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akanemus yripasneHus rnpoektamm (AAPM®); cneumanicr —
MexxayHapOAHbI MHCTATYT YpaBaeHus prckamu v 6e30rnacHOCTbIO
(IIRSM ), BeskobputaHus.

22 Ne 3 (069) Centsiopn/September 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 & Protfessional 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.



BeBepeHue

CormacHo craugapty ISO 16530-1 (u3panue
2017 ropa): «cmanoapm paspabomar
1e1me2a3o000bl8aAIOULUMU KOMNAHUAMU U
npeonasmnauer 015 UCNOAbL306AHUA 8 HePMe2a30601Ll
NPOMBUUNEHHOCIU O 8CeM) Mup). Cmanoapm
A628emcs PYKoBoOCmEoM No YnpasieHuIo
UENOCIIHOCMBIO CKBANCUHBL HA NPOMANCCHUL
8CE20 HCUIHEHHO020 YuKAa. Taxice 6 HacmoauLem
cmanoapme U3NoNCeHbL MUHUMAILHbLE MPebOBaAH U
K KOMRanu, 6e0yuiett pabomo. Ha CKEaxicuHe,
HeobxXoo0uUMbLe 0151 MO020, WMoObL 3aA6UMb O
COOMBEMCMEUL CIMaroOapni)».

CTaHapT PACCMATPHUBACT IPOIIECC
YIIPABJICHUS [IEIOCTHOCTHIO CKBAKUH HA KAJK0M
3TATE AKCIUIYATAIINH, A UMEHHO: OCHOBHBIC
ITPOEKTUPOBAHUS KOHCTPYKITUH CKBAKITHBI,
KOHCTPYKIIHIO CKBA>)KUHBI; Oy PEHHNE; SKCILIYATAIIHIO;
BHYTPUCKBAXKMHHBIE PAOOTHI (BKJIIOYAs
KaIllMTAJIbHBINA PEMOHT) U KOHCEPBALIHUIO.

HaszHauyeHune CTaHAapTa no
ynpasneHuio JKU3HeEHHbIM LLUKJIOM
UeNNoOCTHOCTU CKBa>XUHbI

CTaHJapT ONMCBIBAET HE3ABUCUMBIH METO/]
MPUMEHEHHN S HOPMATHBHBIX TPEOOBAHUH,
06€eCIIeYrBaIONINX EJIOCTHOCTD CKBAKUHBI Ha
MIPOTSIKEHUH BCET'O CPOKA AKCILTYATAITUHN. DTU
HOPMATHUBHBIE TPEOOBAHUSA TMOO YKE PA3PAOOTAHHI,
JIM60 B IPOLIECCE PA3ZPAOOTKU PA3IUYHBIMU
HC(i)TCI‘SlSOBbIMI/I KOMITAHU M.

OCHOBHOE ITOJIOKEHUE CTAHAAPTA:

«Cucmema ynpaerenuss ues0CmHOCmslO CKEANCUH
(WIMS) oonxncha obecneuusams noooepicarie
UENOCIMHOCTIU CKBANCUH HA NPOMAICCHUU
8CE20 HCUSHEHHO20 UUKAA 30 CHem NPUMEHEeHUS
KOMOUHAUUU MEXHUMECKUX, IKCHIYAMAUUOHHBLX U
OP2AHUSAUUOHHBLX NPOUECCOB».

OCHOBHbI€e NMoJIoXXeHnsA
CraHzapT IPUMEHUM KO BCEM CKBAXKMHAM B

HEPTIHON U I'A30BOU IPOMBIIIJIEHHOCTH. Taxkxe

CTAaHAAPT IPUMEHUM K JIIOOOI CKBAXKUHE WU

TPYIIIE CKBAXXUH HE3ABUCHUMO OT UX CPOKA

IKCILIYaTALIUH, MECTOIOIOXKEHUS (BKIIOYAS

CKBa>KHMHBI HA CYIIE, TIOJJBOJHBIE U MOPCKUE

CKBa>KHMHBI) UJIM THUIA (HAIPpUMED, (POHTAHUPYIOIIHUE

CKBa’KHMHBI, CKBA’KHMHBI C MEXAaHU3UPOBAHHBIM

CIIOCOOOM JJOOBIYH, HATHETATCIbHbBIC CKBAXKUHBI).
CranzapT NPU3BAaH IOMOYb HEPTAHBIM U

ra30BBIM KOMIIAHUAM 3(PMEKTUBHO YIIPABIATh

LEJIOCTHOCTBIO CKBAKUH B TEUEHHUE BCETO

JKM3HEHHOI'O UKIA. [IJI1 9TOTO CTAaHAPT

OPEAOCTABIIACT:

* MUHUMAaJIbHBIE TPEOOBAHUSA IJISI OOECIIEYEH U
3(pPEKTUBHOIO YIIPABIECHUSA LIETOCTHOCTBIO
CKBa’KHUHBL

* PEKOMEHAAIIUN U METOJBI, KOTOPbIE KOMITAHUH
MOTYT IPUMEHATD B OOJBIINX MACIITA0AX,
OCHOBBIBASICh HA TTIOKA34TEJIAX PUCKA JIUIS KAXKJ0MU
KOHKPETHOU CKBAKHHBI.
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Introduction

According ISO 16530 — 1 Standard (2017
Edition), ‘the standard bas been developed by
oil and gas producing operating companies and
is intended for use in the petroleum and natural
gas industries worldwide. It is intended to provide
guidance to the well operator on managing well
integrity throughout the well life cycle. Furtbermore,
this standard addresses the minimum compliance
requirements for the well operator in order to claim
conformity with the standard’”.

