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Managing the significant threat of corrosion under insulation
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A hidden killer

= Corrosion Under Insulation is difficult to detect.

= Lack of cost effective non-intrusive inspection
methods.

= The oil and gas industry has never operated under a
standard methodology.

= There is no decision-making tool for managing the
threat of CUI.
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New industry standard driven by industry collaboration

NACE SP0198-2010
(formerly RPO198)
. Ham No. 21084

PNTERNATIONAL

DNV-GL

Standard Practice Corrosion Under Insulation RECOMMENDED PRACTICE

Control of Corrosion Under Thermal Insulation and and Flreprooflng

Fireproofing Materials—A Systems Approach DNVGL-RP-G109

2019

This NACE hluna:lmd standard represents a consensus of those mmwmmmm
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European Federation of Risk based management of corrosion under

Corrosion Publications insulation
Number 55
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Revised Edition
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New industry standard driven

by industry collaboration
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Risk - based management of corrosion under insulation
DNVGL-RP-G109 - methodology description
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CUI process as described in DNVGL-RP-G109

= Use achieved results to update CUI
strategy

= Standardisation and Procedure
development

= Experience transfer

Risk Update

= Ensure and document that the risk
mitigation effect are sufficient

Risk Assessment
= Identify challenge
= Assess risk

= Establish or update plan for risk
management of CUI

Risk Mitigation

= Execute the risk mitigating activity

<V
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CUI barriers Wv

Water on metal surface - Water wetting barrier

Hazards

~N

Degraded coating — Coating barrier

Carbon steel with high corrosion rate — Material barrier

} 9) Insufficient design, thin walls — Design barrier

Losses

8 DNVGL® DNV-GL



Barrier assessment =00 e

Design

Barrier IDOFCUI = f(POFmateriaIl IDOFcoatingl I:)OFwater wetting’s IDOFdesign)

Water
Wetting
Barrier
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Barrier assessment, material

PoF as Function of Temp.

Material
Barrier

Very High

High

Medium

Low

-30 -12 -4 40 50 70 100 110 120 150 175 200 210
Temperature °C
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Barrier assessment,

coating

Coating
Barrier

Age of the coating

NACE SP01981
NORSOK M-501 2010 syst. Temp.
Description system ref ref. area 0-5 6-10
Primer (<50 um) NA NA <602C
Hot Dip Galvanizing (HDG)  |NA NA <2002C
e . L M
Zinc Silicate with top sealer [NA NA <105C
2 layer with zinc rich primer
System 1 M
as first layer (vinyl, ystem NA <80°C
3 layer with zinc rich primer
System 1 VL
as first layer (epoxy, Y NA <802C
Two component epoxy or
. System 7A VL VL
polyester based coating NA <802C
3 layer on epoxy primer (zinc
A/B L
free) System 6 (A/B) (55) NA <802C M
2 layer epoxy coating -45to
System 7 (B/C §S-1/CS-1 VL L
(>350 um) Y (B/C) / 60°C
2 layer epoxy Phenolic / System 6C (SS) §S-2/3/CS- |-45to0 -l -
Novolac System 9 (CS) 3/4 1202C/150
-45to
Fusion Bond E FBE NA CS-2 L M
usion Bond Epoxy (FBE) 602C
Thermal Spray Aluminum -45to
System 2A $S-6/CS-5 VL VL
(TSA) with top sealer Y / 5959C
Air dried silicone or Modified -45 to
" NA SS-4 M
silicone 5400C
Inorganic copolymer or
>100°C to
ti ith aninert NA $S-5/CS-6 L M
coatings with an iner / 6502C

multipolymeric matrix

>35 Comment

insulation.

Not intended to be used as a protective layer under

Ref 1SO 14713-1.

M-501.

Not to be used under insulation according to NORSOK

M-501.

Not to be used under insulation according to NORSOK

M-501.

Not to be used under insulation according to NORSOK

M-501. Need prequalification.

Not to be used under insulation according to NORSOK

M-501.

Not to be used under insulation according to NORSOK

M-501. Need prequalification

Not to be used under insulation according to NORSOK

Ref NORSOK 501.

cracking.

Ref NACE SP0198. Shop application only. Potential for

Normative ref NORSOK M-501.

Ref NACE SP0198. Limited information for this system
available. Testing and prequalification needed.

