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PED®EPAT

[TosicHroBasibHA 3amucka: 91 cTopiHok, 7 Tabnuii, 16 pucyHok, 121 mxepen.

Kuarouosi cJIoBa: TEXHOJIOI'TA OJJHOYACHO-PO311JIbHOI
EKCIIJIYATALII, BATATOIUIACTOBI POJIOBMIIIA, E®EKTUBHICTD,
OXOPOHA IIPALI, EKOJIOI'TYHA BE3IIEKA

AKTyalbHICTh P000TH. JIOCTIPKEHHS Ma€e BHUCOKY aKTyallbHICTh 4Yepe3
3pocTardy MoTpedy B e(PEeKTMBHOMY BUKOPUCTAHHI PECypCiB 0araTorjacTOBUX
POJIOBHUII 31 CKJIQJHOIO T'€OJIOTI€I0, a TaKOXX HEOOXIJIHICTh 3HMKEHHS €KOJOTIYHOTO
BIUTMBY HadTOrazoBoi raiy3i. 3acTOCyBaHHS TEXHOJIOTi OaraTocTaiifHOTO
rigpasiaigyHoro po3puBy miacta (BI'PII) 1 oqHoyacHo-po3aiibHOL excmutyataiii (OPE)
JI03BOJISIE  ONTHUMI3yBaTH BHJIOOYTOK BYTJIEBOJHIB y HHU3BKOMPOHUKHHUX IIJIACTaX,
3a0e3neuyourd €KOHOMIYHY PEHTA0ENbHICTD 1 CTIMKUNA PO3BUTOK.

Meta pobGoTu: nocmiautu e€(PEeKTUBHICTh TEXHOJIOTII OJHOYACHO-PO3ALIBHOI
eKCIUTyaTarlii Ta 3aKkavyBaHHA Ui MiABUIIeHHS KoediienTa BiwrydenHs Hadhtu (KBH)
Ha 0araToIJIaCTOBUX POAOBHINAX, & TAKOX OL[IHUTH iX BIUIMB HA €KOJIOT14YHY O€3MeKy
Ta PO3POOUTH PEKOMEH Iallii JIJIsi BIPOBA/PKCHHS.

3aBaanHs podoTH:

1. IIpoanamizyBatu icHytoui TexHosiorii BI'PIT 1 OPE, ix TeopeTudyHi oCHOBH Ta

MPaKTUYHE 3aCTOCYBaHHS.

2. Ouinutu epextuBHicTs BI'PII Ha npukiani pogosuina 3a ganumu 20082013

POKIB.

3. TlpoBectu moxemoBanuss OPE st muitactiB pi3HOT MPOHUKHOCTI Ta TOTYKHOCTI

3 BUKOPUCTAHHAM (13MYHHX 1 T1APOAMHAMIYHUX METO/IIB.

4. BuBuntu mkignuBi Ta Hebe3neuHi BUpoOHMYl (aktopu (OBII®) npu
nposeaeHHi ['PIT 1 po3pobuTu 3axoau iX MiHIMI3aIlii.
5. OIIHUTH €KOJIOTTYHHUI BIUJIUB TEXHOJIOTIH 1 3aIIPONOHYBATH MPUPOJOOXOPOHHI

3ax0aH.
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IIpeameT poc/aiazKeHHsI: TEXHOJIOTIT OJIHOYACHO-PO3A1TBHOT €KCIUTyaTallii Ta ix
BIUTMB Ha MPOIIECH BUIOOYTKY i €KOJIOTIUHYy Oe3MeKy.

O0’exT mocaigkeHHsi: 0araToruIaCTOBlI POJIOBHUINA, 30KpEeMa pPOJOBHIIE 3

HoBu3zHa oxepxaHuX pe3ysbTaTiB MOJSATae B iHTErpallii CydyacHUX MiAXO0/IB 10
OPE, 30kpeMa BHMKOPHMCTAaHHI TiJIpOJIMHAMIYHOTO MOJCIIOBAHHA Ta aJrOpPUTMIB
MAaITMHHOTO HAaBYAHHS JJI ONTHUMI3allii mapaMeTpiB BUL0OYTKY (TpuiioMucTocTi S0—
200 m*/ o0y, tucky 10-20 MIla), mo 3abe3neuye migsuiiendss KBH na 10-15% 1
3HIKEHHSI 00BoTHEHOCTI Ha 3—15%. HoBuM € Tako KOMIUIEKCHUM aHaui3 0e3MeKu Ta
exosoriyaux pusukis bI'PIL.

