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_ .Layer of Prore'.;.’zon Aaaiysys (LOPA)
- Eoreword e
) ) This revision of Enginéering Technical Practice (ETP) GP 48-03 ineludes the following change e
. . » . Clarification of scope snd dpplicability, ... .. o s -
*  Reference to the risk mattx contained in GDP 31-00-01, Assessment, prioritization’s snd
e ' xna“h“ix“g”c'riiai{”ﬂﬁux“{”swca“‘ﬁ' T anum*}"?(}f)s § i iHiplamentation drafg); " - o

. ,ngnmmt»o,.f«dchnmans»mdx othcr--mtcmnlland external standards.

T T e Modifications to numerical wf&& for psxf;wa”ﬁémx(um““&’E&é&f’”‘ -

« T Greater guidance on LOPA sippariing documentation and reporting.

Greater defmition-orresporabilivies for HOPA assoehuted-tavkig- wee o

- ,;Rcvisio,m, 10 .ﬁlcﬂ_uwcixm (ailighﬂy);ax;d modified the

" Clanficaion on umltmn pmbabﬂmcs

following sectivns dceordingly. ..

b COEYE Y S 2008 BE Intonsationit Lido sl rightereseradd -
This docyment and sny duts or ml‘c‘rrn’uon cmmtcd from iy pse are casafied, 2s
el i) iwl’xk‘mab st Ui ed Tor B suthorizad dssip sy "}n. e
1 4 i1 s 1 subieet to thetenms and conditiony ‘ﬁ*.e
| IEréement b zonimd woder whith s, mumcnt was supphed 1o e Terpents
organizative. None of the'ink ieed fn this & bl be disclosed
ouside the recipient’s owy n'mnwtk‘n unless the 1enms of puch FTeement of Lokt
e A e lv*ﬂlmv v untess disdh s pequitad-by e S S

Ja B cxeni afagendict hetweat ‘3;:.\ sdocurest s 2 psheram bw o yopufaGon, the

o i ) T releviant Tas o fepudation snall be & e d crentes & higher obligation, 3t :
shall he fotlewred A frng s this b schicves fisltcompliance with the fuw or regulation.
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5JUR‘1’ 209’\& e e s, i o A R AR seom GF48‘GU' T T rpaoen
Layerof szeman Anaiyszs (LOPA) o

. Sr;qgg:,

‘Ihe scope and applicability of this G are a8 FOHOWS. i s v i

R apphtabh. 1o Mujor ijeus 2 defined by MPep (E&P) xnd Pcp (R&M). This
includes onshore and offshore hydrocasbon aud chemical process facilities, excluding....

subsea l:u:rhucs

Iy .5:11* ¥ iavolved nd e deiand Trequensy 15 1688 than ﬁxetesﬁngﬁequmy,ﬁwuﬂw -
. . R . - PED determined from LOPA is.not the appropriate method 1o, define the required integrity o oo oo
e Refer ta GP 30-76 in. sth cases,
& Ifconsequences are in levds A or Bof GDP 31-00-01, Appemixces or 2. LOPA is mi #n
- -oignnropriste soalysismethod: Methods suchas fralt treeanalysisfrtluremodes andreffoctg— = oo o
_analysis, or quantitative risk analvsis should be applied in pursuit ofdek’rf:d icti i
If LOPA indicates requirement for SEL.3 or higher STFs, ofher methody nf ha/*xrd '
e oSSR O ShOR T be appliad 1o hetter: understand-the-risks-and alternatives should be-.- i
couc:ht that in¢lude mhm.ndy safer design stratepies and aliemau’vc risk mmm.cmcni
ap) pxu«bﬁﬁb -
e e The pleinid. Gruupﬁwm)umded Operating Practice wn. Selection of husard. ..
mziuatxaﬂ apid risk assessment ruclzmques wi’l v furlhcr s:mdancc on.the
i i Jpproprwfe FECHI S i

Normative references

The following refecenced dmumunx; thay, tothe v:t;:m spuuf ed i sub\q.quum damw aud mmmtn ¢
AHREReS, BE Toquired 157 Toll Gompliance with this GPT™ T

TV For dated references. only the edition cited applics,
o ""“iFor'mdaied'rcﬁercnccs:ﬁw Jatestedition of the referenced document {ingluding nay
amendments) applies.

GDP 3 1-m)~01 Assessment, priériiimticn arrd management of risk,
B € {187 S ' Sym:ma(IS)—MEndganc}halthnSalct},
GP 30—76 - ’*’-dfetv !nslmmcntz.d Swicm:, {S18) - D..\x.lmmem oi ngcss
T L R U S 8 Spesification: o i ‘“
L GP30-8O o Babery Instromented. Systems (S18) - Implementation of the. Proeess.....
Requirements Specifieation.
GPFOg— 7 T Nafey Tostrumented Systems (185~ (}p’éﬁ‘:iﬁ'ém”aﬂd'?v“l‘niménani:ci" S
e $0. 38230 Major Accident RiskMAR) Process Asmex B
- st
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. Layer of Prorecf:o's Aﬂafys:s {L OPA,

Availability

Basie’ process control svstcm (BPCS)

A system that responds to mpul mgnak fmm the procesy and/or imm an operstor, atd gencrates Qmput S
stgrals, causmo he process jo.operate in the desired manner. The BPCS consista ol a combinationof ... .
imic miwr« process coniraffers, and final control elements which Futomutically regulate the

e e e I HOCS vithinfopmil -production Timizs. Includes 2 TIME (Fuman mactime interface)e Also referred 1o

as process coxztrol svstem

B nmcrcind mtcgntx lcvd (C{L) . . _—
- Level 10:- spccxfymg commcrcuﬁ micgmy rcqmrcmcnm of commcn.xal ﬁmctwn alxocatco la ’
- \,Dmm\ﬁhcﬁ“ failare i - — S - e - . e e e
. Failure of more than one device, futiction, br system due 10 the samie cause. » ~
Competent . . -
Describes an mdmdnal with Lnowkdsx and skalls decmed acceplable bv ﬂxe hA (] pcflorm ] msk
~ Appropriateknowledge and skitl may hc acquired throngh training-experience, qualifications:orsome. -~ - o -
combination of these.
Démand
Condition or event

pmiecnvc svstcm < i take appmpnatx. actxon to pre wcm or

Copoitieate Kavards

— W(ulst.ﬁmt temls are Jmmm!m ﬂuﬁ(ri’ my lmvc¢xpm1ﬁc mcaning i OMS, lfth:a GP efers 1o
BP Operation it shonld be interpreted as BP E:mty or Opuranno mety when working to OMS.

Em lmnmcnta! mtc«’rm lcw:l (EIL)
U evel Tor SpeciVing environmealE] TEHTY eqlichiEnly Gl Eiv ronnER ik TuReion alIoeied 16 SIS,

- .Condition or-practice with-the polential {o cause barm to people, theenvirosment, propeity, or BPs
rc‘:puhtmn

Dx‘&xc.g, system, o action ih pable pr {ul: q om proceeding T
i hat initiated theaccident -

- ,seqnenx.e and @) mdé;)mdcnt of zim; a;tber H’{S H’L\s are ncrrmﬂly 1dv.nf ed during Javer of o
. . ‘]Jl’otccﬁorranxiy\cs" i s e e s D eSS R SNBSS v s ol Eoiins i e L i
B £ 11t 4 - " T T
i i e oo A, FatlOT G, rrOr, Sitabion, o condition that rosults, or may result, in the propagation of s hazardous,
event.

. };age G s




Layer cf Prote::*:on Ana!ys:s (LOFA)V o

; mttatma et

”R,_“ﬁ_-‘,‘f,ﬁ,t}; v e

e e e probabiliy thatan ireny is able fo-perform a Tequired fondtorunder stted-condittons foratstated v o
pt:rin'd of time or for a stoted demand.

Risk
A measure of lossharm to ;xoph, the mvxmnmmm compliance status, Grmwp rr.pummm .a\wls or
e e - D USRS performancein rms of the product ol the pmbab;lxt) -ofan. 3 event decurTing and the

) misgnitude of ity impact, 11 hroughout this Practice the term
T L gy —envonmenial and. Sperational-(HSSE&OY indesis

Saict\ _t'.mctmn m}h SpLClﬁ\:d integrity level that is necessary 10 achicve functiona] safety by puiting
Sl or mmnta safe state under prcdc}md conditions. » B ;mpicmtmifﬁi

using SIS

o Sty instrumented syctem {SIS) - e S e e e o e

Instrinmented systeni used to impléuient ore ormere SIF. SIS is composed of sepsors, logic solvers.
“aind Gnal control dements A eovergensy shutdowd systen (ESDy 1gs speui;c example ol an SIS,

l'( STL)
o Nnmmca}*cpmcenmucn of thedotestity required, and-capability of 51 Traddrasses hardware
reliability and capability to avoid systématic faults, SILs for SIF¢ operating in dewand mode are
* deled fof RArdWine FETability o Ghis of probabiiy o @ilire on dedand (PFD QEC IS T
1EC 61308) See Lable 13 for deails of S levels,

. Safety Hfcceyele .
Negessary activities mm]vcd m flu. mlﬂum,nlalmn uf a ﬂ]?‘ m.mrrmg durm« umz. pumd ﬂmx sim ts ui
~eoncept phase-of project und ends-when-ail SiPsare no-longerrequived and focility 18- o

decommissioned.

e
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-GP-45-03
Laye' af Pmrecfmn Analy rSis (LGPA;

T aRget ABE AT AVERE TRETRGSE (TVIEL Y. oo -
M:mmum frequency. {’or 5P c;ﬁed severity of gonseguen

TSI S < AL aDIBIN o
I‘:obabﬁxw thal persons w:li suﬁ"cr a wwﬁcd hca]th and safety impact 1(:\«:1 iy cxposed 1t humrd

. 4. Symbols.and abbreviations -....

