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Third party damages of offshore pipeline
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Abstract- Risk assessment is established to assist authorities inillustrated by the histical data that the external interference
determining the priority of maintenance using risk which (389) is a significant contributor to potential pipelines failures
integrates both safety and failure. An _ efficient pipeline risk_ followed by corrosion (36%). Most common factors of outside
assessment _should _be _able to characterize and calcqlate th_e riskiorce or third party damage are from impact and offshore
associated withthe pipeline. Unfortunately, the calculation of risk anchoring activitiesThe cosequences of any pipeline failure

requires knowledge about the probability of failure and the . . he Iif f . d
consequence of failure. Both of which are difficult to estimate and may cause a serious impact to the life safety, environment an

in practical, the system under analysis cannot be characterized €CONOMy. In order to mitigate the severity of pipeline
exactly. Numerical or objective data are often inadequate, highly consequences, regular inspection and maintenance are crucial.
uncertain and sometimes not available to perform calculations. However, maintenance activities can repregsa significant
To deal with this kind of situation effectively and consistently, a cost as pipeline may cover large distances, often located in
rigorous method of quantifying uncertainty using provided data  jnaccessible areas and aging pipeline system incurred more
is nealed as well as to update existing information when new majintenance frequency. Thus, risk assessment is established to
knowledge and data become available. assist authorities in determining the priority of mairgnce

In this paper, a probability analysis model of offshore pipeline using risk which integrates both safety and failure. There are
failure due to third party damages is presented. The interaction several researches were conducted in developing framework
between ship anchors, dropped dbcts and fishing gears are tg gnalyze risks connected to pipelif®g]. Nevertheless, the
discussed. Bayesian networks model is proposed to determine the ;¢ significant drawback of existing frameworks for pipeline
probability of third party damages to subsea pipelines. To g assassment is that they have not been performed from a
generate the probabilities of different kind of nodes in a Bayesian . - .

causal perspective as a proper risk assessment requires a

network, a systematic probability appoach is proposed withan o ) .
emphasis on eliciting the conditional probability tables with Nolistic outlook that embraces a causal view of intemested

multi-parents. The UK PARLOC database and DNV reports €vent.
were used for the work. The paper concluded that Bayesian
Network is a superior technique for risk analysis of pipehe
failure. It is envisaged that the proposed approach could serve as
a basis for decision making of pipeline maintenance.

Constructio
damage
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|. INTRODUCTION

Oil and gas transmission pipelines are demonstrably s: Materia
and reliable means of transporting hydrocarbons. This is d failure
to the combination of good design, materials and operatil 13%
practices. The material used to design a pipeline is basice

for them to opeate under severe stress condition. However, Fig.1, Offshore pipeline failure causes
diverse unavoidable factor may lead to pipeline failure as the
limiting stress condition is achiev§]. In spite that, engineering problems are subjected to

. S o significant uncertainty which is an inseparable part of real
Review of historical subsea pipeline incident data and tyes |4 systems. It is necessary to be able to represeat and

literature summarizing pipeline failures suggest that failurgy,nage the uncertainty in a consistent manner. Furthermore,
causes can be grouped into four categdBe8]. Fig. 1 shows .in the decision making process, the uncertainty related to

the distribution of offshore pipeline failure causes. It '§ystem assumptions is sémendous importance. It is as
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important to be well accounted for in thalculation of risks posterior probability of A given B as it is derived from the
as the degree of uncertainties and their dependencies miggdcified value of B. Whereas,(BJA) is the conditional
influence the assessed risjg]. Several approaches beingprobability of B given A. P(B) is callegorior or total
developed to represent and express uncertainties in riglobability of B and it is the one that provides evidence of
assessment for pipelinailure such as fuzzy logif9] and interest for the probability update of A.

