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AHHOTaUuA

CTaTbs paccMaTpuBaeT aKTyasbHYI0 Npo6aemMy KOppo3um B HACOCHO-KOMNPECCOPHbIX TPY6ax, ry6UHHO-HACOCHOM 060pyAOBaHUY
u TpybonpoBojax cucrembl c6bopa. Lienbio ctatbu sABnsercs 0606LeHMe HAKONUBIUMXCA CBEAEHWI M aHANUTUYECKUil cpe3
[aHHbIX 0 KOPPO3UOHHOW arpecCUBHOCTU HA OCNOXKHEHHbIX hoHAax cKBaxKuH nnacta 52(C1) benosepcko-Yy6oBckoro u CeBepo-
KameHckoro mectopoxaeHuii. lpoaHanusmMpoBaHbl NnepBocTeneHHble NPUYNHbI KOPPO3UU B HACOCHO-KOMNPECCOPHbIX Tpy6ax
M rny6GuHHO-HAacocHOM o6opyaoBaHuu. PaccmoTpeHa 3aBUCMMOCTb MEXAY XapaKTepUCTMKaMu rasa B coctaBe jo00biBaemoit
NPOAYKLUN M pacnpocTpaHeHMemM KOppo3uu Ha HedTenpombicioBom obopyanoBaHuu. Mepeducnexol 3deKTUBHbIE METOAbI
60pb06bI C KOPPO3MOHHOI AarPeCcCUBHOCTBIO.

Marepuansi u MeToAbl ANs MOAENMPOBAHMA NPOoLecca NoAbeMa XUAKOCTU 1 aHann3a BAAHUSA
C6op cTaTUCTUYECKUX AaHHbIX 06 0TKa3ax rnyO6MHHO-HACOCHOrO NIMHENHOTO JaBNEHUA Ha KOPPO3MOHHYIO arpecCUBHOCTb.
obopyanosaHus (THO) n HacocHo-KomnpeccopHbix Tpy6 (HKT) Ha

CKBaXUHaXx, CPAaBHUTE/IbHbIN @HA/IN3 YACTOTbl OTKA30B U NPUYUH KniouyeBble cnoBa

0TKa30B, UCCNej0BaHME reonoro-hnM3nyeckux xapakTepucTuK niacra, KOppO3Us, HACOCHO-KOMMPECCOpHble TPYObI, FYyBUHHO-HACOCHOE
NpOBE/EHNE N3MEPEHNIA COEPKAHNA CEPOBOAOPOAA U AaBNEHUA B obopypoBaHue, TpybonpoBoabl cucTembl c6opa, BAMAHME rasa,

NMHUKM cucTembl cbopa, onpeaeneHre KOPPO3MOHHOM aKTUBHOCTU B CKBaXWHA, OCNIOXHEHHbIN QOoHS

cucTeme c60pa, MCMONb30BaHME NPOrpammHoro obecneyerns RosPump
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Analysis of the impact of hydrogen sulfide content and its partial pressure in oil-containing well
production on ESP failures due to corrosive aggressiveness
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Abstract

The article addresses the pressing issue of corrosion in tubing, electric submersible pump (ESP) equipment, and gathering system pipelines.
Theobjective ofthe study is to summarize theaccumulated information and provide an analytical overview of corrosion aggressiveness in problematic
well conditions in the B2(C1) formation of the Belozersko-Chubovsky and Severo-Kamenskoye fields. The primary causes of corrosion in tubing and
ESP equipment are analyzed. The relationship between the characteristics of the gas in the produced fluids and the spread of corrosion in oilfield
equipment is examined. Effective methods for combating corrosion aggressiveness are listed.

