WELL-SAFE

“To flow or not to
flow.....that is the question”
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Why is it
important in
P&A?

Challenging
the norm

All models are
wrong, some
are useful
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Regulatory/Guidance Context

How is Flow Potential Defined by Guidance?

2.1 Identifying Formations that have the Potential to Flow

G u i d G n Ce: Aid S CO m p I i G n Ce With: Flow originates from formations with permeability and a pressure differential with respect 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 o be proauctive rom neid or orset data. Formations with

Reg' '|3 Of Offs hore Ifo;\;t[e gr.!]a_o.lT‘l_J]hmatnt);‘permeabiIitvt like sihshs :rr;dmcha\k_ maly;eals; halve ﬂcl;w p;t:ntial (eé_g. if

— . ured), in which case these may require isolation. ures may be natural or induced by operations
OEU K We“ . . |nStO I |(]t|0nS a nd We||S \fratiuring or owher stimuiation), imyection or progucidon.

De.com m ISSIOnIng (DeS|g na nd There is no recommended cut-off for permeability related to flow potential, however any assessment

Guidelines GL“deIlneS, Issue 7, Construction etC) should be undertaken within the broad principles of keeping leak risk ALARP. In general, low

N b 2022 . ! permeability formations are unlikely to lead to sustained or significant flow. However, there are some

ovembper Regulatlons ]996 (Sl areas in the UKCS and elsewhere where low permeability formations have proven hydrocarbon

-I 9 9 6 / 9-| 3) [ DC R ] production potential, here detailed evaluation may be required to assess the magnitude of natural flow.

i . 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
analogue and oftset data should not be underestimated and can also complement direct data which

Excerpt from p. '|4 Of the Guidonce: may be unreliable or insufficiently representative.

The assessment of flow potential should consider the following processes:

Flow originates from formations with permeability and a pressure differential with respect to other o Dvilngnd hysdrocarbonthes flid prodiiction injectionféisposal parations dufing the Maof
formations or the surface/subsea environment. The pressure differential neads to be sufficient to thewel,
< € » 4 = ® Recharging of reservoirs with pressure and/or fluids due to connection to higher pressure
maintain flow once the well is filled with formation fluids. T'!'lp!ca“'fll assessment of flow Pﬂtentml connecﬁeﬁgh',rdraulicunits,'mcluzingongoingexpulsmnfrom hvdmcarbonsoumegrock:
*  Potential for depletion induced compaction of the reservoir and/or overburden leading to flow
potential.
_ B 3 5 . s Intra-formation crossflow post-decommissioning where connected formations have different
includes an evaluation of formations known to be productive from field or offset data. Formations with st b eosaation o eraichior S ShEaThS e e e,
low [eg <01mD) matrix permeabmty, like shales and chalk, may also have flow potentlal {E-_g_ if * Redevelopment for hydrocarbon extraction (including enhanced recovery technigues).

fractured), in which case these may require isolation. Fractures may be natural orinduced by operations * Repurposing (st s for pedthermal projects dposdl and/of stocige ol encrgy: H2 00 C0a).

Indications of flow potential may be based on actual well test results, drilling records (gains/losses/gas
levels, drilling exponent data), log evaluation (including from adjacent and offset wells), well annuli

It is Impor‘tant to note that direct permeabllity and pressure data are t"l'picall"' Gﬂl‘g" available for pressures, including well annuli build-up and bleed down history, fluid/gas sampling, geological setting

1 " and subsurface modelling. Evidence of flow potential may only become apparent during
formations that have produced hydrocarbons, hence the requirement for subsurface expertise to decommissioning operations. Precautions are required for adequate pressure control during such
identify relevant offset and analogue data in the assessment of flow potential. The value of such OperatioNs,

Formations may be grouped into zones of similar fluids and/for pressures where inter-zonal isolation has
bieen assessed as not reguired, or where the consequences of cross flow are deemed acceptable within
the broad principle of keeping leak risk ALARP. Such a group of formations can be isolated by a common
barrier or dual barrier if required
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OEUK Well

Workflow from OEUK Guidelines — [ ety

November 2022
Introducing “Sustained Flow Potential”

*Assess risk of potential
flow and design isolation
strategy accordingly

Assessment of
NeRilo\W flow potential for

potential

No/limited flow

potential* a particular

formation

No flow

Capable of
sustained flow?

