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I1l. Abstract

As the nuclear power plant fleet has aged, thestmgihas increased its focus on the integrity
of piping assets. The common strategy used in tigear plants is leak before break (LBB),

which relies on monitoring leaks from the pipelimssindications of possible pipe break.

However significant parts of piping systems aretlpaor entirely inaccessible for the Non
Destructive Examination (NDE) inspectors and tlusplicates the use of proactive strategies.
Besides, some times the cost to access to such fapaspection take a significant part of the
inspection budget, that customers may prefer tdacepthem right away, rather than

inspecting, e.g.: excavating buried pipes.

Therefore, there is a strong desire to remotelyméxa the pipes. Long Range Ultrasonic
Guided Wave examination is the primary inspectiechhology that can be used to perform
pipe inspections from a remote location, requirtgy small portions of the pipe to be

exposed and prepared

Nevertheless, the use of Guided Wave inspectidmtdogy to inspect pipes is relatively new,
and the technology, especially in this applicatisgomplex. Many variables that are not well
known affect the successful implementation of teehnbology. Actual capabilities and
limitations are not well known by utilities. Furtimeore currently they are no codes or accepted
industry guidance for using guided wave technolmggxamine pipes in Nuclear Power Plants
(NPPS).

The aim of this project is to analyze this techggland study its potential market application
in the nuclear industry. AREVA has a special indére the market analysis results, since it has

been in the last years performing tests with thisgment.
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1. INTRODUCTION

1.1. Thesis Background

1.1.1. Flow-accelerated corrosion background

Flow-accelerated corrosion (FAC), also known asvflssisted corrosion, is a corrosion
mechanism in which a normally protective oxide laga a metal surface dissolves in fast
flowing water. The underlying metal corrodes tocreate the oxide, and thus the metal loss
continues™. Flow assisted corrosion is a frequent degradagibanomena in NPPs’ pipe

systemg?.

1 4. 3, 4 &
Start with water  Foaction batwssn  High flow velochy  New oxide layer  Continual removal
atsurface of dissoled oxygen romoves oxide  forms on exposed  and of
base metal. and metsl surface and carries H paichoes of bare  culde results In wall

forms m protecthee downstream. mestal thinning.
oxlde lywr,
Simplified Mechanism for FAC

Figure 1. Flow-accelerated corrosion mechanismr{&®U he Analyst, 2002)

When left unchecked, FAC can cause wall thinningtéel piping and vessels and has resulted
in sudden ruptures. Currently operators check wattkness in endangered areas during

outages by manual inspections methods.

Therefore AREVA has a strong interest in delivéeading edge FAC inspection method that
improves the current state of the art.

1.1.2. Project history

The AREVA’s Long Range Ultrasonic Guide Wave progtarted in 2008 with the analysis of
the available NDT solutions for FAC. After this, tre following year (2009) the project was

paused.
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On the year 2010 the project started again withuigdepn of the long range condition
monitoring Guided Wave system, Wavemaker G3, matufad by Guided Ultrasonics Itd
(GUL Itd). With this acquired system, AREVA startadseries of tests in le Creusot (France)
and begun contacts with EON as project partner emypOn 2011 the test continued in le
Creusot and first results were collected and evatuaAs a result of this evaluation, more tests
were decided to be carried. On 2012 while new test® undergoing a market analysis case

study was started.

The scheme below summarizes the AREVA’s LRU Guide&\project history.

2008 2009 2010 2011 2012 / Now el
Project Project Project Project Project
Start pause re-start continuation end
. -Acquisition of -Test seriesin  ~New tests
Analysis of the Reason:
available NDT customer the GW system Le Creusot -Market
solutions new - Manufacturing of -Evaluation of  study
(Guided Waves) interests atest stand in Le the Test results ~Market
for FAC L . .
or Creusot -E.ON visitin introduction
-Contact from Le Cresout to
E.ON & Krsko see results

-E.ON requires
more tests

Figure 2. LRU Guided Wave project history (SouSREVA, 2012)

1.2. Thesis Objectives and Procedures

1.2.1 Thesis Objective

The objective of the thesis is the definition aharket strategy for the new diagnostic system
that AREVA has acquired, for the monitoring of FloMccelerated Corrosion (FAC) in
pipelines systems, the WAVEMAKER G3, which is basedLong Range Ultrasonic Guided
Waves technology.

Flow Accelerated Corrosion is a phenomenon thatirscon the inner sides of the tube and
therefore, cannot be detected by visual inspeciitis ultrasound waves have the advantage

that they spread out along a tube structure, tberefis possible to make diagnosis of
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structures with a total strait length of up to 5Guith only one measuring point. By using this
system, defects can be detected before a leak acdlithin the context of this thesis, is to
identify the customer needs in this area and thernpial fields of application, to develop a

market penetration strategy for the acquired guidade.
1.2.2 Thesis Procedure

Following the identification of the FAC diagnosticestomer needs and the potential fields of
application, a market analysis (what are dynanocs\ion Destructive Examination within the
Nuclear market and how could develop) and a magsget analysis (market viability of the
long range ultrasonic guided waves method) are deitle the aim to establish a market
introduction strategy for the system, primarily fire Nuclear Power Plant market and

potentially for other industrial applications.

2. Theoretical foundations of the Master Thesis

2.1 Theoretical foundations of the technology

2.1.2 Long Range Ultrasonic Guided Wave System descriptivand State of Art

Long Range Ultrasonic (LRU) Guided Wave inspectisra Non Destructive Examination
(NDE) method of detecting flaw mechanisms suchaxsosion. Guided wave technology can
be used to examine, in some cases, relatively haogemes of buried/unburied pipes from a
single probe location (see figure 3), requiringyosthall portions of the pipe to be exposed and

prepared. The use of this technology to examinesip relatively new and complex.

Although the guided wave technology is a highlyaattive method for examining pipe system,
there are significant limitations that must be ased, some of which are not well knotthn
For example, coatings attenuate guided wave en&lih has a substantial impact on the
effective examination length. Pipe fittings suchreducers and elbows distort guided wave
energy and examination effectiveness. Sensitigtipased on a defect’s signal-to-noise ratio,
which depends on flaw shape and size as well asemebkction, component configuration,
coating, and other variables.

10
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Defect Weld Pipe wall
Transmitted Wave /

Guided Wave Probe Reflected Waves
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Figure 3. Guided Wave examination (source: HDR &i$¢c2010)

Guided waves are generated by positioning eithezqalectric or magnetostrictive ring probes
around the pipe diameter and pulsing it to genesateechanical vibration in the pipe wall that
travelsdown the length of the pipe. After the energy isggated in the material, the instrument
is put into the receive mode to listen for reflecenergy. Ultrasonic energy is reflected by
variations in structure, such as an increase (voetvn) or decrease (thinning) in wall

thickness or the presence of discontinuities calesnmpedance changes. The extent of the
reflection depends on the difference in acoustipadance at the location—the higher the
difference, the more energy reflectdd Reflected energy with sufficient energy is sensgd

the probe, and the instrument generates and recigdsls that can be evaluated by the
examiner.

11
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Figure 4. A piezoelectric guided wave piping prébeurce: Guided Ultrasonics Itd., 2009)

The technology has detection and application linaikes that must be considered when
planning for and assessing results. Variables sgclpipe geometry, coating type, coating
thickness, soil loading, backfill material, buridépth, and pipe content have a substantial
effect on guided wave propagation, sensitivity, aoderage capabilities. In many cases, these
variables are not known until the examination igfgrened. For this reason, the effectiveness
of the examination in many cases is not known uhgl examination is performed. However,
the better these variables are understood befareexamination, the better the chance of

succes¥.

The wave propagation in a wave guide is much morepticated than in a bulk media. In a
bulk media (boundaries are much farther apart thanwavelength), only longitudinal and
shear wave modes exist. They each have their osptadiement and speed of propagation that
does not change with frequency. In contrast, guidades require a boundary to propagate and
exist within a structur. A comparison of bulk wave and guided wave ultrasimpection is

illustrated in figure 5. The coverage volume inse=aas a result of guided wave inspection.

12
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Bulk Wave Guided Wave (100%
(localized coverage, yellow)
mspection, yellow)

Figure 5. Comparison of bulk wave and guided wdtrasonic inspection (source: EPRI, 2009)

Guided Wave Sensors

Piezoelectric

Guided waves can be generated with piezoelectdostlucers. Guided wave energy is
generated in the material, based on the piezomlesffiect, by positioning the transducer in
contact with the material and pulsing it with aeattical charge to generate a mechanical
vibration into the pipe. Returned energy encouwteby the piezoelectric transducer is
converted from mechanical energy to an electritaga, proportional to the magnitude of the

mechanical forcE, which is recorded or presented on an instrumispla,.

Long-range guided wave pipe probes typically contanany piezoelectric transducers
assembled into a probe that is wrapped around @achad to a pipe. The collars are typically
made for specific pipe diameters and allow for iitise of individual test modules into the

rings.

