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[TEPCITEKTUBBI MHTEJUIEKTYAJIU3ALINHA
HEDTEJIOBBIBAIOIINX CKBAYKWH

PROSPECTS FOR INTELLECTUALIZATION
OF OIL PRODUCING WELLS

N.3. ZTEHHCJIAMOB, 1.3. HCAEB, Y(hbuMCKH¥ rOCyAapCTBEHHBIN HE(DTAHOM TEXHHIECKHUI YHHBEPCHUTET

1. DENISLAMOY, I. ISAEYV, Ufa State Petroleum Technological University

VPOBEHB ABTOMATU3ALIMU CUCTEM COOPA U TOATOTOBKHU
CKBaKMHHOI NIPOJYKIINHY, 4 TAKXKE IPOEKTUPOBAHU S
U1 KOHTPOJIA PA3pabOTKU HEPTAHBIX MECTOPOXKIECHUH
3HAYUTEIBHO BBIPOC 34 IOCJIETHUE AECATD JIET.

B CKBAXXKUHHOM JOOBIYE HE(PTH UHTEJUIEKTYAINU3AL NS
CKBaKMH NPOUCXOAUT HE CTOJIb UHTEHCUBHO, U OCHOBHBIM
JOCTHUKEHHEM 34 3TOT IPOMEXKYTOK BPDEMEHH ABJIAETCS
YCIIEITHOE BHEJIPEHHUE TEPMOMAHOMETPUUECKON CUCTEMBI
(TMC) Ha CKBAXKWHAX, OO0PYJOBAHHBIX YCTAHOBKAMH
ANEKTPOLEHTPOOEKHBIX HACOCOB (YOLIH). JaTynuku
JIaBJIEHHNS U TEMIIEPATYPHI B COCTaBE KOoMILIekca TMC
BBIIIOJIHAIOT BAXKHBIE (PYHKIITUU OOECTIEYEHUSI PAOOTHI
YOI H B OIITUMAJIBHOM PEXHME, 4 10 IIOKA3AHUIO
JAaTYNKA TABJIEHUA MOKHO KOCBEHHO CYyJJUTh O
MOJIOKEHUH JJUHAMHYECKOTO YPOBHS XKUJKOCTH B
CKBakMHe. ECJIM BONPOCHI 0€30MaCHOM IKCILTyaTAl[UH
HOT'PYKHOT'O 3neKTpoasurarensa YOI H permenst

BECHMA YCIIEITHO C ITOMOIIIBIO TOCTOSHHOI'O KOHTPOJIA
MOPOT'OBBIX BEJIMYUH TEMIIEPATYPHI MACJIA B KOPITyCE
JIBUTATEJIA, CUJIBL U YACTOTBI TOKA ANIEKTPOITUTAHUSA

[T, TO IMHAMWYECKUI YPOBEHD JKUJIKOCTHU B CKBAKHHE
onpesensaeTcsa Ha HE(PTAHBIX IPOMBICIAX IIPUMEPHO TAK
Ke, Kak 1 20—-30 et Ha3aa. C MOMOIIBIO HIEPEHOCHBIX
IpUOOPOB CEMENCTBA «MUKOH» WIIH «CyAOC» C YCThS
CKBaKMHBI CO3/JA€TCS AKYCTUYECKASA BOIIHA, IIO BDEMEHU
MPOXOXKIAECHUSA KOTOPOU JBOMHOIO ITyTH 10 YPOBHS U
CYZASAT O ITTyOMHE YPOBHSA )KUJIKOCTH [1]. MeTop ABIseTcs
OCHOBHBIM B HE(PTEJOOBIBAIOMIEN TPOMBIIIIEHHOCTH
M3-34 TOI'O, YTO OH HEJJOPOT U IIPOCT B OCYIIECTBIEHUHN.
B Ka)XbI1 U3BMEPUTEIBHBIN IIPUOOP 3AKJIAIBIBACTCS
CKOPOCTB JIBUOKEHMA 3BYKA B I'a30BOY cpezie. Benmunna
MapaMeTPa 3aBUCUT OT COCTABA U JABJIEHUSA IOy THOI'O
HedTraHoro raza (ITHI). Ecaiu paccMaTpyuBaTh MEKTPYOHOE
MPOCTPAHCTBO CKBAXKUHBI KAK CEMTAPATOP HEPTU U

rasa, To pacyernl cocrasa [THI mo meTony I.JI. Katiia

[2] OKAa3BIBAIOT, YTO B 3aBUCUMOCTH OT JABJICHUSI

H4/J1 )KU/IKOM (DA30H COCTAB I'd34 MOKET 3HAUYUTEJIBHO
MEHATBCA. I3MEHAETCA COCTAB IIOIYTHOI'O HEMPTAHOTO
ra3a M OT CKBA’KUHBI K CKBA)KUHE B IIPEEIAX HEPTAHOTO
MECTOPOXKIEHH A, IOITOMY IIMPOKO UCTIOIb3YEMbBIH
METOJ, OLIEHKH JUHAMUYECKOI'O YPOBHS HECET B cebe
ONPENIENIEHHYIO CUCTEMATUYECKYIO ITIOTPEIIHOCTD,
KOTOPOY MOXXHO U36€KATh ITPU KCIUTYATALIN
WHTEJIJIEKTYAIbHOM CKBA’KHUHBL.

Wutepnperanus saHHbIX TMC 1o He(pTEAOOBIBAIOIIUM
CKBAKMHAM ITIOKA3BbIBAET, YTO IJIOTHOCTb HEPTHU C
OKKJIIOJMPOBAHHBIM I'd30M B 30HE OT HACOCA IO YPOBHS
SKUIKOCTH MOKET OBbITh B IIpejienax 405750 kr/m? 3,

4, 5]. IlnotHOCTE ITHI' B MEXXTPYOHOM IIPOCTPAHCTBE
MPU BBICOKUX JABJICHUAX MOXET JOCTUTATD 40 KI/M?,
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Automatic control level in production fluid
gathering and processing systems as well as in oil
field development design and management has risen
significantly over the last decade. Intellectualization
rate in oil well production is not so high; so far
the main achievement is the introduction of
thermomanometric system (TMS) to wells equipped
with electrical submersible pump unit (ESP). Pressure
and temperature transducers as part of TMS provide
optimal ESP performance, pressure transducer data
indirectly corresponds to dynamic head in well. Safe
operation of ESP motor is accomplished by a constant
control of limit values of oil temperature in motor
housing, frequency and rate of supply current in
electrical submersible motor.

