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Pa3paboTKa COCTABA IS IIOBBIIIICHH A

HedTEOTTAYH IIACTOB HA OCHOBE
CYCIICH3UH ITOTHAKPUIAMHAIA
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Based Composition for Enhanced Oil Recovery
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B nocnegHue rofbl IPH OLIEHKE COCTOSHUSA
U NEPCIEKTUB PA3BUTH HEPTAHONH OTPACIU
OTMEYAETCS UCTOIIEHUE PAHEE BBEACHHBIX
B 9KCILIyaTAIUIO KPYITHBIX MECTOPOXK/ICHUM
U CHIDKEHHE OO'bEMA IPUPOCTA 3aI1ACOB HA
MECTOPOXKJICHHUAX C OCJIOKHEHHBIMU I'€0JIOrO-
(PU3UYECKUMHU XAPAKTEPHUCTUKAMH.

B cBs13u ¢ 3TUM 0CO60€ BHUMAHHE OTBOAUTCS
BOIIPOCY NIPHUMEHEHU A HOBBIX TEXHOJIOI U
HedTEeA0OBIYH, TTO3BOISIONINX 3HAYUTCIIBHO
YBEIUYUTb HEPTEOTAATY PA3PAOATHIBAEMBIX
IIACTOB, HA KOTOPBIX TPAJAUITUOHHBIMH METOJAMU
U3BJIEYb OCTATOYHBIE 3AI1ACHI HE(PTHU YIKE
HEBO3MOJKHO.

ORHNUM U3 PEATEHTOB, KOTOPBIN IIMPOKO
HCIIOJIb3YETCS B TEXHOJIOTUAX MOBBIIIEHU A
HEPTEOTAAUH ITACTOB, ABIAECTCA CHHTETHYECKUI
BOJIOPACTBOPUMBIH ITOJIMMED — MOJIHUAKPUITIAMUT
(TIAA).

CHeKTp TEXHOJIOIUU HA OCHOBE [TAA BKIIO4aET
34Ka4KYy B IUTACT BOJBL, 3AT'yIIIEHHOU ITIOJIMMEPOM,
CO3JaHHUE B IUIACTE OTOPOYEK PACTBOPA IIOJIUMEPA CO
CIIMBAOIINM AT€HTOM, CO3ZJAHHE B IUIACTE OTOPOYEK
OCaJJKOTENE00PA3YIOMUMU COCTABAMHU.

OIHOM U3 BAXKHEUIINX XAPAKTEPUCTUK [TAA
ABJIAETCS OBICTPAA U KAYECTBEHHAA PACTBOPHUMOCTD
ero B Bozie. OgHaxko BBOJ [TAA B BOZly B CyXOM BH/IE
3HAYUTEJIBHO YCJIOKHAET IPOLECC TUAPATALUN U
HUMEET PAJ] CYIMECTBEHHBIX HEJOCTATKOB, TAKUX KAK
TEXHOJIOIMYECKHUE TPYIHOCTHU IIPH JO3UPOBAHUN
U IIPUT'OTOBJIEHUH PACTBOPOB, YTO BBUIUBAETCA B
HCIIOJIb30BAHUE CIIELNAIBHON TEXHHUKU U YCTAHOBOK,
HEBO3MOKHOCTD BBEJIEHUSA [IOJTUMEPA <«B IIOTOK»>
MDY 3d4KAYKE B CKBAXKUHY.

C LeJIBIO YCTPAHEHUA HEJOCTATKOB B HAYYHO-
06pa30BaATENBHOM LEHTPE «[IPOMBICTIOBAS XUMHU >
npu PI'Y HedTu u raza umenu .M. I'yOknHa 6bL1
Pa3paboTaH COCTAB, IPEACTABJISIONINI COOOH
cycnieH3uio ITAA B yIiIeBOJOPOAHON KUJAKOCTH —
KEPOCHUHE, CTAOMIU3UPOBAHHYIO IIOBEPXHOCTHO-
aKTUBHBIMU BemecTBamu (ITAB), Ha3BaHHBIN
PITHIT. CocTaB IpeCTaBiasieT COO0M MAJIOBA3KYIO,
JIETKOTIOABHUKHYIO CYCIIEH3HIO, UMEIONTYIO BBICOKYIO
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In the recent years, the estimation of conditions
and development prospects of oil industry shows
the depletion of major oilfields previously brought
into production and reduction of reserves increment
volumes at the oilfields with complex geological
settings.

