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The P&A Challenge & Thermite

Well abandonments - the future is now

Population of older wells increasing worldwide
Increasing costs compared to previous estimates
ABEX is a concern for operators and governments
Low commodity price environment

Why & How did Spirit Energy got involved with Thermite
Thermite was a JIP by Interwell P&A, AkerBP and Equinor
Field trials required but no wells were available.

Spirit Energy offered to find suitable wells in Canada

The Challenge
Introduction of Technology needs a new approach
Innovative application of “old” technology with “revolutionary” approach
Engaged with OGA and OGTC to develop the opportunity
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Thermite Reaction

History
Hans Goldschmidt inventor of the Goldschmidt reaction in 1893

Aluminothermic Process patent no. 96317 in 1895 and
THERMIT® Registrated Trademark in 1900

Chemical reaction

Aluminium (Al) reduces the oxide from iron oxide (Fe203), to
form Aluminium Oxide (Al203) and pure iron (Fe)

Reaction energy ~4000 kJ/kg

Reaction temperature ~2500 °C

What is an Exothermic Reaction;

Any mixture of two or more chemicals that
produces heat when activated.

Why thermite is preferable;
Self sustained oxygen source (Iron Oxide)
High energy potential in both materials
Self sustained reaction after activation

Original thermite reaction
Fe203 + 2 Al - 2 Fe + AI203 + AH
Hematite, rust, red color
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Thermite Plug Deployment

Thermite’s original P&A Cartoon

emet A Wireline conveyed tool containing heat
generating material is lowered into well

a0,  andignited.

A column of molten magma is created -
which will melt all wellbore elements and

Thermite Technology aims to restore the
caprock by forming a high integrity
sop P _ permanent barrier.
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Thermite barrier deployment video
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Thermite Deployment Experience

« World’s first field trial in 2016 in Whitehorse in Alberta Canada,
followed by another in Benjamin.

- First European trial in England (Caythorpe) in May 2018.

- All three wells onshore with thermite set in 7 inch casing without
tubing in the hole.

- Imperial, Shell, Eni, West Lake, Canlin, CNR have also carried out
onshore trials

- First Offshore Deployment on Spirit Energy’s Audrey platform in the
North Sea

- Extensive deployment experience (18 trials in total). Focus now on
‘verification like cement'......
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Challenging process ahead

Resistance to new technology

Qualify ‘new’ material

No access to wells for field trials
- Lack of funding for technology development
- Competing with cement
- Establish Common Industry Approach
- A new education process

Material Qualjfication

BarrierVerification
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Thermite Pre/Post Deployment
Barrier Verification



Thermite Barrier Verification
establishing what ‘good’ looks like

Baseline phase
* Tubing pressure tests (pre-work)
« Casing integrity survey (wireline)
« Ultra-Sound cement bond mapping
« Passive Spectral Acoustic and High Precision temperature logging
»  Production logging using mechanical and heat exchange flowmeters

Deployment phase
« Tool ignition signature (pressure wave)
« Positive pressure test (deferred as heatshield packer is used)

Post-Deployment phase
* Positive pressure test (drop off test = 122 bar static dP)
« Extended inflow test
*  Thermite Barrier inspection
« Camera survey
« Ultra-Sound cement bond mapping
« Passive Spectral Acoustic and High Precision temperature logging
*  Production logging using mechanical flowmeters

9  Thermite Barrier Deployment Verification
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Deployment verification - Ignition Signature
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Cement bond & Ultra sound survey:

- Well bounded, heterogeneous,

cement around the entire annulus
with non-connected liquid pockets

- Well immediately above the plug

un-affected by Thermite reaction
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Deployment verification - Reservoir Isolation
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Baseline Chorus Survey
Conclusion:

No flow-related activity
observed on Chorus (SNL)

No flow-related activity
observed on High Precision
Temperature

No flow-related activity
observed on Indigo PLT log



Deployment verification - Thermal modelling
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Faillure models comparison

= Cement model = Thermite model
Well casing |
. Interface casing and cement
Cement fill 4 : {microannulus, channel)
. Interface casing and cement
(microannulus)

(wax, scale, oil, dirt, etc.)

