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ABSTRACT KEYWORDS
Iran is considered as the second country of gas resources. Transmission Risk assessment;
of gas resource in order to deliver the economic and almost clean energy Hazard analysis;
from producing sources to final consumers is one the most important Pipeline hazard;
tasks and controversial challenges of country’s gas industry and also Environment,
monitoring organizations such as environment organization. Therefore, Hazard and operability study
pipeline risk assessment is one of the sciences that has been developed (HAZOP) method.

by pipelines growth. This article is introducing hazard analysis as an
appropriate quantitative method for risk assessment of these pipelines by
drawing the amount of risks imposed on this type of projects to reduce
hazards and consequently the subsequent financial and human damages
and provide information for experts, decision makers, public and private
managers involved in all discussions related to the transmission lines.
The case study of this research is Savadkooh 16 inch gas transmission
pipelinein Mazandaran provincein Iran which identify the hazard potential s
by using Hazard and Operability Study (HAZOP) method, in this method
work space or understudy project is divided into smaller sections, then
each hazard is evaluated and analyzed separately by using the identified
hazards. High speed and low cost are the features of the method and
baseline study is necessary for this method. This study determined that
the method is useful in linear projects besides the industrial plant and it’s
result iswell applicablein risk reduction and management and also accurate
results obtained from this method can provide appropriate approach and
strategies to reduce the risks and subsequent consequences.
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INTRODUCTION network of oil and gas pipelinesinthe Middle East,

And aso the pipeline projects under design and

Islamic republic of Iran possesses 14 thousand  implementationinIran (themain gastransmissonlines,
kilometersof il pipelinesand morethan 22thousand  includinglines56inches4, 5, 6,7, 8 and 9 IGAT and
km of gastransmission pipelinesanditholdsthelongest  themultipletransmissionlines, crudeoil and petroleum


mailto:j.balist@ut.ac.ir

ESAIJ, 12(3) 2016

Jahanbakhsh Balist et al.

products) hasmadeldamic Republic of Iran asthemost
important country of pipeindustry and pipelineprojects
inthe Middle East and one of theimportant countries
of theworld.

Natura gasisoneof the most important carrier of
energy transfert®"1018 Infact, considering dl theissues
which havebeen mentioned above, theimportant issue
istransferring these energy resourcesto the domestic
and foreign consumers. Clearly, the best and most
economica method which hastheleast impact isthe
usageof pipdines. Higtorica recordsof accidentsaround
theworld show that arisk dimension approach isnot
appropriateif it only considersthe human or tinancial
aspects, dueto the complexity of theenvironmenta,
human and regul atory issuesinvolved?.

Considering theseissues, it should besaid that in
gastransferring to consumers, economical conditions,
risk, hygienic, environmental, technical and other
conditions are at least the main factors which are
influential and each of themisthe outcomeof itssubset
of factors. Thereforeany attempt to transfer theenergy
carries should be done in terms of above factors. A
review on statistics of occurred accidents causesmake
the necessity of attention, investigation, evaluation,
planning, management and monitoring of thesepipdines
clearer. Sorisk managementisacritica activity for many
process and facilities presenting technological risks,
especialy for transportation systems of dangerous
substances, such asnatural gas pipelinenetworkg?el,

Dueto the widespread and dangerousimpacts of
the possible occurrence of any pipelineaccident, Itis
essential toidentify dl therisksand potential hazards.
Risk isidentified asthe consequences of apotential
hazard or probability of itsoccurrence. In other words,
risk isaprocessin which different techniquesareused
to study the probability of arisk and also itsimpacts,
the consequences are presented based on the depth of
dudiesandtheitsquantitativeor quditative phases. The
process contains identifying probabilistic risks,
predicting thelocation of occurrence, estimating the
probability of occurrence and impact assessment
(Judith,1999). Hazard refersto the propertieswhich
havethe potential of causing adisaster whileriskis
hazard probability and it’s severity that can cause
damage. When apipdinehas been assessed, infact the
hazard probability and itsimpactsin an exact section of
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the pipelineaccording to theenvironmental conditions
are depicted in aprecise moment!*4,

Inthiscaseit should besaid that environmenta risk
assessment ind udesidentifying theaffected environment,
time and spatia modeling of emissionsand |eakage,
assessment of important ecologically components
regarding environmentd sengtivity, estimation of quantity
of the risk compared with existing standards and
identifying risk mitigative actions. (Torms, 2004)
Accordingly, in addition to study and analysisvarious
aspectsof risk with full acknowledgement about the
environment of thearea, environmenta senstivity, and
dsoenvironmentd vauesareusedintherisk andysig*4.