In this connection, a special attention is paid to the
application of new oil production technologies that
allow to significantly increase oil recovery of reservoirs
where conventional recovery techniques fail.

One of the chemicals that is actively applied
during enhanced oil recovery (EOR) operations is
polyacrylamide (PAA), an artificial water soluble
polymer.

The range of technologies using the PAA includes
injection of gelled into formation, creation of polymer-
thickener banks in the formation, as well as creation of
sediment-gelling agent banks.

One of the main features of the PAA is its fast and
good water solubility. However, mixing of dry PAA with
water substantially complicates the hydration process
and has a number of significant drawbacks, including
technological difficulties during solutions batching
and preparation that result in the need of special
equipment utilization, as well as inability to introduce
the polymer into the flow during injection process.

In order to eliminate the above-mentioned
drawbacks the Research and Development Center
“Qilfield Chemistry” affiliated with the I.M. Gubkin
RSU of Oil and Gas has developed a solution consisting
of the PAA and hydrocarbon fluid (kerosene) stabilized
with surfactants. The solution was entitled as RPNP.
The solution is a low-viscosity mobile suspension that
has high sedimentation stability and low solidifying
point.

Main properties of the RPNP solution are enlisted in
Table 1.

It is quite certain that one of the main properties
of suspensions is their stability. The size of the PAA
particles that form the internal phase of the system
should be small enough to be suspended in the external
phase. That’s why the polymer that forms a part of
the RPNP solution is preliminary grinded. The main



CEUMEHTALIMOHHYIO YCTOUYUBOCTb U HU3KYIO
TEMIIEPATYPY 34CTbIBAHUS.

TexHmuecKkue CBOHCTBA coOCcTaBa PITHIT
MPEICTABJIEHDL B TA0I. 1.

HecoOMHEHHO, OTHHUM U3 CAMBIX BA’KHBIX CBOMCTB
CYCIICH3UM ABJIACTCA UX YCTOMYUBOCTD. Pazmep
yactuil [TAA, 06pa3yomux JUCIEPCHYIO (pazy
CHUCTEMBI, JOJIKEH OBITH TAKUM, YTOOBI JIETKO
VAEP’KUBATHCS BO B3BEIIEHHOM COCTOSIHUHM B OObEME
JUCIIEPCUOHHOU cpelpl [ToaToMy nonumMep B
cocrase PITHIT nogsepraercs npegBapuTeabHOMY
U3MEBICHUIO. OCHOBHASA (DPAKIUA U3MEIBYEHHOTO
nonumepa uMmeeT pasmepsl 0,4-0,125 mm (40-120 mer),
B TO BpeMs KaK Pa3MePbl UCXOAHOI o ITAA
COCTABIAIOT 605ee 1,0 Mm. CpaBHEHHE
MOJIEKYJIAPHOM MACCHI, CTEIIEHU I'UAPOIN3a U
KMHEMATHYECKOU BA3KOCTHU PACTBOPOB ITAA 510 1
IOCJIE MEXAHNYECKOI'O U3MEJIbYEHM A IIPEACTABIEHO
B Ta0I. 2.

Bb110 BBISIBIIEHO, UTO cocTaB PITHIT o6mamaeT
MEHBIIHNM I10 CPABHEHUIO € CyXUM [TAA BpemeHeM
rugparauunu (puc. 1). B ornnune ot ITAA, KOTOPBII HE
PAaCITyCKaeTCAa B XOIOAHOU BoJe, cocTas PITHIT nmeeTr
KOHEYHOE OJMHAKOBOE 3HAYEHHE BA3KOCTH, KAK B
xonogHou BoJiE (t=4 °C), TaK 1 B BOJIE C KOMHATHOM
TeMmieparypor (t=25 °C) rmocJe 9aca nepeMemnBaHuA.