Materials and methods lifting process and analyzing the impact of line pressure on corrosion
Collection of statistical data on electric submersible pump (ESP) and aggressiveness.

tubing failures in wells, comparative analysis of failure frequency and

causes, study of the geological and physical characteristics of the Keywords

reservoir, measurement of hydrogen sulfide content and pressure in the  corrosion, tubing, electric submersible pump (ESP) equipment,
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B npouecce aKTVBHOM U ANUTENbHOW 3KC-
nayatauum Hedtenpombicnosoe obopyaosa-
HuWe nojBepraeTca NOCTOAHHOMY BO3AeNCTBUIO
pasnnyHbIX BMAOB Harpysok u GakTtopos
arpeccuMBHOM cpefdbl, 4TO CNOCOGCTBYET He-
MUHYEMOMY BO3HWKHOBEHMUIO 3PO3MOHHbIX
N KOPPO3WMOHHbLIX pa3spyweHnin. Koppo3us
npeacraBaser coboi oaHy U3 rNABHbIX NPUYMH
YXYALWAOLWErocs TeXHUYECKOro coctosHus 060-
pYAOBaHUA U NPUBOAUT K TaKUM MOCNEACTBU-
AM, KaK aBapuiHble CUTyauuu, BHeNaaHOBble
OCTAHOBKM CKBaMWH, 3KONOTMYECKMWii yuiepb,
aeduumut ao6blYn Chbipbi U yBENIUYEHUE CTO-
MMOCTU A06bIYM CbIpbA, MOCKO/NbKY 3aTparhl
Ha yCTpaHeHWe HeraTWBHbIX NOCNEACTBUNA W3-
32 KOPPO3MOHHbIX NMPOLLECCOB MOFYT COCTaBAATb
10 30 % oT BCex 3atpart Ha Ao6bivy cbipbs [1].
CyuiecTBeHHOe HeraTvBHOe BAWAHWE KOPPO-
3UN NOATBEPKAAEeT U aHanu3 OCIOXHEHHOro
doHAa CKBaXWH, rae npesanvpylowas Aons
yuiepba 060pyaoBaHMI0 HAHOCUTCA KOPPO3U-
eil. Boigensiot o6ulyto v N0KanbHylo Koppo3suu,
KOTOpble OTAUYAOTCA Mexay co60oi nnolagbio
N XapaKTepom pacnpocTpaHeHus paspylie-
HUA, a TaKkKe cKopocTbio. [Ans obuieit Koppo-
31N XapaKTepHO NOpayeHue BCeW NMOBEPXHO-
CTU MeTanna MAW KaKOW-TO 4acTu, CKOpPOCTb
Koppo3uu coctasnser ot 0,1 fo 0,5 mm/rog.
IMpu noKanbHOW KOPPO3UW paspyLunTebHbIe NPo-
Lleccbl HanpaB/eHbl BHYTPb MeTanna U CKOpoCTb
Koppo3uun coctasnset oT 1 go 10 mm/rog, cooT-
BETCTBEHHO, MOTYT NOABAATLCA 60PO3/bl, NATHA,
Hexenarte/ibHble 0TBEPCTUSA B MeTanne nT. A. [3]

Oco6eHHO yA3BUMbI nepes KOPpPO3MOH-
HbIMWM NpoLEeccamn HacOCHO-KOMMPECCOpPHble
Tpy6bl (HKT) 1 Y3UH [2], uto 06ycnosneHo Kop-
PO3MOHHOW aKTUBHOCTbIO BOLHOW W ra3soBou
cpepbl, B 4acTHOCTU, YFNEKWUCNOTHOW KOppO-
31Mell U CepoBOAOPOLHbLIM pPaCTpecKMBAHUEM.
bonblwoe BAnAHME Ha pa3pylleHne OKasbiBaeT
1 TOT aKT, 4TO LOCTMKEHMNE BbICOKOW CKOPO-
ctn otbopa HedTenpoaykToB obycnasnusaer
yBe/NMYeHne CKOPOCTU NOTOKOB 3a CYET IKCNAy-
atauuny BbICOKOMPOU3BOAUTENbHbIX YCTAHOBOK
aNeKTpoLeHTpobexHbix Hacocos (YIUH) u, kak
cnepctsue, NPUBOAUT K Pa3pyLUeHN0 BHYTPEH-
Hen noBepxHocTn HKT.

