WORLD CLASS

CUI Case Description.

Corrosion under isolation B )

-

Cost-effective proactive CUI Management; wish or truth? 3%

P - A

4 stages in the case description

* Where was it located?

* What about the insulation?

* What after removal of the insulation?
* What about the integrity?

 What about overall asset condition?



Key aspects of the WCM CUI Me

* Developed by Industry partners for Industry
* Open for review of basic principles; no “black box”

* Based on cafeteria model: use the parts which will help you, don’t use
what hinders your already present approach

* Developed by specialists from various disciplines; NDT, Coatings,
Corrosion, Asset management

e Supported by discipline organizations: KINT(Inspection); ION(Surface
protection); Chair of “Studiekern Corrosie”; also supported by VNCI.
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Key aspects of the WCM CUI Me

* Risk based, using EN 16991 RBI Framework
* Integrates Condition classification; CEN 17385

» Uses straightforward linear prediction of risk related to remaining time to
(normative-)failure (TTF).

* Flexible to use user-specific criterion for TTF (like 50% WT, default 10% WT).

* Not sensitive for presence of all data. Will use worst-case
assumption where appropriate.

* Not a (usually) huge book; focused onto application
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The deliverables as per working groups:

The most important topics discussed in this working group:
ﬂ * The appropriate method for assessing risks
ﬁ * The assessment of the state of insulation

Q * The Corrosion behavior of Carbon steel and stainless steel in the case
of CUL.

4 A ° The decision model to assess the risks present depending on the
coating life and applied inspection method

& » A presentation to let the usefulness, necessity and impact of a CUI
management program land within the (your) organization (enclosed).

"il * The best practice that defines risk-based CUl management as a
=_management program.
Y
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Delivery by modules:

Click on the relevant module to go
to the topic.

Green = Work group NDT Eff.
Beige = Work group Coatings.

Click on the plug-in model in order
to return to this page.
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. Integration of influencing

Sectie "inztallatie gegevens" voor het wastleggen van hat ontwerp,

% e Botral Toelichting: Opties: ©  Opties: Opties: Opties: Opties: Opties: The d eCi S i O n m Od e I i n W h i C h ri s ks a re
: integrated.

Component: Fiechte [zidingen > O | De typical (zie tab [MOT Effectiviteti]] waarmee de component is te omschrijeen.
Materiaal: C-staal; gecoat H
Corrosie mange: 20 mm | 1 Effe Ct Of fa I I u re
Froduct: Getest; bewezen
10| Coating: Generatie soating: FRzent = = =
1 Ontwerp: Compleet Eetreft de mogelijkheid om de coating als beschermingsfactor boe be kunnen passen. L4 I n fl u e n Ce Of CO a tl n g I I fe S p a n ra tl n g
12 Procesvoering:
13 Proces temperatuur: A0°C, Temperatuur wligs P&ID of proces, met gegevens hieronder([Proces type] & [Compaonent]] te herleiden tat skintemperatuar, -
" Isolatie. :Imm Keude  ame e Corrosion rate assessment
15 |zolatie materiaal: Pyrogel BT ower minsral wool
18_| Corosie: Froces type: Giaz I Gaz .I Wlowistof wisselend .
7 ' Skin temperatuur: 50°C. Arhankelijk van procestemperatuur, proces type en constructie { dimensicneringen in ontwerp [bijy. heat-coils). [ J E ffe Ct I Ve n e S S Of N DT
18 Aantal nat-droog cycli: 100
1 Zout-risico: C4-C5-CK
20 In gebruik =inds: 1-1-2008 MMoment wan ingebruikname "als nieuw” [(kan weel later zijin dan bowedatum van de gehels installatie),
21

22 | Sectie "beheer” woor de invloedsfactoren vanuit de operationshe SitUALE imaz oningevuld Blijven in qeval Fastaran anbekend zind.

S — e — 2 “tool versions”:

2 I=olatie: Woldoende vitvoering|en onvaldoends onderhoud
20 Fesultaat v.w b, coating levensdour: 12 Jaren D tijdsduur gedurende welke de coating naar verwachting bescherming biedt in de gegeven omstandigheden.