Bayesian statistichl]. Yet, in practical risk assessment, the Bayesian networks can as well be transformed to a valuable
most common approach to treat the uncertainty is ba/ Y

probabilistic approach, itheir Bayesian formulation for the . ecision model called influence diagrams which are highly

treatment of rare events and poorly known process typical Itgr)iﬁg‘venel?vv?ﬁ(sd?/lvsi;ﬁn t\r/\r;gkg dg diggzcjsﬁgé'en tCOZEIStﬁa?:IeI
high-consequence technologig®]. yPes, y

decision nodes and utility nodes. Decision nodes correspond
. B N to controllable decisions that have an effect on y&em.
- BAYESIAN NETWORK Utility nodes on the other hands represent criteria for making

Bayesian Networks (BN) is a probabilistic graphical modéthoices and are used to assign values to particular outcomes.

for a set of variables A={A...Aq}, which consist of |yfyence diagrams can be built and manipulated using
qualitative and quantitative components. Qualitatively, a Byrogram package such sigin Expert The outcome of an

is formed from the variables together with the directed edggs) ence dagram includes the marginal probability
or arcs. In the model, each node represents a variable (discgglgipytion of all variables in the domain and the expected
or continuous) thiecan be in one of a finite state. Meanwhile yjjjities for the decision. If evidence is observed and
the arc linking two variables designate causal or influentiglonagated, expected utilities for the decision variable will be
relat.|o.nsh|ps between them. The structure of the BN Smputed and updated. Thus, afitience diagram provides a
epr|'C|tIy represents the depepdence and mdepende%amic decision tool presenting the optimal strategy,
relationship among the set of variables possibly conditional on a set of knowleddé].

As the structure is defined, the strength of relationships
among the variables can be achieved from the joint probability
distribution of all the variables numericalls)hichrepresents a
BN. The probability of independencies among the model canA risk based ranking of pipeline gment is valuable to
be desdbed efficiently by this distribution. Each variable inassist authorities in determining the priority of inspection and
the graph has an associated probability distribution (Paintenance of pipeline. The common method reported from
conditional on its direct predecessors (parents) also knownthe literature to quantify the risk is by applying the risk formula
conditional probability table (CPT). of;

Il. RISk ASSESSMENT USINdBBN MODEL

Conditional independence implies dueatzsence of an arc Risk= probability of failure x probability of consequences
between two nodes. However, by taking into account the . thod h d . the risk into tw
distribution of its parents, the conditional probability of a nod IS metho owever, decomposing the Tisk into two

can be determined. By implementing the concept, it is th&gmpoTertl)ts ag;ﬂ SO ;S t_?hecljjntu_alrtgmUesl. I\I/Iore;:ot\éer, th? \tl)?lue
possible to specify the joint probability of the entietwork can only be obtained with detailed analysis of the vanables

structure. The relationship can be calculated by applying tHEVOIVed'

chain rule for Bayesian networks. A unigue joint probability In this paper, the suggestedsk assessmentis by
distribution of the entire network over all the variables is giveguantifying the risk in causal analysis. This approach treats a
by the product of conditional distributions attached tohearisk as an event that can be characterized by a causal chain

nodeas in Eq. (1): involving (at leas{13] :
00 MM b 603”]00[ Q6 0 i Q) 1 The event
At least one consequences event that charact¢hise
The probability statement of model parameters is made up impact
from some initial or prior belief (probability) about an event. ¢ One or more initiating event
Once new information on_evideneeé_nt is observed, the state One or more control events which may stop the
of knowledge of the prior probability can be updated by initiating event from causing the risk event

calculating revised probabilities which also known as posterior
probabilities. In general, this rule is a repeating process about
an event A given information about evénevery time new or

additional evidence/information becomes available. The EWith the causal perspectives approach suggested, a risk is not

One or more mitigating events which may help avoid
the consequence event

(2) is given as: treated as a single event but by a set of event.
_PBIAPA) 2
P(AIB) = P(B) @ IV. THIRD PARTY DAMAGE
The term P(A) is called prior or marginal probability of A. ~ 1 h-Padty damage” is known as

It is prior in the sense thatpredicts any information about B Cts of man and includes all agties not directly related to the
and this is wht causes all the argument/AB) is called the PiP€line of study. Three possible hazardous scenariosityat
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Fig 2,Proposed Bayesian network model for section 1.

threaten the pipeline are dropped object, anchoring and fishisugd impact on the pipeline. The potential consequences due to
activities. pipeline damages are loss of lives, oil spillage, production loss
and repair. The amount of oil spill also depends on the sticces
Dropped object is the event where an object can be lost frarhproduction shutlown operations; meanwhile, loss of lives
vessels. The most frequent incident in the open sea is the bspends on the success of operations to evacuate victims
of container from commercial ships crossing the pipelingéuring the event.

