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CHOBUT N 32 ero npepenamu

Snohvit and heyond

Yro obewsaer ApKTUYECKWIA PeruoH?

BO3paCTaIOIJ.|,aF| B Mupe rnobanbHasa I'IOTpeﬁHOCTb B SHEeproHocuTenAax
noby>xaaeT MOPCKyto HedhTerasoByto MPOMbILLIIEHHOCTb OCBavBaTb
HOBbIE reorpacbmqecme obnacTtu n oTAajfieHHble PernoHbl B NOUCKax
HOBbIX MeCTOpO)K,Cl,eHI/IVI. B 1O }e BpemMA, OTpac/b CTONIKHyNnacb C Uenbim
PAAOM TEXHNYECKUX 3aaaYy, CBA3AHHbIX C UCNONb30BaHNEM 6630I'IaCHbIX,
JKOMOr’M4YeCKn YNCTbIX N SIKOHOMUYECKU BbIrOAHbIX METO40B OCBOEHUA U
SKcnnyaraunm 3TuX HOBbIX MECTOpO)K,EI,EHVIVI.

Ocob6eHHO BaXKHON 061acTblo CTAHOBMTCA APKTUYECKNIA PET1OH,
rae, cornacHo noacyeTam, HaxoamTca Ao 25% HepasBefaHHbIX
MMPOBbLIX 3anacoB HedpTu U rasa, u rae yxe 66l NponsBeaeH
pPAL OTKPBLITUI 3HAYNTENbHBIX MECTOPOXAEHWU N pa3BMBaeTCA
LEeATENbHOCTb MO OCBOEHUIO U f06blYe B TAKUX parioHax, Kak
BoctouHaa Kanapa, Ceeepo-3anag Poccun n BapeHueso

mope. Cpeam 3TUX permoHoB cambiM 60MbLINM NOTEHLUMANOoM
obnagaet Poccua ¢ ruraHTCKMMM MOPCKUMM niowaasamm B
Takux panoHax, kak bapeHueBo, Nevopckoe n Kapckoe mopsa,
Mope JlanteBbix, BocTouHo-Cnbupckoe mope, BepeHroso

mope 1 OxoTckoe Mope. AT Nnowaamn NoKpbiBaloT Hanbonee
OOCTYMHYO YacTb APKTUHECKOrO permoHa v B 60MbLUMHCTBE
CBOEM ABMAIOTCA HEUCCNEeLOBaHHbIMM A0 KOHLA. TeM He MeHee,
pAL CEHCALMOHHBIX OTKPbLITUIA BbIN yXKe caenax, Hanpuvep

— mMaccuBHoe LLITokmaHoBckoe MecTopoxaeHne B [edopckom Mope
1 MecTopoxaeHune B 6onee BocTo4HOM pervoHe O6b/Tas.
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The Promise of the Arctic Region

The increasing global demand for oil and gas prompts the offshore
E&P industry to venture into new geographical areas and remote regions
in search of new discoveries. At the same time, the industry is faced with
a number of new technical challenges associated with establishing safe,
environmentally friendly and economic methods to exploit and develop
these new assets.

An emerging frontier area of particular importance in this context is the
Avrctic region, with estimates to hold up to 25% of the world’s remaining
undiscovered oil and gas reserves, with a number of significant offshore
discoveries already made and with E&P activity increasing in areas such
as Eastern Canada, Northwest Russia and the Barents Sea. Of these
regions, Russia holds the largest potential, with vast offshore acreage in
areas such as the Barents, Pechora, Kara, Laptev, East Siberian and Bering
Seas, and the Sea of Ochotsk. This acreage covers most of the accessible
Avrctic region, and is mainly unexplored. However, a number of high profile
discoveries have already been made, such as the massive Shtokman field
in the Pechora Sea, and in the Ob-Taz region further to the east.

Due to the remoteness of these locations and the harsh environment,
Subsea to Shore development concepts, where the subsea wells are

tied back directly to processing facilities onshore, will in many cases offer
significant benefits over platform and floater based development concepts.
In some cases Subsea to Shore concepts may even be a strict necessity for



Bnarogapa otaaneHHOCTU OT 6epera 3TUX MECTOPOXAEHWIN B COMETaHNN
C CYpOBbIMW MPUPOAHBLIMIA YCIOBUAMU KOHLIEMNLMN «MOABOAHBIX — 0

— 6epera» NPOEKTOB, KOraa NoABOAHbBIE CKBAXKMHbI MOAKITIOYEHDI
HanpAMYIo K 06bekTam 6eperoBon MHPaCTPYKTYpPbl, BO MHOTUX
CnyyanAx NpeanoYTUTENbHEE UCMOMNb30BaHMA NNaTgopM UK NNaByymx
YCTaHOBOK. B HEKOTOPbIX Cry4asx UCMob30BaHNe NOABOAHBIX-0-
6epera peLueHnin MOXeT BbITb 06A3aTENbHBLIM YCNOBNEM OCYLLECTBNEHNA
[OaHHbIX MPOEKTOB.

MHorve nepcneKT1BHbIE MECTOPOXAEHUA HAXOAATCA AaNeKo OT bepera,
1 NO3TOMY NepeaoBbiM (DPOHTOM PasBUTUA COBPEMEHHOW NOABOAHOM
TexHomorum 3aech AnAeTcA 6opbba 3a COOTBETCTBME MPOEKTOB
TEXHUYECKMUM TPebOoBaHMAM, TaKUM Kak yrnpasrieHue MybTudasHbiMm
MOTOKammn 1 AUCTaHUMOHHOE ynpaBneHve o6opyaoBaHMeM Ha 6onbluve
paccTofHuA.

