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Gas pipeline risk assessment by Internet application

Introduction

Gas pipelines are recognized as the safest mode of
transportation. However sometimes they do fail often with
severe consequences. Therefore there is risk of pipeline
failure which cannot be totally eliminated.

An integral part of any Pipeline Integrity Manage-
ment System (PIMS) is the risk assessment process. In
order to maintain gas pipeline integrity we must know
and understand the risk factor. This includes analysis of
the probability of failure and potential consequences.
There are two approaches to estimate risk, quantitative
and qualitative. Quantitative methods involve historical
accidents data base or computer simulation. Qualitative
methods are based on expert opinions and can gather the
local experiences of pipeline operators. In this paper the

model based on the qualitative risk indexing method is
presented. Two groups of parameters are considered. In
the first group are parameters which can probably influ-
ence failure. The second group is constituted from the
parameters which can influence potential consequences.

Having the list of these parameters the relative impor-
tance of each parameter is discussed among the group of
experts. Once consensus is reached a model of risk estima-
tion of pipeline failure is created. In the next step the risk
categories criteria are formulated.

The risk criteria for five risk categories were formulated.

The model and the risk categories were implemented
on the web based decision support system. The pilot tests
of the system were performed and the results are presented.

Managing pipeline risk

In order to manage pipeline risk Operators need to
identify and estimate it. They would like to know what the
risk of pipeline failure is. Pipeline Operators need to have
in place an easy to use and understandable computer tool
which helps them to establish a risk priority for pipeline
segments of concern.

There is also the economical aspect of such an ap-
proach, because the funds, coming from an always tight
budget will be spent on pipelines which really need it and
are a potential source of hazard.

The elaborated model of risk assessment together with

risk acceptance criteria were implemented on the web based
support system called System Oceny Ryzyka Eksploata-
cyjnego Gazociagu (SOREG®).

Each segment of gas pipeline is characterized, in terms
of posed risk by total risk index.

Risk R is defined as the product of two variables P
and Q:

R=P-0 @)

Where P is the probability of failure and Q is the con-
sequence if the risk is materialized.

The method of risk assessment

There are two approaches to risk assessment. One is
qualitative and the other is quantitative. In the first one the
risk level is characterized without quantifying it. In the

second approach the risk level is calculated on quantified
estimates failure probability and consequences.
Quantitative approach is more sophisticated and de-
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tailed. It involves the incident data base to perform statis-
tical calculation or uses physical models to estimate risk
by analytical methods.

The qualitative approach is simple and relative. One of
the qualitative methods is indexing [2]. In this paper the
qualitative risk indexing method is presented.

Two groups of gas pipelines and surroundings pa-
rameters are considered. In the first group are parameters
which can probably influence failure. The second group is
constituted from the parameters which can influence the
potential consequences. Having the list of these parameters
the relative importance of each parameter is discussed
among the group of experts. Once consensus is reached
the model of risk estimation of pipeline failure is created.
In the next step the risk acceptance criteria are formulated.

The model is designed to help pipeline operators iden-
tify, analyze and mitigate the risk of pipeline failures. The
model construction was done in a two stage process. In
the first stage the parameters which have an impact on the
probability of pipeline failure were chosen. The causes
of failure as well as their frequency of occurrence were
analyzed. These parameters contain information and data
from five thematic groups:

* Quality systems applied,

» Physical characteristic of the gas pipeline,
* Operational and organizational factors,

» Technical condition of the gas pipeline,

» Corrosion control.

In the second stage the parameters which have an impact
on the potential consequences of failure were chosen. The
potential consequences of failure depend on the localization
of the pipeline, crossings and interferences and population
density in the vicinity of the pipeline. The applied mitiga-
tion methods of pipeline failure consequences were taken
into consideration.

There are 22 parameters analyzed in the first stage
and 11 in the second stage. Then the adequate weights
were assigned to each parameter in accordance with the

expert’s judgment. The relationships between the chosen
parameters were analyzed and taken into account during
the weighing process. The point system was created and
accepted by all parties involved in the model construction.
A consensus was reached.

Risk categories were defined by the number intervals.
Each analyzed segment of gas pipeline is characterized
by the relative Total Risk Index (TRI). The value of TRI
will decide in which risk category the considered pipe-
line segment falls. Moreover for each risk category some
recommendations are suggested (see Table 1).

In some way, risk categories criteria define an opera-
tor’s safety policy. Safety is strictly connected with cost.
There is no possibility to eliminate risk completely. There
is a risk level which can be acceptable. Risk level which
cannot be tolerated must be reduced or transferred to other
entities, e.g. an insurance company.

The next step was an implementation of the model and
risk criteria into a computer system which could serve
gas pipeline Operators as a computer tool. This easily
understandable computer tool can help them to make ra-
tional decisions in operating and maintaining gas pipelines.
Therefore the model and risk acceptance criteria were
implemented on the web based support system called
SOREG".

