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HOW TO ADAPT SOLUTIONS USED FOR O&G 

PRODUCTION TO CO2 INJECTION & STORAGE ?

UKCCSRC-CCSA Workshop: CO2 Storage

► Seamless tubular products

• Casing, tubing & accessories

• Premium VAM® connections

Casing

Connection

Tubing

Injection 

well

Vallourec Energy Transition Opportunities (ETO) – CCUS

► But some differences exist 

between O&G production 

well and CO2 injection & 

storage  

• Storage duration

• Temperature

• Presence of contaminant

• …

VALLOUREC property
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RISK ASSESSMENT FOR MATERIAL AND 

CONNECTION SELECTION 

CO2

CAPTURE

• Post combustion: SO2, 
NOx, O2

• Pre combustion: H2S, 
H2, CO, O2

• CO2 from natural well: 
H2S

CO2 TRANSPORT

• CO2 compressed to 
supercritical phase

• Temperature drop 
during shut in

• Presence of water 
(condensed water in 
pipeline)

INJECTION IN DEPLETED 
RESERVOIR or 
ACQUIFERS

• Dry supercritical CO2 + 
contaminants

• Well head temperature 
drop

LONG TERM STORAGE

• CO2 supercritical + 
pollutants in contacts 
with brines

• Long storage duration 
with no pressure loss 
in the annulus

• Corrosion due to mix of 

gases + formation water 

• Connection sealability

• Annulus pressure 

monitoring

• No corrosion during injection 

• Materials with good 

toughness at low 

temperature

• Good sealability from 

connection during rapid 

temperature drop

VALLOUREC propertyUKCCSRC-CCSA Workshop: CO2 Storage
KEY CHALLENGES FOR STORAGE: LOW TEMPERATURE + IMPURITIES

2

1 How to make proper material selection ?

How to qualify connections ?



4

HOW TO MAKE PROPER MATERIAL

SELECTION
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CCS INJECTION CHALLENGES

Mixing CO2 stream and brine at the bottom

results in localized corrosion, uniform 

corrosion and Stress Corrosion Cracking 

(SCC) risk.

Localized corrosion occurs when the tube’s 

bottom part is heated: 
• Impurities present in CO2 stream partitions in 

the water phase

• Water will dissolve and saturate the CO2 phase 

• Formation of droplet with high ratio  VCO2/Vwater

(water fully saturated with low pH)

Corrosion will depend on type and amount of 

impurities

CO2 Injection Steps

No corrosion 

issues
Corrosion risks No corrosion 

issues

VALLOUREC propertyUKCCSRC-CCSA Workshop: CO2 Storage
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Mixing of CO2 stream and brine in the bottom

of the injection resulting in risk of localized 

corrosion, uniform corrosion and Stress 

Corrosion Cracking (SCC).

Sulfide Stress Cracking (SSC) in presence of 

H2S due to the condensed water on the pipe 

walls and well-heads resulting from long or short 

shut-in conditions

CO2 Injection Steps

CCS INJECTION CHALLENGES

Corrosion risks

NACE TM 0177 method A SSC failure

VALLOUREC propertyUKCCSRC-CCSA Workshop: CO2 Storage
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Mixing of CO2 stream and brine in the bottom

of the injection resulting in risk of localized 

corrosion, uniform corrosion and Stress 

Corrosion Cracking (SCC).

Sulfide Stress Corrosion (SSC) due to the 

condensed water on the pipe walls and well-

heads resulting from long or short shut-in 

conditions

Issues of  very low temperature where 

material toughness needs to be addressed.

CO2 Injection Steps

CCS INJECTION CHALLENGES

Corrosion risks

VALLOUREC propertyUKCCSRC-CCSA Workshop: CO2 Storage
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CORROSION PERFORMANCE VS OPERATING CONDITIONS

UKCCSRC-CCSA Workshop: CO2 Storage VALLOUREC property

Data to consider:

• CO2 stream

composition 

• Bottom hole pressure 

and temperature

• Formation water 

composition

CO2

No Water Presence of water
(saline aquifer / formation water)

Carbon Steel

No impurity Only H2S O2, H2S, SOx, NOx

13Cr or S13Cr 

depending on T, 

Cl-, pH

22Cr: ppH2S < 0,02bar

25CrS: ppH2S < 0,2 bar

28Cr, 825: ppH2S > 0,2 

bar

22Cr, 25Cr, 25CrS,  

28Cr, 825 depending 

on T, O2, pH

Strong experience from production wells

Carbon

Steel
A

B
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Formation waterFormation water

CO2

stream

MATERIAL SELECTION RULES AND TEST PROTOCOLS TO BE ADAPTED FOR CO2 STORAGE
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CORROSION PERFORMANCE VS OPERATING CONDITIONS

► Preliminary results show strong influence of contaminants on corrosion

VALLOUREC property
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PROPER MATERIAL SELECTION TO BE DONE BASED ON LEVEL OF CONTAMINANTS

Fully immerged

Fully immerged

Wet gas

Wet gas

pitting

► Testing Conditions (1)

• NaCl 50 g/L, 80°C, 150 bar (total pressure)

• Gas: 

» 100% CO2

» 97% CO2, 3% H2S

» 92% CO2, 5% SO2, 2% O2, 1% NO2

► Evaluation of localized corrosion and corrosion 

rate (CR)

(1) Eurocorr 2011 #4741 “Carbon Capture and Storage projects: material integrity for CO2 injection and storage »
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HOW TO QUALIFY CONNECTIONS ?
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TARGETED APPLICATION 
AND RESULTING CONNECTION EVALUATION ENVELOPE

