
To flow or not to 
flow, that is the 
question…
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Subsurface Manager



To flow or not to flow…

➢ Regulatory Context

➢ What Is Sustained Flow Potential?

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

➢ The Inconvenient Truth



Why Abandon?

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

“…no unplanned escape of 

fluids from the well or from 

the reservoir to which it led.

“

Thermal image of 
methane leak, California

Macondo, Gulf of 
Mexico



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



Credit: NOAA OKEANOS Explorer Program, 2013 ROV Shakedown and Field Trials

Methane bubbles flow, offshore Virginia



Somewhere a little closer to my home…

Dorset, UK

Osmington Mills

Wytch Farm Field

Portland

Oil seeps from 
Bencliff Grit, 
Corallian



Global Seeps & Weeps

Onshore seeps
Offshore seeps

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

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



Seabed

Pockmarks

Shallow gas 
accumulation

Shallow 
channels

Primary governed by pressure 
and permeability contrasts

Faulted / 
fractured zones

Permeable 
carrier beds in 
the overburden

Intact cap rock is generally 
“capillary sealing”, unless altered

Deep reservoir
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M
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18 5/8” shoe

9 5/8” shoe

13 3/8” shoe

26” conductor

A

B
C

D Annulus Nomenclature

Interspace between 
cement & casing or 
formation

Cracks/channels in 
cement

Packer failure

Strung out cement 
leading to ingress from 
overburden formations

Casing failure

Wellhead seal failure 
and corrosion

Seal failure / 
failure of 
production casing

Drilling/construction 
related activities

Well integrity issues

Fracturing of near 
wellbore formation 
during drilling

Decentralised 
casings (high 
deviation wells, 
heavy casings)

Wells

Figure not to scale
What Can Flow/Leak?

Formations
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Denmark
D EA  G u id e l in e s  

( 2009)

Netherlands
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-  M in in g  R e g u la t ion s

USA
N a t io n a l  L e g i s la t io n

30  CF R  250.  S ta te
s p e c i f i c  r e q u i r e m e n ts

m a y  a l s o  a p p ly

Malaysia
P ETR O NA S  G ov e rn in g  

S t a n d a rd s  2024

Indonesia
S NI  6910:2022  –  

I n d on e s ia n  Na t ion a l  
S t a n d a rd  f or  We l l  

A b a n d on m e n t

Argentina
Resolution 5/1996

Alaska
Alaska Admin Code 20 

AAC 25.112

Thailand
D ra f t  P T I T  2009

G uide l ine s

India
S e c t ion  80 ,  Th e  O i l  
M in e s  R e g u la t ion s ,  

2017  a n d  O I S D  
S t a n d a rd  17

Prescriptive Approach 

Germany
F e d e ra l  M in in g  A c t  

2016  A n d  D i re c t iv e  O f  
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O n  Th e  F i l l in g  O f  
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1998

…multiple plugs shall be placed to ensure 
no fluid or flow through the hole…

…prevents any formation fluid from 
flowing through or escaping from 

the well-bore…

..well barriers shall be designed such that 

well integrity is ensured…..during 

the well’s lifetime…..
…the reservoir shall be fully sealed…

…ensure full and adequate isolation 
of formation fluids both within the wellbore 

and from surface or seabed…

"Zero Leaks 
Forever" Mindset

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

project deferment

Seabed

45m below

15m above

ZO
SF

P

MSL

20”

9 5/8”

30”

13 3/8”

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

7”

Proposed Abandonment

Sandstone
Siltstone
Claystone
Limestone

Lithology

Fluid

Hydrostatic
Overpressure
Significantly overpressure

Pressure

Cap rock
Permeable zone
Zone of sustained flow 
potential (ZOSFP)

Zone

Hydrocarbon (oil or gas)
Water

Regulatory Context
The Global Context

Multiple 
barriers



Brazil
No.  2/2002  u n d e r  

A NP
25/ 2002

New 
Zealand

H e a l t h  a n d  S a f e t y  a t  
Work  ( P e t ro le u m  
Ex p lora t ion  a n d  

Ex t ra c t ion )  R e g u la t ions  
2016  ( Work S a f e )