Individual transducer modules are inserted intoghabe collars to make up the probe. Each
module contains several transducers that will mgkéhe rings of transducers that go around
the pipe. The number of transducer rings to begaaaround the pipe is a factor of what
guided wave type is desired and the method of géingrthe wave type. The Teletest ring
shown in figure 6 has five rings and is capabl@erferating both torsional and longitudinal

waves in a pipe.

13
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Figure 6. Teletest probe containing well over I@Msducers (source: TWI Itd, 2009)

Torsional Transducers

Longitudinal Transducers

Figure 7. Teletest transducer (source: TWI 1tdQ90

Figure 7 shows a picture of the transducer modafgaining five transducers. The outer and
middle transducers are used to generate longitudiages, and the other two transducers are
used to generate torsional waves. The propertiealldive transducers are the same. The

difference is the orientation of the transducers.

For low-frequency ultrasonic applications, suchihase used for long-range guided wave pipe
inspection, the transducers are placed in firmaxinyith the pipe material without the use of
a couplant. This is accomplished by putting thebpr@round the pipe and mechanically
locking the probe ends together. The outer poribthe probe contains an air bladder, which
is inflated to press the transducers into firm aohtvith the pipe to the extent that couplant is

not required (figure 8).

14
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Figure 8. Guided Ultrasonics, Ltd. probe attacheed pipe (source: GUL ltd, 2011)

Magnetostrictive

A magnetostrictive sensor generates and detectleduwaves based on th@agnetostrictive
effect, a phenomenon whereby variations in magnetizataarse a physical dimension change
in ferromagnetic materials. Mechanical waves amegged by supplying an electrical charge
to a coil placed adjacent to a ferromagnetic maltefinis causes a change to the magnetization
within the material near the coil. The material mipes its length locally in a direction parallel
to the applied field. This abrupt change (magnetidste effect) results in the generation of the

guided wave in the materidl

When a mechanical wave (such as reflected enesggidountered by the coll, it generates a
changing magnetic flux in the coil, resulting in a&tectric voltage proportional to the

magnitude of the mechanical wave.

A magnetostrictive sensor setup typically consisfs bonding or dry-coupling a thin
ferromagnetic strip (such as iron-cobalt mater@ad)o the component and placing coils over

the strip. An example of a magnetostrictive sepsobe used on a pipe is shown in figure 9.

15
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Figure 9. SWRI magnetostrictive sensor probe (sauBaide Waves Analysis, 2012)

Sensitivity and Range

Sensitivity is the ability to detect defects andlabrter distances higher sensitivity is desired. |
also depends on the defect shape and geometrye@Gwedves could, for example, be more
sensitive to a transverse crack than to a patcomésion®..

Although guided waves could travel long distanceslen good conditions (over 100m in
uncoated, straight, gas filled pipe) the effectiege on most pipes is less (say 5-50m), due to
the attenuation of the guided wave propagation.féhewing Table 1 summarizes the features
that can attenuate or disrupt wave propagation.

Table 1. Conditions/features that affect wave pgapian (source Guide Waves Analysis, 2011)

EFFECTS OF PIPELINE GEOMETRIC FEATURES AND OTHER
CONDITIONS ON INSPECTION CAPABILITIES

Features/Conditions Effects

Flange/Valve Prevents wave propagation; forms end point of inspection range

Tee Causes a large disruption in wave propagation and limits inspection range up to
that point
Causes a large disruption in wave propagation and limits inspection range no

Elbow .
farther than the elbow region

Bend Has negligible effect if the bend radius is greater than 3 times the pipe OD; if the
bend radius is less than the above, behaves like an elbow
Causes a wave reflection and thus produces a signal; no significant effects on

Side Branch . . -
inspection capabilities

Clam Causes a wave reflection and thus produces a signal; no significant effects on

P inspection capabilities

Weld Attachment Causes a wave reflection and lhus_, produ_ces a signal; if the attachment is large
(such as pipe shoes), can reduce inspection range

Paint Has negligible effects

i Has no effects unless the insulation is bonded to the pipe surface, in which case the

Insulation . ! : . :
inspection range will be shortened due to higher wave attenuation
Has negligible effects if the coating is thin (e.g., fusion-bonded epoxy coating);

Coating thicker coating (e.g., bituminous coating, polyethylene coating) increases wave
attenuation and shortens inspection range

Liquid in Pipe No effect on T-wave; significant degradation on L-wave

General Surface Corrosion Increases wave aftenuation and shortens inspection range

Soi If pipe is buried, the surrounding soil increases wave attenuation, and the
inspection range is shortened

16
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Dead Zone and Near Field

Two areas beneath and adjacent to the probe musbhs&dered to have limited or no
inspectability. The first area of concern is rederto as the dead zone; it is the area beneath

and adjacent to the probe at which no inspectisunlt® can be obtained.

This is because when the transducers in the pn@bpudsed to generate the ultrasonic energy,
it is not possible for those same transducersnmisaneously listen for the reflected energy.
The length of the dead zone is based on variablels as sound velocity and pulse duration,
and it can be calculatéd. Some instruments calculate and display the dead area on the

display

The second area of concern is ttear field, which is immediately beyond the dead zone. This
area is where the guided wave energy is settinghupe pipe wall and might not be fully
established. Unlike the dead zone, energy can devierl; however, the energy might not be
uniform or provide accurate results. The near figdth be confined within the dead zone in
some cases. The near field region can be calculated

Couided wanve ool

T¥ear field
Mear field
/ Suiface waked / \\

= . \\)g T

) - — =

i — —lir,

) — .- P e
LE e T e L

| rr—— > - e

- Sprre—— - el
iy — e (.
. —— - — - | r——

l.q.-._ Dheaad zome ——-pl-.——- Dhead DONF  —

Figure 10. Dead zone and near field (source: ERGO9)

Applications and performance of Long Range Ultrasoit Guided Waves NDT method

The potential applications of ultrasonic Guided \&&sard:
* Pipe racks

Pipe racks consist of a series of group of pipasriim along a length of a process unit.They
are generally easy to test; over 40m of longitudinstance can be tested with one single test

and in ideal conditions up to 100 m can be done.

17



LONG RANGE ULTRASONIC INSPECTION PROGRAM AREVA NP

* Insulated pipes

It generally consists on one steel pipe with insodplayer, and an outer casing. As the guided
wave sensors needs to be in contact with the pigiemal, one small section of insulation
removed at each test point is required; over 2(ambe tested with one single test depending

on insulation coatings

* Overhead pipes

Consist on pipes generally located above groundy @nited access needed for inspection;

over 40m can be tested with one single test.
» Sleeved road crossings

Consist ingenerally a pipeline road crossing loosely surr@ghbly a casing under the roadbed
with its ends vented to the atmosphddaly external access is required; up to 30m can be

screened from one single location depending onrega(Figure 11)
* Wall penetrations

It consists generally on pipelines crossing walBnly external access is required for

inspection; with concrete wall up to 1m thick aradtle wall up to 20m thick can be screened.
* Buried pipes

Consist on pipes generally located under the grottudes dug at predefined intervals are
required to be excavated to allow the needed acupge 20m of pipe can be tested depending

on pipe, coating and soil conditions (Figure 12).
e Offshore pipe

Consist generally on pipes locates offshore (s&jopms. The riser splash zone inspection

and sub-sea pipe inspection using special transslacel instrumentation (Figure 13)

-

Figure 11. Sleeved road crossing Figure 12. Buried pipe Figure 13. Offshore pipe
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Performance and main advantages

Guided Wave technology offers key performances ovae conventional technologies:

Detection threshold: It is the minimum detectable defect and typicalget around 5% of
cross sectional loss. If pipe is in good generaiditn defects down to 1% have been

detected. By e.g. 1% defect in a 3" pipe equatesviall size defect of 5mm (0.27).

Diagnostic Range:lt is the distance that the pipe can be screemedch direction from a
single test location. In ideal conditions couldupeto 100m, but the typical range on above
ground pipes is 40-50m in each direction. For lmupges 20m in each direction is more

typical unless the pipe is sleeved.

Frequency sweeping:Correspond at the frequency of the generated waMss.higher
frequency the better detection threshold but leagribstic range. Wide frequency range
transducers from 5 KHz - 120 KHz (piezoelectrichd{Hz - 250 KHz (magnetostrictive).

Unrolled Pipe “C Scan” — It consists in an enhanced focusing capabilitpwahg the
display in an unrolled C-scan plot of the pipe exdon result. With this circumferential

orientation can be determined accurately. Works wih developed 16 channel rings.

In summary the main advantages the Long Rangedditra Guided Wave technology are:

Long range of inspection (40-50m) and 100% voluioemverage.

Rapid screening (can examine large volumes in & pleoiod of time).

Service inspection with pipelines in service.

Significantly reduced access costs as only onelsred is required to be prepared for
system installation.

Access to inaccessible components or areas for bibé& technique (e.g. buried pipes,
wall traverse, etc).

