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Downhole monitoring leads to
greater production control

Bcem onepaTtopam He06X0AMMO 3HaTb BCE, UTO MPOUCXOAUT HA AHE CKBa)XUHbI
- OT AaBAEHMA U TemnepaTypbl A0 COCTOAHUA 06caaHbIX TPY6. OT 3TOrO
3aBUCUT NMoAAEp)XaHUE HAAEXHOro, pe3yAbLTaTUBHOr0 U 3KOHOMMWUYHOIrO NOTOKa
YrA€BOAOPOAOB OT NMAacTa A0 nepepaboTKu NpoAyKLUU

From pressure and temperature information through to well casing
integrity, all operators today need to know what’s going on at the bottom
of their wells. The safe, successful and economic flow of hydrocarbons from
the reservoir to the refinery depends on it!

B PEXWMe peanbHOro BpPEeMeHM C TFAYOUHblI MAacTa the inner depths of the reservoir, however, comes with many
cBfi3aHa CO MHOMMMK npobremamu. B HacTosiliee Bpems, challenges. There is the remoteness of many of today's offshore
MHOTME MOPCKME MECTOPOXAEHUA HAXOAATCA Ha YAAAeHUU, B fields - particularly the case with Russian Arctic exploration - as well
OCHOBHOM, POCCUICKUE apKTUYECKUE MECTOPOXAEHMUS, a Takxe as complex subsea infrastructures. There are also the high pressure and

Cnoco6HOCTb NMOAYYEHUSI HAAEXHbBIX AQHHbBIX U MHGOPMALUK The ability to access reliable and real-time information from
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PaspaboTka 1 npon3BoacTBo

KOMMAEKC MOABOAHOW WMHOPACTPYKTYpbl. PaspaboTtka MpoXoAWT B
YCAOBUSAX BbICOKOTO A@BAEHWS U HU3KOW Temnepatypbl. CTOMMOCTb
NMOABOAHbIX T€OAOTO-TEXHUUYECKMUX MEPONPUATUA MOXET TaKxe
3a4acTyto NpPensATCTBOBATD.

Kpome Toro, B T0 BPEMSI KaK CTaTbsi PACXOAOB Ha MOABOAHbIE
pa3paboTku oTcTaeT B Poccun oT MUPOBLIX 06bEKTOB B Bpasnany,
3anapHoit Adpuke U MEKCUKAHCKOM 3aAMBE, TakuWe MPOEKTbI
kak CaxaAuH, Mopckue paspabotku B BoctouHoi Poccun (cpeau
KOTOPbIX KMPUHCKOE ra30KOHAEHCATHOE MECTOPOXAEHWE SIBUAOCH
nepBoi MNOABOAHOM paspabotkoit B 2013 ropy) U Mopckue
pa3paboTkn MecTopoXAeHWit B CeBepHol Poccuu, Takue Kak
PocHedTb B MarapaHe, yka3bliBatoT Ha pacTyLUMiA MOPCKOW CEKTOP
B TEYEHWE CAEAYHOLLMX HECKOABKMX AET.

MocTeneHHO NOBbLIWAKLWMIACA CNPOC Ha AOHHYH (GOHTaHHYHO
apmMatypy M CBA3aHHOE C Hell 06opyAOBaHME, TAKOE Kak cUCTEMA
TpybonpoBOAOB W FMOKME NOABOAHblE kabeAw, TakXe Momorarot
Pa3BUTUIO TEXHOAOTUUECKUX PELLEHUN.

Taknm 06pa3oM, Ha CErOAHALLHWIA AEHb, MOABOAHBIM KOHTPOAb U
BHYTPUCKBaXWHHbIM MOHUTOPWHT peLuatoT npobAemMbl onepaTopoB
M MoOMOralwT B KOHTPOAMPOBATb MapamMeTpbl MNPOU3BOACTBA
CKBaXWHbl. Tak A1 3T0?

OAHO3HAYHO Ha 3TOT BOMPOC OTBETWUTb HEBO3MOXHO. HecmoTps
Ha MHOrOYMWCAEHHble pa3paboTku, MHOrMe onepatopbl Bce
elle MCnbITbIBAOT HEAOCTATOK BO3MOXHOCTM KOHTPOAMPOBATb
NPOU3BOACTBO M CTpaTerum MOHUTOPUHra nAacTa. Pesyabtar
3aKAOYaeTCA B  HaAMYMM TPOMAAHOTO KOAMYECTBA AaHHbIX
M B OTCYTCTBMM HEOOXOAMMbBIX CPEACTB U MHTEPOENCOB AAA
MHTEpNpPEeTaLnmn 3TUX AGHHBIX.

