2-day Training Course

'l

Power, Petrochemical, Refining, Oil, Gas and other
industrial sectors

Dates: 26 - 27 November 2012

Venue: Charlotte, North Carolina, USA

(Venue details will be announced later)

Preamble

The 3-day Power Plant Cycling Conference (seew.etdl.co.uk ) organised at the same
venue by ETD and its American and European asssciwaill be preceded by thaptional 2-
day Training Coursen damage and defect assessment under creep datigole conditions.
Full understanding of the intricacies of evaluatthg effect of defects in complex structures
can only come from a good understanding of thecjpias underlying materials behaviour.
The modules in this course present the theory bletiie main damage and crack growth
models. The course also critically reviews the niaéfiect Assessment procedures currently in
use.

Experts on defect/life assessment from researchnggtions and from industry will give
interactive lectures. They will demonstrate the newmmercial ‘Crackfit - Defect
Assessment Procedure and Softwarfleveloped by ETD (UK) in collaboration with the
European industry],and will demonstrate its use for sensitivity as@yand probabilistic
assessment in creep and fatigue crack growth.



Why This Course?

ETD firmly believes that learning is best achiexkmbugh involvement and experience. This
course therefore includgsractical examplesto ensure that the learning process is both
rigorous and enjoyable.

Who Should Attend This Course?

Plant managersequiring an overview of the techniques availabléhem.

All those involved irhigh temperature component damage/cracking assegsme
Plantmaintenance engineers

Engineers fronservice/consulting companies.

Inspectionpersonnel seeking an appreciation of the usefettisurvey results.
Planning personneteeking a better understanding of state of theealinologies.
Insurance Personnelishing to increase their knowledge of practicedlgpems and
revise established techniques.

Researchersnvolved in high temperature crack assessment wdexd rto know the
various international/industry procedures.

What Do | get ?

Full course noteswill be provided for use during the course an@ngure easy revision of the
course at any future time. Electronic version a tourse slides in pdf format will be made
available to the attendees soon after the courseuéion.

On the afternoon of Day 2 of the course the det=gaill be provided with lap top computers
with ‘Crackfit’ software installed to work on theses provided in the application of the crack
assessment procedures.

Delegates will be encouraged to raise and discusblpms from their personal experience
during the workshop and interactive sessions.

Course Presenters

These are experienced practitioners of internatioepute and with well-established track
records in component assessment and life managempotver generation, petrochemical and
refining industries.

Feedback
Previous courses have been exceptionally well vedeiParticipant feedback has continually
placed these courses at the top of the spectrutheirangévery good” to “excellent”.

Feedback from a cross section of delegates whoggte one of our courses is shown bel6ihe
course was exactly what | was looking for and well executed.”
Robert Anderson, Progress Energy, FloritlGA.

“Thank you for your interesting classes (and preats/calculations).” Lumbreras Jimengz,
Iberdrola, Spain

“Please thank colleagues for a great course, varnpyable” Kevin Easby, BASEIK




Course Certificates

These will be awarded for attendance at each coargk a single certificate, covering
completion of the ETD Plant Life Assessment andeksion Course, will be available for
delegates who have completed all three courses.

Who Are We ?

European Technology Development Ltd.(ETD) is a UK based engineering advisory,
consulting and R&D company specialising in high pemature plant life assessment/extension,
maintenance, materials and engineering issuesl ity of power generating and process
plant. ETD has, in the recent past, organised wuarimternational workshops/ courses/
conferences in the UK, a number of other Europeamities (Germany, France, Portugal etc.)
and Asia, mainly on the issues such as: planakfgessment/extension, high temperature plant
materials, plant component safety and durabiligrfgrmance of in-service welds, power plant
cycling and plant risk based maintenance (RBM).

The company is leading and co-ordinating a numibdetame leading edge international
industry initiatives (supported by the industry froNorth America, Japan, Europe and
elsewhere or by funding agencies such as the Eano@@®mmission) on issues related to the
assessment and improvement of high temperaturé péaformance, materials and design, and
maintenance and inspection strategies.

Further information about ETD, its projects, lifgssassment courses offered and other activities
can be visited at: www.etd1.co.uk
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Damage and Defect / Crack Assessment under Creep
and / or Fatigue Conditions

(26 - 27 November 2012)

Objectives

To develop a full understanding of the underlyioga@epts and theoretical
basis of the major damage and crack growth modetgiatly in use.

To provide awareness of the different approaché&entao assessing
defects according to different codes / standardspaocedures.

