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AHHOTaUuA
B HacToALen cTaTbe ONMCbIBAETCA NPUMEHEHMNE BOSIOKOHHO-
ONTUYECKNX CUCTEM pacnpefeneHHbIX TeMnepaTyp AnA MOHUTOPUHIa
[obbi4m Ha paspabartbiBaeMoM komnaHuen bputuw MNeTponeym
MecTopoxaeHun Asepu B AsepbangxxaHe, a Takxe ocBeLlaloTcA
npenMyLLecTBa UCMoSIb30BaHNA yKa3aHHbIX CUCTEM U NPobnembl,
BO3HVKaBLUME MPY 3arycke NepBbiX 3KCMNITyaTauMOHHbIX CKBaXKMH.
[obblya Ha mecTopoxaeHun Asepu B AsepbankaHCKOM CeKTope
Kacnuitckoro mopa Havanach B pesparne 2005 r. 3akaH4uBaHue
NpobypeHHBIX 3[EeCb CKBaXKWMH NPON3BOANIIOCH CMYCKOM MECOYHbIX
UNbLTPOB C rPaBUMHON HABMBKOW B HECKOSMbKO NecYaHbIX
rOPU30HTOB Ha PasnUYHbIX MybuHax. KaxkaaA BONOKOHHO-
onTUYyecKan MOHUTOPUHIOBaA CUCTEMa yCTaHaBnmBanach npu
3aKaH4MBaHUN CKBaXXMHbI B CneumanbHo NpeaycMOTPEHHbIN nas
B CTEHKE rpaBuiiHoro counbTpa. PubTp COeanHANCA C KOTOHHOM
HKT ¢ noMOLLblO rmapaBnnyeckoro “MOKporo coeanHenma” ansa
obecneyeHnA nNpornycka BONOKOHHO-ONTUYECKOro Kabens ¢ ycTbaA
CKBaXkvuH go 3a60A.

OCHOBHOW KONMNEKTOP MeCTopoXAeHna A3epu COCToUT
N3 HECKONbKMX MecHaHbIX rOpPU3oHTOB CBUTHI [epepbiBa.
OJHOBPEMEHHOE 3aKaHYMBaHNE HECKOMbKUX NPOAYKTUBHbIX
rOPN30HTOB B OAHOWN CKBaXMHE NO3BONAET AOCTMYb AebuTa,
npesbiwatowero 40 000 6appenen B cyTku. HeobxoanmMocTb
MCMNOMb30BaHMA CUCTEM MOHUTOPUHra C pacripefefieHHbIMU
TemneparypaMu NpoANKTOBaHa TakuMm pakTopamu, Kak
3Ha4YUTenNbHaA NPOTAXKEHHOCTb N 6oNbLUME YrIbl OTKIOHEHWA
CTBOJOB, @ TaKXe 3aJa4ven NyyLero NoHMMaHma paboTbl CKBaXXMHbI
N KONNeKTopa B NPOAYKTUBHBIX MeCHaHbIX ropnsoHTax. Kpome
TOro, 3ajada ceefeHvA A0 MUHMMyMa NepepbiBOB B A06bIYE
B TEYEHME NepPBbIX NEeT 3KCMyaTaunm MECTOPOXAEHUA He
NPVBETCTBYET MUCMOSIb30BaHNe CTaHAapTHOrO MeToaa reopuanyeckmnx
nccnefaoBaHni B 9KCNyaTauMoHHbIX CKBaXKUHAX, KOTOPbIN TakKe
ABucA H6bl NPUYNHON BpEMEHHbIX Nay3 B npouecce bypeHus.
[inA aHannsa TemnepaTypHOro pexumMa [Ao6bIBaloLen CKBaXXUHbI
1 pacyeTa 06beMOB XWAKOCTW, NOCTYNAOLMNX N3 KaXKA0N
3KCNNyaTMpyeMon NpoayKTUBHOMN 30HbI, UCMONb3yeTCcA
TepMu4eckana Mogersb.

Kak nokasbiBaloT pesynbTartbl, NPUMEHEHNE BCTPOEHHOW
BOJIOKOHHO-ONTUYECKON CUCTEMbI MOHUTOPWHIA pacnpeneneHHbIX
Temnepartyp ABNAETCA IKOHOMUYECKN 3PHDEKTUBHBIM U HAAEXKHBIM
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Abstract

We describes the use of fiber-optic distributed temperature systems to
monitor production from BP’s Azeri field in Azerbaijan and highlights
the benefits and issues encountered during the start-up of the first
production wells.

Production from BP’s Azeri field in the Caspian Sea commenced
in February 2005. These offshore wells are completed across multiple
sand intervals using sand screens with gravel packs. Each fiber-optic
monitoring system was installed with the completion in a purpose-built
groove in the side of the gravel-pack screen. The screen is connected
to the upper completion string via a hydraulic wet-connect enabling
fiber passage from surface to total depth.

The primary Azeri reservoir consists of multiple sand bodies in the
Pereriv formation. Commingled completions across these sand bodies
are providing wells capable of producing more than 40,000bopd. The
issues that dictate the requirement for regular distributed temperature
(DTS) monitoring are long, high-angle well bores and the need to
understand well and reservoir performance by sand body. Additionally,
the requirement for minimal production interruptions during the early
years of field life does not favor conventional production logging, which
would also cause interruptions to the drilling program.

A thermal model is used to analyze the producing well temperature
profiles and calculate the flow contribution from each of the producing
zones.

The results demonstrate that, once deployed, permanently installed
fiber-optic distributed temperature monitoring is a cost-effective and
low-risk method of monitoring multiple-pay sand screen completions
without having to reduce production rates to allow conventional
production logging to be carried out.

The Azeri Reseruoir

The Azeri, Chirag and Ganashly reservoirs are located offshore
Azerbijan Fig 1 and are being developed by a consortium of oil
companies with BP as operator. The reservoirs are part of a multilayered
sandstone anticline with approximately 5 billion barrels of reserves in
place. The Azeri field is located at the south end of the anticline and

it’s north flank dips steeply at about 35 degrees and has a 1,000 meter
oil column between the gas/oil and water/oil contacts. The south

flank dips less steeply (20 degrees) and is suspected having perched
oil/water contacts. Voidage support will be achieved by both water and



€cnoco60M MOHUTOPUHIa 06 BEMOB XXMAKOCTU, NOCTYNAIOLMX B
CKBaXXVMHY N3 HECKOJMbKMNX 3KCMyaTUpyeMbiX MPOAYKTUBHbIX 30H
yepes NecoYHble UNbTPbl, 663 HEOOXOAUMOCTUN CHUXKEHWNA YPOBHA
006bI4K MPU OCTaHOBKE CKBaXXWUHbI Af1A NPoBeAeHNA reohn3nyeckmx
uccnenoBaHuii cTaHA4apTHbIM METOLOM.

