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AkmyanbHocmb. B Hacmosiwee epems dobbMa Hepmu Ha pside MeCmOpoXAeHUl OCrOXHEHa 0bpa3osaHueM acghanbmeHocMonona-
PaghuHOBbIX OMITOKEHUL Ha NOBEPXHOCMU HEGhMENPOMbICII08020 060pyd0saHuUs. ObpasosaHUe OMIOKeHUL npusooUM K YMEHbLWEHUIO
NOMIE3H020 CEYEHUST HACOCHO-KOMNPECCOPHBIX MPY6 U NOBLILIEHHOMY U3HOCY HAaCOCHO20 060pydosaHUSsi, yMEHbLUEHUID 0BbMU HEGhMU.
Lenb: uccnedosame aHanumuyeckue modenu onpedenenHus enybuHbl Hadana 0bpa3osaHusi OmIoxeHull acchanbmeHos, cMo U hapa-
(hUHOB 8 CKBAXKUHAX; OUEHUMb BIUSHUE MEXHOMo2uYeckux napamempos 0obbiuu (0680dHeHHOCMb, Oebum, dagneHue u Op.) Ha anybuHy
Hayana 0bpa3osaHus omioxeHul achanbmeHos, CMOIT U hapaghuHos.

06Bexkm: LLiepwHesckoe mecmopoxdeHue lNepMckoeo Kpast.

Memodb1: nabopamopHble uccnedogaHus, aHanu3s NPOMbICII08bIX OaHHbIX, KOMNLIOMEPHOE MOOEUPOsaHUE.

Pe3ynbmamelI. BeinonHeH 0630p cocmasa u ceolicme niacmosbix ¢iroudos LLlepuwHesckoao mecmopoxdeHus. [MpogedeHo 0bobweHue
modenell Ons npo2HO3UpoBaHUs 2/1ybUHbI Ha4yana UHMEHCUBHO20 0bpa3osaHus achanbmeHo8, CMOM U NapaghuHO8 Ha CmeHKax aiybuH-
HOHacocHo20 obopydosaHusi. BbisgneHo, Yymo Ana npoeHo3uposaHusi 0bpa308aHUsi acghanbmeHOCMOoIo0napaguHoOBbIX OMIOKeHUl, a
makxe 051 no0bopa Haubonee onmumansHoU mexHonoauu 60psbbi ¢ HUMU HE06X0OUMO yyumbIgams, NOMUMO memnepamypbl NOMokKa,
06800HeHHOCMb NPOdyKyUU, npomugodasieHue Ha ycmbe, ckopocmb nomoka. OnpedeneHue 2ybuHbl Havyana uUHmeHcusHol napagu-
HU3auuu CcKkeaxuHHoU npodykyuu Ha npumepe 00DbIBaWUX CK8aXUH LLlepuiHe8cko20 HehmsaH020 MeCmopOXAeHuUsi nokasasno, Ymo
Habrmodaemcs meHAeHUUS K CHUXEHUIO 2/TybuHb! Havana opMuposaHus acghanbmeHOCMononapaghuHoBbIX OMIoXeHul ¢ pocmom 06-
800HeHHocmu u debuma ckgaxuHb! no xudkocmu. C ygenuyeHuem 06600HeHHOCMU NPOOYKUUU CK8axuH enybuHa Havana 0bpa3ogaHusi
achanbmeHocMononapaghuHoBbIX omoxeHul ymeHbwaemcs 8 cpedHem Ha 20 m npu pocme 06800HeHHocmu Ha 10 %. C ygenuyeHuem
Ha 1 Ml a 6yghepHozo dasneHus anybuHa Hayana 0bpa308aHus acthasibmeHOCMoIonapaghuHosbIx OmMIoxeHul yeenudugaemcs Ha 30 m.
Mpu pocme yacmombI moka anekmpodsueamens Ha 2 'y enybuHa HaYana hapaghuHu3auuu CKeaxuHHOU ygenuyugaemces Ha 28 m.

Knroyeenie cnosa:
CkgaxuHa, napaghuH, 06800HeHHOCMb, MeMnepamypa, enybuHa, dasneHue.