The standard addresses the process of
managing well integrity during each of the well
life cycle phases, namely: basis of design; design;
construction; operation; intervention (including
work-over) and abandonment.

TECHNOLOGIES

Intent of Well Integrity
Life Cycle Standard

An independent method of applying
performance standards that assures well integrity
over life cycle of the well. These performance
standards can be existing or to be developed
standards in industry or by Well Operator.

In principle:

“The well integrity management system (WIMS)
should assure that well integrity is mainiained
throughout the well life cycle by the application
of a combination of technical, operational and
organizational processes’.

Scope

The standard is applicable to all wells that
are operated by the petroleum and natural gas
industry. It is also applicable to any well, or group
of wells, regardless of their age, location (including
onshore, subsea and offshore wells) or type (e.g.
naturally flowing, artificial lift, injection wells).

It is intended to assist the petroleum and natural
gas industry to effectively manage well integrity
during the well life cycle by providing:

* Minimum requirements to ensure management
of well integrity; and

¢ Recommendations and techniques that well
operators can apply in a scalable manner based
on a well’s specific risk characteristics.

Assuring well integrity comprises two main
building blocks: the first is to ensure well integrity
during well design and construction, and the
second is to manage well integrity throughout the
remaining well life thereafter.

Non-Applicability of
ISO 16530 - 1 Standard

The ISO 16530 — 1 Standard is not applicable
to well control. Well control refers to activities
implemented to prevent or mitigate unintentional
release of formation fluids from the well to
its surroundings during drilling, completion,
intervention and well abandonment operations,
and involves dynamic elements, i.e. BOPS, mud }
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TEXHOJIOI'MU

ObecneyeHune NeJOCTHOCTH CKBAXUHBI COCTOUT
U3 IBYX OCHOBHBIX 3TAIIOB: IEPBBIA — OOECTIEYEHHE
LIEJIOCTHOCTH CKBAXKUHBI IIPU IPOEKTUPOBAHUU
U CTPOUTENIBCTBE, BTOPOX — YIIPABJIEHUE
LEJIOCTHOCTBIO CKBAKUHBI B TEUEHHUE OCTABIIETOCS
CPOKAa CJIY>KOBI CKBA’KHHBL

HeI'IpI/IMeHI/IMOCTb CTaHOapTa
ISO 16530-1
CrangapT ISO 16530-1 He IPUMEHHM K
MHCTPYMEHTAM KOHTPOJIA 32 CKBAXKUHOU. KOHmMpPOo/ib
30 CKBANCUHOUL — 310 KOMNJICKC OP2AHUSAUUOHHO-
MEXHUMCCKUX MEPONPUAMULL, HANDABTICHHbLX
Hna npedomepaueriue Ui CHUICeHUe PucKa
HeKOHMPOSUD)YEMO20 8bLOPOCA NAACINOBOLL
HCUOKOCMIUL U3 CKBANCUHDBL 8 OKPYIHCAIOUL) IO
cpeoy 60 8pemsa 6yperus, 3aKanuueansl,
BHYMPUCKBANCUHNHBLX PAOOM U NUKEUOAUUL
CKBAINCUHBL C NOMOULHIO OUHAMUHCCKUX 2NIeMEHIN0E
0060pY008aHUA, MAKUX KAK NpeseHmopubl, 6YposbLe
HACOCHL, CUCMeMbL BOOa4U 0)P0OB020 pacmeopa.
JAaHHBIN CTAHAAPT HE IIPUMEHAETCA K IOHATHIO
IIEJIOCTHOCTH CTBOJIA CKBAKUHBI, TIO7T KOTOPOU
329ACTYIO IOHUMACTCS «CTAGHUIBHOCTD CTBOJIA
CKBAXUHbBD. [[e10CIIHOCIb CINB0JIA CKBANCUNbL —
3MO CROCOOHOCIMb NPOOYPEHHO20 OMKPLLINO20
CMBONA CKBANCUHBL TOOOEPICUBAINDL CBOI0 POPM) U
0CMaBamvCst HenoBPENCOCHHbIM 1NOCe OYDeHUA.

Mpouecc o6ecneyeHus

Ue/TOCTHOCTU CKBa>XUHbI
Kak nokasaHo Ha puc. 1, obecneueHue

PaboTOCIIOCOOHOCTU OAPBEPOB HA NPOTIXKEHUU

SKM3HEHHOTI'O ITUKJIA CKBA’KMHBI BKJIIOYACT B CEOS

CJIEAYIOMNE KOMIIOHEHTHL:

¢ [Top3eMHBIE 6aAPbEPHI, IPEISITCTBYIONIUE OTTOKY
WUJIA IPUTOKY (PIIIOHUIOB U3 TJIACTOB.

* Bapbepsl, KOTOPBIE TPEAOTBPAIAIOT
HEKOHTPOJIUPYEMBIH BEIOPOC (PIIONUIOB HA
ITIOBEPXHOCTbD.

