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* Inspection effectiveness

The ability of the inspection activity to reduce the uncertainty in the
damage state of the equipment or component.

Inspection effectiveness is thus an integral part of a robust inspection
planning methodology.

Inspection effectiveness categories are used to reduce uncertainty in
the models for calculating the POF.

Hazards

N
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Inspection Effectiveness

Table 2.C.2.1 - | ion Effecti c
Inspection Inspection
Effectiveness | Effectiveness | Description
|__Category Description
3 The inspection methods will correctly identify the true damage state in
A Highly Effective nearly every case (or 80-100% confidence).
. The inspection methods will correctly identify the true damage state most of
B Usually Effective | g fime (or 60-80% confidence).
The inspection methods will correctly identify the true damage state about
¢ Fairty Effectve half of the time (or 40-60% confidence)
. The inspection methods will provide little information to correctly identify
o Paorly Effecive the true damage state (or 20-40% confidence).
The inspection method will provide no or almost no information that will
E Ineffective correctly identify the true damage state and are considered ineffective for
detecting the specific damage mechanism (less than 20% confidence).
Note: On an inspection effectiveness category E, the terminology of ineffective may refer to one or more of the
following cases:
1. No inspection was completed.
2. The inspection was completed at less than the requirements stated above.
3. An ineffective inspection technigue and/or plan was utilized.
4. An unproven inspection technique was utilized.
5. Insufficient was to q assess the effectiveness of the inspection.
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Levels of Inspection Effectiveness

« IRE—EEUEENEAIRE - RigAEENESES -
The idea is to obtain some measure of confidence in detecting the potential damage
mechanisms by implementing the specific strategy. Note that these tables are meant

as examples only. (Not GUIDELINE)

- FHBAAVMMERBIEEEEECMLBESMREZEMN (TR ) - L&
BREREINCTIAEE Y (REEREDKE) RESESE IR
Each owner-operator using the tables should review them and customize them as

appropriate to obtain the proper level of risk reduction by lowering the uncertainty
(i.e., improving the confidence level) of the condition of the equipment

&t : APl RP 581
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Levels of Inspection Effectiveness

Table 2.C.2.1 - Inspection Effectiveness Categories

10

Inspection
Effectiveness

A

Inspection
Effectiveness

Highly Effective

Description

Categorz DescriEtion

The inspection methods will correctly identify the true damage state in

nearly every case (or 80-100% confidence).

B

Usually Effective

The inspection methods will correctly identify the true damage state most of

the time (or 60-80% confidence).

Fairly Effective

The inspection methods will correctly identify the true damage state about

half of the time (or 40-60% confidence).

Poorly Effective

The inspection methods will provide little information to correctly identify

the true damage state_(or 20-40% confidence).

E

Ineffective

The inspection method will provide no or almost no information that will
correctly identify the true damage state and are considered ineffective for
detecting the specific damage mechanism (less than 20% confidence).

following cases:

S o L g b

Note: On an inspection effectiveness category E, the terminology of ineffective may refer to one or more of the

No inspection was completed.

The inspection was completed at less than the requirements stated above.

An ineffective inspection technique and/or plan was utilized.

An unproven inspection technique was utilized.

Insufficient information was available to adequately assess the effectiveness of the inspection.
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Equivalent relationships

« If multiple inspections have been performed, equivalent
relationships are used for SCC, external damage [external chloride
stress corrosion cracking (ExtCISCC), external chloride stress
corrosion cracking under insulation (CUI CISCC)], and HTHA.

* Inspections of different grades (A, B, C, and D) are approximated as
equivalent inspection effectiveness in accordance with the following
relationships.

a) 2 Usually Effective (B) Inspections = 1 Highly Effective (A) Inspection, or 2B = 1A.

b) 2 Fairly Effective (C) Inspections = 1 Usually Effective (B) Inspection, or 2C = 1B.

c) 2 Poorly Effective (D) Inspections = 1 Fairly Effective (C) Inspection, or 2D = 1C.

NOTE 1 Equivalent inspection values are not used for thinning and external corrosion DF calculations.

NOTE 2 The equivalent higher inspection rules shall not be applied to No Inspections (E).

11 DNV®© 30 JUNE 2023
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Thinning vs. Inspection Effectiveness

The uncertainty in the corrosion rate varies, depending on the source and
quality of the corrosion rate data. For general thinning, the reliability of the
information sources used to establish a corrosion rate can be put into the
following three categories:

 Low Confidence Information Sources for Corrosion Rates —Sources such as
published data, corrosion rate tables and expert opinion.

