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PEDEPAT

[TosicHroBaJIbHA 3amucKa: 75 cTopiHkH, 38 Tabnuib, 12 pucyHkis, 123 mxeper.

IHI'TBYBAHHSI ~ COJIEBUJIKJIAJIEHb, KOPO3IMHUM  3AXWUCT,
YCKJIAJHEHI YMOBMU EKCIUJIYATALII, BATATOIIJIACTOBI POJIOBUILIA,
EOEKTUBHICTb BUJOBYTKY, OXOPOHA TIPALI, EKOJIOI'TYHA BE3IIEKA

AKTyaJbHicTh podoTu: Ha mi3Hix cTagisx po3poOku HadTOra3oBUX poOAOBHUII,
e O0O0BOAHEHICTh Npoaykiii mnepeBuirye 90%, I1HTEHCHUBHE COJICBIAKIAACHHS
(kapboHaTH Kambllito, CylbdaTu Oapito Ta CTPOHIIIO) Ta KOPO3iiiHA arpecUBHICTH
cepenoBumia (BB CO2, H2S, O2) npu3BoAsSTh 10 CKOPOYEHHS MIXKPEMOHTHOIO
nepioay rauOMHHO-HAacocHOTo oOnaaHaHHs 10 200-300 mi6, 3pocTaHHsS BUTpaAT Ha
peMoHT Ha 30-50% Tta BTpar BUAOOYTKY 10 15%. Ycknannenuit poHIl CBEpIOBUH
ctaHoBuTh 20-30% Bij 3arajgbHO1 KUIBKOCTI, IO BUMAarae panioHadIbHUX TEXHOJOTIN
KOMILJIEKCHOTO 1HTIOyBaHHS Il 3a0€3Me4eHHs CTIMKOi eKcIuTyaTallii B yMOBax
MIJBUILEHOT MiHEepasi3allii miactoBux BoJ (10 200 r/i) Ta TepMOOAPUUHUX TPATIEHTIB
(AT =4-15°C, AP = 2-5 MIIa).

Meta po6oTu: Po3pobutn parioHaaIbHUN HAYKOBO-TEXHOJIOTIYHUN IMAX1J J10
1HT10yBaHHsS CBEPAJIOBUH [UJIsl 3amoOIraHHsl COJIEBIAKIJIAJEHHSAM 1 KOpO3ii B yMOBax
YCKJIQJIHEHOT eKCIuTyartalii 0araToruiacTOBUX POJIOBUIN 3 METOI IIiJIBHIICHHS
e(heKTUBHOCTI BUAOOYTKY, MPOJOBXKEHHS TEPMIHY CIIY»KOU 001aHAHH Ta MiHIMI3allii
€KOJIOTIYHUX PU3HKIB.

3anaui podoru: 1) [IpoananizyBaTu MexaHi3MU YTBOPEHHS COJICH 1 KOPO3IHHUX
MPOLIECIB Yy KIIOYOBUX 30HAaX CBEPAJIOBUMHHU (TpuUBHUOiiiHA 30HA, €KCIUTyaTaliiiHa
konmona, YEIIH, HKT); 2) Omiauta cydacHi  MeTOonu  1HTIOyBaHHS
(nocriitne/mepioguune  nozyBanHs, SQUEEZE-texnonoris, KoHTeliHepH) 3a
KpUTEPIsIMU €PEKTUBHOCTI, BUTPAT Ta TpUBaNOCTI edekTy; 3) Po3podbutu komOiHOBaHY
TEXHOJIOT1I0 3aXKUCTY 3 MOJCNIOBAaHHAM IUHAMIKH afcopOuii/necopOiii iHri0iTopis; 4)
IIpoBectu aHami3 mKiIMBUX (PaKTOPiB (ITyM, CTATUYHA €JIEKTPHUKA, XIMIYHI TapH) Ta
€KOJIOTTUHUX PU3HUKIB (PO3IHMBH, BUKUIN); 5) OOIpYHTYBaTH €KOHOMIUHI MOKA3HUKU

BIIPOBAKEHHS (3HIDKEHHs coOiBapTocTi Ha 20%, 3poctanus CHT na 50—-100%).
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IIpeamerom [OCTiIZKEHHSI € TPOLECH COJEBIJIKIAACHHS Ta KOpo3li B
CBEpJIOBUHHOMY oOjaaHaHHl npum ekcroryaramii YEIIH wa OararormmactoBux
POJOBHUINIAX 3 BHCOKOIO OOBOJHEHICTIO, a TaKOX TEXHOJIOrli XIMIYHOro Ta
TEXHOJIOTIYHOTO 1HT10yBaHHS IS 1X HEUTpasti3aliii.