* Bapbepsl, KOTOPBIE IPEAOTBPAIAIOT
HEKOHTPOIUPYEMBIH BBIOPOC (PIIOH/IOB B
CKBXUHHYIO CHCTEMY.

¢ Bapbepol, 06€CrIeunBaIoNe 6€30MaCHbIH JOCTYII
B CTBOJI CKBA>KHMHBI.

ISO 16530-1 - 3Tanbl XXN3HEeHHOro
UUKJ1a CKBa>XUHbI
DTanbl JKU3HEHHOT'O ITUKJIA CKBAKIHBI UMCIOT

OO6IIHE 3IIEMEHTBI, METOBI M ITPOIIECCHI, KOTOPBIC

SIBJISTIOTCSI HEOT'EMJIEMOH YACTBIO CHCTEMBI

YIIPAaBJICHUS [IETOCTHOCTBIO CKBAKUHBL CTaH/IAPT

ONUCHIBAET 3(P(PEKTUBHOCTD KAXK/IOT'O ITAIA B

PaMKaX CHCTEMBI YITPABJICHUS I[EIOCTHOCTBIO

CKBa>XKUHBL Ha pHUCYHKE 2 IPUBECHBI OOIIIHE

3JIEMEHTBI ATATIOB, 4 TAK)KE B3AUMOCBSI3b MEXY

HHWMU.

2) Oran «OCHOBBI IPOEKTHPOBAHU A
KOHCTPYKIIHH CKBA>KHHBI» OIIPE/IC/ISCT
BO3MO’KHBIE PHUCKH JIJIs1 0€30IIACHOCTH U PUCKU
3arpSA3HEHUSI OKPY’KAIOIIEN CPE/Ibl, BO3HUKAIOIIHE
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Bbibpoc dnonaos Ha
MOBEPXHOCTb

Surface leak

lpaHuua ckBaxkuHbl /Well boundary

1 I—

YTeuka B cTBONE
CKBa)XXVHbI

Pucynox 1 - Pa6omocnocoo6rnocms
CK8ANCUHHBLX OapbePOos

Figure 1 — Assurance of well barriers

pumps, mud systems, etc.

The standard is not applicable to wellbore
integrity, sometimes referred to as “borehole
stability”. Wellbore integrity is the capacity of the
drilled open hole to maintain its shape and remain
intact after having been drilled.

Well Integrity Process
Assurance of Well Barriers over lifecycle involves

the following process as depicted in figure 1

below:

 Barriers for subsurface that prevent outflow or
inflow from subsurface

¢ Barriers that control the effect off loss off
containment to surface

¢ Barriers that control the effect off loss off
containment to process

 Barriers for safe well bore access

ISO 16530-1 Stages of
the Well Life Cycle

The phases of the life cycle of a well have
common elements, methods and processes, which
are integral to the management of well integrity,
and the Standard describes the deliverables
between each phase within a Well Integrity
Management System. Figure 2 below summarizes
the elements which are common among phases,

Subsurface out flow



pu paboTe HA yCThE U 3200€ CKBA’KUHEBI B
TEUEHHE BCETO XKU3HEHHOT'O LIMKJIA. [Tocne
BBISIBJICHUSI JTAHHBIX PUCKOB IIPOBO/IUTCS
UX aHAJIU3 C LIEJIBIO Pa3PA0OTKU METOIOB
obecnedeHus HEJTOCTHOCTH CKBAXKUHBI HA
CJIEAYIOUUX ITANAX )KU3HEHHOTO LIUKJIA.

0) Oran «<KOHCTPYKIIUA CKBAKHHBID>
OonpenensaeT 3JIEMEHTDI yIIPABIEHUS, KOTOPBIE
JIOJIKHBI OBITB BKJIIOYEHBI B KOHCTPYKITHIO
CKBAXKMHBI JIJI51 O6ECIIEYECHU SI HEOOXOTMMBIX
©apbePOB, KOTOPHIE NO3BOJIAT YIIPABIATh
BBISIBJIEHHBIMU PUCKAMH J|JI1 6€30ITACHOCTH
U OKpy Karouen cpeabl. KOHCTpyKLus
CKBA)XKHHBI JJOJDKHA YUUTHIBATD OKUJAEMBIC
WJIH IPOTHO3UPYEMBIC N3MEHCHUS B
TEUYEHHE )KU3HECHHOI'O ITUKJIA CKBAKHUHBI U
rapaHTUPOBATD, YTO ONPEAETIEHHBIE HA TAIIE
MIPOEKTUPOBAHUSA 6APbEPHI OOECTIEUNBAIOT
CHHXXEHUE PUCKOB JJ151 6€30ITACHOCTH

