NHTEeNNeKTyanbHblé CKBAXWUHbI OTKPbIBAIOT

HOBbIE FOPU30HTDI

New Horizons — Smart Wells

CKBaXkMHa co cTaHAapTHbIM Habopom 06opyaoBaHUA BKOYaeT
Takne KOMMOHEHTbI, KaK 3a[BWXXKW ANA perynupoBaHva NoCTyMneHns
NnacToBbIX XXMOKOCTU Ha YyCTbe, ceTHaTble nin rpaBVII7IHbIe
CbI/II'IprbI AnA npegoTepalieHnA nonagaHnA necka B CKBaXXNHY,
pasnunyHble TPy6HblE COEANHEHNA N NAKePbl, KOTOPblE HEOOXOANMBI
AnA obecneyeHns LenoCTHOCTM CKBa>KMHBI HA MPOTAXKEHUN BCErO
cpoka ee akcnnyaTtauum. OfHako, B CKBaXXMHax Co CTaHAAPTHbBIM
Habopom o6opynoBaHUA OTCYTCTBYET BO3MOXHOCTb aieKBaTHOro
pearnpoBaHnA Ha U3MeHeHUe BHYTPUCKBa>KUHHbIX yC]‘IOBI/II7I, a
paspeneHve fobbiBaEMON XUAKOCTM Ha oTAesbHble hasbl (HedTb,
ras v Bofa) NPOUCXOAUT YXKe Mocie ee NocTynsieHne Ha yCTbe.

TexHonorna “UHTeNNEKTYanbHoM” CKBAXUHbI U
“MHTENNEKTYaNbHOI” Pa3paboTKu 3anexu

TexHonorua “MHTeNNeKTyanbHoN” CKBaXWHbI obecnevmsaeT
BO3MOXHOCTb COOTBETCTBYIOLLEro pearnpoBaHna Ha U3MEHeHe
YCNOBWIA B CKBaXXNHE. BHeApeHWe 3Ton TEXHONOormmn o3HameHoBano
co60W HOBbIN 3Tan B 3BOMIOLIMM MPOLIECCa IKCMyaTaummn CKBaXmuH,
KOTOPbIN y>Xe NPUHOCUT CyLECTBEHHbIE BbIroAbl. 3a nocneaHune
roabl CreumanucTbl-nccnenoBaTeny n HxeHepbl komnaxdum LWenn
NPUHUMAnN camoe akTUBHOE y4acTue B pa3paboTke, BHeAPEHUN U
pasBUTUN TEXHONOTUM “UHTENNEKTYaNbHON” SKCMNyaTaumnm CKBaXKuH.

KoMnoHeHTbI n obopyaoBaHue AnA paboTbl “MHTENNEKTyanbHbIX”
CKBa>XKWH C 6OSbLUNM YCNEXOM MPUMEHASIUCH B Pas3fnyHbIX pernoHax
mupa, Bkntoyaa CLUA, CeBepHoe mMope, 3anaaHyto Adpuky, BrvixkHuin
BocTok, BpyHen n ABcTpanuio.

“UHTenneKTyanbHbIMU” CKBa>XWHbI U MPOLIECC SKcnnyaTaumm
MECTOPOXAEHNA AenaeT He cama no cebe HOBaA TEXHOMOIMA, a
HOBaTOPCKOE CoYeTaHue CyLLEeCTBYIOLMX NepefoBbIX TEXHOMOTUN,
BKItoYaA 6ecnpoBoAHYtO NepefaYy AaHHbIX, ANCTAHLUMOHHbIE
[aT4YMKW, MEXaHN3Mbl AUCTAHLMOHHOTO KOHTPOMA U POBOTOTEXHUKMU.
[ucTaHUMOHHbIE AaTyYMKK obecne4mBaloT B peanbHOM BpEMEHN
KapTWHY TOrO, YTO MPONCXOAUT B CKBaXKMHE. MakcmmanbHbIv
3ahheKT OT paboTbl CKBaXKUHHbIX AATYMKOB JocTuraeTcA bnarogapsa
MCMOMb30BaHMIO CUCTEM YNpasneHua, NO3BONAIOWMX BbIMNOMHATL Te
WU UHbIE AEVCTBUA NPY U3MEHEHWN YCNOBUI BHYTPU CKBaXXWHbI.
Mo>xHO ynpaBnATb paboTon CKBaXXMHHBIX KNanaHoB, perynvpya
NOTOK XWAKOCTW UMK OCTaHaBnMBanA Ao6bl4y U3 OAHOrO roOpU3oHTa
1 yBenuyMBasn ee U3 Apyroro. YCTaHOBKa B CKBaXKUHE CrneumanbHbIX
YCTPOWCTB, TAKNX KaK rMApOLMKIIOHbI, MO3BOMAET NPOU3BOAUTD
AerasmpoBaHne XXNAKOCTU HENOCPEACTBEHHO B CKBaXKMHE.

