘǊŀŦǘŜŘ ŦǊƻƳ άIŀǎ ŀƴȅƻƴŜ ǎŜŜƴ ǘƘŜ /ǊŜƴǳƭŀǘŜΚέ CǊŀƴŎƛǎ .ǳŎƪƭŜȅΣ h{LD нлмт

Witch 
Ground 

Fm.

Coal Pit 
Fm.

Fisher 
Fm.

Ling Bank 
Fm.

Litho-
strat.

(Various)

Seabed

Re-drafted from Millenium Atlas, 2000

Shallow gas in mounded 
and sheet-sand layers

22/4b-4

ü Early Pleistocene interval comprising 
sandstones and siltstones of mixed glacio-
marine origin

21/10-3

Blow-out wells

FD 31

Area of pockmarks (i.e. 
gas release to surface)

300 ς 700 m TVDSS 

F10 (Lamb et al. 2016)

G1 Sequence (Buckley 2016)

Sandstone
Siltstone
Claystone

Lithology



Historical Blow Out

Source: von Deimling et al. 2015

ü 22/4b-4 blowout in November 1990

ü The well had encountered a 31 - 46m thick, 
67 psia over-pressured gas sand at c. 360m 
below seabed

Well 22/4b-4

Re-drafted from Millenium Atlas, 2000

22/4b-4

20 m x 70 m crater
ü άмΦтƪ ǘƻ нрƪ ǘκ/I4κȅŜŀǊέ (Leifer et al. 2015) 
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ΝΥШΡоΥњШƚőŸĲ

ΦШΡоΥњШƚőŸĲ

ΝΟШΟоΥњШƚőŸĲ

ΞΣњШĦŸŰĬƨĦƣŸƖ

Seabed

B

Well Architecture & Current Status

CD A

Dry Xmas Trees

D Annulus 

Cemented to surface, good 
quality, full returns

Bubbles not observed at 
seabed C Annulus

Cement quality poor 
όάǎǘǊǳƴƎ ƻǳǘέύ

Top of cement unknown

SAP of 150 psi (+/- 50psi)

Sampled methane (99.8%)

OBM and likely barite and 
solids drop out

üPlatform with 12 wells

üSustained annular pressure 
(SAP) of up to 150 psi 
present in C-annulus

degF

D
e
p
th

Influence of 
heating beneath 

platform

psi

0

2000

300

30000

0

üReinvigoration of biogenic system 
due to platform heating 
overburden (methanogenesis)

?

Reservoir

Caprock

Biogenic 
gas sand

Nearby Platform Abandonment 

Operational pressures and gas 
must be managed safely

The necessity for long-term isolation remains a 
subject of ongoing debate

Leak pathway 

500m



What are the options 
ŦƻǊ ƛǎƻƭŀǘƛƴƎ άŎƘǊƻƴƛŎ 
low-level biogenic gas 

ƭŜŀƪŀƎŜέ

Option 1: Conventional Barrier
ü Milled window approach
ü Fully verified
ü άtǊŜǎǎǳǊŜ ŎƻƴǘŀƛƴƛƴƎέ

Option 2: Perforate & Squeeze Barrier
ü ά.Ŝǎǘ 9ƴŘŜŀǾƻǳǊǎέ
ü Annuli may remain unverified

Option 3: Environmental Barrier
ü Isolation of annular contaminants only
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ΞΣњШĦŸŰĬƨĦƣŸƖ

Seabed

Reservoir Abandonment

B

Simplified Operational Steps

CD

Not to scale!

A

Plug

L
o

g

Total time per well: 6 days

Total cost per well: £0.72 mm

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

Reservoir

Caprock

Oil & Gas 
Reservoir

Assumptions:
Level 4 cost estimate
9% NPT
5% WOW
Spread rate: £120k/d
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Option 1: Conventional Barrier
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Not to scale!

Plug

CD B
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Option 1: Milled Window

Reservoir

Caprock

Biogenic 
gas sand

Assumptions:
Level 4 cost estimate
9% NPT
5% WOW
Spread rate: £130k/d
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Simplified Operational Steps

Option 1: Milled Window

Reservoir

Caprock

Biogenic 
gas sand

Assumptions:
Level 4 cost estimate
9% NPT
5% WOW
Spread rate: £130k/d
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Option 1: Milled Window

ü Verified, fully rock-to-rock barrier Reservoir

Caprock

Biogenic 
gas sand

Assumptions:
Level 4 cost estimate
9% NPT
5% WOW
Spread rate: £130k/d
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Total time per well: 12 days

Total cost per well: £1.68 mm

Total cost across all wells (n=12): £20.13 mm
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Not to scale!

