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AHHOTALUA

OOBeKTOM HcCeoBaHUs SBISETCS MPOIECC TEXHOJOTUU MOJIUMEPHOTO
3aBOJAHEHUS C MPUMEHEHUEM ITOBEPXHOCTHO-aKTUBHOI'O BEIIECTBA U WIEJIOYU
NPUMEHUTEIBHO K KapOOHATHBIM TeTEPOTCHHBIM KoJulekTopaMm [lamkuHCKOTOo
MectopoxaeHus. lLlenpto  9Tol  paboThl  SIBNsIETCS  M3Y4YeHHE Mpolecca
MOJIMMEPHOTO 3aBojiHeHUA ¢ pJoOasieHueMm I[IAB u mienoun Ha JaHHOM
MECTOPOKICHUH, N3YUCHUE BIUSHUS KaKI0TO KOMIIOHEHTAa OTAEIBHO HA MPOLECC
BBITECHEHUSI He(pTH, BBIOOp 0OBEKTOB MOJ 3aKauky nonumepa, [IAB u menoun B
COOTBETCTBUM C  TI€0JOro-pU3NYeCKMMH  KPUTEPHUSIMH, OCHOBAaHHbIE  Ha
MpakTU4YeCKOM ombiTe. (OCHOBHOM 11€JIbI0 pabOThI SIBISETCS  OMNpEJEcHUE
3p(EeKTUBHOCTH  MPUMEHEHMs] JaHHOM  TexHojoruu Ha  [TAmkuHCKOM
MECTOPOXK/ICHUHU. 3ajlaya TMPOEKTa OCJOXKHIETCA HalUuueM KapOOHATHBIX
KOJUIEKTOPOB, MHOT'OIUIACTOBOM 3aJI€’kH, BBICOKOW HEOJHOPOIHOCTH IUIACTA.

B npouecce nccnenoBanust ObUTM pacCMOTPEHBI Pa3HbIE PEXKHUMBI 3aKauKU
nonumepa u [TAB B cumynstope Ha ruApOMHAMUAYECKOM Moaenu llamknHCcKkoro
MecropoxaeHus. Hanbomnee a3 hekTuBHBIE peKUMBI 3aKauKi ObLTH BBIOPAHBI TS
pacyeTra 5KOHOMUYECKOW MPUOBLIN MO KaXKJOMY BapUaHTy, nojuMepHomy u [TAB-
NOJINMEPHOMY 3aBOJIHEHHMIO.

B pesynbrare uccnenoBaHusi ObUT BBISBJIEH HauOoJee BBHITOJHBIN BapuaHT
3aBOJAHEHUS, UCIIOJIb3Ys] SKOHOMUYECKHUX pacueToB. [locne 3Toro, aHannus BIUSHUSA
aHU30TPOIUU OBLT TIPOBEJICH.

OcHOBHBIE KOHCTPYKTHUBHBIE, TEXHOJIOTUYECKHE u TEXHUKO-
IKCIUTyaTallMOHHBIC XapaKTEPUCTHKHU: TporpaMMmHoe obecrieuenue Schlumberger
cumyssitop ECLIPSE100, ncrionb3yeMslii 17151 MoIeIMpPOBaHUS 3aKauKH MOJIHUMEpa
u [TAB.

CreneHb  BHENpPEHUS: TEXHOJOTHA  IOJMMEPHOTO  3aBOAHEHUS C
noOasienneM [1AB u 1menoun siBASIETCS MIMPOKO NMPUMEHSEMOW U M3y4aeMOM BO

BCEM MHUpE. O,ZIHaKO, OoJbllIee KOJUUECTBO IMPOCKTOB C HaHHOﬁ TEXHOJIOTUEH



BHeJIpsieTCs 3a pyOoeskoM. B Poccum manHass TEXHOIOTHS HAYMHACT BHEAPSATHCS Ha
CErOHAIIHUM 1eHb Ha 3anagHo-CalbIMCKOM MECTOPOKIEHUH.

O0macTb INPUMCHCHUA: TCXHOJOIUA IIOJIMMCPHOI'O 3daBOAHCHHA MOKCT
IMPUMCHSATBCA Ha MCCTOPOKIACHUAX C OIIpCACIICHHBIMHA T€OJIOT'NMYCCKUMU
YCIOBUAMHU U HeTpO(i)I/IBH‘IeCKI/IMI/I mapamMeTpaMu, AUAIIA30H KOTOPBIX BBIABIIICTCA
OIIBITOM MGCTOpO}KﬂeHHﬁ-aHaHOFOB.

OkoHomuueckas >PQPEKTUBHOCTh JAHHOM pabOTHl OblIa paccuyuTaHa s
nonumepHoro u [TAB-nonuMepHoro 3aBojHeHHs. B pe3ynbraTe paccyeToB ObLI
OTpEJIeNICH BapUaHT C MOJMMEPHBIM 3aBOJIHEHHEM KakK Hanbosee 3 PeKTUBHBII.