Studiesthat have been donesofar regarding energy
transmission risk assessment conducted by adifferent
approaches, and each of these methodsemphasizeson
acertain parameter inrisk assessment. Inthe study that
was donein Greece'” fuzzy method was used to rank
the relative hazard of materials fire and chemical
installations. Inthisstud, arapid assessment approach
with multiplecriteriaevaluation wasused in order to
enter different parametersin risk assessment.

In another study, Mr Astbury!® studied
characteristics and hazards of somefuelscleverly,in
order tointroduceasuitabledternativefue , hestudied
al fuel characteristicsincluding all fire hazard and
exploson.

Inastudy titled asaccident risk indicator, multiple
criteriamethod was used by khan and Abbasi to rank
industria processhazard®. Inthisstudy, AHI index was
introduced as a new system for a rapid and
comprehensive assessment of the damages caused by
chemicd industry accidents. Thisindex hasasotheability
to evaluate the impacts of accidents based on site
characteristicsand operationd details.

Mr PasantaK umar Dey!® expressedinastudy titled
asAnintegrated assessment model for cross-country
pipelinesthat dueto crossing the oil pipelineonland
usessuch asagricultura areas, resdentia aress, desert,
beach, etc., theseareenvironmental sensitivearess. In
thisstudy variousoptions are proposed by devel oping
anintegrated framework for project feasibility analyss
usingtheAHP method.

another study titled asca culating thevaueof fire
and explosion(F and El) indicators has been done by
other scientiststo obtain criteriafor measuring leakage
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control™Y, This study discusses that the impact of
leakage control measuresisnot calculated in Fand El
index and istrying to enter theimpact somehow inthe
cdculations. Inanother study titled Devel opment of an
inherent safety index based on fuzzy logic by, itis
discussed that theinherent safety eval uation hasbeen
based on quality principlesso far and now they have
been abletofindthequantitativeevauation of thecriteria
by usingthefuzzylogic.

Two other scientistsin aresearchtitled Deve opment
of environmental consequenceindex (ECI) usingfuzzy
composite programmingdiscussthat itisso difficult to
estimate the environmental impacts of hazardous
meaterid inchemicd industriesduetodiversty of hazards
typeand their impact, location and uncertainty ininput
information. In the opinion of these two scientists,
environmenta parametersdo not existintheavailable
index, thisiswhy the ETC hasbeen entered by anew
method*¥.

Inlran, haf of thein researchtitled Risk assessment
of petrochemical pipelines, scientists assessed the
pipelinecarrying thechlorineafter sudying 60 pipeline.
In thisrisk assessment, they assessed the third party
damageindicators, Incorrect operation, corrosion and
design. Besides the available resources, the most
important source of pipeline risk assessment is the
valuable book by Mahlbuner* which is a
comprehensive method,trying to assesstherisk with
consderingdl theinfluentid parameters.

MATERIALSAND METHODS

The case study of thisresearch is Savadkooh 16
inch gastransmission pipdinein Mazandaran province
inlranwhich passthrough thecities: savad kooh, zirab,
shirgah and polesefid and villages: sorkh kola, ghasem
abad and zirab. The pipelinelengthis606+30 Kmand
will transfer the gasthrough the Valley of Talar river
from Caspian coastal areasto mountai nousregions of
Savadkooh in northto south direction.

Starting point coordinates are x=668500 andy =
4021500 and the end point coordinates of the pipeline
are x= 682500 and y=4002500. the pipeline passes
along thefiroozkooh road in some parts of theroute
and insome other parts passesforestsaround Shirgah
and crosstheriversKaslianandtdar anddsothemain
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asphalted road in 251+21 km.