Formation Formation HC

Capable of
overpressured? haivam  bearing?

sustained flow? e (=

potential

Co-mingling considerations
affect number of barriers

Flow potential* Flow potential

Formations require isolation from
environment — deviation may be

considered if risk of release is deemed What is sustained flow potential?

ALARP and safisfy DCR Reg 15
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Defining Sustained Flow Potential

What are the main parameters?

Unconsolidated
formation

Permeable zone
with possible oil

Oil & Gas sandstone |
reservoir
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Volumes

__________ Heterogeneity

Distribution
Connectivity
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What are the
challenges?

Formation
HENVI(E

Fm pressure >
Fm fluid gradient

Incomplete
cement sheath

Micro-annulus
/debonding




Why does all this matter?

Impact of mis-identifying
sustained flow potential?

Impact of “over-abandoning” a
zone unnecessarily?

Miss optimisation
opportunities and/or risks

We might miss the bigger picture




WELL-SAFE

SOLUTIONS

“c f' - a 29
on Irmatlo“ Blas Source: von Deimling et al. 2015

Major Event Influences All'Subsequent Drilling

» 22/4b-4 blowout in November 1990

D 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

2 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)
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Example 1: “Confirmation Bias”
The Benefits of a “Fresh Eyes” Approach

Copyright © 2024 Well-Safe Solutions Ltd.

Flow potential falls out of the
subsurface narrative

Flow Zone not recognised as
requiring isolation in
abandonment planning




Example 1:

Plumbing Diagram 12 platform wells, with 5 subsea wells tied back B o 8 Ao
udstone Annular cement
=T Limestone - Gas Oil Contact (GOC)
= ! == Claystone === Gas Water Contact (GWC)
SW = well NE
» —|Seabed I H e

R T e e e e  — — — ————— — — —

1250

GOC 1456 m TVD
1500 — -

......... b Zone 1

1750 e Ll i e B BRI L B I

OWC 1935m TVD

2000
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Example 1:

Current Well Status

SOLUTIONS
Lith Zones PP/FG Plot .
PP/FG MOdEIS Seabed ;E:?:::hlaﬁne
26” conductor == Zone of flow potential (HC's)
. 18 5/8” shoe
P Pore Pressure and Fracture Gradient
. . . . ] Gas Gradient !
models provided showing depletion in . : | (019 psi/m) |
reservoir | f /
» Minimum safe abandonment depth 133/8" shoe \
(MSAD) calculated using gas gradient | || || = |E=lwmi~—~""\" " \\ "~~~ "~~~ MSAD
from top reservoir i Fracture 2
I'| Gradient —33
: l ': 3
i | Pore ‘I a
i E i Pressure ! o o‘éer::;:;::"
: [ . Hydro?tatic lll
4 95/8” shoe Sracient A I' Top Res 1
E E _cj_o_c_--_-T-_n'u_-T-_--_u_- ____ L\ W X l‘ _____________________
 Depleted PP § ‘\‘ \
& ------------------ -
Zone 1 \ Al
oil &.gas bearlng, # \ 8
producing reservoir
owe A e | N
7” shoe @ 2300
Pressure (psi) 6000
Copyright © 2024 Well-Safe Solutions Ltd.




@ SOLUTIONS
Exa m p I e 1 : Current Well Status Lith Zones PP/FG Plot

Operational Steps

Seabed

I Caprock
26” conductor

[ PermeableZone
mmm Zone of flow potential (HC's)

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

18 5/8” shoe

—_ 0
S
HIT)
©o o
T o
q%
35

-+

AB1 Barrier - All Wells

[0 = e e i

14 I i
1
. B Platform ™ Subsea 133/8” shoe !
: 1
_______ MSAD
1.0 i
. 1 o
= : g
g 0.8 . ! 5
~ 0.8 3
< 0.8 CBL | Z
m 0.7 |07 4 |1 1
2 00 0.6 0:6 11! ' 2
5 "B |l i a
o 1
% 04 g |
5 == b
(=) i |
0.2 i : i
1
: 95/8” shoe ! Top Res 1
== geasl SR - NN\
Remove RunBOP & Remove Bullhead Perform CBL Place bridge Place AB1 * ::::::: \ N
Tree Drilling Riser Tubing & plug Barrier M1 H " -
Hanger : A
T b\ \\
1 \
Subsea £4.14 mm / 24 days ! \ \© o
1 1 \
] 1 \
Platform £ 7.52 mm / 43 days ; \ \q
1

