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Introduction

																





														Tool which integrates project-elements of the Risk Based CUI Management approach.

						World Class Maintenance.

						Project:		Best Practise for Risk Based Corrosion Under Isolation Management.

						This worksheet contains an elaboration of the planning of Risk Based CUI Management.

						It aims to be a first step for an elaboration for the benefit of an asset owner.

						The elaboration of the various project components is based on a "default" risk-based approach from the RB-CUI management tool.

						The description of those parts is summarized in the final version of this tool.



						The tool is available as a resource for those who do not yet have an approach.

						In addition, the tool also functions as a test for the practicality of the end result.

						The motto used is: "an explicit decision-making process can be captured in a decision-making model". 



						Color coding used: (standard according to Microsoft Excel):

						Input of data (input):		Input

						No data entry required:		Input		(Concerns data which, depending on other data/input, may not be required)

						Result of input (output): 		Output



						The next components are provided in this tool: 

						• Overview list for reporting the condition of a factory (part).                                                          Tab: Installation.

						• Tool for locating parts of the installation.                                                                                             Tab: Display

						• Tool for inspecting the installation by clustering to scaffold position.                                                 Tab: Installation

						• The risk matrix to be able to prioritize the status information according to actions to be taken.     Tab: NEN 16991 

						The [Settings] tab contains the data required in the [Installation] tab for the risk assessment.

						There are two guiding principles to guide the work: Risk-driven and Efficiency-driven.

						Risk-driven is the guiding principle when there are such risks that their management and mitigation has the highest priority.

						Efficiency management is appropriate if risks are acceptable and maximum efficiency is the goal.

						Based on the identified risks, the implementation can be worked out sequentially by means of prioritisation.

						In case the urgencies are equally distributed on the basis of the risks, prioritization on the basis of efficiency is applied.

						The consideration is then: with which scaffolding positions can maximum processing speed be achieved (efficiency º "maximum effect per scaffolding position")

						This can be completed by including the required scaffold location in the installation code as a factor. See tab. [Installation]. 



						Developments:

						In the long term, it is foreseen that digital techniques with so-called layered scans can be used.

						A layer of condition information is then placed on top of the layer with visual information about the asset.

						This will enable more detailed observation with an increased level of trend analysis.

						Because these kinds of developments are not yet "proven practice", they are not included in this best practice. 
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Installation

												Color(Y/N):		Yes

				Phase 1: Section "installation data" for documenting the design.														Section in which the lifetime of the coating is determined.																												A-priori risico bepaling:																						Phase 3: Section with determination of the condition of insulation.										Phase 4: Section "installation condition" with registration of the risk of failure.

				Installation:		(Scaffold-)
Location:		Unit:		Component:		Material:		Corrosion margin:		Processcondition:		Product:		Coating generation:		Design:		Proces & Competence:		Isolation:		LT_Coating:

Geert Henk Wijnants: Explanation:
If no data is available, the most unfavorable situation is assumed.
This is to be able to continue in case of incomplete information. 		Process (skin-) temperature:		Process type:		Insulation type:		Insulation material:		In use since:		Number of wet-dry cycles:		Salt-risk:		Component_Typical:		Remaining life (yr) to normative failure:		Probability of failure:		Health		Safety		Environment		Business (€)		Security		Loss of repu-tation		Public disrup-tion		Present risk		Actual risk; qualitative		Insulation condition:		Weather influence		Level of leakage		Present risk (icw insulation)		Risk; Insulation condition;
qualitative		Control-measure to be applied		Level of risk reduction:		Remaining risk		Remaining risk; qualitative

				H-2010				200		Heat exchanger		C-steel, coated		2.0 mm		Condensate		Tested, proven		Old		Complete		Good plan, Insufficient expertise		Sufficient execution and insufficient maintenance		12.5		60. °C		Liquid		Heat		Pyrogel XT over mineral wool 		1/1/10		100		C1-2		Branches on pipes > DN250 and on vessel walls		7.033087326		Cat3.0 		C		B		C		A						A		36.66666667		Medium		3, Mediocre		Inside-wet		Minor		36.66666667		Medium		1) Visual inspection with unpacking.		99%		0.3666666667		Low