route. However, only a small fraction of containers sunk due_l_h work is th ded int il di b
to heavy load or to a lack of water tightness while others will € network Is then expanded Into an Influence diagram by
stay floated14]. Thus the risk of this dropped object can béntroduc!ng decision nod_e and ut|!|ty functions thher _
neglected. qurma_tlon for the potatial bene_flts and enabling tHeo i |
estimation of expected total co§iven the outcome state of
Fishing activities on the other hand, threaten the pipelicepi | I °, a value node of ‘“envi.
which mainy due to bottom trawling. Load fromthe trawlgeag i ven t he outcome state ‘1 o0s
is associated with prompt impact, subsequent overdraw ‘oc o mpensati on and | oss of rep
hook up. Yet, experience with numerous offshore pipelinesinhe out come of *‘pipe damage’
the North Sea show that fishery and offshore pipelines can eceferring to production and cost to repair damage is created.
exist safely as protealepipeline can withstand trawl gearAll the value nodes are introduced to estimate the total
interaction[15]. expected costsaa function of the decision dendte as ‘ t of

Despite that, historical data shows that 22/96 Ieake%oé5 - T Is éhenstransforraed into BN modes &
incidents were caused by anchor impf]. Thus, only 9.
anchoring activities are considered in this study. The major
cause leading to drop of anchor is unplanned or emergency ]
anchoring as planned anchoring is made in authorized areas of V1. APPLICATION EXAMPLE: NORD STREAM
pipeline absent. PIPELINE

The possible damage induced by an external impactésibas In this section, the utilization of developed BN model
on deformation level of the pipeline at the end of interactiditamework is discussed based on exanpl Nord Stream
procesg14]. This deformation occurs depend on the impagtipeline interaction with ships along the Baltic $®zolving
energy towards the pipeline. Throughout this study, impafive countries Russia, Sweden, Geamy, Finland and
energy was used to defidamage of pipeline asachpipeline Denmark[17]. The properties of the pipeline sectionith
has its owrcharacteristics high density ship traffigvere defined as in Table 1.

V. ANCHOR-PIPELINE INTERACTIONS SCENARIO TABLE 1, TOTAL EXPECTED COST PR EACH SECTION

There are three types of ships possibility will pass throu ipeline|| Section| No of ship passing (per year)
the pipeline in open sea which are commercial shipsgection length

engineering ships and fishings®l. The weight of anchor is . . .
depending on the type of ships and it then affects tite (km) ship ship ship
probability of impact energy. Impact on pipeline happe gl 10 400 805 775
when ship’s engine crossing2thr|doagh|[1800p| 1969 i n|e86G s npt wo
Subsequently, anchor is dropped under emergencytmmdi || 3 10 790 2180 |[ 920
Damage to a subsea pipeline is integrated by impact energy

Fishing | Commerciall| Engineering
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The proposed model shown in Fi@ is used and the present within this cloud. The outcome of the event is often
methods for CPTs elicitatiorasre discussed. Fdwo states difficult to predict accurately. It may be assumed in major
evens, conversion of Boolean operations (disjunctierand release events;10% of these events the gas release will ignite
conjunctionA) into CPTds applied. Disjunction is applied for [18].

node ship passing artgpe of ships ghip passing = fishing L : e
vessel v engineering ship v transport $has in Fig. 3 fThe number of fatalities is estimated based on quantification

oo ! . . . . . of societal risk resudtd fromthe consequences analysis of the
indicating 1 is shi assing and 0 is ship not passing.. L .
Meanwh?le conjuncF)tioFr)1 is a?pplied for nodepship [fassing1 ird party ac_t|V|_t|es (dropped object, droppgd a]_mtlragged
engine anél emergency anchor (emergency anchshig Inchor and fishingleportedfor subsea gas pipelif&5]. The

. . PR ; societal risk result was plotted oANFcurves and it is useid
g?irswg\diggme) as shown in Fig.with 1 is anchor drop and develop the CPT for noddoss of lives. It is demonstrated

from the report that the level of risk is broadly acceptable when

= = compared with agreed risk tolerability criteria.

ol — —— In determining the cost valuation of human life, several
Chingyemsell _Paming MNotpassng Eaect Ofermn approaches have &e proposed. These include Willingness to
ommerdal... Passing Mot passing Passing Mot passing Passing Mot passing Passing Not passing . . .