United 
Kingdom
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a n d  We l l s  ( D e s ig n  

a nd
C on s t ru c t ion ,  e t c . )
R e g u la t ion s  1996 Australia

O f f s h ore  P e t ro le u m  &
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A d m in is t ra t ion )  

R e g u la t ion s
2011

Risk-based Approach (ALARP)

…risks to the integrity of the well 

will be reduced to as low as 
reasonably practicable…

…leak risks will be reduced to as 
low as reasonably practicable…

…in so far as it reasonably 
practicable…there can be no unplanned 

escape of fluids from the well…

Risk-Based 
Mindset

Use data, and specific engineering 
& subsurface studies to “reduce 

the leak risk to ALARP*”

*as low as reasonably practicable

Seabed

MSL

20”

9 5/8”

30”

13 3/8”

Perf zone

Liner lap 
above 
reservoir

Casing 
stub 
above 
reservoir

2 x 100ft/60m 
or

 1 x 200ft/120m

7”

1 x 100ft / 60m

Cement Retainer

Cement Retainer

Proposed Abandonment

Regulatory Context
The Global Context

Sandstone
Siltstone
Claystone
Limestone

Lithology

Fluid

Hydrostatic
Overpressure
Significantly overpressure

Pressure

Cap rock
Permeable zone
Zone of flow potential (ZOFP)

Hydrocarbon (oil or gas)
Water

Reduced 
scope



UK Guidance

“…no unplanned escape of fluids from the well….”

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]

“…. abandoned in a safe manner…”

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

What Does The UK Regulator Expect?

Regulatory Context

11

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

OEUK Well Decommissioning 
Guidelines

“…risk-based approach…”

“… subsurface assessment to understand 
formation flow potential…”

UK Legislation

“…leak risk should be ALARP…”

*as low as reasonably practicable



What Is Subsurface Assessment?

Regulatory Context

12

Excerpt from page 14 of the Guidance:



Workflow For Determining Formation Flow Potential

Subsurface Assessment

13

What is Sustained 
Flow Potential?

Assessment of flow 
potential for a 

particular formation

Formation HC 
bearing?

No flow potentialYes No

Yes

Flow potential

Capable of 
sustained flow?

Co-mingling considerations 
affect number of barriers

No
Formation 

significantly 
overpressured?

No flow potential

No

No/limited flow 
potential*

Flow potential*

No

Yes

Capable of 
sustained flow? Yes

*Assess risk of potential 

flow and design isolation 
strategy accordingly 

*Formations require isolation from 

environment – deviation may be 
considered if risk of release is deemed 
ALARP and satisfy DCR Reg 15



Connected 
Zonal Volume

Heterogeneity
Distribution
Connectivity

Formation 
Pressure

Formation pressure > 
Formation fluid gradient

Fluid 
Properties

Phase
Saturation
Viscosity
Relative mobility

Sustained Flow Potential

Subsurface Assessment

14

Permeability

Grain

Pore

Pore

Pore

Pore

Grain

Grain

Grain

Effective / Relative 



We might miss the 

bigger picture

What is the impact on our abandonment cost?

Impact of mis-identifying sustained 
flow potential?

What is the impact on our abandonment cost?

Impact of “over-abandoning” a zone 
unnecessarily?

Miss optimisation opportunities 
(cost-reduction) and/or risks

Why Does It Matter?



Case Study 1: “Confirmation Bias”

➢ 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)

Leaving a 20 m x 70 m crater

Source: von Deimling et al. 2015Major Event



Major Event

Change to drilling procedures 
for all subsequent wells

Flow potential falls out of the 
subsurface narrative

Flow Zone not recognised as 
requiring isolation in 

abandonment planning

Wells drilled with little/no 
shallow gas recorded

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



18 5/8” shoe

Typical Well Architecture

13 3/8” shoe

26” conductor

Lith

9 5/8” shoe

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

➢ 12 platform wells, 5 subsea wells tied back

➢ Minor depletion – will recharge to virgin 
due to large aquifer

➢ Shallow overburden sandstones assumed 
to be water-bearing & hydrostatically 
pressured

