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Introduction of the REX-CO, project

Development of the well screening tool

Application of the screening tool in case studies

Preliminary observations
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REX-COZ2 project planning and objective

International research project, funded through the ACT (Accelerating CCS Technologies)
programme (http://www.act-ccs.eu/)

Duration: September 2019 — August 2022
Project website: https://rex-co2.eu/

Main objective:

provide decision makers with mechanisms and information to evaluate re-use
potential of existing oil and gas wells for safe CO, storage
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Motivation: safe CO, storage
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Ref.: TexasMonthly, 2022 Jan 12

Ref.: Gasda, Bachu and Celia, 2004

“The most important human activity in regard to leakage potential is well drilling”

(Gasda, Bachu and Celia, 2004)
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https://doi.org/10.1007/s00254-004-1073-5
https://doi.org/10.1007/s00254-004-1073-5
https://www.texasmonthly.com/news-politics/west-texas-geyser-oil-well-chevron/

Motivation: need for CCS

CCS could play important role to reach climate goals
IEA Sustainable development scenario: CCS should grow from 40
Mtpa today to over 5,200 Mtpa by 2050 (IEA, 2020)

Many HC fields approach end of life 2 planned for decomissioning
Potential future CCS sites

Reusing existing infrastructure (incl. wells) option to upscale CCS and
reduce CO, emissions

Challen%e: All wells have to be assessed - time consuming and prone to
iInconsistency/incompleteness

A structured & independent well screening process is required
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https://iea.blob.core.windows.net/assets/181b48b4-323f-454d-96fb-0bb1889d96a9/CCUS_in_clean_energy_transitions.pdf

Ambition

Enable early project phase well screening

N
Initial assessment CO, storage complex well integrity (A
(Remediate and)
reuse accessible
legacy wells

Aid decision making and CCS strategy development

Select reservoir and well candidates
Allow optimised capacity planning

Facilitate safe well re-use and CCS uptake

Abandon
obsolete
accessible
wells

Assess
inaccessible
(abandoned)
legacy wells

Based on reference projects, standards and
guidelines
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*An element is regarded as a primary barrier element if it is (inspected), tested and verified as

per i ideli and These describe required test interval,
procedures and acceptance criteria [e.g. pressure test without leakage in the last 12 months). 3. Well integrity part 1 — primary barrier (envelope) -
‘3.1 Does the well have a SubSurface Safety Valve {S55V)? I l
m b 3.2 Is this 555V regarded as part of the primary well‘

barrier (envelope)?

Well screening

- Decision trees for 5 pillars

Legend

Decision tree question
- User answer to DT question

I:l:. Evaluation of user answer and well

3.3 Has the 555V been verified as primary
barrier element*?

3.4 Have the X-mas tree body and relevant valves been
verified as primary barrier element*?

- Relevant for any well design

 Evaluation per question

N l N 1

3.8 Does the completion include additional jewelry, e.g. sliding side door (55D) or side pocket mandrels
3.5 Has the tubing hanger been wverified as pn'mary| (SPM)?

barrier element*? 3.9 Have these completion jewelry items been verified as Potential jewelry (e.g. 53D,
E # @ pnmar\f barrier element*? SPM)
/ E No
3.6 Has the production tubing been verified as prlmary 3.7 Has the production tubing below the 5SSV been verified as -

barngr element*? pnmarv barrier element*? |3 10 Does the well have a production packer? ‘

— P ~g m -
3.11 Has the production paclcer been verified as primary 3.12 Does the well design allow for a double barrier system

bamﬂ element*? without packer and has the responsible element{s) been verified

YES

Primary barrier envelope

as pnmary barrier element*?

yellow 7
m Don't know
-F v

3.13 Has the casing/liner string that peneh'alei the cap rock(s) been cemented
across these cap rock{s)?

Cement behind production

Five pillars -
1.0ut of zone injection @ﬁ\ '#W /W/- S o

3 14 Has the quality of the cement across the mpmck
Ievel[s] been verified as primary barrier element*?

