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What we do

Enabling
Technologies

Alternative Inspectionand
Multi-Operator Barrier Materials Verification

COIIaboration Alternative materials used In recent years there

Enabling technologies

. solely or in composite has been a technology provides through tubing
acce | eratin g th e barriers have potential to race between several services to perform a
. . provide more reliable and vendors in the Through wide range of task to
rate in Wh 1C h resistant isolation Tubing Cement Logging support barrier
. compared to cement. (TTL) space, with placement.
technology is significantly different
approaches taken. From cutters to slotters
developed, tested and everything n-
. between.
and piloted for well
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decommissioning. o {11y
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£5.37/M

Invested with industry,
academia & government

35+

Technologies
screened
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£4.77m

Leveraged from
industry

27

Field trials completed,
planned or underway

4

Continents
North America, South America,
Europe and Oceana

2

5.87+ Mt CO02e 19

Abated by 2030 (forecast) Completed/
Live Projects

7 3+

Supporting Thought
operators leadership

contributions

Countries
Brazil, America, UK, Norway, France,
Denmark, Netherlands, Australia




Case Studies: Global TQ Framework " Widc

The Wells
Decommissioning

To streamline the acceptance and use of alternative materials for use in the permanent plugging N e
and abandonment of oil and gas wells 2

VWV,

Well P&A Technology

i
Qualification Framework . .. . oo
Guidance * Applies principles and processes from established Technology Qualification Processes such

as DNV-RP-A203.

» Incorporates requirements from regulations and standards around the globe such as OEUK
and Offshore Norge.

* Bespoke to unique application of Alternative Materials for Well P&A.

o :
Nomee g MV

Authority

O
o

Standardised framework across multiple operators and regions, applicable to all material and
barrier types which enables early engagement with regulators and similar bodies.

I_ Basic Technology Research _l l_ Well Barrier Technology Development _I l_ Well Barrier and installation Toolstring Development —l

\ 1L 2. 3. 4. 5. 6. 7 8. 9.
| Basic Research Well Barrier Well Barrier Well Barrier Well Barrier Well Barrier ‘Well Barrier Well Barrier Well Barrier
Well P&A Technology J Concept Concept Concept Protoype Validation Integration Installation and Proven
. ge . ,!’ [ 1atis n 1, D ey N 1
Qualification Framework J For Justing Vertficaton
Guidance | i Basic principles Well Barrier Analytical and Well barrier Well barrier Well barrier D on of Pre / Actual well barrier
observed and Technology experimental validation in a validationin a prototype or production/ manufactured proven through
reported Concept and/or critical function or |aboratory simulated production/ manufactured well barrier successful
well application characteristic environment downhol i d version of well installed and installations,
formulated proof of concept environment version of well barrier using verified for long verifications and
barrier installation system term service in the early life
demonstrationina within the wider actual downhole performance
relevant (realistic) deployment system environment
downhole inactual downhole
er
I— Research to Prove Feasibility —I l— Well Barrier Technology Demonstration J
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Step1

Candidate Technology
Identification

Bafore a technology can be assessed
for its sultability for use, it s essential
to be clear what the technology being
considered consists of. Any options
within a technology specification nead
to be confirmed such that the identiflad
technology ks clearly defined and
unambilguous.

Step 2

Technology Specification
against Requirements

The definition of 2 gualification basis
underpins each of the other TQ activities.
This 15 recognised in all of the guidance
documents as the initial step In defining
technology goals and requirements.

Tha technology specification against

requirements step Is intended to provide a
common approach to defining technology
requirements for a specific application and
the identifled technology's ability to mest

those requirements.

Step 3

Assessment of Technology
Maturity and Qualification
Gaps

This step Is recognisad by all key T0)
guidance documents. However, thay

diffier significantly In how the technology
assessment and maturity assessment
activities are carried out, the generic TRL
ladder [levels 1 - 9) widaly adopted across
many Industries are very high kevel In
thelr definition and relate to technologies
that can follow a traditional concept

to prototype to deployment testing
programme. Because novel barrlers are
niot fully formed [and materlal properties
developed]) until they are deployed in the
well, the route to achieving each TRLhas to
ba adapted The developmant of the NZTC
T framework has Involved a significant
collaborative offort to define what each
TRLmeans for novel well barrlers and how
they can be achieved.