MecTpoxaeHne CHoBUT, HaxoaAweeca B bapeHueBom mope

1 npyHaanexatiee komnanmm CtaTons, MoOXeT 6bITb Ha3BaHO
NpUMepoM camon NepeaoBONn TEXHOMOMMM CBEPX6ONbLUMX «LLaroB»
¢ 6epera AnA noABOAHbIX NPOeKTOB. CHOBUT Ha CEroAHALLIHWUA
[OeHb yaepXXvBaeT MUPOBOW PEKopA No ANNHE NOAKIIOYEHNA

BCEX CUCTEM K b6epery. MNpoeKT BKOYET B cebA Takme HoBeMnwmne
TEXHONOMMM, KaK yrnpaBfieHne MynbTudasHbIMU NOTOKaMu Ha
cBepx60sbLUM PacCTOAHMA U MOABOAHOE MOBTOPHOE HarHeTaHne
nonyTHOro Anokcuaa yrnepopa. BeTko 'pan 3aHnmaeTcA
NnocTaBKoOW NOABOAHbIX CUCTEM A06bIUM, OHW BKMOYaOT B ceba

PAL TEXHONMOTMYECKUX AOCTUXKEHWUIA, CBA3AHHBIX C 0becneyeHnem
ANeKTponuTaHnem Ha 6onbLune PaCcCTOAHNA U TexHonoruemn nepenayu
MHhOPMaLMK C MOMOLLIO LUIMPOKOYACTOTHOIO OMTMKO-BOSIOKOHHOIO
obopynoBaHvA. ATV TEXHUYECKME AOCTUXKEHUA, ABNAKOLLMECA
pe3ynbTaToM O6LMPHOW UCCNEeAoBaTENbCKON Y MPOMbILLIEHHON
NPaKTUKKW, 3HAYUTENBHO Pa3aBUHYIN FOPU3OHTbI TEXHOMOMMYECKNX
BO3MOXHOCTEWN 1 NMOMOIM YBENNYNUTbL NMPOMbBILLMIEHHbIE MOLLHOCTM B
pamMmKax cBepxyaasieHHbix oT 6epera NoABOAHbLIX NPOEKTOB.

Mopsopnana cuctema CHosuTa

MpoekT CHOBUT OCHOBaH Ha MOMHCTbLIO MOABOAHON A0ObLIYHOW cUcTeMe,
KOHTPONMPYeMOW AUCTaHLMOHHO ¢ Hepera nyTem 1cnonb3oBaHua
OJVHAPHOTO LUnaHrokabenA n cUcTeMbl TPAHCMOPTMPOBKM J06LITOr0
rasa 4yepes ogvHapHbIn TPybonpoBoa K pacrnofniokeHHOMyY Ha bepery
3aBoay no npou3ssoacTey CIIT Koraa ra3 pocturaet 6epera, NonyTHbINA
CO,0TaenAeTCA OT HEro M OTCbIIaeTCA 06PaTHO B MOPE MO OTAESBHOMY
TpybonpoBoAy AnA NOBTOPHOrO HarHeTaHWA B NNacT. Taknum 06pasom,
BbIMyCK B aTMocepy YIEKUCIIONO ra3a CBoAUTCA K MAHUMYMY.

OcyliecTBnAeman B HaCTOALLMI MOMeHT hasa 1 pa3paboTku

npoekTta CHOBUT COCTOUT U3 LIEHTPaNIbHOMO MECTOPOXKAEHUA,
pacnonoXXeHHOro NpuMepHo B 145 kM OT 6epera, 1 MecTOpPOXAeHWA-
cnyTHMKa AnbbaTpocc, pacronoXXeHHOro B 11 KM oXKHee LieHTpasibHOro
mecTopoxaeHusa CHoBuT. B pamkax dasbl 1 pa3paboTku 3TuX ABYX
MECTOPOXAEHWI IKCNNyaTupyeTCcA yxe B Lenom 10 noasoaHbIX
CKBa>XUH. ﬂeBHTb N3 3TUX CKBa>XNH ABNAIOTCA 3KCNyaTaluMOHHbIMU,
a [fecATan — HarHeTaTenbHaA, ANA NOBTOPHOIO HarHeTaHWA
cenapuposaHHoro CO,. B Gyayliem nnaHmpyeTcA paspaboTka BTOPOro
MeCTOopOoXaAeHUA-CNyTHUKa ACKeﬂa,El,D,.

MonBoaHbIe CKBaXKMHbI OCHALLEHbI NOABOAHOW FOPU3OHTaNbHON
(HOHTaHHON apMaTypoOn, PacMofoXEeHHON Ha OMOPHbLIX OCHOBaHMUAX.
Ka>xgoe onopHoe ocHoBaHne BecuT okoro 240 T 1 pacnonaraet
MECTOM ANA 4 NoABOAHbIX «eNoK». KaXkaoe ornopHOe OCHOBaHMe Takxke
OCHALLEHO LIENOCTHOM 3alUMTHOWN CTPYKTYPOR, «6naronpuATCTBYIOLLEN
TpaneHuto pbibbl», KOTOpPasa OTKOHAET Tpasibl CYyAOB, TaK 4YTO
panoHbl NOABOAHON A06bIYN MOTYT ObITb BNOMHE AOCTYMHbI

ana poibonoscTBa. [NogsoaHaa apmaTypa BKoYaeT B cebA
ONCTaHUMOHHO ynpaBnAemble KfanaHbl, KOTOpble PerynnpyoT
NMOTOK CKBaXXWHbI 1 06n1aaaoT 60/bWNM BHYTPEHHUM AMaMeTPOM
C Tewm, 4TOObI caenaTtb BOSMOXXHbIM NPOXoxXAeHne 60onbLUMX
06bEeMOB rasa npu HaMMeHbLINX NoTepAx AaBneHua. NMogsogHaa
apmarypa Takxe oCHalleHa 60MblMM KONM4ecTBOM nNpubopos
AnAa MOHUTOPWUHra, KOTOpPble MNO3BONAKT noaaep>XuBaTb BbICOKYO
CKOpPOCTb Nepefayn AaHHbIX. p p
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the feasibility of the development.

Many of the prospective assets are located far away from shore, and

the industry-wide efforts to meet the associated Subsea to Shore
requirements to management of multiphase flow and provision of remote
control over long distances represent a frontier area within the current
subsea technology development.

The Snohvit development, located in the Barents Sea and operated by
Statoil, represents the current state-of-the-art in long step-out technology
for subsea developments with a world record distance to shore. The
Snohvit development includes the implementation of several novel
technologies and first-offs, including multiphase flow management over
ultra-long distances and subsea reinjection of associated carbon dioxide.
The subsea production system is supplied by Vetco Gray, and includes

a number of technological achievements related to long step-out power
supply and broadband fibre-optic data transmission. These technological
achievements, born out from extensive development and qualification
work, has moved the technology boundaries forward and has contributed
to significantly increase the industry’s capabilities within ultra-long
subsea tie-backs.