LlenocrHocTb ckBaXuHbI

Well Integrity

MonuTika B 0bnactn obecneyeHws
LIeNOCTHOCTN CKBaXMHbI
Well Integrity Policy

Cucrema ynpaBneHus LUenoCcTHOCTbIO

CKBaXXMH

Well Integrity Management System

OueHka prckoB
Risk Assessment

1.‘

OOwWwuMe 3nemMeHTbl IS BCeX 3Tanos
Common Elements to all Phases

OpraHu3aumnoHHas CTpykTypa

el OT4eTHOCTb 1 AOKyMEeHTaLMs
Organizational structure

Reporting & Documentation
CKBaXUHHble 6apbepbl
6e30mnacHocTu

Well Barriers

YnpasneHvie npoLeccom
BHeCeHUs M3MeHeHNI

Management of Change
CraHpapTbl 3theKTMBHOCTA

HenpepbiBHbIV NpoLiecc
Performance Standards s -

ontMMusaymmn
MpoBepka 6apbepos Continuous Improvement
6e3onacHocTn

: e Ayaut
Well Barrier Verification

Auditing

Tanbl )KM3HEHHOIO LMKJIA CKBAYKUHbI
Well Integrity Life Cycle Phases
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COTPYAHHUKOB M PHCKOB 3aI'DA3HCHM S Onpenenerne R VcTaHoBKa ObecrieqeHvie pa-
OKPYZKAIOIIEHN CPE/BL. PVICKOB 1 OMacHbIX Onipegenenie  0apbepos Obecrievere  BOTOCNOCOBHOCTM/  BoccraroBneHiie
(akTopos 6apbepos, 6esonacHoc  paBorocnocob-  BOCCTaHOBMeHVe eCTecTBEHHbIX
B) DTan «CTpOUTENBCTBO CKBAKHHBI> Identify hazards ~ HEOBXOmMMbIX 111X MPOBEPKA  HocT Gapbepos 6apbepos Besonac-  Gapbepos

LA CHKEHNA  Byild control GesonacHocT i HOCTW BO Bpems
OIIpEACIACT HEOOXOIUMBIE NN BHABICHHX  porionng  UXNEMEHTOB  BHYTPUCKBAXMHHIX Eziic;rres natural
PEKOMEHIYEMBIE SJIEMEHTHI YIIPABJICHUS, [RIEED verify Provide assurance P20°7 \

Define mitigat- of barrier & barrier Assure barriers
KOTOPBIE HEOGXOAUMO YCTAHOBUTBD (B TOM ing barriers e are reinstated)/

against hazards maintained

4HCJIE B IIPOLIECCE PEMOHTHBIX Pab0T), 4
TAKXKE METO/BI IPOBEPKHU 3THUX JIEMEHTOB
JUISL O6ECTIEYEHN A HEOOXOAMMOI'O YPOBHA
0€30ITACHOCTHU KOHCTPYKIIUU CKBAKHHBIL.

Ha 3TOM 3Tane paccCMaTpUBaAIOTCA JIIOObIE
OTKJIOHEHUS OT IIPOEKTA, TPEOYIOIe
IIOBTOPHOM ITIPOBEPKH HA IIPEAMET KOHTPOJIA
BBIABJIEHHBIX OITACHBIX (DAKTOPOB U PHUCKOB.

I) OTal «DKCIIyaTAluA CKBAKHHbBID>
onpejenseT TpeOOBAHUS, PEKOMEHJALIN 1
METO/IBI YIIPABIEHUA LIEJTOCTHOCTBIO CKBAKUH
B IIPOLIECCE SKCILIYATALIHH.

) Dran «<BHYTPHCKBA>KUHHBIE PA0OTHI»
(BKJIIOYAA KAIIUTAJIBHBIN PEMOHT CKBAXKUH)
onpepaensgeT MUHUMAJIbHBIE TPEOOBAHUA
1 PEKOMEHJAIIUH I10 OLIEHKE OAPhEPOB B
CKBAKHHE JIO U ITOCJIE BHYTPUCKBAXXKMHHBIX
pPaboT, BO BpEMSI KOTOPBIX IIPOUCXOJUT
pa3pyLIEHUE YCTAHOBIEHHOM CUCTEMBI 6APbEPOB
06€30IaCHOCTH.

€) Oran «<KoHcepBan A CKBA>KHHBI> ONIpEEsIeT
TPpeOGOBAHUS U PEKOMEH/JAITUHU 10 KOHCEPBAITUH
CKBA’KHMHBL

Cucrema ynpasneHus
LLeJTOCTHOCTbIO CKBaXXUH

Kaxxast KOMIIaHu s, Beyl[ast paOOTHI HA
CKBAKUHE, NOJI?KHA UMCTDb CUCTCMY YIIPABJICHUSA
LIEJIOCTHOCTBIO CKBaXXUH (WIMS), KoTOpas
obecreynBaeT NOAAEPKAHUE LIEJJOCTHOCTH
CKBAKHH HA IPOTSXKEHUU BCET'O )KM3HEHHOI'O [IUKJIA
34 CYCT IPUMCHCHUA KOM6I/IH2.L[I/II/I TEXHHNYCCKHX,
IKCIITYATAITUOHHBIX U OPIraHU3AITUOHHbBIX
MPOIIECCOB.

JaHHasg cucTeMa JO/DKHA YYHUTBIBATD CICAYIOIE
3JIEMEHTHI IJIS1 BCETO (POH/IA CKBAXKUH:

1. 371an «OCHOBbI
NPOEKTMPOBaHNS
KOHCTPYKLIM CKBaXUWHbI»

Basis of Design Phase

4. S1an «3Kcnnyaraums
CKBaXXWHbI»

Operational Phase

4

2. 31an «KoHcTpyKuma
CKBaXWHbI»

Design Phase

3. 31an «CTponTenbCTBO
CKBaXKMHbI»

Construction Phase

5. 31an «BHYTPUCKBaXNHHbIE
pabotbi»