Seabed

Zone 1
oil & gas bearing, 
producing reservoir

7” shoe

“Confirmation Bias”
PP/FG

Shallow sandstones 
assumed to be water-
bearing and hydrostatic 

ZO
SF

P

Thick caprock interval

Zones

Caprock
Permeable Zone
Zone of flow potential (HC’s)
Existing plug
Claystone
Sandstone
Silts & muds
Limestone

plug



SW NE
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Well C
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TOC

Well D Well E
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13 3/8”

20”

7”

TOC

TOC

TOCTOC

7”

13 3/8”

30”

20”

30”

TOC

7”

TOC

TOC TOC

26”

18 5/8”

TOC

9 5/8”

13 3/8”

TOC

26”

18 5/8”

TOC

7”

7”

0

ZO
SF

P
C

ap
ro

ck

Zone 1

ML MSAD 1005 m TVDSS

OWC 1935 m TVD 

GOC 1456 m TVD

Shallow 
Sandstones

Seabed

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

Platform 
Cluster



18 5/8” shoe

Current Well Status

13 3/8” shoe

26” conductor

Lith Zones

ZO
SF

P

9 5/8” shoe

PP/FG Plot
D

ep
th

 (m
 TV

D
SS)

6000
2300

0

Pressure (psi)

Gas Gradient 
(0.19 psi/m)

GOC

OWC

Fracture 
Gradient

Overburden 
Gradient

Hydrostatic 
Gradient

➢ Pore Pressure and Fracture 
Gradient models provided showing 
depletion in reservoir

➢ Minimum safe abandonment 
depth (MSAD) calculated using gas 
gradient from top reservoir

Pore 
Pressure

Depleted PP

Seabed

0

Zone 1
oil & gas bearing, 

producing reservoir

7” shoe

“Confirmation Bias”
PP/FG

Isolation Window

Cap Rock Unsuitable
MSAD

Top Res 1



CBL

Current Well Status Lith Zones

ZO
SF

P

PP/FG Plot
D

ep
th

 (m
 TV

D
SS)

6000
2300

0

Pressure (psi)

MSAD

Top Res 1
GOC

OWC

AB1 Plug

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

0

Subsea £4.14 mm / 24 days

Platform £ 7.52 mm / 43 days

Overall Cost £11.66 mm

18 5/8” shoe

13 3/8” shoe

26” conductor

9 5/8” shoe

Seabed

7” shoe

“Confirmation Bias”
Operational Steps

Gas Gradient 
(0.19 psi/m)



D Annulus

Gas or fluid migration 
from formations C Annulus

Gas lift

Out of Zone Injection

Formation 
pressure/fluids B Annulus

Cement/casing/tubing 
integrity failure

Long uncemented 
open-hole sections

Reservoir compaction

BCD

18 5/8” shoe

9 5/8” shoe

13 3/8” shoe

26” conductor

BC

Reservoir

psi

hrs

B

Seabed

➢ Sustained annular pressure 
of up to 150 psi present in C-
annulus, sampling methane

degF

D
ep

th

Influence of 
heating beneath 

platform

psi

0

2000

300

30000

0

➢ Reinvigoration of native 
biogenic system due to 
platform heating 
overburden 
(methanogenesis)

“Confirmation Bias”
Sustained Annular Pressure (SAP)

Low-level 
biogenic gas

500m

A



reservoir

➢ Placement of pressure containing barrier at this 
depth – very challenging 

➢ Difficult to verify

➢ Unknown formation properties

➢ Long term status of this zone? Remove platform 
– remove heat – remove problem?

D
ep

th
 (m

 TV
D

SS)

2000Pressure (psi)0

0

1000

What is the best approach?

RFT 1
RFT 2

Seabed

Seabed

AB2

“Confirmation Bias”
The problem with shallow barriers….
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Platform 
Cluster

Seabed

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

Zone 2

New Zone 
Requiring 
Isolation

17 Additional barriers 
to achieve isolation

Shallow 
Sandstones



Subsea +£3.13 mm / +18 days

Current Well Status Lith Zones

ZO
SF

P

PP/FG Plot
D

ep
th

 (m
 TV

D
SS)

6000
2300

0

Pressure (psi)

MSAD 1

Gas Gradient 
(0.19 psi/m)

Top Res 1
GOC

OWC

Gas Gradient 
(0.19 psi/m)?