'*}’orfﬁxi:‘purpcse~-bf'thi3'GP; the ﬁ?ﬁ'o:wingg‘ymbcﬂs‘* :"mdﬂﬂ?rﬂ’iﬂiom;*appl}':-- e e

g g et e e o BPCS«M ”Basxcpromscantrolsys:m

mtégri'(y fevel for cquipment damage and busmess Vale TS3E

i | i ;SDM Mf@m—gmcy qhmdow
) HA]O}Z ~ Hazard and opcrabdttv fstudv)
e ACL . Inibiatng caug . .. .

e e envenne o o o T s Intermaddiate event BReRhood. L e e o

= 3~~-€ﬂrr1.;|"ru>~pn'ti{mahc»irmxsdm~ér:~ e — e - = - e
ndependent proveeron Tayer = o
LOPA  Layerof protection analysis. T
M TP&ID  Process and ins{ﬁ;&ééis{ilm }i'iﬂixéa}n.' - o
- N ,PFD‘ - Ptoi)'xb iy el i:ulurc on, demand
| PHA Procoss hagards amaysis N
sy ....,,.,,...?f‘s“f’rfs"i??f‘?}f?i e ” o o

factor -

G RS KGR , i et i

TSRS T Safety reguircment specificafion.
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G CIa S POR

Layer of Pfotection Anaiys:s (LOPA;

VBT T A VSR IR

5.7 LOPA overview

54, Whatis LOPA

of [PLs, retlucing

CateGmE

LOPA (o determifite he targer SIL for & SIF; but thal i,
0}’ LOPA. TOPA also evaludies whether a profection laver ean be considered
111(&4;&1'51011 dnd can detdinisone thé pelj}brmaaw f‘eqmrui For ngn-S1S wmpuu;’mr

o JEVEES of L T

TTBRBLT !ﬁﬁéﬁé’ﬁﬂéﬁf protectionlayers ™ 7
- LOPA considers salegtiards-that meet PP L-eriterias -
L()}’Jiwmm’ PL wherzas a HAZOP may include safeguerds that grenot

uldcpfmd&u! Iuyers:af pratcctmrz
bl IPLs shall con o e oW Ghla:

'4. Auduahﬂxw« IPL i dca:gnui 1o enable pmodu. vahthcn of m ak:um. funcmm.
e P judie testing zmclw THCHAnEE MII’L Wregmed. .

HIGHLY CONFIDENTIAL - ~ BP-HZN-2179MDL00408210




TElgurs T Exampleot protection layers::

o - BP 4858
Layer af Pratectfon Anaiys:s (LOPA}

' Cormmunity e:i\érgency response

/ / Plant emergency response

De‘ugesystems, Fite»spnnlders,
/ Toxic gas detection, and Alarms

Barmieades Dikes.

Pmutemhef vatves \

Ruptire disks

A

Critical alarms

. Saietymszmmertais;stema

B EN W /Bﬁ

asic Process

ontrol systems

Drocess design

S =y~ LOPAYmatutions: -

S —— AP «Ms nof 4 method for. Jdcxmﬁrmﬂ h‘v

L OPA ‘may bz c\cezmve for. snnpl’. orlow nsk ﬂ 2

I OPA may be overly simplistic for cmnpk.x systems.

’ E
5

HIGHLY C@NF{DENT AL

LOPA'is o1 o method 1o analyze ssealation evemts. 7
- LOPA i notw method-to sndyze risks assoviated-withrescape gud-evmoation, = oo

Risk.comparison scenarios. are only valid if same LOP A method js used throughout.

- BP-HZN-2179MDL00408211




st e S DA o

ey OGN L T U T st S
~-LOPA-is-partolsuforydifeeycle activitivs forindependent-profective Jaye

. Refer 1o GP 30-75 and GP 30:76 for details of management of instrument
Jife eyele activities, T '

2y jdentificd frony s DODA provesy shiall be Tormally Teviewsd niiag ™
appmpmm MoC protcdures

. Ifibe bulcome of the LOPA dumoaatmtes the need for 2 SIL, mn.d SI} klm s’hdl! bg
=" specitred, mstalled; and mmmtamed - contormames with GP 30-80 and 30-51 mspcctm:fy:

o tGP?X'ﬁming'izmd application
g Py pratng eliges tis B OperEanens BA Sl be risponsible Tor a0l tie LORa s s
planssiag, mndnm doctinientation, sad resolmmn of sction ems,

b. For projects; The I’mlcci A shall be r(.s*ponssbie fm a.vmrmg the L()I’A planmng com}uct.
- sGocumentation; and resclutionafnenontems o s

4. Foroperating facilities that have conducted LOPAs :mél for projects, when a HAZOP {or
HAZOP revalidation) is preformed. a LOPA shall be pcrformcd wither dm'mg or
immcdxately after the HAZOP (and, n:valxdanon) : i e e e

. Refei g, or 43’-079/237' il it o HA ./ (@14

Given efficiencies in coordmarmq provess hazard analysis smd;ex and LOPd
SR ARSI prOctiee 1 th conduct-u LOPA-éither-immediat iy followingor-in -
conpnciive witl these process ha:ard anahws s’udzc.y l Tz;v genera.

bectnse the LOPA 1eom does

Pags t1efdt




it ..5 (‘}dne,zoos A S s 1 BB S e PRI M-t b4 p e et e s o AN SN GNS"GJ
o o ) . Layerof Protecbon Ana.’ys:s fZ.DPA)
IESTIEOPA StOdY team:
““FTeany teader
- g

" A LOPA\";cam leader shall:

3 H.m: a c!car tmd‘.rsmndmz a{' tlm (xP :md 1t> e mrcmcms.

'% ' ; _ LOP}\ %SMOIK
o 47 Have an under-:tandmg of hke] Thood Fnd poteniial Convequences of % veuts, including
B s tetto st et i -~~~dcvclcspmo cer‘ 4 ’pmbab ﬂltﬁﬂf«dlf crent putcomes: e .

LOPA studies x}éde— the imdershxp ol a competeni 1.(31% Team Leader.
e S GRS far the LOPA Teanr Lender tohuse experience i orher provess
fiazurds analysis vr.risk, assessmient leehnigues such as consequencey anulyyis, -
ik iy ahalysis, and QR4 T
cz~The ~{;@1’A~1cxm~icndcr-shall be responsible fors o

i Advising the BP Operations Jendir of issues that could affect the j Antcmlv ofthestady. o
Land wi nﬂu% w;(h them (o ensure an ellectve resolution,

HIGHLY CONFIDENTIAL ~

I Bx.‘nl“ “alé to Ticge pressures and Cosdre that i1 d6& ol t.umpmmxsc e qu.xhly.
. thoroughness, or integrity of the veview. . T e

Advising the BP Op}mucn.siizada of the nccd 1o defay/ postpoﬂc ihe study umxl }
i f y of tha L4 QPA ¢an be resolved. This can include, but is not

hmmd 10, tht.io]lowmg . . e e
%*? .. Inudequale experience! experti (b LLQ}?A. ‘,»_9%%%1:% .f‘ff..?“.‘ %Ts‘fﬁw .

review,
. O Required provess safely information js imaccurale or nolavailable_

B2 Otherfeammembers... s e i e
The mPﬁ}eﬁm Ieazlu <lu11!;seieci andappoint competent LOPA 1¢sm mernbers hased on .
their expericnce of the Type and soale of the T.OPA héing conducted.

LRI OPA shall be porformed st a muitidisciplinary toam.
12 Fhecore LOPA taane shall include the followitng expertiser
-'r} ﬂadaﬁtandiziaéexpaimcewi& the ,pracesslfmmv.desiém and process intent. .

o

Page 32 of44
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La yeraf Profestion Anaiys;s {LOPA}

- li"-ffﬁb)'i if-»'"fﬁac’x‘&tdﬂdmgzéif)éhcna, St ARSIRIHERC O ERPR I - contsl and shuldewn o S
__hardware and Jogic solve:
o L Inders*tmadm cxpmencs with day 1o day opcmt}ms -
) Understanding/ex) cxpc,acncﬁ with process safety.
- 2o Other Techmieal experiive shoald inchde! sy winranted: ™
The Scribe rolé may be fi i By ome of the team sembers or the feom feoder
by Understandingfexpericice with equipment, design iumts maima}s c:f
e e s traetion and eondition o squipnsents
B Lorosion and matesials
_ . a} Mn'ﬁgmqhh,« 3 . - o o o

&) . Mechanical.

Technical rcpresantame ﬁ:x hcens*ed mchnc)ames .m&‘or »endor patkaag

- ) N Other disciplivies a5 required.
- Nw;ﬂm b Rl e e bers Showld B berwes v (in adigon ol (el and —
o I seribe) nnd six io enable cffective analvsis and decision taking.
B ot TeRs T a7 2 referexfc“e‘“{TOR) — e e
o e AP OR shAll beduel(\ped for-each-studyand formally sarecd between the BE-Operations o oo
Leader or delegate and the LOPA Study Le*sder béfbrc: the study comunences.
"%, The TOR document shall iniclude obgécu%\ se0pe, mexhodolosrv includiny pmxmctm cand
T e deviations.to:be ised personnel required:to attend the mecting: schedole and:deliverables;
principal re{mrr recipient, dﬂtﬂhllll(m Tist, and rt:fcrcncr: documem& fe.g, HAZ 01’
ST > A p&]v,} e sttt A o oA e ot 1 S b o AN i

ez e TOR-shonld-also 1dentity and-besforwarded 10 the- BP Operation BA-0r Progeet BAc o o o v
eﬁpmﬂaab}e for the hazard and risk mamﬂen‘ém at that fieilisy or on that project.

Dcwiop ing fhe T4 {)R hmps e'mw'e a e onsisten understonding of the L()}’A mezlad
Y 7. 123 wp!:wtzrm will be esicblished beiween LOPA Leader, projectisite...
management, and 1z LOPA ieam.