B “nHTennekTyanbHbIX” CKBaXXMHAX CyLLECTByeT BO3MOXHOCTb
1cnonb30Bath ras, A4o6biBaeMbIfi C OfHOTO FOPU3OHTA, ANA 3aKayku
B HE(PTEHOCHbIV FOPU3OHT C LeSbio NOAAEP>KAHMA NIacTOBOro
AaBnennA, 6e3 HeobxoaMMOCTU NpeABapuTENbHOM NoJaYm ra3a Ha
ycTbe. [pn 3TOM MOryT UCMONb30BaTbCA MEXaHU3Mbl yripaBneHns
pasnunyHon cnoxHocTu. OnepaTopbl 406bIYY UMEIOT BO3MOXHOCTb
pearnpoBarb Ha NOCTYNaoLLy N3 CKBaXXUHbI MHOPMaLWIO 1
ynpaBnATb BHYTPUCKBaXXWHHbIMW YCTPOMCTBaMMN BPYYHYIO UNn C
nynbTa ynpaBneHva, NOAKMTHYEHHOMO K KOMMboTEPaM, Nockinaa
yrpaBnAloLWwme CMrHasnbl K BHYTPUCKBaXXMHHOMY 060pyAOBaHMIO.
Cawmble CroXHbIE CUCTEMbI NMO3BOMAIOT OCYLUECTBNATH
aBTOMaTU4YECKOE yrpaBrieHne paboTon CKBaXXUH Ha BCEM
mecTopoxaeHun. [Npu aTom, ycTponcTBa HENOCPeACTBEHHO
pearvpytoT Ha U3MEHeHWe YCroBUiA B CKBaXKunHe 6e3 HeobxoaMmMocTu
BMelLaTeNbCTBa oneparopa.
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In a traditional well environment, components such as valves,
control the flow of fluids; screens or gravel packs stop sand from
entering the well; pipe joints and packers are needed to ensure the
well retains its integrity over its producing life. However, traditional
wells do not respond to the changing downhole conditions and all
the fluids (oil, gas and water) have to be produced together and
separated at the surface.

What is ‘smart well’ and ‘smart field’ technology?

Smart wells offer the possibility to respond to changing conditions and
the evolutionary process has begun with smart wells and smart fields
already proving their worth. Over the past few years Shell scientists and
engineers have played a major role in promoting and developing smart
technology.

Various sites worldwide — from the USA, to the North Sea, West Africa,
the Middle East, Brunei and Australasia — have all successfully installed
smart well components.

What makes the wells and fields smart is not the new technology

in itself, but rather innovative ways of combining existing state-of-
the-art technologies such as wireless technologies, remote sensing
capabilities, remote control mechanisms and robotic tools. Remote
sensors can immediately show what is going on downhole. To get

the most out of this measurement feedback, control systems can
respond to changing conditions. Down hole valves can be adjusted,
controlling flow or shutting off production at one level and increasing it
from another. Fluid processing can take place down hole with gas and
liquids being separated by devices such as hydro-cyclones.

Smart wells can be used to take the gas production from one

level and reinject it at another, maintaining the pressure needed
for oil production without the need to bring the gas to the surface.
The complexity of control mechanisms can vary. Operators at the
surface can respond to the downhole information and manually
control the devices, or via a control room linked to computers can
send commands remotely to the sub-surface. Ultimately, at their
most complex, the systems can be automated across an entire
field so the devices respond directly to changing conditions without
manual intervention.

Salym Petroleum Development

- Pioneering Smart Wells in Western Siberia

SPD started to operate the Salym fields in 2004 and since then a
remarkable number of successes had been achieved. Plans are
progressing for smart wells in the Vadelyp field - the first smart wells in
Western Siberia.

By using and adjusting downhole equipment from the surface, SPD will
be able to combine production from different reservoir intervals in the
same well. This will also allow measurement of flow from each interval
and when necessary the ability to open and close production per interval
to minimise water production or interference between zones. The main
equipment devices used are downhole flowmeters and downhole interval
control valves, which can then transmit data to surface or be operated
from surface.

Example smart wells planned in Salym with flowmeters and downhole
control valves are shown in the figures on the next page.



