


Deployment of 139.7mm (5 '2”) CET for a SCVF
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Casing Expansion Tool Applications

« Surface Casing Vent Flow  Remediation
" « Annular Diagnostics * Improved Wellbore Integrity
ceneralmagneic *  D€formed Casing « Thermal Liner Hangers



The Casing Eannsion Tool — Multiple Applications
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Expanded Casing Post Wellbore

How: The casing expansion tools ~10m of patented components generate up
< i to 425,000 Ibs of force to the expansion section (1m) providing the capability
to expand or reform casing in controlled increments
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Made-in-Alberta Technology With a Global Market

* First successful Surface
Casing Vent Flow shutoff
In December 2020 using
the GMCI Casing
Expansion Tool

Caliper log illustrating
successful expansions
Amoco Namao 102/10-36-
054-25W4 (Licence No:
0003455); drilled in 1951, on
production until 1968

Gn
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Expansion 6
Mean ID: 167.3mm
Nominal ID 161.7mm

Expansion 5

Mean ID: 168.5mm
/ Nominal ID 161.7mm

Expansion 4

S Mean ID: 170.1mm

Nominal ID 161.7mm

Expansion 3

«— | Mean ID: 169.2mm

Nominal ID 161.7mm

Expansion 2
Mean ID: 169.6mm
Nominal ID 161.7mm

<«—— | Expansion 1

Mean ID: 169.8mm
Nominal ID 161.7mm

Average expansion
7.4mm (1/3”)




Casing Expansion For Analysis, Remediation and Repair

« Wellbore casing can now be
deformed outwards without
materially damaging the steel

« GMCI controlled casing
expansion methodology
minimizes changes in steel
behavior

« Casing can be used as an
annular diagnostic and
remedial tool

« Change the behavior and
performance of the annulus
without puncturing the casing

« Multiple expansions in a single
run

Gn
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Types of Casing Operated on

| &

Licensee / Client: |

Metric Imperial

Surface or Intermediate Casing Summary:

Casing nominal OD 139.7 |mm 5.50 |inches

Casing Grade J55 J55

Casing weight: 20.10 |kg/m 13.51 |#/ft

Casing ID #N/A |mm #N/A |inches

Depth m KB 123.0 |m KB 403.5 |feet KB
Casing to be Expanded in Previous Casing or Open-Hole:

Casing nominal OD 114.3 |mm 4.50 |inches

Casing Grade J55 J55

Casing weight: 14.10 |kg/m 9.47 |#/ft

Wall Thickness #N/A  |mm #N/A |inches

% Pitting (corrosion) at depth of casing expansion 0.0 0.0

Depth of casing expansion m KB 643.0 |m KB 2,109.6 |feet KB

Based on API Specification 5C (manufacturing tolerances) Calculation & Summary for
Unsupported Casing Expansion (i.e. differential pressure across casing wall):

Using our 250T press GMCI has performed numerous shop tests on most
grades and weights of casing: 114.3, 139.7 and 177.8mm casing and
assorted others to determine maximum pressure allowance to ensure
" safety. We are now able to model most grades of casing.
General Magnetic Accurate records are essential.



Log Analysis
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to set on a collar and as close to gauge open hole as possible, the following 5 “Middle of 3
Elements” Expansion intervals are: 240m, 227m, 225m and if required after redress within the

G A review of open hole and cased hole logs determined optimum expansion intervals, noting not
General Ma!eﬁc surface casing at 150m and 140m. Otherwise, one run is all that is required (approx.1 hour).
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Casing Expansion for Surface Casing Vent Flow Shutoff
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Radial Cement Compression Between Expansions

Radial Cement
Compression
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Radial Cement
Compression

Gas Leak
Pathway

we have measured at .02mm on average. This shrinking of the expansion led

G Expansion of the casing will consistently exhibit some elastic shrinking which

General Magnetic

to the development of the mufti-element CET to create radial compression in
the expansion valleys removing this shrinkage.