BeepeHue

OpHolt M3 Ccepbe3HBIX HpoOJIeM MpU SKCILTyaTalu
He(TeNOOBIBAIOIINX CKBAKIH SBISCTCS BO3HHKHOBCHIIE
acansrocMostonapaduroBeix  omoxkenuid  (ACIIO) B
npu3a0oiHBIX 30HaX, HA TTyOMHHOHACOCHOM 000pYIO0Ba-
HUM 1 Jp. B cnienpanbHOM auTepaType MHUPOKO OCBEMIEHO
BIIUSHIE PA3NIMYHBIX (AKTOPOB Ha MHTEHCUBHOCTH U TIIY-
Owny Havarna BeimajieHus ACIIO B JoOBIBAIONINX CKBAXKH-
Hax, MPUYMHBl U MeXaHu3M ux BbimajaeHus [1-7]. OcHoB-
HBIMH (haKTOpaMH, BIHUSIOMINMA HA TTyOMHY U MHTEHCHB-
HOCTh Havanma obpasoanus ACIIO, sBustoTcs: naBieHue,
TeMITepaTypa, CKOPOCTh MOTOKa, cocTa (umomsios. B [8-13]
PaccMOTPEHB! MEXaHU3MBI U TIPELT0AKEHbl METO/IBI OLIEHKH
uHTeHcuBHOCTU nposnenus ACIIO, ucxonsd u3 reosoro-
(MBUYECKUX ¥ TEXHOJIOTHYECKUX MapaMeTPOB.

B wHacrosmeil crarbe i JOOBIBAIOIIMX CKBAXKHUH
[epnrHeBckoro HETIHOrO MECTOPOKACHHUS BBHIIONTHEHA
oneHKa rryOuHsl Hadana odpazoBanust ACIIO ot ocHOB-
HBIX TEXHOJIOTHYECKUX [TapaMeTPOB IKCILTyaTaluH.

Hedrts 06pexToB paspabotku llleprmaeBckoro mMecto-
POXKJICHHS XapaKTePU3yeTCs Kak CPEIHSAS MO TUIOTHOCTH,
manoBszkas  (2,94-4,04 wmlla-c), BeICOKOCMONHUCTAS
(15,01-15,99 mac. % cmon u 1,64-3 mac. % achanbre-

38

HOB), mapaduuucras (4,97-5,47 mac. %), cepHHCTAS
(1,67-1,76 mac. %).

Bcee ckBaxuHBI 000pyH0BaHbl YCTAHOBKAMH 3JIEKTPO-
IEHTPOOEIKHBIX HACOCOB.

Temmeparypa HachIleHAS TapahUHOM JETa3UPOBAHHOM
He(TH, KaK TPaBIIIO, OMPEEIIETCS B TaA0OPATOPHEIX yCIo-
BISIX. B ciydae oTcyTCTBHS 1a00PAaTOPHBIX JAHHBIX TEMITe-
patypa HachleHUs MapaQuHOM [era3MpOBAHHOH He(TH
MO’KET OBITh PACCUHTAHA TI0 IMITMPHICCKAM 3aBUCUMOCTSIM
u3 [15-20]. B [14] onpenenens! KoppensiuoHHbIe KO3 Qu-
mmenThl 1 Hedtn [llepriHeBcKkoro MecTOpoKIeHUS st
OLCHKM TeMIIepaTypsl HachlmieHus mapadunom. Hamrtyd-
IIasi CXOAMMOCTh PACUCTHBIX MAPAMETPOB € (aKTHICCKUMH
nmo J0OBIBAIOIIMM CKBAKHHAM MECTOPOXKICHHHA ceBepa
[Tepmckoro kpas nonmy4eHa 1o 3aBUCUMOCTH u3 [21].

