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loasuH HYuambepe Haop 3aHMMaeT JOKHOCTb
«rioneBov CyrnepBavizep,/KoOHCyIbTaHT». OH OKa3biBaeT
KOHCYITbTaLIMOHHbIE YTy /1 KOMAaHWy «H3LIH
Metponeym Cepsuces» (NPS) B [lammare (Caynosckas
ApaBuisi). Ycryrv BKoYakoT B cebst onepaLmm ro 3akadqke
1o AaBraeHmem, KUCIoTHble 06paboTku Ha HKT,
yrpaBneHue npoekTamu, KoopamHaLmio paboTt

v noneBovi cyriepBaviavHr. [epen stvm [oasuH 2 roaa
paboTan B Ka4ecTse KOHCybTaHTa B Hurepuy Ha pabotax
10 LIeMEeHTUPOBAHMIO CKBaXKUH U 3aKayKe 1o AaBreHnem
L7151 Pa3INYHbIX KIMEHTOB. PaHee [oaBumH pabotan 6

ner B komrnaHum «LLinombepxe» B Hurepmm. CHadvana

OH paboTast Ha No3uLMM MoNeBoro CreUmanicra, Ha
KOTOPOW 0bECreyqBar CyriepBani3viHI 1 BbINOIHEHME
paboT 10 LUEMEHTUPOBAHUIO CKBAXUH Ha CyLLe, Ha
LL1en1bOBbIX 1 [1TyOOKOBOAHKIX MPOEKTax. 3arem oH paborasn Ha
O3KLMN CEPBUCHOIO KOOPAMHATOPa B LIeHTpe nnaHupoBaHus
BHYTPUCKBaXHHbIX paboT B B [lopT-Xapkopte (Hurepus). B
0653aHHOCTV BXOAWIIO YNPaBeHe akTBaMuy, yrpasieHue
CKAaZCKUM XO35VICTBOM, [1071EBOE COMPOBOXAEHME paboT Mo
LIEMEHTUPOBAHMIO CKBAXMH.

Lunnom o Beiciem 0bpasoBaHyiv rocy[apCcTBeHHOro obpasua
(creneHb bakanaspa) no cneunanbHOCTA <XUMMYeCcKas TEXHOIOM s
loasuH nony4nn B 2008 rogy B VIHCTUTYTE MEHEIXKMEHTA U
rexHonoruvi (IMT) B SHyry (Hurepus). Inriom o nocieBy30BCkoM
06pa3oBaHMM MO CrieuymanbHOCTY «POEKTUPOBaHME
Tpy6onposofos» oH rnony4unn B 2012 rogy B TexHonorn4eckom
nHcTUTYTe B LTate Maxapaiutpa (MHaws). CreneHb Maructpa
[1€/10BOro aAMUHUCTPYPOBAaHVS MO CreUmanbHOCTY «yrpaBieHme
rpoekTamu» oH nony4nn B 2016 rogy B OTKPbITOM yHUBepcUTeTe
Berkareluapa B VtaHarape (VHaums).

[oABVH SBSETCA YIeHOM C/IEAYIOLLMX MPOGHECCUOHATbHbIX
CO0OLLECTB: YieH — AMEPUIKAHCKUM MHCTUTYT MHXXEHepoB-
XUMUKOB, 3@PErnCTpUPOBaHHbLIN MHXEHep B XMMNYECKOM
TEeXHOJIOMAW — COBET 10 YNPaBieHUIO MPOU3BOACTBOM Hurepum
(COREN), 4neH — ObuecTBo mnHxeHepos (SOE), BerkobputaHus,
4neH — MexnayHapoaHas accoumaums nHxeHepos (IAENG),
[OHKOHT; PaKTUKYIOLLMI CAEUManCT — HapTepHbIV MHCTATYT
kayectsa (CQI), Besikobputarus,; rnpopeccioHanbHbIvi

nHxeHep — OBLLECTBO NPOheCccroHarbHbIX HXeHepos (SPENg),
BenikobputaHus, MeHeaxep npoekta (MPM®) — AmeprikaHckast
akafemus yripasneHus npoektamu (AAPM®); crieymanict —
MexxayHapoaHbI MHCTUTYT YpaBAeHus pruckamu v 6e30MacHOCTbIO
(IIRSM ), BeskobputaHus.

BBepeHue

CormnacnHo cranaapty Norsok D-010, 1eTOCTHOCTD
CKBaKUHBI — 3TO «KOMIIJIEKC OPI'aHU3AIIMOHHO-
TEXHNYCCKHUX MCpOHpI/IHTI/II;I AJIs1 CHUJKCHM A
PHCKAa HEKOHTPOJIUPYEMOT'O BEIOPOCA MIACTOBOM
JKUJKOCTH HA NIPOTS)KEHUU SKCILIYaTALI U

14 Ne 2 (068) Hiorn/June 2019

Godwin Chidiebere Nwafor is an
Oilfield Engineering Supervisor/
Consultant currently providing
consulting services for National
Petroleum Services (NPS) in
Dammam, Saudi Arabia. Areas of
services include pressure pumping
operations, acid stimulation through
coiled tubing, project management,
service coordination and wellsite
supervision. Prior to this, Godwin
spent 2 years as an Oilfield Consultant
in Nigeria working on well cementing
operations and pressure pumping
services for various clients. Previously,
he spent 6 years with Schlumberger Plc. in Nigeria working
initially as a Well Services Field Specialist providing wellsite
supervision and execution of well cementing operations

and services in land, swamp, off-shore and deep-water rig
installations. Lastly, he was the Operations Service Coordinator
for the Well Services Operations Planning Center (OPC) based
in Port Harcourt Nigeria providing asset planning, inventory
control, field support, and operations support for Cementing
Services.

Godwin earned a Higher National Diploma — HND (US
Bachelors Degree Equivalent) in Chemical Engineering from
the Institute of Management & Technology (IMT) Enugu,
Nigeria in 2008, a Post Graduate Diploma (PGDip) in Piping
Design Engineering from the Maharashtra Institute of
Technology (MIT) Pune, India in 2012, and an Executive MBA
in Project Leadership & Management from the Venkateshwara
Open University Itanagar, India in 2016.

Godwin is a affiliated to the following professional
organization;, Member — American Institute of Chemical
Engineers (AIChE), Registered Chemical Engineering
Technologist — Council for the Regulation of Engineering in
Nigeria (COREN),; Member — Society of Operations Engineer
(SOE) UK; Member — International Association of Engineers
(IAENG) Hong Kong, Practitioner — Chartered Quality
Institute (CQI) UK; Fellow & Professional Engineer — Society
of Professional Engineers (SPEng) UK; Fellow & Master
Project Manager (MPM®) — American Academy of Project
Management (AAPM®), and Specialist Fellow — International
Institute of Risk and Safety Management (IIRSM) UK.

Introduction

Well Integrity is defined in Norsok D-010
as: “application of technical, operational and
organizational solutions to reduce risk of uncontrolled
release of formation fluids throughout the life cycle
of awell” (Standard Norge). Well Integrity can also be



CKBAXKHUHBI». TAK)KE MOJI 1II€IOCTHOCTBIO

CKBa>KHMHBI MOXXET NIOHUMATbCS KOMIIJIEKC TAKUX
OPraHU3ALUOHHO-TEXHUYECKUX MEPOIIPUATHIH,
K4K MCIIOJIb30BAHUE 6APbEPOB JJI1 CHUKECHUSA

JIO IPAKTHUYECKHU JOMYCTUMOTI'O HU3KOTO YPOBHS
PHCKOB HEKOHTPOJIUPYEMOT'O IEPETOKA MIACTOBOM
JKHUJIKOCTH U3 OJJHOT'O IJIACTA B APYTOI, 4 TAKKE
BBIOPOCA MIIACTOBOM )KHUKOCTH HA IOBEPXHOCTD
WUJIA B OKPY2KAIOIMIYIO CPEAY HA MPOTIKEHUN
IKCIUIYATALIUH CKBAXKHUHBI.

Haubosee npocToe ONpeAENeHNE HETOCTHOCTH
CKBa>KUHBI — TAKHE YCJIOBUS, KOTOPBIE
ob6ecnednBaloT 3PPEKTUBHYIO IKCILTYATAIUIO
CKBa>KHUHBI C IByM$ 6apbePaMU OE€30MACHOCTHU.
JI1060€ OTKJIIOHEHUE OT ITOT'O COCTOSHUSA ABIAECTCS
MaJIBIM UJIA CEPBE3HBIM HAPYIIEHUEM LIEJTOCTHOCTHA
CKBa>KHMHBL

Norsok D-010 sBisieTcst IEUCTBYIONUM
CTAHAAPTOM, KOTOPBIIH YCTAHABIUBAET
MUHUMAJIBHBIE TPEOOBAHUS K OOOPYIOBAHUIO/
TEXHUYECKUM PEMIEHUAM, KOTOPBIE OYAYyT
HCIIOJIb30BATHCA B CKBAKUHE. OTHAKO JTAHHBIN
CTAHAPT OCTABIAET JOOBIBAIOMUM KOMIIAHUAM
MPABO BBIOUPATH PA3JIMYHBIE TEXHUYECKHUE
pENIEHNsA, COOTBETCTBYIOIINE YKA3aHHBIM
TpeboBaHUAM. TaKM OO6pa30M, JOOBIBAIOIIUE
KOMITAaHWH HECYT IIOJIHYIO OTBETCTBEHHOCTD 34
COOTBETCTBUE ITOMY CTAHZAPTY.

