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0T, Tb n 00C Ha

cTaauu NPOEKTUNOBAHNA:

noaxon ans Poccmn

f

MpeabicTopua

MpenplayLuve nccnenoBaHvis, BbiMoHeHHbIe TIOMEHCKOM
onepatnBHon padoyein rpynnon (TOPIN) B 1992-93
rogax, onpeaennnu HeobXoaMMOCTb BOCCTaHOBNEHWS
NMPON3BOACTBEHHOW KyNbTYPbl B 06N1acTh

OXpaHbl TPYOa, TEXHNKN 6e30MacHOCTU 1 OXpaHbI
okpyxatowlen cpepl (OT, T 1 OOC) npu paspaboTke
PacrnonoXeHHbIX B 3anagHon Crnbmpy MHOMOYMCNEHHbIX
HedTerasoBbIX MECTOPOXXAEHUI 1 BHEAPEHUM

TaKoW MPaKTUKK, B YaCTHOCTU, MPU OCYLLIECTBNEHMM
pa3paboTKX 1 MoAepPHU3aLUMN HEDTAHBIX MPOMbBICTIOB
NPON3BOACTBEHHbIMN 0O beAVHEHNSMU, paboTaloLLVMKN B
nome pekn Obb 1 ee MPUTOKOB.

TOPI™ npoBena nofieBble 1 OLIEHOYHbIE UCCEA0BaHMA
0N onpefeneHns obbemMa, CoagpP>KMMOro 1
pa3mMeLLeHVs Moaenen pas3padoTok HEDTSAHbIX U
ra30BbIX MECTOPOXAEHWA B PEMMOHE B AOMOSHEHWE

K NpenoCTaBneHnto 3aMOB NPOU3BOACTBEHHBIM

0ObeVHEHNAM, OTBEYAIOLIMM YCTaHOBNEHHBIM

TpeboBaHUAM ONs:;

» NepeobopyoBaHNS CKBaXKWH, KO3 MULIMEHT
npoaykTnBHOCTY (KI') KOTOPbLIX NPEBbLILIAET
OMNpeaeneHHoe 3Ha4YeHne, 1 NMKBMaALUMN CKBaxKKH, K1
KOTOPbIX H/XKE ONPEAENEHHOIrO 3HA4YeHUs;
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HS&E in Design:

An Approach for Russia

Backyround

Earlier work by the Tyumen Task Force (TTF) in 1992/3
identified the importance of re-establishing a Health,
Safety and Environment (HS&E) culture in the prolific oil
and gas operations of Western Siberia with the idea of
developing and modernising oilfields within the flood plain
of the Ob river and its tributaries.

TTF conducted field surveys and assessment studies

in order to scope the content and location of model oil

and gas field developments in the Region, in addition to

providing loans to qualifying production associations

for the following activities:

» modernisation of wells above a certain Productivity
Index (Pl) and abandonment of wells below a certain P,

» provision of reliable metering facilities;

» replacement of key sections of flowline;

» injection of corrosion inhibitor chemicals;

» the provision of emergency response equipment.

Qualification included the drawing up of plans to:

» complete environmental baseline surveys and
environmental impact assessments;

» involve local communities and institutions in the
approval process for new developments;
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» MPefoCTaBfeHne HaOEXHbIX 3aMEPHBIX YCTAHOBOK;

» 3aMeHa OCHOBHbIX Y4aCTKOB BbIKMAHBIX
TpybonpoBOAOB;

» 3aKadka aHTUKOPPO3UMHBIX XUMNYECKUX 0OaBOK;

» MpefocTaBneHne 060pyaoBaHNS 018 MNMKBMOALMM
aBapuHbIX CUTyaLUun.

Keannnkaumsi BKtoHaeT CocTaBfeHne niaHoB Mo:

» 3aBEPLLUEHNIO NCCNEQOBaHNIA NCXOOHOTO COCTOAHNS
OKPY>KaroLLEeN Cpefpl, a TakKe OLeHKa BO3OENCTBUS Ha
OKPy>KatoLLyto cpefy;

» MPUBAEYEHNIO MECTHbBIX OPraHOB U1 YHPEXOEH
(opraHmnzaumii) B NpoLecc cornacoBaHns
niaHOB pas3BedKy, OPa3BeaKn M OCBOEHWS HOBbIX
MECTOPOXOEHWI;

» BHEAPEHNIO HOBbIX TEXHOOMIA 1 METOOOB

aKcnyaraumy;

MOBTOPHOMY 0BECMEHEHNIO MOHUMaHNS BaXKHOCTU

MCNOB30BaHMA Mpoueayp 0Tbopa MaTepuanos u

BHEOPEHWS NMPOLIECCOB 06eCNeHeHNs Ka4eCTBa;

» CTUMYNMPOBaHMIO COTPYOHNYECTBA MEXOY COCEOHNMM
NPOV3BOACTBEHHBIMIN OO BEAVHEHNSMIM MO BONPOCaMm
JIMKBUAALN aBaPUINHBIX CUTYaLIA.

>
~

Llenu AanHoil cTaThit

["naBHas Lenb 3ToM cTaTbh — 0600LLEHE MNOMYHEHHORO
paHee onblTa, HapaboTaHHoro TOPIT B 3anaaHown
Cvbnpu 1 NpuBREYEHNEe BHUMaHKS K TOMY, YTO
CBOEBPEMEHHOE 1 3D (EKTUBHOE NPUMEHEHWE
pPe3ynbTaToB UCCNEAOBAHNI MO BbIABIEHNIO aBapUIHO-
onacHbIx y4acTkoB (Hazard Identification — HAZID), a
TaK>XXe pesynbTaToB, MOMYHYEHHbBIX MPW MPOBEAEHN
CTOUMOCTHO-(DYHKLIMOHATBHOMO aHanmsa, 1 pe3ynbTaTtoB
NCCNEAOBaHWI MO OLIEHKE PUCKOB 3aHUMaeT
LieHTpa/IbHOE MECTO B MPOLIECCE MPOEKTUPOBaHNS 415
onpefeneHns CTabnnbHbIX METOAOB Pa3paboTkm 1
SKcnayarauumn ansd HedTaHbIX 1 Fra30BbIX MPOEKTOB

B pervioHe.

OpHa 13 3agay ctaTby — NokKasaTtb NoTeHLUMAasbHbIE

BO3MOXXHOCTW ONs:

» MPOBEOEHVS NCCNEOOBaHN MO BbIABIEHUIO aBapPUINHO-
OMacHbIX Y4aCTKOB C LIENBIO MPUBMEYEHUS
pPEroHanbHbIX MCTOYHNKOB MHADOPMAaLIA 1
3KCMEePTHOro noTeHumana ans MUHUMU3aumm
BO3MO>KHOCTEN BOSHUKHOBEHMS KPYMHBIX aBapuii;

» MPOBEOEHNS UCCNEAOBaHUI OMacHOCTEN U
3SKCMNyaTaLMOHHbIX BO3MOXHOCTEN (Hazard
and Operability - HAZOP) ons cuctemMatnyeckoro
onpeneneHnsa adeKTUBHBIX Mep 6e30MacHOCTH
MPOV3BOACTBEHHOIO MPOLIECCA;

» NCCNEeN0oBaHNSA KOMNYECTBEHHOM OLIEHKW PUCKOB
(Quantitative Risk Assessment — QRA) ans
CPaBHEHNS ycriexa paspadoTKn C KPUTEPUSIMU OLIEHKM,
YCTAHOBEHHbIMW B OTPAC 1 OOLLECTBE;

» MPOLEOypbl MPOBEPKM MPON3BOACTBEHHONO NPOLECca
Ons obecneyeHns LEeNOCTHOCTY PaboTaroLLEN CUCTEMbI
Ha MPOTSXKEHW BCEro CpoKa paspaboTku;
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» promote modern technologies and operating practices;

» re-establish the importance of the materials selection
and quality assurance processes;

» encourage cooperation between neighbouring
production associations in matters of emergency
response.

Objectives of this Article

The objective of this article is to draw on this earlier TTF
experience in Western Siberia and to outline how the
timely and effective use of Hazard Identification (HAZID),
Value Engineering and Risk Assessment studies in the
design process can be central to establishing sustainable
development and operating practices for oil and gas
projects in the Region.

The article aims to show the potential for the following:

» Hazard Identification Study to draw on regional
knowledge and project experience to minimise the
potential for major accident hazards;

» Hazard and Operability Study (HAZOP) to systematically
identify effective process safeguards;

» Quantitative Risk Assessment Study (QRA) to gauge the
success of the development against established
industry and society assessment criteria.

» Verification process to ensure ongoing system integrity
through the life of the development;

» Value Engineering Workshop to identify alternative
technologies and development methods that can
improve the performance of the project.

This article lists the streams in the HS&E in Design
process and gives examples where the above studies
have been successful in locations bordering Russia as well
as in Russia itself.

The example for the HAZID Study is taken from a major
infrastructure project in Italy. For this project, latent
hazards in the onshore natural environment are identified
and analysed.