Overall Cost £11.66 mm 7 shoe 11 T o\

0 Pressure (psi) 6000
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| |
Example 1: o
Sustained Annular Pressure (SAP) { /
hrs Seabed /-\
D

Sustained annular pressure

> 1ar presst D Annulus
of up to 130 psi present in C-

annulus — possible causes? 1 I 26" conducor

Gas or fluid migration
from formations

i Gas lift

A2 15 5/8” shoe

\\ |
M\\ Influence of Out of Zone Injection S £ 133/8" shoe
R heating beneath Formation :
1} pressure/fluids
i platform
< |
B ! Cement/casing/tubing
8 H integrity failure
1
\ .. . Long uncemented
%% ) REanIgoratlon of open-hole sections
?"% biogenic system due Reservoir compaction
e .
% to platform heating
,
2000 8 overburden
0 psi 3000
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The problem with shallow barriers...

Setting shallow barriers may be difficult due to:

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

Difficult to verify — may eventually leak
Unknown formation properties

Much lower fracture strengths

MY YWY

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

What is the best approach?

Seabed

cls

H 18 5/8" shoe

@WELL-SAFE

SOLUTIONS

26" conductor

(ssanL w) yadag

1000

0 Pressure (psi) 2000
L ~
It tle /) o g
at
= RFT 1 a!
B=RFT2
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Duration (days / well)

SOLUTIONS
Exa m p I e 1 : Current Well Status Lith Zones PP/FG Plot .
—— ]
I
. 1
New Operational Steps (“Best Endeavours”) U, o) B A\ L0 =
1 conductor mmm Zone of flow potential (HC's)
1
I
1
1
2 ABL1 scope same as before BE==g | a5/ shoe
i
: 1
. I
Additional AB2 Barrier - All Wells : i ;
14 : !
m Platform ™ Subsea I CBL I
12 : 13 3/8” shoe
10 1w\ =~
i
- ! §
1 =
o 0.5 (0.8 : Z
0.6 |06 0.6 [0:6 111 S
0:4 0.4 (04 i Z
0.2 i 5:( o
dl|
v Pl ; Cut & ov 9 Perf T13 C 71‘ B 7 R BOP 3 5/8" shoe \ Top Res 1
ace bridge Cut & recover erforate emen arrier ecover
plug inside 18  5/8" Casing 3/8" casing squeeze & place verification E E _____ N\ T\ ]
5/8” shoe AB2 Barrier 51—& \
A
Co) b\ \\
Subsea +£3.13 mm / +18 days \ 8 o
1 AY
\ \
Platform +£6.33 mm / +39 days
o ‘\\ @
Overall Cost £21.13 mm N ee | | N T o\,
0 Pressure (psi) 6000

Copyright © 2024 Well-Safe Solutions Ltd.




Time/Cost Impact

Example 2 - Platform Example 2 - Subsea
B increase M Decrease M Total B ncrease M Decrease M Total
£16,000,000 £8,000,000
£3,135,417 £7,273,437
£14,000,000 £6,328,750 £13,853,750 £7,000,000
£12,000,000 £6,000,000
£10,000,000 £5,000,000
£4,138,021

£8,000,000 £7,525,000 £4,000,000

£6,000,000 £3,000,000

£4,000,000 £2,000,000

£2,000,000 £1,000,000

£0 fO

Initial Isolation Strategy Add Additional Barrier New lsolation Strategy Initial Isolation Strategy Add Additional Barrier New Isolation Strategy

Price increase from original strategy: + £9.46 mm / + 57 days
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Example 2: “Challenging the Norm?”

Get to know your wells, intimately!

Subsurface isolation
Huge cost / complexity requirements overly complex

implications for abandonment

Zone of Sustained Flow
Potential interpreted as
requiring isolation everywhere

Copyright © 2024 Well-Safe Solutions Ltd.