) BT T T T #1: reveals in which manner the various

27

28 Conditie isolatie: 3 Matig 0; Mieuw 1; Zeer goed 2; Goed 3 Mlatig 4; Slecht 5; Zeer slecht & 0nazzeprabel

29 Toestand izalatie: 3 < Clazzificatie wolgens [Izol.Cond.Clazs.] a S p e Cts a re CO n n e Cte d n
30 wWeersinwloeden: Einnen-vochtig <4 Kans op intredend wocht Binnen-droeg Einnen-vochtig = Qwerdeke-drong Surrdrklunnkliy Buiten

#H Plate waninlek: Gering

: #2: tabular form, for planning purposes.

33| Sectie "Risicobeoordeling”; becardeglt het aanwezige risica bijhet optreden van een Faalmechanisme.
el Kans van Falen; | | Cat 4 ] ie bab [IMER-ER 1ES31): laatste optie verwiist naar tab [Faalkans]

Installatie

3
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I = T 3] T E F T & T ] T T T a T K L T ] T [ T o T = T & T Gl T s T T T
Kleu (Ji):__Ja

Fase I Seotis "nstallatis gegevens" voor hetvas Sestie wasin de levensduu van de costing

(Steiger-) Corrasi Generatie Proces & LT Coarin  Proces (skin-! Isolati Isolatie Aantal nar-
2 Installatie: | Locatie: || unie | c |~ waaterial *| marge: ~| Procesvoeri T | Proguct * | coating: Cnrwers ~ | Baens. T izatatie: | & 7| remperatuur: ~| Proceseyf 7| rgpe: | T | materiaat (| in gebruik sin 7| droag ey 7| zaue
4 | Fiz0m T Z00 Fieat exchanger | G-staa mm test. onbe_Oud [ Gompleet | Goedpian Orwoiad _voldoende tivaering o 0.0 Jr_ 50 . Wieistor armie Furogel KT cuer mine [
5 | Coznz o 200 Column, Cozaal 0 stazt, bewe Complest | Compleet Waldoands utussning 0,0 Jr 0 Gaz Ararmes Fyrags! KT c
5 | dg-2" 20,0015 Fi7 200 Fipetine Gostaal, T5A |_10mm rest »50% mosilik|_Flan o 20,0 Jr_ = Wioeistor armte WG mineral wool c
7| [Ldaz-znonm Hig 200 Pipsline Corvast, TS6 | t0mm tazt, onbe 502 meslik|_Goed plan, Druoidd  Onueidssnds utuserin 24,0 Jr E Wiasiztor Ararmes Ceiluiar giazs c
& | [ Ldazznone [ 200 Fipstine Certo, gezo|_10mm rest >50% mosilik|_Gosd plan, Dnuoldd_Woldosnds uitvoering 6.6 Jr. = armts Fyrogs! 5T cusr mine c
a | EETES Fez 200 Heat enchanger | Costasl mm tast, onbeu B ~5022 mesilik|_Gaed plan, Drwoldd _ Dnueldasnde uitvosrin| 0.0 Jr. = Aarmts Fyrogel 5T cuer mins =
w | [ Henss 200 Heat szchanger Cestaal omm ietest, onbe s S mEl Ceciin B Onvoldoends uitvoerin|_ 0.0 Jr_ =1 Warmte. Furogel 5T ousr mine E

" Tank e 20mm et . >502% mesilik|Goed plan, Omaldd O wituaerin] 0.0 Jr. = E ~
Pl NEN-EN 16991 Instellingen H [»]

Fes
2008 [EE 200
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. Integration of influencing

Installatie

28 | Conditie isolatie: 3; Matig 05 Mieuw 1; Zeer goed 1; Goed 3; Matig 4; Secht 5; Zeer slecht & Onaceeprabel - .

29 | Toestand isolatie: 3 < Classificatie volgens [Isol.Cond.Class.] ffe Ct I Ve a n d r'o a Ct I Ve ? # H O W ?