The Snohvit Subsea System

The Snohvit development solution is based on a subsea production
system, controlled remotely from land through one single umbilical, and
with the produced gas piped back to the onshore LNG plant through
one single pipeline. When the gas arrives onshore, the associated CO,
is separated from the gas, and is then sent back offshore in a separate
pipeline for reinjection back into the reservoir. In this fashion, emission of
greenhouse gasses is minimised.

The current Phase 1 of the Snohvit development consists of the
central Snohvit field, located some 145 km from shore, and the
Albatross satellite field, located some 11 km south of the central
Snohvit field. Together a total of 10 subsea wells are developed on
these two fields as part of Phase 1. Nine of these subsea wells are
producers, and the tenth is an injection well for reinjection of the ) )
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Tpw OMOPHbLIX OCHOBaHWA LIEHTPasIbHOTO MecTopoxaeHnA CHOBUT

1 YeTBEPTOE OMOPHOE OCHOBAHWE MECTOPOXAeHNA AnbbaTpocc
COefMHeHbl C LeHTpanbHbIM Tpy6onpoBoaHbIM MaHudonsaom (PLEM),
OTKyaa A06blBaeMbIN ra3 13 NoABOAHBIX CKBaXKVH Yepes OkHa Ha
OMOPHbIX OCHOBAHWAX MOCTyMNaeT Ha beper Yepes 28-A0NMOBBIi
cTanbHon Tpy6onpoBoa. A B NPOTUBOMOMOXHOM HanpaBneHuu,

¢ 6epera, ucnonb3ya oauH O6LMIA LuNaHrokabernb, UAyLWMA K
LieHTpanibHOMY pacrnpeaenatoLemy y3ny, pacnonoXXeHHOMy PAAOM C
MaHudonbaom PLEM, nocTynatoT: XXMAKOCTb ANA rMApaBnyeckon
CUCTEMbI yNpaBieHnA NOABOAHLIM 060PYAOBaHNEM, BLICOKOBOIIbTHOE
HanpAXXeHne 1 curHasbl ONTUKO-BONOKOHHOW cBA3W. MNocTaBnAemoe
HanpsxeHne aepxxutca Ha yposHe 3000 BOSbT, 4TO NPUMEPHO

B TpW pasa BbllLie, Yem A1A 60MbLUMHCTBA NOAOOHbLIX CUCTEM.

Bbicokoe nogaBaemoe HanpAXXeHne HeobXxoanMo AR OrpaHNYeHnA
noTepb aneKTponepeaaYn BAOMNb ANMHbLI WnaHrokabena. nvHa
LunaHrokabensa BMecTe ¢ He06X0AMMOW BbICOKOW CKOPOCTbIO

nepegayv 1 npuema nHgopmauum, obycnasnmeatoT UCMONb30BaHNE
OMTUKO-BOITOKOHHOM KOMMYHVKAaLMOHHOW TexHornorun. Bxoasluee Ha
LieHTpasIbHbIN pacnpenenatoLLmiA y3en BbICOKOBONLTHOE HanpAXeHWe
TpaHchopmmpyeTcA B MECTHOE HanpsaXkeHne B 600 BOMbT, a
OMTUKO-BONOKOHHbIE KOHTPOSbHbIE CUMHAMbI TPaHCOPMUPYIOTCA B
3MNEKTPUYECKME, KOTOpble HaknaabiBatoTCA Ha 600-BOMbTHbIE NIUHUN.
Kpome Toro, 4yepes LeHTpasibHbIN pacnpeaenaoLwmii y3en NpoxoauT 1
MOHO-3TUneHrnukonb (MEG), cny>xawmin aHTu-chprn3om B 4O6LINHOM
MOTOKE U ABMAIOLLMINCA OCHOBHBLIM KOMMOHEHTOM ANA NpeAoTBpaLleHnA
npouecca dopmmrpoBaHna nba us rugparos. MEG noctaesnaeTca ¢
6epera Yepe3s 2 oTAerNbHbIX 4-A10AMOBbIX JIMHAN. ONEeKTPO3HEpPruA,
KOHTPObHbIE CUTHAMBI U FMAPaBINYECKan XXUAKOCTb pacrpeaenATca
13 LIEHTPanbHOro pacrnpeaenmTenbHoro y3na Ha OrnopHble CTPYKTYPbI 1
apmaTypy 4epes BHYTPMMPOMbICIOBbIE LUnaHrokabenu.

Vicnonb3oBaHve oaHOro o6Lero nocTaBnAoLLero wiaHrokabens ¢
6epera, 6€3yCrIoBHO 03HAYAET, YTO OH ABNAETCA KPUTUHECKM BaXKHbIM
3MIEMEHTOM 3KCMNIyaTaumMm MECTOPOXAEHUA, U MO3TOMy cucTema bbina
co3faHa C y4eToM pAaaa 3alwmTHbIX chyHKUMIA. B cnyvae HeucnpaBHoOCTH
OCHOBHOW OMTUKO-BOITOKOHHON KOMMYHUKaLUWOHHOW CUCTEMBI, ) p
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separated CO,. A second satellite field called Askeladd is planned
for a future extension phase.

The subsea wells are developed with horizontal subsea trees, placed
on template structures. Each template weighs approximately 240
tonnes, and has room for up to four subsea trees. Each template
includes a ‘fishing-friendly’ integrated protection structure that
deflects trawlboards, so that fishing activities can take place across
the seabed where the subsea facilities are located. The subsea

trees include remotely operated valves that are used to control the
wellstream, and have a large bore diameter in order to accommodate
large gas volumes with a minimum of pressure drop. Also, the subsea
trees are equipped with a lot of instruments for measurements of the
operational performance, and this instrumentation makes it necessary
to accommodate a high data transmission rate.