Hydrodynamic head in well is determined by the
same method as 20—-30 years ago. Mobile tools «Mikon»
and «Sudos» create an acoustic wave at the surface, the
time of wave travel through double distance to fluid
level corresponds to the depth of fluid level [1]. This
method is the main in the oil production industry due
to its low price and easy handling. Each gauge is set
according to sound velocity in gas environment.

This value depends on composition and pressure of
the associated petroleum gas (APG). Considering that
well annulus is a separator of oil and gas, composition
estimation according to the method of D. L. Kats shows
that gas composition can vary considerably depending
on pressure above the liquid phase. Associated
petroleum gas composition also varies from well to well
within the oilfield. That is why widely used method of
hydrodynamic head evaluation has certain systematic
error, which is avoidable when using smart well.

TMS data interpretation in oil producing wells shows
that density of oil with occluded gas in the zone from
pump to hydrodynamic head can vary within 405-750
kg/m? [3, 4, 5]. APG density in annulus can reach 40
kg/m? at high pressure. That is why at the worst case
density difference between different fluids remains
high. This fact was used for development of technology
of measuring hydrodynamic head in well annulus.
This technology is based on the installation of several
stationary pressure transducers (not less than 4) in this
zone [6]. Fluid level is determined as crossing point of 2
«pressure - vertical well depth» dependencies P=f(H )
in gas and liquid phases in annulus correspondingly.
These parameters are obtained in accordance
with transducers data. As presented in paper [7],
in smart well the key parameter in hydrodynamic
head estimation is sliding correlation coefficient of



IIO3TOMY IIJIOTHOCTHAS PA3HULIA MEX/Y 3TUMU PA3HBIMU
(PIIIOUAAMU OCTAETCSA B CAMOU HEGIATONIOTYYHOH
CUTYAIUH BBICOKOU BEJTMYHMHON. DTOT (PAKT UCIIOIbH30BAH
JUIS Pa3pabOTKU TEXHOJIOTUU U3MEPEHUS YPOBHS
JKMJIKOCTH B MEKTPYOHOM IpOoCTpaHCcTBe (MIT),
OCHOBAHHOM HA YCTAHOBKE B 9TOM 30HE CKBA’KUHBI HA
CTALMOHAPHOM OCHOBE HECKOJIBKUX JATYUKOB JABJICHUA
(ae MeHee 9eThIpeX) [6]. VPOBEHb KUIKOCTH OMPEACIISICTCS
KaK [IEPECEUYCHUE IBYX 3aBUCUMOCTEN [JABJICHUSA OT
BEPTHKA/IBHOM ITTyOMHBI CTBO/IA CKBAXKUHBI P = f(H, ),
IOJIyYEHHBIX 110 JAHHBIM JaTYUKOB, COOTBETCTBEHHO B
ra30BOM M XKHUJKOCTHOM (pazax MIL B crarbe [7] B KayecTse
OIIPEAEJIAIOLIEIO [TAPAMETPA IIPU PACYETE JUHAMUYECKOI'O
YPOBHS B MHTEJUIEKTYA/IbHON CKBAXKUHE PACCMOTPEHA
BEJIMYMHA «CKOJIB3SILIETO» KOA(PPULTUEHTA KOPPEIALIIN
3aBUCHUMOCTU P = f(HBCPT), KOTOPBIN PACCYUTBIBACTCA 11O
JIAHHBIM OJIMDKAUIINX 3—4-X TATYHUKOB /IABJICHUS IPU
IIPUMEHEHUY MHOXECTBA JATYUKOB.

Hanunuyne HECKOJIBKUX JATYUKOB [JABJICHUA B
MEXTPYOHOM ITPOCTPAHCTBE CKBAKUHBI MOXKET YCUIUTD
U CUCTEMY 3a1UThl YOLIH OT nonajanus CBO6OHOIO
ra3a Wi BBICOKOI'a3UPOBAHHOM XKUJKOCTU HA IIPUEM
PabOYNX KOJIEC ANIEKTPOLIEHTPOOEKHOTO HACOCA.

B macrosee BpeMa 1Py CHUXKEHUU ABJIEHU B 30HE
narunka TMC HYoKe 33 JaHHOM BEJIUYUHBL P cTaHuus
YIIPABJICHUS CKBAXKUHBI OTK/IIOYAECT 3JIEKTPOIIUTAHUE
MOI'PYKHOIO 3JIEKTpOABUTATENS [8]. MEK/1y TEM JIaBICHHE
BTa30BOU (Pa3e MEKTPYOHOIO NPOCTPAHCTBA MOXKET
OBbITh 3HAYUTEIbHOM BEJTUMYHUHOMN — 710 4 MTIa, u, eciiu
mapameTp P~ yCTaHOBJIEH Hd MEHBIIYIO BEIUYHHY,
BO3MOXKHO IOCTYIUIEHUE I'a3a HA pabodee KOIeECo
HACOCA U 6€3 €r0 OTKIIOUEHUS. 151 UCKITIOUEHUS TAKOTO
UHIUJEHTA B padoTe YOLIH Mbl ipefjiaracM mnapameTrp
P paccMaTpuUuBaATb KAK CYMMY JIBYX COCTABJIAIOIINX:

MHH

MHH = PrI/mpo + PI‘)KP’ (1)
e P o — JABJICHHU CTOIOA KUIKOCTH HAJL JATIHKOM;
PLyp — MABJICHUS I'A32 HAJT FA30KU/IKOCTHBIM Pa3/1e/IOM
(BUHAMHUYECKHUM YPOBHEM).