« Medium Confidence Information Sources for Corrosion Rates —Sources
such as laboratory testing with simulated process conditions or limited in-
situ corrosion coupon testing.

« High Confidence Information Sources for Corrosion Rates —Sources such as
extensive field data from thorough inspections.

Table 4. 5—Prior Probability for Thinning Corrosion Rate

Damage State Low Confidence Data Medium Confidence Data High Confidence Data
Prot” 0.5 0.7 D.B
Pry3" 0.3 0.2 0.15
Frp 1™ 0.2 0.1 0.05
12 DNVO 3
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Thinning vs. Inspection Effectiveness

Thinning DF calculations are based on the probability of three damage states
being present. The three damage states are defined as:

« Damage State 1—Damage is no worse than expected, or a factor of 1
applied to the expected corrosion rate.

« Damage State 2—Damage is somewhat worse than expected, or a factor of
2 applied to the expected corrosion rate.

« Damage State 3—Damage considerably worse than expected, or a factor
of 4 applied to the expected corrosion rate.

13 DNVO 30 JUNE 2023
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Thinning vs. Inspection Effectiveness
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Table 4. 6—Conditional Probability for Inspection Effectiveness
Conditicnal Probability E—HNone or D—Poorly C—Fairly B—Usually A—Highly
of Inspection Ineffective Effective Effective Effective Effective
Cogi™ 0.33 0.4 0.5 0.7 0.0
Co 5" 0.33 0.33 0.3 0.2 0.08
Co 3" 0.33 0.27 0.2 0.1 0.01
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LolE Example for General Thinning

Inspection Inspgcﬁon : : : : :
Cateqor Effectiveness Intrusive Inspection Example Non-intrusive Inspection Example
gory Category
For the total surface area: For the total surface area:
N (o)
>50 % visual examination (partial internals éORO % UT/RT of CMLs
A Elgclegc?il\i/e flilngved) For selected areas:
o .
>50 % of the spot ultrasonic thickness éOR/C’ UT scanning
measurements 10 % profile radiography
For the total surface area: For the total surface area:
N (o)
>25 % visual examination >75 % spot UT
Usually OR
B . AND . .
Effective >25 % of the spot ultrasonic thickness gi 7% UT scanning, automated or manual
measurements >5 % profile radiography of the selected area(s)
For the total surface area: For the total surface area:
>596vBuaIexanﬂnaﬁon. >50 % spot UT or random UT scans
C Fairly Effective AND (automated or manual)
y c . OR
>5 % of the spot ultrasonic thickness , ,
measurements random profile radiography of the selected
area(s)
Poorl For the total surface area: For the total surface area:
D ) <5 % visual examination without thickness o '
Effective measurements >25 % spot UT
E Ineffective Ineffective inspection technique/plan was Ineffective inspection technique/plan was

utilized

utilized

15 DNV© 30 JUNE 2023
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LolE Example for Amine Cracking

Inspection IO : : : : :
C Effectiveness Intrusive Inspection Example Non-intrusive Inspection Example
ategory C
ategory
Highl For the total weld area: For the total weld area:
A Eff:egct'ye 100 % WFMT/ACFM with UT follow-up of 100 % automated or manual ultrasonic
v relevant indications scanning
For selected welds/weld area:
= | dweld I , >75 % automated or manual ultrasonic
Usually or selected we s/we. area: scanning
B Effective >75 % WFMT/ACFM with UT follow-up of all OR
relevant indications AE testing with 100 % follow-up of relevant
indications
For selected welds/weld area:
For selected welds/weld area: >35 % automated or manual ultrasonic
C Fairly Effective |>35 % WFMT/ACFM with UT follow-up of all  |scanning
relevant indications OR
>35 % radiographic testing
For selected welds/weld area:
Poorl For selected welds/weld area: >10 % automated or manual ultrasonic
D Effect'ye >10 % WFMT/ACFM with UT follow-up of all  |scanning
v relevant indications OR
>10 % radiographic testing
E Ineffective Ineffective inspection technique/plan was Ineffective inspection technique/plan was

utilized

utilized

16 DNV© 30 JUNE 2023
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LolE Example for CISCC

Inspection IO
X Effectiveness Intrusive Inspection Example Non-intrusive Inspection Example
Category
Category
Highl For the total surface area: No inspection techniques are yet available to
A Effegcti\>//e 100 % dye penetrant or eddy current test with |meet the requirements foran "A" level
UT follow-up of relevant indications inspection
For selected areas:
= | d . 100 % automated or manual ultrasonic
Usually or selected areas: . scanning
B Effective >65 % dye penetrant or eddy current testing OR
with UT follow-up of all relevant indications AE testing with 100 % follow-up of relevant
indications
For selected areas:
For selected areas: >65 % automated or manual ultrasonic
C Fairly Effective |>35 % dye penetrant or eddy current testing  |scanning
with UT follow-up of all relevant indications OR