AB1 Plug

0

AB2 Plug

Platform +£6.33 mm / +39 days

Overall Cost £21.13 mm

CBL

➢ AB1 scope same as before

18 5/8” shoe

13 3/8” shoe

26” conductor

9 5/8” shoe

Seabed

7” shoe

New Zone 

“Confirmation Bias”
New Operational Steps

Isolation Window

Cap Rock Unsuitable
MSAD 2



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

“Confirmation Bias”
Time/Cost Impact

Increased cost but 

mitigated risk



Zone of Sustained Flow 
Potential interpreted as 

requiring isolation everywhere

Subsurface isolation 
requirements overly complexHuge cost / complexity 

implications for abandonment

Change to drilling procedures 
for all subsequent wells

Many wells drilled with 
additional cost

Blanket Isolation Philosophy

Case Study 2: “Challenging The Norm”



Seabed

OBM

20” shoe

9 5/8” shoe

30” shoe

MSL

13 3/8” shoe

Current Well Status Lith Zones

ZO
SF

P

Plug #7

Plug #6

Zone 1
Oil bearing, producing reservoir

Cement Retainer

Corrosion cap

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

➢ Oil encountered in a Cretaceous 
reservoir 

➢ Overpressured in the region of 200 psi 
above hydrostatic

➢ Thick claystone overburden 

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

Plug #8

Caprock
Permeable Zone
Zone of flow potential (HC’s)
Existing plug
Claystone
Sandstone
Silts & muds
Limestone

plug

ZOSFP

Zone 2
“Gas bearing zone,
inadequately abandoned”

Well C

no barrier

8 ½” open hole

Subsurface Summary

“Challenging The Norm”



SW NE
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9 5/8”

Well B

13 3/8”

30”

18 5/8”
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Well C
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20”

13 3/8”

9 5/8”

TOC

Well D Well E

9 5/8”

30”

20”

13 3/8”

30”

13 3/8”

9 5/8”

Well TBA

13 3/8”

TOC

30”

ZO
SF

P
C
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ckTV
D

 (
m

) ZOSFP

Other 
permeable 
zones

Zone 1

Zone 2

Seabed

exploration

Well A

producer

OWC 2057 m TVD 

GOC 1543 m TVD

ML MSAD 1159 m TVDSS

ML MSAD 735 m TVDSS

25% C1 27% C1

Plumbing Diagram

“Challenging The Norm”

Additional barrier to 
achieve isolation



Excerpt from Well B Composite Log

Sandstone

Thin dolomites and 
limestone stringers with 
flowline gas

1050 m MD

1100 m MD
Gas max 25% C1, 
2.5% C2, 1% C3

Dead oil stain with 
fast, milky cut 
fluorescence

7”

30”

MSL

13 3/8”

Current Well Status Lith Zones

ZO
SF

P

ZOSFP

Seabed

9 5/8”

2

Well BFlow Zone 2

“Challenging The Norm”
Caprock
Permeable Zone
Zone of flow potential (HC’s)
Existing plug
Claystone
Sandstone
Silts & muds
Limestone

plug



20”

7”

30”

MSL

13 3/8”

Current Well Status Lith Zones

ZO
SF

P

ZOSFP

Seabed

9 5/8”

2

Caprock
Permeable Zone
Zone of flow potential (HC’s)

Well D

Gas peaks in thin 
sandstone stringers

Gas peaks

Gas peaks

Excerpt from Well D Composite Log

Flow Zone 2

“Challenging The Norm”
Caprock
Permeable Zone
Zone of flow potential (HC’s)
Existing plug
Claystone
Sandstone
Silts & muds
Limestone

plug



Seawater

OBM

Current Well Status Lith Zones

ZO
SF

P

0

Plug #7

Plug #6

8 ½” open hole

Cement Retainer

Corrosion cap

PP/FG Plot
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SS)

2000

0

Top Res 1

GOC

Pore 
Pressure

Fracture 
Gradient

ZOSFP

Plug #8

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

Oil Gradient 
(1.17 psi/m)

