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Materials Consulting

Competence Center for Material Engineering

Fromm concept developing, manufacturing
and processing of semi-finished products up
to the finished application: Custom-tailored
mMaterials consulting.

You are looking for an optimum material
solution for a specific design or task? You need
a reliable materials supplier having all relevant
qualifications? You have already selected a
material that needs to be qualified or evaluated
in terms of deviations?

In choosing AREVA, you have found a reliable
partner with comprehensive expertise from a broad
variety of successful projects who will support you
in all material-related matters. We provide material
consulting, support you in procuring semi-finished
products and also develop qualification concepts if
required.

Based on our experience, we prepare material
specifications addressing additional quality-
related requirements not stated in codes and
standards. Depending on the product, we develop
manufacturing and inspection concepts in close
cooperation with our customers.

Our material specifications are based on the

following:

e Codes and standards such as EN, ASME,
RCC-M, KTA

* Material approvals

e European directives

e Customer requirements

In case of deviations from the specified material
properties, these are evaluated with special regard
to their effect on the fitness-for-purpose. Rely on
us in preparing the required non-conformance
report (NCR) and defining the corrective actions, if
necessary.

Comprehensive Services

How to benefit from our know-how: Due to our
experience gained over many years in the field

of materials technology we can provide you

with comprehensive services. Benefit from our
extensive expertise in the field of materials in
nuclear technology. Beyond the scope of materials

consulting, our competence center offers the
following additional services:

* Mechanical testing

e Failure analysis

Corrosion

* Metallography

e Fracture mechanics

Materials evaluation

N

Our Services at a Glance:

* Materials selection and procurement
* Codes and standards

* Fitness-for-purpose evaluation

* Preparation of material specification

* Process qualification (forming and
manufacturing)

* Supporting mechanical acceptance testing

* |ssuing of inspection certificate type 3.1
(DIN EN 10204)

* Creation of follow-up documents
* Heat treatment
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Materials Consulting
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Integrated expert support

The Technical Center of AREVA Germany is generally considered to be
center of competence in materials technology.

Your Benefits at a Glance

A reliable partner with comprehensive experience in the field of materials
technology

Short reaction times even for complex tasks
Extensive laboratory infrastructure in associated disciplines
Integrated solution competence from one single source

AREVA GmbH
Your contact: materials@areva.com
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Service Center of the Technical
Center for Material Testing

Material Properties are the Basis for a Reliable Design of Components

The service center for material testing has the
objective to support you in the solution of prob-
lerms occurring in the operation of you plant or

in the mManufacturing of your products. We are a
test laboratory accredited as per DIN EN ISO/IEC
17025 and thus gqualified for numerous tests.

You have a specific task regarding a component
or an individual requirement regarding a mate-
rial, and you have to qualify it or evaluate devia-
tions? You need supplemental tests, support in
the failure investigation or fracture mechanical
properties?

The Technical Center offers you the complete
service from the preparation of material testing and
sampling plans, to sample processing, testing and
reporting, also with acceptance certificates 3.1 as
per DIN EN 10204 or independent experts.

Material testing provides various test procedures
for determining the behavior and the material
properties of standardized specimens and finished
components under mechanical and thermal stress.

A team of qualified application engineers is avail-
able for you. The tests are carried out on time and
conforming to standards. The results are document-
ed in the form of test certificates or comprehensive
work reports.

Our service portfolio at a glance:

¢ Work preparation/CAD

e Hardness tests, e.g. as per Vickers, Brinell,
Rockwell

* Tensile tests on standard and micro-specimens

e Compression tests

Test laboratory of mechanical material testing

Notched bar impact tests on standard, micro and
reconstituted specimens

* Bend tests, flattening tests, drift expanding tests
Pellini tests (drop-weight test)

Fracture mechanics tests

Fatigue tests

Customer-specific component tests
Manufacturing of irradiation capsules
Acceptance certificates 3.1 (DIN EN 10204)

N

/The following testing equipment is
available for this purpose:

Universal testing machines:

* Force measuring ranges: + 250 N to + 500 kN
e Vertical test space: max. 1,600 mm

e Temperature range: -196 °C to 1100 °C

Resonance pulsators:

* Force measuring ranges: = 250 N to + 20 kN
e Dynamic travel range: = 4 mm

e Frequency: 70 to 220 Hz

e Oscillation mode: Sinus

Servohydraulic testing machine:

* Force measuring ranges: + 50 kN to + 500 kN

e Dynamic travel range: = 125 mm

e Frequency: <25 Hz

» Oscillation mode: Sinus, triangle, single
ramp, sawtooth

Impact testing machines:
e 25 Jand 50 J for micro-specimens

* 150 J and 300 J (instrumented) for standard
specimens

Hardness test equipment:

¢ Vickers, Brinell and Rockwell hardness
testing machines

Pellini drop weight tester with max. 1600 J

< /
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Service Center of the Technical Center for
Material Testing

Comprehensive service processing to testing and documentation.