7.2,

Key dosuments thal should be: av*vlabk dunn 5: I.OPA are:
1. SRS Yor existing 51S, o
. - T TR

HIGHLY CONFIDENTIAL ~ —— ~~ = - BP:HZN-2176MDL00408214




Layer o{ Prombm Analy.srs (LOPA) »

R AR BT R T S S e e e e

4. . Nesse] design data,
3. Opérating progc&ﬁrcs.

o

. Conscquence analysis studies.

7. LOPA study report

) a " The LOPA Teader shall be responsible for issuing the formal LOPA eport tothe prineipal ™~
..xecipient of the sudy d,cﬁned Jin the TOR. e
The LOFA report. sérves as the permaonent record of the LOPA m:d\ and will'be
" used by people THeTr Were not a part 4f ihe LOPA team. (ver time, the FRE L FEpOH e
o 38 the onlyindicator-ef thequality.and.compleleness. o[ the LOPAMEAY, nd $e1%6S o ... e
o5 arecard of the team s difigence. 1t is imporian Yiat the 1L.OPA Tean Leadér and
teans-have theatientionto rensure clarily andaccnraey ufthe log sheets an
repart,
) b Documents used to suppon the sludv dacuments ‘:hall be collected and .m.lmcd ﬁxr futare B o
- o TESRTETIOE, T rcsponsxbdm fardomn this-rests writh; - i -
3. The project team who should kand ﬁxf;{etz@:et.éesm@?sie chentorasset.or
2. The person I m an existing dsset who ¢oordinates LOPA dmu‘menmt ion.
" "LOPA documentation shall be retained for the life of the facility. This 1 repor: shouldbe
e i s - PECPETEE a0d. filed in secordanee with Jocal documeny control procedures. ... e -
e Reieitivn of LOPA doctimentation ensures its avadlohility for referenw in MOC and
“revalidetion.
- - 4o A EOPA reportshall include following:
. e T , S — e S
- e e 8) .- Printipal setipient of the report
b)) Executive sumipary, B
¢y SBcope of siudy.
B d) Provess.of system duu’!ptmn and du‘lux e - o i
g Ve hicatien diat TOPA ‘meilivd - S T Y OF g aged e e e
o o 2 LOPA Teara members and their roles. e
b) Recommendation summary.
- Df.gi;iﬁuuon:hst.
e Y ToR o the LOPA study.
e L Assumplions...
» €) LOPA Log sheets.
&) Lm of mcommc'ldmons 1mm ﬁxc study,

T8 Team sttcndance for cach session.
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-~ GF 45-C3-
Layerat Prctlsr:rmn Analys:s (LOPA }

EXIEREIVE DY

o TRES C O Ealoulations, detaited ¢ noP- so-orothers: mef 2l
mfarmafmn compiled for or during the LOPA that %cm}d be mz:f i1

- rirerial for fatwre MoCoorsgfety issues.

T4,

}—oilow Uup”
BE, Operations EAoF] ijct:t EA.should ensure that an-effective means.of tracking -

recommendations is in place and sceomplishés the fiﬂ]owmg

Record thie-action iténclogurs’ ‘{mﬂ approval by nraject or site aathority (; txppmw&
action response sheets should be retained with ﬁ:e Imz shv.cts}

3, Includeor relérence dowmematwn rgqmrcmcm':

4. “frack the transfer ofact)on jtems hetween dd:wrv ieanms (e 8., pmgect i)

ommmsivuwel- TR

SRR £ -3 /< </ /1" ﬁ(r‘ﬂwxm" ws, el the wise of material for, mm‘ﬂm pummu: el
if the logshedrs ore updared 1o tnelide the aetual acrions secken sehen the
reconmendations.aré tlosed out;. s g .

Provide fur & Lonfnmanon Qf compktmn incliidiiz by ficld-verification for opecating

tacilitiss,

b~ “The technical rmtdﬁsf"?d?‘fé&mmcn‘dé{im"fﬂd:‘tﬁibﬁ:"inaﬁdiﬁ* suggestion of g difforent =
acimn. or rcw:cuou, shall be clcaﬂy stated in writing and rel:xmed

< !f rccomml’:ndmmn and actions cannél be ‘;,,rccd witl the project or DP Opcraimu m (hc
e giilisfaction ol the LOPAAeam-leader then e Project EA-vr BP. Opemtions EA-shali be--
informed. The EA shall attempt'to gef résolution with'the Praject Manager or BP

Operation leader Hut i this s not possible the BA shall ratse the fssoy m £ hxg}m EAuntt
. agreerment is teached with the BP. Operition leader

d. For prajects. the Project manager shall ensure that agreed xcmmmendauons ate mwl\scd m

HIGHLY CONFIDENTIAL-

At appmprsm‘:nmmcaleas dictaicd by proy ,,‘,m,e.w&, O

~The PHSSER tecons review and audif-action progress atvariousstagesof CVfs oo
accordance with GP48-01, ’

Complerion of recommendatiions should also conskder the anteunt of work invoived
- incompleting the tosks. Administrative aivd doc tation.1ee Jati
be completed i a reasonably short period wirile recommendations requiring

sns.shondd

s s e e TR TN Tl estaTtatiolF durtsa sani dawnrime vy regqutire veare tor
Ay Frequre

CO!II})}MI@,

“pp Opmhons lmﬂer shal! ensuic lhai ag,recd acmms are followcd ﬂ:mugh t0an
_appropriste cénclusion. A-person sheuld be nominated .46 this and inistructed 10, FEPOFL-
forwally ut regulur interval§ while the action reinsing vutstanding,

For projects nixd operating facilitics, somplete auditable responses and actions concering
the reconmencdationsshall be-documented and retained: for the-hfe of theoperatmg - -
facilities.

Re, pari re mmmencb{mm BP C)p«’rmmﬂs rmpnm;*v and. mnp(;r{mr: dn: mentrion

shonld-ideally berecorded ing reoords systom which permits ready-retrieval. stutus.

reperting, progress chasing, und ipdependent wudit, The supporting documentation
s honld inelde apprOpriGne rEpUrS RS, @S, A T COI IO v s oo
demuenstratin lhai the rccnmmmdafmns arising fmm lec ()f’.»i have been carvied

Pagei5ofd1




Layero{ Pmtecborr Ana;'ysvs {LOPA} -
S “Loval law may impose add:mmal done :“ y 'f 2o M, NN mdudmn P i
G e requirement o makeificriskasseysmenraccessbie 1, personswho warl. witfor
#ear the studied risk:
Sollowits mfom)anon hould be obiained. irom the HAZOP:
L Seerario du,cnpnun (meIudmL consequence deseription). »
2. Consequence rankmg
T astef imixatmﬂ camscs.
4 Tisrof yafenuands for vonsideration ay Ly
eraadmglba I {A/GP reetiario daw dnto.he. LGPA dacummzazmaz tonl prior.10.
: sy i less {ilzﬁwo;wéqual 1w Ih:'!r\{}:l Ifitis, pmccud
seeern s e i AR AR ST U mu, pmw{.d S IR TR TS B 1L R —"
ist the 1PLs (éxisting and fature) that ean wmitisate the initiatins couses, Assessthetype .
rity of the {PL.
e P b T il’ '!ﬁc TEL S sy than o squal )6 the TMEL I iy, proceed 167 the next sSenasio,
= o ";::..:.'Rafm:fla“ﬁﬁdﬂ'-"%'aﬂ'm&zxmlifv’:mkrd&nﬂm::';;:.:,: ;:
The use.of o SI8 should not be the first.choice irprotestion s it may sol be the most
mbm,m!} safter option.
- Yoty Ry Bastg SISE T
wedy Loy -existing 518,41 the 8IS difecycle hav been-munaged-and-documentied - - -
sccordance with GP 30-75, GP 30-76, (3P 30-80 such that the actual PFD canbe
T deemined (G probabiliny ol isslicerivenss for von SIS Tayesy thea s PID shiseld
g aar
HIGHLY CONFIDENTIAL - o e e BBHZN21TOMDL00408217




_5 Juneggoa Sy P NSRRI - ,is_ca( e e e

Layeraf Praeechan Analyss {LOPA 7]

hsz l‘,u, aml Tﬁblc 11

ii ihr::re are not an} exmmo ‘»IS«« r&wmmend additional pmtw(mn layers, non :31‘3 or

" Refer to Table 11,

e . ......I.’,rqcccd i ﬂw..next,sc_mmramuuul .anaiyxis s}f.all..sgqna_xios.;is.mmp‘lcxed.v e e e
y B LOBA -
.’V
o, 3 B iv\num -
«ﬂmm'mwummd
witimali the iniflatiig cause .
o . . T .
k!
bc«wxmc e mam
Tsetorimmnis e TMEES Iﬂr
..... o dlied ! s
o i ) U TVELIEL e Seoesamood idibonal | |
. Pm h 51[._1«.!(; juvirs, not RIS or
SIS will PFD s sk L
‘ TMEL
TioT Rhe 1PLs thay tiot
miisigntc et infating
e e ot . .
A;mmtil’ttv-;zcmdil’l.
- G nitiating causes;-likelihood,-and frequency modifiers - -
. T R S s o
e e A A0 AN R cORSES of hazardous scenarios.uormally. identified f0 HAZOPs penerally fall inte .
two. Categories;
Page 170f 47
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e - 2% 18 e 225%.0 1 /) - SN SO ——— - GP4B-0%
Layerm’ Pm!ec:‘fon Anaiys:s (LOPA} o