Step 4

Assessment of Failure
Modes (FMECA)

A rigorous threat assessment [often
undartaken as a fallure mode, effects

and criticality assessment, FMECA)

Is considered an essentlal step in the
Qualification procass to define an
effective technology plan Many guidance
documants recommend that all technology
gualification activities ane traceabls back
to the FMECA

It 1= not clear how effectively this is done
as part of typical TQ practice as there

Is refatively imited guidanca on how
FMECA should be performed 2= part of 2
technology qualification process. There

Is even less guidance on how this should
be appled to novel well barmars through
the critical ife cycle stages of Instaliation
[to achieve required materal properties
and geometries for a permanent seal],
verification and valldation (to confirm
the reguirements of a permanent wall
barrier are met, and long-term intagrity [to
ensura well barrier iIntegrity k= maintained
In parpatuity]. The NZTCTQ framework
theraofore provides a guided templata to
ansure that the FMECA Is carned out In 2
manner to support effective gualification
for long term barrler assurance.

Step5

Identification Qualification
and Risk Mitigation
Actions

The qualification plan s at the heart of the
TQP and 1= a key output from the aarlier

steps. All of the ndustry T) guidance
documents recommend the creation of a
gualification plan. The key output of the
Assessment of Fallure Modes [FMECA] 1s
an Identification of qualification actions
which may Include actions like physical
testing of materials and components,
analysls and simulation and process
development and documentation to
name a few This fundamental Input to the
creation of a qualiication plan ensures
traceability between the qualification
test plan, the FMECA and the technology
gualification basls/requirements.

Stepb

Technology Qualification
evidence and Deployment
Checklist

All of the iIndustry T() guidance documents
recognise the need to assess or evaluate
the results of qualification activities
agalnst requirements and ensure that all
mitigations have been put in place. The
operator needs to be able to demonstrate
to the regulator that they have gained
sufficlent confidence from the Technology
gualification activities and remaining risk
mitigations that any residual unceartainty
and risks have be reduced to as low as
reasonably practicabla. The deployment
checklist davelopad within the NZTC T()
Framawiork 1s a key tool for ensuring all
relevant steps and actions have been fully
Implamanted
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The Wells
Decommissioning

Long-Term Monitoring: How many? How long? What value does this bring? .

3000

Long term validation will NOT come from field testing = Unreasonably practicable

Number of monitored wells required to claim 3000 year life
with 99% reliability (1 failure per 100 wells)

100%
90% —1 year monitoring duration
80% ——3 year monitoring duration
70%
60%
50%
40%
30%
20%
10%

0%

Confidence

1 16 256 4096 65.5K 104.8K

Number of monitored wells (Log,)

Source: NZTC Astrimar Technology Qualification Framework for Well Plug and Abandonement

“For technologies where lifetime is a major
consideration and a key technology issue, lifetime

needs to be addressed as part of the technology
readiness assessment”

NASA recommend this is achieved through understanding and
testing life limiting mechanisms through the TRLs:

TRL 4 - Identify life-limiting mechanisms and failure modes.

TRL 5 - Characterize, by means of test/ analytical model/ simulation,
the physics of the life-limiting mechanisms and failure modes

TRL 6 - Verify by test/analysis that the technology is resilient to the
effects of life-limiting mechanisms.

TRL 8 — Complete life tests.

Source: NASA - Technology Readiness Assessment — Best Practice Guide [SP-20205003605]
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The Wells
Decommissioning

Binomial Distribution: How many tests to demonstrate reliability? M v
A

In order to validate equipment, many standards require the equipment to pass one or more tests. The following
equation, can be used to calculate confidence, reliability, or number of test items:

1 Log(1—CL Number of Verification Tests Required
CL=1—-R"Y"R=(1-CL)n,n= )
Log(R) Number of Confidence
failures | Reliability | 0% | 10% | 20% | 30% | 40% | 50% | 60% 80% | 90% | 95% | 99% |99.0%
Where: B e oo oot ol RSN
+ R=testitem reliability _ . 710 20% T o Toto ol T T T3 T2 T2 1%
* n=number of tests on a single test item or number of 3/5 40% 0o J]o]Jo]]o]1 1 1 2 | 3] 3]s s
test items on a single test 1/2 50% o o] o111 ]1 2 |3 ]14]7 ]
° — H 2/5 60% 0 0 0 1 1 1 2 3 5 5] 9 14
CL Conﬂdence Ievel 3/10 70% 0 0 1 1 1 2 3 5 B 8 13 19
1/5 80% 0 0 1 2 2 3 4 7 10 13 21 31
Equation can be used to answer: 1/10 90% o 123l s]71]s 15 | 22 | 28 | a4 | 66
* How much reliability can be claimed if you want to be
900/ confident from 3 sin Ie assed test? 1/100 99% 0 10 22 35 51 B9 g1 160 | 229 | 298 | 458 | 687
o g P : 1/999 99.9% 0 105 | 223 | 356 | 511 | 693 | 916 1609 | 2301 | 2994 | 4603 | 6904

» If you are looking to achieve a reliability of 90% how
many test items would be needed to pass tests to give
90% confidence of achievement?

