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ABSTRACT

Polymer impaction is one of the modern technologies widely used to enhance oil recovery. The
aim of this method is to increase the recovery efficiency by adjusting the heterogeneity of the oil
reservoir and the differences in oil-water mobility. Various types of polymers, especially high
molecular weight polymers, improve the filtration and oil recovery coefficient by adjusting the
viscosity under reservoir conditions. However, the correct selection of the optimal concentration
of the polymer solution and application parameters is of critical importance. This study aimed to
determine the optimal polymer amount to increase the efficiency of polymer impaction through
laboratory tests and hydrodynamic simulation. Polymer solutions of different concentrations were
prepared in laboratory conditions and their rheological properties under temperature and pressure
conditions were investigated. During the experimental studies, the dynamic viscosity, filtration
properties, distribution within the reservoir and the effect on phase balance of the polymer were
studied. In addition, the adsorption and molecular interactions of the polymer on rocks with
different mineralogical compositions were also investigated.

Experimental data were incorporated into hydrodynamic modeling to simulate the flow dynamics
and filtration properties of the polymer solution in oil reservoir conditions. The modeling results
showed that the optimal concentration of polymer impact allows for an increase in the recovery
factor by 15-25%, reduces early production water release, and balances pressure differences
between wells. In addition, uneven distribution and high adsorption of the polymer can cause
blockages within the reservoir, reducing production efficiency. Therefore, the rheological and
filtration parameters of the polymer should be carefully determined according to the reservoir
conditions. As a result of the studies conducted, the effectiveness of different polymer
concentrations was compared and the optimal amount of impact was determined according to the
geological characteristics of the reservoir. It was found that maintaining the polymer
concentration between 0,5-1,0 % both increases production efficiency and prevents blockages and
adsorption within the reservoir. The results of this study provide new approaches to the effective
use of the polymer impact method in oil recovery, creating practical application opportunities for
reservoir engineers and oil production specialists.

Keywords: polymer interaction, enhanced oil recovery, hydrodynamic modeling, rheological
properties, filtration process, reservoir condition.
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XULASO

Mogqalado laboratoriya testlori vo hidrodinamik simulyasiya vasitasilo optimal polimer miqdarini
mioyyon edilmisdir. Forqli konsentrasiyalarda polimer mohlullar1 hazirlanaraq onlarin reoloji xas-
solori, siiziilmo xiisusiyyotlori vo lay daxilindo yayilmasi arasdirilmigsdir. Eksperimental
molumatlar modellosdirmays daxil edilorok polimer mohlulunun axin dinamikas1 todqiq
edilmisdir. Naticalor gostorir ki, optimal polimer konsentrasiyasi neftvermo omsalint 15-25%
artirtr, lay suyunun erkon c¢ixisini azaldir, su dillorinin qarsisini alir vo quyulararast tozyiq
forqlorini balanslagdirir. Lakin polimerin qeyri-borabor paylanmasi vo yiiksok adsorbsiyasi
tixanmalar yarada bilor, buna goro do reoloji vo siiziilmo parametrlori diqgotlo
secilmolidir.Aragdirmalar noticesinde polimerin effektiv konsentrasiyasinin 0,5-1,0 % arasinda
oldugu miioyyan edilmisdir ki, bu da hasilat1 artirmaqla yanasi, tixanma vo adsorbsiyanin qarsisini
alir. Bu naticolor neft hasilatinda polimer ilo tosirin daha somarali totbiqi li¢iin yeni yanasmalar
togdim edir.

Acar sozlor: polimer ilo tosir, neft hasilatinin artirilmasi, hidrodinamik modellosdirma, reoloji
xassalor, siiziilmo prosesi, lay soraiti

Giris

Neft hasilatinda mohsuldarliin artirilmasi vo ehtiyatlarin daha somarali sokilds istismar edilmosi
diunya neft-qaz sektorunda miihiim todqiqat istiqgamotlorindon biridir. Neft yataqlarinda qaliq
neftin cixarilmasini yaxsilasdirmaq megsadilo totbiq edilon miixtolif texnologiyalar arasinda
polimer il tasir xilisusi shomiyyat kasb edir. Bu metod, lay daxilinds neftin haraket gabiliyyatini
tonzimlomak va siiziilma effektivliyini artirmaq {igiin istifade olunur. Polimerlorin tatbiqi neft-su
ozliiliiklarinin nisbatlorini tonzimlayarak, lay suyunun erkon ¢ixisini gecikdirir va hasilatin iimumi
somaraliliyini yiiksaldir [1-4].