IpakTuuni pe3yabtatn. Po3poOieHo riApoAWHAMIYHI  MOJENI, IO
JEMOHCTPYIOTh NIpUpicT BUA00yTKy Ha 50—70 Tuc. T HadTH 3a paxyHok OPE ta BI'PI1
Ha POJIOBHUIII. 3alpPONOHOBAHO PEKOMEHJAIl 100 ONTUMI3alll JU3aiiHy TPIIIUH
(mpormmant  15-70  T/cTamito), BHUKOPUCTAHHA IHTIOITOPIB  BIAKIAACHb 1
aBTOMATU30BaHUX CHCTEM MOHITOPUHTY. BCTaHOBJICHO 3axXxoAWl Il 3HWKEHHS
BUpOOHMUUX pusukiB (mym <80 ngba, BiOpailis, €JEKTpUYHI HEOE3MeKu) Ta
€KOJIOTIYHOTO BIUIMBY (caHiTapHO-3axucHa 30Ha 1000 M, yTuiizaiist BiAX0/I1B).

IIpakTuyHe 3HAYeHHsI POOOTH TIONSITAaE B MOJXKIMBOCTI BIPOBAKCHHS
3aIIPOIIOHOBAHUX TEXHOJIOTIH Ha 0araToIlacCTOBHX POJOBHINAX IS ITiABUIICHHS
KBH, 3HmkeHHs BUTpaAT 1 3a0€3MeUeHHsT eKOoJIOryHO1 Oe3neku. Pexomenarii 1mo/0
oesneku (313, mpoTUnokexxkHi 3axoau) Ta MojeatoBaHHs (Meroau Benre, baxmi-
JleepTa) CHpUSIIOTH CTIMKOMY PO3BUTKY Taiy3l, 3 TOTEHIIAJIOM J0JIaTKOBOTO
Bu100yTKY 200-300 THC. T HapTH 10 2025 POKY.

Metoau aocaizKeHHs: JIITepaTypHUN aHami3, TIAPOJMHAMIYHE MOICTTIOBaHHS,
¢bi3uuni po3paxyHku (Meroau Benre, bakmi-JleBepra), anamiz OBII®, orminka

€KOHOMIYHO1 €(DEKTUBHOCTI Ta €KOJIOTTYHUX PU3HUKIB.



ABSTRACT

Explanatory Note: 91 pages, 7 tables, 16 figures, 121 sources.

Keywords: SIMULTANEOUS-SEPARATE EXPLOITATION
TECHNOLOGY, MULTILAYER  DEPOSITS, EFFICIENCY, LABOR
PROTECTION, ENVIRONMENTAL SAFETY

Relevance of the Work. The study is highly relevant due to the increasing need
for efficient resource utilization in multilayer deposits with complex geology and the
necessity to minimize environmental impact in the oil and gas industry. The application
of multistage hydraulic fracturing (MSHF) and simultaneous-separate exploitation
(SSE) technologies enables optimized hydrocarbon extraction in low-permeability
reservoirs, ensuring economic viability and sustainable development.

Objective of the Work: To investigate the effectiveness of simultaneous-
separate exploitation and injection technologies for enhancing the oil recovery factor
(ORF) in multilayer deposits, while assessing their environmental safety and
developing implementation recommendations.

Tasks of the Work:

1. Analyze existing MSHF and SSE technologies, their theoretical foundations, and
practical applications.
2. Evaluate the effectiveness of MSHF using the example of the field based on data

from 2008-2013.

3. Conduct modeling of SSE for reservoirs with varying permeability and thickness
using physical and hydrodynamic methods.