HS&E in Design is incorporated into projects in five parallel
streams:

» Hazard Identification and Risk Assessment;

» Value Engineering;

» Loss Prevention and procurement of HS&E equipment;
» Impact on the Natural Environment;

» Working Environment Assessments.

The scope of work represented by these streams is then
applied to produce deliverables at key milestones in the
project lifecycle:

» Feasibility study;

» Concept selection;

» Concept definition;

» System definition;

» Detail engineering;

» Follow-on and commissioning;
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» CTOMMOCTHO-(OYHKLIMOHANIBHOMO aHanmsa ans
onpeaeneHyst anbTepHaTUBHBIX TEXHONOMMIA 1
MeTO0B Pa3paboTki, KOTOPbIE MO3BONAOT MOBBICUTL
9 HEKTUBHOCTb BbINOHEHNS MPOeKTa.

B maHHOM cTaTbe NpeacTaBfeH nepeyeHb HanpaBieHni
npouecca OT, Tb n OOC npu NPoeKTUpoBaHUA 1
npuBeaeHb! MPUMEPbI MOSIOXKUTENBHbIX PE3YSbTATOR
1CCNedoBaHuin B MECTax, HAXOASLLUMXCS Kak Ha rpaHunLe ¢
Poccuen, Tak n B camomn Poccun,

Mpumep nccnenoBaHns Mo BbISBNEHWUKO aBapPUINHO-
onacHbIX y4acTkoB (HAZID) B3ST 13 6a30BOr0O NpoekTa
Mo MHPaCTPYKTYPE, OCYLLECTBASBLUErOCA B Tanmn.
[nsa sToro npoekTa onpeaensanncb 1 aHanmM3npoBancb
CKPbITble OMNACHOCTV B HEPErOBON OKPY>KatOLLIEN
npUpPoOaHON cpeae.

OT, T n OOC npu NPOEKTUPOBAHNN HTEMPUPYETCA B

MPOEKTbI MO MATY NapaiefibHbIM HanpPaBAEHUAM:

» BbISIBIEHME aBAPUINHO-0MACHbIX YHaCTKOB U
OLIEHKA PUCKOB;

» CTOMMOCTHO-(DYHKLMOHabHBIN aHann3;

» MeponpuaTUS No NPeaoTBpaLLEHNO NOTEPL U
nocTaBka 060pya0BaHNA ANa peanvsaumy Nporpamm
OT, Tb n O0C;

» BIINSIHVE Ha OKPY>XatOLLYHO MPUPOOHYIO cpeay;

» OLEHKa NPOM3BOACTBEHHBIX YCOBUNA.

O6bem paboT, KOTOPLI HEOOXOAVMMO BbIMOSHUTL MO

yKasaHHbIM HanpaBeHVsIM, B JalbHENLIEM BKIOHaeTCs

B MPOEKTHblE MaTepurasbl, cO30aBaeMble MO OCHOBHbIM

3Tanam XM3HEHHOIO LMKSIa OT CaMOro Havasa npoeKTa:

» TEXHNKO-3KOHOMMYECKOE OOOCHOBaHME MPOEKTa;

» BbIOOP KOHLEMNLMK,;

» (POPMYSIMPOBAHMNE KOHLEMLAN;

» OnpeaeneHne CUCTEMb;

» OeTallbHOE MPOEKTUNPOBAHNE;

» [opaboTKa B MPOLECCe SKCnayaTaumm 1 BBOA B
MPOMBILLSIEHHYIO SKCMyaTaLuio;

» JKCMyatauys 1 Hanago4Hble padboThbl;

» BbIBOA, U3 3KCMyaTaunn 1 MMKBUAALMS.

HavanbHoe TexHn4eckoe NpoekTupoBaHme (Front End
Engineering Design — FEED) npoBoanTcst 0qHOBPEMEHHO
C MOOrOTOBKOW TEXHWMKO-3KOHOMUHYECKOrO 0B0CHOBaHNS
1 3aBepLUaeTCA BO BpeMs aTana npoekTta «OnpenenenHvie
CUCTEMbI» Ha CTafyK1, COrnacoBaHHOM ¢ KnveHToM.

BbiABNneHue aBapnitHo-onacHbIxX yyacTkos (HAZID),
OLeHKa PUCKOB M CTOMMOCTHO-HYHKUMNOHANbHBIA aHaNU3
Viccneposanns HAZID npoBoasTes Ha aTane Bbibopa
KOHLIENLAM MPU CPABHEHNN NPOMUAEN ONaCHOCTK
BapuaHToB paspaboTku. OHN OeTanM3npyoTCA U
YTOYHSKOTCA Ha MOCNEAYIOLMX CTaANAX BbINOSIHEHMA
npoekTa Anst 0becneqeHnst onpeaeneHHoro

YPOBHS Ka4ecTsa.
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» Operation and modification; and
» Decommissioning and abandonment.
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A) TMpoekT Tpybonposoaa GALSI (Fancw).

ViccnenosaHue Mo BbISBNEHWIO aBapUIHO-OMaCHbIX YHacTKOB
GALSI Project: Hazard Identification Studly.

B) YkpanHckoe ra3zoBoe MECTOPOXAEHME U YCTAHOBKM KOMMNEKCHOW
noAroToBKkM rasa. llccnepgoBaHvie onacHOCTEN U SKCMTyaTaLyoHHbIX
BO3MOXHoCTEeN (HAZOP).

Ukraine Gas Field and CPFs: HAZOP Study.

C) CaxanuH Il. OueHka purcka npun MaponCTibITaHNUSX.
Sakhalin II: Risk Assessment of Hydrotesting.

D) Lax-AdeHns. OueHka prUCKOB My TPaHCMOPTYPOBKE MOPEM.
Shah Deniz: Shipping Risk Assessment.

E) PagpaboTka LLITokmMaHoBCKOro MecTopoxxaeHust, chasa |.

Cxema npoBepKu.
Shtokman Phase | Development: Verification Scheme.

F) Pecny6nvka Kopest. CTOMMOCTHO-hyHKLMOHabHbIV aHanmn3
pa3paboTku, NocTaBkM 1 cTpoutenscTea (EPC).
Republic of Korea: EPC Value Engineering Workshop.

Front End Engineering Design (FEED) corresponds with
the preparation of the technical and economic basis, is
completed during the system definition phase of a project,
and at a point agreed with the Client.

Hazard Identification,

Risk Assessment and Value Engineering

HAZID Studies are held as early as Concept selection
when the hazard profiles of development options are
compared. They are refined in successive project phases
to meet defined quality levels.

The HAZID is concerned with potential major accident
hazards, which as a minimum can be defined as:

Personnel safety: Major injury or major impact to health.
Assets: Local damage including part shutdown.
Environment: Limited discharges of known toxicity.
Reputation: Regional public concern.

Also the identification of the safety and environmental
critical elements that are required to arrest a major hazard
developing into a major accident or incident.

HAZOP Studies are scheduled for Concept definition

and Detail design. The objective of a HAZOP can be

summarised:

» Check the design and consider whether any deviation
from design intent, which can occur through

www.rogtecmagazine.com
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HAZID aHanusunpyeT BO3MOXXHOCTU BO3HUKHOBEHNS
KPYMHbIX aBapui, KOTOPbIE, Kak MUHUMYM, MOXHO
ONPENENNTb CleyroLLMM 06pasoM:

BesonacHocTb NepcoHana:
TPaBMbl C TSXKENbIMU NMOCNEACTBUSMN U CEPbE3HbIN
yLep6 OoNnst 300poBbs

OcHOBHblE CpeacTBa NMpPon3BoACTBa:
JIOKaTbHbIE MOBPEXASHUSA, BKIIHOYAA YaCTUYHYHO
OCTaHOBKY

Okpy»karoLan cpega:
OrpaHNYeHHbIN BbIBPOC BELLECTB N3BECTHOM TOKCUYHOCTY

PenyTaups: 06LLECTBEHHOE MHEHME B PEMVIOHE

1 onpeaeneHmne OCHOBHbBIX 31EMEHTOB Be30MacHOCTU

N OKPY>KaKOLLIEN CPEdbl, KOTOPbIE HEOBXOANMbI ANS
COEPXKNBAHNS U TOPMOXXEHWS Pa3BUTLS OCHOBHOM
OMacHOCTW 1 ee NepepacTaHns B KPYMHYK aBapuio Uin
aBapPUNHYIO CUTYyaLIIO.

ViccnenosaHua HAZOP 3annaHnpoBaHbl Ha aTanbl
«POpPMyIMPOBaHNE KOHLENUMK» U «[eTansHoe
npoeKTMpoBaHme». Bkpatue, uens HAZOP 3akntoyaeTcs
B ClledyroLlem:

» [NpoBepkKa NpoeKTa 1 onpeaenieHne BO3MOXHOCTY
BO3HWKHOBEHMS OMacHOCTW B pesy/ibTaTe Mtoboro
OTKJIOHEHNST OT MPOEKTHbBIX MapameTPOB, KOTOPOe
MOXXET MPOU30NTU B Pe3yfbTaTe BbIXxoda U3 CTPOs
0B0pYyAOBaHMA UMM HEMPAaBUIBHOIO OBPALLEHVS C HIAM.