MpoAyKTMBHBIE NNACTLI MECTOPOXACHUAI A3epu, Yupar u Moxewnn
MpoayKTuBHBLIE NNacTbl MecTopoXaeHun Asepu, Yvpar n MNoHewwnn
pacronoxeHbl B azepbaiigxaHckom cektope Kacnua (Puc. 1) u
paspabaTbiBaroTCA KOHCOPLIMYMOM HE(TAHBIX KOMMaHWA, onepaTopom
B KOTOPOM ABnAeTcA bputuw MeTponeym. 3T NpoAyKTUBHbIE
nnacTbl ABMNAOTCA YACTbO MHOTOCIIONHOW NECHaHNCTON aHTUKIMHanNM
C NPUMEPHbIMU reoNorMYecKnMmn 3anacamm 5 Munnnapaos
6appeneriHedT. MecTopoxxaeHne A3epu pacrosioXXeHO Y HXKHOIO
KOHL|@ aHTMKIMHANM, 1 ero CeBEpHOE KpbINio KPYTO NajaeT nog yriom
npubnuanTenbHo 35°. BbicoTa HeTAHOM HacTy 3anexmu mexay
ra3oHeTAHbIM 1 BOAOHEMTAHbIM KOHTakTamu coctasnAeT 1000
M. KO>XKHOE KpbINo UMeeT MeHbLLMiA yron nafaenus (20°) u BknovaeT
BOAOHEMTAHbIE KOHTaKTbl C NOABELLEHHbIMW BOAOHOCHbBIMU
ropu3oHTamn. KomneHcauma otéopa 6yaeT NpoucxoanTb 3a cHeT
3aKayku Bofpbl U rasa, n dpheKTUBHOE Noaaep>KaHe NnacToBOro
AaBneHVA ABNAETCA BaXXHbIM (hakTOPOM ANA ONTUMANbHOIO pexxuma
[ peHNpOBaHUA KonnekTopa.

3aKaH4mBaHve 3KCrnyaTauMoHHbIX CKBaXKUH C 60SIbLLIMM YITIOM
OTKMOHEHWA cTBona 6yaeT NPoM3BOANTLCA C UCMONb30BaHNEM
NecoYyHbIX hunbTpoB. [ebuTbl TakMx CKBaXKMH AoxoaAT Ao 50000
6appeneii HechTn B cyTkU (Puc. 2). OCHOBHBIM NPOAYKTUBHbLIM
nnacToM Ha MecTopoxaeHun Asepu asnaeTcA ceuta Nepepsbis,
CNOXEHHaA nepecnavBatoLLMMUCA MATKUM NECKOM W [NINHOW.
OcHoBHble Npobnembl, KOTOPbIE NPULLIOCH pellaTh cneumanmcTam
BpuTtuw MeTponeym, Bknovanu:

e Bopbby € NOCTYNNeHMeM necka B CKBaXKnHy B MPOAYKTUBHbIX
30Hax ¢ MAMKMM MECKOM - UCMONb30BaNMCh NeCoYHbIe PUNLTPbI U
rpaBUNHbIE HABBKM.

e DKcnnyaTaumio 1 MOHUTOPUWHE AebrTa CKBaXXVH CO CTBONamm
3HAYUTENbHON NPOTAXKEHHOCTU C 6ONbLUMMW YramMy HakoHa.

* HeonpeaeneHHOCTb NnacTta-KonnekTopa, pacnonoxexue N'H n BH
KOHTaKTOB 1 U3MEHEHNE VX MONOXEHNA BO BPEMEHM.

Kak nokasbiBatoT uccnegoBanua, cebiwe 100 MunnanoHos
6appener BTOPMYHbIX N3BieKaeMbIX 3anacoB HaXoAATCA B 30He
puvcka npu He[OCTaTOYHOM KOMMEeHcaumMm nageHna nnactoBoro
nasneHvA. CBECTU 3TOT PUCK A0 MUHUMYMA MOXHO C MOMOLLbO
peanu3aummn KOMMIEeKCHOM NporpaMMbl MOHUTOPWHIA pexxmnMa
KCnyaTauum NpoAyKTUBHOrO nnacra.

MoHUTOPUHT N0 METOA pacnpeieNieHHbIX TemnepaTyp

BMECTO KapoTaXXa B IKCNNyaTalUnoHHbIX CKBAXWUHAX

[lnA Takoro NPoAYKTUBHOIO NnacTa kak Ha MecTopoxaeHun Asepu
TPaANLMOHHO CYMTAETCA HEOHXOAMMBIM Ha NPOTAXEHUM BCErO
nepuopa akcnnayarauum MecTopoXXaeHnA NPOBOANTbL Nepuoanyeckme
nccnefoBaHWA ¢ UCNONb3oBaHWeM npubopa AnA KapoTaxa B
LelcTByoLmX ckBaxkmHax (PLT), 4Tobbl onpefenuts 06bembl
NpUTOKa 13 KaXk,40ro oTAeNbHOro NPOAYKTUBHOTO FOPU30OHTA B
obLem aebute CKBaXXMHbI. TeM He MeHee, M0 HECKOMNBbKUM MPUYnHam
cneunanunctbl Bputuw MNeTponeym npeanoyny ncnonb3oBarb
KOMOUHALMIO N3 BCTPOEHHbIX CUCTEM MOHUTOPUHIa No meToay
pacnpegesneHHbix Temnepatyp (DTS) n uccnenoBaHUsa CKBaXKUH C
nomoubto PLT.

Bo-nepBbix, KOHbUrypauua nnatopmbl orpaHuymMeaeT AOCTYN K
YCTbIO CKBaXKWMHbI BO BpeMA 6ypeHnA, 4TO Ype3Bbl4aiHO 3aTpyaHAEeT
NpoBefeHVe NCCNENOBaHUIA B CKBaXXNHE OOHOBPEMEHHO C BypeHneMm.
CHWXeHne Konu4yecTsa crneumnanbHbIX onepauyin B CTBOME CKBaXKUHbI
B NnepBble rofbl ee IKcnyaTaummn ABNAETCA OAHON U3 MMaBHbIX Lienen
noboro oneparopa.

Bo-BTOpbIX, HA paHHen cTaamun aKCnyaTaunum CKBaXKnH
oXxuaaemblin oebut coctaBnaeT Ao 50000 6appeneit HeTU B CYTKW.
lMpoBeneHne reohusnkn B aKCMNyaTaUMOHHbIX CKBaXKMHaX C TaKMMKn
nebutamu HeBO3MOXHO. M03TOMY, ANA BO3MOXHOCTU paboThbl C
ucnonb3oBaHnemM PLT, oebutbl CKBaXXUH NpuaeTcA yMmeHblwaTtb. JT1o, p p
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gas injection and effective voidage replacement is considered critical to
optimum reservoir drainage.

The high deviation producing wells will be mostly completed with
sand screens aand are capable of up to 50,000bopd flow rates Fig 2.
The main Azeri producing reservoir is the Pereriv formation that consists
of interbedded layers of soft sand and shale. The main technical
challenges being addressed by BP are:

e Sand control issues in the soft sands - requiring sand screens and
gravel packs.

¢ Well performance and management issues in the high angle long
well bores.

¢ Reservoir uncertainty, gas-oil and water-oil contact location and
movement over time.

Studies show that more than 100 million barrels of the secondary
reserves are at risk because of poor voidage, thus a comprehensive
reservoir surveillance program is required in order to minimize this risk.

Distributed Temperature versus PLT monitoring

Conventionally, a reservoir such as Azeri would be subject to a planned
sequence of reservoir surveillance over it’s lifetime using production
logging tools (PLT’s) in order to determine the flow contribution from
the individual sand bodies. However there are several reasons why

BP has chosen to use a mixture of permanently installed distributed
temperature (DTS) monitoring supported by some PLT monitoring in
preference to PLT monitoring alone.

Firstly, the platform configuration is such that access to the
wellheads is restricted during drilling operations and thus simultaneous
rig and intervention operations are severely limited. Minimizing well
interventions in the early years is seen as a major value driver.