B Oynymem nanupyercss HauOosiee  OOLIMPHOE  HMCCIEAOBaHUE
IMOJIMMCPHOI'O 3aBOAHCHU:A B I(ap60HaTHI>IX KOJUICKTOpPAX, TaK KaK 3THU KOJUICKTOpPA
NpCACTaBIIAIOT 6OJ'IBIJ_IYIO CJIOKHOCTb M HCOIIPCACIICHHOCTL B IIPUMCHCHUHA I[aHHOﬁ
TCXHOJIOI'MH H3-3a HAJIMYUA TPCIINH U KaBCPH.

Annotation

The object of this study is polymer flooding process technology with a
surfactant and alkali applied to carbonate reservoirs of Pashkinskoe field. The aim
of this work is to study the process of polymer flooding with the addition of
surfactants and alkalis in this field, the study of the effect of each component
separately in the process of oil displacement, the choice of objects for injection of
the polymer, surfactant and alkali according to the geological and physical criteria,
based on practical experience. The main purpose of the work is to determine the
effectiveness of this technology in the field Pashkinskoe. The project's objective is
complicated by the presence of carbonate reservoirs, multizone, high reservoir
heterogeneity.

The study examined the different modes of the polymer and surfactant
injection in the simulator. The most effective injection modes were selected to
calculate the economic benefits of each option, polymer and surfactant-polymer
flooding.

The study has been identified the most profitable option flooding using

economic calculations. Then, the influence of anisotropy analysis was performed.
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The basic constructive, technological and technical and operational
characteristics: Schlumberger software simulator ECLIPSE100, used to simulate
the injection of polymer and surfactant.

Degree of implementation: the technology of polymer flooding with the
addition of surfactants and alkalis is widely used and studied worldwide. However,
a greater number of projects with this technology is being implemented abroad. In
Russia, this technology is beginning to be introduced today in the West Salym
field.

Scope: The technology of polymer flooding can be used in fields with
specific geological conditions and petrophysical parameters, which range detected
experience fields peers.

The cost-effectiveness of this work was calculated for the polymer and
surfactant-polymer flooding. As a result of calculations was defined option
polymer flooding as the most effective.

In the future, the most extensive study of polymer flooding in carbonate
reservoirs is planned, since these reservoirs show great complexity and uncertainty

in the application of this technology due to the presence of cracks and cavities.



BBenenue
[Tomumepnoe 3aBomHeHue (ASP) ¢ nmnpuMeHeHWeM  IIEJIOYM U

MOBEPXHOCTHO-AKTUBHOI'O BELIECTBA - ATO CJOXKHBIA XUMHUYECKHHA IpoLece,
KOTOPBIN BKJIIOYAET B ce0s 100aBKy I1€JI0UU, TOBEPXHOCTHO-aKTUBHOTO BEIIECTBA
U TIOJUMEpP B OJHOM OTOpPOYKE, HAIllpaBJICHHAs Ha MOBBIIICHHE HedTeoTmauu. B
HacTtosilee Bpemss ASP mpoliecc MMPOKO M3y4aeTcsi BO BCEM MHUPE U SBISIETCS
MHOTOOOCIIaoMUM  Ojarojapsi CHHEpPTMM d3THX TpeX KOMIIOHEHTOB. B
OOJBIIMHCTBE CIIy4aeB 3TOT IMPOLIECC UCCIEAYETCS B OOJIOMOYHBIX KOJUIEKTOPAX.
HccnenoBaHust 3TOro 3aBOJHEHUS B KapOOHATHBIX KOJUIEKTOpPAx SBISIOTCA
PEAKUMHU U UMEIOT OTJIMYMTENBHBIM XapaKTep IO CPaBHEHHIO C IPOIECCOM B
00JIOMOYHBIX MTOPO/I.

KapOoHaTHbIe KOMJIEKTOpa — 3TO TeTEepOreHHble O0pa30BaHUsA, KOTOPHIE
YCIIOKHSIOT NPUMEHEHHE TEXHOJIOTUU MOJIMMEPHOTO 3aBOJHEHHS C JOOABIEHUEM
menoun U I[TAB. Llenpto TexHoJOrMM SBISETCS YBEIUYeHHE Ko3(ppuuueHTa
U3BJICUCHUS HE(PTH, CHIKEHUsA TposiBlieHus dJ¢deKTa S3bIKO0Opa3oBaHUs,
NoBbIIIeHHE YP(HEKTUBHOCTH BBITECHEHUS HE(TH, a TAKIKE CHUKEHUE OCTATOUHOMN
HedTeHachImeHHOCTH. [IpoOieMpl, CymiecTByIOImUEe B 3TOM OO0JACTH: BBICOKAs
CTOUMOCTb, OTCYTCTBHE TJyOOKOr0 NOHHMMAaHHUs MpOIEcca, TEXHOJOTUUYECKHE
PUCKH, TOTEPU XUMMUYECKUX BEUIECTB BO BPEMS 3aBOIHEHUSI.