Potential reduction of inspection cost due togpeed of the inspection
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Conclusions

Long Range Ultrasonic Guided Wave technology ersaltdumetric screening of structures
(which covers 100% of the cross sectional are&a®ftructure) within the diagnostic length of
test. In most cases, many tens of metres can bersanl from a single test position making it a
rapid and cost effective Non Destructive Examinat{(dlDE) method, especially for pipes.
Additionally, access to the structure under tesbnyy required at the test position (remote
inspection) which makes guided wave screening t@olgy an ideal solution for inspecting

structures that are difficult to access, such asdand insulated or buried pipelines.
2.1.2 Nuclear Power Plants requirements for pipe inspeatins

The needs for the nuclear industry, requires NostiDetive Examination (NDE) systems that
can detects flaws caused by corrosion and erosioth® main steam lines and others pipe
systems with an inspection range of at least 30ms fiequirement is currently offered by the
commercial available systems with inspection rariges 30-50 m and in ideal pipe condition

(strait and low corroded pipes) it could reachap@0m.

As temperatures up to 300°C can occur at the meamslines during operation, the industry
demands for systems that are able to do inspedioing plant operation and at high

temperatures. Currently the commercially availadjstems are able to work up 120°C and
with specific procedures to insulate the sensdrs; giezoelectric systems can work up to
180°C and the magnetostrictive up to 300 °C.

Another requirement of the nuclear industry is ttte# diameter of the steam lines to be
inspected varies form 400mm to 600mm and pipes wéh thickness from 10mm to 150mm
could be inspected. This results in a need foasdtnic NDT systems of a frequency range
from about 20 kHz to 320 kHz. The frequency ranguénces the range of inspection, the
sensitivity and the spatial resolution. The higfrequency the better detection threshold, but
reduces the inspection range. Currently the comaleawvailable versions have a frequency
range between 5 kHz to 120 kHz (250 kHz for magstetdive probe).
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The applied inspection system has to be able toitoropipes with bends and other pipe
features (tees, elbow, Valves, etc). Although nohé¢he commercially available systems is
explicitly able to inspect pipes with bends, with @ceptable degree of accuracy due to wave

reflections [*% 14

Also there is requirement from the Nuclear Regul#tat any Non Destructive Examination
method requires being qualified and certified fenise in the nuclear industi!

2.2 Theoretical foundations of the Market Analysis

2.2.1 Objectives of a Market Analysis

A market analysis studies the attractiveness aeddymnamics of a special market within
special industry, both now and in the future. Orgaions evaluate the future attractiveness of
a market by gaining an understanding of evolvingarfunities and threats as they relate to the
organization's own strengths and weakne%8es

This means that customer needs should be analyzbdawiew of segmenting the market on
this basis. From this flows the targeting of pantht segments with a segment-specific
marketing mix. This positions products in the markesed on an understanding of buyer
needs, attitudes and behavigt

Organizations use the finding to guide the invesintecisions they make, to advance their
success. The findings of a market analysis mayvat&ian organization to change various

aspects of its investment strategy.

profi iﬂbm‘t'yr
tro |.'|.i- -II T T channeis

= MARKET
senil ﬁ.NALYSIS

ctn s it details
' qrﬂv."_th ratr_t' )

Figure 14. Dimensions of the market analysis (sauiatolia; 2012)
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2.2.2 Understanding the Market

To help to understand the market and buyer behawiarketers should answer the following

questions:

What market need does the business address?
What products serve that need?

Who buys the products?

Why customers buy?

Who makes the buying decision?

Where the customers buy?

The focus of understanding markets is the undedstgrof customers and buyer behavidy

2.2.2.1 Market Segmentation

Market segmentation is the basis for a differeatlamarket analysis. Differentiation is
important. One main reason is the saturation ofsgomption, which exists due to the
increasing competition in offered products.

Consumers ask for more individual products andisesy and are better informed about the

range of products than before. As a consequenadetrsegmentation is indispensalifé

Segmentation includes a lot of market researcleesanlot of market knowledge is required to
segment the market. Market research about markettstes and processes must be done to

define the “relevant market”.

The relevant market is a part of the whole martetyhich the company focuses its activities.
To identify and classify the relevant market, a keaiclassification or segmentation has to be

done.[*8!
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Figure 15. Market segmentation (source, web busiBesmmunity; 2012)

2.2.2.2 Market Targeting

A target market is a group of customers that thepany has decided to aim its marketing
efforts and ultimately its merchandise towafd§ A well-defined target market is the first

element to a marketing strategy. The target makdtthe marketing mix variables of product,
place(distribution), promotion and price are therfelements of a marketing mix strategy that

determine the success of a product in the markepla

Competition

Paolitical

Socialcultural

Technology

Figure 16. Target Market (source: http://www.firatk.co.uk; 2011)
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2.2.2.3 Market competition

Competitor analysis is an assessment of the streragid weaknesses of current and potential
competitors in a specific market. This analysisvgtes both an offensive and defensive

strategic context to identify opportunities ancetts.

Competitor analysis has two primary activitiesstfiobtaining information about important
competitors, and second using that informationréealict competitor behavidt®!.

The goal of competitor analysis is to understand:

* With which competitors to compete.
« Competitors' strategies and planned actions.
* How competitors might react to a firm's actions.

» How to influence competitor behavior to the firmaisn advantage.
2.2.3. Dimensions of a Market Analysis

David A. Aaker outlined the following dimensionsafmarket analysis” 2

+ Market size

+ Market Trend

+ Market growth rate

+ Market profitability

+ Industry cost structure
+ Distribution channels

« Success factors

2.2.3.1 Market size

The market size is defined through the market velland the market potential. The market
volume exhibits the totality of all realized sabslume of a special market. The volume is
therefore dependant on the quantity of consumetdsteaeir ordinary demand.

Furthermore, the market volume is either measuneduiantities or qualities. The quantities

can be given in technical terms, like gigawattsgower capacities, or in numbers of items.
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Qualitative measuring mostly uses the sales tumagean indicator. That means that the
market price and the quantity are taken into actdBesides the market volume, the market
potential is of equal importance. It defines theeaplimit of the total demand and takes

potential clients into consideration.

Although the market potential is rather fictitious,offers good values of orientation. The
relation of market volume to market potential po®s information about the chances of

market growtH?”.

The following are examples of information souraesdetermining market size:

. Government data
. Trade association data
. Financial data from major players

. Customer surveys

2.2.3.2 Market Trends

A market trend is a putative tendency of a markanbve in a particular direction over time
211 Changes and trends in the market are importasguse they often are the source of new
opportunities and threats. Moreover, they havepittential to dramatically affect the market

size.

Examples include changes in economic, social, e¢goy, legal, and political conditions and
in available technology, price sensitivity, demdadvariety, and level of emphasis on service

and support.

Figure 17. Market trends: Past and Futures (sowresv.mignongamekit.org; 2010)
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2.2.3.3 Market growth rate

A simple means of forecasting the market growtk ratto extrapolate historical data into the
future. While this method may provide a first-ordestimate, it does not predict important
turning points. A better method is to study markehds and sales growth in complementary
products. Such drivers serve as leading indicatbex are more accurate than simply

extrapolating historical data.

Important inflection points in the market growthterasometimes can be predicted by
constructing a product technology diffusion and@oim curve. The shape of the curve can be
estimated by studying the characteristics of thgptdn rate of a similar product in the past.
Ultimately, many markets mature and decline. Soeaelihg indicators of a market's decline

include market saturation, the emergence of suibstfgroducts, and/or the absence of growth

drivers.
Technology Diffusion
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Figure 18. Technology diffusion curve (source: hibgsign at the edge, 2007)
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Figure 19. Hype Cycle and Technology Adoption cuiee Hype Cycle is a graph used to show the typical
stages through which technology innovation getgtetb (source: Aggregated intelligence, 2012)

2.2.3.4 Market opportunity

A market opportunity is potentially favorable cotmain in which a business can capitalize on a
changing trend or an increasing demand for a pitooluservice by the market. It is based on
the fulfills of the needs of a market better thhe tompetition and better than substitution-

technologies within the given environmental frarag( society, politics, legislation, etc.).

THeasible

Figure 20. Market opportunity factors (source: gaghinking; 2008)

27



LONG RANGE ULTRASONIC INSPECTION PROGRAM AREVA NP

2.2.3.5_Market profitability

While different organizations in a market will hadigferent levels of profitability, they are all
similar to different market conditions. Michael BRor devised a useful framework for
evaluating the attractiveness of an industry orketdf?. This framework, known as Porter

five forces analysis, identifies five factors th@dtuence the market profitability:

- Buyer power

«  Supplier power

- Barriers to entry

« Threat of substitute products

« Rivalry among firms in the industry

Potential Entrants
(Threat of
Maohbility)

Suppliers Industry ; Buyers

{Supplier Power) Ri\n"ﬂil"‘y‘ (Buyer Power)

Substitutes
(Threat of
Substitutes)

Figure 21. The five forces analysis od éndustry market (sourceiww.notesdesk.com, 2012

2.2.3.6 Distribution channels

Examining the following aspects of the distribut&ystem may help with a market analysis:

» Existing distribution channels - can be describgdidw direct they are to the customer.

 Trends and emerging channels - new channels cam tfé opportunity to develop a
competitive advantage.