Hccneposanue peoIOTHYEeCKUX XaPAKTEPUCTHUK
BOJIHBIX PACTBOPOB MOJIMMEPA, IPUTOTOBJIEHHBIX
c npumenenuem I[TAA n PITHIT, npu pa3immyabIx
IUTACTOBBIX TEMIIEPATYPAX IMTOKA3AJIN CXOIHBIE
BA3KOCTHBIE XAPAKTEPHUCTUKHN PACTBOPOB. I'paprk
3aBHCUMOCTH BA3KOCTHU ITIOJIMMEPHOT'O PACTBOPA OT
TEMIIEPATYPHI IPEACTABIIEH HA PUC. 2.

Hccnenosanye BO3MOXHOCTH ITPUMEHEHUA
CYCIIEHIUPOBAHHOTI'O ITOJIMAKPUIAMH/IA B IIPOLIECCAX
TOJIMMEPHOI'O 3aBOJHEHUSI ITPOBOANIOCH B HOL]
«[IpompIcOBas XUMUs» Ipu PI'Y He(pTH U raza UMEHU
N.M.T'ybknHa Ha QUIBTPALIMOHHON YCTAHOBKE
BBICOKOT'O iaBjieHUs U TeMuieparypsl HP-CFS.

VYcranoska HP-CFS obecrieunBaeTt npoBeJicHue
(PUIBTPAIMOHHBIX SKCIIEPUMEHTOB HA HACBIITHBIX
MOJIEJIAX IMOPUCTBIX CPEJ 1 0OPA3LAX KEPHOB
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Pucynox 1 — Onpeoenenue gpemenu cuopamavuu
PITHIT u cyxozo IIAA npu memnepamype 4°Cu 25 °C.
Konuenmpauus noaumepa 6 pacmeope cocmaesnnem
0,1 % macc.

Figure 1 — Hydration times of the RPNP solution and
dry PAA at the temperatures of 4°C and 25 °C. Polymer
concentration is 0.1% of the solution weight

fraction of grinded polymer has the size of particles
around 0.4-0.125 mm (40-120 mesh), while the size

of the original PAA particles is more than 1.0 mm.

The comparison of molar weight, degree of hydrolysis,
and kinematic viscosity of the PAA solutions before and
after mechanical grinding is shown in Table 2.

Tabnuuya 1 — Pusurxo-xumuueckue ceoticmeéa PITHIT

Table 1 — Physical and chemical properties of the RPNP
solution

Haumenoesanue noxazameneti 3nauenun
Parameter Value
HJZOWZHO.Cmb n}zu ?5 °C, sz/ﬂ/l‘;, 000-950
Density at 25 ‘C,Rg/m’,
Dpdpexmusnas 6A3K0CMb NP CKOPOCIU
cosuza 170 cinpu memnepamype 25 ‘C,mlla’c
Effective viscosity at a share rate of 170 s-1, S
and temperature of 25°C,mPa’s
Temnepamypa 3acmuléarus, ‘C Mumnyc 37
Solidifying point, ‘C Minus 37

Tabnuua 2 — 3nauenue cmenenu 2UOPOIUIA U
MONCKYAAPHOUMACCHL USMENBUEHHOZO U UCXOOHOZO
A

Table 2 - The values of molar weights, degrees of
bydrolysis, and kinematic viscosities of grinded and
original PAAs

Kunema-
Cmenens Monexyanb- muueckan
Hccneoyemwtii | zudponusa, mmmzj; CC‘I; 6ASKOCHY 0.1
noaumep % » % 600H020
a.em. pacmeopa,
mm?
Invejtzgated thigrf;e qf Molarweight, | Kinematic
PO FIEF YArocysts, a.m.u. viscosity of
% 0.1 % water
solution, mm?
H3menvuennolii
1A 647 4,03'106 6426
Grinded PAA
HcxooHwviti [TAA
. 0,11 5,03'106 7,062
Original PAA

It was investigated that the RPNP solution has a lower
hydration time than a dry PAA (see Figure 1). Contrary
to dry PAA, which does not expand in cold water, the
RPNP solution has the same final viscosity both in cold
(t=4°C) and room temperature (t=25°C) water after an

hour of mixing.

Study of rheological properties of polymer water
solutions prepared with application of PAA and RPNP
samples at different formation temperatures showed
similar viscosity characteristics of solutions. Figure 2
demonstrates the viscosity values of polymer solutions
depending on formation temperature.

The study of application possibilities of suspendable
polyacrylamide during polymer flooding processes has
been performed in RDC “Oilfield Chemistry” affiliated
at the .M. Gubkin RSU of Oil and Gas using the HP-CFS
assembly (high pressure and temperature filtration

system).