Intervention Phase

6. OTan «KoHcepBaLms
CKBaXXVHbI»

Abandonment Phase

7. HenpepbIBHbIA NpoLecc
onTVMM3aLMK

Continuous Improvement

Pucynok 2 - Ooujue anemenmst 011 3mManog
ynpaenenus yeaoCmHOCMsI0 CKEANCUH

Figure 2 — Elements common to the phases
of well integrity management

and the relation between the phases.

a) The “Basis of Design Phase” identifies the
probable safety and environmental exposure to
surface and subsurface hazards and risks that
can be encountered during the well life cycle.
Once identified, these hazards and risks are
assessed such that control methods of design
and operation can be developed in subsequent
phases of the well life cycle.

b) The “Design Phase” identifies the controls
that are to be incorporated into the well
design, such that appropriate barriers can be
established to manage the identified safety and
environmental hazards. The design addresses
the expected, or forecast, changes during the
well life cycle and assures that the required
barriers in the well’s design are based on risk
exposure to people and the environment.

©) The “Construction Phase” defines the

4
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— OIICHKY PHCKOB;

— OPraHU3ALMOHHYIO CTPYKTYPY (PO,
0653aHHOCTH, OTYETHOCTDb U KOMIICTEHIIHN);

— CKBA)XUHHBIE 6apbEPBI 6€30MACHOCTH;

— CTaHAaPTH 3PPEKTUBHOCTY;

— NOPOBEPKY 6APbEPOB OE30MIACHOCTH;

— OTYETHOCTD U JJOKYMCHTAIIHIO;

— YHOpaBJEHHUE IPOIECCOM BHECCHUS U3MCHEHUH;

— HENPEPBIBHBIA NPOIIECC ONITUMU3AIINY;

— aAyJauT.

MprmMmepbl hopMYyNMPOBOK «AO0HKHA»

2) Komnanus, Beyias paboTsl HA CKBAXKUHE,
JOJIKHA COCTABUTD U 32JJOKYMEHTHUPOBATD
POLEYPY YIIPABJIEHUS OApbEPAMU
0€30MACHOCTH, KOTOPAS BKIIOYAET B
ce6s1 6apbepPhI 115 TIACTOBOM KUJKOCTH,
3aKAYMBAEMBIX KHJIKOCTEHN, HCIIOIb3YEMOTO IJIs
ras3nudTaraza u pabounx KUKOCTEN.

6) Komnanus, Beyniast paboThl HA CKBAXKUHE,
JOJIKHA YYUTBIBATD BIUSHUE U3MEHEHUH
TEMIIEPATYPBI, OCOOEHHO B NOABOJHBIX UJIN
APKTUYECKUX YCJIOBUAX, IOCKOJIbKY IIPU
3aKPBITUU KJIAMAHOB C JUCTAHITUOHHBIM
YIIPABIEHUEM CTBOJI CKBAXKUHBI, BBIKH/THBIE
JIMHUU, MAHUPOJIBABL, PAU3EPHI U JPYTHUE
3JIEMEHTHBI OBICTPO OCTHIBAIOT.

B) B mponenype ynpasieHus 0apbePAMU JOJKHBI
OBITb OTPAXKEHBI CIIEIIUAJIBHBIE TPDEOOBAHMA,
KOTOPBIE HEOOXOAMMO NPUHATH BO BHUMAHHE.
IIpuMepBl IPUBEJEHBI HIKE.

1) YToO6BI 06ECIEUYNTh NOAAEPKAHUE IEJIOCTHOCTHU
CKBAKHHBI, B KOHIIE KAJKJO0T'0 3TAIa >)KU3HEHHOI'O
UKJIA CKBA’KUHBI JOJIZKHBI BBITIOTHATHCS
TPEOOBAHUSA K JOKYMEHTAIIUU, CEPTU(PUKALTUN U
IIPOBEPKE HAPBEPOB 6E30MACHOCTH.

) Kommnanus, Beayiast paboThl HA CKBAXKUHE,
JOJIKHA IIPUMEHATD IIPOLECC KOHTPOJIA
U3MEHEHUM I UX YYETA U PETUCTPALIUU B
CIIUCKE TPEOOBAHUI K CUCTEME YIIPABICHUSA
LETOCTHOCTBIO KOHKPETHOM CKBAKUHBI MJIH K
O611Iel CUCTEME YITPABIECHUA LIETOCTHOCTBIO
CKBAKMH.

€) Bce BeibpaHHBIE MaTEPUAJIBI U OOOPYJOBAHUE,
KOTOPBIE 6y1yT UCTIOJIb30BATHCA /I CO3JaHUA
6apbepa B CKBAXKUHE, OJIKHBI ObITh [IPOBEPEHBI
repes yCTAHOBKOM B CKBAKUHE B COOTBETCTBUH C
IIPOEKTOM KOHCTPYKIIUU CKBAKHUHBIL.

€) Ilepen yCTAaHOBKOM a71€eMeHTA 6apbepa
6€30MIaCHOCTH €I'0 LIEJIOCTHOCTD JOJI2KHA ObITh
IIPOBEPEHA B COOTBETCTBUHU C TPEOOBAHUAMU
IIPOEKTA KOHCTPYKIIUH CKBAXKUHBI.

TpeboBaHus kK 6apbepam 6e3onacHOCTU
Ha 3Tane «OCHOBbI npoeKTnpoBaHus
KOHCTPYKUUUN CKBAXXUHbI»?