>65 % radiographic testing

For selected areas:

For selected areas:
>35 % automated or manual ultrasonic

D EE]‘ZCCD’E'Iye >10 % dye penetrant or eddy current testing  |scanning
v with UT follow-up of all relevant indications OR
>35 % radiographic testing
E Ineffective Ineffective inspection technique/plan was Ineffective inspection technique/plan was

utilized

utilized
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LolE Example for External Corrosion

Inspection IO
Effectiveness Inspection Example
Category Category
A Highly Visual inspection of >95 % of the exposed surface area with follow-up by UT,
Effective RT, or pit gauge as required
B Usually Visual inspection of >60 % of the exposed surface area with follow-up by UT,
Effective RT, or pit gauge as required
. . Visual inspection of >30 % of the exposed surface area with follow-up by UT,
¢ Fairly Effective RT, or pit gauge as required
D Poorly Visual inspection of >5 % of the exposed surface area with follow-up by UT,
Effective RT, or pit gauge as required
E Ineffective Ineffective inspection technique/plan was utilized

18 DNV© 30 JUNE 2023
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LolE Example for CUI

Inspection Inspgction : :
Cateqor Effectiveness Insulation Removed Insulation Not Removed
gory Category
For the total surface area: For the total surface area:
100 % external visual inspection prior to 100 % | vicual inspecti
removal of insulation 6 external visual inspection
AND
AND : : 100 % profile or real-time radiography of
Highly Remove 100 % of the insulation for damaged
A . damaged or suspect area
Effective  |or suspected areas AND
AND : o)
100 % visual inspection of the exposed surface Follow—'up of corroded areas with 100 % visual
area with UT, RT, or pit gauge follow-up of the inspection of the exposed surface with UT, RT,
selected corroded areas orpitgauge
For the total surface area: For the total surface area:
100 % external visual inspection prior to 100 % external visual inspection
removal of insulation AND
Usuall AND Follow-up with profile or real-time radiography
B Effecti y Remove >50 % of suspect areas of >65 % of suspect areas
ectVe laND AND

Follow-up of corroded areas with 100 % visual
inspection of the exposed surface area with UT,
RT, or pit gauge

Follow-up of corroded areas with 100 % visual
inspection of the exposed surface with UT, RT,
or pit gauge

19 DNV© 30 JUNE 2023
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LolE Example for CUI (continue)

Inspection Inefpreediel : :
C Effectiveness Insulation Removed Insulation Not Removed
ategory C
ateqgory

For the total surface area: For the total surface area:
100 % external visual inspection prior to 100 % external visual inspection
removal of insulation AND
AND Follow-up with profile or real-time radiography

C Fairly Effective [Remove >25 % of suspect areas of >35 % of suspect areas
AND AND
Follow-up of corroded areas with 100 % visual |Follow-up of corroded areas with 100 % visual
inspection of the exposed surface area with UT, |inspection of the exposed surface with UT, RT,
RT, or pit gauge or pit gauge
For the total surface area: For the total surface area:
100 % external visual inspection prior to 100 % external visual inspection
removal of insulation AND
AND Follow-up with profile or real-time radiography

D Poorly Remove >5 % of total surface area of insulation of >5 % of total surface area of insulation

Effective  |including suspect areas including suspect areas

AND AND
Follow-up of corroded areas with 100 % visual |Follow-up of corroded areas with 100 % visual
inspection of the exposed surface area with UT, |inspection of the exposed surface with UT, RT,
RT, or pit gauge or pit gauge

E Ineffective Ineffective inspection technique/plan was Ineffective inspection technique/plan was

utilized

utilized

20
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LolE Example for CUI CISCC