4. Study harmful and hazardous occupational factors (HOF) during hydraulic
fracturing and develop measures to mitigate them.

5. Assess the environmental impact of the technologies and propose environmental
protection measures.

Subject of the Research: Simultaneous-separate exploitation technologies and



their impact on extraction processes and environmental safety.

Object of the Research: Multilayer deposits, specifically the "X" field with
productive horizons of the Yul-1 layer, and the technologies used for their
development.

Novelty of the Results: The novelty lies in the integration of modern SSE
approaches, including the use of hydrodynamic modeling and machine learning
algorithms to optimize extraction parameters (injection rates of 50-200 m?/day,
pressures of 10—20 MPa), which increases the ORF by 10-15% and reduces water cut
by 3—-15%. Additionally, a comprehensive analysis of safety and environmental risks
of MSHF is provided.

Practical Results: Hydrodynamic models were developed, demonstrating an
additional oil production of 50—70 thousand tons through SSE and MSHF at the "X"
field. Recommendations were proposed for optimizing fracture design (proppant mass
of 15-70 tons/stage), using scale inhibitors, and implementing automated monitoring
systems. Measures were established to mitigate occupational risks (noise <80 dBA,
vibration, electrical hazards) and environmental impacts (1000 m sanitary protection
zone, waste disposal).

Practical Significance: The work enables the implementation of proposed
technologies in multilayer deposits to enhance the ORF, reduce costs, and ensure
environmental safety. Recommendations for safety (PPE, fire prevention measures)
and modeling (Welge, Buckley-Leverett methods) support sustainable industry
development, with a potential additional oil production of 200-300 thousand tons by
2025.

Research Methods: Literature review, hydrodynamic modeling, physical
calculations (Welge, Buckley-Leverett methods), analysis of HOF, and evaluation of

economic efficiency and environmental risks.
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BCTVII

Po3poOka GararoracToBux HaQTOBUX POJOBHIN € CKIATHUM 3aBIaHHSM, IO
BHMara€e 3aCTOCYBaHHS TEPENOBUX TEXHOJOTINA I 3a0e3MeYeHHS MaKCHMAaJIbHOTO
BUJTYYCHHS BYIJICBO/IHIB ITPH €KOHOMIYHIN €(DEKTUBHOCTI Ta MiHIMaJIbHOMY BILJIUBI Ha
noBKULIA. PogoBuime Biakpute B 1969 poiri, XapakTepu3y€eThes MapyBaTo0 OyI0BOIO,
[JTMOMHOIO 3aJIATaHHs MPOAYKTUBHUX TuTacTiB 2440—-3050 M, 3anacamu HadTu 1,4 MITH.
T. 1 Tazy 1,2 mMiuH. M°, a TakoX YCKJIQJHCHAMH yMOBAaMH €KCILTyarailii depes
ac(harbTOCMOHUCTI BIAKIAJACHHS, KOPO3il0, ra3oriparu Ta cipkoBojeHb. Ha npyrii
CTajli poO3pOoOKH, IO BEACTHCA MEXaHI30BAHUM CIIOCOOOM, KIIOYOBUM METOIOM
iHTeHCcuDiKaIli BUI0OyTKy € 6aratoctaaiiHuil rigpasaiyauii po3pus miacta (bI'PID),
SIKUH JT03BOJISIE CTBOPIOBATH MEPEKY BUCOKOIPOBITHUX TPIIMIMH Y HU3BKOIIPOHUKHUX
miactax, 30kpeMa rTopu3oHTy FOI1-1. AKTyanbHICTH HOCHIIPKEHHS 3yMOBJICHA
3pOCTaro4yo0r0 NOoTpeOOoI0 B ONTUMI3AIIIT BUOOYTKY Ha OAraroriacToOBUX POJOBUIIAX 31
CKJIQJTHOIO TEOJIOTIET0, JIe TPAAUIIIIHI METOIU MalOTh 0OMEKeHY €(heKTUBHICTb.