B Tabmyme npuBeacHBI 3HAYCHHS TEMIEPaTyphl HACHI-
IIeHNS TapaduHOM JerasupoBaHHOW HE(TH IS TeppUreH-
HeIx (Tn, b6, M) n kapboHatHEIX 00beKTOB (T-OM) paspa-
0otk IllepmméBckoro MectopoxkueHus. Temmeparypa
HACBIIICHHS HE(TH MapaiHOM OIpeienieHa 1o hopmye:

—X(CH;CC;CA;Z—;‘;)

HI Il map 1
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1€ tyynep — TEMIEpaTypa nnasnenus napaduna; Cr, Ce,
Cy— cozmepxanue B HeTH mapauHOB, CMOI U acaib-

TeHoB; 20 — OTHOWICHMS JMHAMMYECKHX BA3KOCTEH
Hsp
Hedtu mpu Temmepatypax 20 u 50 °C; X — mokasartensb
CTETICHIL.
Wsmenenue t,; mo ramyoune ckBaxuabl Ne 230 Illep-
HEBCKOTO MECTOPOXK/ICHI MPUBEIEHO Ha puc. 1.

Jns ompeneneHus TIyOWHBl HAvyala HHTECHCHBHOTO
OTJIOXKEHHUS TapauHOB HA TIIyOMHHOHACOCHOM 000py10-
BAHMH COIIOCTABICHBI KPHBBIC PacIpesieicHUs TeMIepa-
TYpBl IOTOKA JKUIKOCTH B CKBOXHHE M TEMIEPATypHI
HachleHus: Hedtu mapaduuoM (puc. 1). Mecto nepece-
YeHHs KPUBBIX SBIAETCA TIIyOMHOH Hawana oOpa3oBaHMs
ACIIO B ckBaxwuHe. PacuerHas rnyOnHa Hayana MHTEH-
CHBHOM MapaduHM3amuy IpoayKmuu 1260 M.

Tabnuuya. Pe3ynomamul pacuema memnepamypvl HacblujeHUs: napaguuom oezazuposantol Hegpmu Lllepunéeckozo me-
CMopodicOeHUs:
Table. Results of calculating the wax saturation temperature of degassed oil from the Shershnevskoe field
Copepixanue B Hedtn, Mac. % ° INoka3zatens
S > t C
O6’be§;§i?l%?fomn Uaolso Content in oil, % wt. t"" fap? oc crenenn X tunltna, °C
Cy Ce Ca pipar: X
Ta/Tl 3,99 5,08 14,01 1,85 56,1 0,61 30,48
Ma/MI 3,52 5,15 15,99 2,11 54,9 0,62 29,53
b6/Bb 3,61 5,47 13,89 1,64 55 0,64 29,00
T-Om/T-Fm 3,90 4,97 14,35 3,00 55 0,62 29,59
Temmeparypa, °C €TCS CXOOMUMOCTD PACUETHBIX M (DAKTHUCCKUX MapameT-
o 5 wooow W o “ . ¥ POB C MAKCHMAJbHBIM OTKJIOHEHHEM B 8,14 %.
JleOHT RHIROCTH, MY/CYT
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Fig. 2. Dependence of wax deposition depth on liquid flow
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TIpH yBETHYCHNH AeOUTA XKUAKOCTH Ha 1 M°/CyT.
[Ipy mo3eMHOM PEMOHTE MO PSIY CKBAKHH BBIIOJ-
HeHbl 3amepbl TonmuHbl ACITO Ha BHYTpeHHeH moBepx-

Pacuetnas rovomHa obpazoeams ACIIO, m
Puc. 3. Conocmasnenue pacuemmvix u paxmuyeckux nyoun

obpazosanus ACIIO
noctid HKT. IIpou3Benen aHaiu3 COOTBETCTBUS pacyeT- . .
o o o Fig. 3. Comparison of calculated and actual depths of wax
HOI1 U (haKTHUeCKOH TIIyOnH Havana OTIOXKEHUH ac(aib- formation

TEHOB, CMOJI ¥ TTapauHOB B ckBaxuHe (puc. 3). OTMeva-
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B mporpammuom mpoaykre Petroleum  Experts
PROSPER mpousBeneHa oreHka BIMSHAS OOBOJIHEHHO-

CTH TIPOJAYKIMY CKBaXHMH Ha ryouny Beimanenus ACIIO.