Tablet=Equipmentinitiating ‘causesandiikeliiood of fallure i
B »m}tiaﬁng*cause--g-}c)w-“*-‘--»-“’ s A EHOOM OF tatitire N -
s " {eventsiyr)
" o 'BPCS instrument jocp Tailure 1x10°
Requiator faifre L ad)
Fixed equipment failure fa.g.. exchanger tube faituze) 4107
- Pumips and vther rotating eqtipmant— = 1Ty
Codling watet fallyre {e.4.; redundant cold water B FE
- el Bl ONEFSE aivErs) : g T
Luss of power (e.g.. redundant power supplies) 1x 10t »
Safety valve obens §purious:y {PSV\ 1x1e?
s R . e e s g e ...ngsea]fa;{gr« : . R . . . ‘gﬂ‘t s e e e
Unloading/ivading hose failure 1x10”
Table 2 - Hulfman sFrof freq 1east oiice pe o

Conditions Likelihood of error
SR VP m“atﬁrm‘mﬁne‘dw’h‘sﬁe’% - ' ‘”Y{M VPR A v v ety o e e
| Operator well frained with no stress w0y
Operator well trajned with no stress, and With 130%yr
independent verification

Tabie 3- Base human error rate

Conditions : Probability of error
et ¢ x e et A e s A e M/O‘pera{orwe;!min& . skess 1x1u ;oppbmmty... vt 45 NS S 00 e Ry et e L RSN L s e baansn a1
o OpeTAOL RN Srained With o stress. . 1610 % oppartunity
Cperator weil trained mth nio siress, ané wﬂh ' 1% a"zappovhmy

Sources of fuilure rote date for initiating event freqnencies inchide the following.,
2 LCPE Coneept Bagk, 200k ..o e
» IEEE, 1994,
. ?ﬁxmmh, 1987.
. “‘_(){{Li),i 19&4, 1992, {997, and 2002
. Pelmi;dn; Mmmwnab:!m" audR:sll (S‘m;rhj

o " Page 1§ of4t
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Leyeraf F‘mrect:an Ana;’yszs (LOPA}

9 4 Frequency modifier

9 4 1. General

“While considering the inmiating event liketihood. tﬁc L{}?A Team may consider the
i o pOATERL, ﬁtqumcy«moﬁlﬁcrs. nxne at rigk,. occxzpancyiaam;andggmnonpmbabmg

- e T O Tl i beused. u'hmmnm'smg a,gqukmaﬁ fzcm.{]mcoz:recﬁwmmm{z@

and applied in délermining évent likehihood. the Fisk may be ‘i:mah’d

o ifthese ﬁcqummodg‘ieryare nat sod aﬁ-onvervafn‘fmodzﬁcr
i N ...epplied.. . .

h. Some initiating tvents xmght be given in torms of lzl\cmmod per @ actmn In this case, the
TG TGS 10 COHSTON Tiow ulten S BERnH tRes PleE T T VR S

d 1 wxdm:z the time that the prw:e~s isinthe
e e e e I:wzard.ammcdc of. cpcratwnby Aotul umq{calcndar 57 N

_ &, The following equation shows how time at fisk factor can be used to modify |

Pi = time ol risk/iotal Gone.

4. Thactor B, is onfy valid if 2 Tailure thn would cause doand sutside of the operational fime
.. iz detecied and repaired outside the operations time {before the operational time begins).
e, Time at risk shall not be used for startup »ccnarios Startup ac fvities f include non
B e e inaeds pperalions d&eribed m 94 28" T T T —m—
AR Gicupaney facter T e
presence faclor
- odified by muliipliing it by
———— (o
ICL (modlﬁed) !CLX F’p
R S— S . I B T T




La yerof Prorecb::n Anaiys:s (LOPA)

c.  Factor P, is oniy valid if'a person’s ;Jrekem,u i nmdi)m with rexpwt to 1he hw& um_
e gy ouly-oveurs abstart-upand personsare ihvays present-atstariup, theénthe—
occupangcy fuctor is1,

Operamr response shoild be considered foraceupancy if ¢ pri opo.ved evend is not
s LRSS IO 0 IS LLTD ingideni. Jf-operiior.Fesponse can-heexpeotéd, .
creddit Jor neoupancy factor should be inken.

if cur alarm i considered os.an IPL; then eccupancy factor shoyld be appl od
B , canitionsiy.af.ihe.alarm nioe Araw 1 OPETaIOr IO NGB, ... s o

... Oeeapancy factor isnot used for environmental and commeteisl scenarios

.. 844, . I\gnition probability.

a.  Theignition pmb'ibﬂm/ shall relate 1o the hazardous swnarm being anai\r/cd as dcwnbm
bclow SN

ottt et wJ!‘w.. V{‘)nshﬁrcfad]iﬁm L o s 0 e g

s e e e s v e B o L UG SCCIAXTO SvoTYes, s Immediate ignition, thea the ignition probability shall. .
be 0,1 unless the scenario invelves a high energy mechanieal unp.tct when the
e A pnitioR-probability. shall bef 3. - .

by I the scenario involves a delayed Imition, then the ienition probability shalibe

0.5 where the vapour cloud encouniers on site ignition 2 :

et g e - NAPOUL CloOUE, c:uenda off site then thie. 1gmuon probabilify shall ba Q,S) Wherett ...
can be demonstrated that a particalar scenario will not penerate 1 large

i e i SRR S vapour-cloud- then-dve immediate dgnition probabilities should beo
used:

Cin r'eneml the probability.of de/m’ed'wm::wx i :he,claud dr j/s into dreas aj o
mcamrajtrdgmm*amsma'cw sz'dx afmdmmi GrEds; n‘r’l be"gre(wzitm; llmf I e s

iént c:orxdt!mm and dc’pendmo on if:e na

[ ot form large flammable yapour c/’mld 3

c) Where the temperatwe of a released m:ﬁerxal i .al:ow_ its amm:mnan
teppersture T then the igmitton probability shaltbe 1.6, -~ -

Ahese values swere selected by revigwing the ignition probuabilities in GP 48-3 and
sc!e::rmg the most eppropriaie valie for eneh case

~Perpussionto ‘uscmmncricaﬁy'{m’vcr dgnitionr probability values shall be obtained -
. From the BP Operations EA and shall be justified based on relevant data,

. hp e e e a5 B e S P e et et e s e wwww}gage g-r
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Layer of Protection Analysis {L. QPA

AR ABBT

SR i i Tapler 4 = GenericTignltion probablitties Yoroffshore facilities::

R }Fraid +-Stttation— - Release rate | Nomin -
) kgls ignition
______ SUEIUNCIE TSR o OBABIEY
3 Gas/Condensate Confined >58 0.5
{11050 - 0145
g <4 0,05 o
Semiconfined 50 0.3
<1 0,01
1 Dpen 50 0.2
' 14056 0.03
_ <t 06025 .
o1} Cenfiied S50 045 "
,,,,,,,,,,, 14050t AV covvaierns o e

<1 005

B e —— R G T
' 11650 0,05
. =t 003

Opep o 50 065 .
{050 0.025

. e — . _—

Table 5 Method for assigning offshore i_gnitiori timings

Situation

Relative probabil ijor mmbon

H digte

Congested plus hot work 0.7

Congested - 1i¢ hot work

0.35

~+{~-Non-congesled:plus-hot work---{~-

5.5 "
Ui

Non-congested - no hot wark

0,35

Thése values are based o the report o
Reseafch Repc:?, Iga;ﬁonf—‘mbabz!n‘y Revigw, Modei Deveiopment and Look-up

ferenced in GF 48-50 for offst

25,

1 k}r uch scmme

HIGHLY CONFIDENTIAL
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o s i e U GHOHH os  b t  sg . B -
) Layer of Protection Analysis (LOPA)

TableS.TWELforheathandsafetyhazarts

T I \Severity.lev,ei . Health and Safety Conseguences . ... IMEL ]

Comparable tothe most catastrophic heal!h! safety mcudents
ot N ; 1.everseeninindustey. ..

The potential for 200 of more (atalilies (or cmset of life
t-threatening heslth affects) shaualwa_ys be classified at-this lavel.

Ca!astropmc health/ safety mc:dem causing vexy mdesp,'ead

The potermal for 50 or moke {atalibes {or eénsel of life threa\enmg
i {-heglifreffects;shall-always be-classified at thisjevelc—mr- o e

1. Catastrophic health! safety mczdent rausing. yﬂdespread felaliies
withior outside’afaclity.

. o “The potential ior 10 or:mote fatalilizs (or onselof life: th{eatmmg
’ | i ~{ heaitheffectsy shaltahvays be classified et this Tevel,

-} Nery major health/ safetyincideat ... —

) *The potential for 3.or more fatah!:es (or onset of fife threa‘xenmg
S —— it B o i8R -Efects) shall always De classified at this Jovel. R

*30 ormoremjunesomeahheffecistoBP workforce, either
A-p t-of requird ,nosprtaiﬁeabnefﬂformoreﬁ\an24hr

- Maior healthvsafely incident

- 10“3@; Ea 10

AT e

i o E TP or 2 ARl SEUTE OF ShIonic, BCtUAl oF alieged. 3 % 107r
S S L 10-or morg imunes or health effects 10 BP workiorce, either °
o BerMBREN Of réquiting hospital traatmert for Tore thah 24 b
- R e | High impact heaithy safety incident . T R
e * Permanent pariial dlsammyﬂs)
A . 2 s e . - "Severa! non—permanem dnjuries.orhiealth impacts. - —-—
* DAFWG

Mediiins tmpactheamifsafetyiﬁcﬁem - st oo e s e

SRS S B .,.,,MMMMW..mLow\jm;;acx.\haaim;saqaiy,mgsdamww.WM,,W,,W,"...ﬁ...ﬂ,,,,./,,.m,..«, e o

H (optional) * First aid
e et Snle or riulliple over-exposures catising noticeable irritation
bu no actual hea!th effects

x0Ty

i o {} o ) o Page 23 of 41
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~GP 48-03

Layer of Pmrecbon Anazys:s {LOPA)

Table 7. TMEL forenvironmental hazards o

| which remains in an "unsatisfastory” state for a period > & yr

| -Severity- [~ -~ Envirenmentat consequence R THEL
Jevel -
A * Future event, e, 9., unintended release, with widespread damage i a1y snvironment and

unsahsfactcry“ state for a period > Siyr,.