» Onpegdenenve Toro, SBAAKTCSA N MePbI
NPenOCTOPOXHOCTU 1 0becneveHnst 6e30NacHOCTH,
BKJTHOYEHHbIE B MPOEKT, [OCTaTOYHBIMU O
NPeQOTBPALLEHMS OMaCHbIX CUTYaLMIA AN CHDKEHNS NX
nocneacTeuii 4O NPUEMIEMONO YPOBHSI.

» [NoaTBep>XOeHe TOro, YTO MPUrOAHOCTb K
aKcnyaTaummn yaooBneTBOPSET NPedyCMOTPEHHbIM
NPOEKTHON OOKYMEHTALMEN KPUTEPUSAM

» [NpenocTaBneHme NCXOAHbIX AaHHbIX 415
NCCNefoBaHVs, ONPeQensAoLero TpeboBaHNs K
YPOBHIO COXpaHeHnss 6e30MacHOCTY AN CUCTEM,
OCHaLLEHHBIX M3MepUTENbHBIMU MprbopamMm
BesonacHoCTy.

KonnyectBeHHas oueHka pucka (QRA) ncnonbdyetcsa and
NepevmCneHns YPOBHEN prcKa 151 L, OKPY>KatoLLen
cpenbl ¥ HBECTULMIA, B OCHOBHOM B LIENISIX CPaBHEHNS

C KOPMopaTvBHbIMU 1 OMPERENEHHBIMU HOPMAaTUBHbIMI
OOKYMEHTaMN KPUTEPUSIMU MPUEMIEMOCTM.

[ns Kaxxgoro noTeHupmanbsHO BO3MOXKHOMO HECHACTHOIO
chny4as C TSKENbIMU MOCNEACTBUSAMU, KOTOPbI
nooxoauT ansa oueHkM QRA, Ha OCHOBaHWUM OTPacneBbIX
[aHHbIX 1 C UCMOb30BaHNEM aHanmM3a aepeBa 0TKa3oB
PACCHUTLIBAETCA YacTOTa ero BO3HUKHOBEHUS. 3aTemM

C MOMOLLBIO AnarpamMmbl BO3MOXKHbIX NMOCNEACTBN
[0aHHOro COoBbITUS C UCMONB30BAHMEM AaHHbIX O
MOBPEXOEHNAX 1 HAOOPOB MPaBU OLIEHNBAOTCSA
MOCNEACTBUS BbISBIIEHHOM aBapUInHOM CUTyaumn nnbo
KPYMHOW aBapun.
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malfunction or mal-operation could cause a hazard.

» Check whether the precautions or safeguards
incorporated into the design are sufficient to
either prevent the hazard occurring or to reduce the
consequences to an acceptable level.

» Confirm that operability is satisfactory and appropriate
to the design intent.

» Provide input to a study that determines Safety Integrity
Level requirements for safety instrumented systems.

Quantitative Risk Assessment is used to enumerate
risk levels to persons, the environment and investment,
chiefly for comparison with corporate and regulatory
acceptance criteria.

For each potential major accident hazard, which qualifies
for QRA, the frequency of its occurrence is calculated
from Industry data and using fault tree analysis. The
consequences of the unfolding accident or incident are
then evaluated via event trees using impairment data and
rule sets.

For a successful development, QRA is used to
demonstrate that the residual risk levels to working
groups, the average individual or to society as a result of
a petroleum development or an oil and gas field operation
are as low as reasonably practicable (ALARP).

ALARP statements are first developed during the concept
selection process and are refined through the project
lifecycle.

Unacceptable region Risk connot be justified save in

extraordinary circumstances

Tolerable only if risk reduction
is impractical or of its costs is
grossly disproportionate to the
improvement gained

The ALARP or A
Tolerability region
(Risk is undertaken
only if a benefit is
desired)

Tolerable if cost of reduction
would exceed the improvement
gained

Broadly acceptable

. Necessary to maintain
region

assurance that risk remains
at this level

(No need for detailed
working to demonstrate
ALARP)

Negligible Risk

Verification activities ensure that safety and environment
critical elements identified during HAZID and HAZOP and
evaluated in QRA are suitable and sufficient and can and
do continue to meet the Performance Standards required
of them in their role of safeguarding against potential
major accident hazards.

Performance Standards specify the requirements for:
Functionality; Availability; Survivability; and Interaction with
other safety critical systems.
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B cny4ae npraHaHus pa3paboTkm YCrELLHOM, MCMOMb3yeTCs
meTof QRA (KOMYeCTBEHHOM OLIEHKM PUCKOB) A5
OEeMOHCTPaLUN TOro, 4To YpOBEHDb OCTATO4HbLIX PICKOB

Onst pabo4mx rpynn, CPEeAHECTATUCTUHECKOrO YeloBeKa
JIMB0 coobLLECTBA B LIENIOM B pesyfbTarte paspaboTku
HETIHOrO MECTOPOXKAEHWUS UM SKCMNyaTaLmn HEPTAHOMO
1 ra30BOr0 MECTOPOM/AEHNS HU3OK HACTOSBKO, HACKOSIBKO
3TO MPaKTNYECKN OCYLLIECTBUMO (as low as reasonably
practicable — ALARP).

[Noprotoeka nepsbix 0T4eTOB ALARP ocylecTBnsgeTcs
BO BpeMs NMpoLiedypbl Bbibopa KOHLENLMK, NOCe Yero
OHW OopabaTbiBalOTCA Ha NPOTAXKEHNUM BCErO CPOKa
BbIMNOIHEHWNS MPOEKTA.

Henpremnemasn
obnactb

B ypesBbHaiiHbix cuTyaLmisx
PVICK OMpPeaeTb HEBO3MOXXHO

[onycTiMO, eCim CHWKeHVe
pUCKa HeLLenecoobpasHo 1w
€C/IM CTOVMOCTb CHIDKEHIS
pucKka He covamMepmva ¢
MOyYEHHOM MPUOBINBIO

ALARP v obnacte A
C AOMyCTUMBIMA
npefenamm
OTKITOHEHI

(Pvickv mpuHmMmatoTes
npw yCnosum
nony4eHns
HEoOXoAVMOM
BbIrObl)

[LonycTvo, ecnm CToMMOCTb
CHWKEHA pr1CKa NpeBblllaeT
MONyYeHHOe yyyLleHne

[Mpuemnemsin

Heobxoavimo nopaepkveats
pervoH A HAEP

PUCK Ha TakOM >Ke YpOoBHE

(HeT HeobxomymocTv B
noapobHON pa3paboTke
1 ALARP)

HecyLecTBeHHbIN prick

[MpoBepOYHbIE AENCTBUSA MO3BOSAOT YOeamuTbCs,

4TO BbIsiBNEHHbIE B xoae HAZID n HAZOP ocHOBHble
KPUTUYECKME 3NEMEHTbI AN 6€30MacHOCTU U
OKpY>KatoLLer cpefipl 1 OLEHEHHbIE NP NPOBedEHUM
KONM4ecTBEHHOro aHanm3a QRA nogxoasaT, SBnatoTca
[OCTaTOYHbIMM U COOTBETCTBYIOT MPEOBbABNAEMbIM K HAM
TpebosaHusaM CTaHaapTa TEXHUHECKMX XapaKTEPUCTVK,
YTOObI UX MOXHO BbII0 UCMONB30BaTb A1 00eCneveHNs
3aLnTbl OT BOSMOXKHbBIX HECHACTHbIX CTy4aeB.

CTtaHgapTbl TEXHUYECKMX XapaKTepUCTUK ornpeaensitoT
cneuyurdeckmne TpeboBaHns Ans: MyHKLIMOHABHOMO
HasHa4eHVs, JOCTYNHOCTU, BbDKMBAEMOCTU U
B3aNUMOLENCTBMSA C OPYIVIMA OCHOBHBIMW CUCTEMaMM
obecneveHns 6e3onacHocTr. CTOMMOCTHO-
yHKUMOHANBHBI aHaNn3 SBASIETCS YacThio npoLiecca
BblOGOpAa KOHLEMNLUMN 1 3aBepLUIaeT aTarn opMynIMpoBaHns
KOHLIeNUMn Anst aHanmaa rnaBHbIX (YHKUMIA NpoekTa

C LIeNbo onpeaeneHnst MUHUMarbHbIX 3aTpaT Ha

BECb Mepuvof, BbINOMHEHVA NpoekTa 6e3 yulepba ans
Bes3onacHocTH, rpadurka BbinoHEeHWs paboT, Lenen 1
3apa4 KneHTa.

KomMaHga creumanncToB B pasnnyHbix 061acTsx,
BK/IKOYast MepcoHan NpoeKTa 1 KNneHTa, BO3rnaBnsemMas
OMbITHbIM PYKOBOAMTENEM, MPUBNEKAETCA ANA
onpeaeneHnsa N N3y4eHnst anbTepHaTVBHbIX BApUAHTOB:
» KOHLEMUWN NPOEKTa;
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Value Engineering Workshops are used as part of the
concept selection process and at the close of the concept
definition phase to analyse the primary functions of the
project, with a view to attaining the lowest lifecycle costs
without compromising safety, schedule or client goals

and targets.