Bennunna gasnenus P, 6yaeT ONpenenaTbes B
MOCTOSIHHOM PEXUME BPEMEHM CTAHIIUEH YIIPABJICHUS
CKBaKMHBI TAK XK€, KAK U IUHAMHYECKUI yDOBEHB IO
3aBUCHUMOCTU P = f(HBCPT). IIpy OTCYTCTBUU MHOXKECTBA
JIATYHUKOB JJABJIEHHUS B MEXXTPYOHOM IIPOCTPAHCTBE [T
YCIIENTHOM 3amuThl YOI H 1OCTATOYHO UMETD B CKBAKUHE
BCETO 1BA JJATUYHMKA, OTUH U3 KOTOPBIX OYAET B COCTABE
TEPMOMAHOMETPUUECKON CUCTEMBI CKBAKUHBIL, 4 BTOPOU
JIOJIPKEH HAXOAUTBCSA B MEXXTPYOHOM IIPOCTPAHCTBE HA
YCTbE CKBAXKUHEL Torna (popmyna 1 TpaHCHOPMUPYETCH B
PaBEHCTBO:

PMPIH = PTMC - Pycr ’ (2)
rae P, — AaBjieHHE B 30HE INTyOMHHOI'O HACOCA,
puxcupyemoe TMCIIDM; P — maBinenue B MIT Ha ycrbe
CKBAKUHBL.

VHTEIEKTYaNnn3anus He(pTeJOOBIBAIONIEH CKBAXKUHBI —
3TO NPOLECC JOPOrOCTOSAINN U BBIOOPOUYHBIH, TIO3TOMY,
Ha HAII B3IVIAJ], TAKUE CKBA>KUHBI IIOSIBATCS B IEPBYIO
o4depeib Ha CKBAXKMHAX C 60IBIINM ICOUTOM IO HEDTU
U CYIIECTBYIONIUMH OCJIOKHECHUSIMU, CHHKAIOITUMU

dependency P =f(H ), which is estimated according
to data from the nearest 3—4 transducers (if many
transducers are used).

A number of pressure transducers in annulus can
improve ESP protection system against entering of
non-associated gas or highly aerated fluid at the suction
impellers of ESP. At present time, when TMS transducer
zone pressure drops below given value (P, ), ESP
control unit shuts off ESP power supply [8]. Meanwhile,
pressure in gas phase of annulus can be a high value —
up to 4 MPa. If parameter P_,_is set to a lower value, gas
can enter the pump impeller. In this case pump won't
be shut off. In order to eliminate this incident during
ESP operation we propose to consider P, parameter as
a sum of the two components:

%)
=
)
©)
.
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s
Q
=
I

Pmin = Phydro + PGLC ’ (1)
where P, - — pressure of fluid head above transducer,
P, . — gas pressure above gas-liquid contact
(hydrodynamic head level).

P . as well as hydrodynamic head are constantly
determined by ESP control unit from P=f(H__ )
dependency. In case the number of pressure
transducers in annulus can't be high, only 2 transducers
are needed for effective ESP protection: the first one
will be a part of thermomanometric system while the
second one will be installed at the wellhead in annulus.
Subsequently, formula 1 will turn into the following
equation:

- Pwellhead’ (2)

where P, — submersible pump zone pressure which
is determined by TMS in electrical submersible motor;
P iinead — Wellhead pressure in annulus.

Intellectualization of oil producing well is an
expensive and selective process. That is why in our
opinion, the first smart wells will be the ones with high
oil rate and wells with complications which reduce
defect-free performance period. Electrical submersible
pump units can produce hundreds tons of oil per day
but in spite of high upward flow velocity tubing can be
filled with asphalt, resin, and paraffin deposits (ARPD).

Another key factor in selection of candidate wells
for intellectualization is inability to carry out tripping
operations with submersible gauges in annulus. That
is why gauges must be installed in wellbore in a steady
state. These gauges will send all required data to ESP
control unit and personnel job site.

The paper studies several methods aimed at
enhancement of operation effectiveness of wells
with ESP and TMS. In order to remove ARPD from
working ESP elements and tubing many oil producing
companies use organic solvents. Usually chemical agent
at a rate of 500 liters and more is pumped in annulus
at the wellhead using mobile pump unit «[JA-320» [9,
10]. In case there is no pump unit, chemical agent flows
by gravity after all associated petroleum gas is blown
off. As per regulations, in order to discharge required
volume of solvent from elliptical tank there must be
volume calibration table, fluid level indicator, sufficient
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BpeMsI 6€30TKA3HOM pabOTHI IITyOMHHO-HACOCHOI'O
060pyAOBaHUA. [TTyOUHHBIE ANIEKTPOLEHTPOOEIKHDBIE
HACOCHBIE YCTAHOBKH CIIOCOOHBI JOOBIBATb COTHU
TOHH HE(PTHU EKECYTOUHO, I, HECMOTPS HA BBICOKYIO
CKOPOCTB BOCXOASIIETO NOTOKA, KOJIOHHA HACOCHO-
KoMnpeccopHBIX TPyO (HKT) cnoco6Ha 3an0mHATECA
ac(anbTOCMONIONAPAPUHOBEIMU OTIOXKEHUAME (ACIIO).
Jdpyrum pakTopOM, IPEJONPEAEIAIONIUM BEIOOD

CKBAXUH C VOIIH B KA4eCTBE «yMHBIX» CKBA’KUH OYAYIIETO,

ABJIAETCSI HEBO3MOXKHOCTD IIPOBEJIEHUS CITYCKO-
HOJBEMHBIX OIEPALINH ITTyOMHHOI'O H3MEPUTEIBHOI'O
IpUb0OPa IO MEKXTPYOHOMY IIPOCTPAHCTBY CKBAKIHBL
IT03TOMY U3MEPUTEIIBHBIE TPUOOPHI JOJKHBI HAXOJUTbCS
B CTBOJIE CKBA’KUHBI B CTAIITMOHAPHOM UCIIOJIHEHUHN U
MEPEIABATh HA CTAHIUIO YIIPABJIECHUA U HA PAOOYHE MECTA
MEPCOHAIA HE(PTETA30100bIBAIOIIETO NPEATIPUATHS
HEOOXOANMYIO NTH(POPMALTHIO.