* Channel power structure - for example, in the ads® product having little brand equity,
retailers have negotiating power over manufactumatscannot capture more margins.
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2.2.3.7 Success factors

The key success factors are those elements thateasssary in order for the firm to achieve

its marketing objectives. A few examples of suatides include:

« Access to essential unique resources.
+ Ability to achieve economies of scale.
« Access to distribution channels.

« Technological progress.

It is important to consider that key success factoay change over time, especially as the

product progresses through its life cycle.

2.2. Theory of the SWOT Analysis

2.2.1. Objective a SWOT Analysis

The analysis of Strengths, Weaknesses, Opportsratid Threats (SWOT) brings together the
results of the analysis of the firm (internal), teavironment analysis (external) and the
portfolio analysis. A SWOT analysis allows lookilg the strengths and weakness in the

context of the opportunities and threats?,

Implicit in the SWOT analysis is the aim of achigyithe optimum match of a firm’s resources
with the environment in order to gain sustainallmpetitive advantage By”':

* Building on a firm‘s strengths.

* Reducing weaknesses or adopting a strategy thalsaw@aknesses.

» Exploiting opportunities, particularly using thenfi's strengths.

* Reducing exposure to or countering threats.

Setting the company objective should be done #fterSWOT analysis has been performed.
This would allow setting achievable goals or ohjexd for the organization. A SWOT analysis
used on its own is a crude, rather subjective tioelefore the SWOT analysis could be use to

carry out a quick strategic review.

The process of creating a SWOT analysis is valubblsause it involves discussion among
managers or key people in a business. This stieml#tinking in a way that is not too

structured or restrictive
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Strengths Weaknesses

SWOT

Opportunities Threats

Positive
aAebspn

External

Figure 22. SWOT analysis diagram (source: Northvgo@@08)
2.2.2. Conducting a SWOT Analysis

A SWOT analysis could be viewed as bringing togethe outputs from the strategic review,

in particular:

. The analysis of the firm (internal elements)
. The market analysis (internal and external elements
. The product, portfolio and matrix analysis (intdraad external elements)

. The analysis of the general environment (exterieghents)

The first step of the SWOT analysis is to list sgjhs, weaknesses, opportunities and threats.
Only important factors should be included, but sdawtors will invariably be more important
than others. Factors should be listed in ordempiartance or ranked, and an importance score

could be assigned to each factor.

Each factor should be a short bullet point, so thatswot analysis fits on one page.
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INTERNAL

POSITIVE
FALLYDAN

EXTERNAL

Figure 23. SWOT Analysis chart (source: wwwshiategies.biz, 2008)

Strengths and weaknesses

The SW-Part comprises internal factors — the sthfengnd weaknesses of the organization.
These are competences and resources that the zatiani possesses and that are under its
control. Strengths and weaknesses can relate &riaty of aspects and may depend on the
actual situation. For example, if new technologypé&toming available and a business has a
good product — development department that canadkantage of this new technology, this is

an opportunity, but in contrast if the business mantake advantage, this is a weakness.

Opportunities and threats

The OT-Part of the SWOT identifies Opportunitied arhreats that the organization faces
from trends and changes in its environment. Thetermal factors are not under the control or
influence of the organization. For example, a tegetomer loyalty is an (internal) strength of
the organization, since it has to satisfy its cors again and again in order to keep them
loyal. If, however, the industry faces a new trehdt customers become less loyal to any
organization, this is an external threat that mightlermine the companies’ competitive

advantage.
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3. Market Analysis for Non Destructive Tests for FAC Rpe

diagnostics

3.1 Procedure for the Market Analysis for NDT for FAC Pipe diagnostics

Following the analysis of the causes and conse@sent the Flow Accelerated Corrosion
(FAC) phenomenon, one study was conducted to igetite Non Destructive Examination
customer needs and potential fields of applicafiwrAC pipe diagnostics.

With the aim to understand the market, a compaetiéind trend analysis (how does the market
currently operate and how could develop) and a etaobportunity analysis (it is techno -
economically viable) was undertaken with the aimestablish a market penetration strategy
for FAC diagnostics market in the Nuclear PowemBRaector, by using more advanced NDT
methods (LRU Guided Waves).

3.2 The Long Range Ultrasonic Inspection Market Analyss

3.2.1. Objective of the Long Range Ultrasonic Guided WaveMarket Analysis

The objective of the Long Range Ultrasonic Guidedv market analysis is to evaluate the
potential market for the AREVA’s Wawemaker G3 loagge guided wave diagnostic system,

for the monitoring of the Flow Assisted Corrosidmeepomenon in pipelines.
3.2.2. Analysis of the LRU Guided Waves market

3.2.2.1 Market Segmentation

The LRU Guided Waves market is mainly segmentea/doer:

* Inspection service providers.

* Inspection equipment manufacturers and suppliers.
* Owner - operators of engineering assets.

» Engineering contractors.

* Research and technology organizations.
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Inspection service providers

Consist in generally small and medium enterpriSédsey provide a Non Destructive Test
(NDT) inspection service to the owners or operatofsengineering assets and to their
equipment and component suppliers. They may alswige services to engineering

contractors that manage construction projects ated imaintain the assets.

Inspection equipment manufacturers and suppliers

They are mainly small and medium enterprises thahufacture and supply LRU Guided

Wave equipment to inspection service providers smdsome owner/operators that have
retained their own inspection departments. Manyeaoton equipment manufacturers and
suppliers offer also training as integral part beit service to customers. Research and
development is also a key activity of some equipmmeanufacturers to develop new products

and find new applications for their equipments.

Owner - operators of engineering assets

These include oll refineries, power stations, rayw and bridges. As they ultimately generate
the Non Destructive Test (NDT) demand for monitgrireither as equipment they use
themselves, or as hired inspection services. Theyhe ultimate arbitrators of whether a new

NDT technology is successful or not.

Engineering contractors

Their view on NDT technology is increasingly imgaort, though more from the point-of-view

of short term cost benefit than long-term investmen

Research and technoloqgy organizations

Many are developing new NDT technology. NDT is supgd by research in many
universities, because the underlying technologgeimsor development is at the leading edge of

research.
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3.2.2.2 Market Trends

The NDT Long Range Ultrasonic Guided Wave technplag an expanding condition

monitoring market, which will be of major benefit the inspection and maintenance of
pipelines systems and other vital parts of infragtire. LRU Guided Wave inspection
techniques are also in development for severalrapplications, including the detection of
corrosion in large areas of plates, the detectioaracking in railway lines, the detection of

cracking in rock bolts, and the detection of calwonsn heat exchanger tubing.

It is anticipated that the technique will have urtiuire an increase on functional capabilities in

terms of test range, defect detection, defect joositg and sizingf®..

3.2.2.3 _Market Targeting

The main market for Long Range Ultrasonic GuidedvéVia concentrated in industries and/or
assets which require large piping systems like efineries, chemical plants and power
generation plants. Typically, these pipe sectioad hever been checked due to the difficulty
and expense of exposing them, yet if they had smmpected due to the nature of their

environmental conditions.

-

Figure 24. Guided Waves buried pipe examinationrz GUL Idt, 2011)

3.2.2.4 Companies competing on LRU Guided wavépagent

The Long Range Ultrasonic Guided Wave systems naatwiers currently active on the

market are:
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Guided Ultrasonics Ltd (UK). It is the world leader and their Wavemal&pe Screening
System is composed of three primary components: aihénflated transducer ring with
piezoelectric transducers, the Wavemaker G3 battpeyated instrument, and the controlling
computer. This model of LRU Guided Waves systemiess acquired by AREVA

Figure 25. Wavemaker G3 system (source: Guideds&drics Ltd, 2012)

Plant Integrity Ltd (UK). A subsidiary of TWI Ltd, offers an instrument vesymilar to

Wavemaker G3 which they market as Teletest FocUistetest is a battery operated, computer

controlled unit provided with piezoelectric transdts also in the form of air-inflated collars.

Figure 26: Teletest Focus+ system (source: Plaegtity Ltd, 2012)

Southwest Research Institute (SwRI)n USA has developed the magnetostrictive sensor
(MsSTM) technology. A commercial version of guidedaves using this technology is
available from Guided Wave Analysis LLC, (USA).dtcomposed of a laptop computer, the
MsSR3030R instrument, and MsS probes. The MsSR3830Gument generates and detects
guided waves electromagnetically in ferromagnetatenals. The MsS software in the laptop
computer controls parameters of the MsSR3030R ,isxjdata through a USB port, analyzes

data, and generates inspection reports.
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Figure 27: MsSR3030R system (source: Guided Waayais LLC, 2012)

The following Table 2 evaluates the different LRUi@Ged Waves systems that currently are in
use for pipeline inspections. The score show thevamce of the manufacture characteristics
on a scale from 1 to 5, with the lower score thigelbeVery good: 1, Good: 2, Medium: 3, Bad:

4, Very bad: 5. The result of the comparative, ¢atks similar performances of the three
guided systems although with an slightly betteredor MsSR3030R, due to its wider range

in frequency and operation temperature.