A multi disciplinary team including project and client
personnel is led by an experienced facilitator to identify
and study alternatives such as:

» design concepts;

» equipment and processes;

» materials of construction;

» construction and operating methods;

through following a Value Engineering process as outlined
in the figure below.

rStep 1: Information Gathering

* Define project objective

* Develop terms of reference

 |dentify asumptions and facts

® Gather information (eg physical parameters,
costs, schedule)

* |dentify team members

rStep 2: Function Analysis
* Analyse functions required to deliver project objective
 Describe each identified function

 Classify functions!

Basic funtions

Secondary functions (required, aesthetic, unwanted)

rStep 3: Value Analysis
 Creatively identify options and altematives to
perform functions:
Research options
Identify costs and cost benefits
Alternative Identify risks (bamiers and uncertainties)
solutions
to perform
function

Ideas roots
identified
for further
analysis

rStep 4: Option Evaluation

* Evaluate idea roots developed in Step 3, and identify
those for further analysis

 Compare solutions and screen out unfeasible / least
valuable altermatives

o |dentify solutions for further analysis

(iterate through Step 3 again)

Screen out
unsuitable options

rStop 5: Judgement
* Use judgement to identify the best value solution

Example Studies

A) GALSI Project: Hazard Identification Study

The table opposite is an extract from the Hazard Register

created interactively during the Concept definition phase

HAZID for the GALSI Project. The table provides details

of the Natural Environment Hazards with the potential to

impact the onshore section of a major gas pipeline.

A later HAZID, which is scheduled for Detail Design will:

» review the currency of this HAZID and close out or
reactivate earlier actions, as appropriate;

» update the Hazard Register to include findings of
completed risk assessment studies and geotechnical
surveys;

» define outline performance standards on a hazard by
hazard basis for the environment critical elements,
which are referred to as controls or safeguards.

www.rogtecmagazine.com



# Hazard Cause

4 Environmental Hazards

1 |Subsidence Settlement of ground

foundation

Potential Effect

Induced stresses in
pipeline & SCADA cable

Residual

Cons Prob Raw Risk Control / Safeguard Risk

Medium | Design

2 | Soil contamination Pollution, salt works

Attack on external surface
of pipeline & SCADA cable

Medium | Survey & design

3 |Enrosion Rain storms

Impact on supports &
shallow burial section of
pipeline & SCADA cable
leading to exposure

Design

Wind load on above
ground section of pipeline
system

4  |Extreme wind

Breaking of parts on pipe-
line system - eg actuator
or similar exposed pipeline
fittings

5 [Natural fires Lightning, arson

Heat flux to above ground
facilities

Exclusion zones. Design of
fire protection

Design

6 |Flooding Rainstorm or rise of river  |Impact on supports and L L
level shallow burial section of
pipeline & SCADA cable
leading to exposure
7  |Mudslide Heavy rain / storms Load impact on mainly M L

above ground parts of
pipeline system

Survey & design

8 |Storm surge High wind

Accidental loading on
pipeline and SCADA cable
from bridge collapse,
buildings & other structures

Survey & design

Survey & design

Design against seismic
loading

crossong significant fault in
south of island

9 [Shaking Seismic activity leading to  |Loads on mainly above M L
slope instability leading to  |ground facilities
slope failure/mud slide
10 [Shaking Seismic load on pipeline Induced dynamic stresses M L
in pipeline & SCADA cable
11 |Fault movement Seismic activity due to Induced stresses in M L

pipeline and SCADA cable

Design against seismic
loading

12 Not considered credible on

Sardinia

Volcanic activity

» 0B0OPYOOBaHMS 1 TEXMPOLIECCOB;
» CTPOUTENbHBLIX MaTepUasos;

» METOO0B CTPOUTENBCTBA 1 3KCrJlyataunn;
C BbIlNOJIHEHNEM CTOI/IMOCTHO-beHKLI,I/IOHaJ'IbHOFO
aHanmaa, Kak npeacrtaBsjieHO Ha cnefyroeM pUcyHKe.

ru_lar 1: C60p nHhopmaLmv

* OnpepeneHvie Lienei npoekTa

* PagpaboTka YCIOBUIA TEXHMHECKOrO 3adaH s

® Boinesiervie NpeanonoxeHii u (haktos

* CEOp MHPOPMALM (HarpMEp, HBNHECKIX
napaMeTpoB, 3aTpar, rPAGYKOE)

© OrpeferieHe yHacTHVIKOB Mpyrinb!

ru.lar 2: OyHKUMOHATBHBIN aHaUNS

Lienen npoexTa
* OnicaHne Kaxaom ornpeaeneHHoN yHKUM
* Knaceudmkauyiss yHKUMIA:

(Tpebyemble, SCTETUHECKUE, HEXENaTeNbHBIE)

* AHANN3 DYHKLVIA, HEOOXOMMMBIX L1151 [JOCTYKEHS

OcHoBHbIE thyHKLMM 1 BCriomoraTenbHbie yHKLym

rLLIar 3: CTOUMOCTHO-(PYHKLIMOHASTbHBIN aHaM3
 OrpepesieHiie BapUaHTOB v ansTepHaTvs Ans
BbINOMHEHVA YHKLWA
Vlccnefosaryie BapuaHToB

AnbTEpHATVBHbIE
peLers Ans
BbINOSHEHNS
DYHKLMA

cuTyaLmi)

Onpepenervie 3atpar v addeKTBHOCTY 3aTpaT
OripeneneHiie PUCKOB (6apbepoB W HEMPEABNACHHbIX

VicxonHble
vaev ons
[anbHenwero
aHanviza

ru_lar 4: OnpepeneHve BapuaHToB

(nosTOpeHMe Wara 3)

© OLieHKa VICXOHBIX e, PaspatoTaHHsIX BO BOEMS
Lara 3, v Bb|ienervie NOXOMALLYX [ AANHEMLIENO aHarvea

© CpaBHeH/ie PELLIBH 1 OTBOZ SKOHOMUHECKM He
BbIFOHLIX, 60166 0POrOCTOSLLKX abTepHATVB

 Orpepeneriie PeLLeHn ANs fanbHeNLLero aHanvaa

OTBO/, HEMOAXOAALLMX
BAPMAHTOB

ru_lar 5: Okeneptusa

HaWyHLIEro PeLLeHm s

www.rogtecmagazine.com
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Recommended Actions

Geotechnical Survey

EIA in progress.
Geotechnical survey will
provide input.

Quantified winds near
shore

Geotechnical Survey

Look up pre-FEED seismic
asessment reports

B) Ukraine Gas Field and CPFs: HAZOP Studies

procedures for these facilities.

connected and integrated safely.

upset condition.

A programme of Hazard and Operability (HAZOP)
studies for the revamp and modernisation of gas
fields and Central Processing Facilities (CPF) in the
Ukraine enabled actions to be identified and taken to
systematically review, and where required upgrade,
the system of process safeguards and operating

Process units that were subject to HAZOP included
wellheads and wellpad manifolding, product storage
and truck loading facilities and tie-ins to existing export
pipelines and central processing facilities. Some facilities
were designed to be operated manually and other larger
facilities via Distributed Control Systems (DCS).

HP/LP interfaces were identified and safeguarding
options identified to permit the production of new, more
productive wells through existing facilities. Tie-ins to
existing facilities were analysed to ensure that facilities
engineered to different codes and standards could be

For field shutdown valves and plant pressure safety
valves, outline Failure Modes and Effect Analyses (FMEAS)
were carried out by the HAZOP Team in order to fully
understand the performance of the device during an
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MoTeHUManbHbIA

adpekT

4 OnacHOCTb BpeAHOro BO3AeNCTBUA OKpY>KalolLeil cpeabl

# OnacHocTb Pesynbrat

QOcepaHvie noYsbl Ocapka hyHaameHTa Ha ocTtpose CapavHus He

paccmarpvsaeTcst

Mocn. Bep.