1. Heo6XoaMUMO ONPEAEIUTD PA3MEPLI U INTYOUHBI
YCTAHOBKH (INTyOMHA IO CTBOJIY Y INTYyOMHA 1O
BEPTHUKAJIN) BCEX TPYOHBIX U3/C/INH U LIEMEHTA
(B'TOM 4HUCJIE I'OJIOBA LIEMEHTA), BBICTYIIAIOIIUX
B KAYECTBE JIEMEHTOB 6apbepa 6€30MACHOCTH.
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required or recommended elements to be
constructed (including rework/repair) and
verification tasks to be performed in order to
achieve the intended design. It addresses any
variations from the design which require a
revalidation against the identified hazards and
risks.

d) The “Operational Phase” defines the
requirements or recommendations and
methods for managing well integrity during
operation.

e) The “Intervention Phase” (including work-
over) defines the minimum requirements or
recommendations for assessing well barriers
prior to, and after, a well intervention which
requires breaking the established well barrier
containment system.

f) The “Abandonment Phase” defines the
requirements or recommendations for
permanently abandoning a well.

Well Integrity Management System
The well operator should have a well integrity
management system (WIMS) to ensure that
well integrity is maintained throughout the well
life cycle by the application of a combination
of technical, operational and organizational
processes.
The WIMS should address the following
elements for the well operator’s well stock:
— risk assessment;
— organizational structure (roles, responsibilities,
accountabilities and competencies);
— well barriers;
— performance standards;
— well barrier verification;
— reporting and documentation;
— management of change process;
— continuous improvement process;
— auditing.

Examples of “shall” statements

a) The Well Operator shall define and document
a barrier philosophy that includes barriers to
formation fluids, injected fluids, lift gas and
power fluids.

b) The effects of temperature changes shall
be take into account, especially in subsea or
arctic situations, since the wellbore, flow lines,
manifolds, risers, etc., cool down quickly when
remotely actuated valves are closed.

©) Special considerations that shall be taken into
account should be captured here, for example:

d) At the end of each phase in the well life cycle,
requirements for documentation, certification
and verification shall be met to ensure that
management of well integrity is maintained

€) The Well Operator shall apply a management
of change (MOC) process to address and record
changes to integrity assurance requirements
for an individual well or to the well integrity



He pexoMeHayeTCsa NPOBOAUTD UCTIBITAHUS
IO/ IABJICHUEM B CJIy4a€ HAJTUYUS B CKBAXKTHE
3a]€MEHTUPOBAHHOTO OAIIMAaKA.

2. Heo6xoauMo onpeAeInuTb TPEO6OBAHMUS K
IIPOLECCY COOPA JAHHBIX IIPHU CTPOUTENLCTBE
CKBAKHUHBL, 3TU TPEOOBAHU A JOKHBI YKA3bIBATH,
KaKH€ JAaHHbIE HEOOXOJUMO MOJIYUYUTD U KAKHE
JIENCTBUSA HEOOXOUMO NPEATIPHUHATD BO BPDEMS
CTPOUTEIBCTBA KAKAOTO YUACTKA CKBA’KHUHBL
Taxske 3TH TPEOOBAHUSA TOJIKHBI YKA3BIBATD,
TPeOYETCA JIU NIPOBEJNEHUE UCCIETOBAHUN 11O
OLIEHKE KA4ECTBA LIEMEHTA, IPOJOJIKUTEIbHBIX
UCHBITAHUN Hd FEPMETUYHOCTD, UCCJIEAOBAHUN
XapPaKTEPa HACBIIIEHU, TAMMA-KAPOTAXK U T.J,.

3. I1pu onpefeieHuU TPeO6OBAHUI K KOHCTPYKIIUH
CKBa>KHHBI HEOOXOMMO YUYUTBIBATb BOJOHOCHBIE
T'OPU3OHTHI C KOPPO3ZUOHHO-AKTUBHBIM
GIIONI0M, KOTOPBIY MOXKET BO3JEUCTBOBATH
Ha OOCATHYIO KOJIOHHY/IIEMEHT U IIPUBECTH K
KOPPO3HUH BHEIIHEN TOBEPXHOCTH KOJIOHHBI-
HanpasaeHud. Hanpumep, HeO6X0aUMO
YYUTBIBATH MEPHI 3AIIUTHI OT KOPPO3ZHUOHHO-
AKTUBHOTO (BJIIOUJ]A U3 BOZOHOCHOI'O TOPHU30HTA,
CHenuaJbHbIE TPEOOBAHUSA K HEMEHTUPOBAHUIO
CKBA’KHUHBI, U3MEHEHUS B KOHCTPYKIIUU
06CaTHBIX KOJIOHH, TPEOOBAHUA K MUHUMAJIBHON
BBICOTE MTOJ’bEMA LIEMEHTA U K KOMIUIEKCY
HEOOXOJUMBIX I'€O(PU3UUECKUX UCCIICIOBAHUI,
4 TAKXKE CTPATETUIO PEMOHTHO-HU30JIAIMOHHBIX
paboT 110 HEMEHTHPOBAHUIO.

4. KoMmmnaHus, BeAymas paboThl HA CKBAKUHE,
JIOJDKHA OIPEJETIUTD KpUTEPUU 3(PPEKTUBHOCTU
3JIEMEHTOB 6apbepa OE30IIACHOCTH.

