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AHHOTaUuA

YBenunyeHue AONN TPYAHOU3BJ/IEKAaeMbIX 3aNacoB AeflaeT aKTyaJibHbiM BHeApeHue ¢M3MKO-XMMM‘IGCKMX MEeTo40B NOoBbILLIEHUA
HedTeoTaaun. MlepcnekTUBHBIM METO0M ABNAETCA NoNUMepHoe 3aBogHeHUue. OfgHMM n3 (haKTOpOB, BAUAIOWMX HA YCNELWHOCTb
[JaHHON TexHonoruu, ABnserca yaepxxkusanue (aacopbuus) nonumepa B nopucroit cpege. Mpu BbICOKOM 3HaueHUu agcopouumn
npoucxoAnT UHTEHCUBHAA NOTepA BA3KOCTU 3aKauyMBaemMoro cocraBa, BO3MOXXHa KoJibMmaTtauua anCKBa)KMHHOﬁ obnactu nnacra.
Heo6x0AMMO BbINONHATL NOAGOP COCTaBOB, XapaKTepU3YIOLUXCA NPUEMIIEMbIMU BEIMYMHAMU YAEPIKAHUA B N1ACTE KOHKPETHOTO
MeCTOpOXKAeHMA. B cTaTbe NpMBOAUTCA NPUMeEP OLEHKMN afcopbLuum, B TOM YMC/ie BIUAHME HA ee BeNIMYUHY Pa3inyHbIX haKToOpoB.

Marepuanbl u meToabl

JlabopaTopHbie UCMbITaHUA NPOBOAWANCH COTNACHO METOAUYECKUM
yKa3aHUAM MHCTUTYTA «TMNpoBOCTOKHEDTbY [14] 1 AMepuKaHCKoro
HedTAHOro UHCTUTYTA [15]. BCe 3Tanbl no noAroToBKe MoAenei niacra
1 hNIOMLOB K nccnefoBaHmnio ocHoBaHbl Ha OCT 39-195-86 «HedTb.

MeTop onpepeneHuns koad@uumeHTa BbiTeCHeHUA HeT BOLOW B
NnabopaTopHbIX YCIOBUAXY.
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Assessment of polymer adsorption for the conditions of Russian field PK formations
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Abstract

The increase in the share of hard-to-recover reserves makes it relevant to introduce physico-chemical methods of increasing oil recovery. Polymer
flooding is a promising method. One of the factors influencing the success of this technology is the retention (adsorption) of the polymerin a porous
medium. At a high value of adsorption, there is an intense loss of viscosity of the injected composition, colmatation of the downhole region of the
formation is possible. It is necessary to select compositions characterized by acceptable retention values in the reservoir of a particular deposit.
The article provides an example of the assessment of adsorption, including the influence of various factors on its magnitude.

Materials and methods

Laboratory tests were carried out according to the guidelines

of the Institute “Hyprovostokneft” [14] and of the American Petroleum
Institute [15]. All stages of preparation of reservoir models and fluids for
research are based on OST 39-195-86 “Qil. Method for determining the
oil displacement coefficient by water in laboratory conditions”.
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OKono 95 % HedTn B PO f06bIBaETCA C NPU-
MeHeHMeM 3aBofHeHMA. Ha cerogHALWHNIA AeHb
CpeAHAs 06BOJHEHHOCTb NMPOAYKLUUN HA 0ObEK-
Tax C 3aKayKkon BOAbl B HeTAHOW nnacT npe-
BbllwaeTr 80 %. B pesynbtate npumeHeHus Tpa-
AVLMOHHOW CUCTEMbl 3aBOJHEHUA B CPefHeM
yAaeTcs n3Bneyb okono 35 % HedTu, ocTanbHoOM

ob6bem 3anacoB 0CTaeTcs B naacre.

Tak, cornacHo pacyetam [1], yBenuyeHue
KoHeyHoro K/H Ha 1 % no3Bonut yBenuyntb
obbem exerogHon aobbium HedtM B PP Ha
20-30 MAH T.

[lona ocTaTouyHbix 3anacoB HedTW, CBA-
3aHHbIX C HU3KMM OXBATOM niacTta npoueccom

3aBoAHeHUA cocTaBnaeT 70 % BCex 0CTaTOYHbIX
3anacoB U ABNAETCA pe3epBOM ANA yBennye-
HusA HedTeoTgaun. CTonb BLICOKMI NOKasaTenb
0CTaToOYHOM HedTU CBA3aH B TOM 4YuUC/IEe C yBe-
NNYEHNEM 0NN MECTOPOKAEHUI C He(hTbIO No-
BbILWEHHOW BA3KOCTU M BbICOKOBA3KOMN He(TbIO,
rAe BbICOKMA ypoBeHb 06BOAHEHHOCTU

IKCNO3NLUNA HEDTb FA3 AMNPESTb 2 (87) 2022



CKBAXWHHOW MPOAYKLUM [AOCTUraeTcs ywe
B paHHUMe Nepuoabl 3Kcnayatayuu.

Xumunyeckas npupoaa Boabl v HedTH TaKKe
[al0T NPeANOCHINKN K HepaBHOMEPHOMY BbITEC-
HeHUo. Boaa u HedTb ABNATCA HeCMeLLMBa-
IOLLMUMUCA HMUAKOCTAMMU, MOITOMY HEBO3MOKHO
BbITECHUTb BOAON BCO HedTb M3 nnacTa [2]. 31o
NOATBEPXKAAETCA KPUBbIMU OTHOCUTENbHOI (ha-
30B0# npoHuuaemoctn (OPM) B8 Buae Hannuus
CBSI3aHHOM BO/Zbl B KPANHUX TOYKAX MPU MaKcu-
ManbHOW HepTeHaChILEHHOCTV NN OCTAaTOYHOW
HenoABMXHON HedTV NP MaKCUManbHON BOAO-
HacbllleHHoCTK [3].