Three templates at the central Snohvit field and a fourth template
at Albatross are connected to a central Pipeline End Manifold
(PLEM), from which the produced gas from the subsea wells on
the templates is sent back to shore via a single 28-inch steel
pipeline. In the other direction, one single umbilical runs from
shore out to a Central Distribution Unit next to the PLEM, carrying
hydraulic control fluid, high voltage electric power supply and
fibre optic control signals. The supply voltage is kept at 3000
volts, about three times higher than for most similar systems.
This high supply voltage is necessary in order to limit the
electrical transmission losses through the long umbilical. The
length of the umbilical, together with the high data transmission
rate requirements, contributes to make it necessary to use fibre
optic communication technology. On the Central Distribution

Unit, the incoming high voltage power is transformed into a local
supply voltage of 600 volts, and the fibre optic control signals are
converted into electric signals that are superimposed on the 600
volts power lines. Also, the Central Distribution Unit is used to
distribute Mono Ethylene Glycol (MEG), which works as anti-freeze in
the production stream, and which is essential to maintain the production p



[lynnekcHble Tpy6bl 415 NPOEKTA ra3oBoro
mecTopoxzaeHus Kena 2, Kutai

Outokumpu 3mo OUHAMUHHAS 2PYNNA MEMAALOE U MEXHOAO-
2uli, Ueab KOmopoli — CMamb HOMePOM OOUH CPeOU Hepxca-
serowjux cmasneii. Hawu kaueHmot ucnoav3yrom Hauu
Memanaudeckue U30eaus 8 WUpOKOM CReKmpe ompacaeti
npomviiaenrocmu. Mol nomozaem HAWUM KAUESHMAM 8
npuo6pemenuUl KOHKYPEHMOCnOCOOH020 RPEeUMYU4ecmea —

¢axmop Outokumpu — nocpeocmeom yayuuieHus ux pabomsi.

Outokumpu Stainless Tubular Products (Tpy6uamuvie uzoeaus
u3 Hepacaserowelt cmaau Outokumpu) 3anumaemcs
NpoU3BOOCMBOM U NPOOAXCell CBAPHLIX MPYOOK U3
Hepxcaseroueli cmaau, mpyo, kpenaeHuil u paanyes.
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Kak nobopoTb
npeBocxogswme cunbi?

Ucnonbayinte aktop Outokumpu

Kak ofynH 3 KpynHeiImx 1 crapeiiimx Npou3BOiuTeNel HepKa-
BEIOIIIEH cTany B Mupe, Kommanus Outocumpu mocBsiTiiia ceost
pa3paboTKe HOBBIX COPTOB, HOBBIX KaY€CTB U HOBBIX (hOPM MPOAY-
KIIUY, TOTOBBIX OTBEYATh TEXHUYECKUM NIOTPEOHOCTSIM OyAyILEro.

Onepanuy o NpON3BOACTBY TPYO M KPEIUICHUI U3 HEP>KaBEIoIIen
CTaJlu OCYILLECTBIISIIOTCS O] TOProBoil MapKoil: Outokumpu Stainless
Tubular Products. Hamra nmporpamMa oXBaTbIBa€T BECh CIEKTP COPTOB
HepzKaBerolel cTany 1 Becex obnacteil npuMeHenust. [IpounsBoacTBo
TIOJTHOCTBIO HHTETPUPOBAHO, HAUMHAS C HAIIINX CTAJIETIaBUIIbHBIX
3aBOJIOB M 3aKaHYUBAsi TOTOBBIMU TPYOUATHIMU U3IETHSIMU.
Mb1 nnasum ctanb.
npOKaTbIBaeM JIUCTDbI

Mpoussogum Tpy6bl U KpenneHns

Tpy6uatble usgenus u3 Hepxxasetowen ctanu Outokumpu

www.outokumpu.com/ostp



HaxoasALlencA B MaBHOM LnaHrokaberne, cylwecTByeT pesepBHan
cucTeMa KOMMYHMKaLMM, OCHOBaHHaA Ha HAJIOKEHNM KOHTPOBHOMO
CurHana Ha kabeny BbICOKOTO HanpAXEHUA B IMaBHOM LunaHrokabene. B
KayecTBe NocneaHen NMHAN 3alUMTbl, Ha Crlyyal MOSIHOMo 0TKasa [MaBHOro
LwnaHrokabenA, BcA NoaBoAHAA CUCTEMA LIEIMKOM MOXET AUCTaHUMOHHO
YNpaBnATLCA C MOMOLLbIO BCMIOMOraTenbHOM Cry THUKOBOW CUCTEMBI
ynpasneHuna, AeNCTBYIOLLEN C aBAPUINHOMO MHTEPBEHLIMOHHOTO CyaHa.

CucTema LwnaHrokabenen ABNAETCA HECOMHEHHO XXM3HEHHO BaXKHbIM
3M1eEMeHTOM JIH060ro NPoeKTa AaHHOro TUMa ¢ 60MbLUMMM «Liaramu» ¢
6epera. Bbino NpunoXeHo MHOrO YU ANA yMEHbLLEHWA pa3MepoB
1 CNOXHOCTW WwnaHrokabenen CHoBUTA, CTapasnCh B TO XXe BpemsA
obecneynTb NOCTaBKY 3NETPUHECKON U TAPaBINYECKON SHeprm

Ha MecTopoXaeHue. Heckonbko HOBbIX MPOEKTHbIX CTyreHel 6b110
€034aH0 ANA ONTUMMU3ALMKN CUCTEMBI LUNTAHToOKabenen, BKoyaa
ncnonb3oBaHune ycvaTeneVl BbICOKOro AasfieHNUA B KOHTPOJIbHbIX
MoaynAax NOABOAHOM apMaTypbl. Takum 06pa3oM, BbICOKOE AABMEHNE,
HeobxoaMMoe AJ1A NPOBeAeHNA onepauui Ha 3a60e CKBaXKUHDI,
co3gaeTcA nog Boaon, B NoABOAHON apMaTtype. OTO 03HAYaeT, YTO HET
HeobX0AMMOCTY BKITHOHATb JIMHUM MO 06ECMEYEHMIO BLICOKOMO AABNEHNA
B LUIaHrokabenw.