Exam ple 2" Current Well Status  Lith Zones
= Caprock
. MSL Well C Permeable Zone
SUbsurface Assumptlons Seabed _BPd e e mmm Zone of flow potential (HC's)
I Existing plug
————] mmm Claystone
30" shoa = — S.andstone
> Drilled in 1999 as appraisal of the ot & muds
structure along strike from the original . ==}
exploration and appraisal wells
D Oil encountered in a Cretaceous reservoir
> Overpressured in the region of 200 psi 0BM
above hydrostatic 1 I ':
no barrier I L1 Zone 2
. -
> Thick claystone overburden 1338 el 1 ) _
Gas bearing zone,
> Thick sandstones in the shallow inadequately abandoned”

overburden, normally pressured and with
connection to seabed

95/8” shoe

Zone 1
Oil bearing, producing reservoir

8 %" open hole

Copyright © 2024 Well-Safe Solutions Ltd. 7




Sandstone A Casmgsiloe

Plumbing Diagram 3 siltstone Annular cement
wel I T BA E= Limestone | cCementPlug

[ Claystone ... Gas Oil Contact (GOC)
' =5 BasementGranite ... Gas Water Contact (GWC)

producer exploration

sw [weic] NE

Seabed

s00 —f."."."." a5 % "5 e " T T s “5°d [oc0 e o s o oo 5 e o e e s 00 "5" i ' . 57005 50" 5 " o s 0 0 0 o OO S

ML MSAD 735 m TVDSS = Lk e

o Additional barrier to
achieveisolation /| | voovo e |

ML MSAD 1159 m TVDSS e — — — — — = — == == L ——————

: ——————— Y e =id Zone 2

o 1250
3

1500 —§

1750 —4 . o - S A

m_:;_;_._. 5 5 ERSNN L - N PCCOODDCCOT - - - - = ' ;: ; Zone 1

2250
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WELL-SAFE

SOLUTIONS

Exa m p I e 2: Current Well Status Lith Zones

I Caprock MSL
1 Permeable Zone
FIOW Zone 2 = Zone of flow potential (HC’s)
Seabed
30”
B |
= ' | 4
a s I =
I-l-' ¥
2N nanii il B! |
= i =N = fipi
<= ? I N kose, znvelli;ftﬁ , gr ]g[ 10 ]
z | J B ke PR S
o 2 1 =l e Dead oil stain with
o3 i *fSandstone L4 P fast, milky cut
z 5 I ;
g 1 = = 2R fluorescence
= — T 4 13 3/8”
G A b HupsTo B, f1i sflty, |t tolmedjgy, palof-
10885 R " 3 ! g : -
n : hin dolomites and
S limestone stringers with Gas max 25% C1,
IC. L .
] flowline gas 2.5% C2, 1% C3
3 C| ] : i
B [ §e s, ot bisond v
= B =
e | . 1!
B = ™ LT
Excerpt from Well B Composite Log
7 H
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Example 2:

WELL-SAFE

SOLUTIONS

I Caprock
1 Permeable Zone
mmm Zone of flow potential (HC's)

<:I Gas peaks in thin
sandstone stringers

<:I Gas peaks

Flow Zone 2
Total Gas (%) Resistivity Sonic (msec/ft)
3 N s 02 2000240 40
b ] e 11y |
.,1 p—, 0 ¢ A~
a 1 —1000m——"TT1
< z Nosonic
N ,

i\ AL _ al
TS ;' I acquired
JAPAR: ¥
< > 1‘:- clb

Es==Sroam o = 14%
A é_,, m |
1/ Pl =
™ §|J "a 050Nt
t‘
= i
= =) | e =
NP e ARRRAR | 22%
=T
i - |
| L
< -"-‘- __._
- -_-;;j—|m E | BOER 27%
EER e 0l ———||
g
- =} .
< | €
AY = i
1 =t

‘ <:I Gas peaks

Excerpt from Well D

Copyright © 2024 Well-Safe Solutions Ltd.