BHeapeHne GU3MKO-XMMUYECKUX METOAOB
yBenuyenus Hedrteotaaun (PX MYH) nossons-
eT KOMMIIEKCHO BO3/eiCTBOBATb HAa HECKONbKO
NpUYNH HepfousBnedeHus Hedtu. Hanpumep,
NoBepPXHOCTHO-aKTMBHble Beuectsa (MAB) no-
MOralT YMEHbWUTb MexXdasHoe HaTAKeHue
Ha rpaHuue Bopa-HethTb, bGnarogaps uemy
yBeNINYMBAETCA KOIDPUUMNEHT BbITECHEHUS.
MonumepHble pacTBOpPbI BAUAKOT Ha peonoruye-
CKUe CBOICTBA BbiTeCHsLEero arenta (sogbl),
YBENNYMBAA €ro BA3KOCTb, 3@ CYET YEro Usme-
HAETCA CTPYKTypa (UNbTPaLMOHHLIX MOTOKOB
U CHWXAETCA TMAPOAMHAMUYECKas aHU30Tpo-
nua nnacta. MeToz NONMMEPHOro 3aBOAHEHUA
XapaKTepusyetca ANUTENbHOW UCTOpUel npo-
MbILWIEHHOTO MPUMEHEHUA U HANWYMEM TMOf-
TBEPIKAEHHBIX pe3ynbtaTos [4-9].

Mpouecc BbITeECHEHUS HEDTU MOXHO ONu-
caTb NpY NOMOLLY YpaBHEHMSA, KOTOPOE OTpaxa-
€T oTHOWeHUe KO3t ULNEHTOB NOABUKHOCTH
MEX/Y BbITECHAEMbIM U BbITECHAIOLMM areHTa-
mu [10]. B cnyyae, ecnu oTHolweHne Ko3ddu-
LIMEHTOB MOABUXHOCTU Gonblie eanHubl (> 1),
npouecc 3aBOAHEHWUs cyuTaeTcs Hectabuib-
HbIM U MOXET NPOU30MTU NMPOPLIB BOAbI MO OT-
[leNbHbIM MHTEpBANam nnacta — B pe3ynbrate
CYyU|eCTBEHHAs 4YacCTb HE(MTU OCTAHETCA HEBbI-
TecHeHHoW. Ecan oTHoweHne ko3 duumeHToB
NOABMKHOCTM MeHblie, MO0 pPaBHO efuHULE
(1), To 3aBOfIHEHME MOXHO CYMTATb AP D EKTUB-
HbIM. YpaBHEHME HUXKe onpesenseT OTHOWeHne
KO3 NLNEHTOB NOABMIKHOCTEN:

Ao Holk, 0

rae A, 4 n k — KoadbbuymenTsl, cooteer-
CTBEHHO, MOABMKHOCTW, BA3KOCTU U 3Pdek-
TUBHON KOHEYHOM MPOHULAEMOCTH, A HUKHME
WHOEKChI «W» 1 «O» UCMONb3YIOTCA Ans 0603Ha-
YeHns Boabl U HedTy.

Kak npaBsuno, nonumepHoe 3aBojHeHue
peanusyercs npu HeGNaronpuUATHOM COOTHOLLe-
HUU KO3 hULMeHTOB noaBmkHocTH (> 1) ¢ ye-
Nbl0 MOBBILIEHNS 0XBATa N1acTa BO3AENCTBUEM.
[nsa nosbiwenns 3GdEKTUBHOCTU BbIPABOTKM

3anacoB BbICOKOBA3KON HedTU MOXET TaKKe
NPUMEHATLCA TEXHONOTUA TEPMONONNMEPHOTrO
3aBOAHEHUSA, Korga B nnacT 3aKayMBaeTcs ro-
pAYMI nonumepHbI pacteop. Mo mepe nposBu-
EHWUA NMoAMMepPHOro pactBopa Braybb niacra,
3a cyeT nepepauyun Tenna Harpesaetcs HedTb,
B pe3y/bTaTe Yero CHUKAETCA ee BA3KOCTb. Tak-
e, N0 Mepe NPOHWKHOBEHUA B NiacT nofumep-
HOro pacTBopa, NPOUCXOAMUT ero oxnawieHue
1, COOTBETCTBEHHO, YBeNMYEHNE BA3KOCTH, YTO
CNoco6CTBYET YNy4WEHNIO COOTHOWEHUA MOA-
BMIKHOCTEN HedTV 1 BOAbI.

YoepuvBaHue nonavmepa ropHon Nopojom
nnacta CUAbHO OTpa)KaeTcs Ha TexHonoruye-
CKOM 1 3KOHOMUYecKoM 3 deKTax BHeapeHus
TexHonorun. B pesynbtate HEKOPPEKTHOTO Bbl-
60pa MapKu NoAKMEPA MOXHO AOCTUYb 3HAYe-
HUII aacopbuMm A0 HECKONBKUX MT/T, 4TO CO-
NpoBOXAAETCA NPAMbIMU NOTEPAMU NONUMEPA,
CHUXEHMeM NMPOHMULAEMOCTU NMPUCKBAKUHHON
30Hbl NNAcTa, CHUXEHWEM BA3KOCTK pacTBopa
1, KaK pe3ynbTart, yxyaweHuem 3dheKTMBHOCTH
BbITECHEHUA HedTW NoAUMEpPOM.

YoepxuBaHue nonmmepa nopucton cpegomn
06ycnoBneHO TpeMs ceayLMy MexaHusma-
MU: MEXaHUYECKUM 3aXBaTOM, T’MApPOANHaMMYe-
CKUM YAEPKUBAHMEM U aAcopbuumei.

