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Beepenue

OAO «HK «PocHedTb» BnageeT psgoM NULIEH3NIA Ha
pPa3paboTKy MECTOPOXKAEHWI KOHTUHEHTANTBHOIO Lenbda
P®, B TOM 4nCne B apKTUHECKOM 1 CyOapKTUHECKOM
pervoHax. K 0CHOBHbIM MOTEHUMabHBbIM CIOXXHOCTAM
peann3aumn NPOeKTOB B APKTUKE OTHOCATCA cnabo
pasBuTast MHPPACTPYKTYPA, CIIOXHBIE MPUPOOHO-
KNMMaTUHECKME YCIOBMS, B TOM YUCNE MPUCYTCTBME
Nbda 1 NefoBbIX 06Pa30BaHUN B akBaTOPUK, HEMPOCTbIE
FPYHTOBbIE YCINOBUSA, 3aTPYAHEHME TpaHcrnopTa
YrNEBOAOPOAHOMO Chipbs, BbICOK/E SKONOMMHECKNE
PUCKW BCNEOCTBME POCTa NoTeHUMalbHbIX HeraTuBHbIX
MoCNeacTBMA MPK Pas3nBax BO Bpemst Ao0bIHM 1
TpaHcrnopTa yrieBoAopoaoB 1 ap.

Bonbluas YacTb NPOEKTOB B YCIOBUSIX POCCUIMCKOM
APKTUKN HE UMEET AENCTBYHOLLIMX MPSAMbIX aHAIOrOB B
MMPE, MO3TOMY OCBOEHME AaHHOIO pervoHa TpedyeT
Pas3BUTUSA HOBbIX TEXHOMOMMIA 1 yHETa HAKOMIEHHOIO
onbiTa. B paboTe paccMoTpeHbl OCHOBHbIE acneKTbl
MWPOBOTO OMbiTa BbINOHEHMSA MPOEKTOB 0OYCTPONCTBA

MOPCKMX MECTOROXAEHUN B CXOXNX YCIOBUSAX U (DaKTOpbI,

nosinABLUME Ha yCrNelwHOCTb UX peain3auinn.
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Introduction

Rosneft owns a number of licenses for developing Russian
continental shelf deposits, including those located in

the arctic and subarctic regions. Among the principal
difficulties related to the execution of projects in the Arctic
is the underdeveloped infrastructure, severe climatic
conditions, including presence of ice and ice formations
offshore, difficult soil conditions, complexities of oil and gas
transportation and environmental risks, among others.

For most projects located in the Russian Arctic there are
no real direct comparisons anywhere in the world, and
therefore resource development in this region requires the
development of new technologies and bringing together
the accumulated arctic experience. Present report reviews
the basic aspects of international experience related to
development of offshore fields in similar conditions and
factors that contributed to their successful implementation.

Experience of Offshore Projects in Developed Regions
Currently, the main centers of offshore activity are the Gulf
of Mexico, North Sea and coastal areas of Africa, Brazil and
South-East Asian states (Indonesia, Malaysia primarily).
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ARCTIC DEVELOPMENT M

OnbIT peanu3auvy WwenbhoBbIX NPOEKTOB B PA3BUTLIX
pervoHax ao6niumn

B HacTosiLee BpemMsi OCHOBHbIM LIEHTPaMK paspaboTKu
1 00BbIHM B MOPE ABNSOTCH MEKCUKaHCKMIn 3aviB,
CeBepHoe Mope, a Takxe parioHbl Mobepexxuii

Adppuikn, Bpaaunum, rocygapcts Koro-BocTtouHom A3nm
(MHooHesun, Mananaun).

Mopckasi o6blHa B pasBUTbIX HEPTEra3oHOCHbIX
PervoHax NO3BOSIAET 3HAYUTENBHO YCKOPUTL MPOLIECC
MPOEKTUPOBaHUS, CTPOUTENBCTBA U YCTaHOBKM
COOPYXKEHWUI, HAMBONEe XapaKTepHbIM MPUMEPOM
aBnsieTcsa MekcrKaHcKm 3anvB. 30eChb MCMOMb3YHOTCA
BO MHOMOM CXO>KME COOPYIXKEHNS 1 CYLLIECTBYHOLLIAS
VMHMPaCTRyKTypa. TeM He MeHee Javke Npuy peam3aumm
MPOEKTOB B AaHHbIX PEMOHAX YaCcTO OTMeYaeTcs
3atarveaHne cpokoB (30-50 % NpOeKTOB MOPCKOWM
HebTerasogotbIHM B 3aBUCUMOCTI OT PETVIOHA) U
yBenm4deHne Grogketa (pric. 1).

APKUM MPUMEPOM CIYXXUT peann3aums npoexkTa
Hibernia, Korga B pesynesTare B Le/IOM NIOrN4HOM
MOSINTUIKN MakCUMaJTbHOO 3afeCTBOBaHNST MECTHbIX
TPYLOBbIX PECYPCOB K MPOEKTUPOBAHWIO 1 YNPAaBNEHWIO
CTPOUTENBCTBOM »KENE306€TOHHOM NIaTdOPMbl HOBOMO
TUna 6bl1 NPUBIEeYeH MECTHbIN NOAPAOYNK. STO NPUBENO
He TOJIbKO K 3aTArMBaHNIO CPOKOB, HO 1 K Yrpo3e CpbiBa
BCero npoekTa. B pesynstarte peannsaumns npoekTa
Oblina nepenopy4eHa HOPBEXKCKOM KOMMaHWN C B0SbLLIMM
onbiToM paboTsl [1].

PaccMOTpYM HECKOMBKO KITKOYEBbIX BOMPOCOB, peLleHne
KOTOPbIX BAXKHO A1 peHTabenbHOro 1 6e3prckoBOro
BbIMNO/IHEHWA MPOEKTa.

Bbibop KoHUenyun

OcHoBHasi 3aa4a NPOEKTUPOBaHMS Ha CTaaum Boibopa
KOHLIeNummn — onpegeneHmne onTUManibHOro TUna MOPCKIMX
HedTerasopobbiBaroLLmx coopyxxeHunn (MHIC) ons
3aJaHHbIX YCNOBWA. OTa 3aaada ABNAeTCs HEOAHO3HAYHOM,
OCOBEHHO 7151 HOBbIX PEMMOHOB, TaKX Kak APKTUKA.

Tak, B Ka4eCTBE BO3MOXHOIO MMaByHEro COOPY>KEHNS

Ons 0obeHn Ha LLITOoKMaHOBCKOM MECTOPOXXAEHNN
paccmMatpuBach TaHkep FPSO nepgoBoro knacca, B TOM
qmcne Kpyrnom hopmbl (MOA0OHbBIN BbiMyckaeMbiM Sevan
Marine), negocTolikmne mogudrkaumm nnatgopm Trina TLP,
SPAR, a Takxe cTabHble PepMEHHBIE 1 XKENE300ETOHHbIE
060/104e4HbIE KOHCTPYKUMW. Ha wensde 0-80B
HbtodhayHaneHa n CaxanH MOXHO HabnoaaThb

CUTyaUMto, KOra Ha COCEAHNX MECTOPOXKAEHNSIX B
CXOfHbIX YCNOBMSX yCrelHo akcnnyatupytotes MHITC
pasnM4YHOro Tuna. Takum obpasdom, Beibop Tina MHIC 1
OLIeHKa ero MNPYIMEHNMOCTU ABNSKOTCH KIMKOYEBOW 3aaa4em
MPOEKTNPOBaHMSA 0OYCTPOMCTBA MOPCKOrO MPOMbICHa.

HopmaTtuBHasa 6a3a
Ponb HopmMaTuBHOM 6a3bl, Kak NpaBuno, COCTOUT B
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Offshore production in well-developed oil and gas

regions fosters significant acceleration in the process of
design, construction and installation of facilities; the most
outstanding example of this being the Gulf of Mexico. The
structures and existing infrastructure used here are very
similar. Nonetheless, even in these areas delays in project
execution are often noted (30-50% of offshore oil and gas
projects depending on the region) as well as exceeding the
budget figures (fig. 1).
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Puc. 1. CpegHuin neprof oTCPOYKM Hadana [o0bIHM B
OEVICTBYIOLLIMX MPOEKTax A1 Pas3nnyHbIX PErVIOHOB (MO

OaHHbIM IHS Herold)
Fig. 1. Average production delay for existing projects in
various regions (based on IHS Herold data)

A good example of this is the Hibernia project. In order to
comply with the company’s (quite logical) policy of using
local labour resources, for the design and management of
construction for a new type of gravity-based structure, a
local contractor was engaged. This not only resulted in a
significant delay, but almost jeopardized the entire project.
Finally it was decided to bring in Norwegian experts to the
project after which point the construction ran smoothly, on
time, and on budget [1].

Below we review several key issues that need to be
resolved in order develop projects such as these
(mentioned above) both profitably and riskless.

