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ABSTRACT

This paper presents amethodology for calculating the risks that built-envi-
ronment, characteristically urban and rural aress, facein the case of pipeline
failures. Bidkhounwitha URAS of 1.45 has scored themost of all dueto an
average distance of 961m from the pipeline. Dehno was the safest built-
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environment in the case of pipelinefailure circumstances. The state-of-the-
art method used in this study revealed partial deficitsin the other pipeline
environmental risks assessments not considering the issue of URA prop-
erly. It is suggested that new policies are to be implemented to reduce the
negative effects of the mentioned pipelinethat has not yet been constructed
completely as well as the other similar pipelines on the human settlements

involving the vicinity of the pipeline.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Risk assessment and environmental risk assess-
ment of pipelines

Risk isthe severity of the consequences of ahaz-
ardousactivity congderingitsprobability of occurrence.
Concept of risk issimply showedin figure 113,

Pipdinefailurescauseseveredamages. For example
alist of recent accidentsin the current decade and only
intheU.S. ispresented (Wikipedia, The FreeEncyclo-
pedia): 2007-New York City steam explosion, (July
18); 2007-Propane pipeline explodes, killing two and
injuring five othersnear Carmichael, AL (November
1), theNTSB determined the probabl e causewasERW
seam failure. Inadequate education of residents near

the pipeline about how to respond to a pipeline acci-
dent was a so cited as afactor in the deaths; 2008-
Natural gas pipeline explodes and catches fire near
Hartsville (February 5), TN Believed to have been
caused by atornado hitting thefacility; 2009-Natural
gas pipelineexplodes and catchesfirenear Rockville
(May5), IN, in Parke County about 24 miles north of
Terre haute, IN. PHM SA indicated the possibility of
externa corrasioninitsCorrectiveAction Order (CAO)
to the pipeline company. Pictures have been released
around theareashowing the damage caused. 49 homes
were evacuated in aone-mile area of the explosion.
No injuries reported; 2009-Two people hurt when a
natural gas pipelineexploded inthe Texas Panhandle.
Theexplosion left ahole about 30 yards by 20 yards
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Figurel: Simplematrix of consequence(intensity) and like-
lihood (pr obability)

and close to 15 feet deep. The blast shook homes,
mel ted window blindsand shot flameshundreds of feet
into thear. Thehomenearest theblast about 100 yards
away was destroyed (5 November); 2009-A new 42
inch gastransmission pipelinenear Philo, Ohiofalson
the second day of operation. There was no fire, but
evacuationsresulted (November 14).

Environmenta risk assessment (ERA) involvesthe
examination of risksresultingfrom naturd events(flood-
ing, extreme weather events, etc.), technology, prac-
tices, processes, products, agents (chemical, biologi-
ca, radiologica, etc.) andindustrid activitiesthat may
posethreatsto ecosystems, animals and people. Envi-
ronmental health risk assessment addresses human
health concerns and ecological risk assessment ad-
dressesenvironmental mediaand organisms. ERA is
predominantly ascientific activity andinvolvesacritica
review of available datafor the purpose of identifying
and possibly quantifying therisks associated with a
potential threat!y.

For both gasand liquid pipelines, someareasadja
cent to apipdinecan beidentified as“high-value” ar-
ess. A high-vduearea(HVA) can beloosely defined as
alocation that would suffer unusudly high damagesor
generate exceptional consequences for the pipeline
owner intheevent of apipelinefailure. Inmaking this
distinction, pipeline sectionstraversing or other-wise
potentially exposing these areasto damage should be
scored asmoreconsequentia pipelinesections. HVAS
might also bring an associated higher possibility of Sg-
nificant legd costsand compensationsto damaged par-
ties. Characteristicsthat may justify thehigh va ue defi-
nitionincludethefollowing® Higher property values,
Areasthat are moredifficult toremediate, Structures
or facilitiesthat aremoredifficult to replace, Higtorica
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areas, High-use areas. Identification and scoring of
HVASs can be done by determining the most conse-
quentia conditionsthat exist and scoringaccordingtoa
relativescaefirgt introduced by Muhlbauer®. Notethat
theprobability of alesk, fire, and explosonisnot evau-
ated here-only potentia consequences should suchan
event occur. Interpolations between the classifications
should bedone. A dassificationsusequditative descrip-
tionsof HVA’sand environmenta sensitivitiesto score
potential receptor damages has been introduced by
Muhlbauer®® asfollows: Neutral (default) =0: No ex-
traordinary environmenta or high-vaueconsderations;
Higher =0.1-0.6: Someenvironmentd sensitivity; Ex-
treme=0.7-1.0. Another sampleof scoring HVAshas
been proposed by Muhlbauer®. Inthis scheme, vari-
ous high-value areas are “valued” on a0- to 5-point
scaewith higher points representing more consequen-
tiad or vulnerablereceptors. Attemptsto gauged| prop-
erty vauesand land usesa ong the pipelinemay not be
aworthwhileeffort, especially since such evaluations
must be constantly updated. The HVA designation can
bereserved for extraordinary situationg®. Oneof the
HVAsisurbanand rural areasthat should be addressed
consderably.