MexaHnyeckuii 3axBaT nonumepa oby-
cnoBieH GONbWUMU pasmepami ero MONeKys
OTHOCUTENbHO pa3mepa nop, B pe3ynbTate Yero
BO3MOXHO 3aKynopuBaHue KaHanos. BauaHue
[AAaHHOro MexaHu3ma B nopoaax (3a UCKIYeHu-
€M HU3KOMPOHULAEMbIX) HEBENUKO, U B 60Mb-
IWUMHCTBE MNPaKTUYECKUX Cly4yaeB MM MOKHO
npexebpeyb, NpaBuabHO Nogobpas nonumep-
HbIA cOCTaB.

fmapoauHamunyeckoe yaepxvBaHue ABnA-
eTcA HaumeHee M3YYEeHHbIM U3 BCEX MexXaHu3-
MOB yaep)uBaHua nonumepa. JlabopartopHole
nccneaoBaHuA B UCTOYHMKAX [11, 12] nokasanu,
YTO C POCTOM CKOPOCTU 3aKayKu NPOUCXOAUT
yBennyeHne rmapoanHamMmnyecKoro yaepxmuea-
HMA B 3aCTOMHbIX 30HAX 3@ CYET CKOMIEHNA MO-
NeKyn noAnMepa v yMeHblUeHWs KOHLeHTpaLunum
nonumepa B obuiem notoke. Mpu CHUKEHUN
CKopoCT hunbTpaunm NPOUCXOLUT BbIMbIBA-
HWe MOJeKyn noaumepa M3 3acTOMHbIX 30H,
1 KOHL|EHTpaLIMA BellecTsa B pacTBope npuob-
peTaeT TEHAEHLMIO K poCTy. B npombicnoBbIx
YCNOBUAX AaHHAA COCTaBNALWAA He OKa3biBaeT
60bLIOro BAUAHMUA.

Aacopbuuvei Ha3blBaeTca B3aumopnencrene
MeXAy MoNeKynamu nonvmepa v TBepon no-
BEPXHOCTbIO. JTO B3aMMOJENCTBME 3aKN04aeT-
CA B CBA3W MOJEKYN NojvmMepa C 3nemMeHTamu
rOPHOW NOPOAbI, KaK NpPaBuno, C HU3KOW CBO-
60A4HOI 3Hepruen.

B npouecce dunbTpaymm pactsopa nonu-
Mmepa B NOPUCTON cpeae BenymnHa agcopbumm

Tabn. 1. Pe3ynbmamsi 1a60pamopHbIx Uuccnedo8aruli OuHamuyeckol adcopbyuu noiumepos
Tab. 1. Results of laboratory analyses of dynamic polymer adsorption

Ne Mogenb nnacra Temneparypa, °C  KoHueHTpauus, Monnmep N2
ppm
1 O6pasey KepHa 50 700 1
2 O6pasey KepHa 50 700 2
3 O6pasey KepHa 20 700 2
4 O6pasew KepHa 80 700 2
5 O6pasel KepHa 50 1500 2
6 HacbinHasa mogens 20 700 2
7 HacbinHaa mogens 80 700 2
8 HacbinHasa mogens 20 1500 2
9 HacbinHas mogens 80 1500 2

3aBUCUT OT CU B3aWMOAENCTBMA MaKpomone-
Kyn c TBepAon nosepxHocTblo. Mpu 3Tom BO3-
MOXHbI 3/1EKTPOCTAaTUYECKOE B3aUMO/eCTBUE
NoANMOHA C TBEPAON NOBEPXHOCTbIO MUHEpana,
o6pa3oBaHue BOLOPOAHbIX CBA3EN MEXAY Kap-
GOKCUNBbHBIMM U aMUAHBIMU FPYNNAMU, C O4HO
CTOPOHbI, W TMAPATUPOBAHHOW NMOBEPXHOCTbIO
MUHepana — C APYrow, a TaKkke XMMUYECKOe
B3aMMOAeNCcTBMe Noavmepa C TBEPAO NoBepX-
HoCTblO (xemocopbuus) [13].

YuntbiBaA He3HauyuTelbHOE BNMAHME Mexa-
HMUYECKMX 3aXBaTOB 3a CYET BbICOKOW NPOHULae-
MOCTM 1ccneayemoro obbekTa (6onee 0,5 MKM?)
N TMAPOAMHAMUYECKOTO YAepXUBaHuUsA, MOA
yAEep}aHveM nosmmepa ropHoi nopojov NoHu-
maetcs agcopbuus nonumepa.

ObbekTamn uccnefoBaHua Gbinu 2 map-
KW moaMmepa C YCNOBHbIMM 0603HaYeHUaMM
Ne1m N2 2. VicchepoBaHva NpoBOAUNUCH B CTa-
TUYECKUX U JUHAMUYECKUX YCNOBUAX NPU TeMm-
nepatypax ot 5 o 90 °C v npu KOHLEeHTpaLunax
o1 500 A0 1500 ppm.

JKCNepuUMeHTbl NpOBeJeHbl Ha KepHe
nnactoB MK Pycckoro mectopoxpaeHus, npeg-
CTaBNleHHOM HEeKOHCONMAUPOBAHHLIMM nNecya-
HUKamu U anesBponuTamu C nepecnaviBaHnem
TVH, ncnonb3osanacb HeTb U N1acToBas BoAa
Pycckoro mectopoxpaeHus. lMpu nposegexnu
JKCMEePUMEHTOB UCMONb30BANNCh KaK CTaHAapT-
Hble 06pa3subl KepHa 30x30 MM, TaK U Hacbn-
Hble mojenu. B kayecTBe HedTV mMcnonb3osa-
nacb M30BUCKO3HAA Mojenb HedTu.

MeToanKa npoBejeHUa IKCnepumeHTa
no MccnefoBaHuio cTaTuyeckomn agcopbumm

Mlocne nOATrOTOBKM HacCbIMHbIX MOAenen
100 r o6pasuya nopogbl nomewans B repme-
TUYHbIA KOHTENHep, B KOTOPbIA fo6asnsanu
50 r pacTBopa nonumepa. [lanee KoHTelHep
repMeTUYHO 3aKpbIBACA U XPAHWUCA B Te4eHne
ABYX IHEN C NepnoAnYecKUm nepemelimBaHnem
KaXable 4 yaca A1 NoAJepKaHua onTUManbHO-
ro KOHTaKTa XUAKOCTU 1 ropHOM nopogebl. locne
ABYX [HE BblAEePIKKU nocpeactBom 06paboTku
B LLEHTpUYre KMAKOCTb Bbina OTAeNEHa OT rop-
HOW nopofbl C MocnefyloLnM 3aMepoOM KOH-
LEeHTpaLuu nonumepa B pactsope. Agcopbuus
nonumepa 6bina paccyutaHa no chegytouiei
dopmyne:

L, We(C=Cp) 1100
- -

rae W — macca cyxoro TBepaoro selye-
cTBa, r; W, — macca pacteopa nonumepa, r;

C, — vucxoaHas MaccoBas KOHUEHTpauus
nonumepa, %; C/.— OKOHYaTe/NbHas maccosas
KOHLeHTpaLuusa nonumepa, %.