Selecting the Concept

The first objective of the design and construction phase is
to determine the best type of production facilities to use
for the conditions at hand. This objective is ambiguous,
especially for the new frontier regions such as Arctic. For
example, over the last two decades the Shtokman gas
field has had several suggested production units: an ice-
resistant FPSO, including round-shaped one (similar to
those produced by Sevan Marine), ice-resistant versions

ROGTEC |15



Il PA3PABOTKA B APKTUKE

YMPOLLEHWN U NOBbILLEHNN HAAEXKHOCTU NMPOEKTUPOBAHISA,
COrnacoBaHu1st, CTPOUTENBCTBA 1 SKCMyaTaumm
MecTopoXaeHnst. OOHOM 13 YCELLHbIX MPaKTUK ABNSETCS
dopmmpoBaHne HopMmaTBHOM 6a3bl B MPOLIECCe 1 Ha
OMbITe peanmM3aunn NUIOTHBIX MPOEKTOB. [okasaTeneH
OMbIT Pa3PabOTKM HOPBEXCKMX CTaHAaPTOB [2],

KOTOPbIE, Kak MpaBumio, PernamMeHTUpYIoT YPOBEHb
6e30MacHOCTN COOPY>KEHUN, MaKCMasTbHbIE BEPOATHOCTU
HACTYNNeHMs COBbITUI, OOHAKO CMOCODbI peann3aumn

1 060CHOBaHUST TPEOYEMbIX BEPOSITHOCTEN XKECTKO He
3aKpersieHbl, OOMYCKatoT ONpeneneHHyro MMOKoCTb B
BbIOOPE MyTW OCBOEHMS MECTOPOXAeHNSA. O4eEBNIHO,
onepaTop 3aMHTEPECOBaH B MaKCUMasTbHO BE30MacHOM

1 NPeacKasyeMoM OCBOEHUM MECTOPOXOEHMSA, KPOME
TOro, COBMIOAEHEe CTaHAAPTOB NOAOEPKMBAETCS
CTPOrom, MOCTOAHHO Y>KECTOHAEMOW CUCTEMON

LITPadoB 3a 3arpsasHEHME OKPYKaroLLIEN cpeabl. B
pesynsTare koMmnaHusa Statoil 3apekomeHgoBana ceds

KaK BbICOKOTEXHOIOMMYHAA KOMMaHNS, peannayroLLas
YHUKabHbIE peLLeHNst MpK AobblHe B YCIOBUSIX, OAM3KNX K
APKTNHECKMM, SKOSTIOMMHECKI YCTbIE BypeHne 1 JoBbMy C
PEKOPAHBIMU KOS(hhULmEHTaMK n3BneHenHmnsa Hedt (KIH)
no oTpacnu.

be3onacHocTb Pa6oT: NPUYMHLI TUNUYHBIX

KaTacTpoth Ha wenbthe

OCHOBHbIMW MPUHYMHAMU aBapuii ABASIKOTCS BbIOPOCH!
rasa c fasbHeNLLM BO3ropaHneM npu CTPOUTENBCTBE
CKBaKVH WM B3PbiBbl, BbI3BAHHbIE HAPYLLIEHNEM
PEXVMOB 3KCMJyaTaLmm 06opyaoBaHms ansd NoaroTOBKM
HedTV 1 ra3a. Hepepko npudvHon notepn MHITC
SABMAKOTCS CTUXUAHbIE BGeacTBus. [pr 3TOM NocneacTems
0N NNaByymX COOPYXXEHNI, Kak Mpasuno, bonee
KaTacTpOoU4Hbl. Tak, TUMMHYHOW CUTyaLMen NoTepn
CcamMonogbEMHON OYPOBOWN YCTaHOBKM SBSETCS
OyKCUPOBKa MPW MIOXMX MOroAHbIX ycnoBusx [3].
Heckonbko pexke MpU4YMHOM aBapuin Cny>kaTt HegopadboTkm
B KOHCTPYKLM MHIC. HacTo 370 HegoOLEHKA Kak
YCTaNOCTHbIX HArPY30K 3/IEMEHTOB MNaBY4/ X COOPY>KEHWIA
(mnonynorpyxHas nnatdopma Alexander L. Kielard), Tak
YCTaNOCTHbIX HArPY30K OT NEPUOOMNHECKOrO BOSAENCTBUA
nomatoLerocs nbaa (boxavcku 3anme [4]). B ycnosusix
ApPKTUKM BOnbLLIEE 3HAYEHNE NPUNOBPETAOT BHELLHME
Harpysku Ha COOPY>KEHVSA, MO3TOMY HaOEXHOCTb
KOHCTPYKLMN COOPY>KEHWNS CTAHOBUTCA OMPEAENAOLLMM
hakTopoM 6e30MaCHOCTY MPOMbICHA.

OWwK6KM NpU NPOEKTUPOBAHUYN NNATHOPMbI

TUNMYHON NPAaKTUKON CTPOUTENBCTBA XKeNe306ETOHHbIX
OCHOBaHW rpaBUTaLMOHHOMO TUMa Ha Lwenbde
HopBern SBRstOTCA COOPY»XKEHNE HYaCTV OCHOBaHMS

C HedOTEXPaHNIULLIEM B CYyXOM [OKE C MOCNEaYOLLIAM
BbIBOZLOM COOPY>KEHWST Ha rTyBOKOBOAHYIO aKBaTOPWIO
(thbOpm) 1 BO3BEOEHME OCTABLUMXCS LLAXT Ha MNaBy.
3aTem satanvBaroT OCHOBaHWE, MOHTUPYIOT BEPXHEE
CTPOEHME N BYKCUPYIOT KOHCTRYKUMKO Ha TOYKY
YCTaHOBKW. B OCHOBaHW COORYXXEHNS UMEKOTCH
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of TLP and SPAR- type platforms as well as steel truss
and reinforced concrete shell structures. For offshore
Newfoundland and Sakhalin islands, in similar conditions,

it is possible to observe that adjacent production fields

in similar conditions successfully operate different types

of production facilities. Therefore, selecting the type of
offshore production facility and evaluation of its applicability
is the key issue in designing an offshore oil and gas field.

Regulatory Framework

The function of the regulatory framework, as a rule, involves
the facilitation and reliability enhancement of the design
work, coordination, construction and operation of the
project. During the development process the regulatory
framework can be based on the similar pilot projects
which have a proven track record. A good example is the
development of Norwegian standards [2], which, as a rule,
regulate safety levels for structures and risk factors that a
given event will happen; however the methods of operation
and substantiation required are not strictly regulated and
allow for some flexibility when selecting the development
methods. Apparently, the operator is interested in the safest
and most efficient way to develop the field. Moreover,
compliance with the standards is supported by strict and
constantly tightening of the requirements for environmental
protection. As a result of these standards, Statoil has
proven itself to be a high-tech company implementing
unique production solutions in conditions similar to the
Arctic, conducting environmentally clean drilling and
production with record-breaking oil recovery factors in

the industry.

Safety of Operations: Causes for Typical Accidents Offshore
The principle causes of accidents are from well kicks or
uncontrolled gas releases and the subsequent explosions.
Often the causes for loss of offshore facilities are natural
disasters. As a rule, the consequences for floating
structures tend to be more catastrophic. For example
most jack-up losses occur during transit (wet tow) during
poor weather conditions [3]. Somewhat less commonly,
offshore structure design defects can be the reasons for
accidents. Sometimes these involve underestimating fatigue
loads on floating structures (semi-submersible platform
Alexander L. Kielard), as well as the fatigue loads caused
by the recurrent influence of breaking ice (Bohai Gulf

[4]). In Arctic conditions, external loads on the structures
become of greater importance, and therefore the reliability
of the structure’s design becomes a determining factor for
operational safety.