OCHOBHBIMU LEJIIMH 3TOM pabOThl SBISAIOTCS TNPEACTABICHUE KPUTEPUEB
oTOOpa OOBEKTOB JII XUMHUYECKOTO TIpoliecca YBEIUYEHHs HePTeoTnayu,
paccMOTpPEHHE BO3MOXKHOCTU NPUMEHEHHs] JAHHOM TEXHOJOIMH B KapOOHAaTHOM
KOJUIEKTOpE, M3YYEHUE BIIMSHUS MOBEPXHOCTHO-aKTUBHOT'O BEIIECTBA M ILEIOYU
JUIsl BBITECHEHUSI HE()TU U uccaeAaoBaHue npoduist 400U HEPTH U OCTaTOYHOU
HeTeHachIIIeHHOCTH BO BpeMsi ASP 3aBogHenus. Llenbio JaHHOTO HcciaenoBaHus
aBigercss  onpexaeneHue  dpdekTuBHOCTH  TexHosuoruu  [TAB-noaumepnoro
3aBOJIHEHUA Ha [lalIKMHCKOM MECTOpOKIEHWHU. 3ajaya MPOeKTa 3aKJIYaeTcs B
omleHKe A(G(EKTUBHOCTH OTOM TEXHOJOTHMH TIPU HAIWYUU KapOOHATHBIX
KOJUIEKTOPOB, MHOT'OIJIACTOBOM 3alie’Ku, BHICOKOM HEOJHOPOAHOCTH miiacta. Jliis

pelieHuss JaHHOW MpoOJeMbl HEOOXOIMMO TMOHATH TEXHOJIOTHIO TMpoliecca
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3aBOJHCHUA, B TOM YHCJIC IOBCACHNEC KAXXKI0I'0O KOMIIOHCHTA I[aHHOﬁ TEXHOJIOTUH B
KapOOHAaTHOM KoOJIeKTope. Takxke HeoOXoaumMo BBIOpaTh OOBEKTHI IS
HUCIIOJIB30BaAHUA TCXHOJOIMHM C HUCIHOJIB30BAHUECM TI'€OJIOTO-TEXHOJIOTHNYECCKUX
KPUTEPUEB M BHIOpATh ONTUMAJbHBIE PEXKHUMBI 3aKAUYKH KOMIIOHEHTOB ASP
TEXHOJIOTUU U PACCUYUTATh SKOHOMUYECKUM P EKT.

B kauectBe BXOOHBIX ITIapaMCTpPOB ObLIN MMpCaACTaBJICHbI PC3YJIbTAThI
7a00paTOPHBIX  AKCIIEPUMEHTOB, THIPOJWHAMHYECKAs MOJeIh C 0a30BBIM
BapUaHTOM pa3paboTku 0e3 mosmmepoB, Imenouud u [IAB, cBoiicTBa miacTOBBIX
CI)J'IIOI/II[OB, OIMMCaHUC KCpHA, THAPOJMHAMHNYCCKHC W IIOJICBLIC FGOCI)PIBI/I‘—I@CKI/IC
UCCJIEIOBAHMUS, a TAK)KE 00111ast ”HPOopMalrs O MECTOPOXKICHUU.

5. Polymer flooding

One obvious mechanism in polymer flooding is the reduced mobility ratio
of displacing fluid to the displaced fluid so that viscous fingering is reduced. When
viscous fingering is reduced, the sweep efficiency is improved. When polymer is
injected in vertical heterogeneous layers, crossflow between layers improves
polymer allocation in the vertical layers so that vertical sweep efficiency is
improved.

There are two main polymer types such as hydrolyzed polyacrylamide
(HPAM) and biopolymers. Natural polymers are less used. Quality polymer should
have the following properties:

e  negative ionic hydrophilic group to reduce adsorption on rock surfaces

e good viscosifying powder

e nonionic hydrophilic group for chemical stability.

5.1. Shear rate

It is known that at high shear rates (pumping rates) polymer solution may
be subjected to degradation, while the molecular weight is decreased and,
accordingly, the viscosity of the solution. Also at a high shear rate polymer
network structure is damaged and viscosity is reduced. When shear rate decreases

network structure is restored and viscosity back up again.



That means at a high shear rate, the associating polymer network structure
was damaged and the viscosity was significantly reduced. When the shear rate was
reduced, the network structure was restored, and the viscosity was back up again.
This shear reversibility is very beneficial in enhanced oil recovery field
applications because it improves the well injectivity due to the shear thinning
effect at the perforation and near the wellbore. Flow velocity is reduced and
viscosity is restored far away from a well. It was found that the viscosity after
shearing was higher than that before shearing [1].

5.2. Temperature Effect

Researchers reported that at a low shear rate the polymer solution viscosity

decreases with temperature according to the Arrhenius equation:

E.
=A_expl —|.
H “KP[RT}

where
Ap - frequency factor
Ea - the activity energy of the polymer solution

R - universal gas constant

T - absolute temperature

This equation shows that the viscosity decreases sharply when the
temperature increases.