Intermsof geology the pipeline hasbeen placedin
centra zoneof Alborz and large part of therout passes
acrossthe present erariver and alluvial depositsand
also oligo-miocene stone formations like upper red
formation equivaent currency and Qom formation and
continental series. Theseformationsareformed mostly
by marl, sandstone and continental conglomerates.

Also due to placing the caste study route in
mountai nous climate, the permanent riverswhich can
erosion phenomenon inmountains desarefound (such
asTaar river, kasilian, cherat and etc) accordingtothe
presented content above, the case study region haslow
to moderatelanddide potentidl.

According tothe geological situation of the area,
corrosion fault hasagreat expansionintheregion. On
the other side, thetopographical situation of theregion
except at the primary partsand at the end of theroute
ismounta nous and steep. It seemsthat themain factor
that can cause doperuptureisearthquake factor that
causes stimulated rupturesinduced by earthquake have
thepossibility of occurrenceintheregion.

Methods
Hazar d analyssmethod

Hazard analysis is a simple, useful ad rapid
applicationwhichisusually used toidentify potential
hazard by using HAZOP method. In this method,
workspaceand understudy project isdividedintosmdler
sectionsand then by using theidentified hazard to assess
any hazard separately. High speed and low cost are
special features of thismethod and basic studiesare
essentia componentsof thismethod.

In hazard analysis, following processes are
performed respectively:

Obtaining detail sabout processesand project scope
» Hazardand damagepotentidsldentification (hazard

identification)

+ Determination of risk level and prioritizing the
correctiveactionsto mitigatetherisk

»  Documentation and preparing risk assessment table

» Review and updating risk assessment results

Findlyinorder to avoid repetition of smilar cases
and to simplify thereport, caseswith same negative
impacts or damage and also control actions, are
concentrated in a row. Then, risk level as Risk
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Precedence number or RPN is determined and the

results should be assessed. To determinerisk level or

Risk Priority Number (RPN)(Bluvband, Grabov,

Nakar,2004) risk matrix hasbeen used considering the

followingfour factors:

» Intensty and severity of harmful impactsareshown
by A (low), B (middle) and C (high).

«  Extentof harmful impactswhichisshownby 1 (loca
expansion and limited) and 2 (Expansionintotal
work areaor operationa workshop)

»  Probability of hazardousaccident occurrencewhich
isshown by a (too improbable), b (improbable)
and c (probable).

«  Stability and durability of hazardousaccident which
isshown by 1 (Short term and Transient) and 2
(Continuousand Long term)

Then, for facilitating the expression of risk
precedence number In matrix, thelowest risk isgiven
number 1 and by increasingtherisk, theleve will reach
the highest risk umber whichis14. Infact, thismatrix
model isamodified version of the same general risk
assessment procedurewhich estimatestherisk level by
intensity and repetition but according to environmenta
impact complexity andin order toincressetheaccuracy,
two factors are used which are impact severity and
extent. Thisenvironmental risk assessment method is
one of themethodswhich isused widely specialyin
north American countries.
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RESULTSAND DISCOSSION

Environmental risk assessment of theproject usng
Rapid Hazard Analysis

In risk assessment studies of Savadkooh gas
transmission project, the HAZOP method has been
used in order to identify potential hazards. In this
method, work environment or the case study proj ect
hasbeen dividedinto smaller parts.

Thenin each section (Node), different parameters
arechosento determinerisk level or risk precedence
number (RPN), therisk matrix isused regarding four
criteriathat have been mentioned above. TABLE 1
presentsthe proposed criteriafor determining therisk
precedence number with therating of the project.

After calculaing risk precedencenumber, risk levels
wereclassified asfollows:

1-4RPN

1-4 RPN indicatesthat therisk level isnegligible.
Potentially hazardousfactorsthat havethisrate of risk
do not require the risk control actions and risk
mitigations. It’s just sufficient to monitor the activities
and processesto take proper actionsin case conditions
changeandrisk increaseto higher levels.