Kpurepuu apPEKTUBHOCTH IPEICTABISAIOT
Ha60p NoKa3aTesie U KBAJIU(PUKAITMOHHBIX
KPUTEPUEB, KOTOPHBIE MO3BOJIAIOT KOMITAHUH,
BEAYILEN PabOThI HA CKBAXKUHE, OIIPEEIATD,
IIPOEKTUPOBATD, 3AKYIIATh U YCTAHABIUBATD
TPeOOBAHUS IIPOBEPKHU JJI BCEX OTAEIbHBIX
3JIEMEHTOB 6apbepa 6E€30IIACHOCTH, BKIIOYASL
LIEMEHT.

TpeboBaHus kK 6apbepam 6e3onacHOCTU
Ha 3Tane «CTPoUTEeNbCTBO CKBAXXUHbI»

Heo6x0oAMMO ITPOBECTH OILIEHKY KAYECTBA
LIEMCHTA B COOTBETCTBHH C TpC6OB3HI/IHMI/I IIPOCKTA
KOHCTPYKIINM CKBAKNHBIL. Ecnu TEMCHTHUPOBOYHBIC
paboTHl HE COOTBETCTBOBAIH TPEOOBAHUAM
IIPOCKTA KOHCTPYKITNN CKBA’KUHDBI, HCO6XOIII/IMO
PacCMOTPETH BO3MOKHOCTD UCITOJIb30BAHU S
JOITOTHUTC/IBbHBIX AJIBTCPHATHUBHBIX MCTOJOB
OIIEHKU 6apbepa 6€30MACHOCTH.

IIpu COCTABICHUH IIJIAHA PA6OT MO YCTAHOBKE
3JIEMEHTA 6€30IACHOCTH HEOOXOANMO YIHUTHIBATH
CICAYIOUTNC JAHHBIC, ITOJTYYCHHBIC /1O, BO BDCMA U
IIOCJIC ICMCHTHUPOBAHUA (CHI/ICOK HUKE MOKET OBITh
JOIIOJIHEH):
¢ SHAYUTCIIbHBIC ITOITIOIMICHU A ITPH 3AKAYKC

EMEHTA,;
® 3HAYUTEJIbHBIC OTKJIOHCHUA OT IIJIAHA

IIEMEHTHUPOBOYHBIX PA6OT, TAKHUE KaK }

management system.

f) All selected materials and equipment that
will be used to establish a well barrier shall
be verified against the well program prior to
installation in the well.

g) When a WBE is installed, its integrity shall be
verified in accordance with the requirements of
the well program

Barrier requirements Basis

of Design phase

1. Dimensions and depth labelling (TVD and MD)
for all tubular goods and cement (including
TOC) defined as WBEs, it is undesirable to
pressure-test against a cemented shoe.

2. Identifying data acquisition requirements
during the construction of the well; this should
indicate what data and activities are required
during construction for each well section, and
specify whether a cement evaluation log, an
extended leak-off test, a saturation log, gamma
ray tests, etc., are required.

3. Corrosive aquifer casing/cementation and
external corrosion protection of surface casing
design considerations, €.g. corrosive aquifers
that require corrosion controls during well
construction, special cementing requirements,
or changes to casing specification; cementing
requirements, including minimum casing and
plug cement heights and logging requirements,
as well as the remedial cementing strategy;

4. The Well Operator should define well
design performance standards for the
WBEs. Performance standards are a set of
specifications and qualification criteria that
allows the Well Operator to define, design,
procure and establish verification requirements
for all the individual WBEs, including cement,
that make up the well barriers.

Barrier requirements
Construction phase
The cement should be evaluated in accordance
with the requirements of the well program. If
the cementing operation was not according
to the requirements of the well program, the
Well Operator should consider using additional
alternative verification methods for the barrier.
Indications observed prior, during and after the
cementing operation that can impact the plan for
establishing a competent barrier element include,
but are not limited to:
* substantial loss of returns while pumping
cement;
significant deviation from the cementing plan,
such as inability to maintain the desired density
of the slurry, use of less than designed volume of
slurry, etc,;
* premature returns of cement slurry to surface;
« lift pressure of the cement, measured just prior
to bumping the plug, which indicates the top of
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TEXHOJIOI'MI

HEBO3MOXXHOCTD NOJJICPKAHUS TPEOYEMON
IIJIOTHOCTH PACTBOPA, UCIIOJIb30BAHUE PACTBOPA B
MEHBIIEM OOBEME, UEM IPEAYCMOTPEHO IPOEKTOM,
UT 1,

IPEXKJAECBPEMEHHBIN BBIXO/ IIEMEHTHOT'O
pacTBOpPA HA YCTHE;

JIaBJICHUE TIO/IbEMA IIEMEHTA, U3BMEPEHHOE
HENOCPEJCTBEHHO NEPE, MOCAIKON NPOOKH, UTO
YKa3bIBAE€T HA TO, YTO BBICOTA MTO’bEMA IIEMEHTA

B 32TPYOHOM IIPOCTPAHCTBE HEJOCTATOYHA JIJIS
U30JIALIMU CAMOU BEPXHEN 30HBI BO3MOXHOI'O
HIPUTOKA;

IIPUTOK KHUJIKOCTHU JJO, BO BDEMS UJIU IIOCJTIE
LIEMEHTUPOBAHUS;

N30BITOYHOE JABJICHUE B 0OCAJHOM KOJIOHHE;
MEXAHUYECKHUE NOBPEXK/ICHHS BO BpEMSI
LEMEHTHUPOBAHUS, HAIIPUMEP, HIOBPEXKICHU
XBOCTOBHKA/00CATHOIM KOJIOHHBI, OOPATHOI'O KJIalaHa
U [IEMEHTHOI'O PACTBOPA;

IIJIOXOE CHETVIEHHUE IIEMEHTA C KOJIOHHOM 11O
pPE3ynbTATAM UCCIETOBAHNI.