OctaTtoy- PekomeHayemble

Puck & =
HbIA PUCK AeACTBUA

YnpaBneHue/ 3awmra

VIV [e0TexHecKVe

N3bICKaHNA

CpegHuin | KoHcTpyKUms

BospgelicTBie Ha BHELLHIO
MOBEPXHOCTb Tpy6onposoda

2 3arpsasHeHre No4BEHHOro | 3arpssHeHne, Conesble

Hunakwuin

OLjeHka BO3aenCTBIA Ha
OKpYy>atoLLyto cpefly B
npOLIECce SKCryaTaLym.
[e0TEXHNHECKIME U3bICKaHS
NPeoCTaBsT HeoOXoaUMble
NCXoaHble AaHHble

CpepHuia | 13bickanuist n

BbIMbIBaHWE 3aPbITbIX B MOYHT
y4acTKoB Tpybonposoaa v
kabensi cuctembl SCADA,
npviBoAsLLEE K X NOSABMEHNIO
Hag, NOBEPXHOCTLIO 3eM/IN

MokpoBa Konm KOHCTPYKLMS
1 kabens cvictembl SCADA
3  [Opoaus JnBeHb BospelicTaite Ha oropb! 1 H H VS KOHCTRYKLMA

Huakwin

BeTposasi Harpyaka TMoBpeXKaeHIe yHacTKoB

Ha YHaCTOK CYCTEMbI CYCTeMbI TPYGOMNPOBOLOB,
TPYGOMPOBOLA, HAXOASLLMICS | HAMPUMEP, MPVBOLA,

Hap, MOBEPXHOCTBIO 3eM JIMBO OTKPbITHIX Y4aCTKOB
COeAVHUTENLHOM apMaTypbl

4 | CunbHbIN BETEP

LIV KOHCTPYKLMS IV KonuyecTBeHHas OLieHKa

CKOPOCTY BETPA Ha
nobepexse

MoTok Tenna K
Ha3eMHbIM YCTPOCTBaM

5 |[MpvpogHble Noxapsbl MosnHus, nogpkor

30HbI UCKIKOHEHMS. Hunakwuin
KoHcTpykuvis
MPOTVBOMNOXKAPHO

6e30nacHoCTV

Hwvizkuia

Bospevictere Ha ornopb! 1
BbIMbIBAHE 3aPbITbIX B MPYHT
YHaCTKOB TPYGONPOBOaa U
kabens cnctembl SCADA,
MPVBOASILLIEE K VX MOSIBNEHWIO
Hal, MOBEPXHOCTHLIO 3eMITn

JIvBeHb B0 NOBbILLEHNS
YPOBHS PeKU

6 |HasogHeHvie

LV KOHCTPYKUMS! Huzkuin

3HaunTenbHas Harpyaka,
B OCHOBHOM, Ha
Ha3eMHble HYaCTn CUCTEMbI
Tpybonposoaa

7 |O6Ban, ononseHb JlvBeHb/ LUTOpM

Huakui [eoTexHn4eckoe

N3bICKaHMe

V13bickaHue un
KOHCTPYKLWIS

8 |LLitopmoBoit HaroH Bogp! | CunbHbIN BETEP ABapwiiHas Harpy3ka Ha
TPY6ONPOBOA 1 Kabesb
cuctembl SCADA 13-3a
obBana MocTa, 3haHns

B0 VHOM KOHCTPYKLIAM

V3bickaHue 1
KOHCTPYKLWISt

Hwvizkuia

Hunakwin

cuctembl SCADA

9 |BemneTpsiceHvie Celicmmnyeckast Harpyska, B ocHosHOM, Ha | C H I ELVIZAN [/13bICKaHme 1
AKTUBHOCTb, MPUBOLALLIAS Ha3eMHble 4acTu KOHCTPYKLA
K HEYCTOMH4MBOCTY YKIIOHA,
OBPYLLEHIIO OTKOCA,
IPSI3EBOMY OrOSBHIO

10 |3emneTpsiceHvie CelicM1yeckas Harpyaka | dnHamudeckoe Hanpsokerne | C H /TR KOHCTPYKLWA MPOTVE
Ha TPy6onpoBozA, B TPYGOMNpoOBOAe 11 Kabene CEeVICMHECKOI HarpysKku

Huakwin

Celicmmyeckas akTVBHOCTb
113-3a 3HAUTESBHOrO
CMeLLIeHVs pa3fioMa Ha tore
ocTposa

11 |CwmeleHre pasnoma Hanpspkervie B
Tpy6onposoae 1 kabene

cuctemMbl SCADA

O3HaKoMIIEHVie C OTHETaMM
10 CeVICMNHECKON
OLeHKe, caenaHHbIMN Ha
NPefBapUTEsIsHOM STare
Ha4a/IbHOO MPOEKTUPOBAHNA

lELV7BN KOHCTPYKLUWS MPOTVB Huakuin

CEVICMNHECKON Harpy3Kn

12 |BynkaHundeckas
aAKTVBHOCTb

Ha octpose CapanHiis He
paccmaTtpvBaeTcs

Hwvakuia

Mpumepbl NCCNEA0BAHMIA
A) MpoekT Tpybonposoga GALSI (Tancw). ViccnenosaHne
MO BbIABJIEHUNIO aBapI/II7IHO-OI'IaCHbIX y4aCTKOB

MNpuBeneHHas BbilLe Tabnnua NPeacTaBiseT cobown
BblOEPXKKY 13 PeecTpa onacHbIX CUTyaLmiA, CO30aHHOIro
BO Bpemst (hopMyIMPOBaHNS KOHLIENLWX Ha aTane
HAZID ons npoekta GALSI. B Tabnuue npegctasneHa
noapobHasa nHhopMaLms 06 ONacHOCTSX BPeOHOro
BO30EMCTBUSI OKPYXKatOLLIE Cpedbl C yKazaHnem
MOTEHLMANbHOIO BANAHMS Ha 6EpEroBO y4acToOK
MarncTpasbHOro rasonpoBoa.

AHanna HAZID, 3annaHnpoBaHHbIn Ha aTan AeTanbHON
paspaboTKM MPoeKTa, 0OecneyunT:
» 0B30pP HaCTOThbl NOSABNEHNSA 3TUX SBneHUn HAZID
1 HEOBXOONMbIX OENCTBUA MO NPEOAONEHNIO N
npenynpexxaeHuto;
» OBHOBNEHME OaHHbIX B PeecTpe onacHbIX CUTyauuin, ¢

54 | ROGTEC

An overall system of nodes was designed to provide the
ability to compare the findings of the HAZOP Study for a
manually operated CPF with its automated counterpart.
Cause and Effect Charts were compared and analysed
and recommendations were made for subsequent studies
aimed at determining the required Safety Integrity Level
(SIL) of safety instrumented systems.

C) Sakhalin II: Risk Assessment of Deferred Hydrotesting
The pipelines’ pre-commissioning plan for the Sakhalin
Phase Il development called for each pipeline section

to be flooded with treated water, cleaned, gauged and
hydrotested immediately after pipelay during the ice free
period of the year. This required review, as disposal of
this treated water was out to sea and licenses were not
forthcoming.

A risk assessment was commissioned to analyse and
identify risk reduction measures for an alternative pre-

www.rogtecmagazine.com
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LieSIbiO BKIMKOYEHNA B HEIO Pe3yJSibTaTtoB I/ICCJ'IeJ_'LOBaHI/IVI
MO OUEHKe PUCKOB N re0TEXHNHYECKNX I/I3bICKaHI/IVI;

» onpefeneHre CTaHaapTOB SKCyaTaumn 4 Kaxaom
OMacHOW CuTyaLmn Ons BaXKHbIX SN1EMEHTOB
OKpY»>KaroLLEen cpefpl, a UMEHHO 3/TEMEHTOB
yrnpaBneHust nnm mep 6e30nacHoOCTH.

B) YkpanHckoe rasoBoe MeCTOPOXKAEHNE U
YCTaHOBKM KOMIMIEKCHOW MOArOTOBKM rasa.
llccnenoBaHmst OMacHOCTEN 1 SKCMyaTauUMOHHbIX
BO3MOXKHOCTEM (HAZOP)

[Nporpamma nccnegoBaHnsa OnacHOCTEN U
SKCMyaTaumoHHbIX BO3MOXkHocTel (HAZOP) ans
OencTBUM MO NepeobopyaoBaHNIO U MOAEPHN3ALN
ra3oBbIX MECTOPOXAEHUN U YCTAHOBOK KOMIMMIEKCHOM
nogrotoku rasa (Central Processing Facilities

— CPF) B YkpanHe fomkHa 6biTb onpeneneHa u
[OMKHA CUCTEMATUYECKM MEPECMATPVBATLCS, W, MO
HeobXoaNMOCTU, OBHOBNATLCS B OTHOLLIEHWUM CUCTEMBI
Mep obecneydeHns 6e30nacHOCTU NPON3BOACTBEHHOMO
npoLecca 1 akcnayarauun aTux yCTPONCTB.

K TEXHONOrMYECKNM yCTaHOBKAaM, B OTHOLLIEHUM KOTOPbIX
npoBoadaTca nccnegoBaHus HAZOP, 0THOCATCA yCTbs
CKB&XXWH, YCTbEBbIE KOJIIEKTOPbI, PeE3epBYyaphb! And
XpaHeHVs1 NPOAYKTOB 1 0O0OPYAOBaHME A5 3arpy3Ku
aBTOTPaHCMNOPTAa, BPE3KM B CYLLECTBYIOLLIME SKCMOPTHbIE
Tpy6ONpPOBOAbI U YCTAHOBKW KOMIMIEKCHOW MOOTOTOBKM
raza. KOHCTPYKLMSA HEKOTOPbIX YCTAHOBOK MO3BONAET
OCYLLECTBAATL YNPaBAeHVe BPYYHYO, ANS YrpaBieHns
KPYMHbIMW YCTaHOBKaMU UCMOSb3YIOTCA pacnpeneneHHbIe
cucTeMbl ynpaeneHns (DCS).