The activity of polymer chains and molecules is increases with temperature
and it lead to reducing friction between molecules reducing the flow resistance.
Hydrolyzed polyacrylamide has two Eas. When the temperature is less than 35°C,
Ea is low and the viscosity does not change too much with temperature. When the
temperature is higher 35°C, Ea is high, and the viscosity is more sensitive to
temperature [1].

5.3.  Chemical stability

Chemical degradation is related to the destruction of polymer molecules
through short-term attack by contaminants such as oxygen and iron or through
longer-term attack to the molecular backbone by processes such as hydrolysis that

Is caused by the intrinsic instability of molecules even in the absence of oxygen.
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Thus, polymer chemical stability can be controlled by oxidation-reduction
reactions and hydrolysis.

The effect of oxygen on HPAM solution viscosity is not significant at a low
temperature and the polymer solution could be stable for a long time. As the
temperature increases polymer solution viscosity quickly decreases with time.
Therefore, the amount of oxygen in the solution should be minimized by using
oxygen scavengers in order to protect the polymer from any further oxygen ingress
into the solution [1].

5.4. Mechanical and biological degradation

Mechanical degradation means the destruction of molecules in the region
of high flow rate close to a well as a result of high mechanical stresses on the
macromolecules. This effect is essential only in the reservoir near the wellbore.
Mechanical degradation of polymer is much more severe at higher flow rates,
longer distances, and lower brine permeabilities. In a lower-permeability porous
medium, the pore throat diameter is smaller, and the stress acting on the polymer is
larger. Thus, polymer chains can be broken and the viscosity is reduced. Maerker
(1975, 1976) noted that the mechanical degradation of the polymer was more
severe in higher salinity brines and the presence of calcium ions (Ca2+) has
particularly damaging effect.

Biological degradation is related to the microbial destruction of
macromolecules of polymers by bacteria during storage in the reservoir. Despite of
the problem is more common for biopolymers, biological degradation may also
occur in synthetic polymers. It has been found that polymer can provide nutrition
to sulfate reducing bacteria. With increasing SRB, polymer viscosity decreases [2].

5.5. Polymer retention

Polymer retention is related to adsorption, mechanical trapping, and
hydrodynamic retention. Mechanical trapping and hydrodynamic retention can
occur only in flow-through porous media. Mechanical entrapment depends on the
pore size distribution. This mechanism is more likely for polymer retention in low-

permeability formation. If the trapping process acts on polymer molecules in the
9



range of average pore size, it will lead to material accumulation close to the
injection well which gives an exponential penetration profile into the formation.
This will lead to pore blocking and well plugging. That is the polymer flood should
be used in a high permeability formation.

Adsorption is a process of the interaction between polymer and the solid
surface. During interaction polymer molecules is bounded to the surface of the
solid, mainly by van der Waals forces and hydrogen bonding. Adsorption depends
on the surface area exposed to the polymer solution and it is the only mechanism
that removes polymer from the bulk solution.

Application of prefiltering or preshearing and application of polymer in
high permeable formations can help to avoid mechanical entrapment. Compared
with alkaline and surfactant, polymer mechanical trapping and hydrodynamic
retention are more significant because of large molecules.

Li (2007) observed that the adsorption of a hydrophobically associating
water-soluble polymer did not follow the Langmuir-type isotherm. Figure 5.1
shows that the adsorption increased to a maximum value and then decreased with
polymer concentration increasing. The reason is probably that the hydrophobic
polymer has an adsorption layer of multiple molecules on rock surfaces. As
concentration is increased, the adsorption layer becomes thicker. When the
polymer concentration is further increased, the molecular interaction in the liquid
Is stronger than between the adsorbed molecules and rock surfaces. Therefore, the
adsorbed molecules may leave the rock surface and redissolve into the liquid that

lead to adsorption decreases [2].
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Figure 5.1. Polymer adsorption on Daquing sand

5.6. Permeability reduction

As discussed above polymer adsorption causes permeability reduction or
pore blocking. Therefore, rock permeability is reduced during injection of polymer
through it, compared with the permeability when water is injected. This

permeability reduction is defined by the permeability reduction factor (Fkr):

)
k .wh fl
Flkr = Rock perm.when water flows _ K_w (2)

" Rock perm.when aqueous polymer solution flows Kp

Bondor et al. (1972) assumed that the permeability reduction is caused by

polymer adsorption, and the adsorption process is irreversible. It was assumed that
the maximum permeability reduction corresponds to the polymer adsorptive
capacity on the rock. Fkr,max decreases with increasing permeability, which is

consistent with the observation that the polymer retention decreases with

permeability [3].

5.7. Relative permeabilities in polymer flooding

It is known that polymer flooding does not reduce residual oil saturation.
The polymer is used for increasing displacing fluid viscosity and increasing sweep
efficiency. It is also noted that fluid viscosities do not affect relative permeability
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curves. Therefore, the relative permeabilities in polymer flooding and in
waterflooding after polymer flooding are the same as before polymer flooding if
we take into account the resistance factor for the k., in polymer flooding and the
residual permeability reduction factor for the k., after polymer flooding. This
statement has been supported by some experiments.