¥ Flture event with. ex‘enswe camage to a sensifive amxmﬁ?nent and wh:ch remams m an '

* Future event with ‘Mdespread damage t6 & sensitive environ'nent and: which can on!y be
remediated to'a "satisfactory” lggreed siate n apetiod of 2 yrio 4 yr:

* Fitture svent with-extensive darnage toa non-sensitive environment and which remains in

J-anunsatistactory” state foraperiod 2 ST..... : DR

“* Ftire event with extensive damage ioa sens}t)ve environment and wmcn can only be
remediated, fo. arsatstactory’/agreed state in.aperiod, ot 2 ¥ 104 P,

¥ Fuuife avent With widespread damage to 3 non-sensitive environment and which gan on}y

|bgramediated’to's “salisfactony 1 agreed state A persd et 2o 4y

* Future event with Widespread damage to'a.s8
Smediz Fgvel WhichresforesifSnviron

: environment and whxch can be

1> Futuce event with ext

and which dan be

* Future ovent with exiensive amage 10 @ nan-sensitivé environment and whichcangalybe 41 -~ 1
| remediated 102 "satisfactory" {Agreed siate i1 & period o 2y 10 A Y. ’

femadiated 1o a Ieve! which restores fis environmental amenity in'a penod of@ 3y
,,,,, ive damane to 3 sensifive environment nd which can e

‘remediatad to a level which restores its environmental amenity in 2 period of @ 1y,
* Future evert with widespread damage to.a sensifve; ensfaronment andwhichcanbe....

1x10%r

remedsated 1o a level which restores His envimnimental ity in'a period of months.,

- Fgmre event with extensive.damage to a.non:sensifive. envirenment.and which can be....
rerediated 1 2 jevel which restores its environmental amenity in a period-of @ 141

remediated {o -8 level which nestores its environmmiental amenity in a pértod of @ 1 yr.

A EFutureeventwith-widespread damage foanionsensiive envx:anmentand which-caribe .

remediated 1o 3 level which restofes iis environmental amenity in‘a period of months.,

T

Joaxanfye |

S Fuure event with.localized. damage. 10.a.sensifive. envifonment. E-L TSR 1001 R -1, oS EIURIR WU S

with exiensive - Bamage (02 sensifveenironment apd Which canbe
rerned;aizé 1o a jevel which restores its enwronmenta! arnenily in a period of months,

“FREdarerevent with localized damage i3 non-sensiive envirorent and which-can be-

remadiated 10 a level wmch restores its envnronmenta! arnenity inaperiodof @1 yr

1+ Einire event with exlenssve damage toa ﬂon-ﬁens:tive enmonmem and which can be

remediated 1o a [evel which restores its environmental amenity in a penod of mcnths

¥ Fiture evert with Jocalized damage lo a senstive environment and whioh sen o]

_femediated to a level wmch restores its environmental amenity in & pericd of frionths,

* ﬁufnre event wilh exiensive demage’ toa sensmve environment and Which can be
femedidted lo a Jeve!l which restores its environmental amenily in & period of days or weeks,

* Future event with Iscalized damege 1o & nonssensitive énvitonment and which can be -

{ remediated io 2 tevel which restores fis environmental amenity in 2 period of months,
* Future svent with immédiate ared damage 1o a sensitive environment and which can be

| remediated to.a level which restares its environmental amenify in acperiod of months, .
> Future avent with eXtensive damage to a non-sensitive environment and which san be

: | rermediated o afevelwhich restoresiits:environmental amenity ina-period of days or weeks. .}

* Future event with loclized damage 1o o sensitive enviroameént and which can be

| remedisted o atevet whichrestares i environmental amenityin'a period.of days orweeks. 7701

1% 40

* Future event with imimediate area damage 1o 2 non-sensitive environment and which sanbe

G

| (opticrial)

Termediated 1o & Bvel WhicH 18siores S envirarmental’ BMERILY T pericd of rdnths
* Future eyent with focalized damage i a rion-sensitive énvironment and which can be

~ Future event with immediate area damage 1o 8 sensitive envirc and which can be

Temediated 1o 2 Tevel which Tésfores'its €nvionmental arenity ifi d Period o days orwaeks. T T

{ fernediated 16 fevel Which restores its environmental Amenity in 8 penod of davs of weeks,

H

{(opticnal]

. Future event with immediate area damage fo 2 non-sensitive environment and which ¢an be.

A 1x40%

remadiated to & fevel which restores its environmenée! amenity in 8 period of dovs of weeks.

H!GHLY C‘ONFIDE‘NT!AL
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RANR ARt tgs s e e s < s snan im0 RO RS s e 5 Jvnezgosw - e ae R s g AN . GP 48‘0(3
Layerof Pmtecﬁan Anafys:s (L OPA}

:‘{Zab!ez‘.s“:1“TMEtfoc;equipmeﬁt?damage -and business value fost hazards

Sevenitylevel T|7 Consequénce in tefins of equipment 7 TMEL
e : damage and business value fost -

Greater than $10 bitllon. ; -
S5 blotte $10billion . oo L e
50,5 billion £5°85 billioa 45105y
o SO Y080 B bl g G e e o
$5mio$I00m. . 3 % 16%
SS00kto8Sm . 3x40%Mr
S o 1....G.{optional) : $50.K.40 $560 k. — 1.0 Nyr
. - Hfoptional}) - <350 k e

im | o Jw s

T Care shoild be faken When Gssessing i cons eqinences. Under es timaling car Tegd ~ o
to insyfficient luyers nf protection bcmzb applied and visk being insy/fi rzmz’v
managed. Overestimaring can lead To more lavers of proteciion béing applicd them

N are uarranled for the m{. {evel which; over the [ifecycle of the aperation, will result

i additiondd cos, inspestion, and inuinieranc regiirements.

e Eqipament darage and Bitress valie Tos( coniBquencey may be asvessed. B

IFEHE 'céanu”cncc\awaot cfwly et fcd; e analy S Shall bEsomploed béfore
LOPA ean proceed

d.  Ifthe conxeqm:ncm are 1dermﬁcd but nol ﬁiL\f dgﬁned th LOPA team may wmph
e definition or seek-assistance Trom process %zxﬁ:ty and risk specialists to-estimaic the
consequences.

ihe

This could mc}'-tde a\'mﬂale of ﬁamm{ib!a clond éxtent or ex p!o& ion ov crprzm.urc
SRR AT TROND . /. 7,7 ¥ SO S SO T ST R - e i

e e, AT the LOPA team feels that the HAZOP hais inderestinmaied or ovcn:sumdicd ihe

consequiences. the LOPA team should consult with:

TTHAZOP S EpresentaliVes 10 tinderstam d e Tationalel Tt e
AR v«l'fmcess«-sa2ew~I§a~mnwmgupmfcssmnéis~x0«bcm:&undcrsiandpmmﬁai CONSCHUCROLS,-

s o ] Q- CONSCTUCTCESEY level -utifised-in the-LOPA should.
a reasonable prulra&dzry of vecurrence and not ,spe.q/” cally the
“Vheconsequence sereritriovetshonld inshndethe iinerabiling

BGPTSR AP § - LOP'*‘Mcam:shouliconsideme\jom tonseguence analyses.and aspects of the .
seepario to estimate possible outcomes such as pm ential fire or explosion, mch:dmg

. - ) T Releasé’ size, malerial, pperating o
o o ~Zu- - Aanbient conditiogsy b -
- ... Locations of persons. both onsite and offyite. —
4. Escalation potential,
. _— o T
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5 e 20 i — « GPEB03 e s
Layer‘ 07’ Pmtecf:on Ana}yszs {LOPA)
»»»»»»»» N CCCHME SESoCIRICE W Saviroh M E AT ImPAC intloding Cleani, Bl ERd IeEAT supReR
for anuonrncnm risks shz)uld be cmxxdcrud under dymipment dumage .md bLLmQ\\ wlm
= }U\‘ ) ‘lk[“u\,_ N P B
Yo The LOPA tciuntimui&includcr_:hﬁ"fqllmx:'ing'whexrcons%dering':guipmcufdamage-md“ e
busmcss *."xlm. km impacts:
1. chlawmmt and repan‘ costs:
37 CRET o 108t oF d;ferrcd Production firing replacement and ropatr,
- Fe-LCosts-of pzma»}tges-i‘ornpn«dcjhvcryM‘vccti&:xctedpwdm:&omw~~~v«w~~»~v g

.. Environmenial cleanup costs. . .

3. Legal costs,

i Tosuppor an ifﬁcxwi LOPA, itis rccomxmmdcd 0 dcx clap arnilesét for cquxpmm(

T T e and BUSTD eSS Valtie o8t impacts dpecific 1o 1he facility being evaluated before the-
LOPA beging. .
Such rules ma; inehide the cost of I(Jsi gr dafermd ])i‘t)dl:clla}? i eyem pim p&r’
o s A ALY 0 A AR A ;’Uar (JI' (j@, et e Rt Wit i o e
Aoz ValRsrability Gctor e o
i o o lnera bty shall not be used-in fhe LOPA-calenlation o s 5 i o
S . b The eonscquence sevenity Jevelin 10, 1a, ¢ dic and fabove shall include the
vitlnerability.
10.3. Consequences of loss of containment from vessels and associated pipework
I o " a. Potential consequences considered for over pressuring ol pressuré vessels beyond their
rated ¢ i préssure ate provided in Table 9.
. . b, nsedonly if the current vessel desion pressure is knovwn, inspection/esting

IS

Bax mmmn:d VOSSR I ERd TRIN JACuSHESH TS astuded i did LOPA fepar
--ihese conditions cannot be met then T abl»Qshﬁl]mzbeusedmdmumumxh i

1. W ‘wei rupture sl \hd]i be asg mec or o

2. Pressure vessel TA should determine he conseuEnces h.:«ed on & review af dm
~tolerance pf the vesseltoraverspressure given the rircnmstances which apply:~

e i s o - L €. PrODeRIIR. B hased o the assumption that the vessel iy well maimained and the
crrrent condition meets the design intent.