Merta pobOotu nosisirae y gociimxeHHi epexktuBHocTi BI'PII Ha ropusoHTaIbHUX
CTOBOypax CBEP/JIOBMH HA()TOBHX POIOBHII, a TAKOXK OIIHII TEXHOJOTII OMHOYACHO-
po3auibHOi ekcrryarauii (OPE) ang migBuineHHs koedilieHTa BUIyYEeHHS HaTH
(KBH) 1 3a6e3mnedyenns exosjoriyHoi O0e3neku. OCHOBHI 3aBIaHHS BKIIIOYAIOTh aHAJi3
TEOPETHUYHUX OCHOB 1 TexHosoriunux acnektiB I'PII, ouinky epexruBHocti BI'PII Ha
pomoBuii 3a ganumMu 2008-2013 poki, monemtoBanHs OPE nns mmactiB pi3HOl
MIPOHUKHOCTI Ta MOTYKHOCTI, & TaKOK PO3pOOKY PEKOMEHJAIlil 11010 ONTUMi3alil
napamMeTpiB po3poOKH W YIpaBIiHHS BUPOOHHMYMMH Ta €KOJOTIYHUMHU PHU3UKAMH.
npenmerom — mporiecu BI'PIT 1 OPE, ix BruuB Ha BHIOOYTOK 1 O€3MEKYy.

HoBuzHa poOoTu mojsirae B IHTErpailii Cy4acCHHUX METOJIB MOJCJIIOBaHHS (3
BUKOPHUCTAHHSIM aJTOPUTMIB MAIIMHHOTO HABYaHHS Ta AHAMITHYHUX PO3PAXYHKIB
Benre 1 bakni-JleBepra) ang ontumizanii napamerpiB BI'PII 1 OPE, mo 3abe3neuye
miguiieHas KBH 1 3HmwkenHs o0BomHeHOCTI. IlpakTruHe 3HAYSHHS JOCIIIKCHHS
3YMOBJICHE MOJKJIMBICTIO BIIPOBAPKCHHSI 3alPOTIOHOBAHMUX TEXHOJIOTIH Ha peaabHUX
ponoButax s 30iabeHHs BunooyTKy (10 200—-300 Tuc. T HadgTH 10 2025 poky) npu
JOTpUMaHHI BUMOT O€3MEeKH Ta eKOJIOTTYHUX CTaHaapTiB. Pobora Bkirodae aHamis
oOmagHaHHs, MarepiaiiB, BHPOOHMYMX PHU3UKIB (1Iy™m, BiOparis, eJeKTpUyHI
HeOe3MNeKn) Ta MPUPOAOOXOPOHHHUX 3aXO[lIB, IO 3a0€3MeUyOTh CTIMKUNA PO3BUTOK
Ha(TOra30Boi ramysi.
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BHUCHOBKU

VY xoni BuUKOHaHHS KBajiikaiiitHoi poOOTH Oyj0 MPOBEIECHO KOMIUICKCHE
ToCHiHKeHHsT €(hEeKTUBHOCTI 0ararocTajifHOro TiAPaBIIYHOIO PO3PUBY ILIACTa
(BI'PII) Ha ropu30oHTaNBHUX CTOBOYypax CBEPUIOBUH HA(TOBUX POJIOBUII, 3 AKIIEHTOM
Ha 0araToriacToBl CTPYKTYPH, TaKl SIK POJOBHIIIE 3 IIAPyBaTO0 OYI0BOIO Ta INTMOUHOIO
npoaykTuBHUX TacTiB 2440-3050 m. Amnamni3z BkiodaB TeopernuHi ocHoBu [ PII,
TEXHOJIOT1YH1 acnekTd npoBeaeHHs BIPII (Bkirodaroun ciinuid, CENEKTUBHUM Ta
KOMILUIEKCHI MeToau), Miadip oOmanHaHHa (Hacocw, OneHaepu, MaHidoJbIU) Ta
MatepiaiiB (pIAMHU PO3PUBY, MPONNAHTH, JOOABKH), @ TAKOXK OLIHKY ONTUMaJIbHOIO
JU3aiiHy 3a JOTIOMOTOI0 aJTOPUTMIB MAIIMHHOTO HAaBYaHHS Ta MATEHTHUX PIIICHb.
Hocnimkeno edexruBHicTs BI'PII Ha peansHOMy pomoBuiii 3a mepiog 2008-2013
pokiB (437 omepaiiiit), 1e TEXHOJOTIA 3a0e3neunsia npupict neoity Haptu B 2,7-3,8
pasa Ta J0JaTKOBUM BHAOOYTOK MoHaa 145 THC. T, 3 TUTOMOIO eeKTHBHICTIO 1,62—
3,36 Tuc. T/omeparito. Kpim Toro, mpoananizoBaHo Oe3MEKy IMPOIIECY,
171eHTU(IKYBaBIIM KJIIOUOBI BUPOOHWYI pakrtopu (urym, BiOpallis, MIKpOKJIiMar,
CJICKTPUYHI PU3MKK) Ta EKOJIOTIUHI acmekTu (caHiTapHo-3axucHa 30Ha 1000 w,
yTUII3alis BIAXOAIB), 3 peKOMEHAaissMU o0 313 Ta MpoTUIIOKEKHUX 3aXO/IB.