In material te§t|ng mgtters, we offer'you a You obtain a quality-assuring and timely service.
comprehensive service from sampling and sample
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The Technical Center of

/ AREVA Germany is considered
/ to be a center of competence
/ in the field of mechanical ma-

o! : : ! terial testing and experimental

\ i / fracture mechanics.

Methods for the determination of crack initiation values and
crack resistance curves with regard to stable crack expansion
in the elastic-plastic fracture mechanics

-l- Your Benefits at a Glance

* Reliable partner with long-standing experience in the field of mechanical material
testing and experimental fracture mechanics

* Rapid response times even for complex test setups
 Qualified personnel

AREVA GmbH
Your contact: materials@areva.com
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Degradation Assessment and Inspection Optimization

with COMSY

AREVA methodology

The methodology to optimize inspection programs

uses reliable condition based degradation assess-

ment. The predictive models integrated in COMSY

are based on our more than 30 years of experience

Main objective

The main objective is to generate a dependable
ranking of components or locations to be inspected
based on the insights from the consequence as-
sessment and degradation potential evaluations.

in the evaluation of degradation effects and numer-
ous experimental studies. The software assisted
approach for risk based inspection (RBI) planning
allows for a comprehensive, cost reducing and
safety increasing maintenance strategy for a large
stock of systems and components.
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From an economic perspective, proactive life cycle management with an
optimized inspection program is essential for an efficient plant operation
with high availability.

/

Your Benefit at a Glance

Predictive calculation of degradation progress for piping and components
Determination of the remaining lifetime based on design criteria

Determination of individual inspection dates for all components at risk with the
support of Risk informed prioritization methodology

Identification and evaluation of operation modes margins

Design studies for new plants or power uprates regarding the optimization of
material selection and geometry

AREVA GmbH
Your contact: comsy@areva.com
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COMSY

Flow Induced Corrosion (FIC)

Flow Accelerated Corrosion (FAC)
Software for Aging and Plant Life Management

>

Flow-Induced Corrosion (FIC) mechanisms (flow-
accelerated corrosion, cavitation erosion and liquid
droplet impingement erosion) are hard-to-control
degradation mechanisms. Their occurrence
depends on a series of system-related, material-
related and water-chemical conditions. We have
performed laboratory tests as well as damage
analyses for over 30 years. Our experience and
results are incorporated in analytical and semi-
empirical corrosion models. The software tool
COMSY uses them to carry out specific weak-point
analyses in power plants.

AREVA has developed a special screening
procedure to reliably locate system areas which
could be affected by e.g. Flow Accelerated
Corrosion. In this procedure, the detailed heat
balance diagram of the power plant is modeled
using graphical tools, and the thermal-hydraulic
parameters are specified. This model enables
an analytical calculation of the water-chemical
conditions in the water/steam cycle. The result
shows which piping systems are at risk.
Detailed analyses for the localization of each
component are carried out for areas where a
potential risk could not be excluded.

For this purpose, every single component of an
examined piping system is additionally specified with
material and design data sets.

Determination and evaluation of damaged
system areas, piping elements and components

This procedure enables the

e Calculation of wall thinning rates for single piping
elements and components

e Determination of the remaining lifetime based on
design criteria

* Recommendation of individual inspection dates
for all components at risk

N

Its functions and modules include

* Flexible and comprehensive power plant
model

e Material libraries for different international
standards

e Graphical water-steam cycle model for
determining local water chemistry
parameters

* |dentification of system areas affected by
degradation effects

* Lifetime calculation for piping components,
vessels, heat exchangers and weld joints

¢ Recommendation of inspection deadlines

e Evaluation and calibration of inspection
results

 Visualization of inspection results
* |Integrated document management
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COMSY
Flow Induced Corrosion (FIC)
Flow Accelerated Corrosion (FAC)

Aging Management as a core competence of

AREVA

The objective of a systematic lifetime management

is to predictably shape the service life of the A future-oriented and efficient
systems and components of a plant and/or to >> aging and plant life management

reliably indicate that the technical lifetime limit has
been reached prior to the possible occurrence

of a component failure. Another goal of the
lifetime management is to particularly maintain
the availability of the plant on a high level despite
the aging and to enable an economically and
technically targeted maintenance strategy.
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COMSY Workflow

Your Benefits at a Glance

Targeted identification and localization of endangered systems (screening
analysis)

Conservative lifetime evaluation and weak-point analyses for components affected
by FIC/FAC

