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The actions of the various phenomena of corrosion, mechanical constraints and others, contribute to
the degradation of hydrocarbons transportation ducts. The combinations of these phenomena
accelerate pipe ageing, and this results in the increase of the frequency of leaks interventions and pipe
ruptures. The only way to struggle against the ageing of oil transportation pipelines is the rehabilitation.
This will allow the re-servicing of pipes whose resistance characteristics are degraded. One of the
major difficulties, during the conception of a pipeline rehabilitation program, is the determination of the
specific sections to rehabilitate. Indeed if there is any real risk not to do enough rehabilitation in the one
hand, there is a risk to bad rehabilitation on the other. The decision to continue to maintain, renovate or
replace some degraded sections of a pipeline is not an easy task, and requires development of
forecasting models that will enable decision-makers to take the right decisions on the middle and long
term. In this context, this study is devoted to analysis of problems associated with statistical
exploitation of controls and repair files of aged pipes, establishing action plans and controlling the
ageing of hydrocarbons transportation pipelines.

1. Introduction

Currently the age of much of hydrocarbons transport networks in the world have exceeded the duration
of service targeted during their conception, which is 40 y. In view of the environmental concerns about
leaks and pipeline ruptures and the high costs of repairs or renovations, the retention of ageing
pipelines in service, has become a growing concern for operators and poses real technical and
economical challenges. The management of maintenance and rehabilitation of ageing pipelines
requires the development or the design of approaches whose rationality is based on the optimization of
the costs of maintenance, inspection, repairs and renovations. The management of the maintenance of
ageing pipes, is a complex task, figurel. It consists in data acquisition and processing, pipelines state
evaluation, modelling of their behaviour and of the effect of different possible in-service keeping
strategies, and definition and choice of the most suitable strategy. Repair or renewal interventions on
highly degraded pipeline components are then integrated into the annual programming procedures of
the works or in the middle or long term forecasts given the overall state of the existing pipelines
network and the importance of each pipeline in the network.

Ensuring security, reliability and extended life of pipelines at reduced costs, is the fundamental purpose
of the ageing of the hydrocarbon transportation pipelines control. To achieve such a goal, it is
necessary to develop pipeline state assessment models and technologies, including non-destructive
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control methods (Stephane, 2007), pipeline residual life degradation prediction models and finally
maintenance optimization models.

Prediction of residual life, of time until rehabilitation or replacement of a component of ageing pipelines,
involves the consideration of a set of criteria, including the specific conditions of maximum acceptable
degradation that ensures the safety and usefulness of the conduct, costs relating to all possible
maintenance inspection and rehabilitation strategies, including the "do nothing” option.

A large number of control tools of hydrocarbon transportation ageing pipelines may be provided by the
reliability theory (Avent and Jesen, 1999; Rausaud and Hoyland , 2004), which permits to establish the
relationship between the loads exerted on the pipelines and ageing, and to integrate the history of
pipelines state inspections. Failures of hydrocarbon transportation pipelines cause repair intervention
costs, and indirect costs such as fixed costs and lost profit margin. To act quickly when they occur and
to avoid them, it is necessary to model the life of pipeline components. The idea of this work is to make
a small point about a few methods relating to these issues, and seek efficiency and better understand
to these problems.

= History of pipeline maintenance Description of the pipeline and its
| |

\ 4

I Ausenltation techniniies

v

Estimation of the State of the

v

Appearance of one or more repair or renovation criteria of
some sections of the pipeline

Techno-economic analysis on repair or renovation

Works to be scheduled

h 4 \ 4
Replacement of some pipeline sections Reparation of pipeline sections
| | |
4
Works control
[ |

Figure 1. Steps of a maintenance policy approach of ageing pipelines

2. Analysis of the models

To “a priori” access the pipeline behaviour in its environment in terms of probability of occurrence:
default probability at every instant, probability of being in a degradation state given in terms of time, we
resort to modelling, Figure 2. The effectiveness of the decisions in maintenance depends on the quality
of the model representing the pipeline in question. The models are supplemented by information on the
current status of the pipeline after each inspection and maintenance action. The reliability of oil
transportation pipelines is largely conditioned by the characteristics of each pipeline, to its operating
conditions, and to its degradation environment. The reliability of the pipelines is sensitive to the loading
rate, to the mode of operation, to the stresses, to failure modes considered, and to maintenance
policies (Proccacia and Morilhat, 1996).
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The pipelines degradation mechanisms of such as corrosion, fatigue, vibrations and other stresses,
create wear phenomena and therefore the aged pipeline. This leads to the conclusion that the failure
rate depends on the factors of influence which are in turn function of time. Statistical analysis enable to
conduct reliability studies without prior knowledge of the complex relationships that bind the influencing

factors to failure rates (Coccoza, 1997). In this context a few models are considered below.

Numerical simulations Analxtical technigues I

Figure 2. Ageing pipeline reliability assessment technique

2.1 Cox Model

One of the most used models is the Cox proportional hazards model or (PHM) (Chen and Little, 1999).
In the context of our study the PHM, links the failure rate A (t) of a pipeline component in known
degradation state with respect to a reference state. It then allows data analysis to measure
guantitatively, the relative importance of the influential factors on the behaviour of pipeline in operation.
The Semi parametric model of the PHM, also allows to evaluate the relative importance of the factors
on the pipeline failure behaviour, such as service pressure and temperature, the chemical composition
of pipeline sections steel, the pipeline surrounding environment, the transported substance properties
and others. In this case, the rate of pipeline failure is presented in the form:

Mt.z)="20(t)-9(2) (1)

Where: A(t,z) is the pipeline failure rate, function of time “t” and the state “z” of influential factors.

