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Risk assessments

best practices (what / if)

Hoe we industriéle vooruitgang borgen
&
prestaties monitoren

“Aim for the best”
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Achtergrond
-> 2004 E&P equipment engineering Branche vertegenwoordiging
-> 2008 - heden Transportleiding industrie . Velin / Fetrapi / Klip-Klim / Deltalings
- Operationeel beheer & risk management
- Consultant Norm commissie
- Project manager EPC - NEN3655 werkgroep Il integriteit
-> 2020 — heden Shell pipeline Systems . o
Werkgroepen & energie transitie
-> 2006 — heden Zelfstandige
8 - AOMD “modal shift buisleidingen” (RWS / I&W / EZ / RIVM & CBS)
- Pipeline management (integrity / beheer & onderhoud)
- Porthos / Aramis
- Holland Hydrogen | electrolyzer
-> 2019 — heden Docent Pipeliner Msc

- Klankbordgroep buisleiding vervoer (multiphase)
- Operationeel beheer buisleidingen

- Onderhoudsstrategie buisleidingen

Disciplines
Chemie, tankopslag, processing, raffinage, water & warmte
Upstream / midstream / downstream

Nationale & internationale standaards / codes / normen

“Aim for the best”
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RIE

best practices

Aandachtsgebieden
» RIE in BevB & normen

RIE methodieken & complexiteit

Combineren van kwantitatieve data vs. kwalitatieve SME’s
ILI vs. Non-piggables

Borging & herhaling

RIE in de praktijk

Presenteren van resultaten

State of Art

YV VvV YV YV YV V VYV V

Open discussie

“Aim for the best”
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RIE in BevB & normen

BevB ISO EN
> Bijlage 4 lid 3 » 150 14001 > EN 16348
(levensfase conform 5.2.1 NEN 3655) > ISO 19345
NEN
» NEN3656 hfst 6.3 API NACE
» NEN3655 hfst 3.32 » API 1160 > Nace SP0502
» API 580 > NACE SP0208
> API 1173 > NACE SP0206

. American
Petroleum

Institute

AN
N v

Association for
Materials Protection
and Performance

National Association of
Corrosion Engineers




Methodieken en de complexiteit

2003 - 2015
o < 1945
Distribution failure cost Rundown to failure

population pipe failures GU (1972 -1996) av. ~ 100K, § ~ 300K
(1972 -1997) av.~ 80K, S~270K

Risk Index factor (SME based)

>. 1945 - 1960
Preventief onderhoud/TQM

probability
relatively
lagee ?

>
2
=
]
=
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> 1960 - 1970
FMECA (US military & NASA)

> 2014

POF = exposure, mitigatie, weerstand (non SME)

AR B e R >1970 - 1990
: - og failure cos =>
+ RIE simplified B FMECA => RCM

Reliability Centered Maintenance
. CoF

analogy to TQM
o R >1990 - 2010

. Fine & Kinney (R = K x E)
0 R = PoF x Freq x CoF

Total productive maintenance,

Cost based maintenance

Life cycle Cost analyses,

RBI

Risk Assessment & Method Statement

‘zerg” defects

defect elimination

tisk based

+ Kwalitatief vs. Kwantitatief

preventive

fail & repair

. Risk index S £ £
5 RBI 2 = > 2010

Big Data & Business Intelligence

: RIE => future methods
evoiution process
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CoF

Methodieken en de complexiteit

Reactive Strategies

Reactive
failure
history-based
strategy operate
to failure

Reactive & proactive
model-based
strategy
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Reactive strategy Proactive condition-based strategy
operate to failure

uences of Failure, §
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CoF Chemie + O&G

Methodieken en de complexiteit

Consequences

Reputation
-
=
-

Extremely
unlikel

107510 year
1075107 year
10‘-10"ryear
I T -

Very unlikely Improbable Rr:mntE Probable Frequent

1extemal

Isevel - e €
'several 25 million € Intem ational.

Attention

m--mm:m
-EE | $750| $2250| $4500( $15000]

<25 million € |attention/

investigation

N Local media
elease onlofe
Sewere injury |with long <5 million € :Ttentmn.nﬁ- ! Sabotage
clean-up, investigation
Repotaole elsite [<1miliong |-*EME
injury C
First aid Spill =100k

Figure 2 Monetized Risk Matrix
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CoF Non O&G

Methodieken en de complexiteit

Use cost/benefit
decision

@) © (operate to failure/replace)
© Unacceptable!!

(Attend Urgently)

Expected Time To
Impact over three years
(Velocity) -

Highly Likely Medium
Likely Medium
Potential =

m
Not Expected Medium High
Scale of : Brpected Time To
Minor Moderate Serious Severe Impact
p (o

Scale - Company Severity of Impact
3D Risk Assessment Matrix Model

® po nothing
O

(B)

@ Monitor!