Simple creation / optimization of the inspection program

Design studies for new plants or power uprates regarding the optimization of
material selection and geometry

Quantification of the iron ingress into the steam generator

AREVA GmbH
Your contact: comsy@areva.com
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Numerical and Analytical Fracture

Mechanics

Structure Mechanical Calculation on the Basis of the

Finite Element Method

Precise fracture mechanical calculation of
complex structure and load configuration
by means of numerical methods which are
inaccessible to an analytical approach

Safety-relevant components whose integrity has
to be proven fracture mechanically often have
complex geometrical shape or are subject to a
combined load. Analytical calculation methods
are only applicable to a certain extent. Numeri-
cal calculations based on the finite element
method can realistically depict very complex
scenarios with corresponding effort and can
produce precise results.

AREVA has long-time experience in modeling
structure and fracture mechanical problems.
Powerful computing capacities are available to effi-
ciently calculate even large-scale and sophisticated
models. This for example enables the application

of computationally intensive damage models which
help to simulate the crack growth in a component.

Besides numerical fracture mechanics, we also
offer services in analytical (deterministic and
probabilistic) and experimental fracture mechanics.
This allows challenging and extensive problems to
be solved efficiently and “from one source”.

We give advice, we carry out structure
mechanical calculations focused on
fracture mechanical problems and we
evaluate them.

* Calculation for the targeted preparation of
fracture mechanical tests

e Calculations for the safety-related evalua-
tions of findings detected in components

* Calculations of crack growth for lifetime
evaluation

» Consultation regarding fracture mechanical
aspects in engineering and manufacturing
issues

* Execution of all necessary experimental
work in in-house laboratories

* Application of advanced calculation and
simulation systems in the field of brittle
and ductile fracture

e flaw analysis (ASME/KTA)

* | eak-before-break analysis

e Support to qualification of non-destructive
examination by calculation of component

specific allowable crack size at the
beginning of the inspection interval

N

Simulation of a reactor pressure vessel during a coolant
loss incident

/
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Numerical and Analytical Fracture Mechanics

AREVAs competences in nuclear and non-nuclear
plant engineering as well as the knowledge in the /
field of fracture mechanical methods are constantly
being developed in the context of national and in-
ternational research and development projects. The
performance of complex numerical calculations is
being enabled by a powerful infrastructure. Various
specialist departments closely cooperate in interdis-
ciplinary issues. Furthermore, there is a substantial
experimental data base as well as comprehensively
equipped laboratories available for safety-related
evaluations.

>> Your reliable partner for \ /

numerical calculations with Simulation of a CT sample (compact tension) as the basis for
. probabilistic analyses
focus on fracture mechanics

~

N

Simulation of ductile crack growth compared to a real CCT sample (center cracked tension)

+ Your Benefits at a Glance

* Long-time experience in terms of humerical, analytical and experimental
fracture mechanics

¢ Substantial knowledge as a result of numerous successfully performed
fracture-mechanical safety analyses

* Well-equipped modern laboratories available in the Technical Center when
required

AREVA GmbH
Your contact: materials@areva.com

Editor and Copyright 2015: AREVA GmbH - Paul-Gossen-StraBe 100 - 91052 Erlangen, Germany. It is prohibited to reproduce the present publication in its entirety or partially in
whatever form without prior written consent. Legal action may be taken against any infringer and/or any person breaching the aforementioned prohibitions.

Subject to change without notice, errors excepted. lllustrations may differ from the original. The statements and information contained in this publication are for advertising purposes

only and do not constitute an offer of contract. They shall neither be construed as a guarantee of quality or durability, nor as warranties of merchantability or fitness for a particular
purpose. These statements, even if they are future-orientated, are based on information that was available to us at the date of publication. Only the terms of individual contracts shall
be authoritative for type, scope and characteristics of our products and services. G-013V4-13-ENGPB




FERESA

Simulation of Weld Residual Stresses —
FERESA (Finite Element Residual Stress Analysis)

The numerical simulation of welding
processes is an effective tool for detailed
planning and optimizing of welding.

Residual stresses and distortion of components
due to welding can significantly influence the
components’ functionality and life time. The
stresses affect the calculation of the static
strength of the structure as well as the as-
sessment of fatigue, wearing and crack corro-
sion behavior. Therefore, the determination of
residual welding stresses as well as respective
process optimizations are an essential step for
ensuring the components’ safety and stability.