PaccMOTPHUM HECKOIBKO METO/IUK, HATPABIEHHBIX HA
HOBBIIIEHNE 3(PHEKTUBHOCTH IKCILTYATAITUN CKBAXKUH C
VYOUH u TMC. 4 yganenus ACITO ¢ pabodux OpraHoB
ANEKTPOLEHTPOOEKHOIO HAcoCca U KOooHHBI HKT BO
MHOT'HX HEPTETOOBIBAIOIINX KOMIAHUAX UCTIONBb3YIOT
OPraHNUYECKHE PACTBOPUTENN. PEATEHT B KOJTMYECTBE
500 TUTPOB U OOJIEE, KAK ITPABUIIO, TIOAAIOT C YCThs
CKBAXXUHBI B MEKTPYOHOE ITPOCTPAHCTBO C ITIOMOIIBIO
nepeaBUKHOM HACOCHOM yCTAaHOBKM THIIA 11A-320 [9,

10]. TIpu OTCYyTCTBUM arperara nojgady pacTBOPUTEIIA B
CKBAXKUHY BETYT CAMOTEKOM ITOCJIE BBIITYCKA IOy THOI'O
HedTIHOro raza B arMmocdepy. st Opranuzanuu

CJIMBA 33IAHHOT'O IO TEXHOJIOTUYECKOMY PETVIAMEHTY
006'bEMA PACTBOPHUTEIIS U3 SJVIUIICOOOPA3HON EMKOCTH
ABTOLIMCTEPHBI HEOOXOIMMA TA0INUILA TADUPOBKU
€MKOCTH 110 O6'bEMY, YPOBHEMED, XOPOIIAS U 6€3011ACHAS
OCBEIIEHHOCTb MOBEPXHOCTU PACTBOPUTEIIA TUO6O
pacxogomMep MEXY CKBAXKMHOIM U ABTOLUCTEPHOMU.
JATYMK JaBIEHUA JAXKE B EAUHCTBEHHOM YHCJIE B
cocTtase cucteMbl TMC cIOCOOEH BECTU YUET OObEMA
pearenTa, MOCTYIIMBIIETO B MEKTPYOHOE TPOCTPAHCTBO,
IO BEJIMYUHE MTOABUBIIETOCA JOTIOTHUTETBLHOTO
I'AIPOCTATUYECKOTO JABJIEHUS. PACU€eThI TIOKA3BIBAIOT,
4TO O6'BEM PACTBOPUTEA IJIOTHOCTBIO 850 KI/M3 B
CTAHJAPTHOM CKBAKUHE C 06CATHOM KOJIOHHOH @ 146 MM
Y KOJIOHHOH JIU(PTOBBIX TPYO @ 73 MM B MEKTPYOHOM
OPOCTPAHCTBE OYAET UMETD BBICOTY TOPsAKa 40 M, a
JlaBieHue, (pukcupyemoe 1aTaukoM TMC, B TeueHue
KOPOTKOTO NEPUOAA BDEMEHU 3AJTUBKH PEATEHTA
JIOJIKHO BeIpacTu Ha 0,34 MITa. Takum 06pa3oMm, Ha
JATYUK JABJICHUS BO3IArAeTCs (PYHKINA KOHTPOJIS
CBOEBPEMEHHOCTH U TEXHOJIOI'MYHOCTH BBITIOIHAEMBIX
Ha CKBaXKMHE paboT 1o yaaneHuo ACINO ¢ nog3eMHOro
O60PYIOBAHUSL.

DKOJIOTMYECKASI CTOPOHA IKCILIYATAIUH CKBAXKHUH
ABJIAETCS O6JIACTBIO BO3MOXKHON aBTOMATHU3A1IUHU
C IOMOUIBIO JATYHKOB JJABJIEHUS B MEXKTPYOHOM
npocTpaHCcTBE. HeTeNOOBIBAIOMINE CKBAKUHBI, TAK K€
K4K U PE3EPBYAPHBIE MAPKU, ABIAIOTCSA UCTOYHUKAMHA
HOTEPD YIVIEBOAOPOJOB U 3ATPA3HEHNS BO3/[yXa pA60OUYen
30HBI IEPCOHAJIA U ONMMKAUITUX HACEJIEHHBIX ITYHKTOB.
PasrepMeTusanusa CKBa)KMHBI IPOUCXOIUT IO MHOTUM
OPUYUHAM:

*  IUIAHOBBIE WJIM PEMOHTHBIE PA6OTEI IO INTyOMHHOMY
060PYJOBAHUIO, BBITIOJIHAEMBIE OPUTATAMU
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and safe illumination of solvent surface or flow rate

meter between tank and well. Even one pressure

transducer as a part of TMS system can keep a record
of agent volume pumped in annulus according to
additional hydrostatic pressure. Estimations show that
annulus volume of solvent with density 850 kg/m?

in standard well with casing @ 146 mm and tubing

@ 73 mm will be 40 m high. During short time period of

agent pumping, pressure recorded by TMS transducer

will increase by 0,34 MPa.

Thus, pressure transducer serves as a control tool for
timeliness and effectiveness of operations for ARPD
removal from subsurface equipment.

Ecological aspects of well operations provide the
opportunity to apply annulus pressure transducers for
an automatic control. Oil producing wells as well as oil
storage tanks are the source of hydrocarbon losses and
air contamination of personnel job site and the nearest
human settlements. Loss of well containment occurs
due to a number of reasons:

+ scheduled or repair operations on subsurface
equipment, these operations are executed by
workover and service crews;

- chemical agent feeding from tank in annulus by
gravity;

+ emergency APG emission from annulus for ESP
performance optimization.