Composite Log

Current Well Status Lith Zones
MSL Well D
Seabed J
30”
y -
4 A
13 3/8”
95/8”




@ SOLUTIONS
Exa m p I e 2: Proposed Abandonment Lith Zones PP/FG Plot

0
{ VirginPressure
o U Well C
PP/FG MOdEIS -E:i:::g?llezcne _— Seabed °°°°°°°°° P B \\\ !
=i — E
—MnstLike1;PP 20" <h et N N |
=== 0il Gradient from ZOSFP ”shoe | || .. I
==« Gas Gradient from ZOSFP 1 [ o .
2 Pore Pressure and Fracture .“: \ cor Gt}
Gradient models had accounted - . . { (019 psi/m) i
for this zone as a field-wide zone /
of flow potential requiring :
isolation T A i
OBM
4 A N TopRes2 | § -
13 3/8” shoe '95,_
3
Pr:srere Fracture é
u Gradient 2

[GOC N i ]
(m—————————
! Oil Gradient !
i_ (1.17 psi/m) Top Res 1
q N
95/8” shoe
8 %" open hole
2000
0 8000
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@ SOLUTIONS
Exa m p I e 2: Proposed Abandonment Lith Zones PP/FG Plot

(¢ v:rngre%sure \ 0
o ional S Sl | [l Well C
pe ratlona te pS -E?:::gzlélcﬂe e Seabed corms:mﬂp \\\ |I
R ATk . ';
. == Oil Gradient from ZOSFP ” shoe senfoter !
2 Spread rate (rig): £300,000 p/d - Gos Gracent rom 2057 | e~y |
Plug #8 gslgrad/len)t ]
. —_— psi/m)
> Requirement for well control (BOP), 20" shoe. ~ M \\\! :
cutting, pulling and OBM handling oL /

Environmental Cap

b e ] e e T e e e e (O 2 e

2.0 OBM
18
T e A MSAD 1
16
h TopRes2 | §
= 14 133/8" shoe [ g
2 w : s
z - Pore 2
> 10 1 Fracture 2
S Pressure . a
S o8 Gradient
5 GOC
LI $ S $ 0 - S $ 0909092 $Z92 S DR 000000 O B B B S WP R A N
g 0.6
o N 44 HEEEE 00 N B | e b | -
! Oil Gradient
02 i_ (1.17 psi/m) [fop Res 1
____________ 1
0.0

Set enviro plu Recover BOP Cut & Recover Wellhead Demobilisation 9 5/8” shoe

Overall Cost £4.27 mm / 14 days

8 %" open hole

2000

0 8000
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Example 2:

Subsurface basis of design for abandonment

Total Gas (%)

Resistivity

Sonic (msec/ft)
240 A

<

ra

No
resistivity
data

|| MD. 11388m
] TVD: 1135.68m
¥ Inct 6.14deg
Az 120.6dsg

“1150m;

75m

9

MOr 1165

13 08"
at1213)
Controlad RO

rt=t [ ]

Well C

WELL-SAFE

SOLUTIONS

P Could not map zone aerially — zone considered restricted

» No gas

> No permeable lithologies

906

1000 |

K04 k0 1By

Limestone/ Chak

Sitstene

945 shale <01

o 1027-1565 Shale/limestone o
1565-1670 Shale/limestone 07-15
167025 Thin sandstane Formationgas | 4283
1829 Sandstone Formation gas 4297
1911 Sandstane [Formationgas 5201
1987 Sandstone [Formationgas |2202
1163-1590 Shale/dolomite/lmest <01-04

ane

1590 Shale [Formationgss |1.73
1680 Thinsandstone | Formationgas | 4.61
1785 Shale [Formationges 338
1800 Sandstone Formationgas 475
1815 Sandstone Formationgas | 451
2075 Sandstone Formationges | 418
2005 Sandstane Formationgas | 406
2170 Sandstone formationges | 384
2190 Sandstone [Formationgas |375
Faulty gas rop - readings invalid 2340 2370 m D
Below 2370 Jsancstone Jrormationgss [c.01-1

eC01700 —

1000

2000~

2100~

e van Bagpeen)

2200—

1800~

1800 |
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Exa m p I e 2: Proposed Abandonment Lith Zones PP/FG Plot .