HP-CFS assembly enables performing of filtration
experiments using porous medium sand packed tubes
and core samples at temperatures up to 150 °C and
pressures up to 20 MPa. When needed, a back pressure
system can be used. It provides a maximum level of
7.0 MPa of back pressure. When operating with core
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npu reMieparypax o 150 °C u gaBjneHuu 10

20,0 MITa. ITpy HEOOXOAMMOCTH HCHOIb3YETCS
CHUCTEMA IIPOTUBO/ABIIEHM S, OOECIIEYNBAIONIASA
MAaKCUMAJIbHBINA YpOBEHS AasieHusd 7,0 MITa. ITpu
paboTe c 06paA3I[AMU KEPHOB JJABICHUE OOKUMA
MOXxeT gocturath 50,0 MI1a.

OCHOBHBIMH (DYHKIIMOHAJIBHBIMU YACTSIMHU
YCTAHOBKH SIBJISIIOTCS TEPMOCTATUPYEMAS
HACBIITHAS MOJIEJIb [IJIACTA U KEPHOJICPKATEb JIJISI
OIBITOB C UCIIOIb30BAHHUEM OOPA3LIOB KEPHOB.

[Ipu 3TOM B 3aBUCUMOCTHU OT THUIIA UCCJIEIOBAHUT
BO3MOXXHO HUCIIOJIb30BAHUE KEPHOACPKATEIIS JJIsI
COCTABHBIX KEPHOB JVIMHOM J1O 30 CM (MCCIENOBAHNUE
TUAPOJUHAMHUYECKUX XAPAKTECPUCTUK ITIOPHUCTON
CpeAbl) TUOO KEPHOAEPKATEIA IS OHOTO O6pa311a
KEPHA (UCCAEJOBAHUE COCTABOB /IJIs1 KUCIOTHOH
06pabOTKHU, OYPOBBIX PACTBOPOB, JKUJKOCTEH
IVIYLLIEHUSA).

INogaya paboYux KUJKOCTEN B TIOPHUCTYIO
CpeAyY OCYMIECTBIAETCA YEPES MOJPKUMKHU C
Pa3AEIUTEIbHBIMU TTOPIITHIMH KHUIKOCTHBIMU
npeccamu ISCO, 13 KOTOPBIX B HOATIOPIIHEBOM OObEM
THO/IKIMOK ITOJAETCSI MacCIO. [Ipy 3TOM BO3MOKHA
pa3aeIbHO-OAHOBPEMEHHAA MTOA9a MACJIA B KAXKIYIO
U3 ITOJPKUMOK UJIH TOJIBKO B OJJHY HOJI>KUMKY, C
33/IaHHBIM PACXO/IOM.

3anoIHEHME NO/KUMOK PAOOYHNMU JKU/TKOCTSIMU
TIPOM3BOJUTCS O] ICHCTBHUEM BAKYYMa, IIOCJIE TOI'O
K4K PA3/ICIUTENBHBIN TOPIIEHD IIPHUBOAUTCS
B KpariHee HUKHEE ITOJIOKEHHE JIABJICHHEM I'a34
U3 6aJIJIOHA.

7151 3aKa49KU B MOJIEJIb IVIACTA BBICOKOBSI3KIX
COCTABOB, IMCIIEPCHBIX WJIN NOJIUMEPHbBIX
CHUCTEM HCIIOIB3YETCsI COCY/, BBICOKOT'O JJABJICHUS,
[0/1a4a PEAr€HTA U3 KOTOPOI'O IIPOU3BOAUTCSI
TIO/1, JABJICHHIEM I'a3a U3 6AJIJIOHA JTUOO TIO7
BO3JEUCTBUEM HECMENINBAIONIENCA C PEATEHTOM
SKHUJIKOCTU M3 HOJIKUMKU. B poriecce (puibsrpanuu
OCYIIECTBISAETCSA KOHTPOJIb IIEPEIIAA JABJICHUS
JudmanomMeTpom pupmbl Gould. PrtbTpans
(PIIIONI0B MOXKET IIPOUZBOAUTHCS IIPU
(PUKCHPOBAHHBIX pacxOax 0 600 cm?/4ac.