Table 2. LRU Guided Wave manufacturer comparative

Manufacturer's (st? ;Sit?]?%?;r Frequency | Price of the Pipe Temperature Permanent Total score
specifications ght ¢ Range system diameter Range monitoring option
ground pipes
Yes (with
cu d(gﬁx:gomcs 50m (150m if From 3 to | <125 °C (180C°|  comparable
Ltd (UK). - ideal 5-120 kHz high 700 with specific | performance tha]
. conditions) ' procedures) the standard
Wavemaker3G version)
Weighting 2 3 3 2 3 3 16
. 50m (150m iy N Yes (with
Pla']t.llggg's?ll‘;glfg()' ideal 5-120 kHz high Fr02n8"2 to <125°C developed low co|
: conditions) transducer rings
Weighting 2 3 3 3 3 2 16
. Any diamete|
Guided Wave 50m (200m < 125C° (300° C )
AnalysisLLC, (USA). | inideal |5- 250kHz|  high |SUa 025 it specific [Y©S (D 'r‘l’r‘]"’)cos
The MsSR3030 conditions diameter) procedures) p 9
Weighting 2 2 3 2 2 2 13

*Values are estimations. The lower, the better
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3.2.2. Long Range Ultrasonic Guided Wave technology Euro industry survey.

LRU Guided Wave is a new non-destructive testindTIN technology, which is being
supported by the European Commission in a colldivergoroject entitled ‘Long Range
Ultrasonic Condition Monitoring of Engineering Asse (LRUCM). The European
Commission sponsored the survey among Industriabéiation Groups (IAGs) and Small-to-
Medium Enterprises (SMEs) across Eurffle

The introduction of any new technology requiree@augh knowledge of its market, therefore
a survey of European industry has been undertakeheblAGs across Europe, from Portugal
to Russia, to assess both potential applicationghis new technology and implementation

routes to ensure its adoption.

They have surveyed potential users of the techyodogl perhaps more importantly, because
of their own knowledge of the condition monitoribgsiness, the Non-destructive Testing
(NDT) service companies that provide equipment sedvices to owners and operators of
engineering assets. The specific objectives ostimeey have been:

» To survey the specific needs for LRU Guided Waveshtall or medium companies.
* To survey the general needs for LRU Guided Wavdsinvindustry in countries

covered by IAGs in the project.

Results of the survey

In the survey, respondents were asked for somegbagid information about their companies
and then to respond to rank a list of answers &stijpns in order high, medium, low or not

relevant. The outcome of the survey is summarizelfow:
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Respondent activity

% replies
1] 5 10 15 20 25 30 35

Planuvfacility 55
(4] WHE'F}"ODEFHIDJ'

Plant'equipment 14
manufaciurer

Engineering conwractor 13

Inspection service 31
provider

Inspection eguipment 1
manufacturer/suppilier r

Research and
development 16
organisation

Training organisation 10

Technical society 4

Figure 28. Respondents' Activities (source: LRUCI08)

From the respondent activity (figure 28) it can daglined that the majority of respondents
(31%) were inspection service providers. They pievan inspection service to the owners or
operators of engineering assets and to their eqnp@and component suppliers. The 18% of
respondents were owner/operators of engineeringtsas§hese include oil refineries, power

stations, railways and bridges.

Around 16% of respondents were research and teopyarganizations, many of which are

developing new NDT technology.

The 14% Inspection equipment manufacturers andligupgo inspection service providers
and some owner/operators that have own inspectepartments. The 13% of respondents

were engineering contractors.
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Products relevant to company

The respondents were asked to score the relevapceducts in a table on a scale from 3

(High importance) to 1 (Lowest importance).

mHigh (3) gMedium (2) JLow (1) JN/R (0)

0% 20% 40% 60% 80% 100%

|
Pipes Eli 18
Pipelines | l 30
Railway rails | 14 IZ l 14 |
Heat exchanger tubing 34| |61

Steel cables _ 21

Sheet piling [92]0 21 73

Figure 29. Products relevant to respondents (solwRUCM, 2008)

The results shows that the respondents were maitdyested in pipes (figure 29); mainly
those used in process plant (34%), in transmidgies (46%) and in plant equipment, such as

heat exchangers (19%).

Like steel cables, sheet piling is another exarmoplan application in civil engineering, where
there is currently little demand for inspection vsees based on the lack of satisfactory

technology.

In-service inspection methods used

The principal inspection methods in use by the oedpnts are: magnetic testing (MT),
penetrant testing (PT), electro-magnetic testind)(Eltrasonic testing (UT) and radiographic

testing (RT).
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These five methods are covered by national andnat®nal standards and by schemes for

training and qualifying test operators.

Automated ultrasonic (UT) uses mechanical scanterguide the sensors and computer

software to gather, display and analyze the data.

@ High (3) @ Medium (2)0Low (1) OIN/R (0)

0% 20% 40% 60% 80% 100%

| |
T I

Visual Inspection 57

Surface methods (Mag/pen) 43

Manual Ultrasonics 51

Automated ultrasonics 25

Film Radiography_ 4|0
Digital radicgraphy_El 15 | | |
Electro-magnetic methods | 36 I21 |I 23
Other | 11JB1 85

Figure 30. Current usage of NDT methods (sourcéJCNI, 2008)

From the survey result (figure 30), there is stilbw uptake of automated methods. Only 25%
of respondents had a high level of interest in Andted Ultrasonics (which includes the LRU
Guided Wave method), in contrast with the 51% whd B high level of interest in manual

ultrasonic.

This low level of interest in Automated Ultrasoniesmains, despite the generally accepted
reduced level of costs and the recent introduatibnational standards and codes of practice

for automated ultrasonic for pipe-lines and presstessels, where it replaces radiography.

Digital radiography is a very new technology, thare no codes of practice and procedures
have to undergo qualification trials before they ¢@ implemented. Therefore only 8% of

respondents had an interest in digital radiograpbspared with 40% in film radiography.
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Among the few other NDT methods mentioned by redpats were thermography and

acoustic methods. But it is relevant that 85% spomdents had no interest at all in other new

NDT methods.

Confidence in inspection methods

From their usage of Non Destructive Tests methistisd previously, respondents were asked

to rank their level of confidence.

@ High (3) B Medium (2) O Low (1) ON/R (0)

0%

20%

40%

60%

80%

100%

Visual Inspection

51

Surface methods (Mag/pen)

41

Manual Ultrasonics

40

Automated ultrasonics

Film Radiography
Digital radiography |8

Electro-magnetic methods

27

Figure 31. Level of confidence in inspectinathods (source: LRUCM, 2008)

Between one third and one half of respondents Hadlalevel of confidence in the inspection

method they used, which is more than the number hd@tbonly moderate confidence (figure

31). The number with low confidence was negligible

However in the case of digital radiography and tebemagnetic methods, there were almost

double the numbers with moderate confidence thdh high confidence. On the other hand

with film radiography, there were four times as mawith high confidence than with only

moderate confidence, which is a higher level officiemce than even with visual inspection.
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It is significant, that the three methods that jplevan image of the test results (visual
inspection, magnetic and penetrant testing and fdofiography) are treated with the more
confidence than the methods that do not (ultrascanc eddy current testing).

Inspection issues

The respondents were asked to rank the issueafthated their confidence in inspection.

EHigh (3) B Medium (2) OLow (1) ON/R (0)

0% 20% 40% 60% 80% 100%

Equipment performance

Operator performance

Inspection Coverage
Rate of inspection

Cost of inspection

Smallest detectable flaw size_

Number of false calls

Documentation/QA

Working practices
Health and safety

Figure 32. Inspection issues (source: LRUCM,2008)

Operator performance is the dominant inspectioneissith 88% declaring it had the highest
importance and only 4% the lowest importance (#g82). This was followed by equipment
performance (72% and 3% respectively). Inspectioverage was still regarded by 60% of
respondents as of high importance, despite theodunttion of risk based inspection
methodologies, which limit inspection coverage reaa where there was a high risk of failure.
Surprisingly, the majority of respondents thoudtattcost of inspection was of only moderate

importance (51%).A strong inter-dependency betwssts and rate of inspection is evident.

The importance of finding the smallest flaws isHiighted by the 53% of respondents who
thought it had high importance although this waspered by the knowledge that as the test
sensitivity is increased, so the likely number alsé calls will increase. This was of high
importance among 39% of respondents.
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The management issues of quality assurance thrpugber documentation systems, good
working practices and health and safety of testaipes was recognized by about one third of

respondents.

Perceived benefits of the LRU Guided Waves teclmplo

From their knowledge of LRU Guided Wave, responsglevere asked to rank a list of potential

benefits in inspection of engineering assets.