. Bulk permeability
(connected pores,
cracks, channels)

. Leak in casing (connection)
(corrosion, deformation)

Channel

. Annulus cement
(connected pores, cracks)

N\ . /
. Interface rock and cement hypothetical
(microannulus, channel) fracture pathway
{mudcake, cuttings, oil, etc.) in shale
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Thermite Post-Deployment - Downhole verification

chorus
Temperature rating 0 to 150-C (32 to 302°F)
Pressure rating 100 MPa (14 500 psi)
H,S resistance <30%
\ Frequency range 8-60 000 Hz
p Dynamic range 100 dB

Electronics

Recording time (mem. mode) 70h

’:’:r‘b@
\ Tool OD 38/42mm (1.5 /1 11/16”)
Length 80cm (2.6’)

Hydrophone

Weight 7 kg (15.4 pounds)
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Noise (Chorus) Pattern Interpretation Library
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Post Well Schematics - Examples

Plug Failure Plug Successful
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Baseline (Shut-in)
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Thermite Barrier Post Deployment Verification



Caythorpe CAO2 Thermite Trial



Caythorpe 2 Thermite Trial — BDF 28

19 Case study: Caythorpe CA02 Thermite Trial



Key Objectives of Onshore Thermite Trial

First UK / European deployment of the Thermite plug, as part of the phased
technology development programme (following the 2017 trials in Canada).

Engage with EA, OGA and HSE to obtain regulatory consent to use the equipment
onshore

1st trial for setting Thermite plug in Halite formation, common cap rock in UKCS SNS
Establish common application method and verification programme for Thermite P&A
technology

Share the results with the Thermite Collaboration Forum to accelerate adoption of
new P&A technology in the UKCS

20 Case study: Caythorpe CA02 Thermite Trial



Post Well Schematics - Planned vs Actual

UTHOLOGY

CAYTHORPE 2

PLANNED POST THERMITE WELL SCHEMATIC

LUTHOLOGY

DEPTH

()

DEPTH
MD-RT
(ft)

CAYTHORPE 2

POST THERMITE WELL SCHEMATIC

Rotary table - Kenting Rig 36

GROUND LEVEL

Rotary table - Kenting Rig 36

90 ft RT-

ROUND LEVEL

Chalk - 18 ft

Kimmeridge Clay - 727 ft

Corralian Oolite — 2,090 ft.

Calcareous Grit —2,298 ft

Oxford Claystone ~ 2,548 ft
Esturine Series — 2,780 ft

Lias Claystone — 3,228 ft

Mercia Mudstone — 3,894 ft

Sherwood (Bunter) Sandstone — 4,960 ft

Sherburn Anhydrite ~5,487 ft
Billingham Halite - 5,536 ft

Brotherton Formation — 5,600 Tt

Fordon Evaporites — 5,733 ft

Kirkham Abbey Formation Dolomite — 6,821 ft

Mayton Anhydrité — 7,054 ft

Cadeby Limestone — 7,168 ft

Rotliegendes Sandstone — 7,205 ft
Leman Sandstone ~7,211 ft

Westphalian Shale ~7.318 ft

DEPTH | DEPTH
TVD-RT | MD-RT
(ft) ()
90t RT
MsL
%
750
1,350 | 1,426
4,400
4252 | 4900
6834
7,235
6383 | 7.557

20" Casing at 96 ft
171/2" hole

*BGL: Below ground level
*TD: Total depth

*TVD: True vertical depth
*TOC: Top of cement

121/4" hole

81/2" hole

Thermite Plug

Perforations 6,834 - 6,848 ft
6,858 - 6,886 ft

Perforations 7,209 - 7,219 ft
7,225-7,235f¢

TOC unknown - losses while cementing

k but enough extra slurry pumped above

observed losses to theoretically reach
surface

13 3/8" Casing @ 1,426 ft
171/2" TD 1,440 ft

Estimated TOCin 7° x 9 5/8" annulus at
4,400 ft

95/8" Casing @ 4,900 ft
121/4"TD 4,937 ft

Set above the KAF in the Fordon formation
actual formation T8C

Cement plug #1-7,235 ft to
6,955 ft

Lower completion remains, cement plug #1
bull headed to Leman perforations

7" Casing shoe @ 7,557 ft
81/2"TD 7,600 ft

Chalk - 18 ft

Kimmeridge Clay — 727 ft

Corr

n Oolite ~ 2,090 ft
Calcareous Grit ~2,298 ft

Oxford Claystone — 2,548 ft
Esturine Series — 2,780 ft

Uas Claystone — 3,228 ft

Mercia Mudstone - 3,894 ft

Sherwood (Bunter) Sandstone — 4,960 ft

Sherburn Anhydrite ~5,487 ft
Billingham Hallte - 5.536 ft

Brotherton Formation - 5,600 ft

Fordon Evaporites — 5,733 ft

Kirkham Abbey Formation Dolomite — 6,821 ft

Hayton Anhydrite - 7,054 ft
Cadeby Limestone — 7,168 ft

Rothlegs Sandst
Leman San

e - 7,205 ft
7,211t

Westphalian Shale ~7,318 ft

4,252

6,383

96

1,426

4,900

6,834

7,235

7,557

20" Casing at 96 ft MD-RT
17 1/2" hole

*BGL: Below ground level
*TD: Total depth

*TVD: True vertical depth
*TOC: Top of cement

121/4" hole

81/2" hole

Thermite Plug {base at 6,487 ft MD-RT)
Top of heat shield material 6,487 ft MD-RT
Interwell bridge plug - 6,490 ft MD-RT
Perforations 6,834 - 6,848 ft MD-RT
6,858 - 6,886 ft MD-RT