W3 NpUBEAEHHOTO BBIIIE ONPEJEIEHUA CIEAYET,
4TO MPU MJIAHUPOBAHUY OyPEHUA U 3AKAHYUBAHUA
CKBaKHMH HEOOXOAMMO OIPEJEIUTD TEXHUYIECKUE
peLIeHM s, KOTOPbIE O0ECIEUNBAIOT 6E30IIACHOCTD
CTPOUTEJBCTBA U OKCIUTYATAIIUU CKBAKHUHBI B
COOTBETCTBUU C MUHHUMAJIBHBIMH TPEOOBAHUAMHU
JIAHHOTO CTAHJAPTA.

TaxoKe U3 3TOro ONPEAEIEHU CIELYET, IYTO
JOOBIBAIONIUE U CEPBUCHBIE KOMITAHUH JIOJIKHBI
00€eCIeYnTh COOTBETCTBUE OOOPYIOBAHUS,
KOTOPOE IJIAHUPYETCA UCIIOIb30BATh, TOMY
CTaHJApTYy. B IpOTUBHOM City4ae nepej paboTon
000PYIOBAHNE HEOOXOIUMO MOJICPHU3UPOBATD
U UCIIBITATD. B HEKOTOPBIX CIy4asaX JONYCKAIOTCA
OTKJIOHEHUA OT CTAaHAAPTA. EC/n BeI6panHOE
TEXHUYECKOE PEIMIEHNE OTKJIOHAETCA OT CTAHAPTA,
TO 3TO PEIMIEHHE JOJKHO ObITh 9KBUBAJIEHTHBIM
pCH_ICHI/IHM, HpOHI/ICaHHbIM B CTaHjlapTC, nin
001212TB 60J1€€ BBICOKUM YPOBHEM 6€30ITACHOCTH.

Ba’kHO MPaBIJIBHO ONPEAETIUTD HEOOXOTUMBIC
XAPAKTEPUCTUKH OOOPYAOBAHUS U TPECOOBAHU S
K Oapbepy 6€301aCHOCTH CKBAXKHUHBI, YTOOBI
06€eCIeYyuTh 1HEJOCTHOCTD CKBAKUHBI HA
MPOTSI)KEHUM BCETO CPOKA SKCIITYATAIIHH.

Kak rmpaBuio, Ha CTaAMH IVIAHUPOBAHUSA
ONPENETAIOTCS CIEAYIONIHE TAPAMETPHL:
MaKCUMAaJbHO JJONYCTUMOE JJABJICHUE U Pa3Mep
MIPOTUBOBBIOPOCOBOTO IPEBEHTOPA, Pa3Mep U
MaTepHa 06CaTHBIX KOJIOHH, HOMUHAJIbHOE
JlaBJIeHUE 3260ITHOTO U YCTBhEBOI'O OOOPYAOBAHMS, A
TAKKE MATEPHUATBHOE UCIIOJIHEHUE OOOPYAOBAHUSL.
DTH IapaMeTPhI ONPEJEISAIOTCSA HA PAHHEH CTaqUU
MIPOEKTA, U JAJIbHEHIIN I TOA60P O60PYAOBAHUS
OCHOBBIBAE€TCS UMEHHO HA HUX.

defined as the application of technical, operational and
organizational solutions, such as the use of competent
pressure seals, to reduce the risk of uncontrolled
release of formation fluids into another formation, to
the surface, or to the environment, throughout the
well life cycle to a level “ALARP” (As Low As Reasonable
Practicable).

Well Integrity can in its simplest definition be
defined as a condition of a well in operation that
has full functionality and two qualified well barrier
envelopes. Any deviation from this state is a minor or
major well integrity issue.

Norsok D-010 is a functional standard and sets the
minimum requirements for the equipment/solutions
to be used in a well, but it leaves it up to the operating
companies to choose the solutions that meet the
requirements. The operating companies then have
the full responsibility for being compliant with the
standard.

From the definition above, it means that the
personnel planning the drilling and completion
of wells will have to identify the solutions that give
safe well life cycle designs that meet the minimum
requirements of the standard.

Another implication from the definition above is
that operating companies and service providers have
an obligation to ensure that the equipment planned
to be used will comply with the standard and if not,
the equipment will need to be improved and qualified
before use. Deviations from the standard can be made
in some cases when the standard allows this. If a
solution selected deviates from the standard, then this
solution needs to be equivalent or better compared to
what the requirement is.

It is important to set the right equipment
specifications and define the requirements for the
well barrier to ensure the well integrity is maintained
throughout the well life. Typical things to specify are
the BOP rating and size, the casings to be used, the
pressure rating on downhole and topside equipment
and the material specification of the equipment. These
specifications will be set at an early stage of a project
and the later selection of equipment will be based on it.

How the Well Integrity is established?

NORSOK D-010 specifies that: “There shall be two
well barriers available during all well activities and
operations, including suspended or abandoned wells,
where a pressure differential exists that may cause
uncontrolled outflow from the borehole/well to the
external environment”. (Standard Norge)

It then follows that by implementing and
maintaining well barriers to prevent uncontrolled
release of fluids from the formation while performing
well operations or while the well is inactive or
abandoned, well integrity is established. This sets the
foundation for how to operate wells and keep the wells
safe in all phases of the development.

It implies that all companies (operators, service
companies, contractors, etc) have to adhere to the
two well barrier philosophies and maintain sufficient
adherence in all phases of their operations. Good
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Kak obecneuntb LLeTOCTHOCTb CKBaXXUHbI?

CormnacHo crangapty NORSOK D-010: «Bo Bpemsa
CTPOUTENBCTBA M IKCILTYATAIIUHN CKBAXKUH, B
KOTOPBIX AU(HEPEHITUATIBHOE JABICHUE MOXKET
BBI3BATb HEKOHTPOJIUPYEMBII BEIOPOC CKBAKMHHOL
OPOAYKIIMU B OKPY-KAIOIIYIO CPEAY, BKIIOYAS
NPUOCTAHOBJIEHHBIE WJIN IUKBUIUPOBAHHBIE
CKBa’KMHBI, JOJZKHO OBITh YCTAHOBJIEHO 1BA 6apbepa
6GE30ITaCHOCTH.

Hasnee B cTanapTe NPONKUCAHO, UYTO
LEIOCTHOCTD CKBAXXUHBI OOECIIEUUBAECTCS ITYTEM
HCIIOJIb30BAHUSA 6APbEPOB JJIs NPEAOTBPALICHUSA
HEKOHTPOJIMPYEMOI'O BEIOPOCA (PJIIOU/IOB U3 IIACTA
MPU SKCIUIYATAL UMY JIEUCTBYIOMUX CKBAXXUH HJIN
PU IIPOBEJICHUN PAOOT B IPUOCTAHOBIEHHBIX UJIN
JIMKBUJUPOBAHHBIX CKBA)KMHAX. DTO 3aKJIAIBIBAET
OCHOBY AJ151 O6€CTIEYEHU S 6€30ITACHOCTU CKBAXKUH HA
BCEX ITANAX PA3PAOOTKU MECTOPOXKACHUS.