[na Toro, 4To6bl NPOEKT NOABOAHOW cucTembl CHoBUTa 6bin
>KM3HECNOCOBHbIM, koMMnaHuA BeTko [pan paspaboTana n npumeHunia
HOBbIE TEXHOMNOMMK B pAAE chep NpoeKTa. ITO BKIOHaeT B cebA
rOpU30HTasIbHbIE MOABOAHBIE (POHTaHHbIE apMaTypbl ¢ 60MbLUMM
avameTpoM AnA 60MbwnX 06bEMOB ra3a, ONTUKO-BONIOKOHHBIA MOAEM
anAa I'IpGOﬁpa3OBaHI/IF| ONTUYECKNX CUrHAsIOB B 31ieKTpudeckune n
BbICOKOCKOPOCTHYI KOMMYHUKALMOHHYIO CUCTEMY C LUMPWUHOW NOoc
YacToT npumepHo B 10 pa3 6onblue, YeM B OBbI4HbIX MOABOAHBIX
cuctemax. [ipyrve paspaboTku BKIOHAIOT B cebA CUCTEMbI MOABOAHOMO
COEeAVHEHNA BHELLHUX 1 BHYTPMMPOMBICNOBBIX TPy6onpoBoaos
6onbLuoro anameTpa (6e3 NCnonb3oBaHNA BOAOMA30B), NOABOAHYHO
CUCTeMy Kamep nycka CKpebKoB AJ1A KOHTPONMPYEMOro UCMONb30BaHNA
CKpebKoB B cucTeme TpybornpoBOAOB M HOBYHO NMOABOAHYH CUCTEMY
TpaHccopmaTopa Ha 3000B.

Craronn Takxe 3agencrsosan B CHoOBUTE pAA APYrX HOBEMLLINX
TEXHOMOMN N METOAOB OCYLLECTBNEHNA NOABOAHbBIX MPOEKTOB.
Hanpumep, noaBoAHbIE OMOPHbIE OCHOBaHWA Bbinv YyCTaHOBIEHbI

¢ ncnonb3osaHnem metoga «Pencil Buoy» (nepesog: 6yn B

BWAE KapaHalla), Koraa OrnopHble OCHOBaHWA AOCTaBNATCA K
MECTOPOXAEHMIO B MOrPY>XEHHOM COCTOAHWUMN U 3aTEM OMyCKIOTCA

Ha AHO, 6yayym noaBeLeHHbIMU Ha B6yun. [aHHbIM MeToq yecTpaHAeT
HeobX0AMMOCTb UCMONb30BaHUA AOPOrUX NOABEMHbBIX CYAOB.

3a npegenamu CHoBUTA

MecTopoxaeHne CHOBUT pacrnonoxeHo npumepHo B 160km oT 6epera,
YTO y>Ke ABNAETCA NPeaenoM COBPEMEHHON NOABOAHOM TEXHOMOrMn

no yganeHHocTu oT 6epera. A 4To Xe 6yaeT B crnyvae yBUNMYEHNA
3TOro pacctoAnvA? Hanpumep, pacctoAxne B 400 km oT 6epera
npubnuanTensHo coctasnAeT 200 MOPCKUX MUSTb, & 3Ta AMCTaHUMA
naeHTUYHa 60NbLWNHCTBY ByAyLUMX MPOEKTOB B HALMOHAIBbHbBIX
TeppuTOpUasbHbIX Bodax. Tem He MeHee, B ADKTUHECKOM peruoHe
Haxo4ATCA HECKOJIbKO NepCcneKTUBHbIX NOABOAHbIX MeCTopO)K,EleHVIVI,
YbA OTAANEHHOCTb OT 6epera HaMHOTO NPEBbILLAET 3TO PaCCTOAHME.
Hanpumep, ruraHTckoe LLITokmaHoBCKoe MecTopoxaeHue B Nevopckom
MOpe pacnonoXeHo Ha paccToAHuM 600km oT 6epera. B cBA3M ¢ aTuM
04YeHb MHTEPECHO YBUAETb Kak TexHonorna CHoBUTa MOXET ObITb
NpUMeHVMa AnA NPOEKTOB CO CBEPXOOMbLIMMU paccToAHUAMM [0 H6epera
1 paccMoTpeTb NnoapobHee 3aAa4m U peLleHna, CBA3aHHbIE C 3TON
npo6rnemon.

HauHem ¢ ruppasnuyeckon cuctembl. O4eBMAHO, HTO YBENUYEHe
paccToAHMA OT Bepera yBeNnuyMBaeT Takxke 1 BPeMA peakumu,

T.e BPeMA npoLueaLlee Mexay HaxaTneM KHOMKN Ha nynbte
ynpaeneHnA Ha 6epery 1 MOMEHTOM OTBETHOW peakLmy MOABOAHOMO
KranaHa Ha CaMOM MECTOPOXAEHWN. TeM He MeHee, TLaTerbHbIN
aHanus 1 paboTa ¢ MakeTamu nokasasnm, 4To 3Tu Npobrembl MOryT
6bITb peLleHbl Npn UCnofib3oBaHU NOABOAHbLIX HakonuTenewn Ha
CKBaXXMHAX, Y4TO COMPOBOXAAETCA aKKyMyNATUBHBIM 3OheKTOM B p )
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without ice hydrates forming. The MEG is supplied from shore through
two separate 4-inch supply lines. From the Central Distribution Unit, the
electric power, the control signals, the MEG and the hydraulic supply
lines are distributed out to the templates and the subsea trees by infield
umbilicals.

Using a single supply umbilical from shore of course means that this

is a highly critical item for operation of the field; however the system is
designed to include a number of safeguards. In case the primary fibre
optic communication system through the main umbilical for some reason
should fail, there is a secondary back-up communication system based
on superimposing control signals on the high voltage power cables in
the umbilical. As a last line of defence, if the entire umbilical should be
damaged, the entire subsea system can be operated remotely via a
satellite link, conveyed via an emergency intervention vessel.

The umbilical system is of course a vital element of any long step-out
development of this type, and a lot of effort has gone into reducing the
size and complexity of the Snohvit umbilicals, while still ensuring a
sufficient supply of electric and hydraulic power to the field. Several new
design steps have been taken to optimise the umbilical system, including
use of High Pressure Intensifiers in the subsea control modules on the
subsea trees. In this fashion, the required high pressure for operating
downhole functions in the wells is generated subsea, locally at the
subsea trees. This means that the umbilical does not have to include any
high-pressure supply lines.