MeToanka npoBeAeHUA 3KCcNepumeHTa
no UCCNeA0BaHMI0 AUHAMUYECKON afcopbLunm

@

Knp, Mkm? Aacopbuus, mkr/r
0,487 30,8
0,507 32,6
0,785 23,9
0,649 43,5
0,462 53,5
0,637 29,4
0,664 47,0
0,644 64,1
0,631 86,2
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Mocne noarotoBkn 06pasuoB KepHa
1 HaCbIMHbIX MOZENen oOHM BblIM NOAKNOYEHDI
K (UAbTPAUMOHHON YCTAHOBKE, rae B MepByio
ovepeab 6biAn co3gaHbl YCAOBUA, NPUOAMIKEH-
Hble K NJacToBbIM, @ MMEHHO: MOAEIMpOBaHue
0CTATOYHOW BOAO- M HedTeHaChIUeHHOCTH, Tep-
mobapuyeckue ycnosus. OctatouHas HedTeHa-
CbILLEHHOCTb CO3/1aBanach BbiTeCHeHNEM HehTh
nnacToBOW BOAON.

Mocne 3Toro yepes KepH NpoKayuMBancs
pacTBop nonumepa OnpeaeneHHon KOHUEeH-
TpauUMmn. DKCNEePUMEHTbI NMPOBOAMANCH NPU MO-
CTOSIHHOM CKOPOCTU npokKauykn — 1,2 cm’/yac.
Ha Bbixoae M3 KepHozgepiartens HenpepbiBHO
npoun3BoAnCsA 0T60P NPOBbI KUAKOCTH C noche-
AYIOUMM ONpefeneHnemM KoHLEeHTpauum noau-
mepa B Heil. B Hayane 3aKa4yku pacteopa nonu-
mepa npobbl 0T6MpPanNUCb MaKCMManbHO 4acTo
(10 pa3 Ha nepsble 2 o6bema Nop 3aKauku),
a 3aTem yactota ot6opa npob Gbina nocTeneHHo
CHUKEHa.

Mpy Nony4eHUU MCXOAHOW KOHLEHTpaLuu
noaumepa (3agaHa ycnoBUAMU IKCMEPUMEH-
Ta) Ha BbIXOAe U3 PUILTPALMOHHOM YCTAHOBKM
1 ctabunusaymu AaBneHus 3aKkauyka pactsopa
noaumepa octaHaBnuMBanacb. [lanee no nosy-
YEHHbIM 3HAYEHMAM PaCcCUMTbIBANACH BENNYMHA
aacopbuum.

Pacuet BennuymnHbl aacopbuUMM NpU UCXOA-
HOW KOHLEHTpaLWM 3aKayMBaemoro peareHra
paccuutbiBancs no gbopmyne:

; qi - Vm)p ’ Cucx - §q1 ’ Ci
MH

rae g, — obbem oTobpaHHoi npobbi npu
3akauke, n; C, — KOHUeHTpauua B oTobpaH-
Hoi npobe npu 3akauke, r/n; Vmp — MopoBbIN
obbem KepHa (BennunHa 6e3 o6bema noaBoAs-
wmx Tpy6oK), n; C, — 3aKayMBaeman KOHLEH-
Tpauwus, r/n; Mn — macca nopoabl B KepHe, r
(tabn. 1).

[Insi OUEHKM penpe3eHTaTBHOCTY NONYYeH-
HbIX PE3yNbTaToOB MPOM3BeAeH CPaBHUTENbHbIN
aHann3 co 3HaYeHUAMU AMHAMUYEeCKON aacopob-
LMK MecTopoxaeHuit-aHanoros [16, 17] (tabn. 2).

Y BCeX MECTOpOXAeHUI cpefiHee 3HaYeHue
NpoHMUL@emMoCcT npesbilwaer 0,5 MKM?, ABASAIO-
ujeecs cBoero poga 6apbepom Mexay Xopouo
NPOHULAEMbIMU W BbICOKO MPOHULLAEMbIMM
Ko/MIeKTOpamu. 310 no3Bonser npeHebperatb
3t hekTamn r’MAPOANHAMUYECKOTO YAepKaHUA
1 MEXaHWYecKoro 3axsata MOJIeKyN nonumepa
1 NPUPaBHATbL yaepaHue nonumepa u agcop-
6umMi0. 3HaYeHMs AUMHAMUYECKOW aacopbuuu,
NoNyYEHHblE B XO4e TeKylnx nabopaTopHbix
1ccnenoBaHuii, AEMOHCTPUPYIOT peNeBaHTHble
3HayeHUs. 3HaueHus aacopbumm Ans NnNacTos
PyccKOro MecTopoXAeHUs HeCKONbKO Bbille
3HaYeHUN Ha MeCTOPOMAeHUAX-aHanorax, yro
MOKET 06bACHATLCA PA3ANYUAMU UCCAEYEMbIX
NoAMMEPOB M CBOMCTBAMU FOPHbLIX NOPoA (Mu-
HepanorMyeckuin CocTas, MUHUCTOCTD).

A= .03

CpaBHeHMe JMHAMUYECKOMN U CTaTUYEeCKOM
aacop6uum

[ns npoBefeHUA CpaBHEHUA HUXKE Npea-
CTaBJ/IeHbl pe3y/bTaTbl UCCIEJ0BaHNIA N0 OLEeH-
Ke cTaTMyeckoin aacopbumum nonMmepos.