TepMOCTATHUPOBAHNE HACBITTHOU MOJIETIU U
NPEJBAPUTEBHBII TOJOT'PEB BXOJHOU IMHUN
OCYIIECTB/IAETCSA HAIPEBATEILHOM JIEHTOH,
OBMOTAaHHOM BOKPYT KOPITyCa MOZIE/IA U BXOZHOI
JMHUY. JlenTa 3anuTaHa ot cetu 200V uepes
aBTOTpaHCHOPMATOP. PEryIHpPOBKON HATIPSI)KCHUST
06€ECIIEUNBAETCA CKOPOCTD MOIBEMA TEMIIEPATYPHI,
a ee NOJJICPKAHNE U KOHTPOJIb — JATYHUKOM —
peryasropom TeMneparypsl TPM-1, COEIMHEHHBIM C
TEPMOITAPOI, HAXOAAIEUCS HA KOPITYCE MOJEIH.

Bp1H IPOBEJEHBI (PUIBTPAITUOHHBIC
SKCIEPUMEHTHI Ha HACHIITHBIX MOZICISIX I1JIACTA
0 PUNYECKOMY MOACTUPOBAHUIO 3aKAYKH
MOJIMMEPHOTr'0o BOAHOro pactsopa PITHII ¢ niesnbio
OLIEHKU 3(P(PEKTUBHOCTH €T'O CBOYICTB B IOPUCTOH
CpeJie IPU TEPMOOAPUYECKUX YCIIOBUAX IIJIACTA U B
PUCYTCTBUH IIJIACTOBBIX (DITIOUJIOB.

151 1pOBEICHUSI UCCIIETOBAHUI ObLIN
UCIIOIb30BAHbI HACBIITHBIE MOJIC/IN C HAYAJIbHOM
TIPOHUIAEMOCTHIO 110 BojiE 0,250 MM2 MIccaeiOBaHUS
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Pucynox 2 - dppexmusnan 6a3Ko0cms pacmeopa
PIIHIT u cyxoz20 IIAA npu pasauunotx naacmoesLx
memnepamypax. Konuenmpauus noaumepa e
pacmeope cocmaensem 0,1 % macc.

Figure 2 — Effective viscosities of the RPNP and dry
PAA solutions vs. formation temperature. Polymer
concentration is 0.1% of the solution weight

samples, the overburden pressure can be as high as 50 MPa.

The main functional parts of the assembly
include temperature-controlled sand packed tube
and core holder that allows experiments with core
samples. Depending on the type of investigation to
be performed, the core holder can be used either
for composite core samples up to 300 mm long
(investigation of porous medium hydrodynamic
performance), or for one core sample (investigation of
acid treatment solutions, drilling muds, and well killing
fluids).

Injection of operating fluids into porous medium is
performed using ISCO liquid presses through tighteners
equipped with separating pistons. The assembly allows
dual injection of oil into both tighteners or into just one
chosen tightener at a specified rate.

Filling of the tighteners with operating fluids is
performed under the influence of the vacuum when
the separating piston is set into the lowermost position
using high pressure cylinder.

High-viscosity solutions, disperse or polymer systems
are also injected into the sand packed tube using high
pressure cylinder or by means of fluid coming from the
tightener that does not mix with reagents. During the
filtration process a pressure drop is monitored with the
help of Gould’s differential manometer. Filtration of
fluids can be carried out at a specified rate up to
600 cm?/hour.

Thermal control of the sand packed tube and
preheating of an input line is performed by a heat
tape that is wrapped around the input line and tube’s
body. The heat tape is energized by a 200V power
grid through an autotype transformer. The rate of
temperature growth is regulated by voltage, while its
maintenance and monitoring is carried out by TRM-1
temperature-control sensor connected with body-
mounted thermoelectric couple.

A number of filtration experiments with the
application of sand packed tubes have been performed.
They have simulated the injection of polymer-
water RPNP solution into formation to estimate
its performance in the porous medium under PT



MPOU3BOJWINCH HA (PUIIBTPALIOHHON YCTAHOBKE
BbICOKOT'O AaByieHus1t HP-CFS. B onibrTax
HCIIOJIb30BAJIACH MOJIEJIb ILJIACTOBOM BOJIBI 3aI1a/JHO-
CUBHPCKOTO MECTOPOXKIAECHUS C IIJIOTHOCTBIO

1014 xr/M?. B kauecTBe COCTABA JJ1s1 TECTUPOBAHUSA
ObLI1 BBIOPaH 1,2%-11 BOgHbIH pacTBOp PITHIT uTO
3KBUBAICHTHO 0,3%-My BOZHOMY PACTBOPY CyXOI'O
ITAA. DKCIEPUMEHTBI IIPOBOAUIUCH IIPU TEMIIEPATYPE
70°C.