Platform Design Flaws

The construction method for a Condeep platform
(ferroconcrete gravity-based structures offshore Norway
in depths ranging from about 100m to 300m) includes
the dry-dock construction of the hull section including the
oil storage tanks, subsequent towage of this structure
into a deep-water zone (fiord) and the construction of the

www.rogtecmagazine.com



OCHOBHble
KOHCTPYKTUBHbIE
0CcObeHHOCTU U
npenmylecTsa

e YnyyuieHHas 6e30macHOCTb
OypoBbIX paboT 1
MeHbLlee Bo3gencTeue
Ha OKpy>katoLLyto cpegy

e HenpeB3onaeHHbIN
YPOBEHb HafZE>XXHOCTU

ey

¢ bosiblasA NPoAYKTUBHOCTb

e CokpalleHune
3KCMnJyaTauUOHHBbIX 3aTpaT

Ha npoTsXeHun nocnefHux AeBATW NeT, 3pdpeKTUBHOCTL TexHonormm Dopeless® Gbina MoaTBepXKaeHa
B CaMbIX Pa3fIMYHbIX YCI0BUSAX OypeHus Bo BceM MuUpe. MHOroyHKLMOHAaNbHOE NMOKPbITUE HAHOCUTCA Ha
TpyOHbIE COEANHEHMS B KOHTPOIMPYEMbIX MPOMbILLSIEHHbIX YCIIOBUAX HALLUMX 3aBOAOB, AeNas UX roToBbIMU
K MCMONb30BaHWIO 6e3 MpUMeHeHUss pe3bboBON CMasKW. PesynbTaT — NoBbilleHHas 6e30nacHOCTb paboT
N MeHbllee BO3AENCTBME Ha OKpY>KatoLLyto cpeny, bosiee ObICTPOE N HAaAEXHOe CBUHYMBAHME U MeHbLLee
MoBpeXXAeHne NPoayKTMBHOro nnaacta. NpoaykTbl Dopeless® n3roTaBAvMBatOTCA Ha CleLnanm3npoBaHHbIX
MPOWN3BOACTBEHHbIX JIMHMAX C UCMOMb30BaHMEM MEPEOBbIX CUCTEM KOHTPONA KadecTBa. TexHuyeckoe
COMPOBOXEHNE HaLLMX MPOAYKTOB 0becnevymBaeTCst Pa3BUTON CETbIO PEMOHTHbIX MACTEPCKMX, MOSIEBOrO
cepBuca W rpynn TEXHUYECKON NOALEPKKM.

TexHonorua cospatoLlas pasHuLy
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Il PA3PABOTKA B APKTUKE

6osbLIME UMMHOPNYECKME HeDTexpaHUMLLIA, KOTOPbIe
NCMNOSb3YOTCH Kak ANs XpaHeHUs HedTn, Tak 1 ons
obecrneyeHns MNaBy4ecT [0 YCTAHOBKM Ha TOUKY.

2Kene3obeToHHOE OCHOBaHMeE NnatdopmMbl Sleipner-A

B 1991 r. 3aTOHY/I0 NPV NIAHOBOM MOMPY>KEHWN B [IOKE

0N MOHTaKa BEPXHErO CTPOeHMA. K ToMy BpemMeHM
HOPBEMXCKME KOMMaHUN MMen 20-NETHN OMbIT Pa3paboTKu
MOO0BHBIX KOHCTPYKLMM, NnaTdopma 6eina 12-in cpeam
aHaJIOMHHbBIX HOPBEXKCKIMX MPOEKTOB W UMeESa OTHOCUTENBHO
CKPOMHbIe pa3mepsb! (FydrnHa Mopst — 83 M Mpotve 217 My
PEeaM30BaHHOMO K ToMy BpemMerm npoekTa Gullfaks-C).

[MpuunHOM aBapun NOCNY>XMIO Pa3pyLLEHME
HedbTexpaHMnMLLa, BbiI3BaHHOE M3DbITOYHBbIM AaBNEHVEM
1N3-3a 3Ha4YNTENbHOMO Nepenana BoIcoT (bonee 60 M)
CTON6GA XXMOKOCTN MEXIY LMNHARAaMU HEPTEXPaHWUMLLA
1 MOMOCTAMM B y3/1ax COMPUKOCHOBEHNST LMMMHAPOB,
NMEIOLLIMI MPSAMOM KOHTAKT C BHELLHEN Cpedown.
BcnencTaue olwmnbKM B MPOEKTE KOHCTPYKLMN Obin
HeO0O0LIEHEHbI CABUIOBblE HArpy3KK B y3nax. OLEeHOYHO
yLepd coctasmn okono 200 maH. gonn. CLLA ns-3a
noTepu KOHCTRYKUMM 1 500 MiH. gonn. CLLA n3-3a cpbiBa
naaHoB Mo fobbide. o pesdynbTartam paccnenoBaHns
pasnMYHbIE aBTOPbI BbIAENSIOT CheayroLIve MpUHnHbI
BOSHWKHOBEHMS OLUMOKW B MPOeKTe [5, 6].

1. K Havany peanmaaLmm npoekTa HOPBEXKCKNE KOMMaHWN
nepeLLsv OT NPUMEHEHNS NOJTyaHAUITUYECKMX CPEOCTB
(B mepBbIX MPOeKTax) K NPOBEAEHNIO BCErO LKA
YCNEHHbIX pac4eToB Ha OBM. MNpu 3ToM B
MpPOorpaMMHbIX MPOAYKTaxX MCMOMb30BASIMCH YCTApEBLUME
JITOPUTMbI, KOTOPbIE B COYETaHUM C HEBEPHOM
pPa3b1BKOM CETKM MOOENMPOBaHNS MPUBENN K
3aHVPKEHUNIO Harpy3Kn B 2 pasa.

2. 3anacbl NPOYHOCTY NP MPOEKTMPOBAHNN U
CTPOUTENLCTBE ObINMN MUHUMaSbHBIMKU. OTHacTh 3TO
Ob1n10 0BYCNOBNEHO HEOOXOOVMMOCTHIO CODMOAEHNS
XapPaKTEPUCTUK MNaBy4eCcTU, OTHACTU — HEAOCTaTKaMM
pac4yeTa (apmMaTypy 40CTaTo4HO 6bIN0 YA MHUTL BCEMO
Ha 0,5 m).

B pesynbTate Obinv caenaHsl cneayroLlime BoIBOAb!:

» MICMOJIb30BaHME CTAMVBAOLLMX CKOO HEOOXOAMMO BE3AE,
rOe BOSMOXHO BO3HWKHOBEHWE HArpy30K Ha
pacTsHKeHWE U COBW;

» BHE 3aBUCUMOCTU OT CITO>XKHOCTU KOHCTRYKLMM
HeobxodVMa BeEPUMUKALIASA HACTIEHHBIX PACHETOB
NONyaHaIMTUHECKUMI METOAAMM, KaK a5
MOATBEPXKOEHMISA MOJSTyHEHHbBIX PE3YNBTATOB, TaK U
0719 MOHVMaHNS MPUHMHBI BO3HUKHOBEHNUS KPUTNYECKIX
obnacTel B KOHCTPYKLWM;

» MPUMEHSABLLASCS goporast 1 hopManM3oBaHHas
crcTeMa MeHepKMEHTa Ka4eCTBa okadasnach
HECNOCOOHOW BbISIBUTL OLLMOKM, OOMYyLLEHHbIE B
MpOoLEeCCe NPOEKTUPOBAHVS.
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remaining cells’ shafts which will support the deck and
provide conduits for the driling and the oil pipes whilst
afloat. The foundation is then submerged, the top deck

is mated and the entire construction is towed to the
installation point. The gravity based structure has cylindrical
crude oil storage tanks which is used to store oil and to
provide bouyancy of the structure before its final installation.

The ferroconcrete foundation of the Sleipner-A platform
sunk during its planned submersion in the dock for topside
installation. By that time, Norwegian companies had 20
years of experience in the design of such structures and
this platform was the 12th among similar Norwegian
projects; it was also relatively small (water depth at 83m as
opposed to 217m with Gullfaks-C project which had been
successfully executed by that time).

The reason for the degradation of the oil storage cell
caused by an excessive pressure drop due to elevation
difference (over 60 m of water) of the liquid column
between hollow cells and tricell joints formed by the
intersections of the individual cells. Due to an error in the
construction design, shear loads in the junction areas were
underestimated. The damages comprised of about 200
million US dollars for loss of the structure and 500 million
US dollars for interrupted production plans. Based on the
investigation results, various authors indicate the following
causes for the error in this project [5, 6].

1. When the project was started, Norwegian companies
had made the transition from using semi-analytic
instruments (in the first projects) to making the
entire calculation using computers models. However,
the computation process had utilized some outdated
algorithms and provisions, which in combination with
insufficient meshing near the critical elements, had led to
the critical loads being underestimated by a factor of 2.

2. Degrees of safety during the design and construction
phase appeared to be minimal. In some part, this was
due to the necessity of maintaining the floatability
features, and in other parts — with flaws in the calculation
(it would have sufficed having the reinforcement bars only
0.5 m longer).

As a result, the following conclusions were made:
» when designing for shear, it is prudent to be generous
with the use of stirrups;

» regardless of the structure complexity, calculations must
be verified using semi-analytic methods both to check
the computer results and to improve the engineers’
awareness of the critical design issues;

» the expensive and formalized quality management system
that was used turned out to be unable to detect errors
which were made during the design process.

www.rogtecmagazine.com
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Il PA3PABOTKA B APKTUKE

Asapuu npu 6ypexnn, gobbive,

aKcnnyarauuu o6opyaoBaHua nnartopm

He pas oTMe4anoch, YTo 4719 YCneLUHom aKenayartaumm
nnaThopMbl AaKE B OCBOEHHbBIX PErVIOHaX C
1cnonb3oBaHnem TrnoBbix MHITC 1 cxem NOAroTOBKM
HeOoOX0OVM BbICOKOKBAINDNLMPOBAHHbIN NepcoHaln.