Kpome Toro, onepatopbl 3a4actyto MOryT ObiTb neperpyxeHbl
- He TOAbKO M3-3a OTCYTCTBUSI 0OBbEAMHEHWA MEXAY PasAMYHbIMU
NPOU3BOACTBEHHBIMWU M TEXHUYECKMMU MpoLeccamu, HO 3a cyeT
KOAMYECTBA A@HHbIX COBPaHHbIX Ha 0BbEKTE.

YunuTbiBaa BCe 3TO, MPOLECC YNPaBAEHWUS TEXHOAOTUAMMU
Emerson paspabotan WMHTEMPUPOBAHHYIO WM WMHTEAAEKTYaAbHYHO
BHYTPUCKBaXMHHYIO CETb Ha OCHOBE CBOEMN MPOAYKUMM Roxar ann
peLeHna NpobAeEM MOHWUTOPUHTa.

UHTEeAneKTyaAbHaA BHYTPUCKBaXXMHHAA CETb

Bo oCHOBE NPOAYKUMM BHYTPUCKBAXMHHOIO MOHMTOPUHIa
Emerson u naatdopMbl, Ha KOTOPOM pPACMOAOXEHO BCe
obopysoBaHWe HaxoauTcA MHTEAAEeKTyaAbHas BHYTPUCKBaXWHHas
cetb (IDN).

CeTb MO3BOASIET onepaTtopamM YCTaHOBWUTb A0 32 pa3AUYHbIX
YCTPOMCTB Ha OTAEAbHOM Kabene, C MOMOLLLBIO KaXAOTO M3 KOTOPbIX
MOXHO MOAYYMTb BECb BaXHbI BKAAA MHGOPMALMK U yNPaBASTb
PSAOM AATUMKOB OAHOBPEMEHHO HAaxXOASLUMXCS Ha PasAMUHbIX
yyactkax. TakMuMm 00pa3oM, WHTEAAEKTyaAbHas CeTb MOXeT
AENCTBOBATb KaK LEHTP AASl PACTOAOXEHMUS BHYTPUCKBAXMHHbIX
nHankatopoB (ICV) AnA AQTUMKOB A@BAEHUA, Temnepatypbl M
nepepayn INEKTPOIHEPIMN U AaHHDbIX.
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temperature environments in which production takes place and there
are the costs of subsea intervention which can often be prohibitive.

Furthermore, while subsea expenditure in Russia has tended to lag
behind other global hubs, such as Brazil, West Africa and the Gulf of
Mexico, projects such as the Sakhalin, development offshore Eastern
Russia (where the Kirinskoye gas and condensate field was the country's
first producing subsea development in 2013) and activities offshore
Northern Russia, such as Rosneft's Magadan blocks, point to a growing
offshore sector over the next few years.

The subsequent growing demand for subsea trees and associated
hardware, such as manifolds and umbilicals, is also helping drive the
need for technology solutions.

So are today's subsea and downhole monitoring technologies keeping
up with operator challenges and delivering greater production control?

The answer is mixed. Despite many developments, many operators
still lack integrated control over their production and reservoir
monitoring strategies. The result is huge amounts of often highly
valuable information, but a lack of the necessary tools and user
interfaces for interpreting this data.

There is also a real danger of operators being overwhelmed - not
only by the lack of integration between different production and
engineering processes but also by the sheer amount of data their
fields generate.

It's with these issue in mind that Emerson Process Management
has developed an integrated and intelligent downhole network based
around its Roxar portfolio of monitoring solutions.

The Intelligent Downhole Network

At the core of Emerson's downhole monitoring portfolio and the
platform around which all instrumentation is based is the Intelligent
Downhole Network (IDN).

The network enables operators to install up to 32 instruments on a
single cable, all providing valuable information input and managing a
range of sensors from separate zones simultaneously. In this way, the
intelligent network can act as a hub for downhole choke (ICV) position
indicators; for pressure, temperature and flow sensors; and for the
transmission of power and data.

Aligned with the Intelligent Downhole Network are the Roxar
downhole monitoring system and the high pressure and temperature
gauges that are today deployed in production, injection, observation
and highly complex multi-zone intelligent wells across the world. Such
instruments generate reliable and real-time downhole information
across the lifetime of the well.