				C-2012				200		Column		C-steel		2.0 mm				Tested, proven		Old		Complete		Insufficient plan, sufficient expertise		Complete execution and maintenance		0		50. °C		Gas		Heat		Pyrogel XT		1/2/16								Unlimited		Cat1.0 				B		C		A						A		0.9777777778		Low		3, Mediocre		Inside-dry		None		0		Very low				?		?		Very low

				Ldg-2"-20.0013				200		Pipeline		C-steel, TSA		1.0 mm		Condensate		Tested, proven						Insufficient plan, sufficient expertise				16.625		60. °C		Liquid		Heat		WRG mineral wool		1/3/16								Unlimited		Cat1.0 				D		C		A						A		9.777777778		Medium		4, Bad		Inside-wet		Mediocre		9.777777778		Medium				?		?		Medium

				Ldg-2"-20.0014				200		Pipeline		C-steel, TSA		1.0 mm						Recent						Insufficient execution, sufficient maintenance		12.6875		60. °C		Liquid		Heat		Cellular glass		1/4/16								Unlimited		Cat1.0 				B		C		A						A		0.9777777778		Low		3, Mediocre		Inside-wet		Minor		0.9777777778		Low				?		?		Low

				Ldg-2"-20.0018				200		Pipeline		SS		1.0 mm												Sufficient execution and insufficient maintenance		0		50. °C		Gas		Heat		Pyrogel XT over mineral wool 		1/5/16								FDM		Cat5.0 				B		C		A						A		1100		High		3, Mediocre		Inside-wet		Minor		1100		High				?		?		High

				H-2013A				200		Heat exchanger		C-steel, coated		2.0 mm														4		50. °C		Gas		Heat		Pyrogel XT over mineral wool 		1/6/16								Unlimited		Cat1.0 				B		C		A						A		0.9777777778		Low		3, Mediocre		Outside		Minor		0.9777777778		Low				?		?		Low

				H-2013B				200		Heat exchanger		C-steel		2.0 mm														0		50. °C		Liquid		Heat		Pyrogel XT over mineral wool 		1/7/16								Unlimited		Cat1.0 				C		D		A						A		9.777777778		Medium		3, Mediocre		Inside-wet		Minor		9.777777778		Medium				?		?		Medium

				T-2008				200		Tank		C-steel		1.3 mm														0		80. °C		Gas		Heat		Pyrogel XT over mineral wool 		1/1/00		100		C1-2		Straight pipes ≤ DN250		-18.89179852		Cat6.0 				A		C										1100		High		3, Mediocre		Covered-wet		Minor		1100		High		3) On streamRT (digital)		99%		11		Medium
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This sheet is adapted to the latest version of the [ToolBP_CUI Management.xlsx].

The approach for one installation part, as detailed in the aforementioned tool, is shown in this tool for a variety of installation parts. Those who want to see the details of the approach can then find them in the "one-asset" approach as present in the marked XLSX.
Those who want to see an approach for a complete system can find it in this view. 

Drag this point downwards in order to  create additional records.



Display

		This tab explains how to record the postion of an asset in order to document its condition related to its position, both aereal as on the asset itself.

		Common presentations are:

		A flat plane presentation with location coordinates from a grid. An example of this is shown below, with "spreadsheet format".

		A three-dimensional representation, in which the flat plane representation is used in combination with a height representation (typically the same resolution, so in this example with steps of 2 meters).

		At asset level, this can be supplemented with the usual classification for inspection purposes.

		For horizontally arranged vessels and reactors, a position on clock hours/degrees, with view direction from (1) access and/or (2) inflow side and zero point from the transition to the neighboring equipment.

		For vertically installed vessels and reactors a comparable position in wind direction/degrees, with view from top to bottom with zero point from the transition to the neighboring equipment.

		For specific equipment such as storage tanks, connection with specific guidelines such as the division from EEMUA 159 (with rings & plates from the construction) offers the most effective design. 