A LA 15t of mades of Tlire and material damage mettantsms i ghven i section 5
g

In Tuble 9, the sole failire mode which reeds 1o be considered ¥s plastic tollopse,
CFargne cracking, fov examiple World bE detecied T mspesion vhd ller‘d woil b&
- mlu.n wi‘aucu)wz!. All Axvery zmpm.wm dm.’ jaﬂtuc cracking, “m':

erably larger than the thickness
required {0 contain the design pn\ sure, the faetors ¢ given i Table ¥ moay be eonservative,
o A PTESSIEE Vsl TA may defermine the consequences based on a review the foleranee 6f ...
the vesse] 1o over-pressure given the circumstances which apply.

T d Congideration should be given 10 The Fuhue of devices and msiruments attached to e
1, ¢.8. sight 2la
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Layerof Fmrec!tm Ana{ys:s (LOPA) -
“' Table 3~ Vesselover pressureand assoclated plpework probablé.consequence:”
N “"Mnttiple:ci‘“ovef" SN (N e thahﬁk&ycﬁ* R * 1YY iikety consequence
pressure . gasket leakage :
i “Sealsiete.”
] 1-018xthe 0 ) D Potential for gasket leakage, fikely no
T design préssure © e ) “I'permanent demage to vessel o ”
15-2 0 xdesign | g: 05 Gasket Leakade Is Tkely, There is potentialof
pressure ’ permanent vessel defonrahon .
20-25xdesign 0,001 il | Gasket Leakage is very likely and very ikely.. |
pressire 1o resull in permanent vesse] deformation
2530 xdesign.... 0,01 1 { Gzsket Leakage and vessel delofmation . . o i, wiriosion
pressure i {eading fo vessel leakage :
3.0-3,5.x desig B 1 1140 ¢k of { faifurs {ductile failure,
pressure not caiasﬁnphic britile falre)’
{35 and-higherx: S - ! - Eikely burstin i
_ design pzﬁssure
11. !ndependent protectlon Iayers

i ,.11,.'1‘ General R

& Thuc are two xypc\ of IPLs

R ——

o . e ¢)  Blast wall/bunker, i
) . SR d) Tlamefdetonationarmvestors. ...
c)v Rcétrictiém.uriﬁcc.b ) B o

- Human-response 1o alarny-

e i i S0 POSSUTCTCNOEdOVICG,
d) SIS,

£) Oihcr dcngu >pcuhc H’L& {eg.

TR UThe LOPA teaim should Feview safepuards Trom the HAZOP and identify iBose that mesy

__the eriteria for an WL, Many safeppards identified in the HAZOP will nol meet the criteris

speetfied for IPLx in 2 EOPA mmalysis,
“ Assessmentof TPTx shall he
.cach, its dependability, and its §

4. Protection layers shall be assessed w verify that they mest the lour criferix dasmb&d n

'£.3.b: specificity, independence, dependability, and auditability.

. tiechanical stop for valve).

] wonn T risk redicrion pr:wxd;.d Hy
nd;:pcndcncc fromother IPLs......

- PLs credited forstariup scenarios shall be verified to-be functionsd (mot bypassed o
dxsablcd) during startip.

The provess hazards duri startp are ikely 1o be mitigated by IPLs (inclyding
s e oo SIS fo1 mOTEGL-OpErations. Daring siariup there may-be pther transient non-steady
state operation) conditions that are 16! gddressed by the aormal operarion JPLs,

Page 270f4’ :
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Leyerof Pr:ztecﬁm Aaaiys:s {LOPA

i P A D O EX
i o Safeguards notusually |° - Comments
. dered {PLs
Training and certxﬁcauon Factars that may be Lonsadered in assessmg PFD for. operator action byt :
b e e are notIPLs: -
ngn 10 code and Forms basis for decadmg . for examplc 1osg.0f conmnmcnt is oredible but

SO I - 1 <> S iaenotifls R el s et

Procedures ‘Factors that may be .,ons;derad in assessing PFD for aperat:sr action but
| - aenot IPLE,

Normal tesung and Activities assumed 1o be inplace for all hazrard eval uations and form baszs
. EPREHOT oo JopjuEGMIEN o determine JPLs-and PFDs, ; A —
Normial testing dnd inspection affects PFD of certein !PLs
I T e e _ ; tengthening testingand (nsgc‘ion Intervalsmayintiease PEDotEL I
Maintenance . Achvxty assumed to be in place forall- hazard avaluatiors-and forms basis
S : sl e judgment e detenning PLS and PEUSIn Table S and Tabie 8.
Maintenance affects PED of certain IPLS.
‘Communications T Basie A8sURpton 1S that adeqliate commURIEatoRs Exis I 3 Gy,
- Poor communicatitnis affect PED of certain IPLs: :
e Signs Signs are not {PLs.

Signs may tie anclear, obscured, orignoted.
i ssgns iy atlest PED of derain 1PLsT

Fire protection Astive fire protection is rit often considered an 1PL, asitis post event for
: ' oSt §oenanios; and S avalabilily and eFéctivensss may be Bifected by

firetexplosion thet itis intended to.contain. {1}

e A e G yR e i company’ ‘can’dembnstrate that activefire'protection meets 1PL
 for given-scenario it may be used {eg. if actwaﬁng system, such as plaslic
1-piping of frangible switches, are used}i i
Fireproof insulalion'can be used 25 IPL 1 for some scanarios if if meets AP
Joand: coxpara.,estanﬂmdc

Nate: Fire protettion is rmugatson PLasit a!zempts to prevent iafger
Sonsequance subsequentio event that has aiready oncmed* O ——

ider process comrd Pneumnatic or hydraulic' shutdey
o £ PRI, B o771y o 1107t becauseiha PFDs

available

Y20 Mechanical pressure relief devices - relief valves
"'”l’iac’foﬂmvin«*-mlcs-*shaﬁ*apply"m'ﬁsc'nt‘prcs‘sm't relicfvalves s IPLs o

. Pressure relief systems ave mr(cd.m.camplur.!v B i3 m..am seenarie under eonsiderstion.

e i+ «ccondm m,mo L c\,;ﬁu\m&m LOPA s xuumuu“ CVETIL

Maintenance and festing procedures are developed-and followed to easure thatrelicf xatves
are ir satiﬁf:temry opetating eondition.

Check vaives

4. Chack vdlm.s may be uz,ed a8 3 layer nf protection only if lcakaﬂe is Irolem’o!e,

" APIRE 53] describes potentil ieakage flow rates.

s ey e check valve e nsed ne r Taver of proteerion frshatt e - e

e

. Used ina non-vibrating, non-pulsating servies,
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O RS SO —— 5“.3{11}82098 - . ot e oy Gpga_gs
Layerometeciron Ana;'yszs (LOPA) - ) ]
P A—————— IR N AT dRd ested, w6 A defined perlonnaner siandard and Trsgueney.

o A Comsidered g safety-critical-device and listed-onthe register. ofsafotyeriticr

equipment,
S, fiadorsed by the BP Operations BA or iP Pm;cc&, YA for use as & layerof protcx,txon e
i - Jbased o the points listed above. .
¢ ThePFD fora vheck valveshallbe 1k 10%,
This PFD vealne inclides ar add Jlonal mfm jaclw of 10 abow: that .s'nrled in
— s i PGP PR CRICE ST A RS ot e B
A Mseofa }om:;;PED value lo that stated fn € »haﬂube@ubjwt 10:Approval by the BP..
Operahans FA for ait check valve canﬁguratmm
“ 114.  BPCS B
) o 1. The following iles shall apply 1o basic pmt.css “conirol wwtum (BP(_%) tha(havc heen T
B e idontified dy H’L A A A A A o e o

~Fhe L(}PAvt«mm—~shﬁllﬁgsta@«;§zc PEDyfor gach elementbased-onaciual site
h:ah'n‘- :&.corda

b) 1T the common elément broween W semi-inde pmdem layers of prmcctwn hasa
- PED that i at Jeast ope order of wiagnitude Jess than. the PED for the loop, 2 PED.
for one TPL is taken as.0.1 and for the second IPL is taken as 0.3

2 as!)}andfmth 2o

T IR ERCHCE HETWEE PrOISCHON VTS IF § NECESRary principie Jor i Weih in

e - -1 OBAto. becorréct. Practicolly. however,.the. Jail a;c JOr-Lhe processords el e o

Tovier then Jor m 10 card and Jor field seisors and Jinat elements. If the processor.

e oo thee rly-commen element-bepvecr a- BPCS-Toop amd an wlarm-taking oredit for- oo

both us tiough lhez were mzl Iy mr]‘,peﬂdem is om'y e'hqluh ap:mmtze
maf}nmaawily S D

s s e A PO CPE O SEMI-independent BRCS. is dependent on therelative valuesof . ..
the PFD loops ond components. These values vary depending on the m(:mzfacf.urcr
S i e S and (ypedris noteasy to-determigedhese valpes for each scenario-during ihe -
LOPA. Tapically the . PFD of the loop is cwcufafcd rﬁlrmv S[L ¥ erg" cc{mu faot
e i e e OF. 17 - fiig lervats,

B Credit.shall.notbeasken: formiore than Awo:semi-independent-TPLs.- o vvmr e

Failure medeof final clement iv 1o safe state for the spocificseenario. -

i“ H the vontro] valve Is used Tor final actuation of the SIF, the solenoid \’11'\'6 i k)camd B

- e “bistwen e VP convierter and the setuator, and o bypuss arotd the control valve i
s RO = 1 | < < SO O S
o Operations is traived that thé BPCK Joop is a protective fanction (e.n., clarify that the
o ) : " toop should 6l b pul n 'manual éonirof). T
- e =TI atightshut-offis required- the BPES valvemoots this-oriteriaand 3+ testedand—
maintained.