Polimer mohlulu ils tasir etmoklo neft hasilatinin artirilmasi prosesindo asas problemlordon biri
polimer mohlulunun optimal konsentrasiyasinin miioyyon edilmosidir. Polimerin miqdarmin
hoddindon artiq olmasi layin tixanmasina vo hasilatin azalmasina sobab ola bilor, oksina, yetorsiz
miqdarda totbiq edilmasi iso gozlonilon effektin aldo olunmasina mane ola bilor. Buna gora do,
optimal polimer migdarinin miisyyan edilmosi hom iqtisadi, hom do texnoloji baximdan miihiim
ohomiyyat kasb edir [5-10].

Bu aragdirmada polimer mohlulunun miixtolif konsentrasiyalarda yataq soraitindo siiziilmo
prosesinad vo neft hasilatina tasiri eksperimental vo modellosdirms yanasmast ilo todqiq edilmisdir.
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Laboratoriya soraitindo aparilan tocriibolor zamani polimerin reoloji xiisusiyyatlori, layda
harokatliliyi, 6zliilik doyigmolorinin proseso tosiri dyronilmigdir. Eyni zamanda, hidrodinamik
modellosdirmadon istifado edorork polimer mohlulunun lay daxilindo yayilma xiisusiyyatlori
simulyasiya olunmus, optimal polimer konsentrasiyasi miioyyon edilmis vo adi suvurma tisulu ilo
miiqayiso edilmisdir.

Toadgiqatin asas mogsadi polimer ilo tosir tisulunun somoraliliyini artirmagq ti¢lin optimal polimer
miqgdarini toyin etmok vo bunun neft hasilatina tosirini giymotlondirmokdir. Arasdirma naticosindo
oldo edilon molumatlar neft yataglarinin islonmosindo polimer ilo tosir metodunun effektiv
totbigini tomin etmoya vo bu sahodo daha somorali yanagsmalar formalasdirmaga komok edocokdir.

Moaqsad
Bu todqgiqatin osas mogsadi neft yataqlarinda polimer ilo tosir texnologiyasinin effektivliyini
artirmaq Uglin optimal polimer miqdarim1 miioyyon etmok vo onun hasilata tosirini
qiymoatlondirmokdir. Polimer ilo tosir, siixur mosamolorindo axin sortlorini yaxsilagdirarag,
neftvermo omsalini artiran miithiim texnologiyalardan biridir. Bununla bels, polimerin optimal
konsentrasiyasinin toyin edilmosi osas problemlordon biridir, ¢linki ¢ox yiiksok vo ya asagi
konsentrasiyalar hasilat prosesina manfi tosir gostora bilor.

Bu arasdirmada miixtolif geoloji vo fiziki-kimyovi faktorlarin polimerin yataq daxilindo

yayllmasina vo siiziilmo xiisusiyyatlorino tosiri eksperimental vo hidrodinamik modellogdirmo

yanagmalari ilo 0yronilmisdir. Laboratoriya tocriibalorinds polimer mohlulunun miixtslif duzluluq
vo temperatur soraitlorindo reoloji vo siiziilmo parametrlori todqiq edilmisdir. Yiksok
temperaturlu laylarda polimerin stabilliyini qiymatlondirmak magsadils polimerin axiciligi, siixur

mosamolorinds adsorbsiyasi vo faza davranislari Gyronilmisdir [9]:

o Polimer konsentrasiyasinin optimallasdirilmasi: Neft hasilatina tasir edon polimer konsentrasi-
yasinin eksperimental vo nozeri metodlarla miisyyon edilmosi, miixtolif yataq soraitlorindo
optimal tasir miqdarinin toyin olunmasi.

e Polimerin reoloji vo termodinamik xiisusiyyatlorinin dyronilmasi: Polimer mohlulunun 6z1ali-
ylniin temperatur vo tozyiq altinda neco doyisdiyini miioyyon etmok, yiliksok temperatur vo
duzluluq soraitinds stabilliyini analiz edarak uygun konsentrasiyalar isloyib hazirlamagq.

e Hidrodinamik modellogdirma vo siiziilmo mexanizmlorinin todqiqi: Polimer mohlulunun
masamoli miihitds horoket trayektoriyalarin1 dyronmok vo yataq boyunca yayilma prosesini
simulyasiya etmok. Lay soraitindo polimerin neftin hasilatina tosirini qiymaotlondirorok on
somarali tatbiq strategiyalarin1 miioyyonlogdirmak.

e Polimerin hasilat effektivliyino tosirinin tohlili: Miixtalif polimer konsentrasiyalarinin
neftvermo omsalina tosirini eksperimental vo riyazi modellorlo miigayiso edorok optimal
variantt miioyyanlogdirmak.