Failure Probability (%)

Failure Consequences (Cost)

Risk Matrix Water Quali
PROBABILITY Waternet - total effect Frequency of Failure

Risk Model “m“m X> 100 years [15<X < 100 years) 10<X<15years | 5<X<10years | 2<X< 5years 1<K<2years |0.25<X<1years| X<0.25years

Acute health
parameters

Mon-acute health
parameters

m - - Tl
parameters

Non-conform
Dutch water act

Risk Legend: . Minimal Moderate . High . Imminent No effect
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Number of failures

Methodieken en de complexiteit

Number of Failures vs. Time Distribution Curve

typical life is 15 to 25 years

/’\/\/’-\

20

Time (years)

Failure frequency per 1,000 km-yr

™ External Interference

u Corrosion

m Construction
Defects/Material Failures

™ Hot Tap

™ Ground Movement

w Other / Unknown

=External interference = Construction defect / Material failures Ground movement
= Carrosion ®Hot tap made by error o Other and unknown
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PoF

Methodieken en de complexiteit

Table 44: Steel pipelines - variation of failure frequency by diameter Years: 2010 - 2019

Diameter Estimated number Experience Frequency
of incidents (km-years) (per km-year)

47,0516 6.88£.04

Inudents [km yr] [Inudenis per 1000 km.yr]
13‘2 1961 3 740 D 000
—
1982 - 1966

= External interference = Caonstruction defect / Material [ Ground movement
B Corrosion failure [ Other and unknown
B Hot tap made by error

>6 10 10 27,9135 1.16E-03
>101t0 16 36,004.5 5.82E-04

108,1954 64505
Totalaverage 219,165.0 423604
1992 — 1996 100,593 0070

Bron: Parloc report 6th 2015 (ca. 20.000 km)
Cwwaow |0 | iwam | oo |
197

Table 3: 5-Year Incident Frequency

26.63%

Figure 14: Distribution of incidents (2010-2019)

Bron: UKOPA report 2018 (ca 22.000 km)
Bron: EGIG 11th report

Primary failure
. Number of Total system exposure
Period incid fr 1,000 . o "
-m - = o knl-w equenkc:n'p?e;r \ Ma'e"a| 1%

External corrosion 80%

3
—“
I
T O B B B
o520 [syes [ % [ o7m [ oa |

Relative risk per km per year

Table 1: Primary failure frequencies

Y = Bron: EGIG 11th report (ca. 143.000 km)
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Combineren van kwantitatieve data vs. kwalitatieve SME’s in RIE’s

Levensfasen
- Ontwerp / aanleg / Operatie / end of life

o
A
[N

4
n

o
o
o]

NEN3655 (geparafraseerd)
- De RIE omvat de gehele levenscyclus van de leiding en
ISélSAf?aSIS voor verdere systeemontwikkeling volgens

Incident distribution Incident distribution
Detection 1970 - 2013 2004 — 2013
[%] [%]

Patrol + Contractors + Starr

lure frequency per 1,000 km-yr

F
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ILI & Non-piggables dynamiek

De complexiteit van RIE’s op gediversifieerde asset typen
- Uniformiteit

- Benchmarking in de branche

- Standaardisatie

Environment Strength

- Big data vs. few data Condition
- PoF @ big data & PoF @ few data
- Cof vs impact (multiphase / dense phase etc.)

- Digital twin => why / how

- Bestaat dat wel bij aging assets +40 jr?

/ (D

¥ {4 ‘
P T [T,

=
Jacketed
Pipe
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Borging & herhaling

Incident distribution Incident distribu n
Detection 1970 2013 2004 o
[%] [%]

PROBABILITY
OF FAILURE
(POF)

Failure frequency per 1,000 km-yr

Critical assets require
a scoring
methodology ta

HAGEPRO

$ repairs, ete.

CONSEQUENCE OF FAILURE (COF)

Identifying the consequences of the asset failure is
vital to successful enterprise asset management
implementation. Consequences include: service PLA“ Do

impact, critical users, financial, environmental

impact, soclal impact, etc Identify Threats Conduct Inspections, Testing, Examinations
Identify Potential Impacts to High Consequence Areas Collect Integrity Data

Assess Risk and Rank Segments Collect Performance Data

Develop or Revise an Integrity Management Plan

80 =cd =100
Cover depth [em]

LEAnEn:'I:IlE“ ?
ACT CHECK COMMITMENT
Perform Preventative and Mitigative Activities Review Management of Change (MOC)
Calculate Reassessment Intervals Integrate MOC Information with Integrity and

Performance Data

Review Operator, Industry, and Regulator Learnings,
Recommendations or Advisories

Evaluate Integrity Program Performance
Assess Pipeline Integrity

Perform Program Improvement Activities
Perform Remediation Activities




RIE in de praktijk

Segment Diamete Dia Materiaal wT
lengte [m]) r [inch) [mm])