Table 1. Risk categories and recommendations

. Immediate replacement or withdrawal from

Very high .

operation
Hich Needs to be included in the repair & moder-

& nization plan

Additional diagnostics as well as moderniza-
Moderate . . s . .

tion or repair possibility consideration

Standard operational monitoring as well as
Small additional inspection of the chosen segments

of pipeline
Very small | Standard operational monitoring

Computer implementation

The SOREG" was designed as web based decision
support system. The PHP language, Java scripts as well as
MySQL Data Base were used to create the SOREG™ [3].

There are two kinds SOREG™ users. The Administrator
and the Operator. There is only one Administrator. There
could be more than one Operator. They both work with
the system throughout their own panels. The Administra-
tor has power over the model and the risk categories and

818 nr 1172012

also creates the Operators accounts in the system. It means
that the Administrator has the possibility of changing the
model and can set up new risk categories. The Operators
logins and passwords are assigned by the Administrator.
There are two kinds of Operators.

One is called the Active Operator (AQO) who can define
the gas pipeline in the SOREG" system, do evaluation,
print reports and can also review and edit the results. The



second one is called the Passive Operator (PO) who may

only review the results. However PO does not have rights

to edit them and cannot define a new gas pipeline in the
system. PO is not authorized to make his own evaluations
of the gas pipeline.

There are two modes of working with the system. One
mode refers to the managing of the gas pipelines and the
other deals with the managing of the evaluations. All pipe-
line evaluation results are stored in the data base.

Work with the SOREG" system involves the four fol-
lowing steps:

1. In the first step the object of the evaluation must be
defined. It means that the gas pipeline, if necessary
is broken up into segments. The amount of segments
and their size depend upon essential parameter value
changes.

2. Put in the values of each parameter by typing them or
import from other data bases.

3. The system carries out the risk assessment for the
pipeline segment being analyzed.

4. Automatically two kinds of reports (tabular and graphi-
cal) are created, which can be saved, printed or displayed.
As aresult, each segment of gas pipeline is character-

ized, in terms of posed risk by the relative Total Risk Index.

The general idea of the SOREG™ system is presented on

Figure 1.
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Figurel. The general idea of the SOREG" system

Additionally, if necessary there is an option to carry
out “what if” analysis. By changing the value of one or
more parameters one can create a new scenario which
will show the influence of a change in parameters on
the results.

Pilot tests and implementation

Pilot tests were conducted by three Polish gas pipe-
line Operators. The gas pipelines being evaluated were
chosen carefully trying to cover many different situa-
tions. The technical condition of the gas pipelines being
analyzed was known very well to the Operators. In most
cases the results obtained from the SOREG" confirmed
the knowledge of the Operators about the analyzed gas
pipelines. Some small changes were made in descriptions
of the parameters, assigned points and definition of risk
categories. They were also some remarks concerning the
functionalities of the system.

SOREG" pilot tests on 19 operational gas pipelines
are promising and showed that such an approach can help

operators to prioritize which pipeline segment should be
first repaired or needs inspection or additional diagnostics.
In spite of the promising results of SOREG"” pilot tests,
more work is needed. The future schedule for new tests
on operational gas pipelines is elaborated. This system
can be integrated with other information systems work-
ing at Operator site, e.g. Geographic Information System
(GIS). When the system is implemented then the “good
practices” of the specific Operator can be incorporated into
the system. The system can also be easily modified when
knowledge and experience are expanded.

In the years 2010-2011 the SOREG" system was tested
and implemented by “EUROPOL GAS” S.A.

Summary

Risk assessment must not necessarily be a complicated
process. This paper presents an easy useable approach
to cope with pipeline risk assessment. The risk involved
in operation of gas pipelines can be estimated and when

known, be manageable. The presented point model and its
software implementation SOREG" can help gas pipeline
operators to make rational decisions in their work. The
gas pipeline in operation can be prioritized according to
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the Total Risk Index. This ranking list can be used in the  failure. Having such tool in place an operator can be active
elaboration process of repair and modernization plans. It in managing risk. During the decision making process
can save money. The funds coming from an always limited  the results obtained from SOREG® will be integrated
budget will be spent on those segments of the gas pipeline ~ with other sources of information. By creating different
which need it more than others. By using this system the ~ scenarios and simulating some action (i.e. reparation
Operator can compare two segments of the gas pipeline  of the deteriorated coating) a gas pipeline Operator can
based on the same criteria and with a common method. easily see the result of his actions on the risk. With this

The system integrates and analyzes data coming from  system, High-Consequence Areas (HCA) can be iden-
different sources. Operator can identify the potential risk  tified. Then remediation and mitigation actions can be
and if necessary can take actions which prevent pipeline  chosen and taken.
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