► Tubing Connection behavior under CCUS loads
• Worst-case scenario: Blow Out → Rapid Depressurization → Thermal Shock (Min. Temp. -60°C)

• Loss of Monolithism on Connection (Pin Shrinking vs Box)

► Tubing Connection Evaluation Envelope - FEA
• Temp. -60°C (from 20°C to -40°C)

• 3 ½” 9.20# VAM® Premium connections + 25CR material

• 2 suitable envelopes proposed

• Additional Assessment & Qualification

► New concerns due to temperature and dynamic
• Dry Well-Head projects → higher Temp. (i.e.: -80°C) 

• Surface Treatment behavior

• Dope evolution/aging and chemical reaction with CO2

• Tribo-test of dope under low temp + chemicals

UKCCSRC-CCSA Workshop: CO2 Storage VALLOUREC property

1

VAM® PREMIUM CONNECTIONS SEEM SUITABLE FOR CCUS APPLICATION
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NEW CONCERNS BASED ON APPLICATION
PRELIMINARY RESULTS

► Copper Plating: adhesion assessment

• T1 (thermal shock): sample fully immerged in ethanol -80°C

UKCCSRC-CCSA Workshop: CO2 Storage VALLOUREC property

2

Test T1

VAM® COPPER PLATING SEEMS SUITABLE WITH THE APPLICATION

OTHER SURFACE TREATMENT UNDER EVALUATION

► Inspection as per VAM® Specifications:

• Before Immersion

• After Immersion

• After Cleaning (scotch-brite)

• After HP/ HT Cleaning (karcher)
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NEW CONCERNS BASED ON APPLICATION
PRELIMINARY RESULTS

► Copper Plating: adhesion assessment

• T2 (thermal gradient): sample partially immerged in ethanol -80°C

UKCCSRC-CCSA Workshop: CO2 Storage VALLOUREC property

2

► Inspection as per VAM® Specification

• Before Immersion

• After Immersion

• After Cleaning (scotch-brite)

• After HP/ HT Cleaning (karcher)

Test T2

VAM® COPPER PLATING SEEMS SUITABLE WITH THE APPLICATION

OTHER SURFACE TREATMENT UNDER EVALUATION
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NEW CONCERNS BASED ON APPLICATION
PRELIMINARY RESULTS

► Dope behavior: Fretting assessment during loading sequence

• Small-scale testing

• Simulate behavior of Metal Seal

► Test Conditions

• Ambient, -30°C & -60°C (WIP)

• Contact pressure ~1000 MPa

► Linear Fretting results by April 2021

UKCCSRC-CCSA Workshop: CO2 Storage VALLOUREC property

2

+/- 0,5 mm displacement

Launch of test, waiting for results
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CONNECTION QUALIFICATION PROTOCOL FOR CCUS

UKCCSRC-CCSA Workshop: CO2 Storage VALLOUREC property

3
Specimen 1

|

TBD

|

Pin:TBD

Box: TBD

|

BOL 4010 NM

|

2 M&B

Max Torque

Min Dope

|

Final Make-Up

Min Torque

Max Dope

|

Phase 1: Series B + A - Operational assessment

IPwB Gas @ amb

Ba(Q1-Q2-Q2-Q1) 95% CEE
|

IP n°1 Gas

Aa(Q1-Q2) 95% CEE
|

EP n°1 Water

Aa(Q3-Q4-Q4-Q3) 95% CEE
|

IP n°2 Gas

Aa(Q2-Q1) 95% CEE
|

EP n°2 Water

Aa(Q3-Q4-Q4-Q3) 95% CEE
|

IP n°3 Gas

Aa(Q1-Q2) 95% CEE
|

Phase 2: Thermal cycling

Thermal Cycle: Amb/-15°C/amb/-25°C/amb/-35°C

Number of cycles: x25

Tension: 100% CEE

|

Phase 3: Thermal shock

Temp.: -80°C

Time: 2 sec.

|

Phase 4: Sealabilty with temperature gradient

IP w/o Bending Gas Pin & Box delta temp. @ 60°C

B(Q1-Q2-Q2-Q1) 95% CEE

|

Phase 5: Series A - Operational assessment

IP n°1 Gas 

Aa(Q1-Q2) 95% CEE
|

EP n°1 Water

Aa(Q3-Q4-Q4-Q3) 95% CEE
|

IP n°2 Gas 

Aa(Q2-Q1) 95% CEE
|

EP n°2 Water

Aa(Q3-Q4-Q4-Q3) 95% CEE
|

IP n°3 Gas

Aa(Q1-Q2) 95% CEE
|

End of the test

Re-check the operational performance

Installation

Load/ Unload

Blow-out

Sealabilty during blow-out

QUALIFICATION PROTOCOL DISCUSSED AND AGREED WITH 2 

INTERNATIONAL O&G MAJORS ACTIVELY INVOLVED IN CCUS 

PROJECTS

Preliminary Standard

Testing Bench
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CONCLUSIONS

► Main differences related to product selection and qualification for CO2 storage 

compared to O&G production well is due to: 
» High temperature cycling during injection which required good material thoughness and connection 

performances

» Longer storage duration with no pressure loss on the annulus, which required good connexion sealability as 

well as monitoring equipments.

» Presence of O2 and contaminants which will strongly impact corrosion

► Proper Product Selection is key to mitigate risks:
• Good knowledge from Vallourec on material selection for production wells 

• Material selection adapted for CCUS based on impurities & CO2 storage strategy

• Connection selection to ensure well integrity

► New test protocol currently developped at Vallourec to qualify products

UKCCSRC-CCSA Workshop: CO2 Storage VALLOUREC property