Schneider and Owens (1982) conducted experiments in order to determine
the effect of polymer on relative permeability in which polymer solution was
injected into a reservoir at waterflood residual oil saturation. All the tests were
conducted with polyacrylamides in water-wet cores. The relative oil permeability
was unaffected by the polymer flow. The relative permeability curve for polymer
solution was significantly lower than the corresponding relative water permeability
curve before polymer contact of the core. Relative permeability curves were also
determined for the displacement of oil by water. Figure 5.7.1 compares the relative
permeability for the oil and water phases before (with the subscript I) and after
(with subscript p) polymer contact. RRF in the figure denotes Fkrr in the text. In
this test there was little difference between the residual oil saturations obtained
before and after polymer flooding. The relative water permeability after polymer
contact, krwp, was reduced significantly compared with the relative water
permeability before polymer injection, Kn,1. The parallelism of k1 and Ky, is
explained by the fact that the reduction in water relative permeability was caused
by the permeability reduction due to polymer adsorption. Polymer adsorption

occurs only in the pore networks transporting the aqueous phase [1].
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Figure 5.7.1. Water/oil relative permeability before and after contact with
polymer

There are several reasons as summarized here:

e Polymer is soluble in water phase but not in oil phase. When polymer
solution flows through pore throats, high molecular weight polymer is retained at
the throats. Then the polymer blocks water throats and k,, is reduced.

e Polymer molecules can form a hydrogen bond with water molecules; this
capability enhances the affinity between the adsorption layer and water molecules.
Rock surfaces become more water-wet and k., is reduced.

e Polymer and oil have segregated flow paths. Therefore, polymer reduces
Knw but not ko (Liang et al., 1995) [1].

5.8. Displacement mechanism in polymer flooding

One of the results of polymer flooding is the reduced amount of water
injected and produced. Since polymer solution improves mobility ratio and sweep
efficiency, less water is required for injection and less water is produced. Polymer
Is also used to block water channeling through high-permeability layers and water
conning from bottom aquifers. There is limitation for the water volume injected

due to high injection pressure or blocking water channeling or water coning. This
13



may cause that water will bypass the injected polymer zone and crossflow to high
permeability zones or to the producing wellbores. To avoid this kind of problem, a
weak gel that has high resistance to flow but is able to flow can be injected deep
into reservoir. Thus, a large volume or large area of polymer zone is formed to
block water thief zones or channels. In polymer and gel treatment, another
mechanism is called disproportionate permeability reduction (DPR). Through the
use of this mechanism, polymer and gel can reduce water permeability much more
than oil permeability [4].

5.9. The results of investigations of polymer samples

In conditions of the Pashkinskoe field selection of polymer was conducted
carefully because during filtration of the polymer solution with large molecule in
the formation with low values of porosity and permeability, increase pressure on
the well can occur and also decreasing viscosity due to mechanical destruction of
polymer. For selection of polymer brand molecular characteristic of polymer

samples were investigated that are presented in the table 5.9.1.

Table 5.9.1- The results of investigations of sample molecular
characteristics
The intrinsic Molecular Degree (.)f
Polymer brand : . . hydrolysis,
viscosity, dl/g weight, min %

AN 132 20,3 14,1 8,5
FLOPAAM 3630S 23,8 15,9 25,6
FLOPAAM 1630S 26,2 23,2 8,1

FLOPAAM 5115 VHM 19,0 12,2 9,6

Superpusher K 129 22,1 16,7 7,7

FP-5205 VHM 24,9 19,1 16,8

FA 920 11,4 5,0 1,0

FA 920 VHM 17,3 11,2 1,0

AN 910 VHM 20,9 15,0 8,0

AN 912 VHM 16,9 10,5 2,1
Praestol 2515 K| Praestol 2515 K| Praes:g: 2515 Praesig: 2515
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It is known that for polymer flooding polymers with high molecular
characteristics (molecular weight and degree of hydrolysis) are more effective
since its viscosity is higher than viscosity of polymers with low molecular
characteristics even at the same concentration.

Degree of hydrolysis affects solubility in water, viscosity and retention.
Polymers with high degree of hydrolysis are sensitive to mineralization and
hardness of water (Ca and Mg) and can subject to salting. Polymers with low
degree of hydrolysis are badly soluble in water. Therefore selection of polymer
was based on the optimization of these properties.

As regards molecular weight with increasing molecular weight of the
polymer, thickening ability of the composition increases but at the time resistance
to degradation decreases. Therefore, when choosing polymers limited molecular
weight range was chosen 8 - 16 min.

In order to determine ability of polymer solution to filtrate in porous
medium it is necessary to eliminate pore size and evaluate polymer molecule size
with certain molecular weight.