Aparilan eksperimental vo nozori todqiqatlar gostormisdir ki, polimer konsentrasiyasinin diizglin
secilmoasi neftvermo omsalini artirir, suyun erkon ¢ixigini tonzimloyir vo quyulararasi tozyiq
forglorini balanslasdirir. Noticalora asasan, polimer konsentrasiyasinin 0,5-1,0 % diapazonunda
olmasi hasilatin 15-25 % artirilmasina sorait yaradir. Bundan olava, polimerin lay daxilinds
porsenvari horokoti vo siixur mosamolorindo tixanma yaratmamasi {i¢iin optimal axin siiroti vo
tozyiq sortlori miiayyon edilmisdir.

Bu toadqiqatin digar vacib istigamatlorindan biri hidrodinamik modellasdirma vasitasilo polimer

mohlulunun lay daxilinds yayilma trayektoriyalarinin dyronilmesidir. Miixtalif siixur ndvlerindo

polimerin harokot etmo qabiliyyati vo hasilata tosiri modellasdirilorok optimal tasir sortlari toyin
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olunmusdur. Modellosdirma naticalori gostormisdir ki, polimerin siiziilmo xiisusiyyatlori vo lay
daxilindoki horakat trayektoriyasi onun hasilata tasirini birbasa miioyyonlogdirir.

Polimerin optimal miqdarda istifadosi prosesin iqtisadi baximdan daha somarali olunmasina
imkan yaradir, ¢linki hoddindon artiq polimer istifadosi maya doyorini artiraraq iqtisadi
somoraliliyi azalda bilor. Eyni zamanda, ekoloji cohotdon uygun polimer formulalarinin totbiq
imkanlar1 qiymotlondirilmisdir.

Metodlar

Bu todqiqatda polimer ilo tosir metodunun neft hasilatina tosirini qiymotlondirmok vo optimal
polimer miqdarin1 miioyyanlosdirmak ticlin  eksperimental, nozori vo modellogdirma
metodlarindan istifado edilmisdir. Polimerin siiziilmasi, reoloji vo termodinamiki xiisusiyyatlori,
habels yataq daxilinds horokoti miixtalif tocriibalor vo modellosdirmo tisullari ilo dyronilmisdir

1. Eksperimental metod. Polimer mohlulunun 6zliiliik xassalari onun siiziilms vo hasilata tasirini
miuoyyonlosdirmok {iglin asas parametrlordon biridir. Tocriibalor reotest-2 cihazi vasitosilo
aparilmis vo miixtolif konsentrasiyalarda polimer mohlulunun 6zliiliikk gqiymotlori miixtolif
temperatur vo tozyiq soraitlorinds 6l¢iilmisdiir (sokil 1).

Sakil 1. Reotest-2 cihazi

Hazirlanmis polimer mahlullar1 niimunalarinin har birinin 25°C, 50°C va 75°C temperaturda 6zI0-
lUytin qiymatlori qeyd olunmusdur. Temperatur artdiqca polimerin dinamik zliililyliniin azaldig:
geyd ounmus vo uygun olaraq 25°C-ds 6zliilik 45 mPa-s, 50°C-do 30 mPa-s, 75°C-do iso 18
mPa-s mlayyon edilmisdir.

2. Nazari metod. Polimer ilo tosir lisulunun neft hasilatina tosirini tohlil etmok ii¢lin hidrodinamik
vo reoloji modellordon istifado olunmusdur. Polimer mohlulunun axin davranisi, onun
Ozliliiylinlin temperatur vo konsentrasiyasindan asililigimi tam tosvir etmok ii¢lin giic qanunu
modelindan (Power Law model) istifado olunmusdur:

n-1

n=Kry
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burada p — dinamik 6zlilik (Pa-s); K — konsistensiya omsali; y — siirat qradienti; n — axin

Lo
ol . e e .
8 gOSthlClSl.
Alinmis asililiglar sokil 2-do gostorilmisdir.
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Sakil 2. Polimer mahlulunun &zliiliiyiiniin temperatur vo konsentrasiyadan asililigi.

3. Termodinamik analiz. Termodinamik modellor polimerin yiiksok temperatur vo duzlu
miihitdo stabilliyini qiymotlondirmok {igiin istifade olunmusdur. 1,0-2,0 %-li polimer mohlulu
yiiksok temperatur (50°C-100°C) vo duzluluq (5%-15%) sortlorindo test edilmisdir. Ozliiliik,
stabillik vo molekulyar pargalanma tohlil edilmigdir. 1,0-1,5 % konsentrasiyada polimerin
ozliiliiyl sabit galmisdir. Temperatur 100°C iizorindo olduqda 6zliiliikk 20%-o0 godor azalmigdir

(sokil 3).
Oliiliik
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Sakil 3. Polimer mohlulunun 6zliiliiyiiniin temperaturdan asililigi.