		For high installations, in many cases the height location is practically determined (in connection with accessibility) on the basis of the platform number, counting from the bottom. 



		Below is an example of a flat plane representation. 

		A		B		C		D		E		F		G		H		I		J		K		L		M		N		O		P		Q		R		S		T		U		V		W		X		Y		Z		AA		AB		AC		AD		AE		AF		AG		AH		AI		AJ		AK		AL		AM		AN		AO		AP		AQ		AR		AS		AT		AU		AV		AW		AX		AY		AZ		BA		BB		BC		BD		BE		BF		BG		BH		11		Resolution:

																																																																																																																										12		50 metres /25 squares

																																																																																																																										13		2 metre / square.
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				Example with part of an industrial site. Presentation with one box of 2x2 m². 																																																														Source:				https://earth.google.com/web/@49.52762482,8.42070398,99.54125575a,99.25755935d,35y,126.24522392h,0t,0r

				This resolution makes it possible to register (eg pipelines) with a resolution of 4 square m².																																																																				More detail is possible with a clockwise subdivision into sections 1-4.





https://earth.google.com/web/@49.52762482,8.42070398,99.54125575a,99.25755935d,35y,126.24522392h,0t,0r

NEN-EN 16991

				Risk matrix; Table 3; NEN-EN 16991; 						Voor betekenis van termen, ga in een cel staan.																						Lower limits calc.				POF								Upper limits calc.				POF								Averaged limits calc.						MOTBF

				MOTBF		U_Limit		PoF annual		PoF_U_Limit		Qualitative		Description:				Cat.														<0,000005		0.000005		0.0005		0.05		5				<0,0005		0.0005		0.05		5		500				<0,01		0.01		1		100		10000

		Probability of Failure / Likelyhood		< 1 Year		0. Yr		> 10-2		≤ 1.E+00		Very probable		In a small population*, one or more failures can be expected annually.		Failure has occurred several times a year in location.		5										Very High risk				0.01

Geert Henk Wijnants: Geert Henk Wijnants:
A step with a factor 10 has been applied here for the POF, exactly like the steps in POF when going from 4 to 3 etc.		0.1		1		10		100

Geert Henk Wijnants: Geert Henk Wijnants:
Here a step with a factor 10 has been applied with respect to the related costs, just as when going in the table from B => C etc.				1		10		100		1,000		10,000

Geert Henk Wijnants: Geert Henk Wijnants:
Taken 10 times the value here, just like in the steps from A-D. 				10		110		1,100		11,000		107,500

				1-5 Years		1. Yr		10-3 to 10-2		≤ 1.E-02		Probable		In a large population**, one or more failures can be expected annually.		Failure has occurred several times a year in operating company.		4								High risk						0.001		0.01		0.1		1		10				0.1		1		10		100		1,000				1.7		18		183		1,833		17,917

				5-25 years		5. Yr		10-4 to 10-3		≤ 1.E-03		Possible		Several failures may occur during the life of the installation for a system comprising or a small number of equipment.		Failure has occurred in company.		3						Medium risk								0.0001		0.001		0.01		0.1		1				0.01		0.1		1		10		100				0.3		3.7		37		367		3,583

				25-120 years		25. Yr		10-5 to 10-4		≤ 1.E-04		Unlikely		Several failures may occur during the life of the installation for a system comprising of a large number of equipment		Failure has occurred in industry		2				Low risk										0.00001		0.0001		0.001		0.01		0.1				0.001		0.01		0.1		1		10				0.07		0.73		7.33		73		717

				> 125 years		125. Yr		< 10-5		≤ 1.E-05		Very unlikely		Failure is not expected		Failure has not occurred in industry.		1		Very low
(negligible risk)												0.000001		0.00001		0.0001		0.001		0.01				0.0001		0.001		0.01		0.1		1				0.01

Geert Henk Wijnants: Calculation:
The denominator shows the average step size by which the next average Time To Faiilure has increased compared to the previous one. 		