Secondly, the wells are expected to flow at rates up to 50,000bopd
in the early years. It is not possible to run production logs in wells p )
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B CBOIO o4epedb, NpuBedeT K notepe Yyactn gobbiun. Kpome Toro,
13-3a U3MeHeHUa Temna otbopa npu pasnuyHbIX AebuTax 06bEMDI
NPUTOKOB M3 KaXXA0ro SKCninyaTnpyemMoro ropu3oHTa, nosly4eHHble ¢
NMOMOLLbIO NMPOBEAEHHOIO aHann3a, MoryT He oTpaxkaTb (haKTUYECKYO
KapTWHy pacnpeneneHus NpUTOKOB B 06LleM AebuTe CKBaXKUHbI Npu
HOPMarnbHOM PEXXMME IKCMJyaTauuu.

B-TpeTbux, yctaHoBKa cuctem moHmTopuHra DTS Ha 80%
[06bIBaIOLMX CKBAXKMH U OrpaHnyeHre NporpamMmmMbl BHYTPUCKBaXKUH-
HbIX UCCNeaoBaHui ¢ ncrnonb3oBanvem PLT hakTnyeckn nossonaeT
CHU3NTb BABOE pacxodbl HA MOHUTOPUHI paGOTbI CKBa>XXWH n
3HAYNTENbHO MOBLICUTL YNCTYIO NPUBEAEHHYI0 cToUMOCTb (YMNC)
3KCMnyaTaumMm MECTOPOXAEHUA, MEPEMECTUB OCHOBHbIE 3aTpaTbl U3
akcnnyataunoHHsix (OPEX) B kanutansHele (CAPEX).

B-4eTBepThIX, BbINOMHEHME NMIOOLIX MEXAHUYECKUX Onepauumin
BHYTPY HE(PTAHBIX CKBa)XXUH MOBbILIAET PUCK ANA nepcoHana u
OKpY>KaroLLen cpedbl, a TakXXe U AnA CamMON CKBaXKUHbI.

MoaTomy, cuctema moHuTopuHra DTS, yctaHaBnuBaemas ¢
obopynoBaHVeM AnA 3aKaH4YMBaHWA CKBaXXWHbI U He Tpebyowan
B JanbHellem NpoBeAeHNA AONONHUTENbHbIX paboT BHYTPU
CKBaXXWHbI, ABUNack 6onee npeanoyTUTENIbHbIM BapyaHToM Nno
CPaBHEHMIO C KapOTaXKHbIM UCCMeA0BaHMEM C MOMOLbO PLT,
NOCKOJbKY OHa cnocobHa AaBaTb He MeHee TOUHYI0 MHEhopMaLmio
0 pacnpefenieHMn NPUTOKOB U3 OAHOBPEMEHHO 3KCMTyaTUpyeMbixX
rOPU30HTOB YeM rMybMHHbIN BpalaTenbHbIi pacxogomep PLT.

Cuctema MonuTopuura DTS
Cunctema moHnTopuHra DTS nponssBoaut 3amep Temnepartypbl Yepes
KaxkAbll METP BAOJb BOTOKOHHO-OMTUYECKOro Kabens ¢ NoMOLLbO
aHanusa AnvHbl CBETOBbIX BOSH OT UMMYSbCHOTO J1a3epHOro
MCTOYHUKA NPV KOMBMHALMOHHOM pacceAHnn. NHTepnpeTtaunsa
NoNTly4YeHHOro TemnepaTypHoOro Npocuna AaeT UHopmaumio o
OvHaMuke fo6blun N3 CKBaXKUHbI Kak B NMpoLecce aKcniyatauum,
Tak 1 Npuv 3aKpbITUM CKBaXXUHbI'2345, [1OCKONbKY 3anuncb AaHHbIX
NPOM3BOAUTCA HENPEepPbIBHO, 3TO NO3BOMAET Takxke Habnoaatb
N3MeHeHNe ypoBHA J06bl4M BO BPEMEHN KaK CNeACTBUE N3MEHEHMA
nnacToBbIx ycnosui. CTaHaapTHaA NeproanyHOCTb NMony4YeHnA
TepMorpamMmm CKBa>kUHbl — 1 4ac, HO OHa MOXeT BapbupoBaTbCA B
3aBUCUMMOCTU OT NPOU3BOACTBEHHON HEO6XOANMOCTM.
BonokoHHo-onTuyeckuii kabenb ycTaHaBNMMBaeTCA B CKBaXVHE
3aKadMBaHneMm BHYTpPb CTanbHOW TPYOKM anameTpom Y4 gronva
(NVHWA ynpaBneHns), NPUCOeANHEHHOM K Hapy>XHbIM MOBEPXHOCTAM
JIMCITOBOM KOMOHHbBI M NecodHoro unstpa (Puc. 3), cryweHHoro B
rIpO,quTI/IBHbII?I nnacT. CDaKTVI‘-IeCKVI, B CKBa>XMHY CcnycKarloTCcA ABe
JIVHWUM YNpaBfeHVA B eAUHOW NNacTUKOBON 060MOYKE, a B HUXXHEN
4YacTu KOMMOHOBKM AJ1A 3aKaH4YMBaHNA YCTAHOBIEH “MOBOPOTHbIN
nepexoaHnK” C MOMOLLIbIO KOTOPOro BONOKOHHO-OMTUYECKUIA Kabernb
MOXET C MOMOLLbO LIMPKYNALMN NOAHMMATBLCA 06paTHO Ha yCTbe.
O6a koHua kabena NoaKNoYeHbl K UaMepuTenbHon cucteme DTS.
Takan “ABYXCTOPOHHAA” KOHUrypauma no3sonaeT AobuTbeA
60nee TOYHbIX NOKa3aHWn abCoMTHBIX N3MEPEHWIA, a TaKXe
aBTOMaTUYECKUN KOPPEKTMPOBATb NOKa3aHUA C y4eToM aheKToB
AvddepeHUmanbHoM CBETONOTEPN BHYTPY ONTOBOMOKHA, KOTOPbIE
MOryT 6bITb OLUMBOYHO MHTEPNPETUPOBAHBI KaK MMEIOLLNE OTHOLLIEHME
K MPUTOKY B Cly4ae UCMonb30BaHWA OAHOCTOPOHHEN CUCTEMDI
U3MEepeHNAa ¢ OTCYTCTBUEM KOPPEKLINA.

PucyHok 3
Figure 3
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flowing at this rate so the rate will have to be reduced during the
running of any PLT tool. This will have an impact both in lost production
and that the flow allocation derived from the analysis may not be
representative of the full flow rate flow distribution because of changes
in layer drawdown at different rates.

Thirdly, installing the DTS system on 80% of the producing wells and
restricting the PLT program actually cuts the cost of surveillance in half
adding considerable NPV to the operation and shifting the major cost
from operating (OPEX) to capital (CAPEX).

Fourthly, any mechanical intervention in oil wells increases HSE risks
and can result in a risk to the well itself.

Consequently a system such as the DTS, which is installed with
the completion and requires no further intervention, was preferred to
running PLT logs as long as the DTS could be demonstrated to deliver
zonal flow allocation information comparable to that of the PLT spinner.