HoBu3Ha ofep:kaHux pe3yJbTaTiB MoJsra€e B po3pooOI1li iHTErpaIbHOI MOIeTi
KPUTUYHOTO pajiiyca 3apoJIKiB KPUCTAIIB COJeH 3 ypaxyBaHHSAM JOKaJIbHHX
TepMobapuyHuX TpajieHTiB (dhopmyna 3, amanToBana s AP/T), komOiHOBaHii
TEXHOJIOT1i J03YBaHHs 1HTIOITOPIB Uepe3 IMIYJIbCHY KanuapHy Tpyoky 3 SQUEEZE-
apanTariiero (epekTuBHICTh 85-95%, TpuBanicts 360 110), a TAKOK ANTOPUTMI OIIHKH
PHU3HKIB KOPO3ii 3 iHTerpaiieto loT-MoHITOpUHTY AJIs peadbHOTO Yacy, 10 J03BOJIsE
MIPOTHO3YBATH BIIMOBH 3 MOXHOKOI0 <5%.

IIpakTu4yHi pe3yabTaTH BKJIIYAKTb PEKOMEHJAIll 3 BHOOPY 1HTIOITOPIB
(Butpara 0,5-1 n/t pimuuu ans 1B, 0,2-0,5% a1 aHTUKOpPIB), CXeMHU OOB'SI3KU
obnagHanHs (puc. 2.1-2.4), Tabmuii Hopm ['JIK (Tabsm. 4.1-4.3) Ta miiaH pekyabTUBaIii
3emelnb (BiHOBIEHHS 80% pPOJIOUOCTI), a TAKOK €KOHOMIYHUN PO3PaXyHOK €PEeKTy
(1,5-2 muH rpH/CBEPAJIOBUHY).

IMpakTu4yHe 3HAYeHHs1 POOOTH MoJsirae y miasuieHHi HaaiitHocTi THO Ha
40-50%, ckopouenni mpoctoiB Ha 40% Ta omTuMizalli BUTpAT HAa PEMOHT, WIO
3a0e3neuye 3poctaHHs BUAOOYTKY Ha 10-15% nmns  ykpaiHCBKUX POJOBUII
(IaimpoBchko-/loHenbKa 3anajuHa); pe3yabTaTh aJanToBaHi JJisl BIPOBAKEHHS B
[TAT «YxpHadTa» Ta NOIOHUX MIANPUEMCTBAX, 3 IHTETPAIIIEIO B CTAHJAPTH O€3MEKU
(ITb HI'TI).

VY nporieci mpoeKTyBaHHS MPOBOJUIIUCS: JITEpATypHI JAOCHIIKEHHS, YUCEIbH1
EKCIIEPUMEHTHU JIJIsl OIIHKM TOXMOOK, aHai3 MIKIJIMBUX 1 HeOe3neuyHux ¢akTopiB
(XiMiuHI TIapW, IIIyM, CTaTUYHA eJEKTPUKA) Ta po3poOKa 3axomiB mis  ix

MOTNEPEIKEHHS.



ABSTRACT

Explanatory note: 75 pages, 38 tables, 12 figures, 123 sources.

INHIBITION OF SALT DEPOSITION, CORROSION PROTECTION,
COMPLICATED EXPLOITATION CONDITIONS, MULTILAYER DEPOSITS,
PRODUCTION EFFICIENCY, LABOR PROTECTION, ENVIRONMENTAL
SAFETY

Relevance of the work: At the late stages of oil and gas field development,
where the water cut of production exceeds 90%, intensive salt deposition (calcium
carbonates, barium and strontium sulfates) and the corrosive aggressiveness of the
environment (influence of CO:z, H2S, O2) lead to a reduction in the inter-repair period
of downhole pumping equipment to 200-300 days, an increase in repair costs by 30—
50%, and production losses up to 15%. The complicated well stock accounts for 20—
30% of the total, necessitating rational technologies for comprehensive inhibition to
ensure stable operation under conditions of high mineralization of formation waters
(up to 200 g/L) and thermobaric gradients (AT =4-15°C, AP = 2-5 MPa).