MeToaUKA 9KCIEPUMEHTA 3aK/II0YAIACh B
CJIEAYIOLIEM.

B manpasneHny «CKBa)KUHA — IJIACT>
3aKAYMBAJIACh MOJEJb INIACTOBOM BOJIBL, B
PEBYNBTATE YETO ONPEAEISIIUCH IIOPOBBII OObEM
V,.0p M IPOHHUIIAEMOCTD HACHIITHOM MOJIC/IH I1TACTA
TMIPU TUIACTOBOM Temneparype K. B HanpasieHnun
«CKBAKUHA — [VIACT» 3AKAYMBAJICS UCCIIEyEMBIH
COCT4B B OO'bEME HE MEHEE 5 TOPOBBIX OOBEMOB.
ITocie NPOXOXK/IEHUS XKUJIKOCTH IOPOBOIO O6BEMA
OTOMPAICT OOPaA3EL] (PUIBTPATA U ONIPEAEIIANIACE ETO
JUHAMUYECKAS BA3ZKOCTD.

Pe3ynbTaThl U3MEPEHUS OTHOCHUTEIBHOU BA3KOCTH
ubTpara p = /| TPeICTaBICHbI HA PUC. 3 1 4.

IIpu IpOXOXKAECHUU YepPe3 OPUCTYIO CPEAY
pactBop ucxoaHoro ITAA Tepsiet 6ostee 60% CBOek
BSI3KOCTH, YTO CBSI3aHO C OOIBIION a71ICOPOITUE
MOJIMMEPA HA TIOPOAE U MEXAHUYECKOTO PA3PYIIEHUSA
IIPU ABMXKEHHU YEPES IIOPUCTYIO Cpeny. BogHbIN
pactsop PITHII mpu TOM K€ KOHLIEHTPALUU [IOJIUMEPA
TepseT 30—-40% OT CBOEH BA3KOCTH, YTO TOBOPUT
O TOM, YTO U3MEJIbYEHHBIN ITIOJIMMED B MEHBIIIEH
CTENEHU 4/ICOPOUPYETCS HA TIOBEPXHOCTD MOPOJIBL, U,
TAKUM 00PA30M, (PPOHT MOJIHMMEPHOI'O 3ABO/IHCHUS
MOJKET PACMIPOCTPAHATHCA PABHOMEPHO, 6€3
HOTEPHU BBITECHSIONIEN CIIOCOOHOCTH, HA OOIbIIEE
PacCTOAHHUE.

Taxoke B XOzi€ (PHUIIBTPALIMOHHBIX SKCIIEPUMEHTOB HA
YCTAaHOBKE BBICOKOT'O 1aBiieHusa HP-CES onpenensanca
KO3 PUIHUEHT TIONOTHUTENBHOI'O HEPTEBBITCCHEH M.
B kauecTBe HEPTHU UCTTONIB30BAIACH JETA3UPOBAHHAA
HePTb [TOKa4EBCKOrO MECTOPOXKACHUS.

MeToanKa 9KCIEPUMEHTA 3aKJII0YAIACh B
CIIEYIOMIEM. B HATIPABIEHUH «CKBAKUHA — ILIACT>
3aKAYHUBAJIACh MOJIENb IJIACTOBOM BOJIBL, B PE3YJIBTATE
YETO ONPEAETSIIUCH IIOPOBLIF OObEM Vnop u
MIPOHHUIIAEMOCTD HACBIITHOI MOJIE/H IIACTA IPH
TTACTOBOM TeMrieparype K .