C OAHOM CTOPOHbI, UMEIOTCA MPUMEPBI, KOraa ns-

3a HeJOCTaTO4HOO MOHUMAHWSA HTErPUPOBAHHON
CXeMbl MOArOTOBKN HETW Ha NiaTopMe B Hee
BHOCUICb ONEPATUBHbIE N3MEHEHUS (AN «yBENNHEHNS
MPOU3BOANTENBHOCT»), KOTOPbIE CAYXXUMN MPUHNHON
B3PbIBOB, B YaCTHOCTW, BCNEACTBWE MPEBbLILLEHNS
NpPeaensHOro JAaBneHns Ha MOCNEAHEN CTyNeHN
cenapauun. Tak, ogHa 13 KPynHENLLINX B OTpacnmn
kaTacTpod Ha nnatdopme Piper Alpha cTtana cneacTanem
HenopPaboToK B CUCTEME 3anycka 060opyaoBaHNS,
HeMpPoOyMaHHbIX MHCTPYKLMIA, HanpuMep, akTUHecKkm
3anpeLLatoLLMX OCTaHaBMBaThb A06biby [7]. C apyromn
CTOPOHbI, MOcne Bbibpoca rasa Ha nnatgopme Snorre-A B
HopBEXXCKOM MOpPE BbIXOA, N3 HELLTATHOW CUTyaLum Obin
HanaeH B pesynbTaTe rpaMOTHbIX AENCTBUN NepCoHana,
MyCTb 1 BOMPEKM NHCTRYKUMAM. [MNnatdopma bbina
crnaceHa 6narogapsi TOBTOPHOMY 3aryCKy CUCTEMbI
3HEProobecneveHnst, XOTs 3TO U BbII0 3anpeLLeHO
perfameHToM Mo 6e30macHOCTY, MOCHE HEro bl
nMoArOTOB/EH PACTBOP M 3arfyLLEHa CKBaXKMHA [8].

Hepeako npryrHOn aBapuin ABRAKOTCS He(PTera3oBble
BbIGPOCHI MPU CTPOUTENBCTBE CKBAXKWH, MEOANHAMUNHECKIME
dhakTopbl, Takne Kak npocefaHe MOPCKOro aHa B Xoae
BbIPabOTKM 3anexXKn, OMOSHN MPUOOHHBIX CIOEB MOYHTOB,
3emMneTpsiceHrs [9]. Hanpumep, Ha MECTOPOXXAEHWN
Ekofisk 13-3a HenonHoro nogaep>kaHns N1acToBOro
OaBneHNst MPOW30LLINO MpocedaHrie MOPCKOro aHa oo 6

M, NpUBEALLEE K 3HAYNTESIbHBIM TEXHUKO-SKOHOMUHYECKM
MoCNeaCTBUSAM.

OUeHKa TeXHUYECKON peanu3yemocTyl, UCNoNb30BaHNe
anpo61poBaHHbIX PELIeHNi

AnpobrpoBaHHOCTL YaCTO SBMSETCS MMaBHbIM apryMeHTOM
0715 Bblbopa Tuna KoHCTRYKUMn MHITC. Kak oTmevaeTcs B
oTyeTax koHcopLmyma Deepstar [10], 60MbLLMHCTBO HOBbIX
PELUEHNI, XOTS U BbIMMAAUT TEXHNHYECK OBOOCHOBaHHIM,
He MPUMEHSIETCSA KOMMaHNSIMU-0riepaTopamm, Tak Kak Mo
dhaKTy (CTaTUCTUHECKM) HE ABNAETCA anpObUPOBAaHHBIM.
[Npn 3TOM KoHCcopLUMyMm Deepstar 0fHON U3 BabKHeENLLIEN
3a0a4 BHEOPEHVIA HHOBAaUMIA CHATAET NPOBEAEHNE
OMbITHO-MPOMBILLNIEHHBIX PaboT A/18 anpobaLm
OTAENbHBIX 3NIEMEHTOB KOHCTRYKLINM 1 MEPEKPECTHDBIX
NabopaTopHbIX UCTIbITAHUIA.

3a CKIMIOYEHVEM eAMHUHHBIX MUPOBBIX MPOEKTOB ASS
MECTOPOXOEHU apKTNYECKOrO Lenbda PO oTCyTCTBYIOT
npsiMble aHaANOM, a CNEe[OBaTeNbHO, M AOCTAaTOHHO
anpobupoBaHHble peLLeHns. O4eBMaOHO, YTO B O KanLLIEM
OyOyLLEM MOXXHO OXXMAATb HOBbIN BUTOK B PasBUTUM
LIEeNbAOBbIX TEXHOSIOMMM.
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Accidents During Drilling, Production and During

the Use of Platform Equipment

It has repeatedly been noted that a successful platform
operation, even in regions where typical offshore rigs

and treatment facilities are used, requires highly qualified
personnel. On one hand, there are instances when
insufficient understanding of integrated oil and gas
treatment facilities led to alterations which later resulted

in explosions, particularly those caused by exceeding
pressure limits at the last stage of separation. One of

the largest accidents in the industry took place on the
Piper Alpha platform and was caused by defects in the
equipments launch system along with bad guidelines, e.g.
those that did not cut off the supply of production gasses
[7]. On the other hand, after a gas release on the Snorre-A
platform offshore Norway, a similar disaster was averted
thanks to the proficient actions of the crew — although these
actions were contrary to the actual guidelines. Violating
several safety regulations, they restored main power and
made several attempts to mix and pump drilling mud before
finally killing the well. [8]

Accidents are often caused by oil and gas blowouts
during well construction, geodynamic factors such as the
subsidence of the ocean floor during reservoir production,
sliding layers of the sea floor and earthquakes [9]. For
instance, at the Ekofisk field, due to the absence of proper
reservoir pressure maintenance, the sea floor subsided 6
meters, which lead to some major technical and economic
conseqguences.

Assessing Technical Feasibility by Using Proven Solutions
Often the main argument for selecting the correct type
of offshore structure type is its proven track record. As
noted in reports from the Deepstar consortium [10], the
majority of new solutions, although they look technically
substantiated, are not used by the operators because
in fact (statistically) their operation had not been proven.
With that in mind, the Deepstar consortium considers

it as one of the most important objectives to run
experimental pilot projects to test the effectiveness of
new technology in this area.

With the exception of a few individual international
projects, Russian Arctic offshore deposits have no
direct analogues, and therefore no proven solutions. In
the nearest future, one could reasonably expect new
developments in offshore arctic technologies.

Analyzing Regional Infrastructure

When it comes to the development of oil and gas fields
in deep-water offshore arctic, most large companies

use the following strategy: stage-to-stage study, gradual
penetration into the region, creating of integrated
production gathering systems. During information
accumulation regional production complexes are formed.
Some companies prefer a dominating presence in a

www.rogtecmagazine.com
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Ananu3 uHdpacTPyKTYpbl PEruoHa

BonbLUMHCTBO KPYMHBIX KOMMaHUIA NPy OCBOEHWN
TPYLAHOLAOCTYMHbIX HEPTEra3oBbIX akTUBOB
FyOOKOBOAHOIO Y apKTUHECKOO LLEMB(OB MOUMEHSAET
CnenyroLLYyKo CTpaTeruo: CTaauMHOE U3yyeHve,
MOCTENEeHHOE BXOXXAEHNE B PEMIOH U B MpoLecce
HaKOMNEeHWA HOPMaLM CO3AaHNE 6ANHBIX CUCTEM
cbopa NpoAyKLMK, TEPPUTOPUATBHO-NMPOV3BOACTBEHHbLIX
LIEeMOYEK C YHETOM PEMMOHANTBHOMO PhiHKa. HekoTopble
KOMMaHUM NpeanoHmTaoT Hambosee NOMHOE NPUCYTCTBUE
B OMPaHMYeHHOM Y1CEe PErMIOHOB HepTeaobbIHN,

4TOObI YyNPaBAATh UX Pa3BuTMEM. [1py STOM TUNYHas
CTaOUMHOCTb OCBOEHWUST PEMVIOHOB BbIFISAUT CREAYOLLIMM
06pa3oM: Beper—>MenkoBOAbe/TPaH3UTHasA 30Ha—>60sbLUNE
FyOUHBI MOPS/B0sbLLNE FNYOUHBI 3aeraHns U T.4.