DTO NOAPA3YMEBAET, UTO BCE KOMITAHUU
(BOOGBIBAIONIVIE KOMITAHUHY, CEPBUCHBIE KOMITAHUU,
HOAPANYUKHU U T.71.) JOJKHBI IPUJEPKUBATHCA
MPUHIIUIIA IBYX 6apbePOB 6€30ITACHOCTU HA
BCEX ITANAX CBOEH JEATEIBHOCTU. TaKxKe 11
ob6ecreveHns COOTBETCTBUA TPEOOBAHUAM
LETOCTHOCTH CKBA’KMHBI HEOOXOANMO
HCIIOJIb30BATh COBPEMEHHBIE TEXHUUECKHE
pemenus. HampuMmep, CyImecTByeT TPEOOBAHHUE,
COITIACHO KOTOPOMY H4 BCEX ITAMNAX IKCIIYATAIIUN
CKBaKMHBI HEOOXO/IMMO PETYJIAPHO MPOBEPATH
PaboTOCIIOCOOHOCTD BHYTPUCKBAXKHHHOT'O
KJIAIIAHA-OTCEKATENA. TEXHUYECKOE PEMIEHUE 1A
BBIIIOJIHEHU S 3TOI'O TPEOOBAHM S BKJIIOUAET B CEOS
NPOLENYPHI SKCIUIYATAILIMU KJIAITAHOB-OTCEKATEIIEN,
OrPaHHUYEHMA ITIOTOKA U IPYI'HE ITPOLIEYPBI, KOTOPBIE
MOT'YT IOBJIHATD HA LIEJIOCTHOCTb CKBA’KMHBI 1
JAPYI'U€ PETYIAPHBIE ONEPALUHA JIJIA NOAJEPKAHUA
KOHTPOJISI HAJl CKBAXKMHOM U €€ O€30I1ACHON
AKCILTYaTAUN. JJpyTrUM IIPUMEPOM ABJIACTCSA
TPeOOBAHUE, COIVIACHO KOTOPOMY HEOOXOIMMO BECTU
MOCTOAHHBIN MOHUTOPHHT JABJIEHUA B 3ATPyOHOM
NPOCTPAHCTBE CKBAKUHBI C LIEJIBIO PAHHETO
OOHAPYXEHUS YTEUKU UJIU HAPYLIEHUS Oapbepa
6€30MACHOCTH Y IPUHATHA KOPPEKTHUPYIOIINUX MEP
JIO TOT'O, KaK IIPO6JIeMa OOOCTPUTCSL.

s obecrieyeHns HETOCTHOCTH CKBAKUHBI
HEOOXOAMMBI B YUCJIE IIPOYETO OPIaHU3AIMOHHbBIE
pernieHus. [1715 BBITTOTHEHHU S PA60T Ha CKBAXKUHE
KOMIIAHHMHU JOJIKHBI IIPEOCTABUTE OOYUYECHHBIN
IIE€PCOHAJI C HA/JIEKAIMMU KOMIIETEHIIUSI MU
U 3HAaHUAMU. [IepCoHAJI JOJIKEH OBbITh BCETHA
OCBEJIOMJIEH O TEKYIIEM COCTOSIHUU CKBAXKUHBL
Me>K/1y BOBJIEUEHHBIMH B PAOOTY CTOPOHAMU
HEOOXOIMMO HAJIAJUTh CBOEBPEMEHHBIN OOMEH
HH(pOPpMaLMEH, YTOOBI KODPEKTHBIE JAHHBIC
MIEpeaBaIacCh, HATIPHUMED, BO BPEMS IEPE/IAYN CMEHBL
B IOKyMEHTAIIMHU IO IEPEIAYE CMEHBI JIOJKHA OBITh
yKa3aHa BCSI HEOO6XOAUMAs TH(POPpMALIHs O 6apbepax
6€30MACHOCTH, IKCIUIYATAIIMOHHBIX IIPEICIaX,
COCTOSIHMH KJIAIaHA-OTCEKATEIsI, KOHCTPYKIIUU
CKBaKMHBI 1 T.Jl. MHOT'HE€ TPO6BIIEMBI U aBAPUU
MIPOU3ONLIN UMEHHO U3-3a IEPEJaul HENOTHOH
nH(MOPMAITUH, TO3TOMY OYEHB BAXKHO HAIAUTh
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operational solutions are also required to ensure that
the well integrity requirements are met. A typical
example is the requirement to regularly function and
pressure test the sub-surface safety valve to ensure it
is operational at all times. The operational solution
will include procedures for operating valves on a well,
flowing restrictions etc. that can have an impact on
the integrity of the well and other day-to-day activities
to keep a well under control and producing it in a safe
manner. Another example is to continuously monitor
the pressure in the annuli of a well to ensure a leak

or breach of a well barrier is detected early and that
corrective action can be taken before the problem
escalates.

Organizational solutions are also required to ensure
the required well integrity is maintained. This will
include, that the companies ensure that people with
the right competence, and knowledge are working
with well operations and that they are up to date with
the latest well status. Good communication between
the parties involved is required so that the correct
information is shared and passed on, for example
during shift handovers. In handover documentation,
all relevant information with regards to barriers,
operational limits, valve status, design of the well etc.
has to be compiled as part of a handover package.
Many problems and accidents have been due to
poor handover documentation or communication,
hence it is very important that proper handover
communication and documentation are carried out
before every shift.

Well Barriers — Definition and Principles
Well barriers are used to prevent leakages and

reduce the risk associated with drilling, production

and intervention activities. According to NORSOK

D-010, well barriers are Envelope of one or several

dependent barrier elements preventing fluids or gases

from flowing unintentionally from the formation into
another formation or to surface (Standard Norge).
The main objectives of a well barrier are to:

» Prevent any major hydrocarbon leakage from the
well to the external environment during normal
production or well operations.

* Shutin the well on direct command during an
emergency shutdown situation and thereby prevent
hydrocarbons from flowing from the well.

A well barrier has one or more well barrier elements.

Barrier Element and Barrier Envelope
What is a Well Barrier Element?

Any device or element (such as fluid column,
casing, BOPs) that alone or in combination with other
elements is capable of containing well pressure and
preventing uncontrolled flow of fluids or gases from
the formation, into another formation, or to the surface
or environment.

What is a Well Barrier Envelope?

The combination of barrier elements (such as
casing, BOP, well head, mud column, etc.) which
working together, form an envelope that prevents



MIPOLIECC TIEPEIAYN BCEH MH(POPMAITUU IEPE],
KaXJ0M CMEHOM.

Bapbepbl 6e30nacHOCTN CKBaXKUHbI —
onpepeneHvie  NnpUHUUNbI
Bapbephl 6€30MACHOCTH CKBAKUHBI HCTIOIb3YIOTCS

JULS IPENOTBPAIIEHUS YTEUYEK U CHUKEHHU S

PHCKa HEKOHTPOJIIMPYEMOI'O BBIOPOCA BO BPEM S

OypeHUs, JOOBIYU U BHYTPHUCKBAXKMHHBIX PAOOT.

CoracHo crangapty NORSOK D-010, 6apbep

0€30MACHOCTH — ITO OJHO TEXHUYECKOE CPEJICTBO

WJIA KOMITJIEKC HECKOJIBKUX CBA3AHHBIX MEX/y COOOM

TEXHUYECKUX CPEJICTB, KOTOPBIE NPEJOTBPAILAIOT

HEKOHTPOJIMPYEMBIN NIEPETOK JKUIKOCTEN UJIN I'A30B

M3 OTHOTO IUIACTA B APYTOH, 4 TAKKE BBIOPOC HA

MOBEPXHOCTD.

OCHOBHBIE LI€IU 6apbepa 6E€30MACHOCTH:

e TIpenoTBpaTUTE TI0OYIO CEPBE3HYIO YTEUKY
YIJIEBOJIOPOAOB U3 CKBA’KHUHBI B OKPY>KAIOMYIO
Cpeny IPU SKCILIYaTAI MK CKBA’KUHBI UJIA BO
BPEMS BHYTPHUCKBAXKUHHBIX PA0OT.

e OneparuBHO 3aKPBITb CKBAXKUHY 110 IIPAMOK
KOMAaH/I€ BO BPEMS A4BAPUHU U TEM CAMBIM
NPEJOTBPATUTD YTEUKY YIVIEBOJOPOAOB U3
CKBAKUHBL

B cocraB 6apbepa 6€3011aCHOCTH BXOASAT OJUH WU

MpOTNBOBLIOPOCOBLIV MPEBEHTOP

JlybpukaTop Lns KaHaTHOM

[onoska obcagHom
KOMOHHBI

Casing Head

MopBecka
obcagHom
KOJTOHHbI

Casing Hanger
KcnnyataUmoHHas
KONOHHa
Casing String
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SKCnyaTaLmMoHHas KONoHHa,
NoLBeCKa KOMOHHbI, YCTbeBOe
obopynoBaHue
Casing String,

Hanger & Well Head

Surface BOP Stack

BpalLatoLmincs npeBeHTop
npw BypeHun ¢ ynpasnsemMbiM
flaBneHnem

| TexHnkm Rotating Control Device (RCD)
Slick Line Lubricator for MPD

Pucynox 1 - IIpumepwot a1emenmos oapvepa
6e3zonacnocmu

Figurel — Examples of Well Barrier Elements

HCCKOJIBKO 9JICMCHTOB.