B HanpaBIEHUN IUIACT — CKBAKMHA» 3AKA9UBAJIACh
HEPTB, 3aTEM NPOKAYUBAIACE IIJIACTOBAS BOJA IO
CTAOMIN3ALINY IEPEA/A JABICHUS U ONIPEACICHUS
HMPOHUIAEMOCTH MOACTU IO K& | 11 ko3 dpureHTa
HedresbITecHenA K . B HanIpaB/IeHUM «CKBAXKUHA —
IJIACT» 3AKAYUBAJIOCH 0,3 HOPOBBIX OO'bEMA
UCCJIEAYEMOI'O COCTABA. 3ATEM B HAIIPABJICHUU
«CKBAKWHA — [JIACT» IPOKAYUBAIACH MOJIE/Ib
IUTACTOBOU BOABI U ONPEAEIIAIACE IPOHULIAEMOCTD
no Bojie K* , m koappurpent nedprenspedeHus K, ,.
Onpenensics PakTop OCTATOYHOTI'O COPOTUBIIECHUS
R=K* /K", nnu3MeHeHne ko3 dureHTa
nedremssiedenusa AK = (K , - K, )/K "100%.

Pe3ynbraThl (PUIBTPALIMOHHBIX SKCIIEPUMEHTOB
IIPECTABIEHEl HA PUC. 5 U 6. 3

conditions and in the presence of formation fluids.

The sand packed tubes used during experiments
have the initial water permeability of 0.250 mm?. It
should be noted that the HP-CFS filtration assembly
was used during experiments. To simulate the
formation water, synthetic brine with the density
of 1,014 kg/m? was used. As the testing specimen
the 1.2% water solution of the RPNP taken, which is
equivalent to the 0.3% water solution of the dry PAA.
The temperature during experiments was maintained
at the level of 70 °C.

The experimental procedure included the following.

In the “well-formation” direction the synthetic brine
was injected. As the result of that, pore volume Vpore
and sand packed tube permeability were estimated at
formation temperature K,. After that, the investigated
solution was injected in the “well-formation” direction.
The total volume of the solution was not less than
5 pore volumes. When the solution permeated through
the pore volume, a filtrate sample was taken and its
dynamic viscosity was estimated.

The values of filtrate viscosity ratio p_=p/u_, are
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Pucynox 3 — Hamenenue OmHoCuUmensHotl 6a3K0Cmu
npu purvmpavuu uepes HAcbINHY10 MOOEb C
nponuyaemocmsvto 0,25 mm?. Temnepamypa 70 °C

Figure 3 — Mod;’ﬁcation of the PAA solution viscosit
ratio during filtration through the sand packed tube

with the permeability of 0.25 mm?. The temperature

is70°C
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Pucynox 4 — Hamenenue OomHoCumensHoil 613K0Ccmu
PITHII npu dpunvmpavuu uepes3 Hacovinuy1o Mooeas C
nponuyaemocmsio 0,25 mw’. Temnepamypa 70 °C

Figure4 — Mod;'fication of the RPNP solution viscosity
ratio during filtration through the sand packed tube
with the permeability of 0.25 mm?. The temperature

is 70°C 4
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Pucynox 5 — Hamenenue nepenaoa oasienua npu
Punrompavyuu 6006t noce 3axauxu nedbmu unocne
3axauxu 0,3V,  0,3%-z20 pacmeopa

Figure 5 —- Modification of the pressure drop during
Siltration of water after injection of oil and 0.3% water
solution of dry PAA inthe amount of 0.3V,
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Pucynox 6 - Hamenenue nepenaa 0aéaenus npu
Punrsmpanyuu 6006t nocie 3aKauxKu Hegpmu u nocne

3axauxu 0,3V, 1,2%-20 pacmeopa PIIHII

Fifure 6 - Modification of the pressure dr(:{) during
Siltration of water after injection of oil and 1.2% water
solution of the RPNP in the amount 0of 0.3V,

PactBop PITHIT 06;12712€T JOCTATOYHO BBICOKOM
HEMTEBBITECHAIOUEN CIIOCOOHOCTBIO, YBETUYEHHNE
KO3((pULIMEHTA HEPTEUSBICUCHUS COCTABIIET 60IEE
4%. A B pe3yJIbTATE MEHBIIIEH 4/ICOPOLIMU NTOJIMMEPA Ha
IOBEPXHOCTH ITOPOABLI MOJKHO CO3/[1aTh PABHOMEPHBIN
(PPOHT BBITECHEHU S OT HATHETATEJIBHOMU /10 IOOBIBAIO-
IEeH CKBAKUHBI.