In order to make the Snohvit subsea system development concept
possible, Vetco Gray has been developing new technology in a number
of areas. This includes large bore horizontal subsea trees for high gas
volumes, fibre optic modem for conversion between electrical and optical
signals and a high speed communication system with a bandwidth
approximately 10 times larger than for standard subsea systems.

Other developments include large bore subsea connection systems for
diverless connections of the export and infield pipelines, subsea pig
launcher systems for pigging of the pipeline system and a new subsea
transformer system for 3000 volts.

Statoil has also employed a number of other novel technologies and
techniques for the Snohvit subsea system. For instance, the subsea
templates have been installed by use of the Pencil Buoy method,
whereby the templates are towed out to the field in a submerged
position, and then lowered to the seabed suspended in a buoy. This
technique eliminates the need for expensive heavy lift vessels.

Beyond Snohvit
The Snohvit field is located about 160 km from shore, and is clearly p )
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camMux LwnaHrokabenax. AToMy MOXeT crnocobCTBOBaTb AJIMHHbIV
LnaHrokabersb.

PaccmaTprBan Tpe6oBaHMA K KOMMYHUKALMOHHOM CUCTEME U
nepegaye MHoOpMaLMM, Mbl BUOUM YETKYIO TEHAEHUMIO pasBUTUA

3TOW OTPac/N NPOMbILLNIEHHOCTU B CTOPOHY YBEIMHYEHUA TUX
TpeboBaHUii B OTBET Ha BbICTPOE pa3BUTHE CIOXHBLIX NPUGOPOB

1 BbICOKOUHTENNEKTYasTbHbIX PeLleHmii. Tem He MeHee, ONTUKO-
BOJOKOHHaA TEXHOMOrMA Jokasasia CBOK CMOCOBHOCTL BblAepXXmBaTb
60nbLUME CKOPOCTY NepeaaYn MHpopMaumum Ha TpaHCaHTIaHTUYeCKue
avctaHumm. ONTUKO-BOSIOKOHHAA TEXHOMOMMA pa3BMBaeTCA ObICTPbIMM
Temnamu, He B NOCNEeAHIo ovepeab 6naroaapA GbICTPOMY Nporpeccy B
TENEeKOMMYHUKALMOHHOW NPOMBILLIEHHOCTU, 1 NoABoAHAA fobbiBatoLLan
oTpacsb MOXET, K CBOEW BbIrofe, Nonb30BaThbCA NioaaMu 3Toro
pa3BuTHA. NMOITOMY HEMOXOXE, HTO KOMMYHUKALMOHHbIE CUCTEMbI ByayT
NpenATCTBUEM AJ1A CBEPX-0TAANEHHbIX OT 6epera «Luaros».

Bonpocsl, cBA3aHHbIE C CUCTEMOI WaHrokabesnen, HaxoaATcA B
LieHTpe Moboro CBepXOoTAANEHHOro OT 6epera NpoekTa, Kak B nnaHe
CTOMMOCTW, TaK 1 B NfIaHe TEXHUYECKOW CIOXXHOCTM. [InnHa rnaBHOro
wnaHrokabena CHoBuTa cocTaBnAeT 144,267m, a ero Bec — okosio 2000
TOHH. 3TO — MMPOBOI PEKOPA U, BEPOATHO, NpUbnmxXaeT Hac K rpaHuue,
nocrie KOTOPOW NPON3BOACTBO U YCTaHOBKA NOAOOHLIX arperatoB MOXeT
okasaTtbcA HelenecoobpasHon. Tem He MeHee, CBEPX-0TAaNEHHbIE

oT 6epera «Luarn» MOryT OCYyLUECTBMATLCA MyTEM NPON3BOACTBA
LnaHrokabena, pasbuToro Ha CeKLmmn, KOTopble NMOTOM CrfieTaroTcA
BMECTE B OAHY ANNHY BO BPEMA YCTAHOBKM.

Tak 4TO XXe MOXET OrpaHN4MBaTb BO3MOXHOCTU «Liaros» ¢ 6epera?
Moxoxe, 4TO Ha 3TOT BOMPOC €CTb MO KpaiHel Mepe OaMH BaXKHbIN
otBeT: AJIEKTPOSHEPIUNA. O6ecneveHne nepemMeHHOro Toka npu
CTaHAapTHOM YacToTe CETEBOMO HaMPAXEHNA B

50y 3aBUCUT OT YBENIMYEHWA AMCTaHUMK «wara» ¢ 6epera, U aaxke npu
TOM, 4TO 3TO MOXET BbITb HACTUHHO BO3MELLEHO UCTIONbL30BaHWeM bonee
BbICOKOTIO HanpseHus, noTepu npu TpaHchopmaumn, Kak creacTaeue,
orpaH14aT MakCMMasbHYHO AJIMHY «LIaroB» NMpUMepHo Ao 250KM — 3T0 He
cTpalHo CHOBUTY, HO, YBbI, 3aTPYAHUT paboTy Npu «warax» ¢ 6epera Ha
paccToAHMA B ABa UM HECKOJBbKO pas HorbLume.

OpfHOM 13 [EeNCTBEHHbIX CTpaTerni peLleHna 3Toro Bornpoca

6yneT ncnonb3oBaHue obecneyeHrA HA3KMX YacTOT NEPEMEHHOTO

TOKa, Hanpumep, Tow >e YacToTbl B 16 2/3 ', 4TO ncronb3yeTcaA

B )KeNIe3HOA0POXHbIX cucTemax. [MNpu Takom noaxoae Jaxe
CBepXoTAarneHHble oT 6epera «Lwarn» MoryT 6bITb OCyLecTBUMbI. Ho
€CTb OrpaHNYeHUsA U Ha HU3KOYACTOTHbIN NEPEMEHHbIN TOK, U 3TU
OrpaHV4eHnA CBA3aHbI C TPeByeMbIM YPOBHEM NOAAYM SNEKTPOIHEPTUN.
Toraa Kak HU3KO4aCTOTHbIM MeTopA, byaeT paboTtaTh AnA CTaHAAaPTHOMO
3MeKTpocHabXeHNA NoABOAHbBIX CUCTEM Jadke Ha cBepXborbLune
paccToAHWA, 3TOro He ByaeT AOCTaTOMHO AJ1A YOOBNETBOPEHUA p p
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stretching the limits of the current subsea technology. But what
happens if the distance from shore is increased even further..?