Who Should Attend

If you have responsibility for assessing the coadibf plant, making run/repair
decisions or ensuring safe and uninterrupted operatr are intimately involved
with any of the following functions in Power Gentgoa or Petrochemical
industries.

Engineering Planning

Maintenance Inspection - assessing defect
Service providers significance

Insurance Research and Development

All those involved in High Temperature Defect Assasnt /
Fracture Mechanics

\_

/ Full understanding of the intricacies of evaluatiihg effect of defects in comp@

structures can only come from a good understanaliige principles underlying
materials behaviour. The modules in this coursesgnethe theory behind the
main damage and crack growth models. The course caiscally reviews the
main Defect Assessment procedures currently in B$&® pride themselves as
leaders in the field of defect assessment. Socthisse should also be of much
value to staff and students from academic instingi




DAY 1 }

Hearty Breakfast & Registration 0815- 0900h

Introduction Start = 0900h

Details of course structure and objectives will dogen during the welcome
address. A general introduction to some of the gamind R&D that underpins
the basis of the current crack growth and damageinaglation models will
follow this.

Module I Continuum Damage Mechanics

There are numerous models for determining the deweént of damage in
structures. The main damage models are criticalprened relative to their
ability to accurately predict component behaviolihe underlying micro-
mechanisms are also discussed.

Specific Topics

Damage Micro-Mechanisms
How Damage Develops
Damage Models -Kachanov-Rabotnov etc.

Module 2 Fracture Mechanics Concepts

Basic elastic fracture concepts will be presenteshtexpanded to encompass
complex loading situations and material propertysiderations. This will be
developed to elastic/plastic, fully plastic andereoncepts.

Specific Topics

Fracture theory

Material influences

Elastic/plastic fracture mechanics models

Fully plastic and creep fracture mechanics concepts



Module 3 Defect Assessment Procedures

This part of the course aims to bring the foregdingory into practice. After

briefly reviewing and comparing the various codegieneral approach to defect
assessment will be presented step-by-step and dpbphed to specific case
studies.

Specific Topics

Defect Assessment procedures
o UK BS7910 (R6 and R5)

o French A16
o API579
o HIDA Procedure and the HIDA KBS

Finish = 1730h



DAY 2 }

Hearty Breakfast & Registration 0815- 0900h

Start = 0900h

Module 4 Creep and Creep/Fatigue Crack Growth

High temperature crack growth is a complex phenamebetermination of the
behaviour of a component containing crack / defa given time is dependent
on the interpretation of numerous material and ilmpdparameters and their
interaction. In this module both the underlyingnpiples and the influencing
parameters will be examined. As any component assad, defect assessment
requires reliable input data such as operatiorpecison and material data. In
practice such data is rarely available for defecation, material cast etc. Hence
the use of sensitivity analysis and probabilisppraach to defect assessment are
essential to reliably predict the plant integrity baking into account the
uncertainty in the input data and the variabilitymaterial properties.

Specific Topics

Creep Crack Growth Models

Determination of Materials parameters

Creep/Fatigue Interaction Models

Introduction to Sensitivity Analysis / Probabilstpproach




Module 5§ Defect Assessment Procedures, Their Applicationand
‘CRACKFIT" Software Demonstration for Sensitivity A nalysis and
Probabilistic Assessment

This module will review, compare and discuss vagioavailable defect
assessment codes and procedures. A general appgomdefect assessment will
be presented step-by-step and then applied tofgpease studies.

The recently developed commercial Software ‘Crackfill be demonstrated
including its functions as a sensitivity analysml gorobabilistic assessment tool.
This Software has been developed by ETD in actiokalooration with the
European industry and is based on the original HIDAgh Temp._[@fect
Assessment) Procedure — an 8 year duration Europefative for the
harmonisation and further development of the eaxgsticrack assessment
procedures.

The benefits offered

 The opportunity to understand the methodology defect (hence life)
assessment of various components which containctdetiike lack of
fusion/penetration in welds (defects at weld to@sernal and external
surface emerging or embedded defects in straigigspidefects at stress
concentrations such as sharp corners (T-piece,lejoand standard
laboratory specimens. This includes failure analyfast fracture, plastic
collapse and ligament rupture) and evaluation ofiage mechanisms such
as creep, fatigue, and creep-fatigue interaction.

« Hands-on application of Crackfit© for industry @mgers who would like
to carry out defect assessment without having tottgough different
established codes or national/ in-house defectsassmnt practiceslhe
delegates will be provided with lap top computerhmMCrackfit’ software
installed to work on the cases provided in the apalion of the crack
assessment procedures.