2. Structural integrity
3. Well integrity (primary) @# i T-

4.Well integrity (secondary) m/”““fwm = S
5.Material compatibility ==

3.16 Have reservoir fluids been found when bleeding
down the annulus pressure?
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REX-CO2 tool impression

REX-CO2 Tool

REX

re-using existing wells

Well Screening

The well screening tool consists of a tool initialization and a well screening aspect. The first asks the user for inputs
regarding the user's field and wells. while the second has the user complete a senes of decision trees for each well and
then provides the results of the assessment.

Load Input Expodt to File

Tool Initialization Well Screening

Cement Inteqgrity Predictions (beta feature)
The cement integity predictions tool asks the user for a few inputs and then performs an analysis by renning reduced

order models for the specified parameters, producing a prediction of the caprock cement integrity. This component is still
in development and is thus considered a beta feature

Cement [ntegrity

]

General Well Dats Data Availabikty Resenvor

Well Data

The information frams this tab is used in the Well Screening. Please start by adding a well and then fling in at least the name for that wel In case you have

maitipie wels that you would liks 10 answer with the same respcases, you may consider these a5 “well types” instead

wen 1

Out of Zone Inpection Structural Integrity Wel Integrity Primary Barrier. Well Integrity Secondary Barrier Matesial Compatibiity

Out of Zone Injection

“An element 15 regarded as @ well bamer elemant i & 15 (mspected), tested and venfied a5 per apphcable guidelnes. standards and regulations. These
describe requred test interval, procedures and acceptance critena (6.9, by centralzation and loggng)

1. Well name: Dietete well
Curent status: Preducing Sidetracked Ho
Intended use: Bina producer Max deviation [} [2
2. Wil name. [weaz Deleta well
Current status Ingacting Sidetracked Ne
Intendsd use Ingetor Mac deviation [} [1
2]
3. Well name: [wers Deleto well
Curent status Monitaring Sidetracked Yas
Intended use: Mo reuse Max deviation [} [3
4. Well name = Delete well
Cusrent status: Moritaring Swdetracked to
Intended uss Manitoring Max daation [} [2

Version: 1.0.1
E-mail: info@rax-co2 au

User Guide Acknowledgements References
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Open decizion tree flow diagram

1.7: Can the masmum anticipated pressure be lowered to ensure that i is lower than the shoe strength? ® yes O no O waknown
1.8 Does the wel structure include 2 fner? ® yos O no

@ 19 Has the coment in the liner Lap been verified as parmanaent Wel Bamer Eloment (WBE)'? ® no O wnknown

1.10: Is thare a valid reason (based on well operational history) to baliewe that the liner ap could by regarded a5

verfied prmary WBE? ® yes O no O waknown
111 Is the producticn packsr installed t a dagth wth a required minimum formation strength to avoid out of ® ves O no C
©  one injection (e.g. a5 per SO 16530-1)2 ® yes O no O unknown
© 113 Is thece evidence suggesting that the casings are free from significant corrosion? O yes O no ® unknown

@ Recommendation. red

The informsation gives (28500 to assume the well ey et be 8 good candidate to bs reused for CCS due 1o risk of out of zone injection. Excessive
remediation work is foreseen. An engineering an: would be required to confirm

Save and Retum to Wall Screaning Home
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Well evaluation results

Results of well screening provided in the form of traffic light recommendations

REX

Recommendation

Explanation

Based on the screening no or only minor remediation could be expected for the well in its current
state

Based on the screening moderate remediation or additional verification efforts could be expected or
a risk management strategy could be prepared for the well in its current state. One could think of
remediations that do not require a workover rig, e.g. wireline or coiled tubing interventions

Based on the screening severe remediation or a comprehensive risk management strategy on
retrievable/replaceable items could be expected. One could think of remediation work that requires a
rig or workover unit, e.g. to recomplete the well or abandon obsolete sidetracks