4. Hidrodinamik modellosdirma. Hidrodinamik modeldon polimer mohlulunun yataq daxilinds
neca horakat etdiyini vo neft hasilatina tosirini proqnozlagdirmaq tigiin istifade olunmugdur. Laya
tosir zamani yarana bilocok su dillori tohliikesinin garsisunin alinmasi vo neftin porsenvari
sixigdirilmasini tomin etmok mogsadilo sixisdiran vo sixigdirilan mayelorin ozliiliikllori arasinda
forqin azaldilmasi, o6zliiliikklor nisbotinin vahido yaxinlagsmasmi tomin etmok iiglin yiiksok
tizliliikli Qarbi Abseron neftinin polimerin suda mohlulu ilo sixigdirilmast prosesi hidrodinamiki
model vasitosi ilo tadqiq olunmusdur. Bunun {i¢iin Tempest proqram paketindon istifado etmoklo,
dinamik 6zliililyii 55 mPa-s, sixlig1 904 kq/m?® olan real Qarbi Abseron yatagi modellosdirilmisdir
ki, burada lay temperaturu 23 °C, dorinlik 800 metrdir. Miigayiso etmok miimkiin olsun deyas,
suvurma prosesinin modellogdirilmasi ligiin istifado olunan quyulardan konturarxasi polimer
mohlulunun laya vurulmasina baxilmigdir. Laya 1,5 %-li polimer mshlulunun vurulmasi
modellogdirilmis, sonra iso polimer mohlulu adi su ilo sixisdirlmisdir. Ozliililyiin polimerin
konsentrasiyasindan asili olaraq doyismo ganunauygunlugu laboratoriya soraitindo todqiq
olunmus, alinmis notico, hesablamalarin daha doqiq aparilmasi ii¢iin 6zliililys vuruq soklindo
models daxil edilmisdir (sokil 4).

“

Ozllldya vuruq
Y

Polimerin konsentrasiyasi, kg/m3

Sokil 4. Ozliiliiyiin polimerin konsentrasiyasindan asililiq oyrisi.

Model vasitasi ila yatagin hasilat gostaricilori 10 il miiddstina prognoz edilarark, adi suvurma pro-
sesindon alinan naticalorls miiqayiso edilmisdir. Prognozlara asason 10 il miiddstino adi suvurma
prosesi noticesinde 3,01 miln. m® neft alinirsa, eyni sortlor daxilinde polimer mohlulu ilo
sixisdirma zamani iso 4,12 min. m® neft alinmisdr.

5. Miiqayisali tohlil. Laya vurulan polimer moahlulunun optimal konsentrasiayasin1i miioyyonlos-
dirmok mogsadilo hidrodinamik modeldon istifado etmoklo hesablamalar aparilmigdir. Aparilan
hesablamalarla miixtalif konsentrasiyalt polimer mohlullarinin neft hasilatina tesiri miiqayiso
edilmis vo optimal diapazon miioyyon olunmusdur. 0,3 % polimer mahlulu ils hasilat artimi1 10 %,
1,5 %-li polimer mohlulu ilo hasilat arttimi 30 %, 2,0 % vo yuxari iso hasilatin daha ¢ox
artmadigini va iqtisadi baximdan geyri-somorali oldugunu gostormisdir.
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Natica

Bu tadgiqatin naticalori gostarir ki, polimer ila tasir neft hasilatini artirmaq tigiin effektiv texnolo-
giyalardan biridir vo onun optimal istifadosi islonmo somaraliliyinin shomiyyatli deracads yiiksal-
dilmoasing sabab ola bilor. Eksperimental vo modellogsdirma metodlari asasinda aparilan
arasdirmalar miixtolif polimer konsentrasiyalarinin neft yataglarinda siiziilmo xiisusiyyastlorino vo
hasilata tosirini qiymotlondirmoys imkan vermisdir.

