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Meeting Location and Directions 
 
The meeting will  be held in the Australian Resources Research Centre (ARRC), located in the Technology 
Park: 26 Dick Perry Avenue, Kensington, WA 6151. The ARRC facility is located 15 minutes drive from 
Perth CBD, and includes parking. 
 

 
(A) The ARRC facility  is located approximately 15 minutes South of the CBD. 

 

 
(B) ARRC facility.  Parking spaces are accessible from the North side of Dick Perry Ave.  
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science, with a focus on combined assessment and maintenance of subsea tieback integrity. At this 
meeting, we welcome an expert review of corrosion management in the context of new materials 
technologies to enable long subsea tiebacks. Finally, we present an update to our ongoing campaign 
to quantify the stochastic nature of hydrate nucleation. Our High Pressure, Stirred, Automated Lag-
Time Apparatus provide a unique global capability to generate statistically significant data sets to 
assess the probability of hydrate formation. Here we will  provide a framework for assessing 
formation, particularly in the context of assessing the efficacy of MEG replacement through the use 
of KHIs. This data driven approach may see further applicability in understanding the structure 
function relationships of these chemicals, driving our ability to target specific improvements in 
performance. 

 
Your feedback on the results presented here will  inform our research activities over the coming six months 
and new results will  be presented at our next Tiebacks Symposium, which has been scheduled for May 
2020. Please feel free to contact us should you have any questions or feedback after the meeting. 
 
Dr Bruce Norris, Research Fellow, Centre for Long Subsea Tiebacks: bruce.norris@uwa.edu.au 
Prof. Zachary Aman, Chevron-Woodside Chair in Long Subsea Tiebacks: zachary.aman@uwa.edu.au 
Prof. Eric May, Chevron Chair in Gas Process Engineering: eric.may@uwa.edu.au 
Prof. Mike Johns, Chair of Chemical and Process Engineering: michael.johns@uwa.edu.au 
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Prof. Mariano Iannuzziand Andy Viereckl. 26 November 2019

Materials & Corrosion Research to Enable Long 

Subsea Tiebacks.

High -strength low alloy steels for subsea equipment and pipelines.

UWA Tiebacks Symposium.



Tiebacksand phased developments Ða Materials Perspective.

High-strengthlow alloy steels for sour service.

ASTM A508 Gr 4N qualification.

The next steps.

Summary

2



Tiebacks and phased developments.
A Materials Perspective.



Phased developments have been proposed to reduce the time 

to first oil , which improves field economics and enables the 
efficient application of capital. 

Phased developments reduce upfront capital and reinvest from earned 

revenues, reducing financial exposure. The main goal is to maximize the 

utilization of common resources .

Image Credits: LINK.

Phase 1

Phase 2

Phase 3

Phased developments benefit from long tiebacks and, at the 
same time, can contribute to overcome some of the obstacles 
along implementing long tiebacks.



Long and very -long (i.e., >100 km) tiebacks are likely to 
enable greenfield programs that would be otherwise 
economically unfeasible. 

This assumes that long subsea tiebacks are technologically possible and 

economically viable !

Image Credits: LINK.
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Thus far, the focus of research and development efforts 
have concentrated on solving three critical roadblocks :

Pressure (boosting)

Power & Communications

Temperature (hydrates)
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Corrosion Resistance.

Reduced weight.

Simplified construction.

Increased Materials performance.



High -strength low alloy steels
The sour service challenge.



While you read this 
760 kg of ironhave 

been corroded.

M. Pourbaix, "Lectures on electrochemical corrosion" (3rd English Edition), NACE International, Houston, TX, (1995):p.2.

Data published in 1937 by Shell.
It assumed it takes about 1sto read the sign.
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An update É



While you read this 

32,135 kg of steel have 

been corroded.

11It assumes it takes about 2sto read the sign



While you read this 
61,055 kg of CO2 have 
been emitted * due to 

corrosion of steel.

12

It assumes it takes about 2sto read the sign.
*CO2 emissions due to corrosion originate from the need to replace the corroded steel.
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Materials used in the Oil & Gas industry can face some of the 
most challenging environments .

HPHT:  P > 103 MPa, T > 177 !C  !"#$%#&'%()*+,&-&.&/01&!2

Photo credit: https://bit.ly/2FaWMYj

The development of unconventional oil reserves will benefit from a new 

generation of low alloy steels. 
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Stat -of -the -art : low alloy steels for sour service equipment:

Heavy Forgings
Yield strength rarely exceeds 80Ð85 ksi (550Ð586 MPa) 
for HSLA steels in sour service.