The DTS System
The DTS system makes a temperature measurement every meter along
the length of the optical fiber by analysis of backscattered Raman
wavelength light from a pulsed laser source. This temperature profile
can be interpreted to give information about production profiles in the
well during both production and shut-in1,2,3,4,5. Because the data
is continuously recorded it also shows how production changes with
time as a consequence of changing reservoir conditions. Typically a
temperature log is acquired every hour on each well, although this
frequency can be increased or reduced to suit operational requirements.
The opitic fiber is installed in the well by pumping it down inside
a Y4 inch steel tube (control line) which is attached to the outside of the
production tubing and then on the outside of the sand-screens Fig 3
along the reservoir interval. Two control lines are actually run in the
well, encapsulated together in a plastic sheath, with a “turn around
sub” at the bottom of the completion allowing the fiber to be pumped
back to the surface and both ends of the fiber connected to the DTS
measurement system. This “double ended” configuration allows for
better absolute measurement accuracy and automatically corrects for
differential light loss effects along the fiber which can erroneously been
interpreted as flow related with a “single ended” uncorrected system.
The DTS systems on BP’s Azeri platforms are connected to a
database in BP’s office and data is transmitted automatically to
shore via a fiber optic telecom line as soon it is acquired. Thus the
temperature data from any well can be accessed and evaluated at
anytime by BP’s reservoir surveillance team in Baku, enabling real time
reservoir monitoring.

The first DTS well B-04
On 4th June 2004 an optical fiber was successfully installed in Azeri
B-04 over the Pereriv B, C and D reservoirs. This first well was not a
sand-screen completion but had been cased and perforated. 5 ¥4 inch
perforated production tubing had been hung below the packer over
the reservoir interval and the annulus between the Pereriv B, C and D
reservoirs was separated with swell packers. This will allow for future
interventions to isolate any of the major reservoir intervals, as required.
The flat packed fiber control lines were attached along the outside of
the production tubing and through the elastomer of the swell packers.
The well had been on production for some weeks before the optical
fiber was pumped into the control lines and the DTS acquisition
system connected up, so it was not possible to obtain a representative
undisturbed geothermal gradient measurement over the reservoir
interval. Defining the geothermal gradient is important since the
gradient will directly impact the flow analysis interpretation. Accurate
geothermal definition could be obtained from data from nearby wells
or at a later date when this well is shut-in for some reason, assuming
that there is no cross-flow due to different layer pressures. Early flow
analysis will carry this uncertainty until the issue is resolved.

The geothermal used was assumed linear from the seabed temperature
(4.0 Deg C) to the DTS measured bottom hole temperature from

which was subtracted an estimate for the flow related Joule Thomson
warming at that depth6 (1.2 Deg C). This was estimated using the
lowest flowing layer permeability. This geothermal was similar to PLT
geothermal’s from the nearby Chirag field (2.2 deg C/100m).



PacnonoxeHHble Ha nnatdopmax bputuw MNeTtponeym Ha
MecTopoXaeHUn Azepu, cuctembl MoHUTOpUHra DTS noakntoyeHs!
K 6a3e paHHbIX B ochuce bulln. JaHHble nepepatoTca Ha 6eper
B aBTOMaTtn4eCkKoM pexxume no BOJTOKOHHO-ONTUYECKOWN NIUHUKN
CBA3M cpasy nocre nx nonyyeHus. Takum obpa3om, HaxoaaLmeca
B 6aKUHCKOM odpuce cneumanucTbl rpynnbl bullu no MoHUTOPUHrY
.D.O6b|‘-||/| MOryT B noboe BpemMA Nnony4mTb AOCTYN K AaHHbIM
TemnepaTypHbIX 3aMepoB B N0H0N U3 CKBa>KMH ANA UX aHanuaa
1 MOHUTOPWHIa COCTOAHUA NPOAYKTUBHOIO nnacTa B peasibHOM
BPEeMeHM!.

CxBaxuHa B-04 — nepean, 06opyoBanHaa cucremoil DTS

4 nioHA 2004 1. BONTOKOHHO-OMTUYecKaA cucteMa MOHUTOpUHra
6blna ycrnewHo ycTaHoBNeHa B NPoAYyKTUBHbIX ropu3oHTax B, Cu D
cBuTbI [epepbiB B ckBaXkMHe B-04 Ha mecTopoxkaeHun Asepu. MNpu
3aKaH4MBaHUW 3TOW CKBaXKMHbI MECOYHbIN (DUNLTP HE CrycKancs,

BMECTO 3TOro 6bina cnyleHa v nepgopupoBaHa Mg ToBaA KOOHHA.

MepdopupoBaHHana akcnnyaTaumoHHaa konoHHa HKT 5 %4 gronma
6bina noageLleHa HXKe nakepa Hag HTepBanoM NpoayKTUBHOIO
nnacTa, a 3aTtpyb mexay ropmsoHtamu B, C 1 D ceuTbl MepepbiB
6bIn NepeKpbIT PacLUMPAOLMMUCA Nakepamy. JTO NO3BOMNANO
Npoun3BOAUTb B AarnbHenwem paboTbl MO U3onAuun noboro 13
OCHOBHbIX NPOAYKTUBHbIX FOPU3OHTOB. TPyOKM A7 BONOKOHHO-
OMNTUYECKMX NIMHWI Nepefayn CUrHanoB B NIIOCKOM KOpryce
KPenunncb K Hapy>XHOW NOBEPXHOCTU SKCMNyaTaLMOHHON KOMOHHbI
HKT v npoxoaunu 4epes 31acTOMEPHbIN 3/1EMEHT pacLUMPAOLLMXCA
nakepos.

CKBa>knmHa akcnnyaTuposasnach HECKOMbKO Heferb Npexae
yeMm B TPYOKM ANA NUHWUIA Nepeaayn curHanos 6bin 3akayaH
OMTOBOMIOKOHHbIN Kabenb 1 cuctema DTS 6bina noaknioveHa.
MMoaTomy oTcyTCTBOBaNa BO3MOXHOCTb NPON3BECTU 3aMep
XapaKTEepHOro HeHapyLLUEHHOIO re0TEPMUYECKOrO rpaneHTa B
NpoayKTUBHOM MHTepBane. OnpeaeneHne reoTepMm4eckoro
rpagveHTa ABNAETCA BaXKHOW 3a4a4ven, MOCKONbKY OH pp
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Cseoume Kk MUHUMYMY PUCK!

3a gononHuTensHoON nHopmaumen obpalyanTech
10 aapecy v TenehoHam yKka3aHHbIM HUXKE

Because it was not possible to obtain wireline porosity logs over
the reservoir interval in this well measurement while drilling (MWD)
porosity was used to estimate the layer permeability’s from the log
porosity to core permeability transform. This indicated that 62% of the
kh (permeability-height) existed in the Pereriv D and 33% existed in the
Pereriv B suggesting that the Pereriv D would be the main producer.
This was counter to what BP expected from other reservoir data that
indicated that the Pereriv B would be the main producing sand.

The DTS Data

Fig 4 shows a 3-D picture of the first DTS data recorded in the well from
4th to 7th June. This data has been recorded every hour. Thermal and
temporal resolution has been improved by:

* Normalizing the data at the fiber turn around sub below the reservoir
to reduce temporal noise, which is valid because flow rate over the
time period was constant.

* Applying a 7x7 point box average to the data to reduce the statistical
noise of the measurement.

Fig 5 shows the data over the reservoir interval only, indicating the
perforated intervals and the location of the swell packers isolating the
Pereriv B, C and D formations. Note that the temperature decreases
at the swell packers. This is because of the significant difference in
thermal conductivity of the packer from its surroundings. The fiber
measures the internal packer temperature, which is insulated from the
flow in the tubing, rather than the true temperature of the flow in the
tubing.