E High (3) B Medium (2) OLow (1) ON/R (0)

0% 20% 40% 80% 80% 100%

Screening for flaws 63 : —EE

Rapid inspection

100% coverage

Range greater than 10m

Range greater than 50m

Range greater than 100m

Corrosion detection

Crack detection

Accurate flaw position

Monitoring flaw growth

Critical flaw sizing

Coated test pieces

Buried test pieces

Underwater test pieces

Inaccessible test locations

Ease of operation

Reduction in inspection cost

Figure 33. Perceived benefits of LRU Guided Waweifse: LRUCM, 2008)

The benefit with the highest importance (69%) peex by the respondents was ‘100%
coverage’ (Figure 33). The benefit with the lowmesportance (36%) was ‘Range greater than
100m’. Screening for flaws was also regarded aligti importance by 63% of respondents.
Slightly more respondents thought that crack detec{58%) was more important than

corrosion detection (53%), which is the currentfgmed use of LRU Guided Wave on pipes.
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The accurate positioning of flaws and the critis&@ing of flaws were regarded equally, with
slightly more high importance of flaw positioning200) than flaw sizing (36%). Less
importance was placed on flaw monitoring, with thejority (36%) believing it was only of

moderate importance.

One of the original aims in developing LRU Guide@W was the detection of flaws in areas
of pipe that were inaccessible, because they wederunsulation, buried in road crossings or
below the water-line. Buried test pieces are sfilhigh importance (36%) among respondents,
but there is also a need to test inaccessible #884s), which may be above ground and need

scaffolding to reach.

In contrast to the high level of importance placgan operator performance in the question
about inspection issues, ‘ease of operation’ of LE&uided Wave equipment, an important
contributor to operator performance, was only régdrby 35% of respondents as of high

importance.

‘Reduction of inspection costs’ was regarded asrgrortant benefit in LRU Guided Wave by

only 42% of respondents.

Market opportunity & conclusion

The dominant interest is still in pipes, which wéine original application for LRU Guided

Wave. These are a critical engineering asset in dihegas, petrochemical and power
generating industries, where there is high usag”®T and a strong interest in developing
new technology. In civil engineering on the othand (railways, cables, steel piling), there is

much less awareness of NDT.

There is still a low uptake of advanced NDT teches; Only 57% of respondents had used
any automated ultrasonics at all, compared with 88% had used manual ultrasonics. With
digital radiography, the uptake was even worsehwably 27% having used the method

compared with 68%, who had used film radiography.

However of those that used automated ultrasonesetwas a greater proportion with high

confidence in test results (64%) than with manuiahsonics (47%).
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The linkage of higher confidence to imaging mergirearlier is important. LRU Guided
Wave bases test results on the interpretationgofads in A-scans (amplitude modulation scan).
Greater confidence would be attained if these $sgrauld be translated into images of the test

piece

The industries that employ NDT techniques are foeseconservative and many barriers have
to be overcome, over and above recognition thatniethod detects defects. The most

important barrier is the inclusion of the methoadhational codes and standards.

The dominance of test operator performance overo#ier inspection issues (88% of
respondents regarded it as of high importance$, highlight the importance of appropriate
training for LRU Guided Wave. Generally when intwothg a new technology, there is a
tendency among developers to concentrate on equoippggformance, without due regard to
how the equipment will be used in the field. MWEDT is done under conditions that are far
from ideal, where test operators work under stfefsonditions among dangerous plant and

machinery.

The most important perceived benefit of LRU Guid®dve is 100% coverage and screening

for flaws. This complements conventional NDT, whas to detect and evaluate the smallest

flaw in specific critical areas. These areas ateroinaccessible, and can be dangerous for test
operators, but could be reached by LRU Guided Wave.

3.3 The Non-Destructive Test(NDT) Inspection Market Analysis

3.3.1. Objective of the NDT Inspection Market Analysis

The objective of this market analysis is to stuay attractiveness and the dynamics of the

NDT Inspection market, both now and in the future.
3.3.2 Analysis of the NDT Inspection Market and Customer

The stringent government safety regulations haeated a huge demand for Non-Destructive
Test (NDT) inspection services and equipment. Tigket is relatively immune from major

economic slowdowns and hence presents tremendowsihgpotential.
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Large-scale Infrastructure Projects in Asia Paafic Latin American Countries Hold a Huge

Potential for the Non destructive Test Inspectienviges Market").

3.3.2.1 Market Segmentation

The world NDT inspection market is highly fragmehiith significantly high competition,
with more than 100 competitors, each trying to otidate their market share. As a result, this
market is highly competitive with products and segs offered in a number of segments from

equipment manufactures to inspection vendors.

Non Destructive Test
Inspection Market

NDT Market NDT End User NDT Technology
structure « Automotive  Ultrasonic inspection
More than 100 « Aerospace +  Eddy current inspection
competitors with: « Oil & gas * Visual inspection

» Large multinationals  Power . Surf_ace mspeptmn .

« Global companies generation * Radiography inspection
+ Small regional « Foundry * LRU Guided Waves

Figure 34. Schematic of the NDT Inspection market

The Non Destructive test market is mainly segmemted

« Large NDT equipment manufacturer§hey are large multinationals and global

companies that have an important share of the swgnp market and have high R&D
capabilities in many different NDT technologies.g(é5E’s NDT, Olympus’s NDT

division, Sonatest, etc)

« Smaller NDT equipment manufacturers and supplidiisey are mainly small &

medium companies which are highly specialized aeny active in R&D in a specific
NDT technology. By example, LRU Guided Wave systenaufacturers that mainly

is used for pipe screening (e.g.: Guided Ultrasohetetest, etc).
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* Low cost inspection vendardhey can be small regional companies or big dloba
players. They core business are the inspectiancgsrusing various NDT techniques;
therefore they are experts in the use of NDT inspecmethods. (e.g.: Silvering,
Structural Integrity, Rosen, NDT Itd, etc)

3.3.2.2 _Market Target

The oil and gas industry is the biggest customgmsat for NDT inspection services market
due tothe aging oil refineries are in need of mainteraaacd monitoring.

Power generation industry will continue to remaikeg growth opportunity segment for NDT,

which is set to be driven by the increase in nunabg@ower plants under construction.

Industries such as automotive, aerospace, militang, defense are the least significant end

users for NDT inspection, as they carry out mosheir inspection services in-houé&

3.3.2.3 Market Trends

Regional Trends

Asia Pacific & Latin America is expected to play iamportant role in the growth and demand
for NDT inspection services during the next yeémsterms of revenue generation, this region
is expected to grow further as demand from keyuesaat industries, such as manufacturing, oil

and gas, and power generation, continues to inereas

North America continues to play an important raleterms of revenues for this market. The
presence of established end users such as oil @a)dagd process industries is pivotal to the
demand in this region. It is expected to remain biggest contributor to revenues in this

market.

End User Trends

The oil and gas industry will remain the biggestl erser for NDT inspection market. The
stringent government safety regulations for thidustry will maintain high demand for

inspection services and equipment.
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The power generation industry is expected to dineegrowth in this market for the next years.
The shift to clean power generation with an incedasmphasis on wind energy provides the
NDT inspection market with the opportunity to grolso with more than 60 nuclear power

plants under construction worldwide and the requeésts to pass very stringent safety criteria,

the demand for NDT equipment and services is sieictease’..

Technology trends

The NDT industry is undergoing rapid change. Tiaddal NDT technologies are evolving in

important ways, providing new benefits and addelliesrdo end-users. The applications in
which NDT is used are also evolving. Many industrisuch as material science, electronics,
solar etc, that have used NDT techniques sparimgtife past are showing increasing interest
in employing newer and more advanced techniqueie sbme of the traditional NDT end-

users such as oil & gas and power generation aptiskl about adopting newer advanced
NDT technologies and prefer the traditional morevpn technique. The industry in general is
looking for NDE solutions that can be applied withantrusion and can be performed while

the plant or system is in operation.

3.3.2.4 Market competition

Currently the inspection services providers arellehged to provide quality service at
competitive prices. Therefore a major hurdle thahynNDT inspection service providers face
is price. “Although most established participantsovde high-quality inspection, less
established and relatively smaller participantsasmmally compromise on safety and quality,”

says the analyt’.

This is especially witnessed in Asia Pacific, whigre end-users are highly price conscious and
the lack of government safety regulations has tdtethe effective implementation of NDT

inspection services in the region.
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3.3.3 Dimensions of the NDT Inspection Market Analysis

3.3.3.1 NDT inspection market size

Extending the useful life of ageing infrastructusedriving the need for inspection services.
The exorbitant cost and challenges involved indig new infrastructure has resulted in
significant ageing of existing infrastructure. Tssass the integrity and prevent catastrophic
failures, NDT inspection is of paramount importance

The NDT global inspection services market is hugd growing at a steady pace; Frost &
Sullivan’s initial analysis estimated it at over.Baillion and the global market for NDT
equipment to be $1.41 billion in 201 % In comparison, the NDT inspection services
market is almost double that.

3.3.3.2 Market opportunity: NDT inspection marketential growth

With the economy still recovering from the effectsfinancial downturn and the European
economy being troubled by a sovereign debt crifis, primary regions being outlined for
growth in the global market are Asia Pacific andtibaAmerica. The rapid rate of
infrastructure development in emerging economieh &8 India, China, and Brazil is driving

the demand for NDT inspection.