Ref NACE SP0198. Evaluation based on testing of 2.
generation products, limited practical experience.
Further testing and prequalification needed.
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Barrier assessment,

water wetting

Water
Wetting
Barrier

Climate
Location
Cladding
Insulation type

Drainage

Water exposure

Very High Very High
High Very High
Medium Medium
Low Very Low Low Medium
Very Low Very Low Low Low

Low Medium High

Probability of breach due to workmanship

= Workmanship

= Inspection & Maintenance

= Age

12 DNVGL®
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Barrier assessment, design

Design
Barrier

Nominal [o]} 20 30 STD 40 60 XS 80 100 120 140 160 XXS
pipe size mm
mm/inch
15 | % 21.3 2.77 3.73 ‘ 4.78 | 7.47
20 | % 26.7 2.87 3.91 5.56 | 7.82
25 |1 33.4 3.38 4.55 ‘ 6.35 9.09
32 | 1w 42.2 3.56 4.85% 6.35 | 9.70
A &
40 | 1% 48.3 3.68 Ith respeCt t 10.15
50 | 2 60.3 3.91 8.74 | 11.07
Schedule
65 | 212 73.0 5.16 7.01 ‘ 9.53  14.02
80 | 3 88.9 5.49 | 5.49 7.62 | 7.62 11.13 | 15.24
90 3%  101.6 5.74 574 ‘ 8.08 8.08 ‘ - -
100 | 4 114.3 6.02 | 6.02 8.56 | 8.56 11.13 13.49 | 17.12
125 151.3 6.55  6.55 9.53 | 9.53 12.70 ‘15.58 19.05
150 | 6 168.3 7.1 | 7.11 10.97 | 10.97 14.27 18.26 | 21.95
200 | 8 219.1 635 @ 7.04 | 818 818 10.31 12.70 12,70 1509 18.26 @ 20.62 | 22.01 22.23
250 10 2731 6.35 | 7.80 | 9.27 | 9.27 | 12.70 K 12.70 | 15.09 18.26 A 21.44 | 25.40 | 28.58 25.40
300 | 12 3229 635 f| 838 | 9.53  10.31 14.27 ‘ 12.70 | 17.48 21.44 2540 28.58 | 33.32 25.40
350 14 355.6 7.92 | 9.53 | 9.53 | 11.13 | 15.09  12.70 | 19.05  23.83 | 27.79 | 31.75 35.71
400 | 16 406.4 7.92 || 9.53 | 9.53 12.70 16.66 ‘ 12.70 | 21.44 26.19 30.96 @ 36.53 | 40.49
450 | 18 457.2 | 7.92 || 11.13 | 9.53 | 14.27 | 19.05 | 12.70 | 23.88  29.36 @ 34.93 | 39.67 45.24
500 | 20 508.0 9.53 | 12.70 | 9.53  15.09 20.62 ‘ 12.70 | 26.19 32.54 38.10 44.45 | 50.01
550 22 558.0 = 9.53 | 12.70 | 9.53 - | 2223 12,70 | 28.58  34.93  41.26 | 47.63 53.98
600 | 24 609.6 9.53 | 14.27 | 9.53 17.48 24.61 ‘ 12.70 | 30.96 38.89 46.02 @ 52.37 ‘ 59.54
650 26 660.4 = 12.70 - 9.53 - 12.70
o Il
o[ 7Lz iz |15 95 | LOW with respect to
750 | 30 762.0 = 12.70 | 15.88 | 9.53 - - 12.70
800 |32 8128 1270 1588 | 953 114@SIC) i.g/ 2@ E ‘
850 34 862.6 12.70 | 15.88 | 9.53 | 17.48 12.70
900 36 914.4 12.70 @ 15.88 | 9.53  19.05 ‘ 12.70 ‘
950 | 38 965.2 9.53 12.70
1000 | 40  1016.0 9.53 ‘ 12.70 ‘
1050 | 42 | 1066.8 9.53 12.70
1100 | 44  1117.8 9.53 ‘ 12.70 ‘
1150 | 46 | 1168.4 9.53 12.70
1200 @ 48  1219.2 9.53 ‘ 12.70 ‘

Ref ASME B36 10
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From PoOF to risk assessment

ccccc

Design
Barrier

Water
Wetting
Barrier

24njied jo Ajljiqeqo.d

Consequence of Failure

QRA/TRA or CoF from existing RBI

14 DNV GL©
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Risk mitigation v

Increase knowledge of the

parameters causing the risk
(remove uncertainty)

the risk

{9& Change parameters that cause

= Modifications, maintenance, repair = Analysis, new data, new technology and
knowhow, inspection and monitoring

15 DNV GL®© DNV-GL



Risk reducing effect of mitigation, examples v

Water
Mitigation Material Coating wetting Design Comment
Limited
vt effect
CVI external cladding Short term
effect