Statoil's Gullfaks C production platform in the North Sea, for
example, has been using the same Roxar downhole gauge, uninterrupted
and without maintenance since 1990. Through the continuous real-
time transmitting of accurate pressure and temperature data to local or
remote well control facilities, Statoil is ensuring that the field operates
at optimum performance. As of now, approximately 2000 Roxar
downhole gauges have been installed worldwide.
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B couetaHnn c WHTEANEKTYaAbHOM BHYTPUCKBAXMHHOW CETbIO
paboTaeT crcTemMa BHYTPUCKBaXXMHHOTO MOHUTOPKHIA Roxar, a AaTUMKK
BbICOKOrO A@BAEHMA U Temnepatypbl YCTaHOBAEHbI B MPOMbICAOBBbIX,
HarHeTaTenbHblX, HaOAIOAATEABHBIX U BbICOKOKOMMAEKCHbIX,
MHOTO30HAAbHbIX, MHTEAAEKTYAAbHbIX CKBaXWHax MO BCEMY MMPY.
Takasi annapatypa COOMpPaEeT HapEXHYH MHOOPMaUMIO B pexunmve
peanbHOro BPEMEHMW B TEUEHUE CPOKA SKCTAyaTaLMK CKBAXMHbI.

AkenayataumMoHHan naatdopma Cratona Gullfaks C B CeBepHOM
MOpE, K NprUMepy, UCMOAL3YET TaKUe BHYTPUCKBAXUHHbIE AQTUMKM
Roxar 6e3 pemoHTa ¢ 1990 ropa. MNytem HenpepbIBHOM nepeaayn
TOYHbIX AAHHbIX AABAEHUS W TeMMepaTypbl Ha MECTHblE WAM
yAaAeHHble ycTpoictBa, CtatoWa obecneunBaer ONTUMaAbHYHO
3KCMAyaTaUmto Ha 06bekTe. Ha ceropHsAWHWI AeHb, MPUOAUIUTEABHO
2000 BHYTPUCKBaXUHHbIX AGTYMKOB YCTAHOBAEHbI MO BCEMY CBETY.

CuctemMa BHYTPUCKBAXMHHOTO MOHWMTOPWHra Takxe pabortaer
B TECHOW CBA3W C Apyron annapaTtypon Roxar. Hanpumep,
cuUcTeMa CBsi3aHa C MOABOAHBIMM KOPPO3UOHHBIMU AATUMKAMMU,
nomMoratwmnMn NPeAOTBPaTUTL MOABOAHLIE YTEUKMU, MOABOAHBLIMM
KAanaHaMu-nycKaTeAsiMU, NO3BOAAIOLLMMU BbICTPOE O0TCOEANHEHWE
CKBaXWH NpW YMeHbLUEHUW Pa3MePOB U BECA MOABOAHbLIX MOAYAEH,
a Takxe NOABOAHBIMU aKyCTUYECKMMMU YCTPOMCTBAMU MOHUTOPHHTa
necka, AatollMe BO3MOXHOCTb Onepatopy MOMEHTAAbHO
pearnposaTh Ha yBeAMUeHWe 06pa3oBaHMA necka.

Takum 006pa3oM, WHTEAAEKTyaAbHAs W WHTErpupoBaHHas
BHYTPUCKBaXWHHAA CETb NOBbILLIAET KOHTPOAb MPOU3BOAUTEABHOCTH
CKBaXMHbl.

N3mepeHUe paBAeHUA 3a NpeaenaMu 06capHoM Tpy6bl
CKBaXXUHbI

Mporpecc B 6eCnpoBOAHOM TEXHOAOTMM TakXe WrpaeT pPoAb B
pa3paboTKK peLLleHUt BHYTPUCKBAXMHHOTO MOHUTOPUHTa Emerson
OKa3blBasi 3HAUUTEAbHOE BAWMSIHME Ha MOABOAHYHO LEAOCTHOCTb
CKBaXWHbl U 6€30MaCHOCTb MOPCKMX SKCMAyaTaLMi.

OAHUM K13 Haubonee HEAOCTYMHbIX YYacTKOB MOABOAHOWM
CKBaXWHHOM anmapaTtypbl Ha CEroAHsSILHWI A€Hb, Hanpumep,
ABASIETCA BHellHee 3aTpybHOe NpPOCTPaHCTBO - MPOCTPAHCTBO
BHYTPU CKBaXWHbl, Kyaa MOMapaHWe XMAKOCTM MOXET ObiTb He
ob6HapyxeHo. 3aTpybHoe NpOCTPaHCTBO A - 3TO MPOCTPAHCTBO
MeXAy AMOTOBOM KOAOHHOM M HeboAbLIOW 06CaAHOW KOAOHHOW,
a 3aTpybHoe npocTpaHCTBO B pacrnonoxeHo Mexay HeboAbLoiH
OOLLMBKOW M CAGAYIOLLIE KOAOHHOW.