For exampl e, risk dueto welding heat impact on
Increasing the temperature and the harmful impact on
the ecosystem isAl-al which means RPN = 1 and

TABLE 1: Parametersand Risk Precedencenumber deter mination rating

Criterion rating
A B C
Severity of harmful impact :
Slightly Harmful Medium Ext.remely Harmful (environmental
accidents)
1 2
Extent of harmful impact Operational and

immediate area

Probability of hazardous accident a

occurrence too Improbable

I
Durability of hazardous accident

Short term and Transient

Local and Direct area

b C
Improbable Probable
1]

Continuous and Long term
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does not require control actions. Obvioudly, thisrisk
simply describeswarm weather risk and radiation risk
on human or risk of fire due to welding has been
investigated separatdly.

5-7 RPN

5-7 RPN Indicates low risk. The risk level is
acceptable and correctiveactionsare not necessary but
it is recommended to investigate these risks after
asessing thehighand mediumrisksand dso havingthe
resources such astime, budget and etc dueto mitigate
the probable damages. For example the risk due to
smokeby weding pipeineisinthisgroup of risk because
of performing thewelding out door but if weldingis
performed in closed space, therisk ratewashigher.

8-10 RPN

8-10 RPN Indicatesmoderaterisk. Activitiesthat
have theselevels of risk may be continued but with
additional control actions such as putting the special
controller, preparation and implementation of specific
guiddinesor dowing down thework should takecare
of thesituation and prevent accidents.

Therisk control actions should bein such away
that mitigatestherisk to thelowest level but it’s not
necessary to stop the project. For example, risks due
to traffic noise, welding machines and staff auditory
problems are classified in this group and can be
controlled by usngthe Ear Plug & Ear Muff for Welding

Pipeline risk assessment by using hazard risk assessment, (HAZOP) Method
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and We ding assstantsand a so by avoiding night work
inthevicinity of resdentid areasso therisk ratewill be
negligible
11-14 RPN

11-14 RPN Indicateshighrisk. Theactivitieswith
thisrisk rate can not be started unlessto mitigate the
risk to the accepted level with appropriate control
actions. Starting and continuing the project at thisrisk
rate isillegal. Risk due to pipeline leakage during
operation, fire caused by welding, presence of
flammable material s near the point of welding, risks
resulting from collisonwith other oil and gaspipelines
dueto lack of adequateinformation arein thisgroup.
However in caseswherethereisalegal requirement,
such as crossing the environmental protected areas,
relevant risk regardless of the RPN, isconsidered as
high risk and adequate actions should be taken before
theproject startsin order to assurethelegd authorities,
inspectors and relevant organi zations sUpervisors.

Inthenext step, hazard intensity can beintegrated
with hazard probability and argpid risk assessment can
be doneby ca culating risk precedence number in order
to determinetheaccident relativerisk. TABLE 2which
Istherisk assessment matrix wasused to determinethe
risk precedence number.

The purpose of thismatrix ishel ping the experts
and managersin hazard prioritizing in order to correct
them. Risk classification isbased onits severity and

TABLE 2: Risk assessment matrix in order to determinetherisk precedencenumber

Severity of harmful Extent rate of har muful

(a-b-c) Praobability of hazardous disaster

(I toI1) Durability of hazardous disaster Rate

impacts
(A-B-C) impacts (1-2) a b C
I [ I [ I [
A 1,2 1 2 3 4 5 6
1 3 4 5 6 7 8
B
2 5 6 7 8 9 10
1 7 8 9 10 11 12
C
2 9 10 11 12 13 14

Rezazadeh 2005 and the author analyzes
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TABLE 3: Risk management decision-making criteriabased on risk precedence number
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. - . . Risk
Risk management decision-making per spective RPN Levels
Accepted without revision
Control actions are not required. The process should be monitored to provide appropriate responses -4 Verylow
in changing conditions.
Accepted with management revision
5-7 Low
Control actions are recommended, but activities can be continued
Undesirable, senior management decided in order to accept or reject the risk
8-10 Medium

activities can be continued if the control actions be doubled to mitigate the risk to the lowest level