Onpepenstotca BO/HL nHTepdericsl 1 BapraHTbl
YCTPOMCTB 6e30MacHOCTN A1 06ecne4eHNs
BO3MOXXHOCTW 3KCMlyaTaumm HoBbIX, 6onee
NPOOYKTUBHBIX CKBaXKVH Yepes yrke MMEtoLLeecs
obopyaoBaHve. AHaNM3NPYHOTCS MOAKIOHEHNS K
CyLLEeCTBYHOLLIEMY 060PYA0BaHNIO ANS BbISCHEHNS
BOSMOXXHOCTW MOAKIIKOHEHMSA 1 6E30MACHON MHTErpaLmm
YCTPOWNCTB, CKOHCTPYUPOBaHHbIX B COOTBETCTBUN C
Pa3HbIMKY HOPMATVBHBIMU LIOKYMEHTAMW 1 CTaHOapTaMu.

[ns aBapuinHbIX KarnaHoB MECTOPOXAEHUIN 1
NPenoXpPaHUTENbHBIX KNanaHoB YCTaHOBOK I pynna
HAZOP onpepnenseT BMapl OTKA30B W MPOBOAUT aHann3
athbdekToB (Failure Modes and Effect Analyses — FMEAS)
0719 onpefeneHns paboTbl YCTPOWCTB BO BHELUTATHbIX
YCNOBUSIX.

Bbina paspaboTaHa 3aBeplLUeHHas cucTemMa y3noB s
obecnedeHnst BO3MOXXHOCTM CPaBHEHWST pe3y/ibTaToB
ncenegoannin HAZOP onst ycTaHOBOK KOMIMIEKCHOM
MOOrOTOBKW ra3a Kak yrpaBiseMblX BPY4HYHO, Tak U
aBTomatudeckn (CPF).

CpaBHNBANNCH 1 aHaNM3MPOBAaNNCE Tabn Ll MPUYNHHO-
CIedCTBEHHbIX CBA3EN, NPEefoCTaBNANIMCH PEKOMEHOaLMM

www.rogtecmagazine.com

commissioning strategy where the pipeline sections
installed in the ice free period would be left air filled during
the ice season, awaiting completion the following summer.
This air-filled period could last as long as 16 - 18 months.

A key corrosion risk reduction measure was to vacuum
dry the pipelines after installation, leak test and then pack
them with Nitrogen to 0.35 bar. The benefit of this risk
reduction measure can be seen in the chart below in
terms of how the residual risk is driven to the left.

D) Shah Deniz: Shipping Risk Assessment

A QRA was performed for the near shore sections of oil,
gas and condensate pipelines in order to evaluate the
hazards posed by shipping in Sangachal Bay:

» ship grounding;

» anchor dragging;

» ship sinking.

Justifiable expenditures for eliminating these hazards
were calculated based upon the estimated annual
damage frequencies and the lifetime damage costs due
to these hazards.

Effective risk reduction measures for each hazard were
identified and costed. Analysis showed that the risks
associated with ship grounding determined the cost
effective water depth to which pipeline trenching and
backfill should be provided.

The original near shore approach specification stated that
pipelines were to be trenched and backfilled to the 11m
water depth. QRA showed that the water depth up to
which this protection could be justified could be reduced
to 8.4m. The near shore shelf has a very gradual slope in
this area of the Caspian Sea; thus the QRA enabled some
significant and justifiable cost savings to be made.

With this risk reduction measure in place, as well as

the steps of:

» updating nautical charts;

» meeting with harbour masters and ships’ masters
regarding anchoring;

These being in place, residual risks to these hydrocarbon
pipelines due to shipping hazards in Sangachal Bay were
demonstrated to be as low as reasonably practicable
(ALARP).

The justifiable spend to protect the pipelines from a
sinking ship was shown to be significantly below the cost
of implementing additional risk reduction measures.

E) Shtokman Development: Verification Scheme

A Verification Scheme was prepared for the Safety

Critical Elements identified as being suitable and sufficient
safeguards to prevent, detect, control, mitigate and enable
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MocnepncteuA Consequences MosblweHHaA BepoATHOCTL Increasing Likelihood
© A B C D E

. g
'g 8 3 Hukorpa He 6bino | FoBopunv o VHUMOEHTbI Vimenn mecTo VImenn mecTo
3 g o B OTpacim HaMYn B NPOVUCXOANN B HECKONbKO Pa3 B | HECKOJbKO pas3 B
(%} 5 g o Never heard of oTpaciu Halle KOMNaHu1 | OOHOM MecTe Haller KomnaHmnm
o 5 & 3 < indust Heard of indust Incident has Happens several | Happens several
g g® E = S . = c industry eard ot industry | oocured in our times per yearin | times per year in
5 8 Q % g = 0E> % % company a location our company
Q c§ 26 3] 2
2 9 59 @ B £5
g 3 g 22 g9 & IR< 104 104 <IR <103 108 <IR <102 102<IR <101 10" <IR <100
O na o u S E oo
0 Het ywepba | He okasbiBaeT | Het He Bnunset

ANs 3A0P0BbS | aphexTa nospexaeHnii | No impact

/ HeT yseunin | No effect No damage

No health

effect/injury
1 HesHaunteneHbit | HeaHauvTensHbi | HesHauvTensHble | HeaHaumnTensHoe

yLep6 ans adhcpexT NoBPEXAEHVSt BAVSIHVE

3A0p0BbS / Slight effect Slight damage Slight impact

yBeYbs

Slight health

effect/injury
2 MuHMansHe | MuHMManbHbIA | MHiManbHble | OrpaHndeHHoe (Rl VE

yLiep6 ans adpdpexT MOBPEXAEHNS | BAVSHME prcK

300P0BbS / Minor effect Minor damage | Limited impact [ Iiel=i el ik <

yBEeYbs

Minor health

effect/injury
3 BonbLuown JlokanmaoBaHHbili| JlokannsoBaHHble | BnusaHine,

yLiep6 ans appexT noBpexaeHNs 3acnyxvsaroLLee

300poBss / Localised effect | Localised damage| BH/MaH1s

Considerable

yBe,Hbﬂ impact

Major health

effect/injury
4 D;fgy;g:ﬁg BHaunTeNbHbI | 3HaYUTENbHbIE | BimaHre Ha HeponycTumbin

- HaUVOHa/IbHOM

COBHOCTb WM OT 1 S(beEKT I'IOB.peMD,EHVIﬂ (roucyp.apcr R prck

- 3 omeptensHbix | Major effect Major damage Risk not

cnygaes BEHHOM) YPOBHE

Permanent National impact tolerable

disability or 1-3

facilities
5 | MHoxecTBeHHble | MaccoBbin OrpomHble MexnyHapopHoe

CcMepTeSibHble S(b(peKT I_IOBpe)K,D,eHVIﬂ BNnsAHNE

cnyan Masive effect | Extensive International

Multiple fatalities impact

damage

ONsi MPOBEAEHNS MOCNEOytOLLINX NCCNEA0BaHWN,
HanpaBeHHbIX Ha onpeaeneHe HE0OX0AMMOro YPOBHS
6e3onacHocTu (Safety Integrity Level — SIL) cuctem ¢
N3MepUTENBHBbIMK MPrbopamm Be3onacHOCTH.

C) CaxanuH II. OueHka prcka OTAOXKEHHbBIX MOPOVCTbITaHNN
[naH MeponpuATUA Ha CTagun, NPEALLECTBYOLLEN

BBOAY B aKkcnyaTaumo Tpybonposoaa CaxanuH,

®agza ll, npegycmMaTpuBaeT, YTOObI Heped KaxKabI
y4acToK TpybonpoBoda Oblna nponyLLeHa XUMNUYECKM
0bpaboTaHHasa Boaa, 3aTeM OH O0/KEH OblTb OYMLLIEH,

1 Ha HEM JOJMKHbI ObITb MPOBEAEHb!I N3MEPEHNST 1
nocnegyowme rmaponcnbITaHns, 1 BCe 3TO AOHKHO

ObITb OCYLLECTBNEHO HEMESIEHHO MOCE YKNaOKn

recovery from potential major accident hazards identified
during the FEED HAZID for the onshore and offshore
sections of the Shtokman trunklines.

Each Safety Critical element has a performance standard
associated with it, which provides engineering details
regarding the following:
» its functionality;
» the survivability of the element during the major accident
it is designed to safeguard against;
» an availability and reliability specification;
» interaction requirements with other safety
critical systems.