CVI under insulation

Refurbishment of coating

) ) Short term .
Coating local repair offect Often reduced quality
. . . Assumed that dry condition is confirmed
Repair of insulation damage and assured
NDT-RT Short term
effect

16 DNV GL®© DNV-GL



Update of risk based on mitigation

Examples of mitigation:
= Permanent removal of insulation

= CVI after removal of insulation,
reinstall insulation afterwards

= RT-NDT of 50% hot spots
= General visual inspection
= Coating repair, spot

= Coating repair, full refurbishment

2J4n|ied jo Ajljigeqo.d

VH

VL

Consequence of Failure

VL

L

M

H

VH
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Implementation - Digital tool
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CUI Manager

CUl MANAGER

NEW VISION
NEW CONTROL
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A systematic approach

DNV-GL

RECOMMENDED PRACTICE EQD *;‘ esign g (0ating
&z [nsulation:type
LD % Material BOIR“‘ l.ESIgn
e Ma EPla (ladding type
Risk based management of corrosion under S S
insulation QEJ Mater:ssliﬁhla Coatlng type
Q5 Z s 1 1RE
'-:a A & o © 53
5 :’ASSET DATA [) ew- Olnt ‘“@“
“;_; l ..;_-:\:‘.'j-‘_ d. =DE]Jew .mnfﬂﬂmDebldn
i =a0mnu \pt g QIR:ML)
< [foatmg age  [nspection history::
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A systematic approach - with many features

DNV-GL

CUIMANAGER

& Home

VERACITY

by DNV GL

Overview

Site: DNV GL Test Site LTP.

Assessment

entries

WI-41710-C

WI-41709-C258

PL-10030-C1B

PL-10019-C3B

WI-41708-C1B

WI-41703-C1B

WI-41154-C25C

WI-41152-C1B

WI-41083-C1B

Planning

Reporting

DNV-GL
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CUI Manager functionalities

= Im p lements the methodol ogy an d CUI ] Rt g bt | g, s

CUIMANAGER
Overview

experiences data from the Recommended

® Asset

Practice R

8 Long Term Plan

Asset Count By Risk Level Show[10_ ] entries
“ - Tag Risk CoF v PoF Insulated ~ Material Equipment Type
i -
) l
& Reporting 0 ‘ 1370-2-GN-525.4.501.D530D-1 M eH oV N 316 Pipe
0 ‘ 1370-2-GN-545.0-583-DS30D-1 M ®H ovL N 316 Pipe
" e ‘ 1370-525:YW-310-1 M oH L N cs Equipment
k2 Strategy y " 1370-525-VW-301-1 M ®H L N cs Equipment
S GDB 1370-2-GN-525.4-501-DC20D-1 M ovL N cs Pipe
1370-2-GN-525-4-502-DC20D-1 M ®H oV N cs Pipe
& Administrs
1370-2-GN-525-4-520-6C20D-1 M oH oV N cs Pipe
Datamanager 1370-2-GN-525.4.520.5C200-1 M eH o N cs Pipe
1370-2-GN-525-4-523-EC20D-1 M ®H o N cs Pipe
1370-1-GN-525.4-573-EC20D-1 M oH oL N cs Pipe

Showing 11610 of 1,310 entries

10l 2 3 4 5 131 Next

©2020 DNV GL - CUI Manager Version: 1.0 (12/08/2020)
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CUI Manager functionalities

= Facilitates structured continuous assessment

and documentation of present and future CUI
risk

DNV-GL

CUI MANAGER

A Horne

o A

T Assessment

)

Long Term Plan

Site: Asset X

Risk vs Time vs Amount - Before Mitigations

LongTermPlan  Clusters  Comparison Tool

Risk vs Time vs Amount - Ater Mitigations

— ey Lo " Mectr o I ey —-— ey Lo o Meurn ogn I Ve,
e 1400
© Views ©
o
SeeTogs  See Tosks
IR EEIE SRS Crcate Cluster from Selection | Create Mitigations from Selection Current Year: 2020
Show[10 | entries Search:
Msterial Coating Design Equipment
Tag Insulated Functional Location System Cluster Risk CoF PoF PoF PoF WW PoF PoF Type
O 1370-8:WF-543-3.370-A510D-1 ¥ 1370-8-VF-543-3-370-A510D 543 Train B 55 L M oL | Pipe
insulated
O 1370-8VF-543-2.370-A510D-1 ¥ 1370-8-VF-543-2-370-A510D 543 Flare 5§ L M oL ! Pipe
insulated
1370-8:VF-543-0-595-A5100 543 Flare 55 L M o | Pipe