AnemeHTbl Gapbepa 6Ge3onacHOCTU
OunpenereHHuE 3 IEMEHTA 6apbepa
0€301aCHOCTH

Bapbep 6€30aCHOCTH CKBA’KHUHBI — 3TO JII060€
TEXHUYECKOE CPEJICTBO WU AJIEMEHT (HATIPHUMED,
CTOJIO JKUIKOCTH, OO6CATHASI KOJIOHHA, IIPEBEHTOD),
KOTOPOEC OTAC/IbHO UJIHU B COYCTAHUU C IPDYTUMHU
3JIEMEHTAMHU CIIOCOGHO YIEPXKUBATD JABJICHUE B
CKBAKMHE U ITPEIOTBPAINATh HEKOHTPOIHUPYEMBII
IIEPETOK JKUJKOCTEN U I'A30B U3 OJJHOI'O IIACTA
B ZIPYT'OM, 4 TAKXKE BEIGPOC HA IIOBEPXHOCTD HITH B
OKPY>KaIOIIYIO CPEZNY.

OnpegesreHHe KOMIIIEKCHOT'O
Gapbepa 6€30IaACHOCTH

KoMIuI1eKCHBIN 6apbep 6€30IMACHOCTH — 3TO
KOMOUHAIIUS 3JIEMEHTOB Oapbhepa 0€30MaCHOCTH
(TaKHX KaK 00CaJHASI KOJIOHHA, IIPEBEHTOP, YCTHEBOE
060pPYAOBAHHUE, CTONO 6yPOBOTO PACTBOPA U T. 11.),
KOTOPBIE IIPHU COBMECTHOM paboTe 00pa3yIoT 6apbep,
PeAOTBPALIAIOIINI HEKOHTPOINPYEMBIHN IEPETOK
SKUIKOCTEH WJTH F'A30B U3 OHOT'O T1J1ACTA B IPYTOH, 4
TAK)XE BBIOPOC HA ITOBEPXHOCTD WJIH B OKPY’KAIOIIYIO
cpeay.

HexkoTopeie 6apbephl 6€30MACHOCTH BKJIIOYAIOT
B CE0S HECKOJIBKO 3JIEMEHTOB, KOTOPHBIE B
COBOKYIHOCTH OOECTIEYNBAIOT HAJJIEKAIIEE
BBIIIOJIHEHHE [TOCTABJIECHHOM 32/Ja4U.

Bapbep 6€3011aCHOCTU OIKEH BBIIIOIHSTD 1B
THIIA 3a449: MTTHOBCHHBIC 1 IIOCTOAHHBIC. HpI/IMCpOM
MI'HOBEHHOM 34Ja49U ABJIACTCA KOMaH/a CHCTECMbI
ABAPUHUHOI'O 3aKPLITHA CKBAKUHBL [TOCTOAHHON
33]1aY9€H ABIAETCA YAEPKAHNE BEHICOKOTO JTABICHUSL.

B mesrom cymecTByIoT 4eThIPE OCHOBHBIX }

uncontrolled flow of fluids or gases from the formation
into another formation or to the surface or the
environment.

Some well barriers have several barrier elements that,
in combination, ensure that the well barrier is capable
of performing its intended function(s).

Events and situations that require a functioning
well barrier are called demands. A demand can be

npeBeHTop. Kommnekc 3Tnx aneMeHToB

behind casin%], formation below casing
shoe, casing
bly, and BOP stack installed at surface.

KomMnoHeHTbI bapbepa:

HuxHss cekums 06cagHON KONOHHbI,
3aKOMOHHbIN LLIeMEHT, MNacT HuXe
Dallimaka KOMoHHbI, NoABecka
KOMNOHHbI, yCTbeBOE 06OpyaOBaHMe,

pabortaert kak efinHbI Gapbep
©esonacHocTn

Components of barrier envelope:
Last casing set in the well, cement

anger, well head assem-

All of them work together as

an involving barrier \

Pucynox 2 — IIpumep KOMnaeKcHozo oapvepa
6e3onacnocmu npu Gypenuu CKeaNcuHbl

Figure 2 — Example of Barrier Envelope for }
drilling below a casing set in a well
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THUIIA YTCYKU YITICBOAOPOJOB N3 CKBAKWHBI B
OKPYIKAIOIIYIO CPELY:

e uepe3 TPpyOHOE IIPOCTPAHCTBO;

e uepes 3aTPYOHOE TPOCTPAHCTBO;

* uepe3 IEMCHT B 3aKOJIOHHOM ITPOCTPAHCTBC;
e uYepe3 KAaHAJIbI 3AKOJIOHHBIX [IEPETOKOB.

I'Iemequle N BTOPUYHbIE
Gapbepbl 6e3onacHocTn

IlepBHUYHBIE 6aAPBEPHI HE30MACHOCTH — 3TO
3JIEMEHTHI MJIM KOMOMHAIIVS AJIEMEHTOB B IIPSIMOM
(IEPBUYHOM) KOHTAKTE C IOTEHIIUAJIbHBIM (DIIONJOM
YTEUYKH, TO ECTh JIEMEHTBI, HA KOTOPBIC OKA3bIBACTCS
JIABJICHHE BO BPEMsI paGOTHI CKBAKUHBL

ITprMepbl IEPBUYHBIX 6ApbEPOB 6E30ITACHOCTH.

JJ15 TPaIMLITUOHHOI O OYPEHUS: IEPBUYHBIIN 6apbep
6GE30MACHOCTH — 3TO CTONO KUIKOCTH, KOTOPBIN
HAXO/IUTCS B IIPSIMOM KOHTAKTE C IJIACTOBBIM
dmonaom. JaHHBIN 6apbep OTBEYAET 34 KOHTPOJIb
TUTACTOBOT'O /IABJICHUS.

ITpy reopU3NIECKUX NCCIIC/IOBAHUSIX B
321IEMEHTHPOBAHHOM CTBOJIE: IEPBUYHBII Oapbep
6€30IMACHOCTU OOPA30BAH TEMU AJIEMEHTAMU,
KOTOPBIE HAXOATCS B IIPSIMOM KOHTAKTE C
JIABJICHHEM B CKBAKMHE: 3AIICMEHTHPOBAHHAS
06caiHAg KOJIOHHA, YCThEBOE OOOPYJOBAHHUE,
JTIy6PHUKATOP, KJIATIAHBI, yCTAHABINBAEMBIC HA Kabeie.

[IpuMephl HEPBHYHOTO Gapbepa 6€30MACHOCTH
pyU 6YPEHNH, JOOBIYE U BHYTPUCKBAKUHHBIX
padoTax.

IlepBUYHBIN OaPBEP COCTOUT

instantaneous or continuous. An example of an
instantaneous demand is a command from the
emergency shutdown system at the platform that
requires response from the well barriers. A continuous
demand may be a constant high pressure (that the well
barrier must withstand).

In general, there are four main ways in which
hydrocarbons can leak from the system to the
environment:

» Through the downhole completion tubing string
» Through the downhole completion annulus

» Through the cement between the annuli

* Outside and around the well casing system

Primary and Secondary Barriers

Primary Well Barriers are elements or combination
of Barrier Elements in direct (Primary) contact with
the potential outflow source, i.e. the elements that “see”
pressure during well operations.

Examples of Primary Barriers;

For conventional drilling: The Primary Well Barrier
is the fluid column which is in direct contact with the
outflow source. It controls or overcomes the formation
pressure

For logging in cased hole: Primary Well Barrier is
formed by those elements which are in direct contact
with pressure in the well: cemented casing, well head
assembly, pressured lubricator and wire line valves

Examples of Primary Well Barrier for Drilling,

M3 BCEX ATIEMEHTOB, KOTOPBIC

HAXO/ISITCS B IIPSIMOM KOHTAKTE

C IUTACTOBBIM /IABJICHUEM U

MIPEISITCTBYIOT ITIOTOKY BO BPEMSI

pa6ort. ITpumepsr:

*  CTOJO OYpPOBOIr'O PACTBOPA UIIH
pacTBOpa 3aKAaHYUBAHUS;

*  BKCITyaTaIlMOHHAs KOJIOHHA
ni HKT;

*  YCTBEBOE OOOPYIOBAHUE;

* KOJIOHHBIE WJIN TPyOHBIC
T'OJIOBKH;

e JIyOPUKATOPHI U T.JI.

BropuuHbii 6apbep

Cron6 xwuakoctv/ Fluid column
= [epBUYHbI Bapbep HGe3onacHocTy/Primary barrier (envelope)

O€30ITACHOCTH — 3TO
3JIEMEHT WJIXM KOMOMHAITUS
3JIEMEHTOB, KOTOPBIE CTYKAT
JUIs1 IPeJOTBPAIIECHH A
HEKOHTPOJUPYEMOI'O BBIOPOCA
hIIIONI0B NI I'a3a U3 CKBAKUHbI
H4 IIOBEPXHOCTD UJIU B
OKPY>KAIOIIYIO CPENY B C/Iydae
OTKa32 JIIOO60T'0 U3 3JIEMEHTOB
IIEPBUYHOI'O Oapbepa.