Average pore size on rock can be established from Kozeny equation:

D =2+V8pk/m, where (2)

Dav — average pore diameter;

¢ — tortuosity of pore space;

k — permeability;

m — porosity

The radius of the helical molecules polyacrylamide is a function of the
molecular weight of the polymer and can be estimated from the Einstein equation:

R, = (30M+[n]/nA)**, D, =2R, where

R, — radius of the helical molecules, cm

M — molecular weight of polymer, g/mole

A —number Avogadro, 6,022141-1023, MOJIb

[n] — the intrinsic viscosity, cm®/g
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Calculation showed that molecule sizes of chosen polymers have values
lower than pore sizes in the formation. Therefore, it can be noted that these
solutions will filtrate into carbonate formation of the field P. However, with
increasing polymer concentration intermolecular interactions, formation of
associates leading to enlargement can occur.

The individual particles of polymer powder and pores are close to spherical
in shape, most of the particles have a diameter in the range 0.2-0.4 mm. The
presence of larger particles increases the dissolution of the polymer. In the
laboratory conditions water wets the exterior surface of the particles. Polymer
swelling is quite slow due to the low polymer with the solvent of the contact
surface. The penetration of the solvent on the pore channels is complicated because
of the opposition of capillary forces.

In real conditions the polymer particles in the form of a polymer slurry fall
rapidly enough to the pump suction and the high pressure line. Pressure almost
instantaneously rises from atmospheric to a few tens kg/cm?. With this pressure
differential capillary force is suppressed, and the water fills the channels of the
polymer particles, reducing the time of dissolution of the polymer.

The results of investigations are presented in the figure 5.9.1 and show that
all samples are soluble in the injected water of the field P during about 1 hour anf

have low insoluble residue
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Figure 5.9.1. The kinetics of dissolution of the polymer in the injected
water

Investigations of viscous characteristics of polymer solution
polyacrylamides were conducted under simple shear flow in the void volume with
using a rotary viscometer. These researches were carried out using range of shear
rates 0,122 — 122,0 sec™. Viscosity of polymer solutions is affected by molecular
characteristics, concentration, mineralization and temperature.

For comparing thickening ability of different polymer brands reagent tests
were conducted under the same conditions at 28°C. The results of the test of
viscosity versus shear rate polymers are presented in Table 5.9.2.

Table 5.9.2. Rheology of polymer solution

. Dynamic viscosity, cP
Shearrate, seC™ | ) S bAAM 3630 S FLOPCQ,'\\A/' 115 | braestol 2515 K

0,122 312,00 216,00 66,00
0.612 157,20 118.80 38,40
1223 111.60 88 20 31,80
3,058 68,40 57 60 26.40
6,115 46,92 40,80 2148
12.23 32.70 2022 1734
24,46 23 61 2157 13.74
6115 16.20 15.00 9.01
122.3 125 115 8.1

Solvent — injected water of the field P, Cp=0,1%; t=28°C

Studies show that at the same concentration of polyacrylamide difference
in viscosity of the solutions in different samples is observed, which depends on the
technology of the polymer, its molecular weight and degree of hydrolysis. As seen
from the above data, the viscous properties of the solutions directly correlated to
their molecular characteristics. The larger the content of polymers and
macromolecules in which the charged carboxyl groups are present, the greater the
thickening ability of the polymer.

Polymer FLOPAAM 3630 S has the highest thickening ability. For this
polymer rheological studies on determination of dependence of the viscosity versus

solution concentration in the range 0.05-0.15% were conducted [5].
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Figure 5.9.2. The rheology of polymer solutions FLOPAAM 3630S

5.10. Study of resistance to degradation of the polymer solutions

It is known that at high shear rates polymer solution can subject to
destruction leading to decreasing molecular weight and viscosity. Testing the
ability of the polymer solution to resist mechanical degradation with selected
polymer samples was conducted. Resistance to mechanical degradation is
characterized by mechanical durability factor (D) which is determined as ratio of
solution viscosity degraded and initial viscosity. Prepared polymer solutions with
concentration 0.15% pumped through the core at a rate realized in the near
wellbore of injection wells. In the experiments the front velocity was assumed to
be 150-200 m/day.

Experimental data of viscosity change of solutions as a result of mechanical
destruction are presented in the table 5.10.1.

Table 5.10.1 Mechanical destruction of polymer

Viscosity, cP The degree of resistance to
Brand Initial Destructed mechanical degradatlon,
rel.unit
FLOPAAM 3630 S 102,6 82,9 0,81

(C,=0,15%; j=6,1sec™; T=28°C)
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The degree of resistance of the test polymer solution to the destruction of
0.81 relative units, which meets the requirements for polymers.

Based on studies conducted for conditions field P it is recommended for
further research grade polymer FP-S 3630 at a concentration 0,05-0,075% for
injected water [5].

5.11. Surfactant-Polymer flooding

Since the polymer does not interact with oil, its macromolecules do not
affect the mobility of oil. When oil is displaced by the polymer solution upon
mineralized water in combination with junction of surfactant transition of active
substance from the aqueous phase into the oil occurs, thereby improving the
rheological properties of the residual oil and its mobility. On the other hand, under
the influence of surfactants structural changes of polymer macromolecules occur
and improving rheological properties, leading to a further reduction of the mobility
ratio between the oil and aqueous phases. Surfactant solutions reduce permeability
to water and improved rock wettability, reduce the adsorption of the polymer, and
thereby improve the viscoelastic characteristics of the polymer solutions. These
processes significantly improves processes of oil-displacing. To achieve high
process efficiency in view of the factors mentioned positive polymer composition
should be injected into the formation after treatment of the formation by the
surfactant solution. The content of the surfactant in solution improves the
rheological properties of polymer solutions in the formation waters.