Hanpumep, Ha MenkoBodbe Mopst BodopTa ncnonbaytoTcs
obLLME 3NEMEHTbI OOYCTPONCTBA C MECTOPOXAEHUSMI HA
cylue (cuctema HedbTecbopa, komnpeccopbl Prudhoe Bay).
Ha Tepputopuin Poccum ocBoeHme 3anexxen Nevopckoro
Mopsi, O6ckol 1 Tazosckown ryd, MpusiMansckoro Luensda
SBNSETCS NMPSIMbIM MPOAOIPKEHNEM AEATENBHOCTU Ha CyLLIE.
Taxknm 06pa3oM, B aHaM3 MPoeKTa O0/MKHA BXOOUTb OLIEHKa
MHDPaCTPYKTYPbI 1 BOSMOXHOCTEN MPON3BOACTBA B PEMVIOHE
1 CTpaHe. Hampumep, Cromnb30BaHNE XeNe300eTOHHbIX
ocHoaH MHITC Ha wenbthe Hopeervm sBnsinock, ckopes,

NoONNTNHECKNM pPeLleHnem, NMeOLLIMM LieSb OCTaBUTb

HARDBANDING
SOLUTIONS &%

Konun Oadcdh ¢

colin.duff@hardbandingsolutions.com
Ten. +44 774 746 8345

limited number of oil producing regions so they can
manage their development closely. With that in mind,
typical staging of regional development is as follows:
onshore -> shallow water/transition zone -> deep sea
->deep reservoir deposition etc.

For example, deposits in the shallow waters of the
Beaufort Sea share part of surface facilities with onshore
production (oil gathering system, compressors at
Prudhoe Bay). In Russia, development of reservoirs in
the Pechora Sea, the Ob and Taz Bay fields and offshore
Yamal could be considered as an extension of onshore
activity.

Therefore, project analysis should include assessment
of infrastructure and opportunities for production in
the region and in the country. For instance, using the
concrete structures offshore in Norway was more of
a political decision, aimed at keeping contract work
within the country. This finally contributed to economical
and technological development of the country, and
the country was able to train its own experts to a
world-class level. At the same time, the construction
of floating production and storage facilities allows the
operator to be less attached to the production region.
When reviewing the scenario of having the facilities
manufactured abroad, it is necessary to analyze the

© PEMOHTOMPHTONHOCTE
o Ceprrdukamms mo ¢opme NS-1™

www.hardbandingsolutions.com
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3aKasbl B TOraa eLle cnabo pasBUToOM PeErvioHe. 310
CMOCOBCTBOBASIO SKOHOMUHECKOMY 1 TEXHOIOMMHECKOMY
Pas3BUTUIO CTRaHbI, ObIN MOArOTOBNEHLI COOCTBEHHDBIE
3KCMEPTb! MUPOBOIO YPOBHS. B TO »ke Bpems CTPOUTENECTBO
MaBy4X COOPY>KEHWIN MEHEE MPUBSI3aHO K PETVIOHY
006b14K. [pr PacCMOTPREHUN CLIEHAPVIS CTROUTENBCTBA
COOPY>KEHMIN 3a PYOEXKOM HEOOXOAM aHaNN3 MUPOBOIO
PblHKa CyOOCTPOEHMS. B HacTOsILLIEE BPEMSA OKOJO MOSIOBUHbI
MUPOBOIO TAHKEPHOrO dhfioTa Mpor3soamTca B KOXKHOM
Kopee. BmecTe ¢ TeM cuTyaumst He SIBASIETCS CTaTU4HOM:
BO3MOXHb! Kak paspaboTka HOBbIX TEXHUHECKIMX PELLIEHI,
TaK 1 KapayHabHOE SMEHEHNE B CTPYKTYPE 1 reorpadmn
LIEHTPOB MpoM3BoACTBa. Hanpumep, Bo3pactaeT aons
ydqacTust Kutas (eMm. puc. 2).

MupoBOiA ONbIT BLINONIHEHUA NPOEKTOB B YCNOBUAX, GNN3KNX
K apKTU4ecKUm

O,ELHVIM 3 OCHOBHbIX OTIN4NIA BONLLLNHCTBA 100

international shipbuilding market. Presently about half of
the world’s tanker fleet is manufactured in South Korea.
At the same time, the situation is not static: development
of new technical solutions is possible as well as a drastic
change in structure and geography of the production
centers. For instance, China’s share of the shipbuilding
market is growing (see fig. 2).

Global Experience of Arctic Conditions

One of the basic distinctive features related to most
Russian arctic shelf areas is the presence of ice —

ice loads which in most cases determine the entire
development concept along with requirements for
increased investment (imposed by ice-resistant type of
structure) and operational expenditures (need for ice
management).

y4acTKOB LieNbda PO aBnseTcsa NpucyTCTBre o

Nba — NefoBbIX HArpy30K, KOTopble R
B OOMbLUMHCTBE C/ly4aeB OnpeaensatoT E e
BbIGOP KOHLIEMLIMN OCBOEHUS, YBENNYEHNE 96 o |
Kak KanmTasibHbIX BIOXEHUN (ONKTyeMoe % §
Ne0OCTOMKM TUMOM COOPY>KEHWS), TaK U 2 ‘é o5 |
onepaLmroHHbIX 3aTpaT (HEOBXOANMOCTb EL
KOHTPOMSA NeAOBOM 0BCTAHOBKM). =) 0.

PeannaoBaHHbIX 1 HAXOASALLMXCS B CTaaun
3aBepLLEHNS MPOEKTOB CTPOUTENBCTBA
HebTerasogodbIBarOLLIIX COOPY>KEHUM B
APKTUKE VNN B CXOXKIX YCIIOBUSX — €AUHNLIbI
(nnatdhopma «[prnpasnomHas», Hibernia,
Terra Nova, CaxanuH-1, 2, IpoeKTbl B MOpe
BodopTa).

OTAnumTENBHBIE 0COBEHHOCTI TaKMX LLENBEEOBBIX

MPOEKTOB:

» npobnemMa noBpeXxaeHNst NefoBbIMN 0OpPa30BaHUSAMM

PacnONOXEHHbIX Ha AHE UK 3arfybneHHbIX B MRYHT

nMoaBOOHbIX TRYOOMPOBOAOB, Kabenen nnv 000bIBatOLLIMX

KOMIJIEKCOB;

YOANEHHOCTb OT MHMPACTPYKTYPbI U PbIHKOB CObITA,

3aTPYAHEHHDBI TPAHCMOPT;

Heo6Xx0OMMOCTb SKCMyaTauun NMpu HABKNX

Temnepatypax, npobnemMa obnegeHeHNst 3NeEMeHTOB

KOHCTPYKLMW BEPXHErO CTPOEHWS NatdopMbl U

3/1EMEHTOB CyaHa;

» HaJIn41e NOABOAHBIX MHOrONETHEMEPSbIX MOPO[,
ra3orvaparos;

»  BOMPOCHI 9KOJOMMHECKOM 1 MPOMBILLIEHHOM
6e30macHOCTK, B TOM YICIE NIMKBUAALMA Pa3NMBOB
Hed TV 1 SBaKyaumn NepcoHana B NefoBbIX
YCNOBUAX APKTUKM.

»

»

O‘-leBI/I,EI,HO, 014 y4aCcTKOB pOCCI/Il7ICKOFO
Lwenbda, KOTopble SBMSKOTCSA YHUKaJIbHbIMW MO
rmapoMeTeoposiIorm4eCKM yCcJioBnAM, nMccrnegoBaHnA n
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Puc. 2. [lvHamrka Jonv nporsBoaCcTBa B MYPOBOM CyAOCTPOeHUM [11]

Fig. 2. Historical development of production volume of ships by country [11]

There are very few oil and gas producing facilities in the

Arctic or in similar conditions that are either completed or

nearing completion (“Prirazlomnaya” platform, Hibernia,

Terra Nova, Sakhalin-1, 2, projects in the Beaufort Sea).

The peculiarities of these offshore projects are:

» the threat of ice features damaging deepwater pipelines,
cables or subsea production systems, either located on
the sea floor or buried into the seabed;

» remoteness from infrastructure and market outlets, and
difficulties in transportation;

» having to operate at low temperatures, icing problems;

» presence of sub-aquatic permafrost, gas hydrates;

» issues related to environmental and industrial safety,
including oil spill response and escape, evacuation and
rescue operations in Arctic ice laden waters.

The zones in the Russian shelf, which are unique by their

hydrometeorological conditions, research and pre-design

studies must be done in advance.

www.rogtecmagazine.com
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npeanpoeKTHbIe MPOPaboTKM A0XKHbI MPOBOANTLCS CO
3HAYNTENbHbIM BPEMEHHbBIM 3aracoM.

Mpo6nembi oLEHKW NeJ0BbIX HArPY30K

HenoctaTtouHOCTb M3YHEHHOCTU B3aMMOAECTBIASA Jibfa

1 NefoBbIX 06PA30BAHMN C MOPRCKUMM COOPRYIXKEHVSIMU,
NapameTPOB SeasHOroO NOKPOBA MpYBena K TOMy, YTO
MPOMBILLIEHHaSA pa3paboTka MECTOROXKAEHWIA B MOPE
BodopTa B Havane 70-x ronos XX Beka okasanach
HepeHTabenbHOM 1 X OCBOEHME BbIIO OTNOXEHO Ha 30 neT
[12]. JanbHenLume nccneaoBaHis moka3anu, YTo pacHeTHble
NenoBble Harpy3kM Obln 3aBbllLeHbI B 15 pas, B TO Bpems
KaK 1Cnosb30BaHVe Boree PearMCTNHHbIX 3HAYEHNI MOTTIO
y>Ke Torda CAenatb OCBOEHME PErIOHa LIENECO0DPa3HbIM.