Perforations 7,209 - 7,219 ft MD-RT
7,225-7,235 ft MD-RT

TOC unknown - Iosses while cementing

but enough extra slurry pumped above

observed losses to theoretically reach
surface

13 3/8" Casing @ 1,426 ft MD-RT
17 1/2" TD 1,440 ft MD-RT

TOC in 7" x 9 5/8" annulus at 4,880 ft
MD-RT (pre thermite logs 23.04.18)

95/8" Casing @ 4,900 ft MD-RT
121/4" TD 4,937 ft MD-RT

Packer at 6,232 ft MD-RT

—  WEG at 6,254 ft MD-RT
Top of wireline fish - 6,457 ft MD-RT
~Set above the Fordon Formation

31/2" tubing cut at 6742 ft MD-RT

—— 31/2" tubing cut at 6,902 ft MD-RT but not

recovered. Annulus leaned out to 6,906 ft
MD-RT

HE3 bridge plug at 6,958 ft MD-RT

Lower completion remains, slickline plug
stuck inside the Baker Type F seating nipple
at 7,106 ft MD-RT

7" Casing shoe @ 7,557 ft MD-RT
81/2"TD 7,600 ft MD-RT

MOOr

@ diling&completions

The CA02 schematic

the planned well status following the

Thermite trial. This is subject to change once the actual
operation has been completed.

SPIRIT
ENERGY

MOQr

@ driling&complefions

Note: the HE3 plug at 6,958 ft MD-RT could not be recovered so remains
in the tubing above the slickline plug stuck in the Baker Type F seating

nipple at 7,106 ft MD-RT.

SPIRIT
ENERGY
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Well Re-entry & Preliminary results

Positive pressure test
Displaced Well to Nitrogen
Extended inflow test

14 psi/ hr PBU rate
(equivalent of 5 SCF/min leak)

CAO02 Thermite Trial - Verification Pressure Test

[P & T0B1

12

MOS 190 145 1020 125

1030 1135

M40 1045 1150 1155 1200 1205 12 1220 1225 1230 1235 1240 12

time:
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45 1250 1255 1300 1305

@ diling&completions (08-08-18 to 20-09-18)
2000 40
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N a N . 5
displacement N Y Available 65 hours - pressure
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Audrey B1z Thermite Trial



Audrey Blz Thermite Trial
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Key Objectives of Offshore Trial (Top 5)

First (global) offshore deployment of the Thermite plug, as part of the

phased technology development programme.
Engage with OGA, OPRED/BEIS and HSE to obtain regulatory consent

to use the equipment offshore
2nd trial for setting Thermite plug in Halite formation, at lower angle

compared with CA-02 (common SNS Caprock)
Share the results with the Thermite Collaboration Forum to accelerate

adoption of new P&A technology in the UKCS
Progress Industry Common Verification road map for new P&A

technology and barrier material.

25 Case study: Audrey B1z Thermite Trial



Well Schematics - Planned P&A

26 Case study: Audrey B1z Thermite Trial

Depth Depth | INC SCHEMATIC FORMATIONTOP | MODBRT | TvDss
ft MDBRT | ft TVDBRT| Deg ft ft
0 0 DCBA RTE
763 76.3 Wellhead Deck|
149 149 MsL
230 230 Seabed
54 34 MLSH ~Tertiary 230 81
a4 aa 30 Shoe claystones
a8 a8 6" T0
a8s 435
1105 1105 1 20 Shoe
128 128 26"T0
sm8 4550 O
5905 4684 s3 | 7TOL
6025 arse Stage Collar
6264 4895 53 | 13%Shoe
6285 4924 17-1/2" 10 i FIT 20.0ppg
6389 4966 52 9-5/8" Window FIT 18ppg
i
6814 7
9508 7705 9 =%
9514 ms 9
9517 442 TOL
10634 8769 3 7" LinerShoe
FIT11ppg
10866 8949 37 10,866 - 10,954 ft
10998 10,966 - 10,998 ft
11623 9424 53 497" Shoe
12124 9732 LC] 6 1D