B aaHHOM paboTe paccmoTpeHa 3Kcnay-
atauus nnacta b2(C1) npu cpaBHeHUW ABYX
mecTopoxaeHuin:  benosepcko-Yy6osckoro
1 CeBepo-KameHCKOro, 0CNOXHEHHbIX KOPPO3u-
OHHOW arpeccuBHoCTbI0. B agmunHucTpatneHom
oTHoweHun benosepcko-Yybosckoe HehTaHOE
MECTOPOXAeHVEe PACNONOKEHO Ha TeppuUTOpUmn
KpacHoApcKkoro agMMHWUCTPATUBHOTO pamo-
Ha CamapcKoii 06n1actu, Ha PaccTofHUM 45 KM
K CeBepo-BOCTOKY OT 0651acTHOro LeHTpa
r. Camapa. B npegenax mectopoxaeHus u s6iu-
31 Hero HaxoAWUTCS PAfL HAaCeNeHHbIX NMYHKTOB:
cena KpacHblit flp (paloHHbIN LeHTp), BoaHbli,
Betnsaxka, WwunaH, Yy6oska, MoanecHbi, Ho-
BOCEMEWKNHO U p. B 5 KM ceBepo-3anapHee
MEeCTOPOXAEHUA HaxoauTcs nocenok Mup-
Hbln. CeBepo-KameHckoe MmecTopoXjeHue
B aAMUHWCTPATMBHOM OTHOLIEHWM Ppacnono-
XeHo Ha Tepputopuu KpacHoAapckoro paiio-
Ha CamapcKoit o6nactm B 55 KM K cesepy oT
r. Camapa 1 B 24 KM K ceBepy OT paunleHTpa
c. Kpachbin flp. Tepputopus paioHa Me-
CTOPOX/JEeHMA rycToHaceneHa. B Henocpep-
CTBEHHOM 6AM30CTM OT MeCTOPOMAEHMA Ha-
XOAATCA HaceNeHHble NyHKTbl: n.n. bonblas
KameHka, Manaa KameHKa, bonbluas PakoBka,
Pycckas Cenutbba, KommyHapckuit, Crapblit
BysaH v op.

leonoro-dun3nyeckme  xapaKTepUCTUKU
nnacta b2(C1) cpaBHMBaembix MecTopoMAae-
HUWA CYWECTBEHHOrO pasNuMunMa He UMeloT,
32 UCKNIOYeHeM NpeBanupyloLLero 3HavyeHus
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Puc. 1. Konudecmso cksaxcuH, 0mka3aswux No npuyuHe KOppo3uoHHoU azpeccusHocmu
naacma 62(C1) benozepcko-Hybosckozo u Cegepo-KameHcko2o mecmopoxcdeHud
8 paspese 2021-2023 22.
Fig. 1. The number of wells that failed due to corrosive aggressiveness in the B2(C1) formation
at the Belozersko-Chubovsky and Severo-Kamenskoye fields for the period 2021-2023

Tabn. 1. leonoeo-gusuyeckue xapakmepucmuku naacma 62(C1) Cesepo-KameHcko2o
MecmopoxcoeHusa
Tab. 1. Geological and physical characteristics of the B2(C1) formation at the
Severo-Kamenskoye field

CpepHee 3HaveHne

1660
32
3,5
6,1

58

3,26

3,64

93



94

Tabn. 2. leonozo-pusuyeckue xapakmepucmuku naacma b62(C1) benosepcko-Yybosckozo

mecmopoxcoeHus

Tab. 2. Geological and physical characteristics of the B2(C1) formation at the Belozersko-

Chubovsky field
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ceposogopoaa benosepcko-Yy6oscKoro me-
CTOpOXAeHUs Ha 5,5 % 60/blue 0THOCUTENbHO
CeBepo-KameHcKOro mectopoxzaeHus.

[lpoBeseH aHanu3 OTKA30B 3Kcniyartauu-
OHHOTO (hOHAA CKBAXMWH, rNyBUHHO-HACOCHOE
060pyaoBaHMe KOTOPbIX OTKA3ano no npuynHe
KOPPO3MOHHOW arpeccuBHOCTA B paspese 3 neT,
€ 2021 roga no 2023 roa (puc. 1).