Arperupys pe3ynbTaTbl 3KCNEPUMEHTOB
no onpeaeneHnio AMHaMUYecKoi agcopbuum
ans nonumepa N2 2 n pesynbTathl NO cTaTuye-
CKOM aacopbuun Npu MAEHTUYHON KOHUEHTpa-
MM MONMMEPHOTO pacTBopa, Noayyaem cnepy-
folne 3HayeHus (tabn. 4).

3HayeHns [guHamuyeckon aacopbumm
B 2-2,5 pa3a MeHblle 3HaYeHUN CTaTUYecKomn
agcopbuum npuM OAMHAKOBbLIX Temneparype

Ta6s. 2. CpasHumensHbll aHanU3 MecmopoxcdeHul-aHano2os

Tab. 2. Comparative analysis of analog fields

MecTtopoxpaeHvne Mogenb nnacra Mponunuaemoctb, Temnepatypa, °C  [nHamuyecKas
MKM? aacopbuus, mr/r

Pelican Lake Obpasel kepHa  0,3-2,5 12-20 10-12

(Kanaga)

Marmul (OmaH) O6pasey KepHa  0,5-3,0 25-35 10-21

Pycckoe (P®) Obpaseu KepHa  0,2-1,5 17 24-54

Tabs. 3. Pe3ynbmamsl 1a6opamopHbIx uccnedosaruli cmamudeckol adcopbyuu
Tab. 3. Results of laboratory analyses of static adsorption

Monumep N2 1

T=5°C T=20°C T=40°C T=60°C T=80°C T=90°C
500 ppm 75 79 79 81 95 99
1000 ppm 94 97 98 107 116 125
1500 ppm 99 104 122 128 139 148
Monnumep N2 2
T=5°C T=20°C T=40°C T=60°C T=80°C T=90°C

500 ppm 78 75 109 123 132 137
1000 ppm 101 116 146 161 176 190
1500 ppm 121 130 149 178 214 236
Tabn. 4. ConocmasneHue cmamuyeckol u duHamuyeckol adcopbyuu
Tab. 4. Comparison of static and dynamic adsorption

Temnepartypa, °C 20 80

CTaTMyecKkune ycnoBus IKCNeprmeHTa
3HaveHune agcopbuum, mer/r - 130,0 214,0
[vHamuyeckmne ycnoBumsa aKCnepumeHTa

3HayeHune aacopbunm, mer/r 64,1 86,2
Tabn. 5. AOcopbyus Ha HacbinHbIX MOOeAX U 06pa3yax kepHa
Tab. 5. Adsorption on bulk models and core samples

Temnepartypa, °C 20 80

O6pasel kepHa
MpoHnLaemocTb, MKM? 0,785 0,649
3HaveHue agcopbuum, mxr/r - 23,9 43,5
HacbinHas moaens
MpoHnLaemocTb, MKM? 0,637 0,664
3HauyeHune agcopbunm, MKr/r 29,4 47,0

W KOHUEeHTpauuwu. [leiicTBUTENbHO, 3HayYeHue
cTraTuyecKoi agcopbuum byaer vauie Bcero
Bblle AUHAMWNYECKOM, eCIN TONBKO AOMUHMPY-
OLWMUM MEeXaHU3MOM yaepXaHus He ABAfeTCA
MeXaHWYeCcKuii 3axeat B o6pasLax ropHom no-
POAbI C MOHWMXEHHOW NpoHMLLaemocTbio [13].

CpaBHeHMe 3HaYeHUIn AMHAMUYeCKOoM
afcop6unm Ha HAaCbIMHbIX MOAENAX
1 Ha o6pasuax KepHa

B ycnoBusx orpaHWyeHHoro o6bema KoH-
AVLMOHHOTO KepHOBOrO matepuana He Bcer-
Aa BO3MOXHO peann3oBaTb 3KCMEPUMEHTbI
no oueHKe aacopbuUM Ha CTaHAAPTHBLIX KEPHO-
BbIX 06pa3uax. Mpu 3ToM Yalue BCEro orpaHu-
YeHWI ANA NOArOTOBKM HACbIMHbIX MOAene ans
npoBefeHns hUNbTPALUOHHbBIX IKCNEPVMEHTOB
HeT. CpaBHeHMEe 3HAYeHWU AUHaAMUYeCKon aa-
copbLMY HA HACBIMHBIX MOAENSAX U CTAaHAAPTHbIX
obpasuax npusoauTcs B tabnuue 5.

Kak BMaHO 13 Tabamubl 5, 3Ha4YeHne aaco-
pbuMK nosMmepa Ha HaCbIMHON MOAENN Bbille

3HayeHWs Ha KepHOBOM maTtepuane. 370 CBA-
3aHO C TeM, 4TO B pa3pbIXJeHHON nopoje Ko-
JINYECTBO AKTUBHbLIX 3/JIEMEHTOB, CMOCOOHbIX
aacopbuposarb Ha cebe nonavmep, Bblille, YEM
B KOHCONMANPOBAHHOM KepHe.

MOXHO cymMTaTh, 4TO IKCMEPUMEHTbI Ha Ha-
CbIMHbIX MOJENAX [AlOT BEPXHIO rpaHuLy au-
Hamu4yeckon apcopbuuu Ansa uccnepyemoro
obbeKTa. [laHHble 3HAYeHNUA MOKHO MCMO/b30-
BaTb B KAYECTBE NECCUMUCTUYHON OLEHKM.

B peanbHbIX ycnoBuax ropHas nopoja
npeacTaBnser coboil pasnnyHylo no coctaBy
1 CBOMCTBAM Cpeay, NOPOW A0CTaTOYHO CUIbHO
oTAMYaloLLyoCA B Npeaenax MecTopoXAeHus,
MO3TOMY TaKXe BaXXHO Y4MTbiBaTb HEMOCTOAH-
cTBO aacopbuum nonumepa. Cneayer oTMETUTD,
4TO peyb UAET B MEPBYIO 04epesab O BAUAHNM MO-
pMCTOCTW, MUHEPANOTNYeCKOro cocTaBa Nopog,
NPOHULAEMOCTH, XOTA B HAy4YHON nuTepatype
CYMTAeTCA OYEHb CIOKHBbIM MOCTPOEHUe 3aBU-
CUMOCTU yAePXMBaHUA NoNMMepa OT BbllleyKa-
3aHHbIX XapaKTepuCTUK.