[ns MpaBUibHOM OLIEHKN PUICKOB CTOSIKHOBEHIST 0OBIBAOLLIVX
nnargopm ¢ ancbepramm komnaHren Mobil ¢ 80-x rogos
XX Beka Bbln MpoBEAeHb! HayHYHO-MCCeN0BaTeNbCKME

1 OMbITHO-KOHCTRYKTOPCKME PaboThl, BKITHOHAKOLLVE
a3POOTOCHEMKY U CMYTHUKOBbIE HAbMOAEHNS C LIESBIO
OrpeaeneHnst pasMepoB ancbeproB, BCTPEHAIOLLMXCS B
pervioHe. Brnepsble B M1pe BbIii BbIMOHEHbLI HATYPHbIE
3KCMEePVIMEHTLI MO CTOSIKHOBEHWIO C aricbepramin. B
peaynbTare bblna co3naHa MOAENb CTONKHOBEHVS,
pagpaboTaH psif, CTaHOaPTOB, a KOHCEPBAT/BHbIE
OLEHKW FnobanbHOro AasneHnst Mpy coyaapeHn 6 Ma,
1CMOMb30BaBLLECS B MpoekTe Hibemia, Obin yTOHHEHbI B
MeHBLLIYHO CTOPOHY (1,5 MIMa) ana npoexkTa Hebron [13].

TeM He MeHee KOHCONMMAMPOBAHHOM NO3ULMK MO
BbIOOPY pacHeTHbIX METOAOB HET. B HacTosLee Bpems
pe3ynbTaTbl pacyeTa no PasnnyHbIM MPUHSTLIM B

MUPE MeToOVKaM pacxopdarcs 6onee Yem B 10 pas. B
nocnegHvie rodpl Benack akTiBHas padboTta No co3gaHnto
OOKYMEHTA, BKJTHOHAIOLLIErO CYLLIECTBYOLLME HApabOoTKK
NefoTexHNKW. Tak, HegasHO Obin NPUHAT cTaHaapT ISO
19906, B KOTOPOM P BOMPOCOB BCE eLLe OCTasCs
PaCCMOTPEHHBIM Ha YPOBHE OLIEHOK: HarpumMep,
METObl pacyeTa Harpy30K Ha COOPY>KEHME OT TOPOCOB,
B3aVMOAENCTBME C COOPY>KEHVAMM, UMEIOLLIVIMMA
KOHNYECKYHO (hOPMY OCHOBaHWS.

B ntobom cnyyae ans cyLIecTBYOLLMX 1 NMpeasiaraeMbix
KOHLIEMLIIA COOPY>KEHUI TPEOYIOTCSA YTOYHEHNE,
nopaboTKa, padpaboTka HOBbIX PaCHETHbIX METOAOB.

B cBSA3M ¢ 3TVM NpK MNPOEKTUPOBaHWN YHUKAbHBIX
06beKTOB Mo TpeboBaHmaMm CHWIM cogpatoTes
cneuvanbHble TexHndeckme yenosus (CTY), BKoYaroLme
TEOPETMHECKYHO 6asy, 0OOCHOBaHNE METOOOB PACHETOB,
peKOMEHyeMble METOAb! aHANIUTNHECKNX OLIEHOK.
PaspabtoTtka CTY OCHOBbLIBAETCA Ha TEOPETNHECKOM
aHanmM3e, YYICNEHHOM 1 (DU3NYECKOM MOAENPOBaHNN.

Ha pasHbix cTaausx peanmsaLmn npoexTta TpebyeTcs
pasnnyHas TOYHOCTb pacyeToB. [ns ycrnosuit
APKTNHECKOrO Luefbda Ha NPeaBapuTesibHbIX CTaansx
LienecoobpasHO 3aAaThCsl BOMPOCOM O TEXHNHECKOW

www.rogtecmagazine.com

Ice Load Assessment Problems

A lack of understanding of the interaction mechanism of
ice and ice features with offshore facilities was the main
reason why development of the Beaufort Sea was seen
uneconomical in the 1970’s and postponed for 30 years.
[12]. Further studies indicated that estimated ice loads
were overestimated by a factor of 15, while using the
more realistic values could have made the development
of the region economically viable at that time.

With the aim of correct risk evaluation related to
iceberg collisions with offshore production platforms,
Mobil has been running scientific research and
experimental design works since the 1980s, which
includes aerial photography and satellite monitoring to
determine the size of the icebergs encountered in the
region. The first ever iceberg impact experiments were
carried out. As a result, an improved understanding
of ice mechanics and failure processes have led to

an improved basis for global design loads, while
conservative estimates of iceberg pressure on large
contact areas at 6 MPa, which were used in the
Hibernia design basis, were reduced to a lower figure
(1.5 MPa) for the Hebron project [13].

Regardless of these findings, until now there is no
common view on calculation methods. Currently,
calculation results based on various internationally
accepted methods still vary by as much as 10 times.

In recent years, there has been a lot of activity on the
elaboration of a document, which would harmonize
and update existing regional and national codes in the
ice-strengthened facilities. An ISO 19906 standard
was recently adopted, where a number of issues are
still considered to be only estimates, for example the
methods of calculating global loads from ice ridges,
interaction with cone-shaped structures.

In any case, the existing and proposed structure
concepts require rectification, adaptation and new
calculation methods. As a result of this project-specific
design codes are developed for use during the design
of unique objects. These include theoretical basis with
analytical estimations, numerical and physical modeling.

Different stages of each project require different levels
of precision. For conditions in the Arctic offshore at

the preliminary stages it is appropriate to pose the
question of the technical feasibility of the project and the
possibility of constructing the selected type of platform
under existing conditions. The accuracy of project’s
economic assessment in this case greatly depends on
how carefully the technical feasibility is conducted.

Existing software for technical and economical
estimates (Que$tor, Oil and Gas Manager) use very
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peann3yeMoCTy MPOEKTa — BO3MOXHOCTY CTPOUTENBCTBA
BbIOPAHHOMO TWMa NNaTOPMbI B 334aHHbIX YCIOBUSIX.
TO4YHOCTb SKOHOMUHECKOW OLIEHKW, PEHTABENBHOCTD
MpoeKTa B AaHHOM Cly4ae BO MHOIOM 3aBUCAT OT €ro
TEXHMYECKOW MPOPaboTaHHOCTU.

CyLecTBytoLpme MporpamMMHble MPOOYKThbl TEXHUKO-
akoHomMumHeckoro aHanmaa (Questor, Oil and Gas
Manager) ncnonb3ytoT O4eHb YMPOLLEHHbIE MOOEN U
9KOHOMMUHECKYHO OLIEHKY HA OCHOBE CTaTUCTUHECKINX
OaHHbIX, NMONYHYEHHbIX NPEMYLLECTBEHHO B pPE3YJibTaTte
peannsaLm NPOEKTOB B KOXKHbIX MopsiX. O4eBnaHO,
TOYHOCTb TaKOM OLIEHKWN HE MOXKET MPEBbILLIATL YPOBEHD
MPOPaBbOTKM TEXHUHECKOrO PELLIEHNS.

B 3akntoueHme cnedyeT yroMsHyTb, YTO YaCTUHHOM
anbTEPHATVIBOM NEAOCTOMKM MOPCKM COOPRY>KEHMSM
aBnsieTcs GecnnargopmeHHoe ocBoeHme. [MpoToTvn
noaoBbHOMO peLLeHrs B CEBEPHOM MOPE — ra30Bbi MPOEKT
Snohvit, B O6ckoi 1 TazoBckom rybe — MepCrnekTVBHbIE
MPOEKTbI OCBOEHIS! C MOMOLLIBKO MOABOAHBIX JOOBIMHbIX
KOMMMJIEKCOB.

KouTponb nefoBoi 06CTaHOBKN

K KOHTpOHO NefoBon 06CTaHOBKM (ice management)

MO>XHO OTHECTW CleaytoLLme paboThbl:

» perynmpoBaHne NefoBot 06CTaHOBKN U
CHKeHNe NefoBo Harpy3km Ha MHITC n
TaHKepbl Ha aTanax bypeHns,
aKCnyaTaummn, oTrpy3Kn B TaHKepb;

» obecrneqeHne NPOXOXAEHNSA Cy00B U
TAHKEPOB B CJIOXKHbIX JIE00BbIX YCIOBUSX;

» Moaaep KaHve TpebyeMblX NeoBbIX
YCIOBUIA B aKBaTOPWUM NOPTA;

» Moaaep»KaHve CyQ0XOAHbIX KaHasoB.