Geert Henk Wijnants: Geert Henk Wijnants:
Here a step with a factor 10 has been applied with respect to the related costs, just as when going in the table from B => C etc.																		0.10		0.98		9.78		96

				Notes:																A		B		C		D		E				In the area's presented above this line the identified borders for probability & consequences have been used in order to calculate a risk and then relate this with a conditional formatting of the individual cells. This in order to check wether the applied priorities as per qualitative denominiation (low / medium etc.) still prevail when doing the math.

				*  Small population = 20 to 50 items of equipment

				**  Large population = More than 50 items of equipment

				Health		Safety		Environment		Business (€)		Security		Loss of reputation		Public disruption																		Action with respect to risk reduction:

		Consequence of Failure / Likelyhood		Warning issued.
No effect.		No aid needed.
Work disruption.		Negligible impact.		< 10 k€		None		None		None		A		1														Risks negligible.

				Warning issued.
Possible impact.		First aid needed.
No work disability.		Impact (e.g. spill) contained.		< 100 k€		On-site (Local)		Minor		Negligible		B		0.7														Risks acceptable.

				Temporary health problems,
curable		Temporaty work disability.		Minor impact (e.g. spill)		< 1,000 k€		On-site (General)		Bad publicity		Minor		C		0.5														Risk delimitation without specific requirements.

				Limited impact on public health, threat of chronic diseases		Permanent work disability.		On-site damage.		< 10,000 k€		Off site		Company issue		Small community		D		0.3														Risks reducted with a proven factor 10-100 to the "yellow zone"

				Serious impact on public health, life threatening illness		Fatalities.		Off-site damage.
Long term effect.		> 10,000 k€		Society threat		Political issue		Large community		E		0.1

Geert Henk Wijnants: Remark:
This value has been added, based on the previous steps of 0,2.																																

Geert Henk Wijnants: Geert Henk Wijnants:
Taken 10 times the value here, just like in the steps from A-D. 		Onacceptable risk; redesign required.



				Conclusions:																ñ Inspection interval correction factor. Dependant on consequences.

				With the risk matrix as shown, the risk in cost representation corresponds to the risk in color representation in all situations.

				The color rendering has been adjusted, whereby the category > 125 with the highest consequences has now become yellow (= avoid if feasible).

				The argument why a serious impact with the lowest frequency may be yellow is that this reasonable worst case does not occur during the lifetime of the installation.

				The basic principle is that the installation has been designed safely, so that the safety level with a chance of a fatal incident < 10-5 yr-1 is met from the design point of view.

				The apparent discrepancy between TTF and failure probability lies in the fact that the failure probability is assumed to be present within the indicated TTF period.

				(Think of a failure probability of a battery is 10-4 within the lifespan of a battery or TTF of 4 years).

				The failure probability is leading here, since at the moment of expected failure the failure probability increases to 1, which is usually prevented by repair / replacement.

		Explanation of this worksheet:

		This worksheet contains an adapted version of the risk matrix from NEN-EN 16991.
This setup has been validated by the CUI working group (meeting of 8 March 2019).
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Settings

		This tab contains the settings that are applied as default values to determine risks and the degree of risk reduction that are calculated and applied in the [Installation] tab. 																																						Source:		350962295 Williams Evans CUI Paper NACE Calgary 2010

				Elaboration by WCM workingroup NDT Effectivity.		Technique: (For details see API 581 Annex 2-C)																						Update 13 November 2019.												Insulating materials:		Stimulationfactor; effect on corrosionbehavior:

				Method:		1) Visual inspection with unpacking.

Geert Henk Wijnants: Modification:
"with or without" has been chenged towards "with".																								1) Visual inspection with unpacking.		 								Calcium silicate		5		The factors shown are "engineering estimates".
These contain corrections for possible bias due to limitations in literature references.