Line Pipe
The most common line-pipe steel grade is API X65, with 
a SMYS = 65 ksi (448 MPa).



It is believed that in the 10 -15 -year horizon , materials for 

critical pressure -retaining applications will require:

YS > 690 MPa DBTT < -60¡C

>Toughness >Fatigue life

H2S resistance>Hardenability



Why?



15 to 20% 
Reduction in 

Weight !

Image Credits: LINK.



Sulfide stress cracking (SSC), which is a special case of Hydrogen 
stress cracking (HSC), can lead to catastrophic fast crack 

propagation of carbon and low alloy steels, far below the alloy 
yield strength !
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In O&G environments , H2S acts as a hydrogen recombination poison , 
the amount of hydrogen entering the steel by corrosion at the open 

circuit potential (E OC) in a sour environment is much higher than, e.g., 

that caused by the external cathodic protection system.

The sub-surface H concentration in the lattice and trap sites (COR) was found to be >70 times 

higher in the presence of H2S than in samples cathodically polarized to -1.1 VAg/AgCl in seawater.

D B.J. Berkowitz, H.H. Horowitz, Journal of The Electrochemical Society 129, 3 (1982): p. 468-474.
D H. Husby, P. Wagstaff, M. Iannuzzi, R. Johnsen, M. Kappes, Corrosion 74, 7 (2018): p. 801-818.
D M.J. Cancio, B. Giacomel, G. Kissner, M. Valdez, F. Vouilloz, "High Strength Low Alloy Steel for HPHT Wells," Offshore Technology Conference-Asia,  paper no.  OTC-24746-MS (Kuala Lumpur, Malaysia: 

Offshore Technology Conference, 2014).

Sour service

5% NaCl + 0.5% CH3COOH pH = 2.7 @ EOC

Region 1
0.18 ppm

1 µA!cm-1

Region 2

0.30 ppm
1.6 µA!cm-1Region 3

0.75 ppm
4 µA!cm-1

Cathodic protection

0.01 
ppm

Seawater @ -1.1 and -2.0 VAg/AgCl

DEFF! 7 !10-6 cm2!s-1

!! "## $%& ' ( )! = !

0.05 
ppm



Similarly, ISO 15156 regulates the selection of carbon and low 
alloy steels (Part 2) and CRA (Part 3) for sour service .

20



ISO 15156 -2 imposes a hardness limit and a maximum 

allowable nickel content for carbon and low alloy steels:

21

Hardness < 250 HV (22 GRC) 

Max. Nickel content = 1 wt%
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Due to the restrictions in ISO 15156 -2, many 

technologically advanced HSLA steels are, in 

practice, excluded from sour service .
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Commercial HSLA steels used in other industries .

Their nickel content = 2.0 to 4.0 wt.%.

HY-100
HSLA-100

P690 QL2
S690 QL

Shipbuilding steel Pressure vessel/structural steel

Nuclear Industry: A508 Gr.4N



Researchers have coined the term metallurgical design to 

indicate a systematic process to balance , e.g., SSC resistance 

& strength based on fundamental principles.

Metallurgical design implies tailoring properties by: 

Composition

High angle GBs Irreversible traps

TemperingAustenitization

Other heat treatments



We could increase strength while retaining adequate sour

service resistance by:

Composition

Strict control of metalloid elements, which promote 
temper embrittlement.
Ar, Sb, Sn, Pb, P & S. Ca for inclusion shape control.

Low- to ultra-low carbon.
Strictly below %C < 0.12 %.

Balance Ni, Mn, Cr, and Mo.
To obtain adequate hardenability and weldability

Heat treatment

Austenitization.
Optimize ! grain size and grain boundary angles.

Tempering.
Balance tempering temp. close to A1. Double temper?

Intercritical hardening?
Can an intercritical heat treat. improve SSC resistance?



ASTM A508 Gr4N Qualification
From nuclear reactors to oil and gas service.
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At a given strength level, the hydrogen stress 

cracking (sulfide stress cracking) resistance of a low 

alloy steel is dictated primarily by the alloy 

microstructure . 

Hypothesis
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In 2018, we engaged with steel producers worldwide. 

Our goal was to partner with vendors, learning from their steel -making 

expertise on promising HSLA steel families. 