30 ‘Weersinvioeden: Binnen-vochtig << Kans op intredend vocht  Binnen-droog  Binnen-uochtig Owerdekt-droog  Overdekt-vochtiq Buiten C O S t e . = n

3I Mate van inlek: Gering

32 = = =

» e e e e e e « Risk of doing nothing

34 Kans van falen: Cat. 5 < Zie tab [MEN-EN 16991]; laatste optie verwijst naar tab [Faalkans]

35 | = Health: < Zie tab [MEN-EM 16991]; . . - -

5 2 e - Consideration in advance by LCC with

—

Er = Environment: A y

38| : Business (€): @ .

=l s respects to Inspection or Upgrade

40| g Loss of reputation:

41 Public disruption: A Eindrezull (€] ges): 3 5is 1 s minimaal)

47 Aanwezig risico: << Risico op dit moment in £, zdnder toepassing van beheersmaatregelen. Bij Kans klasse 6 faalt de instalatie normatief. -

43_ <= Risico op dit moment, kwalitatief uitgedrukt vigs EN 16991, zénder toepassing van beheersmaatregelen. ® Tra Cea b I e effe Ct I Ve n e S S t h ro u g h a n O p e n

4-? N, "Very high", betekent dat een aantoonbaar effectieve beheersmaatregel noodzakelijk is!

45 | Sectie "risi ie": ing risico bij wan een NDO techniek. Per saldo ook doelmatigheids becordeling....BP-6.

46 Toe te passen beheersmaatregel: |5) Guided Waves / Lon( << de techniek, waarmee de conditie wordt onderzocht, met de vereiste dekking (zie tab [NDT Effectiviteit]). a p p ro a C h

4?_ Vereiste dekking®: 100% <= de mate van dekking die nodig is bij gebruik van de techniek, om de component te onderzoeken met max. effectiviteit.

4€ Mate van risice reductie: 99% << gde te behalen risico reductie, wanneer de conditie van de compenent (het faalmechanisme) wordt enderzocht. - wn - . Y74

49_ Aanwezig rest-risico: 11,0 k€fjr. <= dit is het best resultaat, indien de [mogelijke conditie] in werketijkheid een betere [werkelijke conditie] bijkt te zijn. o B a S e d 0 n e ffe Ct I Ve n e S S Of C h a I n I I n ks

50 Medium Effectiviteit beheersmaatregel is ingericht obv 3 niveau's/levels, met POD berekening op level 111

51 | Inspectie interval: 0,1 Jaren << Inspectie termijn volgens de risicotabel [NEN-EN 16991] en wettelijke regeling uit het PrdA referentie instrument.

52 | Structuur voor verwerking van de ineffectiviteit (False cals & FailzDetect) is aangebracht en niet uitgewerkt.

53 | *: In alle gevallen is bij toepassing van een techniek 00K 100% visuele inspectie van de isclatie op "verdachte plaatsen” benodigd (zie APl 581(2016) Tabel C.2.10.3 ).

¥} Samenvatting van de verkregen resultaten:

55 | _ _ _ _ 2 \ t n”.,

56 | Met inspectietechniek: 5) Guided Waves / Long Range UT e S Of re S u I t

57 Risico: Medium Risk Based Inspectie ten 0,13 Jr. y p "

5? Faalkans: Cat. 5 Cat. 3 Inspectie dekking: 100%

59 | Kostenniveau: 1.100,0 kE/jr. 11,0 KEFIr. \ H n H H M H

5 e | %) « “As-is” risk in the current situation

61

62 ing op dit werkblad: w ” - - -
Het bovenste gedeelte van dit tabblad (eerste sectie) karakteriseert de procesomstandigheden, (Y TO - b e rI S k a n d CO St S I n C a S e Of e ffe Ct I V e
De sectie "randvoorwaarden” daaronder, geeft weer of degradatie mogelijk is wat betreft isolatie én omgevingsfactoren (aanwezigheid vocht)
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CUI: Assessment condition o

Attached reference images for the inspection of insulation.
Terms of reference: It only concerns functional requirements, for the function: shielding the underlying insulation against envi | infl

o o This concems the inspection of the condition of the plating with the watertight finish.
t a rt I n O I n t S ® The main question is therefore: to what extent 1s the insulation able to prevent leakage/ingression into water; leak-tight = no watering.
. Remark: A category 4 may apply to new construction if drainage to/into the insulation is possible.