During ASP flooding when surfactant are added and mixed with oil and
formation water formation of emulsion can occur. The key mechanisms that occur
in the formation are alkali emulsification and generation of soap leading to reaction
with the crude oil. Surfactant allows to make emulsion stable reducing IFT,
increasing interface strength and generating charge at interface. Polymer is used
for increasing water viscosity. Thus, higher viscosity reduce the diffusion of
droplets leading to less coalescence, therefore emulsion stability is improved. As
the number of dispersed droplets increases, viscosity of emulsion is increased and

stability is improved [6].
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Displacement mechanisms in ASP technology can be summarized as
follows:
¢ Increased capillary number effect to reduce residual oil saturation because
of low IFT
e Improved macroscopic sweep efficiency because of the viscous polymer
drive
e Improved microscopic sweep efficiency and displacement efficiency as a
result of polymer viscoelastic property
e Emulsification, entrainment, and entrapment of oil droplets because of
surfactant
o effects
e Improved sweep efficiency
As for polymer and surfactant placement experimental data from Chen and
Pu (2006) showed that injection of polymer slug before surfactant slug led to a
higher recovery factor than the injection of mixing slug of surfactant and polymer.
Besides, based on experimental results, Yang and Me (2006) noticed that when
polymer was injected separately from the alkaline and surfactant slug, the
incremental oil recovery was higher than when polymer was injected with alkali
and surfactant placed in the same slug. Also they reported that it was better to
place polymer in the preflush slug than in the post-flush slug, and this conclusion
Is supported by the experiments reported by Li (2007). On the other hand, some
experiments show almost the same recovery factors for separate injection of
polymer and surfactant and joint injection. Thus, for determination of the most
optimum variant of polymer and surfactant injection it is recommended to simulate
different cases for certain field with its geological conditions.
As for time to shift waterflood to SP flooding it was studied that the later
SP flooding is started the higher total injection PV is required in order to achieve
the same recovery factor as at initial stages. Thus, it is better to start SP flooding
earlier to accelerate production and reduce water injection. At the late stage more

water is required to displace residual oil since this oil is trapped or bypassed by
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displacing fluid at lower initial oil saturation. Therefore, SP flooding should start at
higher oil saturation to achieve higher oil recovery factor.
Despite this fact, a SP flood could never be started from the beginning of
the field development for several reasons:
e chemical flood requires a long preparation time, including laboratory
investigations
e in order to run a chemical flood project more technical skills and
competence are needed
e more time is needed to get the project approved
e an early waterflood history is required for the reservoir
characterization

This is the key justification for the late start of a chemical flood [1].

6. 3akjoueHune

[TomumepHoe 3aBOJIHEHHWE C TIPUMEHEHHUEM ITOBEPXHOCTHO-AKTHBHOTO
BEILIECTBA U TIOJIUMEpPA SBJISIETCS MOIMYJSPHBIM U IIMPOKO-U3y4aeMbIM METOJAOM
MOBBIIIIEHUS HePTEOTAauu IJ1acTa Bo BceM mupe. Ha cerogusHuii 1eHb JaHHbBIN
METOJ] TPHUMEHSICTCS BO MHOTHX IPOEKTaX 3a pyOekoM, KOTOphIE IOKa3alln
MOJIOKUTENIbHBIC PE3YJIbTAThl U 3HAUYUTEIbHBIA NPUPOCT 100bIun HeGTU. B Poccun
HAUMHAIOT TIPUMEHATh JAHHYK0 TEXHOJOruw Ha  3anaaHo-CanabIMCKOM
MECTOPOXKIACHHUH, T/I€ TIIAHUPYIOT MPUPOCT KodduIreHTa u3BjaedeHus HePTH 110
50-60%. Opnako, monuMepHOe 3aBojiHEHHE C goOamieHueM [IAB u mienouun
MIPUMCHSICTCS B OCHOBHOM B TEPPHUICHHBIX KOJIJIEKTOpax, TaK KaKk KapOOHATHBIC
KOJIJIEKTOPA YCJIOKHSIIOT 3TOT MPOIIECC M3-3a HAJIMUHWS TPEIIMH U KaBEPH B MTOPO/IE.
DKCIEPUMEHTHI B TAKUX KapOOHATHBIX KOJUIEKTOPaX MPOBOJSATCS B J1a0OpaTOpHUsIX
Ha KEPHE MECTOPOKICHHUSI, TJI€ TTIAHUPYETCSI IPUMEHSTh JAaHHYIO TEXHOJIOTHIO.