In Japan, the accident at Fukushima nuclear ree&&xpected to trigger widespread increase
in safety regulations for nuclear power plants,ides driving short-term precautionary

inspection in existing nuclear plants worldwide

Overall, the NDT inspection market has huge poténtiith a steady increase demand for

product and services especially in the oil & gag power generation sectors.
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4 Recommended FAC Pipe Inspection Service approachrfo
AREVA: Market Analysis

4.1 Objective of the Market Analysis for the recommendd approach

The goal of AREVA’'s market analysis of FAC Pipe gestion service approach is to
determine the dynamics of the FAC Pipe Inspectionuclear market, where AREVA mainly
operates and also to understand the evolving oppitigds and threats as they relate to the

strengths and weaknesses of the firm.

4.2  Nuclear Power Plants FAC Pipe Inspection: Market Aralysis

421 Marketsizein EU

Review of the customer 5-year maintenance plan®tmlear Power NPPs Plants shows that

they are including items for FAC/Piping in two pany categorie§™ :

. Inspection

. Piping replacement

A typical US nuclear plant will include ~$0.75 M parit per refueling outage for piping/FAC

inspections.

The total market that AREVA could capture for PgeAC in the European Union (EU), can
be conservatively estimated by extrapolating thend8ear plants budget for FAC inspection

during the refueling operations as follows.

In the EU there are currently 133 operating react@®y taking account of the following
assumptions as the basis for the estimation opipmg/FAC inspections market in EU per

year:

* 24 months between outages (conservative), this sniban there are round 65 outages
per year in EU

» Conversionrate 1 € = 1,5 $ (currently around 1,8%refore the Nuclear Power plant
outage FAC inspections budget is: 750.000$ =>GE

In a conservatively estimation the EU market pifli#gC inspections per year could be =
33,25M €/year
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4.2.2. Market trend

There is no evidence that utilities are reducindCF#eopes or budget¥’. Instead, due to the

safety implications and risk, they are resignedntdude this as a standard budget line item.
Furthermore, wholesale piping replacements areuéetly driven by cost benefit evaluations,
for example: when the cost of accessing to the fages an important part of the inspection
budget. Therefore there is an interest in the rmancdector in exploring new technologies that

would improve inspection times and volumes.

To better assess the market potential, it shouldcdmesidered the following: There are
approximately 200 components requiring FAC inspectn a Pressurized Water Reactor plant

and 100 components requiring inspection in a Bgiliater Reactor plant.
Therefore is expected that the demand for FAC ictspe in the EU will remain stable.
4.2.3. Market Requirements

Accurate inspections and systematic data colledi@tem are the foundation of an effective
FAC program and this could represent the biggegbpnity for AREVA to be able to impact
the market. Also a balance is required by utilibesween minimizing inspection time and cost

and maximizing the operational life of the compari&h
The challenges facing the nuclear sector at tiie,trelated to inspections are:
* The volume to be inspected while minimizing dowe time (speed of inspections).

* Finding an accurate process that is fast (largemek in a short time) and non-invasive

(pipe examination from distances or without excewaor insulation removal).

These areas hold the biggest potential for mankiey evith an innovative, cost effective

product-service.
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4.3 Description of the recommended FAC Pipe Inspectiopackage

service

Before AREVA NP GmbH will be able to penetrate tmarket, their offering must (be
expanded to) include break through technology aem mspection techniques (e.g.; Long
Range Ultrasonic Guided Wave).

Technology currently being employed in the nuclaedustry for FAC related NDT consists:

. Standard Ultrasonics

. Long Range Ultrasonic Guided Wave technology

. Radiography Test (RT) — Standard and Digital/@atad
. Eddy Current Testing

*  Visual Inspection: Direct and remote (Camerasiters for video inspections)

®

4 ¢

Figure 35. FAC related NDT methods.

Currently AREVA NP GmbH has the ability to perfor@tandard Ultrasonic Testing (UT),
Radiography Testing (RT), Eddy Current Testing (EGhd visual inspections. Digital
Radiography is not in the portfolio, but is possiltb subcontract. AREVA NP GmbH is
currently gaining experience performing LRU Guid&dve inspections
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Unfortunately, current guided waves technology o$ proprietary and is being used by the
smaller vendors to secure this work. Similarly, aahed RT techniques (e.g. digital,
compact/low level) have already been developed aedfairly commonly used for piping

inspections.

The NDT methods currently being used for the nudledustry for FAC pipe inspection are

described as follows:

Visual Inspection (VT)

VT visually checks areas to verify that they mdet tapplicable code or standard. Visual
Inspection is done on structures, mechanical aedtretal components, welds, piping and
other hardware. Inspection may include magnificgti;emote optical viewing devices and

additional measurement tools.

Figure 36. Buried pipe inspection by visual metkgth magnification (source: Rosen Itd , 2011)

Eddy Currents (EC)

Eddy-current testing uses electromagnetic inductoiletect flaws in conductive materials.
Standard eddy current testing a circular coil aagycurrent is placed in proximity to the test
specimen (which must be electrically conductivé)e Blternating current in the coil generates
changing magnetic field which interacts with tepec@men and generates eddy current.
Variations in the electrical conductivity or magoepermeability of the test object, or the
presence of any flaws, will cause a change in edolgent and a corresponding change in the

phase and amplitude of the measured current.
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The testing devices are portable, provide immeded¢eback, and do not need to contact the

item in question, allowing inspection in insulatggects.

SEHSDI’\\ i
iy

Eddy current i%/ Coilsystern
Magnetic field
i

Edy
currents o

3

Test
specimen

Figure 37. Eddy current inspection method (souB®e:NDT, 2011)
Standard Ultrasonic Testing (UT)

This technique uses very short ultrasonic pulseesawith center frequencies ranging from
0.1-15 MHz and occasionally up to 50 MHz are lawtcnto materials to detect internal flaws
or to characterize materials. The technique is atsomonly used to determine the thickness

of the test object, for example, to monitor pipergsion.

Ultrasonic testing is often performed on steel atiter metals and alloys. It is a form of non-
destructive testing used in many industries inclgdpower generation, aerospace, steel

fabrication, automotive, and other transportatiectsrs.

In ultrasonic testing, an ultrasound transducenected to a diagnostic machine is passed over
the object being inspected. The transducer is 8lpiceparated from the test object by water

or oil based coupling.
There are two methods of receiving the ultrasouadeform, reflection and attenuation:

* In reflection (or pulse-echo) mode, the transdymaforms both the sending and the
receiving of the pulsed waves as the "sound" iectdd back to the device. Reflected
ultrasound comes from an interface, such as th& et of the object or from an
imperfection within the object. The diagnostic maehdisplays these results in the
form of a signal with amplitude representing théemsity of the reflection and the

distance, representing the arrival time of theexibn.
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* In attenuation (or through-transmission) mode,aagmitter sends ultrasound through
one surface, and a separate receiver detects thenarthat has reached it on another
surface after traveling through the medium. Impaidms or other conditions in the
space between the transmitter and receiver rechearmount of sound transmitted,

thus revealing their presence.

UT techniques provide instant results, and are isemsto both surface and subsurface
discontinuities throughout the material. UT is dapaof detecting imperfections throughout
the entire material thickness, and may be usedauitiess to only one surface.

Ultrasonic

/ Transducer
u

P ettt
——‘.————————

9
I

Figure 38. Standard UT inspection method (souregiodal Instruments, 2010)

Pipe Crawlers Inspection

Pipe robots crawlers have been especially develtgetie inspection and maintenance of the
interior of pipe systems. Their construction allatve robots to work in long lengths of pipes,

which include many bends, and vertical sectionsigihg.

Pipe Crawlers can perform direct assessment ofspypiéh various diameters, of varying
materials and liners, and in varying states of aan. Pipes are inspected for defects and
degradation including pitting, microbiologicallydanced corrosion (MIC), flow-accelerated

corrosion (FAC), stress corrosion cracking (SC@y general wall thinning.

Fabrication defects are also analyzed includingifioomplete fusions on girth or long-seam
welds, and misaligned pipe section or valve joiiitsrough the course of inspections, foreign

objects and materials can be detected and cataloged
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Figure 39. Diakont's innovative crawler inspecti@ource: Diakont's, 2012)
Computer Radiography (CR)

CRT produces digital images on reusable phosphorplases with lower exposure

requirements. The original archived image cannoaltered, thus maintaining the integrity of
the raw data. Without altering the archived image, electronic image-viewing software can
be sharpened, filtered and zoomed for analysishieytéchnician or customer to enhance
evaluation. Viewing software also allows for digitannotation and measurement using a

mouse and/or keyboard instead of grease pencilentays.

CRT requires no film, which means there is no nedaly or dispose of chemicals.

Figure 40. Computer Radiography inspection (SOURESNDT, 2010)
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Long Range Ultrasonic Guided Waves (GW)

Long Range Ultrasonic Guided Wave testing is ondatdst methods in the field of non-
destructive evaluation. The method employs mechasitess waves that propagate along an
elongated structure while guided by its boundaridss allows the waves to travel a long
distance with little loss in energy. Nowadays, didVaves is widely used to inspect and
screen many engineering structures, particulamyfe inspection of metallic pipelines around

the world. In some cases, hundreds of meters camspected from a single location.