A control measure can consist of carrying out a risk analysis with Fitness For Purpose.

Based on condition classification. A~ EE e
(Degree of) leakage is the decisive criterion. e =55 v e

_F°“°w;“’"d’"_d Used, limited deviation without
2 Good S LTRRE: consequences for the % .
for CUI X watering.
occurrence of watering.
management.

Action within a

. . As 2, with deviation that can Irrigation cannot be
3 Mediocre maximum of 6
lead to watering. ruled out.
years.
-
Action carried out  As 3, with a deviation which Watering under
4 bad within amaximum  allows watering in, making it certain weather
of 3 years. necessary to plan an action. conditions
Immediate
measure, As 4, with such an amount of Watering in and
5 Very bad impl ted ring that intervention is collecting (hold-up)
within amaximum  necessary within 1 year. water.

of 1 year.
Immediate

investigation of
ther

integrity is
necessary.

o | ] ORI 1 cons s

As 5 with watering & damage

formation to such an extent There is an acute
that leakage of steam and/or danger to integrity.
product leaks out.
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Sustainable CONTROL on Corrosion underInsulation

Duurzame GRIP op Corrosie Onder Isolatie

Work packages and planning

Step: Process: Resultant:
3 : Setting up and organizing the Involve companies, stakeholders and WCM "Cui in Control® community in which WCM or a specific
) CUI ecosystemn umbrella organisations. spin-off/institution plays a central role within CUI management.
» - Development and management of | 0Organize management and functional Website; both ML and EM version, containing tooling and benchmark
) the digital CUI platform (website) - reguirements around website. data based on information provided by the parties.
Best practise Establish relationshi ith known
. P - Internationalization of the CUIl . 15 TE " TPS i . Best practices processed as "add-on” on the latest EFC 55 version or
Risk Based CUI 3. ~| parties and ensure international .
platform = . as a separate toolset known within EFC 7 APl / ...
management application.
. Setting up monitoring and L . o .
Stimulate the of the developed Periodic t the state of CUIl in NL" showing the
3 4 . e »| communication about the results and de rep::; on : ° n
tooling velopments.
use; share effects.
> I ]| S:;::g ue-a'::;f:grj ::I:k Based CUI r:h - ilgt::sms:l{;im as a m::l; E:nd l::knsulamnc(l:ussw at cnf
" | and start-up of new practices e = e )

Management” with spin-offs.

and, for example, service forms "CUI management as a service”.

Flowscheme "development of CUl in Control” along the various development lines.

O
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What about CUI?
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Inspection program on a piping-bridge

Where was it?

No failure in this case
Serious doubts in general

Generic features:

Hard to reach

Enclosed in other piping
Scaffolding required

No sight from lower level
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What about the insulation?

//

. . . \ .‘;‘. ; ‘
After installing scaffolding: VRS N b/

I8

Generic features: e R 4 / i
* |nsulation dented
 Connections still in place
 Connection hand-valve as built
 However: water ingress possible
=» condition class: 3 (4) _
6



What after stripping?

After stripping:

Generic features:

* Very localized attack

* Thick corr. layer D
 =>D/10 thickness gone
 Remaining thickness?

g v, Caé#l
- LMMrRCMVORLD CLASS




What about the integrity?

Trying to remove the valve:

Connection failed:
 Corroded through the wall
 Complete failure

* No remaining thickness

* Lucky escape!!l



What do we have now?

* Clear case. Usual case: failure — strip - look
e Condition insulation “as found” Usually not inspected (who's interest)
* Cause — effect clear Usually unknown — we suspect....

e Level of re qu ired detail now known Usua Y un known — su P posed Iy good
leing “as built” doesn’t mean “all good”!

* Assessment and acceptance criteria need to be explicit and clear

* In case of class 3+: direct measure required. Assumptions rule.....
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Where are we going now?

From To:
Personal interpretation Standardized assessment
Unclear “ ‘as-found’ baseline” (*1)  Clear “ ‘as-found’ identification” (*2)

Unclear relationship (*1) and defect Relationship (*2) and defect
No additional monitoring Additional monitoring

=>» stricter identification of “being at risk”

3
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How do we get there?