Source: NZTC Astrimar Technology Qualification Framework for Well Plug and Abandonement
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Case Studies: CRIN Alternative Products JIP Wdc

The Wells
Decommissioning

Canadian collaboration to accelerate local and international acceptance for cement alternative S

3000 ;'le

sealing products by testing them on fifteen oil and gas wells.

A—— ENERGY

ATCO % cenovus conocthilips W MedicineHa: Suncor) @ veren

Canadian Natural ENERS

N @
C R I ¢ InnoTech
-

Clean Resource Innovation Network — asuss

prvnoLEum Net Zero
S PTACES Ht Emew [
Technology Driving Transition F R O N T I E R

Project Solutions

Laboratory and Field Testing
Five Alternative Barrier Materials

Report Prepared for
JOINT INDUSTRY PROJECT PARTICIPANTS
BY INNOTECH ALBERTA INC.

A UTH, PHD. = MANAGER IN-SITU RECOVERY
ARUGHA WILKIE, P. ENG. — FRONTIER PROJECT SOLUTIONS

\ Energy Services

CONFIDENTIAL

Contract No. ___
December 18/2024

Classification: Protected A

ENERGY

Alternative Products Consortium

The objectives of the project were to deliver products that had a performance superior to
cement, reduce greenhouse gas emissions from leaking wells by decreasing the number of
inactive wells and overall reduce financial liabilities whilst creating business opportunities for
Alberta and Canadian companies.

The process steps to achieve these objectives were:

1. Rapidlaboratory testing of alternative materials to achieve
regulatory acceptance.

Subsequent field trials of the accepted technologies.
Publicise the results to gain market acceptance.

W N

Products tested Products taken

in the lab to the field Wells Plugged

Sensitivity Label - Commercially Sensitive



Case Studies: Thru’ Tubing Logging

The Wells

Decommisgioning
Who is going to crack it first? In partnership with Islay Subsurface il
§ H
% -§ ment Type Processing Tubing E CasingE Cement Evaluation
2] Current
Vendor | T ’; logy Nuclear ElectroMagnetic |  X-Ray |Machine Learning| Time Domain F';:;:':' Thg Eccentricity TogID T?‘Th":""':’ G;‘!"'"'f'".:’ c::-: ¢ Bondindex | Chanelling | AnnAfluid
?7_ % Nf:R CE Main features of well U7
- g In recent years there has been a technology race between several vendors in the Through
2 2 Tubing Cement Logging (TTL) space, with significantly different approaches taken.As one
il would expect, with different Research and Development budgets, different resources
_ SR N —— allocated, and manner in which the vendors have approached both tool design and
o ® processing, the race has not been equall!
s || s
wn

The work comprises of two principal phases with this report summarising Phase 1:

* Anoverview of through tubing logging for cement evaluation and the various methodologies that are

|||||||||

5.5”
’ #23
tand #20

b o typically employed.
": S « Companiesin the TTL arena — including status of technology development and expected timelines for
o g I commercial availability.

— » Evaluation of the tools available for thru tubing logging from the four major service companies in the
B O market at moment, in comparison to smaller,independent technology companies.
N E % * The Collaboration will then decide on which companies/technologies to pass through to Phase 2 for
i g % the shoot-out at Ullrig.
= 0 EE
in 8
T i slb CEREUS — @ Roke

m_DT For further information, please contact: “ HALLIBURTON @ vireasonics  [HTANS We@ar‘d ﬂr O
in S a e M 5 i A LA e RN e o 1 1 g
< H# 3
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wuth | thane : T : CAN HALVE THE COSTS OF P&A

~ " Bismuth in 9 SIB”casmg ‘;5

Alloy in all cavltles

AN -
- Alloy reaching 13 3/8” ID



Case Studies: Axter Retrieve

The enabler for permanently leaving the tubing string in the wellbore by removing the control
line outside the tubing string to permit cementing/plugging the tubing in place.