Presented astudy on sensitivity analysis?, carried
out anumerica sengtivity anadyssof thesiteeffect on
dynamic responseof pipeinesembedded in someide-
alized soil depositsresting on ahalf space coveringa
widerangeof soil profilesencountered in practiceand
subjected to vertically propagating shear waves. Apart
fromthesensitivity by itself, inan areawith different
environmental unitsit iscompletely important to con-
sider small-areaunitg*?.

A paper described how HSE has piloted a Geo-
graphicInformation System (GIS) by Brazier & Green-
wood¥, To support the expert decision making pro-
cessandtoass s inensuring consistent responseswithin
statutory deadlines. It considers both the advantages
and disadvantages of aGIS over more conventional
methodsaswell as potentia developmentssuch asthe
useof population datain consdering societd risks, bio-
logical constraintsand 3D terrain mapping.

Schiller et d .M presented ana gorithm which emu-
lateshuman expert-decisonsontheclassfication of sen-
sitivity classes. Thiswill permit the necessary regular
updates of ESl-determination when new field databe-
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Figure2: Kangan city, Iran-thestudy areaislocated in

comeavailableus ng automated classifications proce-
dures.

MATERIALSAND METHODS

Sudy area

Being | ocated besi de the Kangan city, thecapital of
Assalouyeh main city, represented in figure 2, the
Assd ouyeh-Bandarabbas gas pipdineproject isto be
routed through thementioned city and be continued dong
about 385km. The pipelineisto carrying natural gas
with 36 inches of diameter. The case study isthefirst
29.872km of the project. The study area selected is
located along a national park called Naayband. Itis
worthwhilementioning that al geographica coordinates
for locationsare availablein the created maps. Topog-
raphy isloosdly constant all over thestudy areaso that
it did not affect the method for used for the study area.
Thestudy areaispartly in coastal zone. Thisstudy has
been carried out during January 2010 until April 2010.

Buffer zonesand risk scores(Zone-of-I nfluence)

General worst damage caseshavereported adis-
tance of about 500m for direct damagesfor gas pipe-
linefailuresthat are even more explosivethan that of
the other material97. Itisessentia to determinefor the
distance apiece of dataprovide evidence on adjacent
lengths of pipd®. Consderingtheprobabilities, thedis-
tance of theleast probableindirect damagesto envi-
ronment, both of natural and built-environment would
be 10 times more. So adistance of 5000 misenough
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to assumetheminimumrisk®. Asthetown boundaries
arecond dered astheindirect boundariesof theproject,
according totherulesof IEPO (Iran’s Environmental
Protection Organization), inthisstudy afunction of ex-
ponentid scoringtoindicatethemoresengtivity of less-
distant areasto the pipelineroute were used. Respec-
tively the two distances of 20m and 5000m were
wel ghted exponentialy asthe project-activeand direct
boundaries. Bdancing thetwo availablebuffer distances,
it was concluded that therewere necessitiesin order to
determinethe sengitivity indices and subsequently risk
indices. Thesengtivity index mentioned hereisone of
themost important ones-urban and rural areasrepre-
sentingthe URAS. Finally abuffer up to 5000m out-
ward and 2500m toward the park (cong dering the pipe-
lineasan axis) werecreated (Figure 4).

Equation used for calculatingurban andrural risk
score (URAYS)

Risk assessmentsgenerdly rdly on mathematical en-
vironmenta fateand trangport modelsand ca cul ate ex-
posure point concentrationsin environmenta media
(e.g., soil, air, water, food), rather than collecting data
Thismakes sensewhen using “potentia to emit” esti-
mationsfor proposed facilities®. Providingaformula
to calculatetheindex risk scores, arational formula
was created based on thefollowinglogics: 1) Relative
risk scorerangeswould benormally around therela-
tivescoreof 10 whileitisrationaly variable. 2) The
scores should beof the same nature of the other factors
sothat thefinal calculationsof risk and sensitivity are
morereiableandfeasiblefor risk communication. Risk
managers userisk estimates, derived throughrisk as-
sessment, to determine whether aprocess, activity, or
site posessignificant risksto human heath or theenvi-
ronment. Risk managersmay decide, for example, that
estimated risksareacceptable, and noactionisrequired,
or that risksaretoo high and require remediation, miti-
gation, regulation, reduction, or prohibition. Risk man-
agerstend to be non-scientistsand may view risk esti-
matesasindicatorsof “red risks,” rather than merees-
timates of risk. Risk managers should understand that
risk estimates are one component in amulti-faceted
decision making process®. 3) An exponentid relation
existsbetween thedistance of pipelinetotheurbanand
rural areas-the more less-distant, the more score of
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Figure3: Naayband national park besidetheselected study
area
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risk and subsequently the more sensitivity®™. 4) Thear-
ed extent of the assessment must be defined. For ex-
ample, isan off-siteareaincluded in the assessment,
and towhat distance off-site’¥? A ssuming adistance of
5000m astheminimum risk, theminimumrisk scorefor
theindex would be provided so that distances more
than 5000m were not considered. 5) A 20m distance
for project-activebuffer zoneasthemaximum risk. 6)
In distance-based formulas, the D refersto the least
distance (LD) between two features.