Thermal Analysis

Previous thermal modeling of the Pereriv reservoir suggested that at the
flow rates and permeability’s expected, significant Joule Thompson®
warming of the oil would occur in the near well bore region due to the pp

Bypoevte pacmeopui 8bicokoii
NAOMHOCMU C NOHUMNCEHHOI peonouell,
cmaduavHble NAKepHble HCUOKOCMmU
04151 yCA06UI 8bICOKUX Memnepamyp
u daeénenuii, HeuoKocmu 0ns
3aKan4ueanus.

Y6enurech caMul - MUKPOAUCIEPCHBIE OKPYTIIbIE
YaCTHI[BI MO3BOJISIIOT CO3/1aTh CTaOMIIBHbIE
MIPOMBIBOYHbIE SKHIKOCTH C TOHUXEHHO! PEOJIOTHeN,
HE CKJIOHHBIE K BBIIAJICHAIO YTSKEIUTENS.
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OKasbiBaeT HeMnoCpPeACTBEHHOe BMUAHKNE HAa MHTepnpeTaumnio
roTokopacnpeaeneHvs. ToYHoe onpeaeneHme reoTepMUYecKoro
rpagueHTa MoXeT ObITb MOTy4EHO MO AaHHbIM U3 COCEAHUX
CKBaXXMH WM NO3Xe, Nocre 3aKpbITUA CKBAXXWHbI MO KaKkoii 6o
npuYmnHe, NMpy YCroBUM OTCYTCTBMUA NEPETOKOB U3-3a pasHbIX
YpOBHel AaBneHUA B NPOAYKTUBHbIX FOpU30HTax. AHanms
nepBuUYHOrO NoToKopacnpeneneHus ByaeT MMeTb HEKOTOPYIO A0SO
HeLoCTOBEepHOCTU Noka npobriemMa He GyaeT pelueHa.

Mcnonb3oBasLnncA reoTepMUYECKUI FpaaneHT Obii NPUHAT
NIHEeNHbIM OT TeMnepaTypbl Mopckoro AHa (4° C) Ao Temnepartypsbl
Ha 3ab0e, nonyyeHHow ¢ nomoLbio DTS, n3 KoTopoit 66110 BEIYTEHO
pacyeTHOe 3Ha4YeHne OTHOCALLENCA K MOTOKY BENNYMHbI HarpesaHunaA
I>xoynAa-TomcoHa anA aToi rny6uHbi® (1,2° C). ITOT pacyeT
6b11 BbIMOMHEH C UCMONb30BaHMEM CaMOro HU3KOro 3Ha4YeHuA
NPOHMLIAZEMOCTN (hOHTaHMpYIOLLEero ropusoHTa. OnpegeneHHoe
3HayeHne reoTepMM4eCcKoro rpaaneHTa 6bino 6nmMsko K pesynsTary,
NoNy4YeHHOMY MpK IKCMyaTauMoHHOM KapoTaxe C UCMONb30BaHNeM
PLT Ha coceaHem mecTopoxaeHun Yupar (2,2° C/100 m).

MockonbKy nony4eHne amarpamMmmbl KapoTaxa nopucTocTn B
NPOAYKTUBHOM MHTEepBarne 3TON CKBaXKMHbI He NPeACTaBnAnoCh
BO3MOXHbIM, MCMOMb30Banocb 3Ha4eHne NopucTocTn, onpeaeneHHoe
npv KapoTaxe B npouecce 6ypenuna (KMNB), ana pacyeta
NPOHMNLIAEMOCTM NnacTa ¢ NepexofoM OT AnarpaMmbl NOPUCTOCTH
K 3Ha4YEeHUI0 NPOHMLAEMOCTH MO aHann3y KepHa. [laHHbI pacyeT
nokasan, 4To 62% 3pheKTUBHOM EMKOCTU nnacTta (MOWHOCTb
nNpoHULaeMon He(TEHOCHOW Nopoabl) B cBuTe NepepbiB HAX0AUNOCh
B nnacte D n 33% B nnacte B, yka3biBas Ha TO, YTO OCHOBHOM
NPUTOK A0IMKeH 6biTb M3 nnacta D. 3To He cornacoBblBaNoch ¢
TeM, 4To cneunanucTbl Bullln oxxunpany n3 aHanusa opyrx AaHHbIX
Nno NPOAYKTUBHBIM NfiactaM, yKasblBaBLUMX HA TO, YTO FOPU3OHT
MepepbiB B pomkeH aatb 0CHOBHOM 06beM AebuTa CKBaXXUHbI.

MaHHble cucTembl MoHUTOPUHTa DTS

Ha Puc. 4 nokasaHo TpexmepHoe n3obpaxxeHne nepBbiX AaHHbIX,
NONYYEHHbIX Ha CKBaXXWMHE C NMOMOLLIbIO CUCTEMbl MOHUTOPUHTA
DTS ¢ 4 no 7 uoHA. 3an1cb AaHHbIX MPOM3BOAMNACH KaXK bl Yac.
[nA ynyylweHnA TemnepaTypHOro pas3peLieHna 1 paspeLuaioLen
CNoCco6HOCTM MO BPEMEHM ObInn NPUHATLI Crieaylolme Mepbl:

° Hopmanmsaum AaHHbIX HA NOBOPOTHOM NnepexogHNKe BONTOKOHHO-
ONTUYECKOW NINHUN HUXKE NPOAYKTUBHOIO ropu3oHTa AnA CHUXEHNA
BpeMeHHOro wyma, 4To ABNAeTCA 060CHOBaHHbIM, NOCKOJIbKY
[ebut octaBancA HEM3MeHHbIM BO BpemeHu.

* [pyMeHeHVe MeToaa yCpeaHEeHNA AaHHbIX Mo yyYacTkam 7X7 Ana
CHWXXEHMA (hyKTyaLMOHHOIO LWyMa U3MepeHUi.

Ha Puc. 5 npmBefeHbl AaHHbIe TOMbKO MO NPOAYKTUBHOMY
MHTepBary, ykasbiBaroLme nepdopnpoBaHHble MHTEPBaSIbI U
MOJNIOXXEHNE PacLUMPAIOLLEroCA nakepa, pasaenatoLero ropusonTsl B,
C 1 D cauThl MepepbiBa. CnegyeT 0TMETUTbL NafeHne Temneparypbl
Ha pacLmpaoLWmMxXcA nakepax. ATo 06bACHAETCA 3HAYUTENBHON
pasHuLlen B ypOBHE TEMNJSIONPOBOAHOCTM MaTepuana nakepos v cpeabl
BOKPYr HUX. BONOKOHHO-ONTMYeCcKaA cMcTeMa MOHUTOPUHIa 3aMepAeT
BHYTPEHHIOIO TEMMepaTypy nakepa, U30/IMpOBaHHOroO OT NoToKa
>XXMAKOCTW B NMUPTOBOW KOMOHHE, a He haKTU4ecKyo TemnepaTypy
NnoTOKa B 9TOW KOMOHHeE.