IKCNO3NLUNA HEDTb FA3 AMNPESTb 2 (87) 2022
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Puc. 1. 3asucumocms duHamudeckol adcopbyuu om KoHyeHmpayuu
npu pasnuyHelx memnepamypax ona nonumepa N° 2
Fig. 1. Dependence of dynamic adsorption on concentration at different

temperatures for polymer N° 2
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Puc. 2. 3asucumocms cmamudeckoll adcopbyuu om KoHyeHmpayuu
npu pasnuyHelx memnepamypax ons nonumepa N° 2
Fig. 2. Dependence of static adsorption on concentration at different

temperatures for polymer N° 2
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Puc. 3. 3asucumocms cmamuydeckoli adcopbyuu om memnepamypsl npu

PA3IUYHBIX KOHYEHMPayusax

Fig. 3. Dependence of static adsorption on temperature at different

concentrations

Bnusaxue temnepartypbl M KOHLEHTpaL UK
nosuMmepa Ha BeNMUMHY aacopbuum

[nA BM3yanbHOro oTpaMXeHWs Noay4eHHbIX
pe3ynbTaToB Ha PUCYHKAX HWXKe NpuUBEAeHbI
rpaduKu 3aBUCUMOCTU MOKasaTenen AMHamu-
YECKOM M CTaTU4ecKoii aacopOLnNm OT KOHLEH-
Tpaumu nonumepa (puc. 1-2).

Mpy NOBbILEHUN KOHLUEHTPaLWUU nonume-
pa B pacTBOpe yBeAW4YMBAETCA ero agcopbums
rOpHOV NOPOAOKM. ITO CBA3AHO C YBeNMYEHUEM
KonunyecTBa cBO6OAHbIX aTOMOB NOAMMEpPa B M0-
TOKe XUJKOCTW, FOTOBbIX K pPeaKuuu ¢ ropHoin
nopogjow.

06 yBennyeHny afcopbLmm NonMmMepoBs Npu
MOBbIWEHUN KOHLLEHTPaLUN TaKKe CBUAETENb-
CTBYET MUPOBOWA onbIT [13, 18]. AacopbumoHHasn
€NoCcO6HOCTL MPU NOBbILIEHHbIX KOHLEHTPALMAX
(6onee 2 000 ppm) He MMEET CyL|eCTBEHHOM
AVHAMUKW yBenuyeHus. NMpu cpaBHeHNUU ajco-
POLMOHHOM CMOCOGHOCTU NPU Pa3NNYHbIX KOH-
LieHTpauumax [19] oTMmeyeHo, YTO MaKcMmanbHoe
yBENMYEHNE afacopbLunmM NPOUCXOAUT B UHTEp-
Bajie KoHueHTpauum ot 500-2 000 ppm. lpwu
AanbHenwem noBbllWeHNN KOHLEHTpaLumn poct
apcopbunm He Habnopaetcs. JaHHbIi GaKT cBA-
3aH C OrpaHNYeHHOCTbIO NNOLLaAN FOPHO NOPO-
Abl, ancopbupyoleil Ha cebe noaumep.

IpathmKy 3aBUCMMOCTW NoKasatena AuHa-
MMWYeCKOI 1 cTaTUYecKoit agcopbLunm oT Temne-
patypbl AnA NOAKMEPOB NPeACTaBNeHbl Ha pu-
CYHKax Huxe (puc. 3-4).

M3 npeactaBneHHbix rpaduKoB BUAHO,
4TO MpU MOBLIWEHWUN TeMnepaTtypbl 3HayeHue

40 60 &0 100

Temneparypa, °C

Puc. 4. 3asucumocms duHamudeckoli adcopbyuu om memnepamypsl

npu koHyeHmpauyuu 700 ppm 045 noaumepa N° 2

Fig. 4. Dependence of dynamic adsorption on temperature

at a concentration of 700 ppm for polymer N° 2

aacopbumy Bo3pacTaet. B HeKoTopbIX 3apybe-
HbIX UCTOYHMKAX OTMeyYaeTcA CHUXeHWe afco-
pbumnn C noBbiLWEHMEM Temnepatypbl, KOTOpoe
06bscHAETCA 0cnabneHnem BOLOPOAHbBIX CBA3EN
1 NOBbILEHNEM 31EKTPOCTaTUYECKOrO OTTaNKu-
BaHus nopogpl [20]. Tem He MeHee NoNyyYeHHble
[aHHble AeMOHCTPUPYIOT 06paTHylo 3aBUCK-
MOCTb. JTO NMOATBEPXAAeTCA MCCAef0BaHUAMU
KaK Ha CTaTUyecKyl, TaK M Ha JUHAMUYECKYIo
agcopbumio. ITO MOMeT CBMAETeNbCTBOBATH
0 BO3MOXHbIX Pa3nnymaxX XMMUYECKOro cocTa-
Ba C TPaAULMOHHbIMM NOAUMEPAMK U NPUCYT-
CTBMEM Pa3NnyHbIX [06aBOK (MOHOMEPHbBIX
3BEHbEB). BAusHME pa3NUyHbIX MOHOMEPHbIX
[106aBOK Ha CBOMCTBA NOAMMEPOB 6bin U3yye-
Hbl B paboTax [21-24]. Hanpumep, B paborte [21]
oTMeyaeTtcs, 4to ¢ gobaBneHnem cneuuanbHoro
MOHOMepa, TaKoro KaK 2-akpunamuio-2-metui-
nponaHcynbdhososas kucnota (AMPS), usmeHs-
I0TCA CBOMCTBA NOAVMEPOB NpPY TEMNepaTypHOM
BAUAHWUUA. [JoGaBneHne MoHOMEpa UHULUMPYET
yBe/NnYeHne XecTKoCTU NOAVMEPHON LenoyvKn
B pe3ynbTaTe NPOUCXOAUT YMeHblUeHne pa3BeT-
BIEHUIA B CTPYKTYpe, YTO, B CBOIO 04epesb, NOBbI-
laeT ycTOMYMBOCTb NOAKMEPA K MOBbILIEHHbIM
Temnepatypam.