Pressure transducers provide all data required
for evaluation of hazardous substances emissions
volume (associated petroleum gas): well fluid level and
associated petroleum gas pressure. Supposing that
H, pamic= 1000 m, APG wellhead pressure

wetineaa = 1,0 MPa and gas pressure decreases to
atmospheric pressure, then emission into the
atmosphere would be 112 m? of APG approximately.

Given that these operations are executed on 20 wells

per day within one oil and gas producing company,

the overall hydrocarbons emission would be 2240 m?.

During one year due to well pressure relief operations

the volume of emission would be 818 thousand cubic

meters of light hydrocarbons and not less than 818

tons of heavy liquid hydrocarbons. These estimations

will be executed by «<smart» wells in accordance

with control station algorithms without human

involvement.

The water cut value of produced oil is the most useful
information for conducting efficient field operations
and effective development of oil deposits. At present
time water cut is determined by well fluid sampling
at the wellhead with a further composition analysis
in a laboratory. Authors of the paper [11] pointed out
that wellhead samples do not always provide true
data regarding produced fluid composition. Method
of water cut determination by moisture meters as a
part of automatic pad metering systems is not widely
used in oil and gas producing companies. That is why
inventions [12, 13] propose to carry out analysis of
produced fluid inside the tubing.

Submersible pump is shut off during measurement
thus allowing produced fluid to be separated into
water, oil and gas under gravity. The disadvantages of
both methods are as follows: the well must be shut off,



KaIIUTAJIBHOI'O U IIOA3EMHOIO PEMOHTA CKBAXKHH;

+  M0Jla4d PEATEHTOB B MEXTPYOHOE IPOCTPAHCTBO
CKBAXXUHBI CAMOTEKOM U3 AdBTOLIMCTEPHBI;

*  3KCTPEHHBIN BBINTYCK ITHI 13 MEXTPyOHOTrO
OPOCTPAHCTBA AJ11 ONTUMHU3AIIUU PAOOTHI
IJIYOMHHOT'O 3JIEKTPOLIEHTPOOEKHOIO HACOCA.

JaTYMKY JaBIEHUS BbIJIAIOT BCIO HEOOXOJUMYIO

UHMOPMALTUIO JJI OLIEHKH OO'bEMOB BEIOPOCOB BPEIHBIX

BEMIECTB (IIONYTHOI'O HEPTIHOTO I'a3d) B aTMOChEpY:

BEJTMYUHY YPOBHS )KUJIKOCTHU B CKBA’KMHE U JJABJICHUS

nonyTHOro HedsiHororasa. EcmmH | = 1000 M, 2

nasnexue [THI Ha ycThe CKBakuHbL P = 1,0 MIla, TO ipu

CHIDKEHMH JJABJICHUS I'a3a /IO AaTMOC(EPHOTO B aTMOCHEPY

NOoNaJeT IPUMEPHO 112 M? HONYTHOI'O HEPTAHOIO Ia34.

Eciu o He(prerazofpo6bIBAIOMEMY IPEAIPHUATUAIO B

CPEAHEM 32 CYTKU TAKHUE PAOOTHI BBITIOIHAIOTCS 10

20 CKBaXXUHAM, TO OBIIUE BEIOPOCHI YITIEBOJOPOAOB

coCTaBAT 2240 M?. 32 rop 6/arofapst pa3psiKe CKBAsKHMH

B aTMOC(EPY NONAAET IPUMEPHO 818 THIC. M? JIETKUX

YIVIEBOAOPOAOB WX HE MeHee 818 T B JKUJIKOM 9KBHUBAJICHTE

TSDKEJIBIX YITIEBOJOPOAOB. [IpUBE/ICHHDBIE PACYETHI OYAYT

BBITIOJIHATBCSA <YMHBIMHW» CKBA)KMHAMM NPAKTUYECKH

6€3 y4aCTH YEJIOBEKA MO 32JI0KEHHBIM B CTAHITUIO

YIIPABJIEHUS AJITOPHUTMAM.

O6BOJHEHHOCTD JIOOBIBAEMON CKBA)KMHHOU HE(PTH

SIBJISIETCSI HAMOO0JIEE BOCTPEOOBAHHON MH(MPOPMAIIHEH

JUL BEACHUS OTIEPATUBHON ITPOMBICIIOBOI pabOTHI U

YCIIEMHOU Pa3paboTKU HEPTIHOM 3aj1e:Kk1. CEroHS

3a/1a4a PEMIAETCS TyTEM IIEPUOJUIECKOT'O OTOOPA

YCTBEBBIX IPOO CKBAXKUHHOM JKUJKOCTH C JAJIBHEHIIIUM

ONPEJENIEHNUEM COCTABA )KUJIKOCTH B J1A60PATOPHBIX

YCIOBUAX. ABTOPBI CTAThU [11] ClipaBeiyInBO OTMETUIIH,

4TO YCThEBBIE IPOOBI HE BCETZA MOT'YT COOTBETCTBOBATD

UCTUHHOMY COCTABY JJOOBIBAEMON CKBAKMHHOM XKUJIKOCTH.