Kepn IlamkuHCKOTO MECTOPOXKACHHUSI ObLT MCCIEOBAH B JJA0OPATOPHBIX
YCIIOBHUSIX IS BBISIBIGHUS CBOWCTB TIOPOABI W TMOJA0Opa OMPEACIICHHOTO
MoJIMMEpHOTO ~ pacTBopa, menoun u [IAB. CormacHo maGopaToOpHBIM

HCCIICAOBAaHUAM, OBLIO JOKa3aHO, 4YTO WICJIOYb ABIACTCA MaJ'IOG)(b(bCKTI/IBHOI‘/’I B
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YCIIOBHUSIX KapOOHATHBIX KOJIEKTOPOB. Takxke B pe3yibTare J1abopaTOpHOTO
aHanm3a OblIM BBIOpaHbl Hanbomee 3pdekTuBHBIE pacTBOpHI noiaumepa u [TAB c
OIPEICIICHHON KOHIICHTPALUEN.

B nannoit pabote ObulM BBIOpaHBI OOBEKTHI MOJ| 3aKauKy pPEareHTOB Ha
OCHOBAHHMH Te0JIOrO-(OU3NUECKUX KpUTEpUeB. Takke B pabdOTe HCIOIb30BalIach
TUAPOAMHAMHUYECKAsT MOJIENb, Iie ObUIM PacCMOTPEHBI Pa3HbIE PEXKUMBI 3aKaAUKU
MOJMMEPHOTO PACTBOpA ISl KaXJOW HAarHeTaTeIbHOW CKBaXXHHBI, IOCJE YEro
HanOonee 3¢phEKTUBHBIC BapHaHThl ObUTM OOBEIWHEHBI B OJWH OOIIWNA, YTOOBI
npoaHanu3upoBath 3¢dext. Korpdunment wuzBnedenus cocraBun 27,72% 1o
cpaBHEeHMIO ¢ 0a30BbIM ciydaeM 27,0%. Ilpupoct noOGwiun HedTH coctaBui 28
ThIC. TOHH HedTu. [lociie 3Toro ObUTH PacCCMOTPEHBI Pa3HbIE PEKUMBI 3aKaYKH JIJI5
[TAB-m1omuMepHOTO 3aBOJTHEHUSI TAKXKE JJIsI KOKIOW CKBOXKUHBI U OObEIMHEHBI B
oOuuit Bapuant. KosadduimeHnt uspneuenrs HepTH yBEIUUUIICS HE3HAYUTEIBHO,
coctaBuB 27,83%. Ilpupoct n00kun coctaBun 32 ThIC.TOHH HedTH. [lanee s
000MX BapuMaHTOB ObUI MOCYUTAH SKOHOMUYECKUU 3PQeKT, rae NnpuobLIb s
MOJIMMEPHOTO  3aBOAHEHUS coctaBwia 60 MiH.pyOo, mnpubsis 1 [IAB-
MOJMMEPHOTO 3aBoAHeHus — 42 MiH.py0. TakuMm o00pa3oM, B YCIOBHUSIX
[TarmkKMHCKOTO ~ MECTOPOXKICHMSI TMPU HATWYUM KapOOHATHBIX IUIACTOB U
MHOTOIIJIACTOBOM  3ajieku  HamOosiee dS(PPEKTUBHBIM BapUAHTOM  SIBISIETCS
MoJIMMEpPHOE 3aBojJHEHUE. Takke B paboTe OBUIO PACCMOTPEHO BIUSIHUE
aHMU30TPOIHUHU HA MOJUMEPHOE 3aBOJJHEHUE U aHAJIN3 HEONPEIECIICHHOCTEM.

Ha ceromHsmHui [€Hb, YYEHBIE TIPOJOJDKAOT MCCIEHOBAHUS B
HaIpaBJICHUN MoucKa nmyTen TUISt obecrieueHus MaKCUMaJIbHOU
mpooIDKUTEbHOCTH A dexTa mnomumepHoro 3aBoaHeHHs. OCHOBHas 3ajada
COCTOUT B TOM, YTOOBI 3aIUTUTH TOJUMEPHI OT MPEKACBPEMEHHOTO Pa3PYIICHUS
U O00eCNeYuTh YIydllleHHe UX TOJIOKEHUS BO BHYTPEHHEE MPOCTPAHCTBO
pe3epByapa Ha pacCTOSIHHUE, JTOCTATOYHOE IJIs MepepacrpeeieHusi HarHeTaeMou
BOAbl. ONBIT MOKAa3bIBAET, YTO KOMIO3UIMU JIOJDKHBI OBbITh BBIOpAHBI ISt
KOHKPETHBIX TEOJOTHYeCKUX ycioBuil. Kpome Toro, TpeOyeTcss THiaTenbHOE

HN3Yy4YCHHUC YCHOBI/Iﬁ N KPpUTCPHUCB HUCIIOJIB30BaHHA J3THUX TGXHOJ’IOFI’Iﬁ, 0COOCHHO B
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KapOOHATHBIX KOJIJIEKTOpPaX, KOTOPBIE HWIPAIOT BAXKHYIO POJIb KABEPHO3HBIX U

pa3pyLIeHus.
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