JFE (Japan)

BrŸck Forgings (Germany)

Japan Steel Works (Japan)

Siderforgerossi (Italy)



JSW provided 4 forged plates of ASTM A508 Gr. 4N

C% Mn% Si  % P % S  % Cr % Ni % Mo % Cu % Al %

0.23 0.2-0.4 0.4 0.02 0.02 1.5-2.0 2.8-3.9 0.4-0.6 0.25 0.025

Ti % V % Nb % Ca % B % SMYS (KSI) CE %

0.03 0.03 0.01 0.015 0.003 100 0.9-1.1

Example of a 128-ton component made 
from ASTM A508 Gr. 4N.

Girth welding operation!

Japan Steel Works partnership.
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The microstructure of A508 Gr.4N consists of a fine 

dispersion of globular carbines on a bainitic/martensitic 

matrix, which should result in optimal HSC performance.

3"%4"&56+$(7%$(&8"5%7&9467*5":
DLower bainite + tempered 

martensite

DCementite Fe3C and Cr-rich 
carbides M7C and M23C6

Scanning electron micrograph; sample etched in 2% Nital for 15 s.



100"m 100"m

Phase map Euler orientation map 

Phase map revealing a solely BCC 
microstructure (red) with no retained 
austenite detectable.

The Euler map emphasizes the lath 
structures, which formed within the prior 
austenite grain boundaries.

Electron backscatter diffraction (EBSD) maps revealed 

the absence of retained austenite and an acicular 

microstructure within prior austenite grains.
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Necking in the gauge section
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Break

Tensile testing in air confirmed the actual yield strength 

of the A508 Gr.4 samples was within the 100 -105 ksi 

specification, displaying excellent ductility .



In-situ slow strain rate testing on A508 Gr.4N under 

incremental cathodic polarizations . 

Reference
electrode

Test 
sample

Counter
electrode

Pull-rod

Environmental 
chamber

Test parameter A508Gr.4N

Environment 3.5 % NaCl

Strainrate 1x10-6 s-1

Potential(s) -1.05 VSSC

-1.40 VSSC

-2.00 VSSC

Temperature 18 ¡C
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The presence of hydrogen reduced the elongation to 

failure , with increasing ductility loss at lower applied 

cathodic potentials.



A508 Gr.4N had an adequate HSC resistance at all applied 

cathodic potentials. The reduction ratios had a low 

dependence with applied potential with a <0.1 V -1 slope.
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RTFF: Time to Failure Ratio Ñ RRA: Reduction in Area Ratio Ñ RE: Elongation Ratio Ñ RT: toughness ratio.



ÒCup and ConeÓ fracture typical for 
ductile rupture.

Air (control) EApp= -1.05 VSSC

HSC with secondary cracking in the 
gauge section.

While hydrogen led to a reduction in ductility and the 

presence of secondary cracking, all samples broke above 

their UTS , suggesting adequate resistance to HSC .



Gauge section polished and etched with 2% Nital for 15 s 

--CB=='E;;!

Secondary cracks appear to grow transgranularly and 

along favorable -orientated prior austenite grain 

boundaries .



ASTM A508 Gr4 had a noticeably better HSC resistance at 

Eapp = -2.0 VAg/AgCl than a low-strength 3% Ni ferritic -pearlitic 

LAS with a YS of 320 MPa!
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The next steps.
Other alloy systems.
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We are now evaluating JFEÕs X100 and X100Ni grades and 
SFRG S690 LAS following the same protocol. The two best 
performing materials will be tested in H 2S environments.

JFE (Japan)

BrŸck Forgings (Germany)

Japan Steel Works (Japan)

Siderforgerossi (Italy)



Summary .



D SSRTs results suggested A508 Gr.4N had an adequate HSC resistance at all applied 

cathodic potentials. YS and UTS remained unaffected even at the low cathodic 

polarization of -2.0 VAg/AgCl.

D Hydrogen effects were only observed after necking. It is speculated that once necking 

started, hydrogen diffused to areas with high triaxial stresses (necking zone) and 

caused premature crack initiation and embrittlement due to the pinning of dislocations.

D ASTM A508 Gr4 had a noticeably better HSC resistance at -2.0 VAg/AgClthan a low-

strength 3% Ni ferritic-pearlitic LAS with a YS of 320 MPa.

D Results strongly support the hypothesis that HSC resistance depends on the complex 

interplay between hydrogen and microstructure. 

D HSC (SSC) resistance cannot be gauged by hardness measurements alone.

Conclusions
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