Objective of the work: To develop a rational scientific and technological
approach to well inhibition for preventing salt deposition and corrosion under
complicated exploitation conditions of multilayer deposits, aimed at improving
production efficiency, extending equipment service life, and minimizing
environmental risks.

Tasks of the work: 1) Analyze the mechanisms of salt and corrosion processes
in key well zones (near-wellbore zone, production string, ESP, tubing); 2) Evaluate
modern inhibition methods (continuous/periodic dosing, SQUEEZE technology,
containers) based on criteria of efficiency, costs, and effect duration; 3) Develop a
combined protection technology with modeling of inhibitor adsorption/desorption
dynamics; 4) Conduct an analysis of harmful factors (chemical vapors, noise, static
electricity) and environmental risks (spills, emissions); 5) Substantiate economic
indicators of implementation (cost reduction by 20%, increase in MTBF by 50—100%).

The subject of the study is the processes of salt deposition and corrosion in
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downhole equipment during ESP operation in multilayer deposits with high water cut,
as well as chemical and technological inhibition technologies for their neutralization.

The novelty of the obtained results lies in the development of an integral model
of the critical radius of salt crystal nuclei taking into account local thermobaric
gradients (formula 3, adapted for AP/T), a combined inhibitor dosing technology via
impulse capillary tubing with SQUEEZE adaptation (efficiency 85-95%, duration 360
days), and an algorithm for corrosion risk assessment with [oT monitoring integration
for real-time failure prediction with an error <5%.

Practical results include recommendations for inhibitor selection (consumption
0.5-1 L/t of fluid for scale inhibitors, 0.2—0.5% for corrosion inhibitors), equipment
rigging schemes (Figs. 2.1-2.4), tables of MAC standards (Tables 4.1-4.3), and a land
reclamation plan (restoration of 80% fertility), as well as an economic calculation of
the effect (1.5-2 million UAH/well).

The practical significance of the work lies in increasing the reliability of
downhole pumping equipment by 40-50%, reducing downtime by 40%, and
optimizing repair costs, which ensures an increase in production by 10-15% for
Ukrainian deposits (Dnieper-Donets Basin); the results are adapted for implementation
in PJSC "Ukrnafta" and similar enterprises, with integration into safety standards (PB
NGP).

In the design process, the following were carried out: literature review,
numerical experiments to assess errors, analysis of harmful and hazardous factors
(chemical vapors, noise, static electricity), and development of measures for their

prevention.
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BCTVII

CyvacHuil cran HadTOra3oBoi raiysi YKpaiHd, 30KpeMa B yMOBaxX BOEHHOI
arpecii Ta €HEPreTUYHOl KPHU3H, IMIJIKPECIIOE€ KPUTUYHY BAXIIMBICTH ONTHMI3allii
TEXHOJOTIM eKCIuTyaTalii pOJOBMII Ha TI3HIX CTaAisIX pO3poOKH. 3a JaHUMH
Jlep>xaBHOI ci1y>k0u reosiorii Ta Hagp Ykpainu (ctanom Ha 2025 pik), noHaa 70%
eKCIUTyaTOBaHUX ponaoBum y JIHIMpoBChKO-JlOHENBKINA 3amaauHi JOCITau  das3u
BUCHAXEHHS, J¢ 00BOAHEHICTh Mpoaykii nepesuinye 90%, a cepeaHiil BUI0OyTOK
Hadtu ckopotuBcs Ha 15-20% mnoOpiBHAHO 3 MIKOBUMU 3HaueHHAMH. Llelt eran
XapaKTEepU3y€eThbCs HE JIMINE 3HIKEHHSIM MPOIYKTHBHOCTI MJIACTOBUX CHCTEM, ajie U
MOCWJICHHSIM T€OXIMIYHUX Ta (PI3UKO-XIMIYHUX YCKIAJAHEHb, Cepell SIKUX JTOMIHYIOTh
MPOIIECH COJICOTKIIAJICHHS Ta KOPO3iifHa Jerpajaaillisi CBepJIOBUHHOTO 00Ja HAHHS.