TennoBoil aHanu3

PesynbTaTtbl npeablayLLero TennoBoro MogenMpoBaHna
NPOAyKTUBHOTO MHTepBana NepepbiBa NokasbiBanwu, 4To, Npu
oXungaemblix Aebutax u NPOHNLAEMOCTH, NPOU3ONAET 3HAYNTENBHOE
HarpeBaHue HedTu (1°-2° C) no acpcpexTy [xoyna-TomcoHa® B
npu3aboriHOM 30He 13-3a NafeHus AABNEeHNA B 30He NpuToKa. OTo
HeobX0AMMO y4MTbIBaTbL NpY NI060M TENSIOBOM aHanu3e JaHHOro
nNpoAyKTUBHOro nnacta. Micnonb3oBaHHbIe B aHaNM3e YpoBHU
[aBnNeHVn B ropu3oHTax NpoAyKTMBHOrO nnacTa 6binv B3ATbI MO
pesynbTatam u3aMepeHvA AaBeHnii MOaYybHbIM AMHAMUYECKNM
nnactoucnbiTatenem (MAN), npoBeaeHHOro Bo BpeMA BypeHuA
CKBaXWHbI B HoAbpe 2002 . KoHeYHO nnacToBble AaBneHuA B
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PucyHok 5 - Figure 5

flowing near well pressure drop (1.0-2.0 Deg C). Thus it is essential

to take this into account in any thermal analysis performed on this
reservoir. The reservoir layer pressures used in the analysis have been
taken directly from the MDT pressure tests performed when the well
was drilled in November 2002. Of course the reservoir pressures in this
part of the reservoir may have changed since, due to production from
other parts of the field.

Fig 6 shows the input data for Schlumberger’s THERMA modeling
software. Average layer permeability is input from the MWD porosity/
permeability transform, MDT data is used for the layer pressures and
the model calculates the geothermal temperature for each layer from
the input geothermal gradient and well trajectory (note that porosity is
not a required input for this particular model).

THERMA is a comprehensive near well bore flow and thermal
modeling package that calculates, using nodal analysis, the flowing
pressures in the near well bore region and production tubing allowing
the fluid thermal properties to be determined throughout the system.
Then the corresponding flowing well temperatures are calculated,
accounting for conduction and convection effects, at any specified
radius from the well axis.

The higher MWD predicted kh’s in the Pereriv D suggest that this
reservoir should produce about 60% of the flow and the thermal model,
run with the estimated layer permeability’s does indeed confirm this
Fig 7. Note that the THERMA predicted temperature curve is actually
quite similar to the actual DTS measured temperature profile suggesting
that the flow rate from each reservoir layer is not very different from the
prediction.

Fig 8. shows the THERMA calculated flow profile after the model’s
genetic algorithm has been used to fit the modeled temperature
profile to the DTS measured profile by optimizing the individual layer
permeability’s. Once the model curve matches the measured DTS data
the calculated layer flow rates are output. Note that the calculated
temperature profile is a very good fit to the DTS measured data except
for the points where the swell packers are located. p p



3TOM YacTM NPOAYKTMBHOIO MyiacTa MOMN U3MEHUTLCA C TeX Nop
B CBA3M C NPOBOAMBLUMMCA OTGOPOM HedTU Ha APYrvX yHacTkax
MECTOPOXAEHUA.
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PucyHok 6 - Figure 6

Ha Puc. 6 nokasaHbl UCXoAHbIE AaHHble AN1A UCMONb30BaHNA
B nporpamme mogenuposanua THERMA dupwmbl LLntombepxe.
CpenHee 3Ha4yeHne NPOHNLIAEMOCTU FOPMU30OHTa ANA UCXOAHbBIX
[aHHbIX 6panock 13 npeobpas3oBaHNA NOPUCTOCTL/MPOHNLAEMOCTb MO
pesynbTaTam U3MepeHuii B npouecce 6ypeHnA, 3Ha4eHnA NacToBbIX
fasneHwn 6panunck no pesynstatam uccnegosanva MAMN. B moagenu
paccunTbIBaETCA reoTepMuyeckan TemnepaTypa Ana Kaxxaoro
roOpu3oHTa No BBeAeHHOMY 3Ha4YeHU0 reoTepMUYeCKoro rpagmeHTa
W TPaeKTopuM CTBONA CKBaXWHbI (HEOOXOAMMO 3aMeTUTb, YTO
1CNonb30BaHNe 3Ha4eHNA NOPUCTOCTN KOHKPETHO ANA 9TON Moaenu
He TpeboBasnoch).

Mporpamma THERMA fABnAeTCA KOMMNEKCHBIM UHCTPYMEHTOM P )
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ANA MOAEeNMPOBaHWA TEMOBOrO peXxuma u Npu3abonHoro NpMToKa,
KOTOPbIA UCMONb3yeTCcA ANA PacYeTOB, C MOMOLLbIO METOAA Y3/10BOro
aHanusa, rmapoanHaMmnyYecKnx AaBneHun B Npu3abonHoOM 30He U

N TOBON KOMOHHE, NO3BONAA ONPeAenuTb TEMNNOBbIE CBOWCTBA
>XXMAKOCTW BO BCEN cucTeMe. 3aTeEM pacCcUnTbIBaOTCA TeMNepaTypbl
COOTBETCTBYHOLMX MAPOANHAMUYECKNX NMOTOKOB B CKBaXXMHE Ha
N06OM PacCTOAHWUM OT OCK CKBaXKMHbI, C Y4€TOM TEMI0NpoBOAHOCTU
N KOHBEKLUW.

Bonee BbiCOKOe 3HauYeHne ahheKTMBHON eMKOCTY nfacTta anAa
ropusoHTa MNepepbie D no namepeHvAm B npouecce bypeHuA
03Ha4aeT, YTO ATOT rOPU3OHT JOMKEH AasaTb 60% Bcero gebuta
CKBaXWHbI. A TennoBaA MoAesb C UCMOSIb30BaHNEM pacyeTHON
NPOHULLAEMOCTM ropu3oHTa noaTeepxaaeT ato (Puc. 7). Cneayet
06paTuTb BHUMaHWE, YTO NPOrHO3HaA TemMnepaTypHan Kpueasa
no THERMA p0BO/IbHO XOPOLUO CONocTaBnMa ¢ hakTUHECKNM
TemnepaTtypHbIM npodunem no pesynstatam DTS nsamepenui, 4to
roBoput 06 04EHb HE3HAYMTENBHOM OTINYMN 06HEMOB NPUTOKA U3
KaXk[oro ropusaoHTa OT COOTBETCTBYHOLUX MPOrHO3HbIX YPOBHEMN.

Ha Puc. 8 nokasaH pacc4mTaHHbI nporpammon THERMA
npocpusib NOTOKa Nocne UCMoNb30BaHNA FEHETUYECKOro anropmTma
MOAEenn ANA COOTBETCTBMA CMOAENMPOBAHHOIO TEMNEPATYPHOro
npocpuna npodunio, onpeaeneHHomy no pesynstatam DTS 3amepos,
C NOMOLLbIO ONTUMM3ALMM 3HAYEHWI NPOHNLAEMOCTU KaXK40ro
OTAesIbHOro ropusoHTa. [locne Toro, Kak cMoAenupoBaHHasa Kpueasa
coBnageT ¢ AaHHbIMK 3amepoB no DTS, BbigaloTcA pacyeTHble
ypoBHM 0T6Opa M3 KaxAaoro ropnsoHTa. CnegyeT OTMETUTD, YTO
MONyYeHHbIN B pe3ynbTare pacyeTa TemnepaTypHbI Npoguib 04eHb
XOPOLLO corfliacyeTcA ¢ AaHHbiMy DTS MOHUTOPUHra, 3a UCKOYEeHNEM
30H PacrnonoXeHWA PacLLUMPAIOLLMXCA NakepoB.