DTOT 6apbep ABIACTCSI
IOCJAEeHUM 6apbEPOM, KOTOPBI

HeBCKpbITbIA NnacT ¢

B KadecTBe Gapbepa

Virgin reservoir with
cap rock as barrier

NOPOAOM-NOKPbILLKO

BckpbIThiv nnacT, roe

BckpbITbIN NNacT, roe BckpbIThIN NNacT, roe

Oapbep nopoabl- Oapbep nopoabl- Oapbep nopoabl-
MOKPbILLKM 3aMeHseTCst MOKPbILLKM 3aMeHseTCst MOKPbILLKM 3aMeHseTCst
CTONBOM XUAKOCTH, OapbepoM B hopme Oapbepamu,

KoTopbIN 0bpasyetcs
npy BypeHn CKBaXKMHbI

Penetrated cap rock
reﬁlaced by fluid column
when working on the

well

«wankm»

Penetrated cap rock
replaced by «hat» ar-
rangement of barrier
envelope

XapaKTepHbIMU Anist
BHYTPUCKBAXMHHbIX paboT

Penetrated cap rock
replaced by barriers typical
for live operations

ob6ecrnevyuBaeT 11eJIOCTHOCTD
CKBAKMHBL JIaHHBIN 6apbep HE
BCEI/IA SIBJISIETCS BTOPUYHBIM.
JIJ151 BCEX CKBAKMHHBIX
OIlepalii, I71€ BO3MOXEH
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Pucynox 3 — IIpumepot nepeuunozo obapvepa 6e3onacnocmu
npu oypenuu, 000bIue U EHYMPUCKEANCUHHBLX PAOOMax
Figure 3 — Examples of Primary Well Barrier for Drilling,
Production and Well Intervention




PaspyLueHne nepBr4HOro Gapbepa NPUBOAMT K

NPUTOKY hrtonaa 13 CKBaXKWHbI Ha MOBEPXHOCTb AW B
OKpY>KaloLLyto cpeqy.

When primary barrier fails the well start flowing up to the
surface or to the external environment.

[laBneHuie NnacTta caepxmBaetcs,

1 HEKOHTPONVPYEMbIi NOTOK NpeoTBpaLLaeTcs nyTem
aKTMBaLIMM BTOPUYHOrO Bapbepa (LieMeHTMpoBaHHas
obcafHas KoNnoHHa, NofBecka 06CaAHOM KOMOHHI, | i
yCTbeBoe 0bopyA0BaHYe, KnanaHb!, NpeBeHTop) i M

1 NyTeM 3aKpbITVs CKBaXUHbI (MpeaoxpaHnTenbHbIN —
KnanaH HKT). Prracd

. . . Pa3pyLleHiie nepsuyHoro bapsepa.
Formation pressure is contained and uncontrolled flow  Mepsbim aeiictamem Heobxomvivo
prevented by activating the defined Secondary Barrier  3akpbitb 3atpy6Hoe npocrparcreo i
Envelope (cemented casing, casing hanger, well head  Joygon o A BemVLE
assembly, lateral valves, BOP activation) and by closing
the well in (stabbing safety valve on DP).

|

Primary barrier lost. First remedy
would be to close annular and install
kelly cock.

Pucynox 4 - Bmopuunwiii 6apsep 6e3onacnocmu
Figure 4 — Secondary Well Barrier

HEKOHTPOJIMPYEMBIN BEIOPOC IIJIACTOBLIX (DIIOUIOB
HAa IIOBEPXHOCTb, IOJIKEH OBITh ONIPEETIEH U
YCTAHOBJIEH BTOPOI (BHEITHUIT) OapbepP, KOTOPBIH
OYZET aKTUBUPOBAH B KAYECTBE MOCJIEJHETO CPEACTBA
CIEP’KUBAHUSA IIITACTOBOIO JABJICHUS
U OTOKA (PIIIOU/IA.

Production and Well Intervention.

Primary Barrier consists of all elements that are in
direct contact with formation pressure and prevent
flow during well operations. They can be:
¢ Drilling or Completion Fluid Column
¢ Production Casing or Tubing
e Well Head Assembly & Valves
e (Casing or Tubing Hangers
e Lubricator and Pressure Head, etc.

Secondary Well Barrier are element or combination
of Elements defined as the ULTIMATE defense should
any of the Primary Barrier Elements fails, and as such
preventing uncontrolled flow from the well to surface
or to the environment.

Itis the LAST and ULTIMATE barrier envelope
providing well Integrity to be activated. It is not
necessarily barrier number two in a sequence.

For all well operations having potential uncontrolled
flow of formation fluids to the surface, a second
(external) barrier shall be defined and installed to
be activated as the Last Resort for containment of
formation pressure and flow.

TECHNOLOGIES

The Two Barrier Principle

The technical means of avoiding well integrity loss
are well barriers. As defined earlier, a well barrier is
defined by NORSOK D-010 as “an envelope of one
or several dependent barrier elements preventing

MpuHUMn pByx 6apbepos
bappepamu 6€30MaCHOCTH
ABJIAIOTCA TEXHUYECKHUE CPENICTBA,
TIIPUMEHSIEMBIC JIJI IIPEIOTBPAIICHU
MOTEPU LETOCTHOCTH CKBAKHUHBL
Kax yka3aHo BbIIIIE, COIVIACHO
crangapTy NORSOK D-010,
6apbep 6€30IMACHOCTH — 3TO
OIHO TEXHUYECKOE CPENCTBO
I KOMIIJICKC HECKOJIBKUX
CBA3AHHBIX TCXHUYCCKUX CPCACTB,
KOTOPBIE IPENOTBPAIIAIOT

Cron6 sxwugkoctn/ Fluid column
= [1€PBYYHbIN Dapbep 6esonaCHocrm/Prima3/ barrier (envelope)
BropuuHbIn Gapbep 6esonacHocTi/Seconda

ry barrier (envelope)

HEKOHTPOJIUPYEMBII IEPETOK

SKUJIKOCTEM MJIA I'A30B U3 OJTHOT'O
IIACTA B IPYTOM, 4 TAKXKE BEIOPOC
Ha HOBEPXHOCTD. CTAHJAPT TAKIKE

OIIPEJIEIISIET AIIEMEHT Oapbepa

6€30ITACHOCTH KaK «TEXHUYECKOEe

*

CPEACTBO, KOTOPOEC CAMOCTOATCIBHO HeBCKpbITbIN MnacT ¢

BckpbITbIn Nnact, rae

BckpbITbIN NnacT, rae

BcKpbITbIN NNacT, rae

HE MOXKET OCTAHOBUTD ITOTOK>. IToz,
6apbepOM OE30ITACHOCTH MOXKHO
MOAPA3YMEBATD 3AMUTHBIN KOPITYC,
KOTOPBII CITIOCOOEH BBIAEPKATD
JIaBJIEHHE IIJIACTOBOU XKUJKOCTU.
IIpyUHIMIIOM JBYX OAPbEPOB
B KOHIICTIITUU 1ICJIOCTHOCTHU
CKBaKMHBI PYyKOBOJCTBYIOTCSA
KOMITdHHH BO MHOT'MX
He(dTEAOOBIBAIONIUX CTPAHAX.
COr71aCHO 3TOMY IIPUHIIHUILY, B
CKBa’KMHE JIOJKHO OBITh HE MEHEE

MOPOLON-NOKPbILLKOM
B kayecTBe Bapbepa

Virgin reservoir with

cap rock as barrier _
Lankom»

Penetrated cap rock

replaced by «hat-over-

hat» arrangement by

two barrier envelopes

Penetrated cap rock
replaced by fluid column
and redundance through
BOP when working on
the well

Bapbep nopofbl- bapbep nopogbl- Oapbep nopoabl-
NOKPbILLKY 3aMeHSeTCst MOKPbIWKMA 3aMEHSIETCS  MOKPbILLKIM 3aMeHsIeTcs
CTONBOM XUAKOCTU 1 nByms Gapbepamu B LyonvpyoLmmm
NPEBEHTOPOM hopMe «Luiarka Hag, Bapbepamu,

XapakTepHbIMU A71s
BHYTPUCKBAXKMHHbBIX paboT

Penetrated cap rock
replaced by redundant
barriers typical for live
operations with common
element

Pucynox 5 — IIpumepovt mopuunozo oapvepa 6e3onacnocmu
npu oypenuu, 000bIue U 6HYMPUCKBANCUHHBIX PadOmMax

Figure 5 — Examples of Secondary Well Barrier Envelopes for

Drilling, Production and Well Intervention
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Cucrema
CTpaBMBaHs
Yepes
Cbop 3aTpybHyIo
CKBaXMHHOWN 3a7BUXKY
npoayKumMn
To annulus