égg§§6f41
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La /er o;“ Protecfzon Anaiysxs (LOPA4 )

Bevantse of Iizc aceess wmml mqurrcmz it 1hE Bperators caniol be a!km o 1
choange the ser points for-the-control- laops-oralarms thot are-credited as 1P Ls: Fhis
limiration may impact the operdrer flexibility 1o conirnl the process. 1' lre mmmi

1507 Reeas T ho PEFiodically Tested Bid doeimened 16 e g
relighility requirements.

e e AT SIS may be used 10 reduce the iﬂ\éhhood of 2 hazardous event.

Sufery instrimiented sysiengs should bé considered zrﬁ mcré ,:werem% : vafe;
ypprodches fraose buer identi Hiedand considered. -

b...... 518s should be allocated 2 BIL in relation 1o the credit given for sk reduction. The
following conditions shall be met:

1.7 7818 §s scparate and indopendent Trom the caise of demand.

oS8 iy separate and-independent from anyother SES-that s used 1o reduee the —
mwrmcd':m. event likelihood to the TMEL.

1 hc .S!S ana’ aswc:atecl SII or ane m.slmmeu{cd system profecting against as
WD 5 TRAEPERGETE {and Fdependeaily- catculnied) fFonva-sepaiaie SIS ahd -
jerted ST ine ogainst n’le cenm‘ia

]f:depwzdena berween proiedwn iqyers sa :wcc.sswyp?mcwle jb' 1!:{»:' 7;zaiiz in
~LOPA torbecorrect Practicaily: However, the: Fathure vate for the processeris el
lower than Jar an 10 card and for field sensors and finol elements. If the processor
i the only comimon elenieri berween o BPCS Toop und an alar, faking credil for
i s .. TOULRS ThOUGR they were trily independent js only slightly optimistie
nuhematicolly,
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’ Layer af Pmte’*bon Ana:’ys:s (LOPA}

Other types of IPLS =20 S : S e —
-~ Non-insteomented systoms may-bé used.ai IPLS If they-are credited a3 [PLsin 2. LOPA..-
seendrio, they shiall conforu 1o the criteria Tor [PLs defined in'5 3.
There-is a joini indusiry project thaf is currently addressing the 1opic o] non-
instriiented 1PLs, Asshis project ideniifies Appropricie. yodues 10 he wsed, theywill...

be ponsidered as dpdutes 1o this GP.

BT TS prefered approach is 16 consider the successful performance of passive devices, 17, S
ag {ire’'blast wall, when esmnannﬁ the appropriate consequence level (as oppnsc«d 1o
mclusion in the LOPA mathas an. 1PL).

eI pasive device iy considered i estinating (e consequence Teved for § Beenany, eredit’
for this same device as an IPI. (refer to ’I‘ Able 11) shall not be :akm

T S rapal T e e e————

b The Ioekup tables prqvxded as Table 11, Tuble 12, Tdblﬁ‘ ls _and Tabie 14 shall be used 1o

estimaté the PFD.

Y hese Iaokup ra’»!&* are developed bosed o riites suggested i irdayer of Protection
bv (' (' S, -

FD values shall be obtained from th

e rr»—m-quc«t Foruse-analferate value shall tnéhad e thé-Following, -as applicableé;
-1 Arquantitative method-shall be-used torjustifie the-altemate valoge o wormes s o

. Eor example, i a seam wants 1o slaim a iovwer PED Jor opératar response than the.
vafties specified in Table 14, then & Fuman facior emolysis can be pe:r,famua 0
o determine-the-appropricte PED., . - S —

iy

. If protoction layers are not fully independent and it is desired to claim credit forall
the Jayers, quantitative method shall b used fo deétermine the amount of eredit o be
. given teking g aconunt'of common modeand, commmon vause fdlure,

Page SFepET T

HIGHLY CONFIDENTIAL - e o BPCHZNE217 9MDL00408232




R A ARt < erenes s R L e s, e ‘”"“‘”ﬁa’]ﬁﬁe”zgos““’”““‘ s s Shiv 8 oA A SR 8 A SN RO g AN S e R e v e i e e G R ottt GP45’CJ
Leyerof Pm:ecma Ana;ys;s (LOPA)

R Table {1~ PED forpassivelIPLs s

o “Risk-Reduction™ {5 : e g
Measures PFD _ Comments
i . i ant Wil reduce: frequency aflarge consequmaes (Widespread spﬂ!) of
B Dike/Bund 1x10 tank overfil/ rupture/spill. —
Underground PR Will reduce frequency of farge consegquences (w;des;:read spilly of
n drainage system fank Qverfilh‘ mpture’gu}
%pﬁg}vent e} 4xta? |winprevent ove'prasure‘
o ‘ 2 | Will reduce rate of hest input and prov;de acdtnonal e for
e ...} Fireproofing TX19 | depressirisingffrefighting.. - y e
e . e ped Will reduce frequency of Iarge consequences of expiosion by
v i Blastwaliburker | X107 | confining blast sind piotecting equipment/buildings
) R F}ame:detonaﬁon SIS IR If properly designed, installed, and maintined, Should sliminate
o LI Crraslors ' ‘potentiel for-fizshback: throﬁgh pipmg svstem orintovessel-or iank
. oo Table 12 - PFD for active mﬁshgﬁic.ai...@k.wteﬂgéﬁqn measures
i ooy e i o SR TR E RO s A PE Dl . ’ i S NENIS -«
measures ] )
R B 2= 877 1" -SEE R o Y-"x'w@m--wwCl&Bﬂ%M&& and PRWshall besized-to completely mitigate the -
- scenado. -
—_— - » - 4 Refietvalve ] V,,(.,V,i..xv.fo-.}..;.... . Mzﬂtplefdi—!oadf’m: are itable-to mitigate scenario: e s e
Relief valye 1x307 Milliple partial-load PRV are availzble and sized such thal more
URURIUINE: R 1 han one PRV wolld need to Tall Tor the seanans o oeetr— - -

Relief valve X 10t Multiple partiatdoad PRYs are available, but more than aneis

S . . : reqired to (THgATe tia Il odd This oS Saged elease PRYS |~~~ o o
{ Relief valve 1 | Plugging service with ng profection. An unprotected PRV ised in
| ‘phigging sErvice 1§ Aot Sonsidersd STHICIENE 1br consideraticn 38 2
. e Pl
“Relief vaive. 1x10% | Piugging service with proiectacn The design is based on prios history
e I insimilar senvices and sy inciude the use:of specially.designed.......
PRVE, Tiet Weadér purges; and closé coupléd Taptiine gisks. 1F 2
plugging can be caused by nolymerization during ventmg these ol
special dwgns ate genexai[v insuificr
et ] MEsselruptute. .} 14071 Shallbe designed tomitigate SCEnatio, .. ..o
diss
e | NBCUUM bregker... 1. 1%.30%. ] Designed for. the hazard and inspected perodically. .. .o

Blow out panel

Shall be desighed to mitigate scénaria
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- Ju e 2608 e S — GP Ae_od o e - . .
_ o Leyeroi waectam Analys:s (LOFA} e
B—— TR & | ) |- :3.*:1.?Enzfor:awxét!nsuumemedidsk:re'ductzon:me‘asurs -
L Rk redUetion. o o PFD Lt ents S R o
measures ]
ECSI5TL : - i
Safety Ses GP 30-75, 76, 80 and B1IEC 51508 and 1EC £7511 for Jifecycis feguirements o
ifstroménted =T and additional disclssion, g o o '
function
e {ireriocks) i i : : ’
Jswasis s LaxioZie, | Typicaily. rxslsis m‘stngle senso{..smgle)ogic solver_and single -
- : o PR gl dlemient -
. b SILZ SIS, 1% 10240 .| Typiealij.consisis.of multiple sensors (fof fauiit toleranca), midtiple ......J.. o
T E S Tl RRgET chantel IgIc SOer o fauk tolerance), and Muttplé Tival dlement
{for faull tolerance). -
, SiL3sis 1% 10 fo. | Typically consists of multiple sensors, muitiple channel logu: solver,
S SRR I & 1: et K- Jmiitfiple finai el nts.. )
' Requites careful design and frequent procf iests to schieve low PrO
» 'I\o« Fine SIt lcwl s been verifiod for s specific SIS, that valng should be used as opposed o :h:nngc listed
_-shave, s

Table 14 - Example PFD for| human acnons

BE 1, WO -~ < 0P, X -~ & — SO SO

su‘ can be determined from LOPA.