				A technique has a certain chance of detecting damage.
After assessment, if there is reason to do so, a second assessment follows, in which the condition is assessed by means of wall thickness measurements.
The reliability of that (follow-up) assessment is not included here, since in that case the insulation has already been removed locally; the effectiveness of "seeing through the insulation" is then no longer an issue.				2) On-stream RT (Film)																						2) On-stream RT (Film)		 								Expanded perlite		No data available

										3) On streamRT (digital)																				3) On streamRT (digital)		 								Pyrogel XT		3

												4) Profile radiography																		4) Profile radiography		 								Cellular glass		3

														5) Guided Waves / Long Range UT																5) Guided Waves / Long Range UT		 								WRG mineral wool		4

																6) PEC / PEC Array														6) PEC / PEC Array		 								Mineral wool		5

																		7) In-line inspection (intelligent pigging)												7) In-line inspection (intelligent pigging)		 								Pyrogel XT over mineral wool 		3

																				8) Ultrasonic wall thickness measurement										8) Ultrasonic wall thickness measurement		 										1= inhibiting ; 5 = stimulating.

																						9) UT C-scan mapping								9) UT C-scan mapping		 										Options:		Exp. Corr. Damage.

																								10) Thermography						10) Thermography		 								Stimulation factors and effects.		1		10%

																										11) Neuron Backscatter (for moisture detection)				11) Neuron Backscatter (for moisture detection)		 										2		25%

				Typical:																								Note (regarding typical for technique):				Reference table:										3		50%

				Branches on pipes > DN250 and on vessel walls		A		B		B		B		C		C		B		A		B		D		D						Eff. class:		Red.factor:		Coverage:						4		75%

				Branches on pipes ≤ DN250		A		A		A		B		C		C		B		A		A		D		D						A		99%		100%						5		100%

				Fire-resistant cladding in general		A		A		A		B		D		B		E		E		A		E		D						B		90%		65%						No data available

				Imposition/Support (*)		D		B		A		C		C		E		A		E		E		D		E						C		70%		35%				This table has been completed on the basis of our own interpretation of the results reported in the source.

				Straight pipes > DN250 and vessel walls		A		B		B		B		A		B		A		A		A		C		D		1): by means of corrosion product on support (assumed Ó)				D		30%		5%

				Straight pipes ≤ DN250		A		A		A		A		A		B		A		A		A		C		D						E		0%

				(*): the valuation strongly depends on the type of support		Remark (w.r.t. technique in relation to typical(s))

				Failure criterion:																						Score concerns DAMAGE detection.
Effectiveness score for moisture detection (!preventive!) tbd.														Applicable equipment surface temperature (ºC.).

				Achieving the minimum allowable wall thickness, which creates a risk of perforation and possibly a catastrophic fracture.																				Concerns damage detection.
Moisture detection effectiveness score to be determined (tbc).										Wet-dry riskmatrix				Changes wet-dry (/yr.) >=		≥-273.  °C		≥-4.  °C		≥10. °C		≥50. °C		≥80. °C		≥120. °C		≥175. °C

				Depending on the type of process, the consequences vary.																														Carbon-steel				≥ 0		0		0.3		0.1		0.3		0.3		0.1		0

				The extent to which the risk reduction to be achieved with a technique is sufficient will then have to be examined in the specific business situation.																																		≥ 10		0		0.3		0.3		0.3		0.5		0.3		0

				Basic principles in terms of coverage:																																		≥ 100		0		0.5		0.3		0.5		0.7		0.3		0

				For the coverage of the surface when applying a technique, 100% visual inspection is assumed to determine "hot spots" (risk areas), in addition in the case of the following effectiveness categories:
The next percentages are related to coverage of the hot spots:
Cat.A: 100%; B: >65%; C: >35%; D: > 5%.