Ao(t) - Pipeline failure base rates, function of time only

g (2) - influence function , which depends on the state of the factors only

The base failure rate Ao(t) is modelled by the two parameters Waybill law.

With regard to the problems related to missing values and pipeline state error measures, one refers to
the many works developed in this respect by Dafni and Tsiatis; Hu, Tsiatis and Davidian; Wulfsohn
and Tsiatis (Tsiatis et al., 1998).

2.2 Gamma process

Modelling of the pipeline ageing mechanisms of the by the gamma process is a promising route. On
the one hand this process is better suited to the slow, continuous and progressive nature of pipelines
degradation process and on the other hand the characteristics of the gamma process such as the
independence of increments, allow the formulation of stationarity assumptions (or non-stationarity) and
also on the average trend in degradations evolution (Lannoy and Proccacia, 2005). The identification of
the model is done a priori from the results of the pipelines degradation state inspections and
associated inspections dates. To reconstruct directly exploitable increases data with the gamma
process, it should be taken as a hypothesis that the degradation mechanism of the considered pipeline
begins as soon as it is commissioned.

2.3 Markovian and semi-Markovian Processes and Bayesian approaches

One of the simplest approaches is to confine oneself to the hypothesis that operating pipeline
components pass through a limited number of states with constant probabilities and without taking
repairs into account.
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In this case the modelling is done by Markov process. The simplicity of this model, can justify its
application for modelling of the pipeline youth period. For the ageing period the more justifiable models
are those where the time spent in a state and the durations between states are represented by a
normal or Weibull type law. Among these models the Weibull-Markov model and the semi-Markov
process are cited. In the latter case the behaviour of the pipeline is described by successive states with
increasing degradation and each state is characterized by its degradation and the costs of
maintenance for this State. In hydrocarbons transporting pipelines exploitation practice, is favoured the
models that incorporate information, not only on the pipeline state, but also on the exploitation regime
and the service pressure in particular. Bayesian approaches to respond well to these preoccupations
(Becker and Naim, 1999).

3. Evaluation of the effects of periodic inspections and of the pipeline age on the
repairs volume

The maintenance strategy of ageing pipelines, defines the set of decision rules, which establish the
sequence of maintenance actions to be undertaken on the basis of their level of degradation and
acceptable thresholds for their operation (Vrouwenvelder, 1994). Such a strategy must be defined
taking into account all significant influential factors on pipelines service durability.. This task is complex.
This is why the Monte-Carlo simulation is subsequently used, while describing a method for the
calculation of maintenance indicators such as the evolution of the repairs and failures frequencies as a
function of the pipeline state inspections periodicity and residual life. Data from feedback of
experiments related to same steel pipelines and operating in similar conditions is used. From these

data, the mathematical expectation function f.ﬂ(t:] of degradations (loss of metal) is identified and
those of the squared deviations to the left and to the right: &y [:l‘:] and 47, (l‘:] » which determine the

area of possible variations of the random pipeline degradation process. For the description of this
process, a third degree polynomial is used. Pipeline boundary states are defined by degradation

thresholds 51and 5:.

tp{t:A S N
T-r I
& 8 ‘,‘ 5
4 -
9 T
£117 1y
61 1' //
./ /.
./ /'
, .
./. /.
RAN
’ ,'/
,
/. 4
/. /.
s
aRA
;.7 R
;7 —P
.4../
’ 1
o > .
Kl KZ K3 K4

Figure 3. Mapping of the restoration process modelling of a pipeline
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Figure4.(a) Influence of inspection frequency (R) and residual
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Figure4.(c) Estimated summary number of refits as a function
of the inspections regime and pipeline residual life
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The process of occurrence of limit States is illustrated in Figure 3, where periodic pipeline inspections

are considered as a filter. The probability of crossing this filter (threshold 5:) vary with the nature of the
process and the density of the filter (frequency of inspections). There is interest in the frequencies of

the intersections of thresholds 51 and 5: by the function Q:J(t], taking into account the functions
@y [t] and ¢, (t:] and the inspections frequency R.

4. Results

This study is devoted to 40" diameter X60 steel pipeline in operation, in the ageing phase. For different
strategies and by repeated experiments, according to an appropriate algorithm, interactions between
volumes of preventative and curative repairs, periodic inspections, and pipeline residual life are
assessed. The results are presented on the Figures 4 a, b, c. The frequency of inspections of the
pipeline considered corresponding to a minimum number of interventions is estimated to be 3.5 y.

5. Conclusion

Due to the availability of reliable sensors and the rapid development of non-destructive control
technology, control of ageing hydrocarbons transportation pipelines based on reliability tools is
promising. The integration of the results of inspections carried out regularly in pipelines behavior
models improves their accuracy, and finds its impact on the effectiveness of the preventive
maintenance actions, whose priorities will be given to the pipelines sections which are in the worst
State. Methods based on degradation, such as continuous degradation method and the method of
degradation data analysis, find a wide application in the search for control of hydrocarbons
transportation pipelines ageing.
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