OTpuMano pesynbTaTtd, 1O JAeMOHCTpytoTh nepeBaru BIPII  Hag
onHoctaAiiiHuM ['PI1 y ropu3oHTanbHUX CBEpATIOBUHAX: cTadLII3alisa 1e01Ty Ha PiBHI
35 M3/n00y micis moyaTkoBOTO miKy 75 M3/100y, 3HUKEeHHS 00BOIHEHOCTI HAa 3—15% y
OKpPEMHX BHITAJIKaX Ta aJanTaIlilo TeoOMeTpii TPIIIKH 3a JOTIOMOTO0 mponmnanty 15-70
T/cTaairo. MozaentoBaHHs 0HOYACHO-po3aAUIbHOI ekcrutyaTallii (OPE) Ha cuHTeTHUHMX
1 peanpHUX Mozaensax (metomu Benre ta bakmi-JleBepra) miaTBepauio MOXKIUBICTD
migpumenas KBH na 10-15% musixom ontumizamii nmputiomucrocteit (50-200
M*/100y) Ta Tucky (1020 MIla) nyst nnactiB pizHoi nponukHocTi (0,02—0,08 mxm?) Ta
notyxHocTi (10—40 M), 3 nogarkoBuM Bugo0yTKOM 50—70 THC. T HapTH. PO3pOb6IECHO
peKoMeH Al 1010 BIPOBAXKEHHSI, BKJIIOYAI0YM 1HTETPalliio 1HT101TOpIB BIAKIAACHb
Ta aBTOMATHM30BAHMX CHUCTEM MOHITOPUHIY [UJIsi TOJOJIAHHS YCKJIAAHEHb (KOpo3is,

ra3orifjpaTH, CipkOBOJICHb).
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Ha ocHoBI aHanizy MoxkHa 3poOuTu BUCHOBKH, 1110 BI'PII 3 enementamu OPE €
BUCOKOC(DEKTMBHUM  IHCTPYMEHTOM s iHTeHcH]ikamii  BUIOOYTKy  Ha
0araToracToBUX pPOJOBHUIIAX, 3a0€3Meuyound eKOHOMIUHY peHTabenbHicTh (ROI 1,5—
2 pokwu 3a 1iau Hadtr >50 USD/Gap) Ta moTeHiian A0JaTKOBOTo BUI00yTKY 110 200—
300 tuc. T mo 2025 poky, 3a YMOBH TOYHOTO MiAOOpY MapameTpiB 1 CyBOPOTO
TOTpUMaHHs Oe3neku. TexXHOJoTis CIpHUsS€ CTIMKOMY PO3BUTKY, MIHIMI3yIOUH
EKOJOTIYHMI BIUIMB, aji¢ BHUMAara€ MOJaJbIIMX JOCIIKEHb JJId MiHIMI3alil

0OBOIHEHHS B O1YHHX CTBOJAX Ta IHTErpaii 3 MUPPOBUMHU MOJAEISAMHU NPOTHO3YBaHHS.
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