Ntormn

Takum obpasom, gobaBneHne MOHOMEPOB B
Luenb TPaAULMOHHOrO MONMMEpa MOKET OKa-
3bIBaTb BAUAHME HA CBOMCTBA NoAMMepa, B TOM
yuncne Ha 3aBUCUMOCTb AUHAMUYECKOoN aacopb-
LMK OT TemnepaTypbl.

[laHHbIil Bonpoc TpeGyeT AOMNONHUTENBHOTO U3~
YYEHWs B 4aCTW WCCNefOBaHWUsA 3aBUCHMOCTH
azfcop6uMmM NONMMEPOB, BKIKOYAIOWMX pa3nny-
Hble MOHOMEpHble A06aBKM, NPU Pas3NUYHbIX
KOHLLEHTPaLMAX, OT TeMnepaTypbl.

BbIiBOAbI

BaxHbiM hakTopom npu nnaHuposaHuu pabot

Nno BHEAPeHWI0 NONMMEPHOro 3aBOAHEHUA AB-

NAEeTCA OLUEHKa U yyeT agcopbuuu nonumepa

rOpHOW NOPOAOMN.

MpoBefeHHble UCCNeA0BaHNA NO3BOAUAN ONpe-

AennTb pAL 3aKoHOMepHocTel Ana nnactos MK

PyccKOro MecTopoXAeHus, a UMEHHO:

® MOBbIWEHMEe KOHLEHTpauuum nonumepa
B pacTBOpe CMocobCTBYET YBEIUYEHUIO €r0
azfcop6umm Ha nopoge;

® noBbilleHMe Temnepatypbl cnocobcTByer
yBenuyeHu agcopbuum nonumepa. B He-
KOTOPbIX IUTEPATYPHbIX UCTOYHMKAX Habto-
paetca obpaTHas 3aBUCMMOCTb. Pasnunuus
MoryT 6biTb 06YCNOBNEHbI MPUPOAOI NONN-
MepoB (HanuynMem MW OTCYTCTBUEM MOHO-
MEpPHbIX 3BEHbEB B XMMWUYECKOM COCTaBe
obpasua nonumepos);

® 3HayeHue afcopOuUMU HA HACBIMHbIX MOAE-
NAX Bblwe, Yem Ha obpasuax KepHa. 370
CBA3@HO C TeM, YTO B pa3pbixNeHHOW Nopo-
[ie KONNYECTBO aKTUBHbBIX 3/1€MEHTOB, CMo-
co6HbIX aacopbuposatb Ha cebe nonumep,
Bbllle, Y4eM B KOHCONMAMPOBAHHOM KEpPHE;

® 3HayeHMe CTaTM4YecKOW apcopbuum Bbile
AVHaMUYeCcKoi npumepHo B 2-2,5 pasa.
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Results

Thus, the addition of monomers to the chain of a traditional polymer
can affect the properties of the polymer, including the dependence
of dynamic adsorption on temperature.

This issue requires additional study in terms of studying the dependence
of the adsorption of polymers, including various monomer additives,
at different concentrations, on temperature.

Conclusions

An important factor in planning the implementation of polymer flooding
is the assessment and accounting of polymer adsorption by rock.

The conducted research allowed us to identify a number of patterns for
the layers of the PK of the Russian field, namely:

e an increase in the concentration of the polymer in the solution
contributes to an increase in its adsorption on the rock.

e an increase in temperature increases the adsorption of the polymer.
In some literary sources, an inverse relationship is observed. The
differences may be due to the nature of the polymers (the presence
or absence of monomeric units in the chemical composition of the
polymer sample).

e the adsorption value on bulk models is higher than on core samples.
This is due to the fact that in the loosened rock the number of active
elements capable of adsorbing the polymer on themselves is higher
than in the consolidated core.

e the value of static adsorption is about 2-2,5 times higher than
dynamic adsorption.

References at East-Messoyakhskoe Oil Field and future Oil Recovery Conference, Kuala Lumpur,

1. BokcepmaH A.A., MuweHko W.T. NMytn plans. IOR 2021. European Association Malaysia, July 2013. (In Eng).
NpeoAoneHNs HeraTuBHbIX TEHAEHL U of Geoscientists & Engineers — 2021, 17. Al-Saadi F.S. et al. Polymer flooding
pa3sutua HIK Poccum // TexHonorum P.1-10. (In Eng). in a large field in south oman — initial
TOMNBHO-3HEPreTUYECKOro KomnieKca. 9. boHpapenko A.B., CesptorunHa A.B., results and future plans. Paper presented
2006. N2 4. C. 30-37. (In Russ) Kosanesckuin A.W., Kupunnos [1.A. at the SPE EOR Conference at oil and gas

2. Flaaten A. et al. A Systematic laboratory MTorv onbITHO-NPOMbILWAEHHbIX West Asia, Muscat, Oman,
approach to low-cost, high-performance paboT no noAMMepHOMy 3aBOAHEHIO April 2012. (In Eng).
chemical flooding. SPE Reservoir Evaluation Ha MOoCKyAbUHCKOM MecTopoXaeHum // 18.Chiappa L. et al. Polymer design for relative
& Engineering, 2009, Vol. 12, N2 5, leonorus, reopusnka n paspaborka permeability modification treatments
P.713-723. (In Eng). HedTAHbIX 1 ra30BbIX MECTOPOXAEHWA. at high temperature. Symposium on Qilfield