MpoBepka 6apbepoB 6e3onacHOCTU

1.

[Tposepka 6apbepa 6€30MACHOCTH — 3TO OLIEHKA
COOTBETCTBUA OapbepPa ONPENEIEHHBIM KPUTEPUSIM.
OHa BKJIIOYAET (CIUCOK MOKET OBITH JJOIOJIHEH):
(PYHKIIMOHABHBIEC UCTIBITAHUS, UCIIBITAHUSA HA
I€PMETUYHOCTD, UCIIBITAHUA HA OCEBYIO HAI'PY3KY
(pacTs>KEHUE H/HUIHN CKATHUE) U BEPU(PUKALTHIO
PE3YABTATOB MOJAECTIUPOBAHUS.

. (DYHKLII/IOHaHbeIC HUCIBITAHUA — 9TO IIPOBCPKA TOT'O,

PaboTaeT 1IN 3JIEMEHT UJIU CUCTEMA IO HA3HAYCHUIO.
HcnibITaHUS JOKHBI OBITH 11€7IECOOOPA3HBIMU U
OO'BEKTUBHBIMH, BCE PE3YIBTATHI JOJIKHBI OBITh
3a(pUKCUPOBAHBL KaK IIPaBUJIO, B IPOIECC IPOBEPKU
6apbepOB OE€30MACHOCTU BXOJAT CJACAYIONIHIE TUITBI
HCIIBITAHUM:

. OnpeccoBKa NPEICTABISAECT COOOM MOBBIIICHUE

JIABJIEHU S C TOMONIBIO YCTHEBOI'O OGOPYAOBAHUSA
C LIEJIBIO IIPOBEPKU MEXAHHUYECKOH 1IEJIOCTHOCTHU
Y F€pMETUYHOCTH KOMIIOHEHTOB KOHCTPYKITUH
CKBA’KHHBI.

. UcriprraHye Ha IPUTOK ITPOBO/IUTCS C IIOMOIIIBIO

CCTCCTBCHHOI'O JaBJICHUA U3 YAJICHHOT'O NICTOYHUKA,
HAIIPUMEP, C TIOMOMIBIO IJTACTOBOT'O JABJICHU .

. HexoTopsle anteMeHTBI 6apbepa 6€30MaCHOCTH,

BO3MOKHO, IIPUJETCA IIPOBEPATDH C IIOMOIIBIO
CIIELIMAIbBHOI'O MOAE/IIMPOBAHUSA WU TUIIOBBIX
UCHBITAHUH HA CTAAUU IIPOCKTUPOBAHU,

IIOCKOJIBbKY 3KCIIYATALMOHHBIE UCIIBITAHUA

MOTYT OKa3aTbhCsl HENPUT'OAHBIMH HUJIN (PU3UYECKHU
HEBBINTOJTHUMBIMU. [IpUMEPBI TAKHUX UCIIBITAHUN:
HUCIIBITAHUA IPOMEKYTOYHBIX OOCATHBIX KOJIOHH

Y APHOI BOJTHOM, UCIIBITAHUA HAd CKOPOCTDb 3AKPBITHUA
BHYTPHUCKBA>KUHHOT'O KJIAIIAHA-OTCEKATEA, A

TAKJKE UCITBITAHUA CIYIIEHHBIX OOCATHBIX KOJIOHH
HA4 F€PMETUYHOCTD B CKBA)KUHAX, I/I€ IIPOBEAECHUE
ONIPECCOBKU HE PEKOMEHJYETCS U3-32 HAJTUY U
3aLEMEHTUPOBAHHOTO OAIIMAaKA.
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cement (TOC) is not high enough in the annulus
to isolate the uppermost potential flow zone;

* fluid influx prior to, during, or after cementing;

* excessive casing pressure;

* mechanical failure during the cement job,
e.g. liner/casing, float collar and cement head
failures;

* Poor cement bond log results.

Barrier verification testing

1. Averification test is a check whether or not
a component meets its acceptance criteria. It
includes (but is not limited to) function testing,
leak testing, axial load testing (tension and/or
compression) and modelling verification.

2. Function testing is a check as to whether or not
a component or system is operating as intended.
It should be realistic, objective, and the results
recorded. It typically (but not exclusively)
consists of empirical testing of

3. Pressure testing is the application of a
pressure from a known source to ascertain
the mechanical and sealing integrity of the
component.

4. Inflow testing, or negative testing, utilizes
pressure from a remote source such as reservoir
or formation pressure.

5. Certain barrier elements may have to be verified
by suitable modelling or type testing at the
design stage, since operational testing may not
be practical or achievable. Examples of such
testing include wave load impact on conductors,
slam closure rates for SSSVs and pressure rating
of installed casings, where it is undesirable to
pressure-test against a cemented shoe.
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