Residual stress and distortion in structures caused
by welding can be calculated by means of nu-

merical simulation based on the finite element (FE)
method. The team of AREVA proceeds as follows:

* Determination of the relevant process parameters
and material properties

* FE modeling of the examined structure
(2D or 3D)

e Calculation of the temperature distribution in the
component during welding

¢ Calculating the residual stresses and distortion
of the component based on the temperature
distribution

* Application of loads occurring during operation

¢ Evaluating the calculations

The impact of welding on the residual stresses

of the component can be determined fast and
cost-efficiently compared to experimental test ar-
rangements. Consequently, FE calculations are the
perfect tool for optimizing pending welding as well
as for evaluating already performed welding.

Consulting, conducting and evaluating
welding simulations according to the
guidelines:

* Preprocessing simulation of (repair) welds
and their optimization with regard to
residual stress and distortion

* Assessing of welded in service
components with regard to stresses

* Determination of the required mechanical
properties in our in-house laboratories

e Parameter studies
* Interpretation of results

< /
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FERESA (Finite Element Residual Stress Analysis)

Comprehensive Services / \

AREVA offers comprehensive services for the deter-
mination of residual welding stress and distortion by
numerical simulation.

Benefit from our extensive expertise in the field of
nuclear and non-nuclear plant construction. Beyond
the scope of the calculation of residual welding
stresses, our competence center offers the follow-
ing additional services:

* Welding consulting
* Fracture mechanics
e Failure analysis
* Metallography
* Mechanical testing \

e Corrosion Stress distribution of a reactor pressure vessel to nozzle
dissimilar metal weld (cross section)

Repair Weld
. Nozzie Hoop Stresses

LNy Selniess Siee! Safe £nd >> Your reliable partner for

Slainiess Stee! - - -
ainlass Stpe! Pipe numerical calculations with
_‘ / focus on weld residual stress

Stress distribution of a reactor pressure vessel to nozzle
dissimilar metal weld (cross section)

Your Benefits at a Glance

Long-time experience with the FE method

Cost saving compared to experimental methods for residual welding stress

determination

Short response times even for complex tasks

Extensive laboratory infrastructure in associated disciplines
Integrated solution competence from one source

AREVA GmbH
Your contact: materials@areva.com
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Calibration

Calibration and Management of Measuring and Testing Equipment

Calibrated measuring and testing equipment
shall be used in quality-assured production
and assembly. The technical requirements
and functions are reviewed and documented
through the calibration.

The reliable function of a component depends
upon its precise manufacturing. This requires
the use of calibrated measuring and testing
equipment. Hence, the calibration of measur-
ing and testing equipment for geometric and
mechanical parameters in certain time intervals
is indispensable.

Calibration of measuring and testing equipment:

AREVA ensures the quality assurance of the meas-
uring and testing equipment through calibration in
well equipped laboratories. The calibration can be
performed either in the temperate measuring rooms
or, for stationary devices, on site.

The procedures are in compliance with require-
ments and standards (e.g. DAKKS, VDI, DKD, DIN)
or, in special cases, internal requirements monitored
by a quality management system.

The calibration status of each measuring instru-
ment is documented in a calibration certificate and
additionally with a calibration sticker on the device.
The results are kept by the calibration service and
are accesable at any time.

Calibration of a thread plug gauge

With the registration of your measuring and testing
equipment in a special database, you will be auto-
matically informed on a monthly basis if a calibra-
tion is due, ensuring a timely naotification before the
validity expires.

Calibration of mechanical, geometrical and
thermal measuring and testing equipment
for the measuring variables:

e Length: 1 pmto 670 mm

e Force: from 1 cN to 600 kN
e Tightening torque: from 1 dNm to 1,000 Nm
e Temperature: -196 °C to 1000 °C

Application examples:
* Distance

* Radius

e Straightness

e Evenness

* Angle

e Diameter

e Parameter of thread

¢ Rotation-symmetric parts
(roundness, radial runout, axial runout)

Example for dimensional control of
components and workpieces:

* Atrtificial reflectors (calibration phantoms)
for ultrasonic and eddy current inspection

< /
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Calibration and Management of Measuring and
Testing Equipment

Comprehensive calibration service at AREVA

A team of specialists is available to support you

in the calibration of your measuring and testing
equipment. Both standard calibrations and calibra-
tions tailored to your special application can be
performed.

AREVAs long-standing experience in the area

of metrology makes a comprehensive range of
calibration procedures available to you. They are
performed in-house or if necessary by externally
assigned specialists.

Contour measuring system

“The qualified and correct cali-
>> bration of your measuring and

testing equipment influences the

quality of each measurement”

Calibration with length measurement equipment

Your Benefits at a Glance

Competent consulting in calibration tasks

More than 20 years of experience in calibration

Short distances to the customer

High flexibility in urgent orders

Monitoring and calibration of testing equipment from one source
Automatic reminder service before calibration due dates

AREVA GmbH
Your contact: materials@areva.com
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