3. Kumar M. et al. High mobility ratio water 2019. N2 6. C. 61-65. (In Russ). Chemistry, Houston, Texas,
flood performance prediction: challenges 10.Wang Y., Kovscek A.R., Brigham W.E. Effect February 2003. (In Eng).
and new insights. SPE Reservoir Evaluation of mobility ratio on pattern behavoir 19.Zhang G., Seright R.S. Effect
& Engineering, 2008, Vol. 11, N° 1, of a homogenous porous medium. In Situ. — of concentration on HPAM retention
P.186-196. (In Eng). 1st ed, 1999, P.1-20. (In Eng). in porous media. SPE annual technical

4. Delamaide E. Pelican Lake: Learning from 11. Szabo M.T. An Evaluation of Water-Soluble conference and exhibition, New Orleans,
the Largest Polymer Flood Expansion Polymers For Secondary Oil Recovery - Parts Louisiana, USA, September 2013. (In Eng).
in a Heavy Oil Field. IOR 2021, European 1and 2. Journal of Petroleum Technology, 20.Sheng ). Modern Chemical Enhanced Qil
Association of Geoscientists & Engineers, 1979, Vol. 31, issue 5, P. 553-570. (In Eng). Recovery: Theory and Practice. Alkaline-
2021, P. 1-21. (In Eng). 12.Cohen Y., Christ F.R. Polymer retention and Surfactant-Polymer Flooding. Gulf

5. NingS. et al. First ever polymer flood field adsorption in the flow of polymer solutions Professional Publishing, 2010,
pilot to enhance the recovery of heavy through porous media. SPE Reservoir P. 501-567. (In Eng).
oils on Alaska’s north slope — polymer Engineering, 1986, Vol. 1, issue 2, 21. Prakash C., Achalpurkar M.P., Uppuluri
injection performance. Proceedings of the P.113-118. (In Eng). R. Performance Evaluation of High
7th unconventional resources Technology 13. Al-Hajri S. et al. An overview on polymer Temperature Fracturing Fluid. Day 4 Thu,
Conference. Tulsa, OK, USA: American retention in porous media. Energies, 2018, November 13, 2014. SPE, 2014. (In Eng).
Association of Petroleum Geologists — Vol. 11, issue 10, 19 p. (In Eng). 22.Gupta D.V., Carman P. Fracturing Fluid for
2019. (In Eng). 14.P[1-39-0148311-206-85. PykoBoACTBO Extreme Temperature Conditions is Just

6. Juri]. et al. Grimbeek Successful Polymer no NPOEKTUPOBAHUIO U TEXHUKO- as Easy as the Rest. All Days. SPE,
Pilot Extends to 80 Injectors in Factory- IKOHOMMYECKOMY aHann3y pas3paboTku 2011. (In Eng).
Mode Development at CGSJ Basin. IOR HedTAHbIX MeCTOPOXAEeHMNI c npuMmeHeHnem  23.Song L., Yang Z. Synthetic polymer
2019 — 20th European Symposium MeToAa NONMMEPHOTro BO3/1eNCTBUA fracturing fluid for ultrahigh temperature
on Improved Oil Recovery. European Ha nnact. 1986. (In Russ). applications. International petroleum
Association of Geoscientists & Engineers, 15. API RP 63-1990 Recommended practices for technology conference, Bangkok, Thailand,
2019, P. 1-14. (In Eng). evaluation of polymers used in enhanced November 2016. (In Eng).

7. llyasov I. et al. Results of the first polymer oil recovery operations. Washington, 24.Almubarak . et al. New insights into
flooding pilot at East-Messoyakhskoe oil 1990. (In Eng). hydraulic fracturing fluids used for high-
field. 2020. (In Eng). 16.Delamaide E. et al. Pelican Lake Field: first temperature wells. Petroleum, 2021, Vol. 7,

. llyasov I., Glushchenko N. Results

of the second polymer flooding pilot

successful application of polymer flooding
in a heavy oil reservoir. SPE Enhanced

issue 1, P. 70-79. (In Eng).

WHO®OPMALNA Ob ABTOPAX | INFORMATION ABOUT THE AUTHORS

JNanux KoHctaHTuH FeoprueBuy, rnaBHbIN UHXEHEP NPOEKTa,
000 «TtomeHCKMIN HeTAHON Hay4HbIV LEeHTP», ToMeHb, Poccus

[ina koHTakToB: kglapin@tnnc.rosneft.ru

ToponoB KoHcTaHTUH ButanbeBuy, rnaBHbIi cnewuanucr,

MAO «HK «PocHedTb», MockBa, Poccus

Bonrun EBrenuit PacdannoBuy, rnaBHbIN cneumnanuct,

MAO «HK «PocHedTb», MockBa, Poccus

baspos Poman PycnaHoBuy, 3amectutens AupeKTopa no Hayke,

Lapin Konstantin Georgievich, chief project engineer,
“Tyumen petroleum research center” LLC, Tyumen, Russia

Corresponding author: kglapin@tnnc.rosneft.ru

Toropov Konstantin Vitalievich, chief specialist,

“NK “Rosneft” PJSC, Moscow, Russia

Moscow, Russia

Volgin Evgeny Rafailovich, chief specialist, “NK “Rosneft” PJSC,

Byazrov Roman Ruslanovich, deputy director for science,

000 «IMM-Tpynn», CaHkT-Metepbypr, Poccus “PM Group” LLC, St. Petersburg, Russia

FanumoB Bnagumup BnagumupoBuy, nHxeHep otaena noBbiWeHNs
HedTeorgaum nnacros, 000 «MM-Ipynn», CaHkT-Metepbypr, Poccus

Galimov Vladimir Vladimirovich, engineer of the department of
enhanced oil recovery, “PM Group” LLC, St. Petersburg, Russia

Lagutina Marina Arkadyevna, deputy director, “PM Group” LLC,
St. Petersburg, Russia

JNarytuia Mapuna ApkaabeBHa, 3amecTuTeNb AVPEKTopa,
000 «IMM-Tpynn», CaHkT-Metepbypr, Poccus

64

IKCNO3NLMA HEGTb TA3 AMPEJb 2 (87) 2022