To production

OBb (anemenT Bapbepa 6ezonacHocTi)
MDoHTaHHas apMarypa,
UeHTpanbHble 3a4BVXKN >

Production tree, master valves

WBE

3bb Mopagecka HKT,
HKT Hap knanaHom-
oTcekatenem

WBE

Tubing hanger and tub-
ing sting above SCSSV

DoHTaHHas apmatypa,
1 HKT Hag knanaHom-

3bb
BHYTPUCKBaXMHHbIA
KrnanaH-otcekatenb

WBE - SCSSV

oTcekaTtenem

X-mas tree flow path
and tubing string above
SCSSV

\i

3bb
HKT nog knanaHom-
oTcekatenem v nakep

WBE

Tubing string below
SCSSV and production
packer

Mnact GeckoHe4Horo
obvemMa

Reservoir — infinite volume

Figure 6 - Illustration of well barriers to achieve

\

3aTpybHOe NPOCTPaHCTBO
1 3aTpyOHbIe 3aABUXKN

A-Annulus and X-mas tree
annulus access lines

bleed system

Sbb
3aTpybHble 33ABUXKKM

WBE
Annulus access valves

obb
YcrbeBoe
obopynosaHve,

A

LeMeHT

WBE
Wellhead, casing
and casing cement

obcafHas KonoHHa,

\_.-/

Pucynox 6 — Cxema 6apvepoé 6e3onacnocmu
0151 00ecneueHusn ueAOCMHOCINU CKEANCUHDL
(Hcmounux: Corneliussen, 20006)

fluids or gases from flowing unintentionally from the
formation into another formation or to surface”. The
same standard defines a well barrier element (WBE) as
an “object that alone cannot prevent flow from one side
to the other side of itself”. A well barrier can be viewed
as a pressurized vessel (envelope) capable of containing
the reservoir fluids.

The two barrier principle is a well integrity philosophy
that is followed in most oil producing countries, and this
principle means that there should be at least two well
barriers in a well. A well can therefore be considered as
a system of two or more pressurized vessels (envelopes)
that prevent the fluid from entering the surroundings.
Figure 6 illustrates the well barrier system as pressure
vessels.

In Figure 6 above, the well tubulars and the x-mas
tree body constitute the vessel walls while the SCSSV
and x-mas tree valves are illustrated as the outlet valves
from the vessel. The innermost vessel illustrates the well
barrier closest to the reservoir while the outer vessels
illustrate the consecutive well barriers.

In line with the Two Barrier Principle, there must
be two barriers available while performing all well
activities and operations, including suspended or
abandoned wells, when the well is capable of discharging
bydrocarbons or fluids to the surface or to the external
environment.

Brief Analysis of the Macondo Well
Blowout (A Well Integrity Event)

In the evening of April 20, 2010 a well control event
allowed hydrocarbons to escape from the Macondo
well onto Transocean’s Deepwater Horizon, resulting in
explosions and fire on the rig.

well integrity (Source: Corneliussen, 20006)

Eleven people lost their lives, and 17 others were

BypeHwe ckBaxuHbI
Drilling Well

[eodmsn4eckue nccnefoBaHms

B [O0ObIBAIOLLEN CKBAXWNHE

BTopuyHbIV BGapbep
Be3sonacHoCTu:
whOHTaHHaA apmartypa,
npeBeHTop,
3aLemMeHTMpoBaHHas
obcagHas KonoHHa,
noagecka obcagHom
KOMOHHbI

Secondary Barrier: Well
Head Assy., BOPs
Cemented casing, Casing
hanger

NepBUYHbIN Bapbep
Ge3onacHocTn: Oyposon
pacreop

Primary Barrier: drilling
fluid

Logging in a Live Well

BTopuyHbIN BGapbep
6e30MacHOCTU: LIEMEHT B
3aKO/IOHHOM MPOCTPaHCTBe,
obcafHas KooHHa, nofasecka
00cagHOM KOSOHHBI,
hoHTaHHas apmartypa

Secondary Barrier: Cement
behind casing, casing string,
casing hanger, WH Assembly

JIKBMOMPOBaHHas CKBaXMHa
Abandoned Well

N

BropuiHbIn Gapbep
6e30MacHOCTU: BepPXHAS
LleMEHTNPOBOYHas
npobka

Secondary Barrier: Top
cement plug

Mepsu4HbIA Gapbep
0e30MaCcHOCTU: HUXKHSAS

LleMEHTVPOBOYHaS
- npobka
ngfﬁ'aiﬂ”qgfpbep Primary Barrier: Lower
: cement plug
3alleMeHTMpOBaHHas

3KCMNyaTaLmOoHHast KOMIOHHA,
nybpurKaTop 1 Knanaxbl,
yCTaHaBfMBaeMble Ha kabene

Primary Barrier: Cemented Pro-
duction Casing, tubing string
Pressured Lubricator and WL
Valves

Pucynox 7 — IIpunyun 08yx 6apuvepos 6e3onacnocmu
Figure 7 — The Two Barrier Principle

20 Ne 2 (068) Uions/June 2019




JBYX 6apbEPOB 6€30MACHOCTH.
Taxkum 06pa30oM, CKBAXKHMHY MOXKHO
paccMaTpUBATh KAK CUCTEMY IBYX U
60JIeE COCYIOB, KOTOPBIE 3AIMUIIAIOT
OKPYZKAIOIIYIO CPEAY OT INIACTOBBIX
¢mronaoB. Ha pucyHke 6 mokazaHa
cucTeMa 6apbepoOB 6€30ITACHOCTH,
BBICTYIAIOIINX B KAYECTBE
3aIUTHBIX COCY/OB.

Ha pucyHke 6 KOJIOHHBI B
CKBa’KMHE U TEJIO (POHTAHHOU
apMaTypbl IPEACTABIISAIOT COOOH
CTEHKH 3aIHUTHOI'O KOPITyCa.
BHYTPUCKBA>KUHHBIN KJIAIIAH-
OTCEKATEJb U 32/]BUKKH (DOHTAHHOM
ApMaTyPHBI BBICTYIIAIOT 371€Ch B
Ka4ECTBE BBITYCKHBIX KJIAMTAHOB.
CaMblil BHYTPEHHUM COCYZ,
OPEJCTABISACT OIMKAUIINN K IJIACTY
6apbep OE€30I1ACHOCTH, B TO BPEMSI
KaK BHEIIHHE COCY/bI IPEACTABIAIOT
CIEYIOUINE OAPbEPHL.

B cooTBeTCTBUU C IPUHLIUIIOM
JBYX 6apbEPOB, TP BBIITOJTHEHUNU
JIIOOBIX Pa6OT HA CKBAXXKUHAX, B TOM
4HCJIE HA MPUOCTAHOBJIEHHBIX UJTA
JINKBU/INPOBAHHBIX CKBAKNHAX,
JIOJIKHO OBITB 1BA 6apbepa, 8 cryudae
ecaiu ecms 8eposMHOCIIGL 8b10POCA
)21e6000P0008 U NAACIOBOLL
ACUOKOCMU HA NOBEPXHOCITL UL 6O
B8HEULHIOIO CDEO)Y.

CxeMa CKBAKHHBI H YCTAHOBJICHHBIC 0aphepPhI 0€30MACHOCTH

Well Schematics & Barriers installed

Total Depth: 18,360’ (all depths are
MD)

Water depth: 5,067

Last Casing: tapered string 7" x 9-7 /8"
7"(18,304'-12,488") x
9-7/8" (12,488" to well head)
Rat hole: 54
Reamer shoe @ 18,304’
Float Collar @ 18,115’ (2 valves)
Shoe track (189")

TECHNOLOGIES

Csng. hanger & seal Assy. @Well Hd. = . b bl
Cement behind casing: foamed with N2 ._..;.;.‘,;.it e | ) i'-“uf'l:?:i“
Top of Cement: estimated @ 17,260’ . e b o
(1044') el | | =] : e
Mud inside the casing: SOBM, 14.2 ppg. v g g HerE L TR
waifad P [ —
MyBrHa CKBaXMHbI: 5596 M (Bce ! o ;h s il e
rMYBUHbI yka3aHbl Mo CTBOAY) el
My6vHa Boabl: 1544 m 2 e Rl ot —

HuxHsAs obcagHasn KonoHHa: 178x250
MM C nepeMeHHOW TONLLMHOW CTEHKM:
178 MM (5579-3806 M) x 250 MM
(3806 M Lo ycTbst)

mybuHa wypda: 16,5 m

oo o o

B P

MybyHa yCTaHOBKM NpopabaTbiBaloLLEro
balwmaka: 5579 m

mybuHa ycraHoBKM 0bpatHoro knanaHa: 5521 M (2 knanaxa)

KoMnoHoBKa Hm3a KONoHHbI: 58 M

MopaBecka 06cafHOM KOMOHHbI M YNNOTHUTENbHBIN Y3eN YCTaHOBMEHbI B (hOHTaHHOM apMaType

LIeMeHT B 3aKONOHHOM NPOCTPAHCTBE: MEHHbIN, a3PUPOBaHHbIA a30TOM

BbicoTa nogbemMa LeMeHTa: pacietHas 5261 M (318 m)
PactBop B 0OCafHOWM KONOHHe: BypoBOI pacTBOP Ha YrneBOLOPOAHON ocHoBe, 1702 kr/m?