TUR,TTTHS SEledad STL Tepr R En(S (he probabiity calgary Tor SIF failirE ot demiing {hat eostrs™
.. The mitigated event likelihood does not exceed the maximum likelihood targét-or IMEL

&, Smple calenlations shall be performed as follows to determine I’i D dsie
s yseof the nimetical values identificd n precoding steps.

s Determine ICLE rnd PED of cach TP sdontificds LTI

.. .. Determine IEL for eachaninating cause by multiplying ICL.and PED of each IPL.
identificd. I there is more than one nitiating eause for the same hazard, the [ELs of

e ol Fnitiating e ose should be caleulated:-
o 3o Determing if the sum of the JELs < TMEL. .
TRELS L FEL W T TVEL 5i8 2 o bamagey (TADIE 6, Table 7 or Table 8y
N S . . . " e e s . PageBBoN?‘ e
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= IMEL ﬁ:om ubh. Jdicaied :
“““ Intermediate event lkelihood (ICT;*PFD);*PFT;, PP,
VI(.L = iniating cais Jikelthood { Table 1 and Table 2).
—— .I’YUI‘ PERy P-i'D ot cﬂ:Ch_‘L”LBS (Jablcs 11, Table 120 Table Ta,-and Iable 14). T —" -
leity of B atidelsee 94,2 i . e e i e

i *“mebniuhry of persons. prcscm (3c 9 9.4 33
: P probability of igfition (see 9.4.4),
m—————— o T G i ¢ Lhc m of the IEL < KM?L then Torihor Tek reduétion is nof d;:pmprn.ue

S th&\t’m ol the TERe > TMEL and-theré isdasing S then the B bt P
I}ac stim of the TELs, PFDger, should be caloulated io“dcigmu_g_gfggg SILGIL, Cllof

JEL1+ [EL2+ IEL3 7 .

i i s i e 5 i i PR W(Heaz‘fkaﬁdSafen}“

TMEL{Tablet)
TELV+ IEL2+ B3 4.,

e PID A Emiranmentl )=

,%L([abjev) e e s e e
. o IELV = JRI2+TEL3+..,

6. If the suns of the TELs > TMEL and there is not an existing SIF, then existing

o nrotetion layers are censidered msutfieient to-mitigate risk: Recommendation shoufd -
. be made to wse inbierantly safer design strategies 10 redesign sysiem, add addjtiopal,
profEction TaVErsoradd HBIF
Reécomimnendaions for SIF should e (hé ratie oF PMEE 0 Re S o P G TRLE T 70
Dy 10 dw:rmmc the SIL, EIL, CIL ofthenew SIF, .

- PFD wr (Equip damageandvalielost) =

g1 protection s corently provided by SIF opifa STE s recommendid the LOPA-
determines the PFD 10 rcduca ftherisks io below the TMEL tor that eonscquence catcnan

b. The proc;dm‘c for détermi mmn SIL. EIL and CIL shall be as follows:
TR CHIGHTRR PR D g WU SVieg Sy Gradi o ST (12.3)
CPESTINE required SH Bl and O from Table 45

Select highestintearity-Jevel (he lowest PEDsrhand-use-dt-as-design basis for- §IF, -

o

e R L et i mPageSd‘pf&‘;‘ -




‘ o » Layer pt F‘mtechm Ana}ys.rs (LOPAJ

Table:15 = 1Lstor SIE:

i st GP4<8‘J3 U

= ~ Requitet Sik, Bl Gt E Dy RRE= (HPFD)- oo s 0
SILO,EIL 0, C1L O No special 107 < PED BRE 10
integrity requitements : .

e o SILAEIL 1,.CILA ) 10° £ PED 2 407 102 REE €300 0 o s e e
siL2 B2 CiL2 1035 PFD < 307 100 < RRF. <1 000"
SICIECECL e I PRI g T T 000 < RREE 10000
Sit4, EIL4,CiL4 {1 1’ <erp<eio® 40 600 < RRF < 100090 i

132 Spurious: tnps
) o A IFthe «*punous npcxauon &fa STF can lead 16 hazardous consequences, the LOPA feam T

shonld-consider atid-document thempact of an-unintended safc-orspurioustop in

cpemﬁc LOPA scenario. This impact may include safety and environmental xmpaz:ts a8
well:ayequipment damage;or-finangial: o

Eopexample, o SIF.mdy-reqiipe the openingof ot emergeneyshuidosm valve {ESD...
valve) which allows a high flow of emergency quench water Into a process rawer. «l t
~thesametimé the-ESDvalve-is-opened anemergency drerifivelve pist-be -apen- 1o

preventoverloading the tower, If the ESD valve opens spurionsly during normal
e e bﬁéfﬂ[i{"! def “The drainrvalve does 'noi"()péi;},"'ﬂz&?'é'if p@?ekffal_f@?‘ TOWEr '6’3’87_‘]?;(1” R m——
and coliapse,
b, If criteria for maximum allévable spurious 1wip rate has not been e«tablwhcd b} the

~—faciity-the LOPA-tean-can supgestg auadchncﬁ{ c.gonce -1 years)e

SRR ;-4 infarmation is reguired by SIS desion jeam o eveliate whether gdditiong

egmpmem is pustified 1w reduce ihe spurious 1ip,

REJer 1t GP 30-76 Jor Jaicnond] Specifiediion of SIS regarding 1R 5¥08.
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~RATEX- A

{informative} . ...

Example of LOPA for SIL determination from PHA/HAZOP

“Table Al -Information from HAZGP

intention | To operate at 35 peig. )
RN o e i G SPSURE RPCIIY MRS : i REEOM 4 s
GW quence - & vask “Safeguard hendation Rémark
4 More. ], .| .Botentialgzs | HES:D 1 5 8......}.Opstator frafhing .
blowbyto’ i F 5 7 and prosedure.
b ANINe e R E gl RSyt en s
) amine
regeneator
resulfing in ) o
e i
Potential fire
BRI i
explosion .
SUUSTU B oty tangal-— | Potentict gas— | HES: D 5|~ ~| Operator traininig e e
bypass valve blowsy to 5 7 and proceélure
N— - | 'ibad\'eﬁeﬂﬁ)""w BRI i . E'; 3 S é |- e OR valve o~
open after regenesator. al;gnment
maintepance. .. .| Potential CHBEKE i+ o mios st o i i e
Jrempmsse Low level alam
oot LAL-BOT oy - e o
regenerator Tevher
e rESEHiNGIN anine sontactar.
" roptiFe PSV271470n -
Potential fire amine
B R S S IO LY TegEREATr S8
i _explosion at 40 psig

e Example ol LOPA. for ST determination process using HAZOR. in Table A.Lis.deseribed as.

fol lowq :

o, Select hazardous scenanio from HAZOP {Table A1} 1 This cxdmple s two mmafm«
causes for the same hd?x{"d and Jas :hti‘crcm PLs applicable 10 each initiating catse,

h. \dw ’IMTZI as ioi!o\»e

1. Forsafety {severiy level D). TMEL# 1x 107 fr. R

"3 " For covuonmental {severity level FY,TMEL B TX T e 7

~Fordamage and loss (severity Tevel B3 TMEL B 15 167 A
. Identifyinitiating cousesiand: qummﬁ' likelihoodas fotlorwssomn

uausc is0, I ‘r

1Ly =0, 1y

‘HiGHLY CONFiDENT

-~Lsing - Fable-2rthe second-mikatimg ¢ause 15 ducto-humen intervention-and the-
hl\uhhood is m\umed 10 bg () g
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Layer of Pro?ect‘ron Ana!ys:s (L OPA}

= T4 Tdenafy mdependem fayers of prmecmm feam mmnn %fe«uﬁrﬁx ARG mkma credit for
oo oo e o ot e i ST i e e e bt e
N 1. PSV-27 14 of amine regencrator is IPL for both initiating causes, Using Table }”

item “Relief Valve™, PFD for PSVis 0,01,

' PFD'for PSY =001
i The Acain ~verifies that ihe aperator should be able.fo. respond within 20 SHn0LCS L. cmimwr s
rs:ccxpi otz fow level alarm. Using Table 14, PFD for humian response is 0.1, Smee
e Tow Jevel alatm-uses the sume level tmmrmi{.:raﬁN*"?GQwred‘t«hwldﬂm ot
______ i given 10 the firstinitiating catse. .
g - PED Aor hmian:action o B Fr s e st e e S
3. Dperator mmma and pmccdurc« sreniot considered TPLs,
e ddentitfy and qudn'mv Irequency modibiers ’ : T —————
e Tt at risk-factorsThis is-a contimuous. operation: Py = L6} e b e
_— %, Ocetpaney as follows: i
a) For the first initiating cause, people aré gruent inthe h..mrd zone hali nj d:c

T (B = OIS

e 1 e AN L 55 www—w-wb) ~Forthe second-initisting conse, pmplmarwm»ml indhe havard zone-during hig e
event since hyman i m:mcnnon w-the nitiating canse; (B, = 1.0}

¢} Iznition probability: This event creates a very 1arg.¢,xap(mr cloud and thereare

1. Calculate infermedinte event likelihood as follows

1. First initiating canse:

2)  For safery:
L *LPibfoerV)bOI*(P,,)l{)*(l’;.)() By TOSEORT
By For covitonmedt
e e {ICL) 0.1 % {PED for PSY) 0,01.7:1,0.x 107 .

(ICL) 0,1 * {PFD} for PSVY 0,01 =105 107

o N e flj P o R a
P o SRR RGO PRED TeE RS VY 00 TS PR AT Dy (R T P PO 00 T L I
1 0 l 10 j — cteatvegzessons s
b Fox environmert:
i o (ICLY0.X * (PFD for PSV) D01 * (PFD for m) 01=1.0% LG*L““

C} Tz)rd&mngg ana’ 10&§ o p—— o
oo pnneeAAJCLY 0,32 LPFD. £or PN Q01 XPFD-for HAY0,1.=.1,0 IO e
L& ComparesomofWLswith TMEL

" Page37of4t
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S e e e st 555 B 5 e GP"&. 3 e s

CURSE R (SRR IO E T 0 s TR e

B FOE COVIZOOMEBEALO X A0 10 1Y > 410

1

Tor damage and Joss: (1.0x 1074 1.0x 10H > hd(}'“'

“approprate SILERCLL

Because the sum.of the IELs > TMEL, the PFDgr should be caleulated to determine ihu

For mf‘my, e

 PEDg.

~Forervironmental;

1x107°
“ . 0x107FToRI0~)"

w : Pcr damage fmd k “>. -
5 H) Lxig =5 .
- - N (lﬁxl()" <10x10~) " ) ‘
: whumon of b}"y mtwnt Y lwd t]u. Iowcst PFDW is (} 017 wlmh r»qmm» 1 SH l
]‘abk A 2 shmﬁ«s 1be LOPA lo«‘.heai mr xhxs seanario:
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