O 1370-8VF-543-0-595-A5100-1 ¥

23
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CUI Manager functionalities

= Facilitates prioritisation of most cost and
risk efficient mitigation

DNV-GL

CUIMANAGER

@ Home

© Asset

Y Assessment

& Long Term Plan

Planning

Workpacks
& Reporting

-]

12 Strategy
Sacoe

& Administrator

Dot manager

DNV-GL

CUIMANAGER

Comparison

Long Term Plan

Clusters

ComparisonTool & -

Site: Asset X
© hssat
comntpin Conparisenpian
Y Assessment
" Mewen SAp—— . ko tion Ve on
8 Long Term Plan --———
N Workpacks -
& Reporting -
B 0
o
p— = x = s s 2 o
om0
S coe
200000 200000
@ Adminsttor I
Deta manager i
o o xm mm s ) =
CurentPlan Due Date Cluster Comparison Plan
Rough Cost (USD) Name AlYears & AllCusters Name
770500 i 2020 Train 8 CS insulated o
218500 i 2020 Train 8 S5 insulated v
Mitigauon T
Site: Asset X
Due Date
o or |RCRSREY
Showing 1 to 6 of  entries
=) NDT  NDT  NDT Coat  Coat Ins Ins Ins  New  New
Tag Risk CoF PoF (% ext. aw det. part. scr. Indirect ref. rep. upg. rep. rem. Risk PoF Cost
1370-4-GN-525-3-500-DC20D-1  @VH @H  @VH o O (= O 0 0 o (s 5] al M L 34500
1370-6.GN-525-0-329-6C20D-1  @®H  ®H  @H 0 o 0 C 0 o o M @Vl 23000
1370-2.GN-525-0-501-FC20D-1 @ H M @ o o o u] ) u u a u M M 11500
1370-20.GN-525.0.505-FC20D-1 @®H  @H  ®H 0 u] 0 0 0 a] 0 0 o M @V 57500
13702.GN-525.0-510-FC20D-1  ®H M @ 0 0 0 o 0 0 o (a u] a ) M 11500
1370-12-GN-525.0-515.FC20D-1 eH eH 0 o o o u) o o o a a] o M @Vl 34500

©2020 DNV GL - CUI Manager Version: 1.0 (12/08/2020)

Rough Cost(USD)
770500

218500
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CUI Manager functionalities

Integrate with existing ERP systems and
enables machine learning

25 DNV GL ©® DNV-GL



CUI Manager functionalities

= Build a global data base for shared
experience transfer and improvements

ey

=
(3]
£
e

=
b =
25

ey,

emperafure = -

mperatire

eme
e aggea .
t

3
ﬁ-rﬂ
sk

T St Material what

M

e =
any EmprrAlUR
I : Susrptik ar,
scheme Moltlpmot bt ) ot 22
Fpu] ()

Usiriesors viecis

(ure

':::"'!.l:..-'\ﬂc;’(‘EW[{‘J}; l“l"[" M terla &08

 oating ¢

)

o=
b
[y~

EInpera

ik,
==/ S oies 1m.ate - What*
ERERF VY EEHE”UE "lr? Ot
ESII NV =1 =3 ‘@ puf 111: Jf :-.What
e =T ple i saE OO Be5 o P i "o i
wist £ €0 51 E-—mﬁc_’:g& ﬁf,‘ 3 ﬁ_ﬁ ?\i”"“"’
= Yihat = g D o e ESEQ-r Sigd HSU
R 1l ol T L STt _.—_,':,
£t ] -7 s giS3 = (oating | ;:.‘, e ]
FREicligsoi g(‘*3’%‘/\[ at
54 “Matcmal %QTE w é \at ‘1".2811 Ag B 56 l 1 m ate
B= g hat Wlmti

26 DNV GL®©

DNV-GL



Experience transfer

@

CUI is a common Information sharing The CUI Manager DNV GL will issue
challenge across and learning across will build a global annual CUI learning
geographies and companies and shared database to reports to CUI
industries industries are poor enable learning manager users

across industries
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Increase safety and reduce cost

Allows easy Facilitates assessment

implementation of and documentation of

industry experience and present and future CUI
methodology risk

Increase safety and reduce cost

Developes CUI
knowledge and gives
insights for improved

CUI management

Enables comparison of
mitigation cost with risk
mitigation effect

28 DNV GL®©
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Thank You!

For more information visit dnvgl.com/CUI or please contact us.

Frode Wiggen
Frode.Wiggen@dnvgl.com
+47 91157161

www.dnvgl.com/CUI

SAFER, SMARTER, GREENER

CONFIDENTIAL
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