: ell!ill‘ -

g ‘i‘}i‘u ‘]‘l‘l\_\:-—

: '//_’ o Bt

Total Energies & AkerBP successful control line retrieval
Ulirig, Stavanger
27t January 2025

Sensitivity Label - Commercially Sensitive
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Axter Retrieve Tool String

Identify position of control line, mill window and cut control line.
- Total operation time 4 hrs. 10 mins.
Position toolstring for upper control line cut (545mRKB).

Identify position of control line, mill window and cut control line.
Retrieve cut control line to surface.
- Total operation time 5 hrs. 10 mins.

ccL Top Conn.  Electronic (Telemetry and Power) Anchor
- an

|
’f B I ——"

Stroker Anchor

Orienter Detection Unit Stabilizer Milling Unit

Stabilizer Micro Tube Gripper and Cutter
s

i

MUL ~ 18m (709")

11



Case Studies: Exedra Balder Tracer Gas Tool " Wdc

The Wells
Decommissioning

Tracer-gas-based verification method for P&A operations jointly funded by NZTC, NORCE and The Norwegian Research Collaboration

Council.
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3000

Three examples of cost reducing P&A methods enabled by Exedra.

Dual PWC barrier. Today’s method of CBL log of casing does not apply to
dual casing PWC. Hence, there is a need for an alternative verification
method. The need is amplified by the challenges of ensuring good sealing
beyond the first casing. Using dual PWC will eliminate the time-consuming
pulling of the casing or section milling.

‘Tubing left in hole’ barrier. Leaving tubing in hole will for many P&A
operations enable rigless operations, with significant cost reduction,
compared with using a semi-sub drilling rig. Note: this proposed method is
based on pressure response from Balder tool, not tracer detection.

Short plug lengths, such as with bismuth. Bismuth is impermeable and
expands while curing, hence giving a high-quality barrier. Due to the short
length (typically 2-3 meters) it is critically important to verify properly.
Bismuth plugs can also be set from LWIV.

The pilot comprised of the following objectives and results:

»  Todemonstrate detection of injected ethylene tracer gas below a PWC barrier.

*  Todemonstrate downlink functionality of the Balder tool.

»  Demonstrate planning and execution including gas filling which the procedure was
observed and certified by DNV.

12




Case Studies: AAl Hydrate Melter Petrobras Pilot

Removing the plugs before setting the plugs...
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Piranema 13 400m Hydrate Plug Pilot Well

When a hydrate plug is discovered within the Christmas tree or production string, the preferred
solution is to reduce hydrostatic pressure using nitrogen or a lighter fluid.

However, many wells operate within strict pressure envelopes, and such pressure reduction can
compromise well integrity.

There is an alternative of circulating heated fluid with coiled tubing but it is not so efficient.
Therefore, a thermal tool could be employed to melt the hydrate plug after a glycol slug has been
positioned above it.

In most of the cases the hydrate plugs inside the production string or (Wet Xmas Tree) are not that
lengthy. The desirable solution comprehends a tool that could be continuously fed by the
standard wireline cables.

Regarding Piranema 13, this well, nearing plug and abandonment (P&A), presents an ideal
opportunity to test the tool. Hydrate formation is virtually certain in this well, eliminating the need to
mobilize the tool from intervention to intervention until encountering hydrates. Based on offset well
data, up to 400 meters of hydrate formation is anticipated in PRM-13.

This well was used to inject gas in the reservoir from 2011 to 2020.

13
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Multi-Operator accelerating the rate in which technology is
developed, tested and piloted

\\\\\\ Pilot Opportunity Example

A

Q':Eff:' For example, if technology X are going to be run offshore with an operator -
NZTC will cover the full cost associated with technology X and any
necessary contractors provided the operator give in-kind access to the
asset. The results of the trial will then be shared with the 7 supporting
operators, once the operator has reviewed and agreed the material.

For example:

TAQA Cormorant North provided access to platform for Wellstrom to set a 9-
5/8” x 13-3/8” plug. NZTC covered Wellstrom cost, up-front testing costs and
third-party costs.

Benefit to host:

* De-risked use of alternative methods financed by 7 other operators.

* Opportunity to trial solution that can be performed off the critical path.
* International recognition as an operating leader in P&A.

* Access to Astrimar P&A TQ Framework for free.
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