[onroe Bpemsi OLLMGOYHO CHATANOCH, 1
4TO CyJa CHabXKeHVs Nej0BOro Kacea,
npeaHasHaYeHHble ONs TpaH3uTa B 04

onpeaeseHHbIX 1eO0BbIX YCIIOBUSAX, MOXHO -
NCMONb30BaTh ANs PaboT MO KOHTPOSMO e & o
nenoBo obcTaHoBKK. OgHaKo Takue cyaa ﬁ = '
N3MEHSAIOT MapLIPYT CNeAoBaHNS 1 CKOPOCTb '% % 0001
MPOXOXKAEHNS CITOXKHbBIX Y4aCTKOB, B TO 59
BPEMS KaK Cyaa, NCMOSIb3yeEMbIe B MPOeKTax §' x
Ha LLenbde, AOMKHbI 0BpabaTbiBaTb BECh 0,0001
nen, NoaxXoAsLLmiA K BypOoBO YCTaHOBKE

0,00001

v nnatdopmMe (packanbiBaTe NeL0BOe
0bpazoBaHve NN U3MEHSTb KypC ancbepros).

B ycnoBusix ApKTVKN AONOAHUTENBHYHO

simplified models and economic evaluations based
on statistical data, primarily obtained from projects
executed in the southern seas. Obviously, accuracy
of such an estimate doesn’t exceed the validity of the
technical solution, which is implied when one uses the
given correlation.

In conclusion, it should be noted that a partial alternative to
ice-resistant offshore structures would be to develop the
deposit without a surface production platform. A prototype
of such a solution in the Northern Sea is the Snohvit gas
project as well as some prospective projects in Ob and Taz
Bay where subsea production systems are planned.

Ice Management

The following works could be applied to ice management:

» regulation of ice conditions and reduction of ice load to
offshore facilities and tankers during drilling & production
operations and offloading of hydrocarbons into tankers;

» ensuring navigation of vessels and tankers in difficult
ice conditions;

» sustaining required ice conditions in harborage area;
» maintenance of navigation channels.

For quite a while it was mistakenly believed that ice-

class supply vessels could be used for ice management
purposes. However, these ships alter their routes and their
speed in difficult zones, while vessels used for offshore
projects must be able to handle any ice that comes near a
drilling rig or platform (including breaking ice formations and
altering iceberg courses).

MakcumanbHaa Harpyska, MH
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PabOTbl B YCIOBUSIX MONSAPHOM HOuM, MosToMy
BaXKHO pa3BvBaTb TaKie HarpaB/eHs,

KaK KOMMIEKCHBIA MOHUTOPWHI NIef0BOW
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Puc. 3. [Npumep pacyeTa prcKoB BO3SHUKHOBEHNS M106abHbIX HArpy30K
OT CTOJIKHOBEHWS C ancheproM C y4ETOM KOHTPOSIS NIe40BOM OB6CTaHOBKM
(1) n 6e3 Hero (2) Ha wenbde 0-Ba HetodayHaneHa, [13]

Fig. 3. An example of risk calculation for global loads from a collision with
an iceberg, inclusive of ice management (1) and exclusive of it (2) offshore
Newfoundland island [13].

www.rogtecmagazine.com



ARCTIC DEVELOPMENT M

0BCTaHOBKM B parioHax 006bIHM 1 TPAHCMOPTHbLIX MyTel;
CMYTHUKOBbBIN MOHUTOPWHI; 0BecneyeHne Ka4eCTBEHHbIMM
CMYTHUKOBBLIMW AAHHBIM MO Y4aCTKaM C PErynspHOCTHIO
OOVH pas3 B CyTKU; BYKCUPOBKA U OTKIIOHEHWE arncOeproB
NPV OAHOBPEMEHHOM HaNIM4MM anchbepros 1 NedoBbIX
nonen (CNoXHble NeaoBble 0OCTAHOBKWY); TEXHOMOMAN
NAEHTUMUKALMI MHOMONETHNX NbOOB.

B HaCTOsLLee BpeEMA MMEKOTCA OLIEHKN BEPOATHOCTA
COBbITUI 1 CMOCOBbI MepecHeTa C y4eTOM 1 H6e3 ydeTa
KOHTPONSI NEOOBOV OOCTAHOBKM [15], BbIMOMHAOTCS
pPabOoThbl MO BBEAEHWIO (haKTOPOB KOHTPOSS U YrpaBneHns
NeoBoO O6CTaHOBKOW B aNrOpUTMbl OLIEHKM MPeAenbHbIX
Harpy3oK 1 NnoBefeHVs COOPY>KEHUA B PACHETHbIX Clly4Yasax
(pnc. 3).

bypeHue B nejoBbIX YCNOBUAX

CTponTensCTBO CKBAXKMH B NIEAOBLIX YCOBUSX MNP
HE3HaYMTENBHBIX MOABVIKKAX JibAa He MPEeACTaBseT
CNOXXHOV MPOBAEMBI 1 MOXXET OCYLLECTBNATLCS CO

Nbda Unn NedoBbIX OCTPOBOB, Kak, HanpuMep, Ha
Lwenbde KaHagckoro ApkTndeckoro Apxunenara, u ¢
BMOPOXXEHHbIX B Mpuna cyaoB. B cnyyvae 3Ha4nTeNbHbIX
MOABWYKEK NbAa U MastbiX FyOUH (OECSATKM METPOB)
CYLLECTBYET YCMELLHbIA OMbIT NPOBEAEHNS paboT C
OypOBbIX YCTAHOBOK, MMEIOLLIMX OCHOBaHME KECCOHHOMO
TrNa. MPOMbILLNEHHOE BHEOPEHME TAKUX MPaBUTALMOHHbBIX
nnatdopm Oblno HavaTo B Mope BodopTa, a 3atem
NPOAOMKEHO Ha Lenbde 0-ea CaxanvH B OXOTCKOM
Mope. Ha cTagum paspaboTki HaXOOATCH NMPOEKTbI
CO30aH1S NEOOCTOMKMX OYPOBbIX YCTAHOBOK A5
KPYrOroaM4Horo npoeeaeHva paboT Ha Lenbde o-Ba
CaxannH 1 B apKTUHECKNX MOPSIX.

C koHua 70-x rogos XX Beka B Mope bodhopTa mpu
MoAOEP>KKE NEQOKOaMN OCYLLIECTBNAETCS BypeHue

C 3a9KOPEHHbIX BYPOBbIX CyO0B. Vcnonb3yemas
cucTeMa 3asiKOPEHNST MO3BONAET ObICTPO OTCOEAMHATH
coopy»xeHust. bBypoble cyaa Canmar (Bcero BbiMyLLEHO
YeTblpe MoaMdVKaLMN) N3HAYaTbHO MPeaHasHa4aIMCb
019 BypeHnst Ha OTKPLITOM BOJE B MOPE NIETOM 1 PaHHEN
OCEHbIO, C BBEAEHMEM KOHTPOSIA NEA0BON OO6CTAHOBKM
aKcnayaTaumoHHbIn neprog 6bin npoaneH. Cuctema
OVHaMN4ECKOro NO3ULIMOHMPOBAHWA, MO3BONSIOLLASA
MEHSATb HampaBfeHVe KopMa — HOC MPOTYB HampaBieHWs
apendytoLLero nbaa, bbina anpodrpoBaHa Ha OAHOM

3 MOKONEHWIA [aHHOM cepun, 1 Bbina HEMPaKTUHHOM
BBUOY MasibiX MyOVH B parioHe NMpoBeagHns paboT

(ot 20 oo 50 MeTpOoB). YkasaHHbIe cyaa pacCHUTaHb!

Ha HeOOSbLLYIO NEedOBYHO Harpy3ky (okono 1 MH). Ons
CPaBHEHNS KECCOHHbIE KOHCTPYKLN Mopst BodopTa
CIPOEKTNPOBaHbI Ha Harpy3kn 4o 1000 MH. Mnasyyas
BypoBasi ycTaHoBka Kulluk, noctpoeHHas B 1982 r., umena
60onee BbICOKM NefoBbI KNACC 1 MpeacTaBnsana codom
MPUHUMNANBHO HOBYHKO KOHCTPYKLMIKO: CUMMETPUYHOE, C
0BpaTHO HaKMTOHEHHBIMW MOBEPXHOCTAMM COOPYXKEHUE.
[aHHasa dhopma COopY»KeHNA NOMAET OpPendyOLLMA
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An additional difficulty for ice management in Arctic
conditions is underdeveloped monitoring systems and
having to operate in polar night conditions. Therefore it is
important to develop such aspects as complex monitoring
of the ice conditions near the production areas and
transport routes; satellite monitoring; regularly providing
quality satellite data for the production zones (once

per day); towage and deviation of icebergs during the
combined presence of icebergs and ice floes (difficult ice
conditions); and technologies to identify multi-year ice.