Tpy6onpoBoaa B TEHEHWE Ce30Ha OTCYTCTBUS NEAAHOro
nokpoea. [aHHoe ycnoswe noTpeboBaso nepecMoTpa,
T.K. COPOC XMMMHECKN 06paboTaHHOM BOAObl AO/MKEH Obin
OCYLLIECTBIIATLCS B MOPE, a CKOPOE MOoJlydeHne NLEH3NIA
Ha 3TO He MpeAanonaranoch.
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For each Safety and Environmental Critical Element, the
Verification Scheme details the independent assurance
and examination activities required to assure and verify
that the performance standard can be evaluated and

attained during:
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OueHKa pUcKa OCYLLECTBIANACH C LENbO aHanmaa

1 onpeaeneHns MepOnPUSTUAIN MO CHYKEHUIO pUCKa

ONs anbTepHaTVBHOM CTpaTErMM MO MEPOMPUATUSM,
nPeaLIeCTBYIOLLMM BBOAY B 3KCMyaTauuo, B Cnyyae,
€CNn yKNnagka y4acTkoB Tpy6onpoBoaa BbIMOMHAETCS

B OTCYTCTBUM NEeOsiHOrO NOKpoBa 1 Tpy6onpoBoa,
OCTaeTCs 3anofHEHHbIM BO3OYXOM A0 3aBepLUEHNS
paboT, HAMEYEHHbIX Ha cneaytoLlee neTo. [Nepwoa, B
TEeYEeHNe KOTOPOro TPyb6onpoBO4 OCTAETCA 3arnOSIHEHHBIM
BO3YXOM, MOXET cocTaBnath 1,4 roga.

OCHOBHOM MEpPOW A1 CHDKEHWUS pUCKa KOPPO3UK
ABNFETCS NPOCYLLKa TPy6OoNpOBOA0B MOA BakyyMOM,
NMPOBEPKA NX HA OTCYTCTBME TEYEl 1 3arofHEHNe X
azoToMm nof gaeneHnem no 0,35 6ap. MNpermyllecTtsa
3TON Mepbl 6e30MacHOCTU NPEACTaBeHbI B TabanLe
HKE, OCTATO4YHbIM PUCK CMELLIAETCS BNEBO.

D) Lax-AeHuns. OueHka pucKoB npw

TPaHCMOPTMPOBKE MOPEM

QRA BbINONHAETCHA B OTHOLLEHUW YHaCTKOB HEPTSHBIX,

ra30BbIX 1 ra30KOHAEHCaTHbIX TPYOOMPOBOAOB,

PacMnoNOXXeHHbIX PSAOM C 6eperoM st OLEHKM

OMacHOCTEN, BO3HUKAIOLLMX MPU TPaHCNOPTUPOBKE B

CaHra4anbCkoM 3anmBe:

» nocafka cygHa Ha Melflb;

» BOJIOHEHUE AKOPS MO OHY, HenpeaHaMepeHHo, Nop,
BIIMSIHVEM OBVXEHWUS CyOHa;

» B Cly4dae, Kora 3aTtoHyJ0 CyaHo.

PaSyMHble pacxogbl No nNpenoTBpaLLeHnto 3TnX
onacHoCTel paccHNTbIBaAOTCA MCXOOA N3 NMOBTOPAEMOCTN
I'IOBpe)K,D.eHI/IVI B Te4deHne roga, a takxe O6LLI.I/IX pacxonos
B CBA3M C 3TVMW OrNacHOCTAMW Ha BECb nepuron
SKcCrnyaraunn.

OnpeneneHbl 3QdHEKTVBHBIE MEPbI MO CHYPKEHNIO PUCKOB
0719 K&>K0M ONacHOCTU 1 paccHmTaHbl COOTBETCTBYHOLLME
pacxodbl. AHaIM3 NOKa3bIBAET, YTO PUCKU, CBA3AHHbIE C
nocagKon Kopabns Ha Mefb, ONMPEAeAT SKOHOMUHECKM
0BOCHOBaHHYO FNyBuHY TpaHLIeN /151 MPOKNaaKm
Tpy6onpoBoAa 1 ee 3achInKu.

B nepBoHavansHoM TexHUYeCcKom crneupmkaumm ons
NMPUBPEXXHON NPOKIaaKN TPYBONMpPOBoOAa yKaszaHo,
4YTO TPYOOMPOBOA, AOSKEH ObITb MPOSOXEH N 3aPbIT
B TpaHLweto Ha rnybuHe 11 meTpos. Pesynstatel QRA
MoKasabIBatOT, YTO AN obecneveHss HeoOXOaNMbIX
Mep 6e30MacHOCTY yKa3aHHas rnybuHa MOXKET ObiTb
yMeHblleHa a0 8,4 M. [MprbpexxHbi Wwenbd nmeeT
O4eHb NNaBHbIN YKIIOH B 3TOW YacTu Kacnmimckoro
MOop4, No3ToMy aHanmn3 QRA MO3BOMMT COKOHOMUTL
3HaYUTENbHbIE OEHEXHbIE CpeacTBa.

BbinonHeHve 3To Mepbl 6630MaCHOCTU, a TaKKe Taknx
LaroB, Kak:

» OBHOB/EHME HAaBUMALMOHHBIX KapT;

» BCTPEYM C Ha4albHUKOM MnopTa (JloLumaHamu)
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» Detail Design;

» Testing and commissioning;

» Operation;

» Decommissioning and plant retiral, if required.

The Verification Scheme also provides a means of
controlling any subsequent addition to or modification of
the safety critical system.

F) Republic of Korea: EPC Value Engineering Workshop

Details are confidential, however, Critical Success Factors

for a major refinery revamp and modemisation project

were agreed with the managing contractor to include:

» Meeting the start-up date;

» Meeting performance guarantees;

» No cost overruns;

» Synchronisation with upstream facilities;

» Secure construction manpower in adequate numbers;

» Construct and commission with no Lost Time Injuries;

» Obtain early approval from the Regulator of
Environmental Impact Assessments.

An analysis of the Primary EPIC Functions led by the

workshop facilitation team as shown in the figure below

identified opportunities which were still achievable at the

close of FEED to:

» reduce equipment costs through questioning the
number of cross-overs in the process plant;

» increase float in the project schedule through
streamlining the procurement process;

» optimising offsite fabrication and the use of PAUs.

Some other value improving practices could not be
incorporated into this project due to time pressures, but
remained available as best practices for incorporation in
similar future projects.

Basic Function
E3: Receive inlet feed
# Secondary Functions

4L I
Prevent
Conclusions and Summing up

Secure
differential
pressure
This article has discussed the potential of effective hazard
management and value engineering programmes in the
design process to make a positive impact to oil and gas
field developments in the challenging natural, working and
business environment of Russia.

Function
Engineering

Contain inlet
feed

A map of the Hazard Management Process is shown
below, which shows the role and position of HAZID,
HAZOP and QRA in the process. A key component of
the ALARP Assessment is the verification that the safety
critical elements are suitable and sufficient and will remain
as such through the project lifecycle.
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B OT,TbunOOC

KarnmtaHamMmn CyoB OTHOCUTESIbHO NMOCTAaHOBKN Ha AKOPb;

MO3BOISIOT MPOAEMOHCTPUPOBATL, YTO OCTATOYHbIE
PUCKM A9 TaKnX YrneBoaopoaHbIX ToybonpoBoaos,
CBsi3aHHble C (hakTopamMm TPaHCNOPTHPOBKM B
CaHra4a/ibCKOM 3aJI1Be, CTAHOBSATCH HACTOJIBKO
HUBKMU, HACKOJIbKO 9TO MPAaKTUYECKM OCYLLECTBIMO
(ALARP).

ViccnenoBaHns Takxke nokasanu, YTo pasyMHble

pacxoabl AN 3aluThl TPYO6OMPOBOAOB OT 3aTOHYBLLIMX
Kopabnen, HAMHOMO HUKE, YeM pacxodbl MO MPUMEHEHNIO
JOMOSHATEIBbHBIX MEP MO CHUDKEHWIO CTEMEeHN pUcKa.

E) PaspaboTtka LLITokmaHOBCKOro

MeCTopoXKaeHUs. Cxema MpOoBEPKM

Cxema npoBepKy bbina NoaroToBneHa A OCHOBHbIX
3NeMEHTOB obecrneyeHns 6e30MacHOCTU, KOTOPbIE
onpeneneHbl Kak 4OCTaTO4Hble Mepbl 6e30MacHOCTY OS5
npenoTBpaLLEHNS, BbIABNEHNUS, YIPaBNEHUS, CMAMHEHNS
1 OCYLLECTBEHNS BOCCTAHOBEHNS MOCE BOSMOXHbIX
KPYMHbIX aBapui, onpeaeneHHbIX Mpy NpoBeaeHU
FEED HAZOP ons 6eperoBbIX M MOPCKUX y4aCTKOB
MarucTpanbHoro Tpybonposoaa LLTokmaH.

[nst KaXxOoro OCHOBHOMO afieMeHTa obecnedeHns

6esonacHoCTV cyllecTByeT CTaHOaPT TEXHNHECKNX

XapaKTepUCTVIK, B KOTOPOM NpuBedeHbl MPOeKTHbIe

JlaHHble B OTHOLLIEHNM:

» ero (PyHKLMOHabHOCTY;

» BbIKVMBAEMOCTUW 3IEMEHTa BO BPeMsl KPYMHOM aBapuu,
[N 3alUMTbl OT KOTOPOV OH MpeaHasHaqeH;

» XapaKTepUCTVK OOCTYNMHOCTN U HAAEKHOCTY;

» TpeboBaHWin Mo B3aUMOZSNCTBIIO C APYTUMM
OCHOBHbIMW c1CTEMaMK 0becriedeHs 6e30MacHOCTU.