Gas Gradient 
(0.19 psi/m)

8000

Seabed

MSL

20” shoe

9 5/8” shoe

30” shoe

13 3/8” shoe

Well C

Top Res 2

PP/FG

“Challenging The Norm”

Isolation Window (Zone 2)

No caprock

MSAD 1

MSAD 2



OBM

Plug #7

Plug #6

8 ½” open hole

Well Schematic

Lith Zones
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SF

P

ZOSFP

0

GOC

Seawater

Cement Retainer

Corrosion cap

Plug #8

AB2 Plug

CBL

PP/FG Plot
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th
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D

SS)

2000

0

Top Res 1

Pore 
Pressure

Fracture 
Gradient

Top Res 2

Oil Gradient 
(1.17 psi/m)

Gas Gradient 
(0.19 psi/m)

8000

Enviro

Seabed

MSL Well C

Proposed Abandonment

20” shoe

9 5/8” shoe

30” shoe

13 3/8” shoe

Operational Steps

“Challenging The Norm”

➢ Spread rate (rig): £300,000 p/d

➢ Requirement for well control (BOP), cutting, 
pulling and OBM handling

Overall Cost £4.27 mm / 14 days

Isolation Window (Zone 2)

No caprock

MSAD 1

MSAD 2



➢ Could not map zone aerially – zone 
considered restricted

➢ No gas, no permeable lithologies
Subsurface Basis of Design Revealed…

“Challenging The Norm”

Well C



SW NE

9 5/8”

7”

TOC

TOC

250

500

1000

1250

1500

1750

2000

2250

TOC

9 5/8”

Well B

13 3/8”

30”

18 5/8”

7”

Well C

30”

20”

13 3/8”

9 5/8”

TOC

Well D Well E

9 5/8”

30”

20”

13 3/8”

30”

13 3/8”

9 5/8”

Well TBA

13 3/8”

TOC

30”

ZO
SF

P
C
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D

 (
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) ZOSFP

Other 
permeable 
zones

Zone 1

Zone 2

Seabed

exploration

Well A

producer

OWC 2057 m TVD 

GOC 1543 m TVD

ML MSAD 1159 m TVDSS

ML MSAD 735 m TVDSS

No zone to connect wells

Plumbing Diagram

“Challenging The Norm”



Seawater

OBM

Lith Zones

ZO
SF

P

Plug #7

Plug #6

Plug #8

8 ½” open hole

PP/FG Plot

D
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th
 (m

 TV
D

SS)

8000
2000

0

Pressure (psi)

MSAD 1

Gas Gradient 
(0.19 psi/m)

Oil Gradient 
(1.17 psi/m)

Top Res 1

Cement Retainer

Corrosion cap

Enviro

0

➢ Spread rate (vessel): £179,000 p/d 
(campaign)

➢ No requirement for well control

Total £1.02 mm / <6 days

Seabed

MSL

Proposed Abandonment

20” shoe

9 5/8” shoe

30” shoe

13 3/8” shoe

Well CNew Operational Steps

“Challenging The Norm”



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

Time/Cost Impact

“Challenging The Norm”

Enabled Vessel 

Scope

Decreased Cost



Understand zonal 
properties and distribution 
in inter-well space

What do these examples demonstrate?

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

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

Typical Subsurface Basis of Design Workflow



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

A “fresh eyes” approach can be invaluable – reduces impact of 
confirmation bias

A multi-disciplinary approach, dedicated to P&A, is the key to 
optimised and cost effective well abandonment!

Subsurface studies can materially change the operational strategy 
(vessel vs rig)

Offset data is the key to unlocking uncertainties and providing 
context 

In Summary



Thank you!

Thanks to:
Iain Whyte, Wayne Alger & all at Islay Subsurface
Martin Boddy & Andrew Faulkner of Three60Energy / Shell
Keith Anderson, former TA on all things “Mud” at Shell
Angela Dobb, Geophysicist, Tantalus Oil
Peter Eadsforth, Ife Seteyeobot, Lindsay Wylie, Tom Morgan, 
James Richards & Ola Akinyele of Well-Safe Solutions
Vaughan Cutten of Woodside Energy
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