& VirginPressure \
—Hy:rosta‘ti;Grzéne:t MSL We” C
0 = LithostaticGradien
New Operational Steps = o W\
Permeable Zone Seabed

= 7one of flow potential (HC's)
ETH Existing plug

= Most Likely FG Cement Retainer
= Most Likely PP N h
=== 0il Gradient from ZOSFP 30" shoe

P Vessel rate: £179,000 p/d (campaign) - Gas Gradient o057

 F A Sy A 1

» No requirement for well control 20 shos

Environmental Cap - Vessel

35 OBM

0 I —————4MSAD1
— 25 4 ~ B g
= 13 3/8” shoe 2
g =
> 2.0 3
T . L1 I\ N . S
T 5 @
< 15 i =
K] Plug #7 i
g 1.0 [ I W E— T e T CEE T L I —
o

B Top Res 1

- EE S L

Mobilisation Set enviro plug to Severe wellhead Demobilisation 95/8” shoe
contain OBM in annulus
Total £1.02 mm / <6 days
8 %" open hole
2000
0 Pressure (psi) 8000
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Time/Cost Impact

Example 2

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
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Example 3: “All models are wrong, but
some are useful” ceorge Box

How Recharge Assumptions Impact Cost & Complexity

Crossflow risk
Additional abandonment

requirements / complexity

Recharge to Virgin Pressure
Assumption

Copyright © 2024 Well-Safe Solutions Ltd.




Exa m p I e 3: Well Status at COP  Lith Zones
I Caprock

Well D 1 Permeable Zone

mmm Zone of flow potential (HC's)
I Existing plug

= Claystone

[ Sandstone

m=3 Silts & muds

== Limestone/Chalk

Subsurface Assumptions

P Field discovery in 1990 - COP reached in 2019

» 6 production wells, 1 legacy well (AB3)

> Overpressured Middle Jurassic Sandstones —
oil bearing (4569 psi @ 8217 ft TVDSS) 13 3/5 4 A
depleted by c. 2644 psi

> Recharge assumption: virgin (overpressured) 2 Zone 2
=N [~ Water bearing but may become
> Fractured Chalk and Tertiary Sandstones may § 7OSFP due to crossflow
be charged through crossflow S
[ S— -
%] X
K X
95/8” 4 i N
= . Zone 1l
4L Oil bearing, producing reservoir

Copyright © 2024 Well-Safe Solutions Ltd. 4



@WELL-SAFE
SOLUTIONS

Example 3

MO|JSSOJD

Legacy well
abandonment
inadequately
isolating
reservoir

)WC 8524 m TVD

Additional barriers to
achieve isolation

T T T T T T T T T T T T T T T T T T T TTT

I T T T T T T T T T T T T T T T T T T IT
) S S S S S S S S S

| B )
LT

6000

5
w
[=
S
2
=
[=]
w
g
m
w
AL
]
g
~N
@
.
o
o)
g
o
(<]
(&)



Exa m p I e 3: Well Status at COP  Lith Zones ____P_F_’[f_G__IZIot .

@ Forrr!alionIntegrinesr(FlT} k | Gas Gradient |
@ Leak- OﬂTeSt[ITOT} 1 |
Well Status at COP 2 e | e WellD WAL
Lt ST ,
. . = | \
 Rig rate: £300,000 p/d =0l - i . MSAD 2
'--- 32‘:.‘::;:::ffmmzow 1
D 4 wells requiring additional barriers U (| \ R g
20” 1 h !
. . . . - i !
D Risk of losses (field still sub-hydrostatic), milling, — \ WA\
cutting & pullin | §
§ & puting s :
AB1 Barriers - All wells 133/8"‘%‘ .| i
1 TR Vi T i N BT S g
12.0 ! ' Oil Gradient Li%.
! g (0.341 psi/ft) EEj
100 i 2N NN o~ 5
i 3 : =
S 80 i O :
2 CBL % :
2 i 2] i
& 60 [ o :
T 1 | - 1
5 ! © |
B : :
- T :
a 1 |
20 K| E
| - - MSAD 1
0.0 (0.4 rvi X | E
Prepare & hop Mill packer & CBL log Ilwindow in  Set cement Barrier 95/8” A | - A | N E
BOP recover 7 liner plug verification (= i
completion SRR _ [ Ll
=4 { Depleted PP—> R
Total £41.15 mm / 137 days ’ 5 3?.*3!?.‘.%5‘.?.?..—)‘ o

0 Pressure (psi) ) 6000
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Exa m p I e 3: Well Status at COP  Lith Zones ~ PP/FGPlot .