C yBenuueHneM OOBOXHEHHOCTH NPONYKIMH CKBAKUH
rnybuHa Hadana obpasoBanus ACIIO ymeHblunaercs B
cpenneM Ha 20 M 1ipu pocte 00BogHeHHOCTH Ha 10 %.

C yBenmnuenuem Ha 1 MIla OydepHoro naBneHus riry-

Ouna Havana oopazoanus ACIIO yBenmuuuBaercs Ha 30 M.

BaxupiM mapameTpoM, BIHSIOMEM Ha 00pa3oBaHHe
ACTIO Ha nmoBepxXHOCTH He()TEHPOMBICIOBOTO 000pYI0-
BaHW, ABJAETCS CKOPOCTh TOTOKA JKHMIKOCTH B KOJIOHHE
HACOCHO-KOMIPECCOPHBIX TpyO. C yBeIudIeHHeM CKOpO-
CTH TOTOKA XHAKOCTH NPOUCXOJUT YMEHBIIECHHE TPaJIH-
€HTa TEMIICPATYPhl MO CTBONY CKBAXUHBI, YMEHBIIACTCS
ckopoctb Hakorutenus ACIIO. [lng anamuza BIMSHESA
CKOPOCTH TOTOKa Ha TiyouHy obpasosanus ACIIO mpo-
BEJICH pacyeT MPH Pa3NHYHBIX YACTOTax pabOTH Hacoca.
YCTaHOBIEHO, YTO C YBEIWYEHHEM YACTOTHI TOKA DJIEK-
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WUHdopmauus 06 aBTopax

TpoaBurarens Ha 2 ['i rmyOuHa Havyana napaduHU3alNU
CKBRKWHHOW YBETHYIMBAETCS Ha 28 M.

3aknioyeHne

JUist TporHO3WpOBaHUA TIyOWHBI 00pa3oBaHud, a
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TMIOTOKA, 0OBOJHEHHOCTH MPOAYKLHH, NPOTHBOJAABICHHE
Ha YCTBE, CKOPOCTb MOTOKA.

Omnpenenexue TIyOMHBl Havyala WHTCHCHBHOH mMapa-
(UHM3ANMH CKBXHHHOI MPOAYKIWH HA pUMepe T00bI-
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PREDICTION OF THE DEPTH OF WAX DEPOSITION START IN OIL WELLS
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Relevance. At present, oil production in a number of fields is complicated by the formation of asphaltene-resin-paraffin deposits on the sur-
face of oil field equipment. The formation of deposits leads to decrease in tubing useful section and increased wear of pumping equipment,
decrease in oil production.

The aim of the research is to investigate the analytical models for determining the depth of the onset of asphaltene, tar and paraffin depo-
sits in wells; assess the influence of production technological parameters (water cut, flow rate, pressure, etc.) on the depth of the beginning
of formation of asphaltenes, resins and paraffins deposits.

Object: Shershnevskoe field of the Perm region.

Methods: laboratory research, field data analysis, computer modeling.

Results. The authors have reviewed the composition and properties of formation fluids of the Shershnevskoe field. The generalization of
the models is carried out to predict the depth of the beginning of the intensive formation of asphaltenes, resins and paraffins on the walls of
downhole pumping equipment. It was revealed that in order to predict the formation of asphaltene-resin-paraffin deposits, as well as the
selection of the most optimal technology to combat them, it is necessary to take into account, in addition to the flow temperature, the water
cut of the product, the back pressure at the wellhead, and the flow rate. Determination of the depth of the beginning of intensive waxing of
well products using the example of production wells of the Shershnevskoe oil field showed that there is a tendency to decrease the depth
of the beginning of the formation of asphaltene-resin-paraffin deposits with increase in water cut and well flow rate by liquid. With increase
in the water cut of well production, the depth of the onset of asphaltene-resin-paraffin deposits formation decreases on average by 20 m
with growth in water cut by 10 %. With increase in the buffer pressure by 1 MPa, the depth of the beginning of formation of asphaltene-
resin-paraffin deposits increases by 30 m. With increase in the frequency of the electric motor current by 2 Hz, the depth of the beginning
of borehole waxing grows by 28 m.

Key words:
Well, paraffin, water cut, temperature, depth, pressure.
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