Cxema NpoBepKM A1 OCHOBHbIX 3/1IEMEHTOB 6E30MacHOCTU

N OKPY>)KaOLLIEV Cpefibl ONpenenseT AeTanm He3aB CUMbIX

Mep obecneveHst 6e30MacHOCTA 1 MPOBEPKN,

HeoHXOOMMbIX [71st 06ECreHEHNST N MPOBEPKIN OLIEHKM 1

BbINOSIHEHMS CTaHAapTa aKCryaTaLymn BO BREMST:

» OeTanbHOro NPOeKTa;

» VCMbITaHUI 1 BBOAA B 9KCM/yaTaLmto;

» BKCMyaTaumm; n

» BblBOJA W3 3KCryaTauum 1, ecin Heobxoammo,
[EMOHTaXKa YCTaHOBKM.

Kpome Toro, cxema npoBepKy NpeaocTaBnseT cpeactea
ans ynpasneHnsa ntobbiMy ganbHENLWNMN ONONHEHNAMMN
nnn MO)J,I/Id)I/IKaLJ,I/IFIMI/I BaXKHbIX CUCTEM 0becrneyeHns
6e30nmacHOCTW.

F) Pecnybnvka Kopesi. CTOMMOCTHO-(YHKLIMOHATbHbI
aHanmM3 paspaboTku, NocTaBku 1 cTpouTenscTia (EPC)
MNogpobHas nHhopMaums SBASETCA KOHPUOEHLMANBHON,
OfIHaKO, C UCMONMHUTENBHBIM MOAPAOHNKOM Bbln
cornacoBaHbl OCHOBHblE (hakTOpbl ycrexa no
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PEKOHCTPYKLUMN HepTenepepabdaTbiBatoLLEro 3aBoaa 1

npoeKTa MoAepHN3aLMK1, B TOM Y1CTE:

» COBMOAEHVE CPOKOB BBOAA B 3KCMUlyaTaLuio;

» rapaHTus COBMIOAEHUA TEXHNHECKNX XapaKTePUCTUK;

» OTCYTCTBUE Nepepacxona CPeacTs;

» CUHXPOHU3ALIMA C PaCrofioXKEHHbIMM A0 3aBOAA
yCTaHOBKaMU;

» 0becneveHne Hamm4mnsa 4OCTaTOHHOro KONMYeCTBa
CTpouTENewn;

» CTPOUTENBCTBO 1 BBOL, B SKCIlyaTauuio
Mpwv OTCYTCTBUM TPABM C BPEMEHHOW NOTEPEN
TPYAOCMOCOBHOCTY;

» MOJyYeHNe Ha PaHHEN CTaaun OLEHOK SKOJIOMMHYECKNX
NocneaCcTBUA OT COTRYAHMKA PErYNATMBHOIO opraHa.

~

AHanma ocHoBHbIX EPIC-dhyHKLWIA, BEINOHAEMBIX
FPYMNNOW UCCNeoBaHUM, Kak yKadaHo Ha PUCYHKE HIKE,
ONpefenseT BOSMOXHOCTN OOCTVDKEHUST 3HAYEHNI,
6nmM3KMX K onpeaeneHHsiM FEED ons:

» CHWKEHWS CTOMMOCTW 060pyaoBaHNs 6narogaps
MOCTaHOBKE MOf, COMHEHNE HEOOXOANMOCTM
MCMOSIb30BaHMA Takoro 60bLLIONO KOMYeCTBa
nepenyckoB B TEXHOSIOMMHYECKOM YCTaHOBKE;

» yBEIMYEHNST PE3EPBOB BPEMEHN B rpadike NpoekTa
nyTem ONTUMN3aLMM CUCTEMbI OBECNEHEHNS;

» OMTUMM3ALIN U3rOTOBMIEHVA 1 MCMOMB30BaHNS
npefBapuUTensHO COBPaHHbIX Ha 3aBOAE Y3M0B.

HekoTopble Mepbl MOBbLILLIEHVA SKOHOMNYECKOM
3hDHEKTVNBHOCTU HE MOMIM BbiTb BKIIOHEHbBI B 3TOT MPOEKT
B CBSI3M C OrpaHnN4eHHbIM BPEMEHEM, HO OCTaKOTCS
OOCTYMHBbIMY /19 MPUMEHEHNS B KAYECTBE NePELOBOro
OMbITa 4191 aHaNOMM4YHbIX MPOEKTOB B Oy AyLLIEM.

OcHOBHbIe (hyHKLUMN
E3. ObecnequnTtb nogayy Ha Bxofe
# BcnomorarenbHbie (hyHKUUK

MpoekTupoBaHue
hyHKUMI

L

O6ecneuntb
nepenap
BXxoae [AaBneHna

MpepoTepaTUTH
npesbileHne
AasneHva

OrpaHn4nTh
nopavy Ha

3aKnoyeHna U BbIBOAbI

B paHHoOM cTaThe 06CyxaanmMcb NporpaMmbl Mo

3P PEKTMBHOMY YNpaBeHWIO MpeaoTBpaLLeHNeM
OMNacHbIX CUTYaLMn 1 CTOUMOCTHO-(YHKLIMOHABHBIM
NCCNedOBaHVAM BO BPeMs MpoLecca NpOeKTUPOBaHMA
AN obecneveHnst MONoOXKNTENBHOrO 3deKTa Ha ra3oBbIX
N HEDTSHBIX MECTOPOXAEHNSX B N3MEHSIOLLIMXCS
YCINOBUSX OKPY>KatOLLEN NPUPOOHON cpedbl, pabo4den
cpenpl 1 bruaHec-cpedbl B Poccuu.

Ha kapTe npouecca ynpaBneHnsi onacHbIMU CUTyaLMsIMA
yKagaHb! PoJib U MECTO B MpoLiecce Meponpuatuin HAZID,
HAZOP n QRA. OCHOBHbIM 31eMEHTOM OLIEHKK ALARP
SABSIETCS MPOBEPKA TOr0, Kakmne N3 OCHOBHbBIX S1EMEHTOB
obecneyveHnst 6e30nNacHOCT MOAXOOAT, ABASAOTCS
OOCTaTO4YHbIMU 1 OCTAOTCS TAKOBbIMW Ha MPOTSPKEHNM
BCEro CpoKa BbIMOHEHNS MPOEKTA.
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HS&E W

lNMpouecc KOHTPONA onacHbIX (hakTopoB

(KapTa npouecca 1)

Hazard Management Process
(Process Map 1)

OnpepneneHve onacHocTH
(kapTa npouecca 2)
Hazard Identification

(Process Map 2)

»
'

Basbl gaHHbIX,
[epeBo 0TKa3o0B,
MopcyeT petanen

Data Bases, Fault Trees,
Parts Counts

\4

v

PaspaboTka cueHapua
Scenario Develpment

(kapTa npouecca 4)
Frequency Analysis
(Process Map 4)

AHanuns 4acToTbl nOBTOpeHMﬁ

OueHka nocneacTeuii
(kapTa npouecca 4)
Cosnsequence Assessment
(Process Map 4)

OueHka yxyaLeHus
Impairment Assessment

'y
>

v

Puck
(PLL, IRPA, FAR, TRIF)
Risk
(PLL, IRPA, FAR, TRIF)

PucK Mo cpaBHEHMIO ¢ KpUTepuAMU
npvemnemMocTu MpuHATVE peLueHnA

Risk vs Acceptance Criteria

r
OueHka pucka

Kputepun npnemnemoctmn
pucka

Risk Acceptance Criteria

Risk Assessment

Decision Making

Mepbl CHUXeHUA pucka
Risk Reduction Measures

MonmTykm KOMMaHWu, rpynnbl
1 NpoekTa, perynupytoLune
AeATeNbHOCTb
Regulatory, Company, Group
& Project Policies

OueHka ALARP
ALARP Assessment

TtoBble gencTBng 1 NPoLEeaypPbl, KOTOPbIE MPU3HAHbI
NPUroAHbIMM A5 UCMONb30BaHWS B MPOEKTE

Mno pesyfbTatam NMpoBeaeHHOro CTOMMOCTHO-
YHKLIMOHANBHOMO aHanMaa, A0/MKHbI MPOXOauTb
npoueaypbl HAZID n HAZOP.

Tematunyeckme npumepbl Oblnv NCNOb30BaHb! A5
nokKasa BO3MOXXHOCTEN, MPeaoCTaBNAEMbIX STUMM
NCCNefoBaHMSIMN 1 aHANM30M, B HaCTHOCTU, B Clyyae,
€CNN HEOOXOAMMO YYUTbLIBATb 3HAHUSA O PEMMOHE W OMbIT
peansaLmn aHanornYHbIX NPOEKTOB.
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[emoHcTpaumA ALARP
(kapTa npouecca 9)
ALARP Demonstration
(Process Map 9)

Any practices and processes adopted by the project
from a Value Engineering workshop are then subjected to
HAZID and HAZOP.

Topical examples have been used to highlight the
possibilities that these studies and workshop can
have, particularly when regional knowledge and project
experience are considered.
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