E B o Well D __| Gas Gradient |
A RepeatFormationTest (RFT) . 1
Well Status at COP s ol & L 007 psif
# OnsetofGasincrease
. . : Lh;ltohsuisl.‘:(telff ;ra:ri:i’l"; Gradient
2 Rig rate: £300,000 p/d = - MSAD 2
==s HC Gradient from ZOFP i 3 3 5
D 4 wells requiring additional barriers peas e !
1
| 1
. . . . - !
D Risk of losses (field still sub-hydrostatic), milling, | [(e=s|| || ||| \W N\
cutting & pullin
g&p 8 T
AB2 Barriers - Only in 4 wells 133/8" A&ﬁm |
19 11!l @ Tl T N mmmmmmmmmeea g
- i _ Oil Gradient 1&
e i 5 (0.341 psi/ft) |F
: i 2 L QA \ - 73
16 18 ! E 2
1.7 H = =
s : =
2 1 CBL R
% 1.0 : 8
= s | G
o : :
£ 06 o=
S 44 b : —
5 ! ; MSAD 1
1 ———
0.0 Ml
Cut & pull95/8” Set cement plug Barrier verification Recover BOP 95/8” A A
casing inside 13 3/8” :g;
shoe SRSl __ | .
] A1 ] RS | i Depleted PP : A
Total £41.15 mm / 137 days ’ I o o 10000
Pressure (psi) ) 6000
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Exa m p I e 3: Lith Zones PP/FG Plot .
\\ :

Reservoir Recharge Modelling \\

P Fault offset / horizon mapping on regional 3D dataset to define
connected aquifer limits

D Regional pressure database created

> Thickness and properties of aquifer collated

> Aquifer size calculated at c. 3.5 bln m3 (smaller than predicted) = ~ L e\ o
» Oil Gradient ! E
> Atwo-tank MBAL model created, incorporating offtake from k¥ 2 (0341 psi/ft) | 3
T T 18 IS}
nearby connected blocks Zone2 _| [ = g
2 Stabilised recharge pressures calculated: 3872 psi @ Removed | E&s il LS
datum used as ML recharge pressure ! g
E e Near Tank + likely shale closure in short i
Far Tank —— open hole section of legacy well | E )
e 3 R
: i A\ A
0 2 L 10000
0 Pressure (psi) 6000
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Exa m p I e 3: Well Status at COP  Lith Zones R\ PP/FG Plot .

o iewcottepon i
. : 2 e | o Well D |
After Reservoir Recharge Modelling 2 et \\ ;
# OnsetofGasincrease |
T Uihotstcraient I :
: Most Likely Fracture Gradient :
. En o b | B
2 Rig rate: £300,000 p/d |
1
o). . . 1
D No additional AB2 barriers required 20 : .
. Commh
> No milling under losses or packer recovery i |
[ : ] E
' :
AB1 Barriers - All wells syv 4|1 |[[N S
1 Y N\ | el g
16 CBL €N\ \ Ll0341psi/ft) 3
17 ' 3 é
14 1 1@ &
_ l i
T 12 '
g i - -~ - === MSAD 1
g 1.0 : E
2 o8 ! :
c 1 '
6 I i
S 06 ; |
5 1 i
Q 04 i
‘ %
0.0 i
Prepare & hop Cut & recover CBL log Set cement Barrier Recover BOP | N 1 i
BOP completion plug verification E D
(leave packers) ] - Pl R
Depleted PP»
Total £10.65 mm / 35 days R | : , 10000
0 Pressure (psi) ) 6000
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Time/Cost Impact

Example 3

B Increase M Decrease M Total

-£4,704,000

£45,000,000
£41,154,000

£40,000,000

£35,000,000

£30,000,000

£25,000,000

£20,000,000

£15,000,000

£10,620,000

£10,000,000

-£25,830,000

£5,000,000

£0
Initial Isolation Strategy Review Recharge Pressures Simplified Operations Optimised Isolation Strategy

Saving from original strategy: - £30.53 mm / - 102 days
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What do these example demonstrate?