Pucynok 8 — Cxema ckeaxcunvt Maxonoo
Figure 8 — Well Schematics of Macondo Well

Kpatkun aHanus
Bb|6poca Ha CKBaXXHe
MakoHao (cnyyan
C HapyLUeHueM
UeNmoCTHOCTU CKBa)KI/IHbI)
Beuepowm 20 anpeina 2010
roja
BCJIE/ICTBUE HAPYIIECHUS
KOHTPOJIA HAJl CKBAXKUHOU
MPOU3OIIENT BBIOPOC
YIJIEBOJOPOJAOB U3 CKBAKHHBI
MaxkoH/10 Ha r1aTopMe
Deepwater Horizon KoMImaHnumn
Transocean, 4TO IIPUBEJIO
K B3PBIBY M IOXKAPY HA
nnatdopme.
IToru6iio 11 yesoBexK,
17 mosryynnu paHeHus.
IToxap, UICTOYHUKOM
KOTOPOTO CTaJI BLIGPOC
YIJIEBOLOPOJAOB, NPOJOJIKAJIC
B TedeHUEe 36 4aCoB IO TEX TI0OP,
nokKa 6ypoBas yCTAHOBKA HE
3aronyna 22 anpesa 2010 roga.
YrneBogopOabl HPOLOIKAIN
MNOCTYIATD U3 IJIACTA
O CTBOJIY CKBA>KUHBI 1
NPEBEHTOPY B MEKCMKAHCKUNA
34JIUB B T€Y€HUE 87 THEN,

LLenlocTHOCTb CKBaXKUHbI He Gbina
obGecneyeHa

1. LleMeHT B 3aKOfIOHHOM MPOCTpaHcTBe
He obecneymBasn NU3oNaUMIo
yrNeBOAOPOLOB

2. balmak KOMNoHHbI He Obin
repmMeTnyeH

MpUTOK YrneBofopPOAOB B CKBAXUHY MpeserTop
He 6Gbin 3ameyeH, KOHTPOIb Hafj, BOP
CKBa)XXKVHOM Gbin NoTepsiH

3. OTpuLaTeNbHbIV pe3ynsTaT
ONPeCccoBKM BbIN MPOUIHOPMPOBaH

ObcapHas
KONMOHHa
Casing
4. BblbpocC yrneBofopoaoB Obin
3aMevyeH, TONbKO KOTAa OHW JOCTUIN
pavizepa

5. [leNcTBMS MO yCTaHOBKE KOHTPONS
Haj, CKBaXWHOW He NPUBEN K

®

*

Pan3ep/Riser @I

lopckoe AHO
Sea Floor

ycneLHoMy pesynkraty

Mnacr
Reservoir

Mpowu3oLuno BocnnameHeHne
yrneBoAopoAoB Ha nnardopme
Deepwater Horizon

6. BbiBof rasa Ha cenapatop 6yposoro
pacTBopa npwvBen K BbIOpOCy rasa Ha
pabouyio nroLLaaky

7. Cuctembl I'IpOTI/IBOI'IO)KapHOI;I 3allnTbl He NpefoTBpaTUIM BOCNlaMeHeHe

@
'@

MpoTNBOBLIGPOCOBLIN NPEBEHTOP He obecneynBan repMeTUYHYI0

N30NUUN0 CKBaXXUHbI

8. ABapwinHas akTMBaLLMs NPOTUBOBLIBPOCOBOrO NPEBEHTOPA He obecneymna

repMeTn4HYIo N305ALMI0 CKBaXKNHbI

Well integrity was not estab-

lished or failed

1. Annulus cement barrier did
not isolate hydrocarbons

2. Shoe track barriers did not
isolate hydrocarbons

Hydrocarbons entered the well
undetected and well control
was lost

3. Negative pressure test was ac-
cepted although well integrity
had not been established

4. Influx was not recognized until
hydrocarbons were in riser

5. Well control response actions
failed to regain control of well

Hydrocarbons ignited on the
Deepwater Horizon

6. Diversion to mud gas separator
resulted in gas venting onto rig

7. Fire and gas system did not
prevent hydrocarbon ignition

Blowout preventer did not seal
the well

8. Blowout preventer (BOP)
emltlergency modes did not seal
we

P UCYHOK 9 — Bocemsb OCHOBHBLX 8bLBOO0E8 U yemslpe Kirouesblx

Paxmopa, onpeoenennvlx npu Paccreoo8anuu agapuu Ha

naamgbopme Deepwater Horizon
Figure 9 — Eight Key Findings and four critical factors identified in }

the Deepwater Horizon accident
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4TO IPUBEJIO K PA3JIUBY HE(PTHU HAITUOHATIBHOI'O
macmiTadba (06'beM pas3yiMBa COCTABUII CBBIIIE 5
MUJUJIMOHOB 6appeieit).

OKOHYATEIBHBIN 9KOHOMUYECKUI yIIIepo
OT 3TON TEXHUYECKOU MU 3KOJIOTUYECKOM
KaTacTpOodBbl TIOKA HEU3BECTECH,
HO OH MOXKET COCTABUTb OKOJIO 40 MUJIJIUAPAOB
posnapos CIHIA.

I1pu BBIITOJIHEHUU PAOOT B CKBAXKMHAX, I7I€
YCTAHOBJICHA O/IHA OOCA/IHASI KOJIOHHA JI0
YCTbs, IPEAOTBPAIIEHUE HEKOHTPOJIHUPYEMOTO
BBIOPOCA SABJISIETCS BAXKHEHIIECH 33/1aU€CH.
Ortuer o paccnegosanuu (Deepwater Horizon
Accident Investigation Report) katacTpodsl Ha
nnardopme Deepwater Horizon onpeenni
YETBIPE KJIIOYEBBIX (DAKTOPA U BOCEMb OCHOBHBIX
BBIBOJIOB. P€3yIbTaThl pacCaelOBAHMS
MPEACTABJIEHBI HAa PUC. 9.

Ha pucynke 10 nOKa3aHbl HAPYLICHUS 6APbEPOB

0€30ITACHOCTH U HAUOOJIEE YA3BUMBIE JIEMEHTHI.
BoceMb OCHOBHBIX BBIBO/JOB OITMCBHIBAIOT KaHAaJIbI
YTEYKH yITIEBOJOPO/IOB, KOTOPBIE IIPUBEIHU K
ABAPUU.

N3BneyeHHbIe ypoKU

1. O obecnedeHust KOHTPOJIS Ha/l
CKBA>KMHHBIMH (QIIIOUIAMU, KOTOPBIC
JIOOBIBAIOTCS M3 CKBAXKUHBI MJIN 3AKAYUBAIOTCS
B IUTACT, OYCHb BA’KHO ITPABIIBHO IIPOBOAUTH
OIIPENIEIEHUE, yCTAHOBKY, KCILIYATAIUIO U
UCIIBITAHUE 6APBEPOB HE30MACHOCTH.

2. OCHOBHOE€ Ha3HAYECHUE JII0O0T0 6apbepa
0€30MACHOCTH — FEPMETHU3AIINA ITIOTOKA B
CKBAXKUHE — HE JIOJIKHO OBITh ITIOCTABJIEHO
I10/], YI'PO3Y /IJIs1 BBITIOJTHEHUS IPYTUX 327129
HAa 3TANAX IVITAHUPOBAHMS /TN BBITIOJTHCHUS
paodorT.

3. HcnbITaHUS 6APbEPOB SIBISIOTCSI KDUTHYIECKA
BAXKHBIM 3TAIIOM PA0OT, OHU JIOJIKHEI ObITh
MaKCHUMaJIBHO IIPOCTBIMH U IOHSITHBIMH.
IIpouenypa UCIBITAHUI HE JOJIKHA
COAEPKATD MIArOB, KOTOPBIE MOT'YT NIPHUBECTH K
HEINPAaBHUJIBHOU HHTEPIPETAIINH KAKOT'O-JTMOO
OTKJIOHEHUS OT PACYETHBIX 3HAYECHUIL.