Based on the screening severe remediation or a comprehensive risk management strategy on non
retrievable/replaceable items could be expected. One could think of remediation work on annular
cement or cemented casings; e.g. cement repairs or other technically challenging operations

Critical information is missing for the tool. It is advised to look for additional data, acquire additional
data (e.g. by running logs) or look for offset data and then revisit the tool
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Application: national well re-use case studies

REX

Ref.: based on Google Earth

Location: on- and offshore
Applications: CCS and CO, EOR

Depths: 1400-5000 m

Norwegian case study

Reservoir rock: sandstone and carbonate

‘‘‘‘‘‘

..... Reservoir type: gas field, oil field, saline
UK case study 1 if
veans *ngdom *UK case study 2 aquirer
- - Reservoir capacity: 37 — 280 Mt CO,

Number of available wells >100

Hungary
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https://earth.google.com/web/

Porthos — P18-2

Downhole conditions:
Initial pressure 375 bars Denmark

Current pressure: 20 bars United
Kingdom

North Sea

Isle of Man

Storage capacity:
32 Mt of CO, @ 351 bars
32.2 Mt of CO, @ 375 bars

*

Netherlands: ¢

6 well legs penetrate caprock, 4 :
intended for reuse )

Germany

| b
o Belgium LS

All wells intended for reuse have potential to be used as L Semboiey
CO, injectors safely if identified risks are properly W X
mitigated

Ref.: based on Google Maps
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Porthos example well screening

Category Current status Remediated 17 %"hole

1853 0fre

Out of zone injection

. e Lust ylthigg 2323 1 o sgom 0§
Side tracked at 426 m 128 m plug

=

Structural integrity 1T 13{8 ppg 1062 m TvD

Well integrity primary barrier
) ) ) 12 1/4"hole ‘ st
Well integrity secondary barrier . A
5 op ope A
Material compatibility ik o | | = 8
< 3
Observations ~ ) e : 8
Main issue with liner cement FiT 1538 ppg 3438 m vl | DR B
: o > . SO ‘ >
Baes — ¥ IO M -
Materials not compatible for new application
8% hole
No]f;;’lf‘:véported e
. . . . . .“,......,‘ |
v/ Porthos evaluation is in line with expert assessment il e
- e o —
Ref.: Neele, et al., 2019
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Preliminary observations (based on NL, UK and US

case studies)

Results in line with expert assessments in
validation cases

Systematic approach to wells

consistently (<1 hour)

screen

Highly dependent on data availability and
quality

Strong recommendation: gather new data

User friendly tool

Traffic light results helpful for users

P o =
el ;”" . ¥

| O

et y

Out of zone | Structural | Well integrity | Well integrity Material
primary barrier | secondary barrier | compatibility

injection integrity

P18-02-A-01

P18-02-A-035T2

P18-02-A05ST1

P18-2A6

P18-2A6-ST

Out of zone | Structural | Well integrity | Well integrity Material
injection integrity | primary barrier | secondary barrier | compatibility

P18-02-A-01 (W)

P18-02-A-03ST2
W)

P18-02-A05ST1
W)

P18-2A6 (W)
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Project consortium

REX

TNO (coordinator) Netherlands R&D

BGS UK R&D

BP UK Industry, O&G operator
Chevron USA Industry, O&G operator
CO2Club Romania NGO

EBN (stakeholder role)  Netherlands Industry, O&G operator
Equinor AS Norway Industry, O&G operator
GeoEcoMar Romania R&D

IFPEN France R&D

IKON UK Industry, SME

IRO (stakeholder role) Netherlands Branch Organization of O&G service companies
LANL USA R&D

NAMR (stakeholder role) Romania
NEPTUNE Energy

National Authority for CO2 geological storage
Netherlands Industry, O&G operator

Oil & Gas Authority-OGA UK
(stakeholder role)

National Authority for CO2 geological storage

ReStone AS Norway Industry, SME

SINTEF Norway R&D

Wintershall Dea GER / NL Industry, O&G operator
Vallourec Tubes France Industry, tubular manufacturer
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