Inspection Ingpeeien
b Effectiveness Insulation Removed Insulation Not Removed
Category
Category
For the suspected area:
5 ) . : :
. 1007 external V|s.ual Inspection prior to No inspection techniques are yet available to
Highly removal of insulation . e
A Effective  IAND meet the requirements foran "A" level
>100 % dye penetrant or eddy current test with Inspection
UT follow-up of relevant Indications
For the suspected area:
5 . . : :
100 % eXteF”a' V|s.ual Inspection prior to No inspection techniques are yet available to
Usually  [removal of insulation : g
B . meet the requirements fora “B” level
Effective  |AND inepection
>60 % dye penetrant or eddy current testing P
with UT follow-up of all relevant indications
For the suspected area:
5 . . : :
rleorgo/f/aeixéﬂrr:;l”\g;%ar: inspection prior to No inspection techniques are yet available to
C Fairly Effective meet the requirements fora “C" level

AND
>30 % dye penetrant or eddy current testing
with UT follow-up of all relevant indications

inspection

For the suspected area:
100 % external visual inspection prior to

No inspection techniques are yet available to

D Ezz(z[ilze fl{lnDoval of insulation meet the requirements fora “D" level
>5 % dye penetrant or eddy current testing inspection
with UT follow-up of all relevant indications

E Ineffective Ineffective inspection technique/plan was Ineffective inspection technique/plan was

utilized

utilized




SCC DFs vs. Inspection Effectiveness
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Risk mitigation activities

« Reduce the probability of failure

« Equipment Replacement and Repair

« Equipment Modification, Redesign, and Rerating
« Fitness-for-Service Assessment

« Reduce the magnitude of consequence

« Mitigate the primary source of consequence

« Emergency Depressurizing

« Modify Process

« Reduce Inventory

« Emergency Isolation

« Blast-Resistant Construction

23 DNV© 30 JUNE 2023
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. &B108 (Liquid penetrant Testing, PT)

o fagmirigRl (I\/Iagnatic particle Testing, MT)
- HBEREH (Ultrasonic Testing, UT)

- B&RE#HI (Visual Inspection, VT)

o HYERTS /ﬂ (Radiographic Testing, RT)

- @M (Eddy Current Testing, ET)

« #I9MR1EHI (Infrared Thermographer, IR)
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Liquid Penetrant Testing
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1. Flaw filled with oil/
dirt/ other material

3. Application dye
penetrant

5. Application developer

2. After effective pre-
cleaning

4. Removal of excess
Penetrant

6. Defect indication
revealed
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Magnatic particle Testing
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Ultrasonic Testing
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Visual Inspection
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Radiographic Testin
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EdE:y Cu rrent Testing
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Infrared Thermographer
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Capabilities of NDT

Comimson Examination Methods Used Lo ldentify [Nate (1]

Common Examination Methods Used toldentify [Note (1))
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Condition monitoring locations, CMLs

- B LETERBELUGERNEER
Designated areas on piping systems where periodic examinations are
conducted in order to assess the condition of the piping.

« CMLEI B2 — (B S {EtmER: - mAFAERBIBRERINSEEERIN -
One or more examination points and utilize multiple inspection
techniques that are based on the predicted damage mechanism(s).
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APl 570 Guidance (5.6.3) CMLs

- CMLEIEFMUE IFERAIES - BERMSCEEIANRUER
A decision on the type, number and location of the CML" s should consider
results from previous inspections, the patterns of corrosion and damage
that are expected and the potential consequence of loss of containment.

- B3 F . MMREXDEFENSIITE - ERE|—RECMLETHRRS TN - B
Lt - 199EMERIVREN - MEEBKR LogERERE - FULEoIsEFEZERINY
CML -

In theory, a circuit subject to perfectly uniform corrosion could be
adequately monitored with a single CML. In reality, corrosion is seldom
truly uniform and in fact may be quite localized, so additional CMLs may be
required.

« CMLEE1E
Inspectors must use their knowledge of the process unit to optimize the
CML selection for each circuit, balancing the effort of collecting the data
with the benefits provided by the data.
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CMLs Allocation
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CML

44

Location

Upstream Limit of
Mainpipe

Upstream Limit of
Branch Pipe

Mix Point Fitting
Crotch Areas of Mix
Point Fitting

1 Pipe Diameter
DS of Mix Point

2 Pipe Diameter
DS of Mix Point

5 Pipe Diameter
DS of Mix Point
First Change of Direction
DS of Mix Point
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Risk Based Inspection
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Ref. INSPECTIONEERING JOURNAL-A Discussion on the Piping Thickness Management Process
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