Onpeaenenre 06BOJHEHOCTH CKBAXKUHHOM IPOAYKITUHA

C IIOMOIIIBIO BJIATOMEPOB aBTOMATHYECKOM I'DYIIIIOBOM

3aMEPHOU YCTAHOBKH HE HAIIJIO IMUPOKOT'O MPUMEHEHU

B HEPTETA30JOOBIBAIOIINX KOMITAHUAX, IO3TOMY B

HU300peTEHNAX [12, 13] IPEAIOKEHO JUATHOCTHUKY COCTABA

CKBaXMHHOM nnpoaykuuu (CIT) mepeHecTy BO BHyTpEHHEE

MPOCTPAHCTBO KOJIOHHBI IU(PTOBBIX TPYyO. Ha BpeMs

U3MEPEHUI pA00TA INTyOMHHOI'O HACOCA OCTAHABIUBACTCS,

U B PE3Y/IbTATE IPABUTALIMOHHOIO pasaeseHusa CIT

pa3aenseTcs Ha BOAY, He(pTh U ra3. HerocTaTkom 060ux

METO/IOB ABIAETCA HEOOXOJUMOCTD OCTAHOBKU CKBAKUHBI

Y OKUJIAHUSA I'PABUTAIIMOHHOI'O IEPEPACTIPEAEIICHUA

(Ion10B B KOJIOHHE JTUPTOBBIX TPyO. [TocTaBIeHHAS

3a/1a4a PEMIAETCSA O€3 OCTAHOBKM CKBA’KMHBI HA

MEPUOJ, U3MEPEHUI, €CITA CKBAXKUHY PACCMATPHUBATD

KAaK BEPTHUKAJIBHBII TPYOOIIPOBOZ, C OHOPOAHBIM —

3MYJIbCUOHHBIM COCTABOM 6€3 CBOOOAHOTO raza. Ha

CKBaXXKMHAX C YOI H, UMEIOMMNX YaCTOTHO PETYIHUPYEMBIH

NPUBOJ, B 30HE OT HACOCA JJO KPOBJIA IPOAYKTUBHOT'O

IUIACTA CTALMOHAPHO PACIIONATAIOT IBA JATUYNKA

JIABJIEHNS HA HEOOJIBIIIOM PACCTOAHUH APYT OT APYTa.

CxeMa paCTIONOXKEHUA JATYUKOB B CTBOJIE CKBAKUHEI

npuBeieHa Ha puc. 1. B 30He aT4uKOB 5 1 6 HA BPEMST

U3MEPEHM OOBOIHEHHOCTH JJABJIEHHE IOAIEPKUBACTCS

BBIIIC BEJIMYUHBI IABJICHUA HACBIIIEHUA HePTHU Ta30M P

OYTEM HAMEPEHHOT'O CHIDKEHUS YACTOTBI TOKA MUTAHUS

ITD/1 1, KaK CJIeICTBUE, CHUYKEHU A ITIPOU3BOIUTEIBHOCTHU

NEKTPOLIEHTPOOEIKHOTO HACOCA.

gravitational fluids redistribution takes some time. There
is no need for well shut-off in case the well is considered
as a vertical pipeline with homogeneous emulsion
without non-associated gas. In wells equipped with
ESP with variable speed drive two stationary pressure
transducers are installed within close range of each
other within a wellbore from pump to reservoir top.
Fig. 1 illustrates configuration of pressure transducers
within a wellbore. During water cut measurement in the
area of transducers 5 and 6 pressure remains above the
bubble point pressure P, . This is achieved by planned
reduction of frequency of submersible motor supply
current and consequent reduction of ESP productivity.
In this case pressure difference between two
transducers can be written as:

P -P,=pyg(H -H)+P, )

where P, — transducer 1 pressure (lower), Pa; P, —
transducer 2 pressure (upper), Pa; H, — vertical depth
according to transducer 1, m; H, — vertical depth
according to transducer 2, m; P, — average fluid density
between two transducers, kg/ m? P, — friction pressure
drop, Pa.

1 — o6cagHass KOJTOHHA
HedTEeOOBIBAIONIEH CKBAKUHBL,
2 — xononHa HKT; 3 — rmy6uHHas
HacocHas ycraHoska (OLIH) ¢
IOI'PY>KHBIM JIEKTPO/IBUTATEIIEM
(ITO); 4 — maTYMK TABJIECHUA B
cocrase TMC; 5 — BepXHUH
JATYUK JABJICHUS, 6 — HUKHUH
JIATYMK JJABJIEHUS; 7 — CTAHIIUS
YIIPABIECHUS CKBAXKUHOLT;

8 — KabeJIb AJIEKTPONUTAHMUSA
JIATYMKOB M KaHAJ1a O6PaTHOM
CBsI3H; 9 — IITATHBIN Ka6€Tb
anekTponuTanus ITO]I,

i - COBMEMAIONTNAH (PYHKIIHIO

—_— t) 06pPATHOM CBSA3U CO CTAHIIUECH
YIIpaBICHUS

//]

{

/
-~ |l-.f'\:|‘-¢\n'l‘-.|

SNV

1 — production casing, 2 — tubing, 3 — electrical submersible pump
(ESP), 4 — pressure transducer as a part of TMS system, 5 — upper
pressure transducer, 6 — lower pressure transducer, 7 — well control
unit, 8 — supply cable for transducer and feedback channel, 9 — power
supply cable for submersible motor with a function of feedback
channel to well control unit

Pucynox 2 - Jlamuuxu oagirenus ona
onpeoenenus 00600HEeHHOCIMU CKBANCUHHOTE
npooyxuuu

Figure 1 - Pressure transducers for water cut
determination

Density of two-phase production fluid without non-
associated gas is determined by the additive formula:

Pr= pw.fw + po.(l - fw) ’ (4)

where P, — water density at the average pressure
P +P,
P, =———kg/m’
2
p, — reservoir oil density at the average pressure
P kg/m’f — production fluid water cut expressed as a
decimal fraction.
When the distance between transducers 1 and 2 is
small, P, value can be neglected. Consequently, water cut
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B 3TOM CiTy4dae pa3HOCTD JABICHUU MEXK/Y ABYMSI
JATYNKAMU MOXKHO 3AITUCATD B BUJIC:

P -P,=p,gH -H)+ PTp ) 3

rae P, — gaBjieHue B 30HE IEPBOTO — HUYKHETO JTATYMKA,
[Ta; P, — maBjieHHE B 30HE BTOPOT'O — BEPXHEI'O
narumka, [1a; H, — rry6rHa 110 BepTHUKAIM IIEPBOIO
TIATYHKA B M;
H, —riay6buHa 110 BEPTUKAIN BTOPOI'O JATYHKA, M;
P,. — CPEMHSAS TVIOTHOCTD KUJKOCTH MEXKTY IBYMSI
PACCMATPUBAEMBIMU JIATYMKAMHU B KI/M?, P  — moreps
JaBjieHus HA TpeHue, [1a.