ConeoTkiaieHHsI, 3yMOBJICHE NEPEHACUUYCHHSIM TUIaCTOBUX BoJ 1oHamu Ca*,
Ba?*, Sr** ta SO4* (minepamizaris g0 200 /1), IPU3BOIUTE A0 YTBOPEHHS HIIIHHUX
ocaiB (KapOOHAT KaJbllit0, OApUT, aHTIIPUT) y KIFOUOBHUX 30HAX: MPUBUOINHIN 30HI1
miacta (II3II), excruryaramiiiniii kononni (EK), poGoumx opraHax ycTaHOBOK
enexTpoBianenTpoBux HacociB (YEILH) ta Hacocno-kommnpecopuux tpyoax (HKT). 3a
ouinkamu ekcneptiB AT «YkprazsupoOyBaHHsm», 70% BiIMOB TNIMOMHHO-HACOCHOTO
obnagnanas (I'HO) mos's3ani 3 mumu mpoliecamMu, 0 CKOPOYYE MIKPEMOHTHHMA
nepiog (MPII) no 200-300 116 1 30611bIIy€E BUTpATH HA Mia3eMHMI peMOoHT Ha 30—-50%
(6mu3pko 1-2 MuIH TpH Ha cBepiuioBuHY). KoposiiiHa arpecHBHICTh CEpeOBHIIIA,
nocwieHa pozunHeHnmu Tazamu (CO2 mo 10-15%, H2S no 5%, O: mpu aepartii),
MPOSIBIISIETHCS Y JIOKaJIbHUX (hopmax (IMITUHIOBAa, BUPA3KOBA KOPO3is), pyHHYHOUH
kopnycu [IE]J], rigpo3axuctu Ta kabenbH1 JiHII, 3 IHTEHCUBHICTIO 3HOCY a0 0,5-1
MM/pIK.

i gakropu He nuIille 3HUKYIOTh CepeHE HampaloBaHHa Ha BigMoBy (CHT)
I'HO pno 500-700 mi6, ame ¥ mpOBOKYIOTH aBapii: posrepmerm3aiiito (mo 20%
BUIA/IKIB), OOBOJIHEHHS MPOAYKIIIi Ta po3auBH HapTU (eKoJyoriyHi 30uTku A0 5—10
MJIH TPH/IHIMIEHT). Y TJI00adbHOMY KOHTEKCTI, 3a daHuMu International Energy

Agency (IEA, 2024), noai6Hi yCKIaAHEHHS 3MEHITYIOTh €(EKTUBHICTh BUIOOYTKY Ha
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10-15% y 60% 3pinux poAoBHI CBITY, IO POOUTH MpoOieMy yHiBepcaibHOw0. B
VYkpaiHni, ne gactka yckiagHeHoro (GoHmy cBepmioBuH csrae 25-30% (monam 5000
OJIMHUIIL), BIJACYTHICTh KOMILJIEKCHUX TEXHOJIOTIA 1HTIOYBaHHA MPU3BOJIUTH JO
HeO00TpUMaHHs 1-2 MJIH T HadTHU IIOPIYHO, MOCWIIOIOUN 3aJIeXKHICTh Bij IMIIOPTY
E€HEPTOHOCIIB.

Po3pob6ka parfioHaapHOTO MAXOAY J0 1HT1IOYBaHHS € aKTyaJbHOI 3 HAYKOBO-
TEeXHIYHOI, €KOHOMIYHOi Ta EeKOJOTI4HOi mepcreKkThB. HaykoBo, BOHA 3allOBHIOE
MPOTaJIMHy B MOJENSAX TUHAMIKH OCA/DKCHHS COJICH 3 ypaxXyBaHHSM JIOKaJIbHUX
tepmobapuyHux rpajieHTiB (AT = 4-15°C, AP = 2-5 Mlla), ne TpaauiiiiHi METOIH
(noctiine nosyBaHHsi IB) HeedextuBH1 uepe3 aecopOuiro (edpextuBHictb <70%).
Exonomiuno, BopoBamxeHHs: komOiHoBaHux texHousoriii (SQUEEZE + imnynbche
no3yBaHHs) 103BosuTh miaBuIuTH CHT Ha 50-100%, ckopoTuT npoctoi Ha 40% Ta
3HU3UTHU cOO1BapTicTh BUAOOYTKY Ha 20%, 3 ROI >150% 3a 1-2 poxu. ExoinoridHo,
MiHiMi3aiist po3iuBiB Ta BUkuaiB (CO2, HaS) Binnosinae Hopmam €C (REACH, 2023)
Ta HalllOHAJILHUM CTpAaTerisiM JeKapOoHi3allii, SMEHIIYI0UM aHTPOIIOT€HHUI BIUIMB Ha
20-30%.