ANt OBbIKHOBEHHBIX KOHTMHEHTAAbHbIX M YCTbEBbLIX MOPCKMX
CKBaXuH, onepatop MOXeT WMeTb AOCTYn K 3aTpybHOMy
NPOCTPaHCTBY B NpoCTo Yepes kAamnaHbl, @ TakKe MOXET PErYASIPHO
NMPOBOAUTb €r0 MHCMEKUMIO WM, MO HEOOXOAMMOCTH, PETYAMPOBaTb
AaBAeHMe. KapTMHa TMOAHOCTbIO  MEHAETCA, KOraa MocAe
3anevyaTblBaHUA U LEMEHTUPOBAHMWSA 0OLLMBKM AAAbHENLLWI AOCTYN
HEeBO3MOXeH. JT0 CTaBUT onepaTopa B HeyA0BHOEe NOAOXEHUE U3-3a
HEBO3MOXHOCTU U3MEPEHMA AABAEHWSA B 3aTPyOHOM MPOCTPaHCTBE
MOPCKMX CKBaXWH NMOCAE 3aKauMBaHWUA CKBAXWHbI.

A Roxar downhole gauge

The downhole monitoring system also works closely with other
Roxar instrumentation. For example, the system works closely with
subsea corrosion sensors that help prevent subsea leakages, subsea
valve actuators that allow for the rapid isolation of wells while reducing
the size and weight of the subsea templates, and subsea acoustic sand
monitors that enable the operator to immediately respond to increases
in sand production.

The result is a fully intelligent and integrated downhole network
and increased production control.

Measuring pressure behind the well casing

The growth in wireless technologies is also playing a key role in
Emerson’s downhole monitoring solutions with significant implications
for subsea well integrity and offshore safety.

One of the most inaccessible areas of a subsea well apparatus
today, for example, is the outer annulus of an oil well - a space within
the well where fluid can flow undetected. The A annulus is the space
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OAHaKo NoBbILWEHUE AABAEHUA 3a 06capHON TPYHOM CKBAXMHbI
MOXET OKa3aTb KOAOCCaAbHble MOCAEACTBMSA Ha LEAOCTHOCTb
CKBaXMWHbl. [TpK 3TOM MOXET BO3HUKHYTb pa3pyLleHUe LeMEHTHOM
YKYNOPKK, @ Takke BepTUKaAbHaa Murpauua HedTM M rasa kK
NMOBEPXHOCTW, CO3AABasi MOTEHLUMAAbHO OMACHYK CUTyaLMIO M
HaCTOALLYO Yrpo3y AAS 6€30MacHOCTU MOPCKMX COOPYXKEHU.

C aToi ueAbto, kKomnaHua Emerson paspaboTtana cuctemy
6ecnpoBOAHbIX  BHYTPUCKBaXWHHbIX  AaTuuMkoB  Roxar -
YCTPOWCTB, CMOCOOHbIX WM3MEpPATb AABAEHME W Temnepatypy
B PEXWME OHAAWH W pPeanbHOro BPEMEHU 3a OOLIMBKOW W, B
ocobeHHOCTH, B 3aTpybHOM npocTpaHctBe. CUCTEMa AATUYMKOB
- 3T0 BbICOKOIOPEKTUBHbIE TEXHUUYECKME CPEACTBA AASI 3aLUMTHI
LIEAOCTHOCTU CKBaXWHbl, MO3BOASIOLLME WM3MEPSATb OTKAOHEHMWSA
AABAEHUS 3a NpepenaMu OBLLIMBKW, AaBasi paHHee 0bHapyxeHue
3TOW CUTyaLMK, U NO3BOAAOLLME NMPOBEAEHWNE FE€OAOTO-TEXHUUECKMX
MEPONPUATUIA UAU APYTMX PEMOHTHbBIX AEMCTBUM, KOTOPblE MOTYT
6bITb 3aNAAGHUPOBAHbI U CBOEBPEMEHHO MPEANPUHATI.

MpeBpalieHUe AaHHbIX B UHHOPMALMIO AAA MPUHATUA PELLEHUN

Kak yxxe paHee yNnoMWHaAOCb B 3TOM CTaTbe, OnepaTopbl Takxe
CTaAKMBAIOTCA C CUTyauMeN HaKOMAEHMSA TPOMAaAHOTO KOAMYECTBa
AQHHbIX AAS 06paboTKK. TOUHOCTb AQHHBIX MMEET NepBOCTENEHHOE
3HauyeHWe, OAHAKO, AaHHblE He0BX0AMMO Npeobpa3oBaTh B BaXHYHO
MHOOPMALMIO AAA MPUHATUS PEeLUEeHWH, KOTopas MOBbICUT CPOK
3KCNAyaTaLummn 1 NPOU3BOAMTEABHOCTb NAACTa.