TABLE 4-12: Environmental risk assessment’sresultsof gaspipelineusing hazard analyssmethod

Risk rate after safeguards responsible  Safeguard Risk before safeguards
— - Diversion,
Probability  Severity - .
Probability  Severity
schedule Consequence Cause hazard or Row
RPN & & RPN & 2 incident
Stabilit: rawl
Stability  Sprawl v
Routing of
Before Employer - lands with
o cl B2 design Consultant low
g vegetation
density
Prevention
of Elimination of
Design & Employer - unnecessary land Route Removal &
Construction ~ Contractor removal cll Cc2 vegetations & . degradation 1
h : preparation
(removal soil erosion of Ranges
minimum) increasing
Replacing
removed
After design Employer - V(?getatl on
Contractor with
appropriate
vegetation
Reduction .
of ROW & Removgl of Right of
. . vegetation, way .
increasing il erosion (ROW) Agricultural
10 bl C1 design Consultant of pipeline cll Cc2 - g land 2
. increasing level, )
diameter K degradation
X &public leakage
crossing o ) -
dissatisfaction probability
farms

probability. Occurrence may beat ahighrisk level but
itsintensity can below. For example, minor leakage of
fuel from machinery in outdoor can be placed inthis
category but the hazardswith very low probability and
highintensity dsoexi<, suchaspipeexplosonthat such
risks should be examined separately. Colorsusedin
thistablesmply present theri sk management decision-

making view which will beexplained morein TABLE
3.

Now by using the mentioned i nstances and other
studiesinrisk assessment, therisk anaysisresult of
Savad kuh gastransmission pipelineprojectisgivenin
TABLEA4.

Of coursg, listingdll or evenamgority of theoptions
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rel ated to potentid hazardsisredly difficult. Tomention
the maximum details in addition to the technical
specificationsof theproject inrisk andyssstudies, the
typical safety check list of industriesand largefacilities
or other similar check listsare used. The purpose of
usingthe check lists, issmply finding the problem sets
which are needed in hazard analysis. The Check list
can help to identify hazards and hazard resourcesin
risk anaysisand assessment.

CONCLUSION

In conclusion and by using risk management
decison criteriabased onrisk precedence number which
wasmentioned inTABLE 3, it isnecessary to mention
thesecases:

Asit canbeseen, dl hazardsleading human damage
and fire, in any point of view in risk management is
unacceptable which represents high risk of these
hazards. In case of such hazards, stopping the process
andrapidreformisessentid.

All presented recommendationsto control hazards
should be having this ability to reach the acceptable
minimum leve of risk index by management review.

Risk management decisions based on risk
indicators, even after the presented recommendations,
usually has not been assessed at acceptable levels
without management review. Unlessdueto technical
characteristics of the route, risk of occurrence be
improbable. Thisissueindicatestheimportanceof risk
management monitoring and the necessity to predict
some appliancesto prevent of reoccurring the hazard.

A part of the assessment resultsare presented in
followingtable:

All involved peoplein pipelinemanagementinall
sectorsareresponsiblefor risk mitigation and each one
hasauniquerole.

- Pipdinerisk management and assessmentisgrowing
rapidly in order that not only therisk assessment
methodsare devel oping but dso thisgrowthisina
way that dl theusersutilizethe given methods.

- Theused methodsensuresthat if thepipelineisat
the standard level or not and whether the methods
and measures mitigate the pipeline hazard to the
standard level or not.

- quantifyingtherisk by using the mentioned method

Pipeline risk assessment by using hazard risk assessment, (HAZOP) Method
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solves one of the perennial problems in the
assessment whichisquaditativeassessmentsand lack
of ability to sharethe quantitative assessments
The method was quantitative and spatial so in
expressing the standard deviation, disaster, cause,
impact, and other cases, the places of therisk can
beeasly identified

Combination of thismethod with other methods
such as scoring system, FMEA, WHAT IF, can
present amore compl ete version of risk assessment.
expressing therisk under the classification or the
presented standard in thisreport can be eval uated
asabasisof assessment and hasthe capability for
the evaluator to perform changesaccordingto his
opinion under thelimitation of thenumbers.
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