For instance a 400 km distance from shore roughly equals a 200
nautical mile maritime boundary, and would thereby cover most
future prospects within national territorial waters. However, the
Arctic region contains a number of subsea prospects even further
away from shore. As an example, the giant Shtokman field in the
Pechora Sea is located a formidable 600 km from shore. Therefore,
it is interesting to see if and how Snohvit technology can be
applied for subsea developments at such ultra-long distances,
and to take a closer look at the technical challenges and solutions
related to this challenge.

Starting with the hydraulic system, it is clear that an increased
distance from shore will increase the required response time,
i.e. the time elapsed between pressing the button in the onshore
control room and when the subsea valve out on the field actually
responds. However, careful analysis and modeling work has
demonstrated that these problems can be managed by use of
subsea accumulators on the wells, assisted by the accumulation
effect provided by the umbilical itself. In this respect, a long
umbilical will actually be of help.

Looking at the communications and data transmission requirements,

it is a clear industry trend that these requirements are increasing, in
response to the rapid development of sophisticated instruments and
intelligent completions. However, the fibreoptic technology has proven to
be capable of handling massive data rates over transatlantic distances.
The fibreoptic technology is developing quickly, not the least due to

the rapid development of the telecom sector, and the subsea industry
can benefit from these advances. It is not likely that the fibreoptic
communication systems will be a limiting factor for ultra-long step-outs.

The umbilical issues are at the core of any long step-out development
concept, both in terms of cost and technical solution. The main umbilical
for Snohvit, supplied by Nexans in Norway, is 144,267 m long and
weighs in at about 2000 tonnes. This is a world record, and probably
starts to approach the limit of what can be regarded as practical

to manufacture and install. However, ultra-long step-outs can be
accommodated by manufacturing the umbilical in several sections, which
then are spliced together into one continuous length during installation.

So what IS the limitation for the step-out distance..? It seems as if one
important answer is POWER. Supply of AC power at the standard 50 Hz
grid frequency is sensitive to step-out distance, and even if this partly can
be mitigated by use of a higher supply voltage, the power transmission
losses will inherently limit the maximum step-out distances to about 250
km — this is sufficient for Snohvit, but sadly inadequate for step-outs
which are twice as long or more.

One efficient strategy to combat this problem is to use a lower supply
frequency, for instance the same 16 2/3 Hz frequency that is used for
railroad systems. With this approach, even ultra-long step-outs are
achievable. However, there are limitations even for the low frequency
approach, and these limitations are related to the required power level.
Whereas the low frequency approach works for standard power supply
to a subsea system even for ultra-long distances, it will not be sufficient
for extreme power supply requirements in the megawatt range. For most
subsea developments this is an irrelevant problem since only a fraction
of this power level is required, but there are exceptions - not the least
related to long step-out developments. And here is why...

Ultra-long step-out developments will primarily relate to production of

gas, and not of oil. The reason is that the physical properties of oil, with
waxing and ice hydrate problems, effectively would prohibit transportation
through pipelines over such long distances. For a subsea to shore
development the long pipeline back to shore will create a significant
pressure drop in the gas stream, which directly will impact the recovery
factor from the reservoir. This means that subsea compression of the gas
will be very attractive from a recovery standpoint, since the compressors
can compensate for the pressure loss through the pipeline. But subsea p p
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3KCTPEMasIbHbIX TPEBOBAHWUI MO ANEKTPOCHABXEHMIO B MEraBaTTHbIX
ncumcnerusx. [na 6onblLWMHCTBA NOABOAHBIX pa3paboTok 3TO

— He CIIULLKOM peneBaHTHas npobnema, NocKomnbKy Tam TpedyeTca
NULWLb YacTb NOAO0BGHOIO YPOBHA 3MEKTPOCHABXEHUA, HO Be3ae

€CTb UCKIIOYEHWA — U HEe B NOCNEAHIO ovepeb CBA3aHHbIEe CO
CBEpPXOTAaNEeHHbIMM MecTopoxaeHnAMU. MoaTomy:

MpoekTbl co cBepxbonbLlUMMKM «LuaraMu» ¢ 6epera byayT B Nepeyto
o4epenb cBA3aHbl ¢ AobblYen ra3a, a He HedpTw. MpuumnHa aToro
KpoeTcA B (huanyeckmx KavecTax HedbTu, B Npobremax napadHoOB 1
hopmMMpoBaHKA NbAa B ruaparax, 4To UCKIoYaeT TPaHCNOPTUMPOBKY MO
TpybonpoBogam Ha Takue 6orblune paccToAaHuA. [nA noaBoaHoro-ao-
6epera npoekTa ANMHHBIN TPybonpoBoA K 6epery co3aacT onacHoCTb
CYLLECTBEHHOW NOTEPU AABMNEHNA B NMOTOKE ra3a, YTo Hanpamyio
0TpasuTCA Ha JaBfieHUM Ha BbIXoAe M3 nnacTta. OTo 03HaYaeT, YTo
noABOAHAA KOMMPECCHA ra3a CTaHOBUTCA BECbMa NpYBeKaTesibHoOM

C TOYKVM 3pEeHVA N3BMIEYEHUA rasa 13 nnacTa, Tak Kak KoMNpeccopsbl
MOryT KOMMEHCUPOBaTb NOTEPY AaBNEHWA, MPOMCXOAALLME BO BPEMA
npoxopa rasa no Tpybonposogy. Ho noaBoAHbIE ra3oBbie KOMMPECCOpPbI
KaK pas v NpyHaanexar K Tol rpynne obopynoBaHua, koTopanA TpebyeT
3MEKTPOCHaABXEHUA, U3MEPAEMOro B MeraBaTTax, No3ToMy AaHHoe
peLLeHne ABMAETCA PUCKOBaHHBIM U CITIOXKHBIM MO BbIMOSTHEHMIO C
TOYKM 3pEHVA aneKTpocHabXeHuA. ATo - cBoeobpasHan «JloyLuka
22» cBepxbonblUnX «Laros» ¢ 6epera: 4eMm ANIMHHEE AMCTaHUMA Liara,
Tem 6onee NpyBreKaTesibHoN CTaHOBUTCA NOABOAHAA KOMMPECCcHA
rasa — Ho BMecTe C TeM 1 6oree CNoXHbIM CTaHOBUTCA obecneyeHne
3NEKTPOCHaABXKEHUEM.