Three-expansion Assembly MFC Log

Three sets of nine expansions — 27
expansions total — were conducted at
three different intervals in nine hours of
rig operating time

Well currently under observation most
recent flow rate zero, pressure 0.077
kpa (0.11 psi)

To date 20% of wells terminated with
CET and other wells followed with a
cement squeeze have successfully
terminated the vent flow

Compelling results relative to stand-
alone cement squeeze results of
approximately 30% (source: NRcAN)

Gn
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Multi-finger caliper (MFC) log showing 9
expansions over 1 vertical meter; time on
bottom 45 minutes

10



Three Simultaneous Expansions in One Setting

* Shop testing of three-expansion
assembly in 177.8 mm L80 34.2 kg/m | e
casing demonstrating uniform B W T
expansion across all elements. ur 175%)9

* Casing dependent MFC logs indicate
controlled expansions of 74" to 34’

The Twelve-dent Solution

« Current elements are capable of at least four
expansions per run without comprising
effectiveness or release

» Four expansions of the three-element assembly
creates 12 expansions in a single trip

* Less than one hour on bottom

Gn
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https://drive.google.com/file/d/1N3Bev8swBGpdFt1ich0FZ5_Y_yhxY2UK/view?usp=drive_link
https://drive.google.com/file/d/1N3Bev8swBGpdFt1ich0FZ5_Y_yhxY2UK/view?usp=drive_link

Casing Expansion to Change the Annulus

« Current methods of repairing/remediating the annulus involve perforating the
casing and pumping fluids

« Casing expansion changes the physical properties of the annulus without

sacrificing casing integrity
Casin
Expansmn

No expansion , %" (3.2mm) expansion V4" (6.4mm) expansion
Annulus area = 139.7 cm Casmg diameter +3.2% Casing diameter +7.1%
Annulus area = 121.6 cm?2 Annulus area = 102.9 cm2
Annulus -12.9% Annulus area -26.3%

J55 177.8 mm 25.3 kg/m API casing drilled with 222.3 mm bit

G J55 7.0” 17Ib/ft API casing drilled with 8.75” bit

General Magnetic



Core Analysis of Compressed Cement

* Cement is compressed, not crushed or cracked, resulting in

significant permeability reductions

Total Porosity State

Ambient Grain Bulk Air
Sample Depth Porosity Density Density | Permeability
Meters Fraction kg/m? kg/m3 mD
Non- — 0.516 2186 1059 7.25
Compressed
Compressed — 0.36 2153 1377 ‘ 0.208 ’
v v

Gn
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Cement porosity and
permeability are
significantly reduced
without crushing or
cracking.

Sample of 38.1 mm
Diameter

Core Laboratories,
Advanced Rock
Properties
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Metallurgical Test Report on Expanded Steel Casing

Report: “Acuren received one half of the
circumference of the deformed casing material -
Grade J55 177.8 mm OD by 25.3 kg/m API
casing and Grade P110 114.3 mm OD by 20.09
kg/m casing”

+ “Metallographic examination and comparisons of the microstructures in the non-deformed
and deformed regions...did not reveal any significant microstructural changes as a
result of the plastic deformation...no evidence of cracking or other forms of damage
observed within the apex of the bulged regions of the samples.”

» Vickers hardness testing of the metallographic specimens revealed an increase in
hardness...This work hardening is expected for steel materials which have been subjected to
plastic deformation of this magnitude. This work hardening would also be expected to result
In an increase in the tensile strength properties of the steel within the deformed zone, along
with a corresponding reduction in ductility.”

« “Examination of the supplied radially expanded AP| Grade J55 and Grade P110 casing
samples did not identify any defects in the materials which would be detrimental to the
intearity of the casing at the level of strain imposed on these samples.”

Gn

General Magnetic
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Casing Expansion for Annular Diagnostics
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* CET can be used for advanced
annular behavior analysis
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Casing Distortion: a Growing Challenge

. b o e == o Collapsed, distorted or
T non-circular casing is a
growing problem in

il I hydraulic fracturing
1l completions and legacy
.. S UL I wells

st * Set/unset capability
makes CET an effective
remedial system

Well Analysis — Alberta e Pre-sized to achieve
24 arm Multi-Finger Caliper log (MFC24) was acquired on 04-Aug-2022 desired expansion ID

» Casing 139.7 mm (34.23 kg/m)

» The main pass and repeat pass were recorded from 2644.30 mKB to 2300.00 * Return t_O CIrCUIa.”.ty and
mKB with noticeable deformation observed from 2640.18 mKB to 2644.30 full ID without milling or
mKB damaging casing