Best practise for Condition Classification and reporting developed.

Case histories are being collected in order to underpin the applied
approach. These typically contain the as-found condition wrt insulation

and the as-found condition wrt asset integrity.
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WCM CUI Methodology in perspective of:
management

* Figure shows critical elements for
effective Asset management.

Establish the
Utilization of model drivers for ID?
for simulations, Conceptualize the
scenario analysis Structure-Fnd, Site,

These elements are to be linked to
nddechions | operationand themes in a development, in order to
Management o« e
. ensure the effectivity of the approach

Evaluate Model

Uncertainties: ampeel S| * Management concept is based on

Validate model’s Model(s) Form(s),

appropriateness Size, Computation COntrO”|ng CUI by COntrO”mg these

given purpose of ID and Data density,

and uncertainty: duration, modalit ‘ m
H) y.‘
completeness? bandwidth needs for t h e e S .

processond | B » Key issue: use an explicit model in order to
interpret data; Controlled or

Extract Features; | uncontrolled testing ' be able to manage developments.

Parameter ID or monitoring, data
quality assurance,
data relevance

Figure: Grip on CUI by means of managing the key parameters

WORLD CLASS : Y : Figure: Original: Structural Identification gf Cpnstructed:Systems

MMNﬂAN!}'E ~ . iy : fachotering van onderhoud



Applied approach for condition

CEN 17385 s
] Degradation | Class 1: Class 2: Class 3: Class 4: Class 5:
Severity I : : e :
level Minimal [Insubstantial |Substantial | Significant | Widespread
Default approach: — (€2%) |2%.<10%) [(>10%,<30%) |(>30%,<70%) | (>70 %)
: Low
Minor .
Assessment by defects |2 Medium
3: High
means of 3 e
Seri :
parameters. lofets |2 Medium
. 3: High
* Severity N 1: Low
Critical -
. defects 2: Medium
* Degradation level 3 High
* Extent Legenda; Result: 4
Condition class: Interpretation: Defect severity: Degradation level:  Extent: Condition class:
Excellent Critical 2: Medium Class 4 Condition class: 4

cond. class: 3 Fair The degradation is widespread, Elements have widespread defects in finish and function, There

L
- ?
: ) may be a number of (severe) defects that can lead to a loss of function, Reliability is
— Lrlohase Poor compromised, With regard to the total defect impact, the elements are evaluated as degraded.
wo R I.D c LASS Bad This may be partly caused by faults in material choice, poor basic quality, execution and ageing.
MAINTENANCE very Bad

Good




Applied approach for condition

CEN 17385

Amended approach:

Assessment on asset
level by means of 2
parameters.

e Condition
* Extent

i
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Single

Extent

element
Cond.

X2
X3
X4
X5
X6

Condition class:

Class 1:

Y3
Y2 | v3 Y4
Y2 | v3 Y4
Y3 Y4

Class 2: Class 3: Class 4: Class 5:
Minimal |[Insubstantial |Substantial | Significant | Widespread
(52%) |G2%<10%) [(>10%,<30%) |(>30%,<70%) (>70 %)

Legenda:

Interpretation:

Excellent
Good
Fair

Poor

Bad
Very Bad

SE-condition: Extent: Condition class:
4 Class 4 Condition class: 3
The degradation is identifiable in places. Elements have defects in finish, material and
components in places. Elements may occasionally be degraded without critical consequences.
Well-executed and long-lasting repairs may be regularly undertaken. Repairs using less
suitable means may also have been carried out in places. The technical state is qualified as

reasonable with respect to the total defect impact. The quality of the materials applied and/or i

defects in design, detailing and execution play a significant role in this.




Applied approach for condition
CEN 17385

Note that the amended approach supports two kinds of assessments:
Assessment on asset level by means of

* Detailed condition level with assessing of all elements.

* General condition level with rating on “outliers / deviations”

i
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PLTSP Filizn Apglication Filize

B/ he enAd¥

7.9 +0 1

Open connection.
Condition class 3.
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