ITI0OTHOCTB ABYX(DA3HON CKBAXKUHHON NPOAYKIIUU
PU OTCYTCTBHUU CBOOOAHOT'O OMYTHOI'O HEPTAHOTO
ra3a ONpPEAEIAETCA IO AAAUTHBHON (POPMYIIE:

pmzps.fs+pﬂ.(1_fu)’ (4)

rae P, — IWIOTHOCTD BOABL B KI/M? IIPYU CPELHEM
JaBJICHUU
P +P,

= ’

cp

2 rae P, — INIOTHOCTB IIJIACTOBON HE(DTH

B KI/M’ IIPH CPEAHEM JaBIcHUH P f, —
OOBOAHEHHOCTD CKBAKMHOM IPOAYKIINH,
BBIPAKEHHAA B IOJIAX OT €JUHULIBL

ITapameTpom PTp IIPU HEOGOJIBIIOM PACCTOIHHUU
MEXIY JATUMKAMU 1 1 2 MOXKHO IIPEHEOPEUD, TIOITOMY,
UCIONb3YSE (POPMYIIBI 3 U 4, BBIPA3UM UCKOMYIO
OGBOJHEHHOCTS f ;

Pl - Pz p
fo Gty -
P, — Py

Pa60TOCIIOCOGHOCTD METOJAUKHU ANIPOOUPOBAHA
10 TAHHBIM CKBAKUHBI, PACTIOJIOKEHHOI HA 32JIEKU
He(TH IJIACTOBO-CBOJJOBOT'O THUIIA HA CEBEPO-3ATIA/IE
Pecniy6nuku BamkoprocTas. B Tabnune 1 1ana
UCXOAHAS NUH(POPMAIUS IO CKBAXKUHE.

JlaBjieHUE B 30HE BEPXHETO AATYUKA JABJICHUS
HOAJIEPKUBAETCS HA BPEMS U3BMEPEHHUH BBIIIIE
JABJICHUA HACBICHUs HeTU TasoM: P, > P, (51> 50),
MO3TOMY B 30HE MEXK/IY IBYMS JATUUKAMU B HEPTHU
OTCYTCTBYET CBOOOJHBIN I'a3, 4 IJIOTHOCTb HE(PTHU
OyAET NPAKTUYECKU HEU3MEHHOI BEIMYUHON B 9TOHU
30HE.

IIIOTHOCTH HEPTU U Oy THOM BOABI B INIACTOBBIX
YCIIOBUSIX PABHBI COOTBETCTBEHHO 850 KI/m?

u 1176 xr/m>,
ITo popmysie 5 HAXOAUM OOBOJHEHHOCTb CKBA>KHUHBL:

P —P, 62,8 -51,0) - 10°
(H -H)-g 1 (1271-1147)-981
f="1"" = =0,368.
p.— P, 1176 — 850

PaccunTaHHas IO ONPEAJIOKEHHOU METOJIMKE
OOBOHEHHOCTD CKBAKUHOI npoaykuuu (CIT)
paBHa 36,8 %. [10 HaHHBIM YCTHCBBIX MIPO6 CPEAHSIS
o6BogHeHHOCTH CIT paBHa 36,0 %. He6osbImas
BEJIMUNHA PACXOXK/ICHU S OO'BSICHSIETCS TEM, UTO
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f can be expressed using formulas 3 and 4:

Poh
r-oe )
Py — P,

Operational capability of this method was tested on
well in layer-uplifted oil deposit which is located in the
northwestern part of Republic of Bashkortostan. Table 1
presents basic well data.

Taoauuya 1 — I'eon020-nPOMBICA0EAA
ungopmanun no HegpmeooovLearoueti
cKeaxicune

Table 1 - Geological field data on oil
Pproducing well Bottombole pressure

JJaBaeHue

marauka TMC IryGuna
8 some ML I'nyoumHa | ycTaHOBKH | JlaBiIeHHE
3a6o0itHoe 3260s1, Bep- | TMCB30He | HacshIle-
JdaBJI€HUE Pr essu'r € THKAJbHAA IO, Hus HepTH
Bottomhole a(;((:)o;;\i;;l g Vertical T™MS RASOM
pressure ... | bottomhole | depthin Buble point
ST depth submersible ressure
submersible P P — P
motor zone
P, arm/atm P,,arm/ atm H,, m/m H,,M/m P acppop » ATM/
atm
62,8 51 1271 1147 50

Pressure in upper transducer zone remains above the
bubble point pressure: P, > P, (51 > 50), that is why there
is no non-associated gas between two transducers; oil
density is almost a constant value in this zone.

Densities of oil and associated water under reservoir
conditions are equal to 850 kg/ m? and 1176 kg/ m?
correspondingly.

Well water cut is calculated by the formula 5:

P —P, (62,8 - 51,0) - 10°
H )z D azioua os 0
w = ! 2 g = ’ 20,368
P, — P, 1176 — 850

Well fluid water cut calculated by the proposed
method is 36.8 %. According to wellhead sampling data
the average water cut is 36.0 %. Small difference is due to
the fact that well fluid is an emulsion composition. This
fact predetermines homogeneous fluid composition in
wellhead sampling tool and increases authenticity of
wellhead fluid samples.

Conclusions. The paper presents technical
solutions for «<smart» oil producing well that suggest
the application of pressure transducers inside the well.
Several pressure transducers installed in wellbore and
additional tools will perform the following procedures:

1. Hydrodynamic fluid head will be constantly
estimated with smaller margin of error without
personnel involvement. Fluid level database will
maintain oil production and provide highly-effective oil
field development.

2. ESP protection from non-associated gas entering at
pump suction impellers will be enhanced by monitoring
associated gas pressure in annulus as a component of
minimum allowed pressure in ESP zone.

3. Pressure transducer as a part of TMS will provide the
opportunity to register hydrostatic pressure increase.




CKBAKMHHAS NIPOAYKIIUA ABJISIETCSI SMYIbCUOHHBIM
COCTAaBOM, 4 3TO IPEJONPEIEISAET TOMOI€HHBIN
COCTAaB (PJIIOUJIOB B 30HE YCTBEBOT'O IPOOOOTOOPHUKA
Y MOBBIIAET JOCTOBEPHOCTD YCTHEBLIX TPOO
JKUJIKOCTH.