Laboratoriya testlori gdstormisdir ki, polimer mohlulunun reoloji vo termodinamik xassoalori onun
yataqda neco davranacagini miioyyon edon asas faktorlardan biridir. Temperatur vo tozyiq altinda
Ozliiliiylin doyismosi miisahido edilmis vo siibut olunmusdur ki, yiiksok temperatur (100°C
tizorindo) vo yiiksok duzluluq (15%-don yuxar1) polimerin stabil qalmasini ¢atinlogdirir. Bununla
belo, 1,0-1,5 % polimer konsentrasiyasi temperatur vo duzluluq sortlori nozors alinmagqla belo neft
hasilatinda optimal naticalor vers bilor.

Hidrodinamik modellosdirmo vasitosilo polimerin yataq daxilindo yayilma trayektoriyasi vo
stiziilmo parametrlori tohlil olunmusdur. Simulyasiya noticolori gostormisdir ki, polimerin
homojen yayilmasit vo neft cixarma zonasini genislondirmosi yataqdan hasil olunan neftin
miqdarini artirir. 1,5% polimer konsentrasiyasi totbiq edildikdo hasilat soviyyasindo 30%-o qodor
arttm misahido edilmisdir, lakin 2,0 %-don yuxari konsentrasiyalarda iqtisadi somaraliliyin
azalmasi vo slixurlarda tixanma riski qeyde alinmigdir.

Bu todqigatin on miihiim noticolorindon biri polimer ilo tosir effektivliyinin tokco
konsentrasiyadan deyil, hom do yatagin geologiyasi vo termobarik soraitindon, duzluluq veo
hidrodinamik parametrlordon asili oldugunun miioyyan edilmasidir. Optimal polimer miqdart vo
laya tosir parametrlorinin diizgiin toyin edilmosi neft hasilatinin uzunmiiddotli artirilmasini tomin
edo bilar.

Son olaraq, tadgigatin naticalori gdstorir ki, polimer mahlulu ilo tosir lisulunun sonaye miqyasinda
totbiqi li¢lin optimal konsentrasiya vo yataq soraitino uygun tosir strategiyalarinin islonib
hazirlanmasi vacibdir.
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PE3IOME

Llenp0 JAHHOTO MCCIIEAOBAHUS OBLIO OIpeeIeHue ONTUMAIbHOTO KOJIMUYECTBA MOJIMMEpa ¢ To-
MOIBIO  JTAOOPATOPHBIX ~ MCMBITAHUM U TUAPOAMHAMUYECKOTO  MOJEIUpOBaHMs.  bbiaun
IIPUTOTOBJIEHBl PAaCTBOPHI IOJIMMEPOB DPA3NIUYHOM KOHLEHTpAMM W MCCIEAOBAaHbl HX
pEOJIOrUYecKre CBOMCTBA, (WIBTPALMOHHBIE XapaKTEPUCTUKU M paCHpelelieHHe B ILIAcTe.
JluHamuKa TeuyeHus MOJMMEPHOIO PACTBOPA M3yyaslach IIyTEM BKJIFOUYEHHS SKCIIEPUMEHTAIBHBIX
JaHHBIX B MOJEIUpoBaHME. Pe3ynbTaThl MOKa3bIBalOT, 4YTO ONTHMAaJjbHAs KOHLIEHTPALUS
HoJIMMepa yBelnuuuBaeT Ko uIueHT u3pieueHus Ha 15-25%, cHuxaer paHHU# cOpoc BOJIBI U3
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lacTa ¥ ypPaBHOBCIIMBACT PA3HMIY JABJICHHS MEKIY CKBaKMHamMH. OIHAKO HEpaBHOMEPHOE
pacmpesielieHue W BBICOKas aJcopOIvs MOJMMepa MOTYT MPUBECTH K 3aKyMOPUBAHUIO, TTOITOMY
peosorndyeckue W (QUIBTPALMOHHBIC IApaMeTPbl JOJKHBI OBITh TINATEIBHO ITOJA0OPAHBI.
HccnenoBanus noka3anu, uyto 3 dexTuBHas KoHIeHTpalus noaumepa coctasiser 0,5-1,0%, uro
HE TOJIBKO YBEIUYHMBACT IIPOU3BOIUTEIILHOCTD, HO U IPEIOTBPAILACT 3aCOPEHHUE U aJCOPOLIHIO.
KiroueBble cj10Ba: TOJMMEPHOE BO3JICHCTBHE, MOBBIMICHUE HEPTEOTIAUU, THAPOIMHAMUICCKOE
MOJICJTUPOBAHUE, PEOJIOTHICCKUE CBOMCTBA, MPoIiecC (GUIbTPALINHU, TUIACTOBOE YCIOBHE.

Publication history

Article received: 01.04.2025;

Acrticle accepted: 14.04.2025

Article published online: 30.04.2025
DOI: https://doi.org/10.32010/IQPD7429