*  Minimum ID of 108.83 mm was observed at 2642.58 mKB precluding typical o
oil tool entry to service well

»  The GMCI 114.8mm controlled dual-element expansion assembly is capable Further details:
of expanding within the wellbore in a controlled fashion to reform casing to urther detals: _
. . https://jpt.spe.org/unconventional-challenge-
provide for well service access can-casing-failures-during-hydraulic-fracturing-

G be-stopped

General Magnetic

Operates in deviated or
horizontal wellbores
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https://jpt.spe.org/unconventional-challenge-can-casing-failures-during-hydraulic-fracturing-be-stopped
https://jpt.spe.org/unconventional-challenge-can-casing-failures-during-hydraulic-fracturing-be-stopped
https://jpt.spe.org/unconventional-challenge-can-casing-failures-during-hydraulic-fracturing-be-stopped

Casing Expansion for Distorted Casing Repair

Q

* A Licensor in Australia
used the CET on this
177.8mm well with badly
distorted J55 38.69 kg/m
casing for a major
producer in the Cooper
Basin

* Licensing reports
confirmed a successful job
on the initial run.
November 29, 2023

Gn
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CET for Casing Repair in Non-Vertical Intervals

* The elements can be
modified so the maximum
expansion returns the
casing to drift ID

* These elements are sized
to return distorted
139.7mm casing to
125.7mm nominal ID

Gn

ral Magnetic
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CET for Casing Repair in Non-Vertical Intervals

Video Demonstration Links

Reformation Post
Gn
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https://1drv.ms/v/s!Amj3ot7V2sjehdB-fMesGPpjofbVOw?e=YESXhg
https://1drv.ms/v/s!Amj3ot7V2sjehdB8sMg_VKKY3B8E8A?e=dkSWZZ

Casing Expansion for Improved Remedial Cementing

* Wells not cemented when
drilled often require
perforating and remedial
cementing at a later date

REMEDIAL
CEMENTING

* Difficult to control flow of
cement in an uncemented
annulus

* Using CET below the interval
of remedial cementing acts as
a form of external casing
packer (ECP)

* Restricts the ability of the

cement to flow down the ¢ A pﬁ.
annulus and confines it to the S € ) BT

area of application and above

Gn
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Casing Expansion for Improved Remedial Cementing

|

General Magnetic

The ID expanded
from 166,12mm to
188.0 to 191.5mm

The OD of the
expansions range
from 199.7mm to
203.2mm

Gauge hole size was
222.3mm

This would provide a
material restriction to
control the direction
of remedial
cementing

Average OD 92% of
original hole size

21



Casing Expansion for Improved Cement Squeeze

ENHANCED
CEMENT
SQUEEZE

* Cement squeezes are the only
solution for severe cement
deterioration, channeling, slant or
horizontal wells

* Like all fluids under pressure,
once beyond the perforations the
cement goes wherever it wants

* Using casing expansion to
“corral” a squeeze will decrease
costs by increasing success rates

Gn
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Casing Expansion for Water Control

« Produced reservoir water (water cut) is a
challenge in mature conventional fields
or fields under pressure control/water
flood

 Water cuts of 90% are not uncommon

INTERZONAL
COMMUNICATION

« Water travelling upwards in the formation
(coning) iIs a common problem

« Water travelling upwards in the annulus
IS nearly impossible to safely control
using perforating/squeezing

« Casing expansion could cost-effectively
resolve annular interzonal
communication impairing production

Gn
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PMAT Internal/External Abandonment Plug (pieated Rings)

Polymer Modified Asphalt Tool.
Installed with the same
expansion tool. The forces
required to achieve casing
expansion and ductility are the
same. Internal & external seal.

Gn

ral Magnetic 24




PMAT Permanent Expansion Plug (pieated Rings + Elastomer Element)
1 —

Installed with the same
expansion tool. The
forces required to achieve
casing expansion and
ductility are the same.
PMAT creates an
iImpenetrable internal &
external seal.

Pleated Rings

Elastomer Element

Pleated Rings

« 7.0” 23#L80

« Expansion to
7.690”

 Relaxation ~0.010”

« Setting tool
released with RH

G rotation
1L

General Magnetic
25
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