CpepHeroaoBow aencTByioLWmnin hoHA CKBa-
XUH, paboTallnx B MNOCTOAHHOM pexume,
no benosepcko-Yy60BCKOMY MECTOPOXAEHMIO
cocrasnaeT 65 eguHuy, no Cesepo-KameHcKo-
My MeCTOPOXJAeHWUo cocTaBnaeT 51 eamHuua.
Ha Benosepcko-Yy60BCKOM MECTOPOXAEHUM
CKBA¥MWH, OCNOXHEHHbIX KOPPO3WMOHHOW arpec-
CUBHOCTbIO — 6onblue, Yem Ha CeBepo-KameH-
CKOM MECTOPOXAEHMNN.

EXXerogHo KONMYEeCcTBO OTKA30B CKBAXWH
Benosepcko-Yy60BCKOrO  MeCTOPOXAEHUA
no NpUYNHE KOPPO3MOHHOW arpecCcMBHOCTM NOY-
TV B 2 pa3a 60/blue TaKMX Xe 0TKa30B Ha GoHae
ckBaxunH CeBepo-KameHCKOro mecTopoxje-
HuA. ConpsXeHHbIM BHeWHUM daKTopom,
BAUAIOLWMM Ha KOPPO3MOHHOE MNOBPeXAeHue
rNy6UHHO-HACOCHOTrO 060PYA0BAHNA, HACOCHO-
KOMMNPeCccopHbIX TPY6 U NPOMbICIOBbIX TPY6O-
npoBoJ0B MOMMMO camoro Konudectsa H,S,
ABNAETCA napuuanbHoe [JaBleHWe cepo-
Bogopoaa — PH$ g onpeaensemoe B MNa,
no popmyne ():

P Px XH2S )
5 100% (
roe: P — abconioTHoe AaBneHne B CUCTEME, Bbl-
paxeHHoe B Mna; XHZS — MO/IbHaA JoNA cepo-
BO/OPO/a B rase, BblpayeHHas B %.
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Puc. 2. Y3nosoli 2paguk npoekmHo20 pacyema cksaxcuHbl benosepcko-4y608cko20 mecmopoxc0eHus uanocmpupyem paboyue moyku

8 NPOEKMHOM pexcume 018 BU3YaANbHO20 NpedcmasneHus BUAHUA Xapakmepucmuk 2n1y6UuUHHO-HAcoCcH020 060pyd0BAHUA HA Xapakmepucmuku
2udpoduHamuyeckol modenu naacma c y4emom ee puU3UKO-XuMuyeckux cgoticms
Fig. 2. The node diagram of the well design calculation for the Belozersko-Chubovsky field illustrates the operating points in the design mode,
providing a visual representation of the impact of electric submersible pump (ESP) characteristics on the hydrodynamic model of the reservoir,
taking into account its physical and chemical properties
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Puc. 3. Konuyecmso easa Ha npueme Hacoca npu 6ygepHom

dasneHuu 4 MlMa =0 %

Fig. 3. The gas quantity at the pump intake at a buffer

pressure of 4 MPa =0 %

B 2023 rogy B cucteme cbopa nnacta
B62(C1) Benosepcko-YyboBCckoro mecTo-
POXAEHNA CPeAHeCYTOYHOe aBeHne, B CBA-
34 C yBenuyeHnem 06bEMOB foGbIBAaEMOiA
HedTerasoBoA0HaChIWEHHOW XUAKOCTU, CO-
ctaBnano 4 MMa, nons H,S cocrasnser 6,3 %,
napuuanbHoe AaBfieHNe CEPOBOAOPOAA PaB-
HO 2,5 MMa. PH2S ncenegyemoro nnacra Ce-
Bepo-KameHCKOTO MecTopoX/AeHnA cocTaB-
naer 0,15 MNa.

BnusHue paBneHUs B JAUHUU CUCTEMBI
cbopa Ha TeKylwume napametpbl rnyGUHHO-
HacocHoro o6opyaoBaHUA LOMONHUTENLHO
paccmoTpeHo B 6MGAMOTEKE NPOrPaMMHOro
obecneyeHus RosPump, rae npocmatpuBa-
eTcA 3aBUCUMOCTb: NPU AABAEHUU B NUHUM
40 atm Ha cKBaxuHax benosepcko-Yybos-
CKOTO MeCTOPOXAEHUA YMeHbLUAeTCA, B NPO-
LLEHTHOM COOTHOLEHWNN, KONUYeCTBO rasa
Ha npueme YCTaHOBKMU 3M1EKTPOLEHTPOGENK-
Horo Hacoca (puc. 2-4).