Workflow Inputs Deliverables

Well & seismic dataq,

Data Review scanned images,
reports

Understand the detailed
7ones lithology of each well & map

Permeable

oS ™= mm mm mm = Em Em ER Em ER Em Em Em Em Em Em Em Em Em oy

N\

Permeable Porosity. Identify permeable \
permeability, fluid =YiE % i i
: S g Lemedti o zones & caprocks gl formations aerially
|
PP /FC Recksirengin & AR Wiir) |
I Evaluation 4P Me;fmm;j;wu Gt | PP/FG plots need to reflgct
| : s - | current pressures alongside
I . .
l Zoneall lsolertion ?f?}?ll{:\f: L‘:{JE'I_I:I?P‘ Iclaniify ZO3FP aric) | pr3d|Ct|OnS fOF the future
Prillosoorny vl Bolaion windows |
\ T /

I . R R N N (I Sy Sy S S S—

Assuming a return to virgin
pressure conditions could

add cost and risk

well Stakeholder:
Abandonment engagement,

Typical Subsurface BoD Workflow

Develop fif for

feedback and bpucrjpose ;
STroTegy assurance cluelnsianiion
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Whatever assessment style you choose...

Zone /

Formation

—N =

Evidence-Based Assessment (Non-Numerical)

Flow Potential

Criteria that led to flow potential assessment
Assessment

Section is hydrostaticand/or in communication with seabed — drilled riserless

Permeability| HC Bearing |Overpressure

No Flow

Section drilled underbalanced and no kick / influx reported

Assessment Basis

Field Observations

Section is hydrostatic pressure and/or in communication with seabed

No permeable formations present based on petrophysical log assessment (good quality logs with high
confidence interpretation)

Possible Elow

Flow Potential

Direct hydrocarbon indicators or seismic anomalies identified in the seismic data along the well trajectory

Interpreted

Evidence from Well Completion Report describing no effective porosity or permeability in formation
No direct hydrocarbon indications or seismic anomalies identified in the seismic data on the well trajectory
Section overpressured and possible permeable formations present (poor quality logs, low confidence or no

: Interpreted
logs available)
Section is overpressured and permeable formations are present (good quality logs with high confidence
interpretation) Interpreted

Kick / influx or losses reported during drilling operations

Flow Potential

Measured overpressured water or hydrocarbon in reservoir

Field Observations

WELL-SAFE

SOLUTIONS

Risk-Assessment Style (Numerical)

Flow

Potential Assessment

basis/evidence

Crossflow
Potential

Li F inki
ow ra_cture Faults linking Water Flow
Gradient

Requires
Isolation?

|
' GR only, annular pressure,

]seismic character No
Logs, tight formation, no No
losses during drilling
Production, logs, cores,

85 Yes

overpressure

Risk of Presence / Likelihood of Flow Potential

1] a5

Very low Low Inconclusive/ High Very High
Not applicable
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Be sure to incorporate the full data set

Emphasis on connected zonal volumes!

; {pngdnndi ]

111 PIET O
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In Summary

@ Sustained flow potential relies on multiple factors
)

@ We often lack data, time, and financial support to conduct further
k@ ) studies — prioritise those with the biggest impact

/

5
% A “fresh eyes” approach can be invaluable - reduces
Q@_‘ confirmation bias
=

Offset data is the key to unlocking uncertainties and providing
k{ ) context

/

@(‘ﬁ@ A multi-disciplinary approach, dedicated to P&A, is the key!
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Thanks to: J 7 4
lain Whyte, Wayne Alger & all-at. ISTay Pe%ghysucs :
Martin Boddy & Andrew Faulkner. of Three6OEner.gV / Shell
Keith Wise of OEUK ,_ | -*\*"“ :
Keith Anderson, former TA on all thlngs’ ”Mud” at Shell
Angela Dobb, Geophysucrst Tantalus Oil/

Peter Eadsforth, Ife Seteyeobot Lindsay Wylie, Tom Morgan
James Richards & Ola Akmyele of Well-Safe Solytlons
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