Takum 4UHOM, aKTyaIbHICTh POOOTH O0YMOBJIEHA HEOOX1HICTIO TIEPEXOTY Bij
peaKkTUBHUX (BUIAICHHS OCaAiB) 10 MPOQPIIAKTUYHUX CTpaTerid iHri0yBaHHS, LIO
3a0e3neunTh cTane 301abIneHHs Buao0yTky Ha 10—15% Ta iHTerpartito 3 muppoOBUMHU
cucteMamMu MoHiTopuHry (IoT), cnpusroun enepreruuHid Oe3neni YKpaiHu B

MMOCTKPU30BUH MEPIOJ.
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BHUCHOBKU

VY kBamidikamiitHii poOOTIi MaricTtpa cryneHs Ha Temy «Po3poOka
pallioHAJIbHOTO TIAXOAY J0 1HTIOyBaHHA CBEPJJIOBUH B YyMOBaX IIiJIBUIIICHOTO
COJICOTKJIQJICHHS Ta KOPO31HHO-arpeCHBHOTO CEPEOBHUINA» MPOBEACHO KOMIUIEKCHE
JTOCIPKCHHST KJIIOYOBUX IMPOOJEeM eKcIuTyaralli NIMOMHHO-HACOCHOTO OO0JaJHaHHS
(F'HO) na mi3HIX cTamisx po3poOku HadTOTa30BUX POAOBHIN. MeTor pobotu Oyso
pPO3pOOUTH HAyKOBO OOIPYHTOBAHMM 1 TEXHOJIOTIYHO peaTi3oBaHUN MIAXiA 0
MpOoQUIAKTUKY Ta HEUTpaTi3allii CONCOTKIAACHb 1 KOPO31MHUX MPOIECIB, CHIPSIMOBAHUMA
Ha IIJBHUILIEHHS TEXHIKO-€KOHOMIYHMX [OKA3HUKIB BHUJOOYTKY, TaKuX SK
MikpemMoHTHHM Tiepion (MPII) 1 cepenne nHampamtoBanHss Ha BiamoBy (CHT), 3
ypaxyBaHHSIM BUMOT OXOPOHH Tpalll Ta €KOJIOTTYHO1T OE3MEKH.

Ha oCHOBI T€OpeTHMYHOTO aHaii3y BCTAaHOBIIEHO, 110 OCHOBHUMH (hakTOopamu
YCKJIQJIHEHHSI € BHCOKa OOBOMHEHICTh mpoaykiii (monam 90%), mepeHacHYeHHs
miacToBux Boj 1oHamu Ca*’, Ba*', Sr** ta SO+*", 1m0 NPU3BOAUTH 10 YTBOPEHHS
HIUTBHUX OCaaiB (KapOOHAT Kaybllito, OApUT, aHTIAPUT) Y 30HAX MPUBHUOIMHOI 30HH,
EKCILTyaTaIliiHO1 KOJIOHU, POOOUMX OPTaHiB YCTAHOBOK €JIEKTPOBIIIIEHTPOBUX HACOCIB
(YEIIH) Ta nacocno-xommnpecopuux Tpyd (HKT). Kopo3isi, mocusieHa arpeCuBHUMHU
razamu (CO:z, H2S, O2) Ta GakTepiaibHOIO aKTUBHICTIO, MIPOSBIISETHCA Y JIOKATBHUX
dbopmax (miTuHrOBa, BUpaskoBa), ckopouyroun MPII no 200-300 ni6 1 30UIbLIYyIOYN
BuTparu Ha peMoHT Ha 30—50%. KinbkicHa oiriHka 3a GopMyII0r0 KpUTUYHOTO pajiyca
3apOJIKiB KPUCTAIIB MATBEpAUIIa TEPMOAMHAMIYHI YMOBH OCaPKEHHS cojeit mpu AP >
2-5 MIlIa ta AT = 4-15°C.