Ha Puc. 9 npenctaBneHo UTOroBoe pacnpenenexne
NPOHMLAeMOCTH, pacCHMTaHHOE NO ONTUMM3aUNN FreHeTU4YeCKoro
anropuTma.

Ha Puc. 10 npuBeneHo npAMoe CpaBHEHNE pacCHUTaHHbIX
NPUTOKOB 1 TemnepaTtyp ANA KaXXA0oro ropu3oHTa no pacyeTHON
MOAENM NPOHULIAEMOCTM, OCHOBaHHOM Ha pesynbTaTtax KIb, n
COrnacoBaHHOW MoAenu, NOCTPoeHHou nporpammon THERMA
C aHanuM3om pesynbtatoB DTS 3amepoB NoO reHeTU4eCKoMy
anropuTMy, AEMOHCTPUPYIOLLEE XOPOLLIEE COrMacoBaHne Mexay
CMPOrHO3MPOBaHHBLIMN 3HAYEHUAMY NPUTOKOB M TeMMepaTyp u
haKTnyeckMmm no pesynbTatam naMmepeHun cuctemon DTS.

Mpo6bnemaTtuka
[aHHble, nonyyeHHble ¢ nomMoLbio DTS MOHUTOPUHIA B CKBaXXMHE
B-04 Ha mecTopoXaeHun A3epu, UMEIOT BbICOKOE KayecTBo,
yKa3blBalOT PacronoXeHne TePMON30IMPOBaHHbIX 06 bEKTOB, TAKUX
Kak pacLumpAatoLmeca nakepbl, 1 MOryT JIErkKO MHTepNpeTMpoBaTbCA
¢ nomMouwbto paspaboTaHHoi LLintombepyxe nporpammbl THERMA ana
nony4eHuA npocuna noToka.

OpgHako, B HacToALlee BpeMs CyLUEeCTBYIOT ABEe OCHOBHbIE
HeonpeaeneHHOCTN B TEMNTOBOM aHann3e AaHHbIX:

leoTepmmyeckmii rpagneHT

[Moka oTCyTCTBYIOT TOYHbIE CBEAEHNA O AeNCTBUTENbHON BENNYMHE
reoTepMnYecKoro rpaamMeHTa B 3TON 4YacTu NPoAyKTMBHOrO nnacTa.
Bcerga nu pesynbTathl aHann3a gaHHblx kapoTaxa ¢ PLT Ha Yupare
COOTBETCTBYIOT pacCyMTaHHbIM MO KapoTaxy B npoLecce bypeHnn
3Ha4YeHnAM NOPUCTOCTN NPOAYKTUBHOIO rOPU30OHTA, N ABNAETCA NN
ropu3oHT lMepepbiB D OCHOBHBIM NPOAYKTUBHBLIM rOpU3oHTOM? nn
BESIMYMHA re0TePMMYECKOro rpaaneHTa B 9TON YacTu NPOAYKTUBHOIO
nnacrta Huxe, 4To NoATBEPXAAET NPOrHo3npoBaBLLeecA
cneuvanuctamv Bulln pacnpenenexvie NpUTokos (6oNbLWKIA NPUTOK
13 nnacta MepepbiB B) 1 NpU3HaAET HECOCTOATENbHLIM PaCcCUMTaHHbII
no pesynbtatam Kb ypoBeHb NPOHMLIAEMOCTH.

Ha faHHbIN MOMEHT MHOPMaLWMK ANA OAHO3HAYHOIO pPeLleHnA
3TON NpobremMbl HeAOCTATOYHO. TeM HE MeHee, [0 KOHLA TEKYLLEero
roga nnaHvpyeTcA OCTaHOBKa 3TON CKBaXkuHbI. B nepuopn ee
6e34e/CTBUA NONYYEHHbIe NPU 3amMepax 3Ha4YeHNA NNacToBbIX
Temnepartyp AOMKHbI BO3BPATUTLCA K YPOBHIO NTOKANbHOMO
reoTepMUYECKOro rpagmeHTa, obecneyms pelueHne npobnemsi.
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Fig 9 is the resulting permeability distribution calculated by the
genetic algorithm optimization.

Fig 10 compares directly the calculated flow contributions and
temperatures for both the BP MWD estimated permeability model and
the THERMA DTS genetic algorithm fit model showing good agreement
between the flows and temperatures that were predicted and those that
were actually measured using the DTS system.

Discussion
The DTS data initially acquired on Azeri B-04 is of high quality, indicated
the location of thermally insulating items such as swell packers and can
readily be interpreted using Schlumberger’s THERMA software to obtain
a flow profile.

However there are currently two major uncertainties in the thermal
analysis of the data, they are:

The geothermal gradient

The true value of the geothermal in this part of the reservoir is not yet
reliably known, is it typical of the Chirag PLT data making the analysis
consistent with the MWD calculated layer permeability’s and the Pereriv
D the major contributor? or is the geothermal gradient lower in this part
of the reservoir giving the BP expected flow distribution (higher flow in
the Pereriv B) and invalidating the MWD calculated permeability?

At this point of time there is insufficient data to resolve this problem
unequivocally. However later this year a well shut down is planned and
the measured reservoir temperatures should then return to the local
geothermal gradient - resolving the issue.

The reservoir layer pressures
The layer pressures used as input to the model were taken from the
MDT log run in November 2002. Since then it is possible that the layer
pressures have changed due to production from other parts of the field.

Because the THERMA model calculated layer flow rate, achieved by
varying layer permeability’s (Fig 8), is a function of both layer pressure
and permeability, errors in the layer pressures will contribute towards
errors in the calculated layer permeability’s (Fig 10), although this will
not affect the resulting layer flow rates which are a function of the
layers PI.

At some future date when the DTS data indicates the flow profile
has changed the analysis can be repeated, allowing reservoir layer
pressures to be the variable rather than layer permeability’s. This will
give an indication of how the individual reservoir layers are depleting as
a result of field production as well as calculating the new flow profile5.

When the well is shut-in any significant differences in the layer
pressures will manifest themselves as cross-flow between the reservoir
layers. This will be evident on the DTS temperature data recorded
during the shut-in and will confirm changes in individual layer pressures
away from the norm.
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PucyHok 9 - Figure 9
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PucyHok 10 - Figure 10

[aBnexuna B NPOAYKTUBHBIX rOPM30OHTAX

YpOBHM AaBneHnin B NPOAYKTUBHBIX FOPU30HTaX, UCMOSIb30BaHHbIE

B Ka4eCTBe UCXOAHbIX AaHHbIX NPU MOAENMPOBaHNK, bbinu

B3ATbl U3 PE3yNbTaTOB 3aMepPoB C MOAYJIbHbIM AUHAMUYECKUM
nnacTovcnblTaTenem, npoBeaeHHbIX B HoAbpe 2002 r. C Toro BpemeHu
nnacToBble AaBMEHNA MOMMN M3MEHUTLCA B CBA3U C NPOBOAMBLUMMCA
O0T6OPOM HETN Ha APYTUX yHACTKAX MECTOPOXAEHNA

MockonbKy paccymTaHHbIA NPY MOAENMPOBAaHNMN C MOMOLLIbIO
THERMA ypoBeHb NpuToKa 13 0TAefIbHOro ropu3oHTa, NOMyYeHHbIN ¢
UCMONb30BaHNEM PasnnNYHbIX 3HA4YEHW npoHulaemocTy (Puc.8),
ABNAETCA NPOM3BOAHBLIM KaK AaBfieHVNA B NPOAYKTUBHOM
ropusoHTe (M), TaK 1 NPOHMLIAEMOCTH, OINGKN B UCMOMNb3YeMbIX
ypoBHAX Aasnexuna M npuBoaAT K HernpaBunbHOMY onpeaesieHnto
npoxuuaemocTy Ml (Puc. 10). XoTA 370 He OTPa3nTCA Ha UTOTOBbIX
3HaYeHnAX 06BEMOB NPUTOKOB, KOTOpPbIE ABMAITCA NPON3BOAHLIMU
KO3(PPMLIMEHTOB NMPOAYKTUBHOCTN FOPU3OHTOB.