GWUT Tool =
Fixed Location

Weld  Metal loss E)Mml loss

o Symmetical
maoda

|

Amplitude

Range

Figure 41. Guided Waves pipe inspection (sourceR Rtabia, 2010)
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4.3.1 Recommended FAC Pipe Inspection package and servitter AREVA

AREVA NP GmbH has the capability to offer a compmmes$ive pipe inspection services to help
to meet Nuclear regulatory and sector requireméistgrofessional staff is fully up to date on

the latest standards and regulations ensuringacfive approach to compliance.

To offer comprehensive pipeline inspection servimed uncovers the most accurate results, a
multidisciplinary approach implementation is recoemded. AREVA NP GmbH along her
sister company IntelligeNDT, can use its experimsdifferent Non Destructive Test methods
to carefully combine and assemble them, into optmNDT packages, and gather information
into a comprehensive set of recommendations thditead issues such as: corrosion, cracks,

flaws and repair or replacement options.

As NO singletechnology solves all problems, the AREVA’s recanded NDT package

inspection should combine the use of conventiorai-Restructive testing technology such as
Ultrasonic, Visual inspection, Radiography, and ¥E@iirrent along with the innovative ones
‘LRU Guided Waves and Crawlers, efficiently assesdbbhccording to its performances in

each inspection to provide a safe, fast, reliabterapeatable service for its costumers.

Taking account that each of the technologies lsa@wh particularities and performance

characteristics:

» Digital Radiography offers the best result (undardable with Wall Thickness) for
client but needs radiation.

« Guided Waves offers the highest inspections speéddnnot be relied on to work on
every pipe always.

e Standard Ultrasonic Testing offers instant resaittd good sensitivity to discontinuities
throughout the material but is time consuming waiticess to only one surface.

« Crawlers a compressive inspections form insidepipe but only can operates in a
limited pipe size range and during outages.

* A visual inspection can see details down to 0.1 bunis slow and confidence in the
results suffers when human factor is dominant.

» Eddy current gives instant results however bestir@s a reasonably “flat” object, with

access to only one surface.
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The recommendation for an inspection package withudes the use of the best NDT method
to inspect the different components of a pipe figgtem is:

* Long lengths (30m) of pipeline>» Long Range Ultrasonic Guided Waves.

e Cased crossings? Long Range Ultrasonic Guided Waves.

» Corrosion Under Isolatio® Eddy current

» Corroded long lengths of pipeline Visual Inspection + Cleaning + Recoating.

* Valves, Sharp Bends, Tees: Radiography Tes#nigollow up Visual inspection,

Radiography and Standard Ultrasonic Tests.

* When we need to see the content: Radiography Test.
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4.4 SWOT Analysis of the AREVA FAC Pipe Inspection receamendation

A SWOT analysis was completed to further evalulageréecommended FAC pipe inspection
approach for AREVA

Table 3: AREVA SWOT analysis

Strengths: Weaknesses:

« IntelligeNDT : Expertise in different NDT «  No new real inspection methods offered
methods (GW, EC, UT, visual )

e Established visual inspection crawlers

from other AREVA product lines and
regions * No experience using Guided Waves in

real environment - operating plant

* No existing plans for R&D in NDT
inspection technology

e 3region NDE base (wide knowledge of

NDE industry worldwide) * No use Radiography (RT)
+ AREVA’s outage management experience * Potenti_al high cost to enter in the FAC
in outage reactors schedules inspection market
Opportunities: Threats:
*  Coupling with repair- replace with » Shrinking market in Europe

external low cost providers » Low cost NDE inspections suppliers in

* Tougher safety requirement by nationals the market

regulators * New NDE potential developments may

» Life time extension programs of nuclear be mimicked by lower cost providers.
assets in some countries.

* The industry is looking for NDE
solutions without removing pipe
insulation and with the plant in
operation.

60



LONG RANGE ULTRASONIC INSPECTION PROGRAM AREVA NP

4.5 Strategy recommendation for AREVA NP GmbH market paetration

AREVA NP GmBH has a relevant experience in the urtldar Sector and has the capability to
provide advice and consultation on all engineerisgues related to FAC components.
Moreover work has already been done with custoneesassist them with material evaluations

and replacement schedules.
The areas within AREVA group that are directly apgible to FAC engineering judgment are:

* Non Destructive Examination

On the basis of its more than 25 years of expegiencthe field of NDT testing and
inspection technology, IntelligeNDT (sister comparfyAREVA NP) has developed an

organization that has the full range of suppomastiructure and can:
« Perform testing and inspection services

« Supply testing and inspection systems or comporarggstems for the nuclear and

potential industrial market.

The NDE activities are mainly focused on the nuckectorwhere IntelligeNDT testing
and inspection service business maintains appteprapection systems for almost all the
safety-related components of all common internafiomodels of boiling water and

pressurized water reactors.

e Chemistry

AREVA chemists are extensively experienced in pigelFlow Accelerated Corrosion
processes. At AREVA NP laboratories in Erlangesgagch activities on the field of FAC
have been performed for more than 30 years. Therexmre gained has been compiled in
analytical corrosion models, which have been irgegt in a software tool. This software
(COMSY) is equipped with powerful engineering toalsd a sophisticated flow-induced

corrosion degradation model to perform lifetimedacgons for piping and vessels.
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* Materials Engineering

AREVA's engineers have a solid reputation for pdivg materials integrity solutions and
extensive field experience in assisting the nucseator throughout all stages of lifecycles

including design, inspection, maintenance, reaid failure analysis.

Consequently AREVA NP GmBH could provide compressidvice and consultation to its
customers and should (at a minimum) be offering FAgpection services in co-operation with
IntelligeNDT, to demonstrate an awareness and caorfoe an issue that has such a wide range

of implications in the nuclear industry

Also AREVA has the significant multidisciplinary abilities to consider the offer of an Asset
Integrity Management program as part of its margehetration strategy. The primary
objective of any integrity management program imintain the asset in a fitness-for-purpose
condition while extending the remaining life in timeost reliable, safe and cost-effective

manner.

Therefore AREVA is recommended to implement a FA@edrity Management Plan

consisting of:
« Inventory: Collection of information on the lines includedtire project.

* Prioritization: A risk assessment is performed to classify thesliand prioritize the

inspections.

* Inspection strategy: The expected degradation mechanisms are identifedbasis
for selecting the most appropriate inspection abd Mhethods when defining the
initial inspection scope.

» Execution: Once the lines have been prioritized and a comphsipection plan is
available, legal-certified survey engineers and Nipé&cialist will carry out the

inspection work.
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5. Conclusion

Flow Accelerated Corrosion (FAC) is a well-undeocstophenomenon that, when left
unchecked, can cause wall thinning in carbon gigéhg and vessels and has resulted in pipe

systems failures

The safety consequences of FAC-related pipe falare significant. There are no warnings or
abnormal conditions observable before a catastcoptAC pipe rupture occurs, raising

significant risk to personnel and damage to surmgequipment

Therefore owners-operators of power plant are stiimgothe implementation and maintenance
of an effective FAC program that should includes #ssessment of the propensity of different
plant systems and components to FAC with the ussaifable software with water and steam

chemistry corrections and periodic inspections

Currently, the plant needs to be shutdown to perftirese examinations and operators check
FAC corrosion during outages by manual inspectimeghods. As assessing piping conditions
and inspecting for degradation is extremely lalmbensive, accessing and preparing pipes for

inspection may take an important part of the budget

Therefore the industry would welcome improved Noesfuctive Examination technology

that would maximize efficiency of their FAC program

The long Range Ultrasonics Guided Wave technolsdyased in sonic beam allowing a long
length of pipe to be screened from a remote lonadiod can offers screening solutions to old
pipe inspection problems never tackled using ol methods (buried, sleeved, insulated

pipeline).

However as NO single technology solves all probleAd®EVA NP GmBH is recommended to
develop a multidisciplinary approach to offer coetmnsive pipeline inspection services in
cooperation with IntelligNDT (AREVA NP sister compd. AREVA should offer NDT

methods efficiently combined in optimum NDT packag@ which traditional methods along

the innovative ones are combined in each inspettianaximize the inspection efficiency.
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These NDT inspection service packages could offerdiggest opportunity for AREVA to
target the FAC piping inspection market in the epaclsector with the offering of leading edge

technology that improves the current state of tthe a

Therefore by incorporating long rang ultrasonicdgali waves methods in its current NDT
inspection portfolio; AREVA can position one steljpser to better meet the nuclear sector

requirement.

Accurate inspections and a systematic data catlecystem are the foundation of an effective
FAC program and present the most opportunitiegniipacting the market. This also represents
an opportunity for AREVA to explore a more completgeset management approach, e.g.:
assets predictive maintenance with establishedmess.

Therefore AREVA NP GmBH is recommended to consitter use of a FAC Analysis
Software like COMSY as supporting inspection tosl gart of its FAC inspection service

program.
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