MpuBefeHHbI cpaBHUTENbHbIN aHanu3 FOX
CyWecTBEHHO He OTNMYaloLWMXCcA nnacTos
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Fig. 4. The gas quantity at the pump intake at a buffer

pressure of 2,9 MPa = 6 %.

nokasan, yto 6onee BbICOKOE CoAepxaHue ce-
poBogopoaa (Ha 5,5 %) Ha OfHOM U3 HUX OKa-
3bIBAET CYL|ECTBEHHOE BIMAHME HA KONNYECTBO
oTka3os M'HO no npuynHe KOPPO3NOHHOW arpec-
cuBHoct. CornacHo NMpoBefeHHOMY aHanusy
otkaszoB HO 3adwukcupoBaHo, 4To B cCpej-
Hem 3a 3 roja no cKBaxuHam, pabotawowum
Ha nnacte ¢ 6onee BLICOKUM COAepKaHUEM
cepoBofoposa, KONMYECTBO OTKa30B 6onblue
B 2 pa3a a(c yyetom nNpuBeAEHUs K OAWNHAKO-
BOMY KOJIMYECTBY CKBAXMWH NO ABYM Naacram).
Takxe ocnoxHawWMM HaKTOpoM NOMUMO ca-
MOrO0 COAepXaHua CepoBOAOPO/A ABNAETCA ero
napuuanbHoe faBneHue B A06bIBAEMON KUA-
KOCTU. PacyeTbl NOKa3anu CylecTBEHHYIO pas-
HULY napuuanbHbIX faBNeHU CepoBOAOPOAA
B NPOAYKUMW Uccnefyembix nnactos (2,5 Mna
1 0,15 Mna).

MopaenupoBaHue npouecca nogbema Xuj-
KocT B RosPump, nokasano, uto npu Gonee
BbICOKOM JIMHEHOM JaBIEeHUN KONNYECTBO KOP-
PO3MOHHO arpeccuMBHOro ra3a Ha npuéme Y3LH
3HAUUTENbHO YMeHblUaeTcs, Gnarogapsa yemy,

B 2023 no ckBaxuHam nnacrta b2 (C1) benosép-
CKO-YyBOBCKOTO MECTOPOMAEHUA KONNYECTBO
0TKa30B, PAKTUYECKU U KOCBEHHO CBA3aHHbIX
C BAUAHMEM KOPPO3UWU B TYOGUHHO-HACOCHOM
060pyA0BaHMI CHU3UNOCH, OTHOCUTENbHO 2021
r.n2022r., Ha 35 %.

Takum 06pasom, AN CHUKEHUA BAUAHUA
KOPPO3MOHHOW arpeccuBHocTn Ha THO Tpe-
6yeTcsa KOMMNEKCHbIA MOAXO0A, BKIOYAKLNUIA
B cebs psAAa MeponpuATUA N0 MUHUMU3ALUM
HeraTvBHOrO BAMAHUA OCNOXHAKLWeEro @ak-
TOopa. Ha faHHbIN  MOMEHT 3TO MeponpuATUA
no nepuosMyeckomy U MOCTOAHHOMY [03U-
pOBaHWI0O Ha npuem Hacoca u npobKoBoOi
3aKauyke WHrMbuTOopa KOppo3uu, Mo npume-
HeHnto HKT u 3LUH ¢ aHTUKOpPPO3MOHHLIM
MOKPbITVEM, MO MNPUMEHEHUID MONAUMEPHbIX
pabounx konec 3UH, Y3MHO, a Takxe mepo-
NPUATUA NO PABHOMNPOYHON 3alLuTe BCEX Y3N0B
rny6MHHO-HAaCcoCHOro 060pyaoBaHUs.
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Utoru