4. Hy>XHO BHUMAaTEJIBHO UCCIIENOBATD
OTKJIOHEHUS 1 OHINOKU. Heo6Xo1umMo 6b1CTPO
pEArnpoBaTh HA BCE, YTO BBIXOJUT 34 IIPEEIIBI
pacYeTHBIX ITapaMeTPOB. Heslb3ss BHOCUTD
U3MEHEHUA B OKU/JAEMBIE PE3YIIBTATHI,
MOCKOJIBKY 3TO MOKET IIPHUBECTHU K TOMY, YTO
OTKJIOHEHUE OT HOPMBI OYZAET CYUTATHCSA
HOPMOM.

5. Heo6xoauMo HaJIeKAIUM O6Pa30M U3YYUTh
IIPUYHHBI OTKJIOHEHHUH OT HOPMBI, 4 TAKKE
IIPH HEOOXOUMOCTH OLICHUTD PUCKH. [Tpn
OTKJIOHCHUH OT HOPMBI [IEPEJT ITPOOIKEHUEM
PaboT HEOOXOAMO IIPEAIIPUHATE MEPHI 110
CHM>KEHUIO BEPOSITHOCTH ABAPH L

6. AHAIN3 ¥ CHIKEHUE PHUCKOB, 4 TAKXKE
MOPSIZIOK BHECEHU S U3MEHCHUH JIOJIKHBI
CUCTEMATHYCCKU BHEIPSTHCS BO BCE
MIPOLIE/Iy Pl BHYTPUCKBAXKUHHBIX PAOOT U
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Mexaé«mqeckme ©6apbepbl/Mechanical Barriers
: Onpeccoska /Pressure Integrity testing
Morimopw—«r nokasarenei/Well Monitoring

LleMeHT B 3aKorIoHHOM npocrpaHcree/Annulus Cement
[lencTeus Npu AoTepe KOHTPONS Hag, ckeaxuHon /Well
Bbibpoc yrneofioposios Ha ycTbe /Hydrocarbon Surface
CyicTema npoTuBonoxapHol 3awwwTsi/Fire and Gas Systel

ABapwiiHas akTiBaums npeseHTopa/BOP Emergency O

Pucynox 10 — Bocems OCHO8HBLX 66160008 U
uemusipe Kaouessvlx axmopa, onpeoenennsvLx
npu paccaredosanuu agapuu na naamgbopme
Deepwater Horizon

Figure 10 - Eight Key Findings and four critical
Jactors identified in the Deepwater Horizon
accident

injured.

The fire, which was fed by hydrocarbons from the
well, continued for 36 hours until the rig sank on
April 22, 2010. (International Association of Oil & Gas
Producers)

Hydrocarbons continued to flow from the reservoir
through the wellbore and the blowout preventer (BOP)
for 87 days, causing a spill of national significance into
the sea of Gulf of Mexico. (Volume of spill above 5
million barrels).

The final economic impact of this engineering and
environmental disaster is not known yet but can be
around 40 billion US Dollars.

The prevention of hydrocarbons in wells rising to
the surface out of control is crucial to the safety of
well operations. The Accident Investigation Report
(Deepwater Horizon Accident Investigation Report)
into the Deepwater Horizon accident identified four
critical factors and eight key finding, the following
chart quotes from the report:

The holes in the above represent failures or
vulnerabilities in the defensive barriers. The eight key
findings are represented by the holes that lined up to
enable the accident to occur.

Lessons Learned

1. The design, installation or use, and proper
verification of barriers is critical to maintain the
control of fluids, both produced or injected in the
well, at all times.

2. The primary objective of any barrier of sealing flow
paths in the well should not be compromised to
perform other functions in its planning or execution
stages.

3. Safety-critical tests of barriers should be as
simple and straight forward as practical, not
encumbered by steps that could contribute to the
misinterpretation of deviations from the expected.

4. Bealert to deviations, lapses, errors. Respond



JIO/DKHBIM O6PA30M JIOBOJIUTHCS /IO CBE/ICHUS BCEX
BOBJICUEHHBIX CTOPOH.

PekomeHpauun

1.

HeobxoauMo coIeICTBOBATD CO3/JAHUIO «CPE/IbI
JULS TIEPEIadr UH(POPMALIUW», TJIE IUJEPBl OTPACIN
HOJIYYAIOT UH(POPMAIIHIO C MECTA TPOBEJCHUS
PadoT, IPUCIYLUIUBAIOTCA K ONBITY SKCIIEPTOB U
BBIABJIAIOT IEPBBIE MPU3HAKU BO3MOXHON aBAPUH.
B TO k€ BpeMs NEPCOHATI HA PA6OYEN TIJIOMAIKE
JIOJIDKEH PETYIISIPHO NPEICTABIATD OJIHBIN OTYET O
padoTe, OCOGEHHO B CJIYIA€ OCIOXKHEHUN.

Bespe, rae 3TO BO3MOMXHO, HEOOXOJUMO COCTABUTD
KOHKPETHBIE IIPOLEAYPHI AeUCTBUN. [Iepcona
JIOJIZKEH YETKO CJIEIOBATh YCTAHOBJIEHHBIM
OPOLEyPaM, ITIOCKOJIbKY TII060€ OTKJIOHEHHE

OT yCTAHOBJIEHHOI'O IIJIAHA JEUCTBUI MOXET
MPUBECTH K BOBHUKHOBEHHUIO NTO-HACTOAIIEMY
«HEOKHUJJAHHBIX» TIPOOJIEM.

Kaxxp1i1 3a1€ICTBOBAHHBIA B PA0OOTE COTPYAHHUK
JIOJIKEH UMETD IIPABO OCTAHOBUTB PAOOTY B CIIydae
HapyHIEHUs 6€30MMACHOCTH HJIH MOBBIIIEHU A
PHCKOB.

HeobxoaquMo 06€CIIeYnTh HA/IJIEKAITYIO
IKCIUIYATALHIO BTOPUYHOM U ABAPUNHOU CUCTEM
KOHTPOJIA HAJ| CKBAXKUHOMU. [IpeaBapuTebHO
JIaHHBIE CUCTEMBI JIOJIKHBI OBITD JIETAJIbBHO
MU3YYEHBI U UCTIBITAHBL

Oco60€e BHUMAHUE CIEAYET YAEIATh OapbepaM
0©€30ITaCHOCTH, KOTOPBIE CYUTAIOTCSA
«10CJIEAHUMM> UJIN IIPEATIOCTIEAHUMU», OCOOEHHO
KOI'[1a ECTb HECKOJIBKO APYTUX 6APbEPOB.
Pa3paboTka u COOIIOEHUE CTAHJAPTHBIX
MHCTPYKIUI UMEET PEMIAIONIEE 3HAUYECHUE I
obecnedeHns 6€30MACHOCTHU ITPU ITPOBEIEHUN
BHYTPHUCKBLKHUHHBIX PaGoT. ©
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quickly and rigorously to anything which falls
outside expectations, and refuse to recalibrate
expectations in order to avoid normalization of
deviance.

The reasons for deviations from the expected
should be adequately investigated, the risks assessed
if needed, and mitigation efforts implemented
before proceeding.

Risk Analysis and Mitigation, Management of
Change must be systematically implemented in all
well operations and properly communicated to all
parties involved.

Recommendations

1.

Promote a “listening environment” — where leaders
listen to the front line and defer to expertise,

faint signals are heard, and the front line reports
confidently — even (especially) when the report is
troublesome

Certainty to be created where possible — standard
procedures are followed, not circumvented —
creating excess capacity for dealing with the truly
“unexpected”

All personnel involved in well operations must
exercise the authority to stop a work that is
considered unsafe or has a high level of risk, by
implementing the “STOP Work Authority”
Secondary and Emergency Well Control Systems
must be understood, tested and properly maintained
Special attention must be given to the lines of
defense (well barriers) that are considered to be the
“last” or “next to the last”, especially when there are
several other barriers before these are needed

The development and adherence to Standard
Procedures is critical for Quality and Safety
assurance of well operations. @

An Introduction to Well Integrity Rev 0, 04 December 2012: NTNU, Universitet i Stavanger and Norsk Olje & gass.
Corneliussen, K. (2006) Well Safety Risk Control in the Operational Phase of Offshore Wells. Doctoral Thesis at the Department
of Production and Quality Engineering, Norwegian University of Science and Technology.

"Deepwater Horizon Accident Investigation Report". 2010, BP.

. International Association of Oil & Gas Producers . Deepwater Wells; Global Industry Response Group recommendations.

Report No. 463. London: International Association of Oil & Gas Producers (OGP), May 2011.

. NORSOK Standard D-010. Norway: NORSOK, 2012.
. NORSOK standard D-010 (2004).: “Well integrity in drilling and well operations”. rev 3, 2004.

He 3a0yabTe ocbopMUTbL NOANUCKY HA XXYPHanN

«Bpemsa konTioOMHran»!

NHpekc B nognncHom Katanore «Pocneyatn» 84119.
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