Route Fipeline
cod

Risicobeheersing

:
2
3

Pipeline Line ID Regio Segment type Segment 1D

reputation
Security
Safety factor
RISK incl.
safetyfactor

w| People (CoF)
v Environment
-

o | SOM (effect)
Wl Effect MAX

: &
E zmsudual Risk|

2Lk E Sdmm
5Tk T A2 mm

wm
L
o
=
=

1(Site N) X Above sail PTN3056 TR11

2" ukESdmm
8Lk T 92 mm
2" ut5Sdmm
8Lk T Hmm
2" ukESdmm
8Lt T Hmm
2" ukE S mm
5w T, Hmm
2" ukESdmm
8Lt T Hmm
2 ukE Sdmm
6Lt T, Hmm
2" ukESdmm
8Lt T Hmm
2" ukESdmm
£ Lt T Hmm
2Lk E Sdmm
8Lt T Hmm
2" ukESdmm
8Lt Hmm
2" ut5Sdmm
8Lk T 92 mm
2" ukESdmm
8Lt T Hmm
2" LB Sdmm
8Lk T Hmm
2" ukESdmm
8Lt T Hmm
2" ukE S mm
6Lt T, Hmm
2" ukESdmm
8Lt T Hmm
2" ukESdmm
8"t T Hmm

1(Site N) 3 SubsS [PH low) PTTE0SE6 TR1.Z
2 [offsite] . SubS [contamn) PTH3056 TR13
2 [offsite] X SubS Rail Cr PTE056 TR1.4
Z [offsite] X SubS PTT3056 TR1S
2 [offsite] X Sub 5 Rail Cr PTE056 TR1G
2 [offzite] 5 SubS [MIC susp) PT13056 TR1.T
2 [offsite] X Sub = Rail Cr PTE0SE TR1E
Z [offsite] X SubS PTT3056 TR1.3
2 [offsite] X Sub S Rail Cr PT13056 TR110
2 [offsite] X SubS PTT3056 TR1 302,55
G loffsite] X Sub S W ater Cr PT3056 TR1.12 327.73
2 [offsite] X Subs PTI3056 TR113 133257
Z [offsite] X Sub S Rail Cr PTT3056 TR1.14 o
2 [offsite] X SubS PTI3056 TR113 63.3
Z [offsite] X Sub S Rail Cr PTT3056 TR1.16 2534
Z [offsite] X SubS PTI3056 TR1TT Ba0.22
1(Site K) X Subs [contam) PTT305E6 TR1.1S 120

2"+ 6" mantel (PIP)

Trono:x 1989 (PIF) (Chloan
PT113056 (PL)
PT113100 (Casing)

2"DCL30-11.3056 (carrier pipe)
B"DCL-30-11-3100 (mantal)
ASTM A333A Gr6 (3.1 B cerificaat)

wlr|lw|r(rlr|lu|lr|w|r || w] ]
[P ISR RN IYVR (PR (SR (PP IO IOP ISR IR O R S U I

Defect/degradatie mechanismen API 571
Leidingen =» 2474 Natrorloag (Vlaetstof) 614" 1 3" 2"

Appl

RISK incl,

Likelyhood
EfetyFa:tnr

Risudual RisK

 jeputation
M (effect)
< fect MAX

-] 7] -]

API 571 hfdst. 4 Algemene

E

= E 4 Security

<]
= | & [T pvironment

Atmosferische Conesie iz gevolg van
Gonasie

o) iy s Materizal e gradatie v Check

leuende organismen z0ais
basterien, sigen of schimmels.
Hetward: vask geassoeieerd
(MIc) met de aanwezigheid van

Microbiologically

. [Induced Corrosion  |conesie Zou kunnen bij ASTM

[ER—p— v | Zou kunnen b AS

Degeneratie van metalen 294,
. |Bodemcorrosie Corrosie KB/ DCVG
Inel. 2uerfstraom ACIDC




Presenteren van resultaten
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State of the Art

The highest level of general development, as of a device, technique, or scientific field
achieved at a particular time (Bron; Wikipedia)

Tabel 3 bijlage 1 BevB

[ External interference = Construction defect / Material [ Ground movement

- 3rd party damage B conesen e
- Mechanical

- Inwendige corrosie

- Uitwendige corrosie
- Natuurlijke oorzaken
- Operationeel en overig

External intarference

Ground movement

| Construction defect / Material failure

Figure 19: Distribution for incidents with leak size rupture (2010-2019) Figure 14: Distribution of incidents (2010-2019)

Years: 1970 - 2019

advanced, new, modern, latest,
what are other up-to-date, avant-garde,
words for newfangled, up-to-the-minute,
state-of-the-art? contemporary, ultramodern

=1 Unknown [ Pinhole/crack [ Hole [ Rupture

g

WORLD CLASS
OPERATIONS EXCELLENCE

INTEGRATED
ASSET PLANNING

OPERATIONS
READINESS =

Fallure frequency per 1,800 km.yr

RISK & ASSURANCE

External inter.  Corrosion  Constr. defect / Hot tap made Other /
Mat. Failure by errar Unknown

HEALTH, HUMAN Cause
SAFETY, ENGINEERING | pesoURCES INANCE
ENVIRONMENT IANAGEMENT

Figure 20: Relationship primary failure frequency, cause and size of leak (1970-2019)




Open discussie
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Dank voor uw aandacht