MMEHHO AN 3TUX UeAer TMOAXOAAT ycTpowctBa Roxar
Fieldwatch - cuctema, npepHasHaueHHasa AAS MOAHOTO KOMMAEKTA
CPEACTB YynpaBAeHWA W pa3paboTKM nAacTa AAs onepaTopa.
Macwrabupyemana W apdeKTUBHAA apxMTEKTypa MNO3BOASIET
yCTaHaBAMBaTb AMCTAHUMOHHYKO CBfI3b M AaeT BO3MOXHOCTb
AOCTyMa K OAHWM W TeM Xe AaHHbIM U YCTPOMCTBaM MHOXECTBY
NOAb30BaTENEN - YCTPOWMCTBaM, KOTOpble B CAyyae pa3paboTku
KOMMNaHWen Emerson MoryT BKAKOUATb BHYTPUCKBaXMHHbIE AQTUYMKM
AQBAEHWS 1 TemnepaTypbl.

B KOHEUHOM pe3syAbTaTe MOAYYEHO OOAee WHTEAAEKTYyaAbHOE
CPEACTBO ynpaBAEHME NAACTOM WM €ro npoueccamu, nepepadent
A@HHBIX B MHTEAAEKTYaAbHYIO M MPOCTOM B WCMOAb30BaHUM
MHGOPMaLMK U NOBbIWEHWE NPOU3BOAUTEABHOCTU.

HoBble pelLeHUe AAA HOBbIX NpPobaem

B 70 BpeMs Kak 3apauv onepatopa YCAOXHSHOTCA, pa3paboTku
NOABOAHOM TEXHOAOTMM NPU3BaHbl WX pelwatb. OnepaTopsbl
NO-HOBOMY OLEHAT BO3MOXHOCTb YNPaBAEHWS pPUCKaMK U
npuoBpeTyT YCOBEPLUEHCTBOBAHHbLIE CPEACTBA KOHTPOAA U
NPOW3BOACTBA.

HacTtynaet Bpems AAA OTKPbITUS HOBbIX MOABOAHbBIX pa3paboTok
B Poccuu.

Hacroswas craresi HanucaHa Tepbe bayctasom u3 otaena
TEXHOAOTMYECKOro ynpaBAeHUs KomnaHum Emerson
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between the production tubing and the smallest casing string and the
B annulus is located between the smallest casing and the next size up.

For conventional land wells and dry wellhead offshore wells, operators
can access the B annulus simply via valves and are regularly able to check
and, if necessary, adjust pressure. The picture is radically different in
offshore subsea wells, however, where after the sealing and cementing
of the casing, there is no further access. This leaves the operator in the
uncomfortable position of having no access to pressure measurements in
the annular space in subsea wells following completion.

A build-up in pressure behind the well casing, however, can have
significant repercussions for well integrity. It can cause the cement
sealing to deteriorate, leading to a loss of casing integrity, and can result
in the vertical migration of oil and gas towards the surface, creating a
potentially hazardous situation and a genuine threat to offshore safety.

To this end, Emerson has developed the Roxar downhole Wireless
PT sensor system - an instrument that can measure pressure and
temperature online and in real time behind the casing and, in particular,
in the B annulus. The sensor system is a highly effective instrument for
protecting well integrity that can detect variations in pressure behind
the casing, provide an early warning of these conditions, and allow
intervention or other remedial actions to be planned and implemented
in a timely manner.

Turning data into decision-making information

As mentioned earlier in the article, operators also face the threat
of being overwhelmed by the amount of data they have to process.
Accurate data is crucial, but it must also be turned into valuable
decision-making information that increases the life and production
yield from the reservoir.

This is where Roxar Fieldwatch comes into its own - a system
that is designed to provide the operator with a complete picture of
the reservoir and the production process. The scalable and efficient
architecture allows remote connectivity and enables multiple users to
access the same data and instruments - instruments that in Emerson's
case can include acoustic sand monitors, subsea wetgas meters, and
downhole pressure and temperature gauges among others.

The end result is a more intelligent management of the reservoir
and its processes, the transformation of data into intelligent and easy
to use information, and increased production.

New solutions for new challenges

Just as operator challenges are increasing, so are the subsea
technology developments designed to address them. The result for
operators will be a renewed understanding of risk, increased insight
and control, and improved production.

At a time when Russian operators are opening up their subsea
developments, the timing couldn't be better! m

This article was written by Terje Baustad, Emerson Process
Management