Komnanua Canbim NMerponeym [eBesIONMEHT 3anycKaer
B pPa6oTy nepBbie “UHTENNEeKTyanbHble” CKBaXMHbI B
3anagHon Cubupn

CMNA npuctynuna Kk gobbide Ha CanbIMCKOM MecTopoxaeHun B 2004
I. U C TeX Nop B 3KCMNJlyaTauum MeCTOPOXKAeHVA BbINn SOCTUMHYThI
3HaumTenbHble yenexu. MnaHupyeTcA 3anycTuTb B 3KCMyaTauuo
nepeble B 3anagHon Cubupm “wHTenneKTyanbHble” CKBaXXWHbI Ha
mMecTopoxaeHun Bagenbin.

Wcnonb3ys cneunanbHoe BHYTPUCKBAXXMHHOE 060pyaoBaHme,
KoTopoe ynpasnaeTca ¢ ycTbA, CM[ cMoXeT BeCTy A06bl4y B OAHO
CKBa>KVHE Cpasdy U3 HECKOMbKMX HE(ITEHOCHBIX TOPU3OHTOB. JTO
Tak>xe NO3BOSIUT M3MEPATb CKOPOCTb MOCTYMIEHUA XUAKOCTU U3
KadkAoro paspabaTbiBaeMoro ropu3oHTa u, Npu Heo6XoaMMOCTH,
npekpawarb fobblvy U3 No6oro MHTepBana AnA CHUXEHUA
coaepXaHvs BoAbl B NPOAYKUMM CKBAXMWHbI UMW YMEHbLIEHWSA
nepeTokoB. OCHOBHOe creuvanManupoBaHHoe o6opynoBaHme
BKIOYAET My6UHHbIE Ae6UTOMEPBI Y BHYTPUCKBaXKUHHBIE
perynupytolme KnanaHbl, CNoco6HbIe NepeaaBaTth AaHHbIE HA YCTbe U
yNpaBnATLCA C YCTbA.

Hw>xe npeacTaBneHbl CxeMbl MNaHnpyembix K 3anycky Ha CanbiMckoM
MECTOPOXAEHUN “UHTENNEKTYarnbHbIX” CKBaXWH € rMyOUHHbIMK
nebutomepaMu 1 perynmpyowmMmn KnanaHamu.

[o6biBalowiana cKBaXKuHa BopoHarHetaTtesibHafA CKBaXkuHa
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Mpuymta ucnonb308aHnA Komnanueit Gl TexHonorum
“UHTeNNEKTYanbHbLIX” CKBAXWH Ha MecTopoXaAeH Bafenbin.
Ha mectopoxaeHvn Baaenbin nnaHvpyeTcA BECTU A06bI4Y U3 HECKOMNbKUX
NPOAYKTMBHBIX FOpn30oHTOB - AS10, AS11.1/11.2 n AS11.3. UrdkeHepam-
paspaboTynkam HeobxoAMMO MMETb MHhbopmaLmio 06 ob6bemax A0ObIHK
13 Ka>K[0ro ropu3oHTa As1A BO3MOXHOCTU MPOrHO3MPOBaHWA YPOBHEN
[06b14mM 1 3chcheKTUBHOM IKCMNyaTaLumm MectopoxaeHnda. Oneparopam
Ha MECTOPOXAEHNN HEOOXOAUMO OTCIEXMBATb 06beMbI A0ObIUM 13
pasfnMYHbIX NPOAYKTUBHbBIX FOPU3OHTOB 471 ONTUMM3aLMy A06bI4M

1 COOTBETCTBVA YCTaHOBNEHHBIM TpeboBaHuAM. Vicnons3oBaHue
“HTENNeKTyanbHbIX” CKBaXKWH YCTPaHAET HEOOXOAMMOCTb BypeHnsa
OTAENBHOM CKBaXKMHbI [J1A KaXKAO0ro NPOAYKTUBHOMO rOpU30HTa AnsA
nonyyeHna NoaobHoOM NHchopMaLmm.

[ocKonbKy TEXHONMOMMNA “UHTENNEKTYasIbHbIX” CKBaXXWMH NPUMEHAETCA
B Poccun Bnepseble, CI[] HaYHET ¢ CNonb30BaHWA ry6UHHbIX
0ebuToMepoB B HECKONbKNX CKBaXXMHAX Ha MECTOPOXAEHUN
Bapgenbin, ynpasnAsa paboTol CKBaXKMHbI C MOMOLLbLIO CrieumarbHbIX
BHYTPUCKBaXXMHHBIX UHTEPBEHLIMIA, @ 3aTeM, B CeayoLemM rogy
YCTaHOBUT rMy6uHHbIE perynupytowme knanatbl. [locne Toro, kak
“UHTENNeKTyaNbHble” CKBaXXMHbI LOKAXYT CBOI apEeKTUBHOCTL b )

Producer Water Injector
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Why SPD is using Smart Wells in Vadelyp?