Currently, there are probability calculations based

on methods with and without the consideration of

ice conditions [15], and works are underway on the
implementation of control and ice management factors into
the critical load estimation algorithms and the structure’s
behavior for predicted events (fig. 3).

Drilling in Ice Conditions

Well construction in ice conditions where there is little ice
movement does not present a big problem and can be
done from the ice or from ice islands, as is the case with the
Canadian Arctic Archipelago, as well as from vessels frozen
into the coastal ice belt. In cases where there is significant
ice movement and low sea depths, caisson-based rigs
have proved successful. Commercial implementation of
such gravity-based platforms began in the Beaufort Sea
and then continued in Sea of Okhotsk offshore Sakhalin
island. Design projects for ice-resistant drilling rigs for year-
round operations offshore Sakhalin and in Arctic seas are
currently underway.

Since late 1970’s, driling operations have been carried

out from moored drilling rigs in the Beaufort Sea, with

the support of ice-breakers. The mooring system that

are used allow for fast disconnection of the facilities.
Canmar drilling vessels (a total of 4 configurations were
released) were initially meant for drilling in open waters

in the summer and early fall, but upon introduction of

ice management systems, the operational period was
extended. Dynamic positioning was attempted by one of
these drill-ships but was found operationally impractical,
due to the shallow water depths (20m to 50m). These
vessels are designed for small ice loads (about 1 MN). As
a comparison, caisson structures in the Beaufort Sea were
designed to withstand up to 1000 MN loads. The Floating
drilling rig Kulluk, constructed in 1982, had a higher ice
class and represented a principally new type of structure,
being symmetric, backsloped structure. This shape of

the structure breaks drifting ice by guiding it down and
bending. The unit can operate in depths up to 100m. It was
successfully used until the early 1990s and recently, after a
13 yeas out of service, was reintroduced.

Ice conditions during core sampling from the Lomonosov

Ridge near the North Pole in 2004 were the most difficult;
vessel positioning on fixed point was used. Drilling was
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nen, Hanpaensas ero BHU3 U N3rmbdasi. YCTaHOBKa MOXET
paboTaTb Ha rnybuHax Bodbl A0 100 M. OHa ycneLuHo
Mcnonb3oBaiack Ao Hadana 90-x rogoB XX Beka v
HemaBHO, nocne 13-neTHero nepepbiBa, bbina cCHoBa
BBe[EeHa B aKCryarTaumto.

JlenoBble yCnoBus BO BpeMst B3ATVS 0OpasLOB royHTa B
parnoHe CeBepHOro nostoca Ha XpebdTe JToMOHOCOBa B
2004 r. Bbl cCambIMN TSPKENbIMM, B KOTOPbIX MCMONB30BANIOCh
MO3MLMOHMPOBaHME CyHa Ha Touke. bypeHre Benoch

C nepeobopynoBaHHoro nepgokona Vidar Viking, B
conpoBoxXxaeHUN negokonos «CoseTckuin Cotos» 1 Oden.

HanbonbLuee pacnpocTpaHeHne ans OCBOEHMS
LIENbMOBBLIX MECTOPOXKAEHWIA MOYHNNO BypeHme ¢
OOSbLLUNM OTXOO0M OT BEPTUKaN. TEXHONOr s 25
0COBEHHO MEPCMNEKTVBHA AN OCBOEHMS
aPKTNYECKOro Lenbda Poccuinckon
denepaLyn, Tak Kak NMo3BOSSIET OXBATUTb
OypeHnem co cTaLpoHapHoOM NnaTtopMb
O0NbLUNIA YHACTOK MM OCBavBaTb Y4aCTOK

¢ bepera, C NCKYCCTBEHHbIX OCTPOBOB

6e3 1OPOroCTOSALLErO Ned0CTONKOrO

MHIC. Ha pvc. 4 npvBegeHa guHammka
YBENMHYEHNST MAKCUMASIbHOrO 0TX0Aa OT TOYKMN
YCTaHOBKW BypOBOro ctaHka. [nsi MOpCKmMx
MECTOPOXAEHMIN BCE pexkopaHble nokasaTenm 0
Habtoaanmch Npy BypeHnn Co CTauoHapHbIX

nnaTopm, XOTH 1 B LLUMPOKOM ananasoHe

20

OTxop OT BepTUKanu, Km
Horizontal displacement, km

rny6uH (30-330 m). ¢

3aKnioyeHue

[NpriBeOeHHbIE B CTaTbe KIKOYEBBIE MPOBIEMbI,

NPensTCTBYIOLLME Havasly pas3Beaku n

pPa3paboTKM NEPCMEKTUBHBIX YHaCTKOB

APKTNYECKOrO Lenba nm oTKaapiBatoLLme X, TpedyroT

KOMMJIEKCHOrO Moaxoda K peLueHnto. Heobxoammo

co30aHne HoOpPMaTUBHOWM Basbl, PernamMeHTVPYOLLEN

MPOLIECChI MPOEKTNPOBAHMS, COrlacoBaHNs,

cTpouTenbCcTBa 1 akcnnyataumm MHITC B 3TOM pervoHe.

OTpacneBble CTaHOaPThl, OCHOBAHHbIE HA OMbITe 3anaaHbIX

KOMMaHui, B 60MbLLEN CTENEHM OPUEHTUPOBaHbI Ha

rNnaBHble LWeNb(OBbIE PEMVIOHBI MVPA 1 HE MOOXOAAT

07191 aPKTUHECKMX YCNOBUIA. Kak nokasanu pesynsTaTtsl

peanvsaummn OgHOro 13 Hanbonee nepeaoBbIX MPOEKTOB

Ha wenbthe APKTUKM — CTROUTENBCTBA NaThoOpPMbI

«[prpasnomHas», OTCYTCTBME OMbITa, HOPMATUBHbLIX

[OKYMEHTOB, OTPAC/EBbIX CTaHAAPTOB, HEOOXOOMMOrO

0b0opya0BaHNS 1 MOLLIHOCTEN MOXKET MPUBECTU K

3aTArvBaHNIO CPOKOB. B HacTosiLLee BpemMsa HeODX0OMMO

paspabaTbiBaTb MPUOPUTETHbIE BOMPOCH! 1 Pa3BMBaTb

KKO4YEeBble HanpaBeHsl, NOBbILLAOLLNE YPOBEHD

MPUHATUSA TEXHNHECKMX PELLIEHNIA:

»  afanTaums CyLLECTBYIOLLMX TEXHOMOMM K YCMNOBUSIM
APKTUHECKOro pervoHa s paspabdoTKn LenbdoBbIX
MECTOPOXAEHNIA;

» paspaboTka 1 co3naHne NPUHLIMAMANBEHO HOBbIX
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done from the refitted ice breaker, Vidar Viking,
which was escorted by the Soviet Union and Oden ice-
breakers.

Extended-reach drilling has become the most widely
used method in offshore deposit development. This
technology has the highest potential for development of
the Russian Arctic shelf because it allows drilling over a
large area from a stationary platform onshore and from
artificial islands without the use of expensive ice-resistant
offshore platforms. Figure 4 demonstrates the dynamics of
maximum reach from the drilling rig installation point. The
industry records offshore were achieved while drilling from
stationary platforms, although those pertained to a wide
range of depths (30-330 m).
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Puc. 4. [lnHamrka MakcyMasibHbIX OTXOAO0B OT BEPTUKaIM Mpwn OypeHn

Fig. 4. Industry records for extended reach drilling

Conclusions
Having reviewed the key challenges faced when
developing arctic oil and gas fields in this article, it is
clear that a comprehensive approach is required. It
is necessary to draft the regulatory framework, which
would govern the design, coordination, construction
and operation processes of the offshore facilities in
this region. Industry standards based on experience
worldwide are guided more by the principal offshore
regions of the world and are not necessarily applicable
for Arctic conditions. As was demonstrated by the
results of one of the most advanced offshore Arctic
projects — construction of “Prirazlomnaya” platform - a
lack of experience, regulatory norms, industry standards,
necessary equipment and capacities may lead to
significant delays. Currently, is important to work on key
issues that would improve technical solutions such as:
» adaptation of existing technologies to Arctic conditions
for development of offshore deposits;

» development and creation of new technologies;
» complex analysis of hydrometeorological conditions;
» implementation of ice-technology programs.
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TEXHONOIUI;

»  KOMIMJIEKCHbBIV aHaN3 MMapOMETEOPONONNHECKIMX
YCOBUW;

» peann3aumnsa negoTEXHUHYECKON NPorpaMmb.

B OAO «HK «PocHethTb» BeayTcst npopaboTku
PaCCMOTPEHHbBIX BOMPOCOB, B TOM YUCIIE B paMKax
BbIMOSIHEHNS LIENEBbIX MHHOBALMIOHHDBIX MPOEKTOB.
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The issues reviewed are being worked on at Rosneft and
some of this work is done as part of targeted innovation
projects.
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