B kakon To MOMEHT B AanbHenwemM, korga aaHHble no DTS 6yayT
yKasblBaTb Ha U3MeHeHWe Npohuna NPUTOKa N3 CKBaXKWHbI (aebuTa),
aHanu3 MoxeT ObITb MPOBEAEH CHOBA, C UCMONb30BaHNEM B KayecTBe
nepeMeHHbIX BeNnYuH ypoBHen aasnenua NI Bmecto nopuctoctw MI
370 AacT npeacTaBneHve 0 XxapakTepe UCTOLLEHWA NPOAYKTUBHOMO
ropu3oHTa B pesysnbTare aKcrsyaTaunm MecTOpoXAeHUA, a Takxe
NO3BONUT pacc4mTaTb HOBbIA NPOUIb MPUTOKA U3 CKBaXXWHbI®.

Koraa ckBadkunHa 3aKpbITa, Ntobble 3Ha4UTESbHbIE Pa3nnymA YypoBHEN
[aBneHnA NPOAYKTUBHBLIX FOPU3OHTOB ByAyT 03HaYaTb MEXMNacToBbIe
nepeToku. ATo 6yaeT BUAHO U3 AaHHbIX 3amMepoB TemnepaTypbl Mo
DTS B 3aKpbITON CKBaXKWHE, U CTaHET NOATBEPXKAEHNEM U3MEHEHNA
YPOBHEW NNMacToBbIX AABMNEHUN OTAENbHbIX MPOAYKTUBHBLIX FOPU3OHTOB,
CMeLLEHMe 3TUX YPOBHEW OT HOPMbI.

BbIBOAibI

BcTpoeHHaA BonokoHHO-onTu4eckaA cuctema DTS anA MoHMTOpUHra
3KCMyaTaumm NpoAyKTUBHbIX NAacToB 6bia yCnewHo NpuMeHeHa

Ha ckBaxxuHe B-04 Ha pa3pabartbiBaemMom BpuTtuw MeTponeym
MeCTOpOXAeHUN A3epy 1 NO3BONMUMIAa MOMy4YnTb AAHHbIE BbICOKOTO
KayecTBa BCKOpe Nocrne Havana akcnnyataumm CKBaXKuHbI.

AHanM3 nony4YeHHbIX AaHHbIX NOKa3as, YTO OCHOBHYIO YacTb
nebuta CKBaXKMHbl COCTaBNAET NPUTOK N3 NPOAYKTMBHOIO rOpU3oHTa
MepepbiB D, 4TO NPOTMBOPEYNIIO OXKUAAHUAM CMELMAnUCTOB
Bullu, HO coOTBETCTBOBANO 3HAYEHUAM NMPOHNLIAEMOCTM NIacToB,
paccyuTaHHbIM N0 AaHHbIM 3aMepoB B npouecce bypeHua, n
peruoHanbHOMy re0TEPMUYECKOMY FpagueHTYy.

OcrTatowlanacA npobnema HeonpeneneHHocTy ByaeT paspeLleHa
BO BPeMA MiaHNpyemMoin OCTAHOBKW CKBaXKWHbI, 1 6yaet
TOYHO OMpeaeneH reoTepMUYECKNn rpaaveHT ANA 9TOW YacTu
NpoAyKTUBHOro nnacTa. B 9To Bpema Takxxe CTaHyT ABHO BUAHbI
ntobble MeXnnacToBble NEePeTOKM, yKasbiBaA Ha N3MEHEHNE YPOBHeW
[ABMIEHNA B OTAeSbHbIX TOPUSOHTAXM UX CMELLEHMe OT HOpMbI. PP

Conclusions

A fiber-optic permanently installed reservoir monitoring DTS system has
been successfully deployed on BP’s Azeri B-04 well and high quality
data obtained shortly after the well was put on production.

Analysis of the data suggests that the major flow contribution is from
the Pereriv D reservoir — which is contrary from what was expected by
BP although consistent with the MWD estimated layer permeability’s
and regional geothermal gradient.

Outstanding uncertainty will be resolved when the well undergoes
a planned shut-in and the geothermal gradient can be clearly defined
in this part of the reservoir. At this time any cross-flow between
the reservoir layers will also become evident indicating changes in
individual layer pressures away from the norm.

Future monitoring of this well with the DTS system will allow BP
to identify when layer flow contributions change and relate these to
changes in layer pressures using a near well thermal reservoir model
such as Schlumbergers THERMA software.

Installing similar systems on future wells in the Azeri field will enable
the important job of reservoir monitoring to proceed without impacting
the drilling schedule, the need to reduce flow rate whilst monitoring
occurs and with little risk to the wells resulting in significant cost
savings.

The authors would like to express their gratitude to BP and it’s partners
for permission to publish the data contained in this paper.
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HanbHenwmnii MOHUTOPUHI AaHHOW CKBaXKMHbI C MOMOLLbIO CUCTEMbI
DTS nossonuT cneunanuctam bulln onpegenuTe MOMEHT U3MEHEHNA
o6bema NpUToKa M3 OTAENbHbIX MPOAYKTUBHBIX FTOPU3OHTOB 1
COOTHECTU 3TO C U3MEHEHNAMM YPOBHEW NNacToBbIX AABMEHWUN,
MCMoNb3yA TEMNIOBOE MOAENMPOBaHUE Npu3abonHON 30HbI NnacTa ¢
nomoLybto nporpammbl THERMA doupmbl LLntombepike.

Mcnonb3oBaHue nofobHbIX CUCTEM Ha APYrMX IKCMyaTauMoOHHbIX
CKBaXXMHaxX MecTopoxaeHua Azepu obecneynt npoaosHkeHne
BaXXHOrO MnpoLecca MOHUTOPUWHIa aKcnnyaraumm nnactos 6e3
HeraTMBHOIO BO34eNCTBMA Ha rpadpuk BypeHus nnm HeobxoanuMocTu
CHWXEHUA YPOBHA A00bl4M AN1A NPOBEeAEHUA BHYTPUCKBAXXMHHbBIX
I/ICCJ'Ie.ElOBaHVIVI, a Tak>Xe No3BOJSINT YMEHbLUUTb PUCK OTpuUuaTenbHOro
BO3AENCTBUA Ha CKBaXkmnHy. Bce aTo 6yaeT cnocobcTBOBaThH
3HAYUTENBHOMY MOBbILLEHNIO SKOHOMUYECKON 3O(PEKTUBHOCTM NpK
3KcnnyaTaumm MeCTOPOXAEHUS.

bnarofapHocTh

ABTOpbI BblpaXkatoT CBOK HrarogapHoCTb KomnaHum bputuw
MeTponeym 1 ee napTHepam 3a pa3pelueHne Ha nybnmkaumio gaHHbIX
B HACTOALLEN cTaTbe.
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