In the Vadelyp field it is planned to produce from several reservoirs
the AS10, AS11.1/11.2 and AS11.3. The reservoir engineers need to
understand how much production is coming from each reservoir so
that predictions can be made about future oil recovery and the field
properly managed. The field operations staff need to monitor and
allocate production to different reservoirs to optimize production
and to comply with statutory requirements. Without smart wells it
would be necessary to drill separate wells into each reservoir to
get the same data gathering and control.

Since smart wells are new to Russia, SPD will start using downhole
flowmeters in the first few Vadelyp wells with control by intervention
and then introduce downhole control valves the following year. Once
proven in Vadelyp then smart wells could be applied in other fields

to allow monitoring and control of production from the different
reservoirs, and help optimize well production and improve the ultimate
recovery through better control of the sweep in the reservoir.
Ultimately SPD will move to three zone producer completions
measuring flow from each zone and controlling production per
interval from surface. Similarly for water injectors SPD will be able
to measure injection into each reservoir interval and control where
the water is being injected to maximize oil recovery.

The Future - Smart Fields

The Smart Well project is an important part of a larger Smart Fields
initiative in SPD. The term “Smart Fields” describes the manner through
which SPD aims to maximize the lifecycle value of an asset, such as
Vadelyp, through continuous optimization of all its components: wells,
reservoirs, pipelines and facilities. Smart Fields is about the ability to
measure and control and its principle is captured in the Smart Fields
Value Loop (Figure over page).

This value loop is applied by assessing the key decisions, which are to be
made to optimize life cycle value. The measurements from the wells and
facilities (eg. pressure, zonal flow rates, composition, temperature) are
stored and processed as data are fed into real time models (subsurface,
well inflow and outflow, surface facilities models) that can be used to
understand the current and future behavior of the wells and reservoirs.
Subsequently, these models can be used to generate and evaluate
options to improve this behavior with respect to the project’s drivers and
constraints and make decisions on the optimum setting of the integrated
production system. When smart fields technology is applied correctly, these
options will result in a reduction in life cycle cost, optimized production

and increased recovery. Smart wells, as the key link to the reservoirs, are
instrumental to achieve this kind of smart development of a field. |
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Ha BaI'IJJ,bII'Ie AaHHaA TEXHOMNOrnmA MoXeT 6bITb UCMONb30BaHa Ha
OpYrMx MECTOPOXAEHUAX AN1A MOHUTOPUHIA U PErynMpoBaHus
06beMOB [06bI4M U3 OTAENbHBIX pa3pabaTbiBaeMbIX NMPOAYKTUBHBIX
FOPMU3OHTOB, a Tak>Xe AnA onTuMnu3auun ypoBHA ,qOGbI‘-WI N3 CKBa>XuH
N YBENUYEHUA CyMMapHoM f06bI4M 3a CHET Ny4yllero oxsara nniacTos.

B koHeuHom utore CI[] nepengeT Ha 3aKkaH4MBaHue ¢ TpemAa
NPOAYKTUBHbIMY 30HaMU, C 3aMepoM AeOUTOB KaX oW 30HbI 1
perynnupoBaHmeM ypoBHEW A00bIYMN N3 KaXKA0ro NpoayKTUBHOIO
ropu3oHTa. [ogobHbIM >xe 06pa3om, B BogoHarHeTaTeNbHbIX
ckBaXkuHax cneunanuctbl CMNO cMoryT 3amepATb 06bEMbI 3aKayKu

B KaXkAyto NPOAYKTUBHYIO 30HY U PErynmpoBaThb YPOBHW 3aKavyku B
pasnunyHble rOPU3OHTbI ANA AOCTUXKEHUA MaKCUManbHOro CyMMapHOro
obbema Jobblyn.