B HacTosAmEN PabOTE NOKA3AHO, YTO CYIIECTBYET
BO3MOKHOCTb IIEpeBOa CyXoro ITAA B
CYCHEHIUPOBAHHBIN BUJ] C HOJTYYCHUEM CTAOUIBHOH,
06J1a12I0IIEN XOPOIIHNMH HU3KOTEMIIEPATYPHBIMU
XAPAKTEPUCTUKAMU, CYCIIEH3UU —

PITHIT. PITHIT HO3BOJIMT 3HAYUTEIBHO YIIPOCTHUTD
TEXHOJIOI'HIO IIPUT'OTOBJIEHUA 3ATI'yIIeHHOM ITAA BOAbI
HOCPEACTBOM YIIPOIIEHUA U OOJIETYEHU ITPOLIECCA
JO3UPOBAHUA U PACTBOPEHMA IIOJIMMEPA, B TOM YUCJIE U
MUHYs IIPOLIECC €TI0 PACTBOPEHUSA B IPEABAPUTETBHBIX
eMKOCTAX. [TepenaraeTcs TakKe pacCCMOTPETb
BO3MOKHOCTD TEXHOJIOI'MH 3aKa4KU pacTBopa PITHIT «B
noTOK» B cucteMy IIT/I. C mOMOIBIO (PUIBTPAITUOHHBIX

HCCJIEJOBAHUH OBLIO YCTAHOBJIEHO, YTO BOJHBIE PACTBOPHI
cycnensuu [TAA 061a/1210T MasIoN aICOPOIIMEH HA TIOPOJE,

MAaJIO MEXAHWUYECKOH JECTPYKIIUEN TTPU (PUIBTPALIN
Jepes3 NOPHUCTYIO CPENY, YTO OOECTIEYNBAET HYKHYIO
INIYOUHY OOPa6OTKU B MIPOMBICTIOBBIX YCJIOBUAX.
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presented on Figs. 3—4.

After permeating through the porous medium,
the dry PAA solution loses more than 60% of
its initial viscosity. That is connected with high
adsorption of the polymer and its disintegration
when flowing through the porous medium. The
RPNP water solution of the same concentration
loses around 30—-40% of its initial viscosity, which
implies that the grinded polymer has smaller
adsorption and polymer flood front can propagate
uniformly, conserving its displacing abilities, and
to larger distances.

During filtration experiments on the HP-CFS
assembly, the factor of additional oil recovery
was determined as well. Degassed oil from
Pokachevskoe oilfield was used for that.

The experimental procedure included the
following. In the “well-formation” direction
the synthetic brine was injected. As the result
of that, pore volume Vpore and sand packed
tube permeability were estimated at formation
temperature Kv. Then, degassed oil was injected
in the “formation-well” direction. After that,
formation water was injected till the pressure drop
was stabilized. As the result of these actions, it
was possible to determine the permeability of the
sand packed tube Kvf1 and oil recovery factor Knl.
The total of 0.3 pore volumes of the investigated
solution was injected in the “well-formation”
direction. Afterwards, the synthetic brine was
injected in the “well-formation” direction in order
to estimate water permeability K, and oil recover
factor K ,. Then the residual resistance factor
R=K",/ K, and the shifting of oil recovery factor
AK, = (K ,-K_ )/K  100% were determined.

The corresponding results can be found
on Figs. 5-6.

The RPNP solution has a sufficiently high oil
displacement ability, which results in more than
4% increase of oil recovery factor. As the result
of its lower adsorption, it is possible to create a
uniform flood front spreading from injection to
production well.

The presented paper shows that there is a
possibility to transform dry PAA into suspended
form and obtain a stable suspension with good
solidifying characteristics. We call that suspension
the RPNP solution. The RPNP solution will allow
to significantly facilitate the process of the PAA
gelled water preparation by simplifying the
process of polymer batching and break-up, as
well as by eliminating the need to use preparatory
dissolving tanks. It is also suggested to consider
the possibility of the RPNP solution injection
directly into the flow of FPM system. With the
help of filtration experiments it was determined
that water solutions of the PAA suspension have
low adsorption and small rate of disintegration
during filtration through a porous medium, which
provides the needed depth of EOR treatments.