BpIBOABI. B CTaThE IPUBEACHBI TEXHUYECKHE
peneHns A1l <\yMHOU» HE(PTEZOOBIBAIOMIEH
CKBaKMHBI, CBAI3AHHBIE C SKCIUTYATAIIUEN B CKBAXKHMHE
TAKOT'O U3MEPUTEBHOI'O YCTPOUCTBA, KAK JATUHK
JaBneHus. C TOMOIIIBIO HECKOJNBKUX JATUHUKOB
JIABJIEHM S, PACIIOJIOKEHHBIX B CTBOJIE CKBA’KUHBL, U
JIOTIOJIHUTEJIBHBIX YCTPOMCTB B TAKUX CKBAKMHAX
B aBTOHOMHOM PEXXUME Oy YT BBINOIHATHCS
CJIEAYIONMIYE TPOLIEAYPDL:

1. JuHAMHUYECKUI yPOBEHD JKUJKOCTU B CKBAXKUHAX
OYZET OLIEHUBATBCA B IOCTOSHHOM PEKHMME BDEMEHU
6€3 y4acTHs IEPCOHAIIA IPEATIPUATUSA U C MEHBIIEH
HOTrPENTHOCTEIO. [ToTyyeHHAsA TAKUM OO6Pa30M
UH(pOPMALTUOHHAA 0232 JAHHBIX 10 YPOBHAM
JKMJIKOCTH CTAHET OCHOBOM JIJ11 OOECTIEYEHU A
TEKYIIEN JOOBIYN HE(PTHU U BEICOKOI(PPEKTUBHOM
Pa3paboTKU HEPTIHOTO MECTOPOKIECHUSL.

2. 3amuTta YOLIH oT momagmaHus CBOOOAHOTO
ra3a Ha IpUEM HACOCA OyJET yCHUIIEHA Ty TEM
y4€eTa JABJIEHU IIOITYTHOT'O I'd34 B MEKTPYOHOM
MPOCTPAHCTBE KAK COCTABHOM YaCTHU
MHUHHMAJIBHO JJOITYyCTUMOTO JABJIEHUSA B 30HE
NEKTPOLIEHTPOOEKHOI'O HACOCA.

3. C TOMOMIBIO AATYMKA AaBAEeHMS B cocTaBe TMC
CKBaKMHBI CTAHOBUTCA BO3MOXXHBIM (DUKCUPOBAHUE
MOBBIMIEHUA THIPOCTATUYECKOIO JABJICHUA,
COOTBETCTBYIOMIETO IO BETUYUHE OOBEMY ITOJAHHOI'O
B MEXTPYOHOE NPOCTPAHCTBO OPTAHUYIECKOTO
pactBopuTens g yaanenus ACIIO u3 Hacoca
u KostoHHBI HKT. Takum 06pa3oM OpraHu3yeTcs
KOHTPOJIb CBOEBPEMEHHOCTU U TEXHOJIOT'MYHOCTH
CKBA)KHMHHBIX OOPA6OTOK.

4. ITopcueT 06'bEMOB BBIOPOCOB YITIEBOAOPOIOB U3
CKBAKMH IIPH UX IKCIUTYATAIUN CTAHET BO3MOXXHBIM
C IOMOIIBIO UH(POPMALIUH OT JATUYUKOB JIABJICHNUS,
KOJIMYECTBEHHO XAPAKTEPUSYIOMIUX ITOITY THBIH
HEPTAHOM I'a3 B CKBAXKUHE.

5. Baxxnerimas nHPOPMALTMOHHAA COCTABJIAION A —
O6BOHEHHOCTD CKBAKMHHOM IPOJAYKIIUU B
CKBAXXHMHAX C YOLIH MOXET ONIpeJeIsiThCs B
CKBKMHHBIX YCJIOBUAX 6€3 OCTAHOBKU PAOOTHI
[JIyGMHHOI'O HACOCA. C TIOMOUIBIO JJATYUKOB JdBJICHUSA
OLIEHUBAETCA COCTAB IIJIACTOBOU ITPOAYKIIUH IIPU
YCIOBUM NOAJEPKAHMA JABJICHUSA B 30HE JATYUKOB
BBIIIIE BEJTMYMHBI JJABJIEHUS HACBIIIECHUA HE(PTH
I'd30M.

B cTarbe onmcaHa NIpUHIMINAIBHAA MOJENb
UHTEJJIEKTYAJIbHOM HE(PTENOOBIBAIONICH
CKBaKMHBI, KOTOPAsI MOXET ObITh PEATTN30BAHA B
TIEPBYIO OYEPE/Ib HA CKBAXKMHAX C YCTAHOBKAMH
ANEKTPOLEHTPOOEKHBIX HACOCOB. CO BpEMEHEM
TAKasi MOJIETIb MOXKET OBITh JIOIIOJIHEHA IPYTUMHU
TEXHUYECKUMU YCTPOHCTBAMU U PEIICHUSMU,
KOTOpPBIE 6B 3HAUNTEIBHO IPOJJIUIN BPEMS
06€3aBapUITHO U BEICOKOIIPOU3BOJUTEIBHOMN PA6OTHI
IJTYyOMHHO-HACOCHOT'O O60PY/IOBAHUS. ©

This pressure increase corresponds to the volume of
organic solvent pumped in annulus for ARPD removal
from pump and tubing. Thus, pressure transducer will
provide control of timeliness and effectiveness of well
treatments.

4. It will be possible to conduct evaluation of
hydrocarbons emissions using pressure transducers data
that monitor associated petroleum gas in the wellbore.

The most important data — well fluid water cut will
be determined inside the well without pump shut-
off. Pressure transducers will evaluate reservoir fluid
composition considering that pressure in transducers
zone remains above the bubble point pressure.

The paper describes conceptual model of smart oil
producing well. In the first place this model can be
implemented in wells with ESP. In the long term this
model can be improved by other technical tools and
solutions that will increase effective and defect-free
performance period of submersible pump equipment. ©
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