0T “UHTENNEeKTYanbHbIX” CKBAXWH K
“UHTENNEeKTYanbHbIM” MECTOPOXKACHNAM

BHenpeHune “nHTennekTyanbHbIX” CKBaXXWMH ABMAETCA BaXKHOW
cocTaBHOW YacTblo npoekTta Clr[ no peannsaummn TEXHONOrMK
“UHTENNEeKTyanbHOro” MecTopoOXAeHUA. TepMUH “nHTennexkTyansHoe”
MECTOPOXAEHME OnUCbIBaeT MeTos, C NOMOLLbIO koToporo CI[
nnaHupyeT AOBUTLCA MakKCMManbHON CyMMapHOW A06bl4K B
TeYeHue BCero Cpoka aKcnnyaraumm MeCTOPOXAEHNA, TAKOTO Kak
Bapenbin, nyTem HenpepbIBHOM ONTUMMU3auMn paboTbl BCEX ero
KOMMOHEHTOB: CKBaXXWH, NacTos, TPy6onNpoBOAOB M pasfnyHbIX
NPOMbICIIOBbIX 06BbEKTOB. “VIHTenneKTyanbHoe” MecTopoxXaeHme
nogpasymeBaeT BO3MOXHOCTb 3aMepOB W pPerynmposaHnA 06beMoB
[o6bIBaEeMbIX XXUAKOCTEN 1 3aKaynsaemon Boabl. Ero ocHoBHbIe

NPUHLMNbBI NpeAcTaBeHbl Ha HUXXENPUBEAEHHON cxeme 3HauMmMocTH
“UHTENNEeKTyanbHOro” MeCcTOpPOXAEHUS.

,D.aHHaFl cxema 3Ha4MmoCTu peannsdyeTcA nNnyTemMm OUeHKU KNn4eBblX
peLIeHnin, HeobXxoANMbIX ANA ONTUMMU3aLMN CYMMapPHOro YPOBHA
[06bl4M 3a nepnog aKcnnyaTaunum MectopoxaeHua. JanHole
3aMepoB B CKBaXXMHaxX U Ha obbekTax (Hanpumep, gasneHue,
[ebnTbl OTAeNbHbIX MPOAYKTUBHbBIX 30H, COCTaB MOCTYNAaoLLMNX

B CKBa>KMHY NNacToBbiX oriionaos, Temnepartypa) 3arpyxaroTca
1 06pabaTtbiBalOTCA NO Mepe NX NOCTYNSIeHNA B CO34aBaeMble

B peanbHOM BpemMeHu mogenu (MnacTos, MPUTOKOB MacToBbIX
>XXMOKOCTEN B CKBaXWUHY N AebuToB, MOAenn o6beKTOB Ha YCTbe),
KOTOpble MOryT Ucnosib3oBatbCA ANA 6onee NONHOro NOHMMaHWA
noBeAeHNA CKBaXXUH 1 NNacToB.

B nocneancTenn 3T MoAesin MOryT Ucnosib3oBaTbCA ANA
BbIpabOTKN 1 OLEHKUN Pa3nMYHbIX BAPMAHTOB ONTUMKU3ALMUN KX
noBeAeHnA B COOTBETCTBMU C UMEIOLMMUCA BO3MOXHOCTAMMN

1 orpaHn4eHnAMU NpoekTa, N AnA NPpUHATUA peLueHvu7| no
ONTUMasnbHOW HACTPONKE UHTEFPUPOBAHHbBIX CUCTEM A06bIUK.
Mpu NpaBNNbHOM NPUMEHEHUUN TEXHONOTMMN “UHTENNEKTyanbHOro”
MecTopoXaeHuA Bbl6paHHbIe BapunaHTbI obecneyaTt CHUXeHue
CYMMapHbIX 3aTpaT Ha 3KChyaTauuo MeECTOPOXAEHMA,
onTMMMU3aumio Jo6bI4N 1 yBENUYEHNE ee cyMmapHoro obvema. U
“UHTEeNNeKTyanbHble” CKBaXWHbI, KaK OQHO U3 K/OYEBbIX 3BEHLEB
CMCTEMbI yNpaBfieHMA 3KCnyaTaunemn nnacTos, UrpatT BaXKHYO
pPOnb B AOCTMXXEHUN MakcuMarnbHOM 3¢heKTMBHOCTM pa3paboTku
MeCTOpOXAeHUN. B
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PARTNERSHIP

(ITAPTHEPCTBO)

BmecTe —

Korpa mb1 paboTaem ¢ Bamu Haj| mOBbIILIEHEEM
apdekTuBHOCTH 1 6€30MACHOCTU, CHUSKEHUEM
pacxojioB, UM yNpaBjsieM PUCKOM B XOJie
BeJieHus1 OypOoBbIX paboT, y HAC OfiHa oOuias
Uesib — YCHelHoe BbIMoJiHeHue Bammx
KOMMeEPYECKHX 3ajau.

Jyydiie.

Tecko — Baiu HafieskHb1i1 mapTHep. Mbl Bcerna
rOTOBbI NOIepKaTh Bac, obecrieunBasi MoJHbIA
LWKJT TIOCJIENMPOJAXKHOTO OOCITy>KMBaHWSsI, MMOUCK
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ycrex — 3TO W Hall ycrex.
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