Depth Depth INC SCHEMATIC FORMATION TOP MDBRT | TVDSS
ft MDBRT | ft TVDBRT | Deg ft ft
0 o
623 62.3
135 135 MsL
26 216 Seabed
26 226 Tettiary 26 81
a0 400 30 Shoe claystones.
a04 a4 36" TD
1091 1091 1 20 Shoe
1114 1118 1 26" T0
Haupt, Platten:
Recover Tubing, logand
worst case section mill
window, Set 800ft
cement plug fromtop of
5891 670 53 7*ToL bridge plug. Tag & Test
6011 4740 Stage Collar plug.
6250 4381 53 13% Shoe
6271 4310 17-1/2° 10 i FIT20.0ppg
6375 4352 52 | 9-5/8" Window { 1T 18ppg
6800 5255 40
9500 7701 9
9503 7703 9 497 TOL
10620 8755 3 7" LinerShoe
FIT11ppg
10700
10852 8935 37 10,852- 10,940 ft
10984 9030 a7 10,952 - 10,984 ft
11593 9300 53 4.1/2" Shoe
12110 9718 49 6" 1D




Interim Well Status

NOTE: ALL DEPTHS ARE FROM B391 RIG: RKB to MSL = 149 ft. Water Depth = 81ft

Depth Depth INC SCHEMATIC FORMATION TOP MDBRT TVDSS
ft MDBRT ft TVDBRT | Deg ft ft
0 0
7
763 763 >/ ><
149 149 MsL
L0 20 s bl 0 LY Sesbed _____ = =
240 240 i Tentiary 230 81
414 414 30 Shoe claystones
418 418 36" TD
972 829
1105 1105 1 |20 Shoe
1128 1128 1 [26"TD = 1142 999
3602 3169
| 3942 3391
4634 3806
5004 4022
5905 4684 53 [7"TOL
6025 4754 Stage Collar 5789 4493
6264 4895 53 [13-3/8" Shoe
6285 4924 1712 TD FIT 20.0ppg
6389 4966 52 |9-5/8" Window FIT 18ppg
6804 5269 40
8114 Thermite Plug
Raft 1 8268 6353
8594 6667
8200 5447
Rat 2 9301 7356
{Platten’ 9467 7520
9514 7715 9
9517 mr 9 [412°TOL Rat 3 10000 8041
2000} 10519 8513
10634 8769 33 |7 LinerShoe
FIT 11 ppg 10667 8639
10665 8649
9548 7614 | Werranhydiit 107: 699
Zechsteinkatk 108 783
hiefer 108 802
10866 8949 37 10,866 - 10,954 ft Leman Sandstone 108¢ 804
10998 9054 47 10,966 - 10,998 ft
11607 9414 53 [4-12" Shoe
9512
12124 9732 49 | 6°T0 9583
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Suspension

« (100Dbbl/hr losses observed prior to setting
Heatshield packer assembly)

- BVS w/ gauges & micro-smart valves set
below Thermite plug

- Suspend B1z with deepset Interwell plug
above Thermite, and shallow set Archer
plug as 2nd barrier.

Next

- Verify integrity of Thermite plug with BVS
receiver and repeat TGT SNL log.

- Continue with ‘Standard’ abandonment
programme



Well Re-entry & Preliminary results

"7‘7’::5:;” "::?:;“’ e — scusm::t\\‘ . FORRATONTo? [ WoBRY | —TsS Re-entry
------------- = b= . « Moved back to B1z & pulled suspension plugs
||+ Monitored wells for statics losses — 6 bbl/hr
! oo == .~ + Decision made to curtall verification programme (exit
strateqgy)
— . Cancelled TGT Spectral Noise Log
: % s | 7| « Cancelled Run BVS receiver log & pressure test
. - Continued with P&A programme
= m Preliminary results
———=—= 21 « Thermite successfully permitted / shipped offshore
~ | el F ik —— . Successfully deployed without incident
= | s t | | ~ |« Losses at 100 bbl/hr prior to thermite plug
= — + Reduced to 6 bbl/hr after setting thermite plug
22222 { | “~ « Unable to carry out pressure test
{"‘ - Washup & review with Interwell ongoing

28 Case study: Audrey B1z Thermite Trial TGT
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Thank you

Willem Boon von Ochssee
Principal Well Engineer

willem.boon@spirit-energy.com
+44 (0)1224 411 691
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Micro-annulus cell - test with gas
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194075 « Barrier Verification during Plug and Abandonment Using Spectral Noise Logging Technology, Reference Cells Yard Test « Dave Gardner
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”Good” cement induced micro-annulus — test with water
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194075 « Barrier Verification during Plug and Abandonment Using Spectral Noise Logging Technology, Reference Cells Yard Test « Dave Gardner