																																		Salt riskmatrix				[Salt]		≥-273.  °C		≥-4.  °C		≥10. °C		≥50. °C		≥80. °C		≥120. °C		≥175. °C

												DDR = "Direct Digital Recording", so with the use of digital technology.																								C1-2

Geert Henk Wijnants: Klasse C1 & C2, belasting "Zeer laag" en "Laag":
C1: Verwarmde gebouwen met schone atmosfeer, als kantoren, scholen enz.
C2: Atmosfeer met Iaag milieuvervuilingsniveau, Iandelijk gebied.		Low		0		0.1		0		0.1		0.1		0		0

										C is "Contour", so with a scan all around.																										C3

Geert Henk Wijnants: Klasse C3, belasting "gematigd":
Buiten: Stedelijke en industriële atmosferen, gematigde zwaveldioxide vervuiling.
Kust gebieden met een Iaag zoutgehalte.
Binnen: productiehallen met hoge Iuchtvochtigheid en enige Iuchtvervuiling.		Middle		0		0.1		0.1		0.1		0.2		0.1		0

								RT is "Radiographic Technique", so using a radiation source.																												C4-C5-CX

Geert Henk Wijnants: Klasse C4 en zwaarder ("hoog" en daarboven):
C4: Sterk corrosief, geldt voor alle niet geïsoIeerde objecten.
Buiten: lndustriële en kustgebieden met gematigd zoutklimaat.
Binnen: Chemische fabrieken en zwembaden.		High		0		0.2		0.1		0.2		0.3		0.1		0

						"with or without unpacking"; ensure the difference is clear with critical locations unpacked.

				Table: NDT Effectivity.																														SS_Corrosion				≥-273.  °C		≥40. °C		This concerns the application in the situation with stainless steel 304, 316, 304L and 316L.
For other materials, this is to be determined per material type. 

																																		RVS (304/316 )(L)				0		FDM



																																				Elaboration by WCM working group coatings.										Reference lifetime of coatings:		20.0		TSA lifetime elongation:		Factor 1.8

																																				Option #:		Product		Effect		Design		Effect		Process&people+execution		Effect		Insulation		Effect

				Coating protection time table: as applied in the [Installation] tab. For details see the spreadsheet [ToolBP_CUIManagement(Date).xlsx] .   ð  ð																																1		Tested (= sufficiently tolerant)* and >10 years of experience		0.05		Preservability of object in accordance with ISO 12944-3 and tested by coating expert.		0.05		100% well thought-out and feasible process. Tested by coating expert.		0.1		Complete implementation and sufficient maintenance.		0.1

																																										Ease of acces: accessibility is such that optimal preservation is possible.				Good plan; sufficient expertise.

																																				2		Fully tested and no long term experience		0.3

Geert Henk Wijnants: Update 28 Mar 20:
Changed from 0,1 => 0,3		

Geert Henk Wijnants: Klasse C1 & C2, belasting "Zeer laag" en "Laag":
C1: Verwarmde gebouwen met schone atmosfeer, als kantoren, scholen enz.
C2: Atmosfeer met Iaag milieuvervuilingsniveau, Iandelijk gebied.		

Geert Henk Wijnants: Klasse C3, belasting "gematigd":
Buiten: Stedelijke en industriële atmosferen, gematigde zwaveldioxide vervuiling.
Kust gebieden met een Iaag zoutgehalte.
Binnen: productiehallen met hoge Iuchtvochtigheid en enige Iuchtvervuiling.		

Geert Henk Wijnants: Klasse C4 en zwaarder ("hoog" en daarboven):
C4: Sterk corrosief, geldt voor alle niet geïsoIeerde objecten.
Buiten: lndustriële en kustgebieden met gematigd zoutklimaat.
Binnen: Chemische fabrieken en zwembaden.						Preservability is difficult on 50% of the object.
E.g. Uplifts at supports.		0.75		Good plan; insufficient expertise.		0.5		Sufficient execution and insufficient maintenance.		0,9 (old generation coatings)

																																										Locally untouchable.										0,5 ?(current generation)

																																				3		Incompletely tested but no experience		0.5		Preservability is difficult on >80% of the object.		0.9		Insufficient plan; sufficient expertise.		0.25		Insufficient execution, sufficient maintenance.		0.25

																																						New systems				E.g. Uplifts at supports.

																																										Locally untouchable.

																																				4										Insufficient plan; insufficient expertise.		0.9		Insufficient execution, insufficient maintenance.		0.9

																												Table: Coating duration of protection.



https://www.scribd.com/document/350962295/Williams-Evans-CUI-Paper-NACE-Calgary-2010
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