Po3pobnennii  pamioHanbHUH miaxin g0  1HTIOyBaHHs 0a3yeTbcs  Ha
KOMOIHOBAaHOMY BUKOPHUCTAHHI ~ METOJIB: TIOCTIifHE JO03yBaHHsS  1HTIOITOPIB
conesinkinanensb (IB) Ta kopo3ii uepe3 IMIyNIbCHY KanmuispHy TPYyOKy (€(peKTUBHICTb
85-95%, Burpara pearenty 0,5-1 n/t piguaum) 3 Texnonoriero SQUEEZE nmns
azcopOuii B mnpuBuOiIMHIN 30H1 (TpuBadicTh edekry g0 360 m10), JOMOBHEHUM
3aHYPIOBAJILHUMHU KOHTEHHEpaMu Il BUCOKOAEOITHUX cBepayioBuH (>80 m3/moly).

Hns xoposiiiHoro 3axucty pexomennoBaHo HKT 3 mokpurram MajorPack Tta
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koposiitnoctiiiki YEIH, mo nigsumrye CHT na 50—100%. MojaentoBaHHs TTOKa3alo,
10 KOMIUIEKCHUH 3aXUCT 3HIKYE 1HTEHCHUBHICTH BiAKiIaaeHb Ha 70% 1 Kopo3iiHMi
3HoC Ha 60%, 3 ekoHOMIYHUM edexToM y 1,52 MIIH TpH/CBEPAJIOBUHY 3a PAaXyHOK
CKOpOYeHHs MpocToiB Ha 40%.

AHani3 OXOpOHM Tpail BHUSIBUB JoMiHyiodl (akTtopu: mym (1o 90 nb,
nepeBulieHHs: HOpM Ha 15 ab), cratuuna enexrpuka (3apsanu n1o 10* B) ta mereoymoBu
(-20...+35°C). 3anpomoHoBaHi 3axomu (3ByKoizousmis, 3a3emiieHHs 3 R < 4 Ow,
iHauBiayanbHl 313) 3HWKYIOTH pu3uku Ha 50%. EKOJIOTiYHI acleKTH OXOIUTIOIOTH
MIHIMI3allll0 pO3NUBIB (TepMeTu3allisi, peKyiIbTuBalis 3 BigHOBIEHHIM 80%
ponrouocTti) Ta BUKUIIB (Tabu. 4.3), 3 epEeKTUBHICTIO OUMILIECHHS CTOKIB 98% 3a
JIOTIOMOTOF0 COpPOEHTIB 1 MEXaHIYHOTO 300DY.

[IpakTryHe 3HAUEHHA PO3POOOK TMOJSrae B ajanTaiii TEXHOJOTIH s
yKpaiHChKUX poaoBuill (J{HimpoBchko-JloHEIbKA 3anagnHa), /e YacTKa yCKIJIaTHEHUX
ceepmioBuH  carae  20-30%. BnpoBapkeHHs TIAXOAY JO3BOJUTH IT1JBHIIUTH
BU100yTOK Ha 10—15% 1 3HM3UTH coOiBapTicTh Ha 20%. [lepcrneKTHBU MOAATBIINX
JOCIIIJDKEHb  BKJIIOYAIOTh MOJCIIOBAaHHS JMHAMIKH JiecopOrii 1HTiOiTOpiB 32
normomoroto CFD-cumynsimiii Ta iHTerpamito loT-maTyumkiB A peasbHOTO Yacy
MOHITOpUHTY. OTpUMaH1 pe3yabTaTy NiATBEPIKYIOTh HAYKOBY HOBU3HY Ta TOTOBHICTb

710 TIPOMKCIIOBOTO anpoOyBaHHs, CIPUIIOYH CTAIOMY PO3BUTKY Ha(TOTra30BOi ramysi.
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