Consisting of 2 towns (Figure 5) (Assal ouyeh and
Naayband) and 14 villages (Figure 6) involving the pipe-
linerouting, provided (TABLE 1) and their distance
sensitivity ranking aswell, the study areahas human
hedlthrisk sothat relativerisk estimationswere carried
out. Themore decrease of distancefrom the pipeline,
the more safety and less sengitivity would be present.
Assalouyeh has had 31319 persons and Naayband
10450in 2006-2007. Villagesaretheonly human settle-
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ment in the project region. Distanceswere measured
from the center of the villages and because of settle-
ment concentrationswithin an average of 500m radius
of thevillage center, theriskswerealocated to such
polygonsinfinal risk score (FSR). Besidesarisk zon-
Ing map wascreated in order tocommunicaterisk re-
sultsin amore obvious way as well as considering
holigticity (Figure7).

URAS= i>< 45 1)

NG

where, D: (Least) Distance of URAS to the pipeline
route; RRSR: 0.01-10

RESULTSAND DISCUSSION

Summarizingtheresultsof theinvestigation URAS
was obtai ned for the human settlementswithin thestudy
area(TABLE ).

Risk management and risk communications are
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Figure7: Urbanandrural areasrisk score (URAS) zoning
mep

partsof risk processthat areindeed the fundamental
of successin anintegrated risk assessment as® have
stated aswell. Thisissue has been addressed in the
present study by considering a URAS zoning map
outputted from araster-based GI S to communicate
therisksrationally and precisely aswell asaccurately.
Being ableto be guided through European legidations
and directives, Iran hasasimilar legislative system.
During the last 10 years, Europe has faced several
major industrial accidentsgenerated by various causes,
e.g.: Enschede 2000-explosion of firework storage,
Toulouse 2001-explos on of anmonium nitrateand Ath
2004-rupture, explosion, and fire of agas pipeline.
Theseincidents caused alot of casualties and major
damageto the environment, forced international au-
thoritiesto examinethese phenomena, and, moreover,
led the European Commission to adopt legidation to
prevent such events¥. Sincehavingaspatid risk map
seemsinevitableto managetherisk of pipelinesthat
was considered chiefly here. Ramesh et d .1 provided
uswith adistance of about 500m reported ontheworst
jet fires by natural gasesthat madeit possibleto cal-
culate the zones of influencefollowing our risk com-
munication aim. Considering®, the applicability of this
method cannot be addressed in areas such as
Assaouyeh with different living areasmostly the pipe-
linerouteisoutsidethevillages and seemsnot to be
concerning, but so.

It isworthwhilementioning that being anew con-
cept that here has been used, no integrated approach
congdering theseissuesinaholisticfinal score-at least
for the surrounding environment of the pipelineg®°13,
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TABLE 1: Scoringfor therisk of inter sectionsbetween land
useenvironmental unit and thepipeline (IRS)

Rankin sattlement z-n?) UrAs RN sattiement E_n?) URAS
1 Bidkhoun 91 145 8  Bozbaz 3890 072
2 SouthSahveh 1446 118 9 Khiaou 3891 0.72
3 Khoreh 2201 096 10  Bostanou 4250 0.69
4 Maow 283 094 11 Asgai 4352 0.68
5  ChahMobarak 2324 093 12  Kaaa 4502 067
6 NothSahven 2434 091 13  Deno 4526 067
7 KenaKheimeh 2639 088 14  Akhand 5167

CONCLUSION

Theam of this study wasto assessthe urban and
rural areasrisk score(URAS) in order to assessapply
asanindex inenvironmental risk assessment of pipe-
lines. Based ontheresultsof theinvestigations, thefol-
lowing conclusionsweredrawn:

(1) Bidkhoun withaURAS of 1.45 has scored the
most of all dueto an average distance of 961m
fromthepipeline.

Dehno wasthe safest built-environment inthecase
of pipelinefailurecircumstances.
Thestate-of-the-art method used in thisstudy re-
veded partid deficitsintheother pipelineenviron-
mentd risksassessmentsnot consderingtheissue
of URA properly.

It issuggested that new policiesareto beimple-
mented to reduce the negative effects of themen-
tioned pipelinethat has not yet been constructed
completely aswell astheother smilar pipeineson
the human settlementsinvol ving the neighborhood
of thepipdine.

)
3

(4)
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