Plug

Option 1: Conventional Barrier
Simplified Operational Steps

Plug

Option 1: Milled Window

ü Environmental barrier for annuli containment Reservoir

Caprock

Biogenic 
gas sand

Assumptions:
Level 4 cost estimate
9% NPT
5% WOW
Spread rate: £130k/d
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Option 2: Perforate & Squeeze Barrier
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Plug

Option 2: Perf & Squeeze
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Biogenic 
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Assumptions:
Level 4 cost estimate
9% NPT
5% WOW
Spread rate: £130k/d
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üάYƴƻǿƭŜŘƎŜ ƛǎ tƻǿŜǊέ - inflow test is an opportunity to collect a 
pressure data point to de-risk operations ς only required on first well

Option 2: Perforate & Squeeze Barrier
Simplified Operational Steps

Option 2: Perf & Squeeze

Reservoir

Caprock

Biogenic 
gas sand

Assumptions:
Level 4 cost estimate
9% NPT
5% WOW
Spread rate: £130k/d
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Option 2: Perforate & Squeeze Barrier
Simplified Operational Steps

Gator 
Perforating 

System

Option 2: Perf & Squeeze

ü Obtaining circulation pathway might be challenging due to strung 
out cement ς may have to repeat - shallower

Reservoir

Caprock

Biogenic 
gas sand

Assumptions:
Level 4 cost estimate
9% NPT
5% WOW
Spread rate: £130k/d



ü Unable to verify base of annular cement / qualityTotal time per well: 6.7 days

Total cost per well: £0.928 mm

Total cost across all wells (n=12): £11.14 mm
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Total time per well: 3.4 days

Total cost per well: £0.517 mm

Total cost across all wells (n=12): £6.21 mm
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Option 3: Environmental Barrier Only
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Option 3: Environmental Barrier Only
Simplified Operational Steps

ü Isolation of annular contaminants only Reservoir

Caprock

Biogenic 
gas sand

Assumptions:
Level 4 cost estimate
9% NPT
5% WOW
Spread rate: £130k/d



How Do Options 1 ς 2 ς 3 Compare?
Comparative Assessment Criteria

TechnicalLegislation Environment Cost

How complex is the 
option & what is the 
chance of success?

Does option comply?
What is the resource 
burden and is there a 

residual leak risk?

What is the overall 
cost of option?

Three options assessed against criteria for:

According to:

Negative Positive

This assessment assumes all options are technically possible and can be executed safely



Fully-lateral barrier

Complies with 
Regulation / 
Guidance

Option 1: 
Conventional 
Barrier

Option 2: 
Perforate & 
Squeeze 
Barrier

Option 3: 
Environmental 
Barrier only

TechnicalLegislation Environment (Days) Cost £
Option

Criteria

Good chance of success

Establishing circulation 
pathway may impact 
quality of annular 
barrier

Simpler operations uses 
less resource than 
Option 1

Increased likelihood of 
future leakage

Not a fully-verified 
barrier

Complies with spirit of 
ALARP

Lower chance of 
success. Need sufficient 
weight and torque to 
mill, SWARF, pack-offs, 
determines P&A unit, 
short response time

Fully-lateral barrier

Complies with 
Regulation / Guidance

Extended operational 
time uses more 
resources

If successful = gas-tight, 
pressure containing

(144.5 days)
£20.13 mm

Comparative Assessment Results

(80.6 days)
£11.14 mm

(£8.9 mm less than 
Option 1)

Excellent chance of 
success

Simple operations, 
proven technology

Annular OBM 
containment only

Simpler operations uses 
less resource than 
Options 1 and 2

Much increased 
likelihood of leakage

(41.4 days)
£6.21 mm

(£4.9 mm less than 
Option 2)

How Do Options 1 ς 2 ς 3 Compare?

Trade Off

Risk of Future 
Leakage

i.e. Leak 
Acceptance



Option 1: Conventional Barrier

Option 2: Perforate & Squeeze Barrier

Option 3: Environmental Barrier

With health & 
safety risks 
mitigated

What is the only 
important metric 
left to consider?

Increased leak probability



ά/ƻǎǘ ǘƻ {ƻŎƛŜǘȅέ 
of releasing methane into 

the atmosphere



üMethane is a more potent greenhouse gas (GHG) than CO2 in the 
short-term

9ċũĦƨũċƣŔŰŊШљ9ŸƚƣШƣŸШÉŸĦŔĲƣǃње

Climate Impact of Methane (CH4)

üGlobal Warming Potential (GWP) 84-87 times that of CO2 over 20 years*

*per IPCC AR6, updated Aug 2024

üMethane emissions are standardised to CO2 equivalent (COіe)

üCarbon Value ƛǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ¦Y DƻǾŜǊƴƳŜƴǘ ŀǎ ǘƘŜ άcost of reducing 
ŜƳƛǎǎƛƻƴǎ ǘƻ ƳŜŜǘ ǘƘŜ ¦Yϥǎ ŎƭƛƳŀǘŜ Ǝƻŀƭǎέ ς applied to all CO2e metrics

200 tCH4 * 87 = 

17,400 tCO2e £287/tCO2e
Unmitigated 
Leak Rate 
Example

Leak rate 10 tCH4 /yr =

200 tCH4

Assumed leak rate / 
volume over 20 years

tCH4 to tCO2e using 
GWP20 (87)

2025 Carbon Value**

17,400 tCO2e * £287

£ 5 mm

Societal Cost (£)

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