Crackfit

‘Crackfit’ covers a number of power and petrochahiplant component
geometries and provides option of the use of otnailable procedures to
analyse defect initiation, growth and probabilitfy failure in high temperature
plant. In this module the Crackfit software will hesed to solve problem
examples related to defect containing componentligh temperature plant.



Course attendees will be given an opportunity ethe procedure themselves to
solve a real industry problem.

Crackfit Modules

The Materials module allows the user to select different matsrial
commonly used in high temperature plant, such astansitic steel ASME
P91 including the weld metal and HAZ propertiegditional low alloy
steels such as 2.25Cr1Mo (P22) steel, rotor sseels as 1CrMoV, and the
austenitic steels such as 304 and 316. The migbeojerties included are
tensile strength, stress rupture, rupture ductiifigue and creep crack
growth data from established sources like ‘HIDA'daBuropean Creep
Collaborative Committee (ECCC) datasheets.

The Cyclic Loadingmodule provides algorithm for the user to applytaip
four scenarios of cyclic loading of different maxim and minimum load,
temperature and dwell time values for the caseedxfatigue interaction.

- Sensitivity and Probabilistic analysig reality, input data required for the
defect assessment can be varied and may be obtaomedvell scattered
data tending to produce large deviation of the ryalues, hence reducing
the confidence in the quality of the results. CRATKO accommodates
the two types of analyses by allowing the user itops/ choose the
confidence level for different type of input datalhe outcome of the
evaluation (such as ‘time to failure’, ‘cycles tldire’, ‘number of cycles
required for a specific crack growth’ etc.) is reggnted in CRACKFITO
in a simple tornado or bar diagram for the sengytanalysis case, and the
‘probability of failure versus time’ curve can beertved from the
probabilistic analysis using Monte-Carlo simulation
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‘Service Damage & Crack Assessment’ Course

Registration Form| (Please fax/ email)

Registration FeeThis is being charged inUS dollars for the USA and Canadagpayees and
in GB Pounds for all others

* Please put a cross in front of the box applicalolezou and show the total at the bottom.

++ Note: Those attending GT course have the opportunity tintil 18 Sep 12 From 19 Sep 12
attend CCGT/HRSG Cycling part of conf. off' 3v. UKE US$ UKE US$

Conf: Conv. Power Plant Cycling (28-29 Nowelegates £300 $500 £350 $580
Conf: Conv. Power Plant Cycling (28-29 No#resenters £250 $420 £300 $500
Conf: CCGT/ HRSG Cycling (30 Nov)Belegates £150 $250 £175 $300
Conf: CCGT/ HRSG Cycling (30 Nov)Rresenters £125 $210 £150 $250

Course: Damage/ Crack Assessment (26-27 Nov) £800 $1330 £900 $1500

GT Course — (26-29 Nov) ++ See note above £2000$3350 £2200 $3650
Please show here the Total Amount Payable = £ or,$

Conference Registration Feeovers Proceedings on a CD provided, at the cenfer or soon afterwards,
hearty breakfast every morning, coffee, lunched,R@ception on the evening day 2.

The Course Feegover printed course notes supplied at the sfatieoCourses, electronic (pdf) copies of
the slides, hearty breakfast every morning andeedfiea and lunches.

Payment Options
1) By bankers draft or bank to bank transfer to: European Technology Development
(For payment by bank to bank transfer, accountildetéll be supplied on request).

2) By UK bank chequemade payable to ‘ETD Ltd.’
Please quote referenc€ourse +Conf. Charlotte’'with the payment and state how you paid or intem

3) By Credit Card: Major cards such as Visa/ Master Card/ JCB/ AmerEgpress/ Switch are accepted
with the exception of Dinners Club. For securitggddax or postthis information.

Name of Account Holder | | Amount to pay | £/$
Card Type and No. | | Expiry date
Authorisation signature | | Security code

Venue + Accommodation: This information will be provided later.

Delegate Details(Required for your badge)

Your titte andname:

Company: Position (optional):
Address:

Phone: Fax: E-mail:

Address for Registration: Please post/ fax/ e-mail this Form to:

p Registration, European Technology Development, & &entre, Cleeve Road , Leatherhead,
ﬁf Surrey KT22 7RD, UK. Tel: + 44 1372 363 111 or +18¥2 363 112 Fax:+ 44 1372 363 222
registration@etd1.co.uk www.etd1.co.uk
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