T = = : : . : : ~ pay (WTP), Value of statistical life (VSL), the CSllue and

Human capital approadt9]. For this examplethe valuation
of loss of life is estimated from work done [30]. They
suggested that for developed countries, the average value of a

Fig.3 Disjunction CPTs of fishing vessel, engineering ship and
transport ship

Edt_Funcoars View E= statistical life according to Life Quality Index and macro
Emergency anchor economic valuation is ifbetween £ 0.8 M- £3.3 M. The
Ship_passing Passing Naot passing . . . . ™ .
Engre Work Fai Work Fai guantitative inputs for congmsation cost utility nodis £11.2
o ; ; ; | Million, £27.9 Million and £83.7 Million for 16 fatalities, 7
Fig.4, Conjunction CPTs for emergency anchor. 15 fatalities and 185 fatalities respectively.

. . . .. To simplify the model, damage to environment is measured
The CPTs for impact energy and pipe damage are e"c'tSHIy in tgrr];ys of oil spill volu?nes. Both minor amdajor

a_ccol_rdlng t‘: hl[stor'?ll\lssglzf{g? recomtmder;deg plr:a_lctlé:e f?élease scenarios may give an impact to the environment. The
PIpeline protection, . presente ¥18]. 9. pollution from the spillage affects the esgstem in the water,
shows the proba_blllty of impact energy given a"me'.ght shoreline environment, sea birds and fishes. The
based on the_hlstorlcal data proposed for a p'Pe"”‘? WiBhvironmental consequences are usually expressed as-clean
normal protection requirement. T_he damages to the p|peI|UB efficiency o estimated time for achievement of full
are classified and defined according 5] report as follows: recovery of the affected area. The estimation of cleanup costs

i. No damage. for oil spill is according to average cleanup cost per tonne
ii. Minor damage: no repai required and no spilled based on analysis of oil spill cost data from the OSIR
hydrocarbons release. International Oil Spill dat§21]. From the report, the average
i. Moderate damage: repair required but not leads @eanup cost is £ 5281.38 p@nne for Europe region. The
hydrocarbons release. cleanupcost is £41.2 Million for minor spill, £47.5 Million for

iv. Major damage: damage leading to release dhajor spillage and £80 Million in case of catastrosimid.
hydrocarbons. Immediate stop of pipeline operation Lastly, the damage cost which is the summation of

andt_to be rgrt)alred i thde plge ml rup(tjured. Da(’“agproduction loss and pipeline repair cost is evaluated. The
section need to removed and replaced. assumption value is found from the evaluation don§2gy.
Both costs have been assumed to be lineathbted to time

Edt Functons Vien Ed] taken for repair. In this assumption, material cost for repairs
| Impact_energy | have been neglected. The estimated costs are as follows:

Anchor_weight 0 tonne 2-8 tonnes 8-12 tonnes *12 tonnes
0 kI
<100 kI
100-200 k1
200-400 kI 0.4 U o
1400-800 kJ 0.1 0.7 0.3

300k o g E p7 It is assumed to repair a moderate damage is up toyk6 da
Fig.5, Probability of impact energy given anchor weight. (clamp repair) and for large damage (newspool piece installed
using mechanical connectors) 30 days is required. Addition of
From thestate of pipelineconsequences due to the failured days vessel mobilization has been assumed for every case.
are assessed. In pipeline riiiie zone, releases of The damage cost for moderate and major event is £39.9
hydrocarbon may endanger third party personnel. In this casgillion and £693 Million, respectively.

only major release scenarios (rupture) may threat the ) )
personnel. The personnel here is refers to the cresv a The BN model is analyzed and the total cost incurred for

passengers of vessels operating in the vicinity of a pipelif@2Ch section is shown in Talfle From the data used in this
Ignition will only occur if the gas above the sea surface Example, the major contnb_utor to the expected cost of failure
flammable concentration and possible ignition sources dieProduct losses and repair cost with 90%, &% 85% for

9 Loss of production £ 2 M per day
1 Repair cost of £ 0.1 M per day

=
o
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pipesection 1, 2 and 3 respectively. The contribution of oth¢8] D. Yuhua and Y. Datao, "Estimation of failure probability

cost to the total of expected failure cost is relatively lowof oil and gas transmission pipelines by fuzzy fault tree

Result from Table is utilized in order to compare and rank analysis,"J Loss Prev Rycess Indyol. 18, pp. 838, 2005.