MHbIMK crioBamu, CyLLECTBYIOLLME U MPOBEPEHHbIE NPaKTUKOM
KOMMOHEHTbI, OCHOBaHHbIE HA TEXHOMOMMM UCMONb30BaHUA
NEepPEMEHHOr0 ToKa — AaXe YYUTbIBAA ero NMOHWXKEHHYHO YacToTy

— MOTyT UCNoNb3oBaTbeA AS1A (hyHKLUMOHNPOBaHUA TPAANLIMOHHBIX
NoABOAHbIX CUCTEM, B TOM HKMCIIE Y NPU OCYLLECTBNEHN CBEPXOOMbLUMNX
«LaroB» ¢ 6epera, Takux Kak, Hanpumep, paspaboTka LLITokmaHckoro
MecTopoxaeHuA. OaHako, ecnv 3Ty cuctembl byayT TpebosaTb ) p
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gas compressors are exactly the kind of equipment that will require
power supply in the megawatt range, and which therefore represents a
challenge from a power supply viewpoint. This is the Catch 22 of ultra-
long step-outs: The longer the step-out distance is, the more attractive
subsea gas compression will be — but also more difficult from a power
supply viewpoint.

In other words, existing and field proven subsea components based

on AC technology — although with a reduced frequency — can be used
to operate conventional subsea systems even at ultra-long step-out
distances, such as for project like Shtokman. However, if these systems
will require megawatt level power supply to support subsea gas
compression systems, even low frequency AC will be inadequate.

It appears evident that the technology that holds most promise for
solving this dilemma will be based on use of High Voltage Direct Current
(HVDC), of the same type as used in commercial power transmission
systems with sea cables. HVDC technology is independent of
transmission distance, and can handle high power levels. A system of
this type was recently installed on the Troll A platform, feeding offshore
compressors on the platform from the national grid via an HVDC link.
However, this was a dry system with all HYDC equipment placed on the
platform. A subsea application would require that all equipment is placed
on the seabed, something that will necessitate several design challenges
for the subsea industry.

In order to make ultra-long step-out developments a reality, the next
major challenges for the subsea industry will relate to developing reliable
and robust subsea compressor systems, and the HVDC based subsea
power supply systems required to feed the compressors.

Snohvit is a good start on this journey, and shows that the subsea
industry can make great things happen..! m
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MeraBaTTHbIN YPOBEHb 3M1EKTPOCHAOXXeHWA A/1A obecneveHna
HanpsAXeHreM npoLiecca NoABOAHON KOMMPECCUY rasa, B 3TOM Clyyae
[a>e UCMOMNb30BaHNe HU3KOHACTOTHOTO NEPEMEHHOTO TOKA HE PeLUInNT
npobnemy.

o Bcel BepoATHOCTH, Hanbornee obeluatoLLen TeEXHONormen onsa
BO3MOYXHOIO PELLEHWA 3TOW ANNEMMbI NOAAYMN SIEKTPONUTaHMA
ABNAETCA TEXHOMOMA, OCHOBaHHHAA Ha UCMOMNb30BaHWUM MOCTOAHHOTO
TOKa BbICOKoro Hanpaxenna (HVDC), 4To aHanormyHo ncnosib3oBaHuio
HVDC B kOMMEpPYECKUX cUCTEMaX 3MieKTponepenay Yepes MopcKue
kabenu. TexHonorMA NOCTOAHHOTO TOKa BbICOKOO HaNpAXKEHWA He
3aBUCUT OT BEMNYMHBI AVCTaHLMW 3MIEKTponepesayu, u MoxeT paboTartb
C O4€eHb BbICOKUMU YPOBHAMU 351eKTPo3Heprum. MopgobHaa cuctema
6bina HegaBHoO ycTaHoBMeHa Ha nnatdopme Tponn A, oHa cHabxaeT
3MEKTPO3HEPIeN KOMNPPECCOopPbI Ha NnaTdopmMe OT rocyaapCTBEHHON
CeTu, UCNOMb3yA NOCTOAHHbBIN TOK BbICOKOrO HanpaxeHus. Moxoxue
cucTeMbl 6biny co3aaHbl 1 AnAa apyrux nnatdgopm B CeBepHOM Mope.
Tem He MeHee, 3TU CUCTEMbI — CyXxue, Bce 060pyaoBaHNe pacnonoXeHO
Ha nnatcopmax. MpumeHeHre ero noa Bogov NoTpebyeT pasMeLLeHnA
BCero obopynoBaHusA Ha AHe, YTO, B CBOKO O4Yepeab, NoTpebyet
NCCneaoBaTenbCKUX 1 MPOEKTHBIX Pa3paboToK B HECKOMbKUX
TEXHOMOrMYECKUX OTPaCHAX.

[ina Toro 4To6bl CAenaTh PeanbHOCTBIO OCYLLECTBIEHNE NMPOEKTOB
cBepx60onbLlUnX «Wwaros» ¢ 6epera, OCHOBHbIE 3a4a4u, CTOALLME nepeq,
NoABOAHON NPOMbILLNEHHOCTHIO, ByayT CBA3aAHbI C Pa3BUTUEM HALEXHbIX
1 CTabunbHbIX KOMMNPECCOPHbBIX CCTEM, OAHOBPEMEHHO C Pa3BUTUEM
CUCTEM 3MEKTPOCHABXKEHWA 3TUX KOMMPECCOPOB, OCHOBaHHOM Ha
MOCTOAHHOM TOKE BbICOKOO HarpaXeHua.

CHOBMT — 3TO XOpOLWUiA cTapT AnA nyTewwectsuA. OH NokasbiBaeT,
YTO NOABOAHAA OTPacib HeddTEra3oBoi NPOMbILLEHHOCTU B cuUiax
NPeTBOPUTL B XKW3Hb MPaHANO3HbIE NiaHbI! |
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