CTaTbs NoAyYepKMBaET 3HAYMMOCTb NPOGIembl
KOPPO3MW B HAaCOCHO-KOMMPECCOPHbIX Tpybax,
rny6UHHO-HAaCOCHOM 060pyAOBaHWUKM U Tpy6o-
nposogax cuctembl cbopa. Kopposus ssnsercs
OAHOW M3 TNaBHbLIX MPUYUH YXYALIEHUA TEXHU-
UECKOro cOCToAHWA 060pyaoBaHNs, YTo BeaeT
K aBapuiiHbIM CUTyaLMsAM, BHENNAHOBbLIM OCTa-
HOBKaM CKBaXWH U yBENWYEHUIO 3aTpaT Ha Jo-
6bluy HehTH.

AHanu3 BbIsIBU, 4TO OCHOBHOW NPUYKMHOI KOppPO-
31K ABNSAIOTCA arpeccuBHble CBOICTBA f0ObIBae-
MbIX MAKOCTEi, 0COBEHHO BbICOKOE COfepKaHune
CepoBOOPOAA M €ro napuuanbHoe AaBneHue.
YBennyeHre CKoOpoCTu NOToKa HeTu 1 rasa Takke
yCUNMBAET KOPPO3MOHHbIE MPOLLECChI.
MogenupoBaHne ¢ MCNONb30BaHUMEM MpoO-
rpammHoro o6ecnedyeHns RosPump npogemon-
cTpupoBano, 4to nNpu 6onee BbICOKOM AWHEl-
HOM [AaBNEHUW KOJMYECTBO rasa Ha npueme

Hacoca yBeNMYMBAETCA, YTO CNOCOBCTBYET yCu-
NIEHNI0 KOPPO3MOHHBIX NpoLeccos. Mpu bydep-
HOM faBneHun 40 aTM KONMYeCTBO rasa Ha npu-
eme Hacoca cocTtaBuno 6 %, YTo yKasblBaeT Ha
3HauuTeNbHOe BAWAHUE AABNEeHWUsA Ha KOPpPO3u-
OHHYI0 arpeccrMBHOCTb.

BbIiBOAbI

Koppo3us npeactaBnser coboi 3HauuTenb-
Hyto npobnemy ansa HedTENPOMbICNOBOrO 060-
pyAOBaHWA, OCOGEHHO B YCIOBUAX BbICOKOM
arpeccMBHOCTM cpefbl. Pasnuuua B reonoro-
(DU3NYECKUX XapaKTepUCTMKAX, TaKUX KaK Co-
[lep}aHne cepoBOLOPOAA M ero napumanbHoe
[laBNeHNe, UMET KI4YyeBOe 3HayeHue aAns
OLLeHKM KOPPO3MOHHOM arpeccuBHoCcTU. Mpume-
HEHWe KOMMNNEKCHOro NoAxoaa K 3auure obopy-
[lOBAHUA U MOHWUTOPMHT KOPPO3MOHHOW aKTWB-
HOCTW NMOMOTYT CHU3WUTb KONMYECTBO OTKA30B U
YMEHbLUWTb 3aTpaTbl Ha 06CyXKMBaHME.
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Results

The article emphasizes the significance of corrosion issues in tubing,
electric submersible pump (ESP) equipment, and gathering system
pipelines. Corrosion is one of the main causes of the deterioration of
equipment condition, leading to emergency situations, unscheduled well
shut-downs, and increased oil extraction costs.

The analysis revealed that the primary cause of corrosion is the aggressive
properties of the extracted fluids, particularly the high content of
hydrogen sulfide and its partial pressure. Increased oil and gas flow rates
also exacerbate corrosion processes.

Modeling using the “RosPump” software demonstrated that at higher
line pressures, the amount of gas at the pump intake increases, which
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contributes to enhanced corrosion processes. At a buffer pressure
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Conclusions

Corrosion is a significant issue for oilfield equipment, particularly under
conditions of high environmental aggressiveness. Variations in geological
and physical characteristics, such as hydrogen sulfide content and its
partial pressure, are crucial for assessing corrosion aggressiveness.
Implementing a comprehensive approach to equipment protection and
monitoring corrosion activity will help reduce the number of failures and
lower maintenance costs.
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