the risk of different pipeline section. Section 3 hashighest [ 4] M. Dziubinski, M. Fratcza
cost incurred thus this section has the highest priority foAspects of risk analysis associated with major failures of
maintenance operations followed by Section 2 and Section fuel pipelines,'J Loss Prev Process Indpl. 19, pp. 399

408, 2006.

e e o el (1 51 . v. i anc w. G. weng, "Amtegrated quatatve
9 P risk analysis method for natural gas pipeline netwall,bss

recalculated. As an example, in worst case scenario whgreev Process Indyol. 23, pp. 428136, 5, 2010

pipeline is 100% in major damage, the total expected C(LE A J. Brit . "
; ; . . L J 0, A. T. de Almeida and C. M. M. Mota, "A
incurred is £83.78 provided the planned shutdown is 95. ulticriteria model for risk sorting of natural gas pipelines

success. From the analysis, th(? main contributors for the m oL d on ELECTRE TRI integrating Utility T

. . , eongEur. J.
damage even,t to occarr e engine fail Op%r.nﬁ%s.vol.eztr)]ogp'p.%ﬁ 1r’ 409 S H I i?

passes [7]1 Y. Jo and B. J. Ahn, "A method of quantitative risk
assessment for transmission pipeline carrying natural gas,"
TABLE 2, TOTAL EXPECTED COST BR EACH SECTION Hazard. Mater.yol. 123, pp. 112, 8/3, 2005.

- = - [8] JCSS, "Risk assessment in engineering, principles, system
Pipe Section| Total cost incurred representation & risk criteria." 2008.
(£ Million) [9] M. Singh and T. Markeset, "A methodology for Fisk
1 0.63 based inspection planning of oil and gas pipes based on fuzzy
2 0.86 logic framework,"Eng. Failue Anal.,vol. 16, pp. 2098
3 0.90 2113, OCT, 20009.

[10] T. Aven and E. Zio, "Some considerations on the
treatment of uncertainties in risk assessment for practical
decision making,Reliability Engineering and System Safety,
VII. ConcLusioN vol. 96, pp. 6474, 2011.

This paper has demonstrated tygplication ofBayesian [11] A. G. EleyeDatubo, A. Wall, A. Saajedi and J. Wang,
network modelling for risk assessment of subsea pipeline dilgnabling a powerful marine and offshore decissupport
to anchor interaction. Firstly, BN model is developed fosolution through bayesian network techniquRigk Analysis,
pipeline-anchor interaction. The network then is expanded ini®!. 26, pp. 695721, 2006.
an influence diagram by introducing decision node which [§2] A. Friis-Hansen, "Bayesian Network as a Decision
theot al cost’ a n‘dompertsationi cosy SdppohTeal in Matire Applications," 2000.
‘cleaning costand‘damage cost which gather information [13] N. Fenton, M. Neil and D. A. Lagnado, "A General
for the potential benefits and enabling the estimation &tructure for Legal Arguments About Evidence Using
expected total cost. This is then followed by the elicitation ddayesian Networks,Cognitive Sciencejol. 37, pp. 61102,
CPTs. Generallythere are manwaysto establish the CPTs. 2013.
To evaluate the proposed model, a case study from Ndidl] R. Carpaneto and M. Tominez, "Risk ays# of subsea
Stream is adoptednd most of the CPTs are elicited from pipelines hazards induced by human offshore activities," in
statistical and historical data. Probability prediction and Proc.First International Offshore and Polar Engineering
evidence propagation were conducted talyme damage Cont, Edinburgh, UK1991, pp. 37377.
probability and to highlight problematic area respectively. THa5] Nord Stream. (2009, Be). Nord Streanenvironmental
proposed model illustrate that risk analyst are able to figure dotpactassessmerdocumentation foconsultation under the
the causes of pipeline damage and the consequences sudhsgeo Conventio(Nord stream Espoo repartjord Stream
loss of live, oil spill volume and repair cost anguction AG, Zug, Switzerland. [Online]. Available:
loss. In addition, the developed influence diagram offer a tobitps://www.nordstream.com
to support risk ranking and risk reduction measbased on [16] Mott MacDonald Ltd. (2003, Jun). PARLOC 2001: The
expected failure cost incurred for a given segment of update of loss of containmenttddor offshore pipelines.
pipeline. HSE UK, Croydon, UK. [Online]. Available:
http:/Mww.hse.gov.ukparloc200Lreport.pdf
[17] L. Vitali, F. Candiracci, C. Crea, R. Bruschi and W.
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