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The tertiary oil recovery methods like alkaline, surfactant and polymer (ASP) flooding are very
perspective in order to achieve the synergetic effect out of the different impacts which are caused
by these chemicals, which affect oil and water filtration in the reservoir and increase oil recovery.
In this communication, we consider the applicability of hydrophobically modified polyampholyte
— poly(hexadecylaminocrotonate)betaine (PHDACB) as ASP flooding agent for recovery of oil from
Karazhanbas oilfield. As “polysoap”, the aqueous solution of PHDACB dissolved in aqueous KOH was
used. This system combines the advantages of alkaline, surfactant and polymer and exhibits the
synergistic effect. The laboratory results showed that the ASP flooding considerably increases the
oil recovery in addition to water flooding. In perspective, the ASP flooding may substitute the steam
injection and other thermal enhanced oil recovery (EOR) technologies.
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MyHalt 6epriwTikTi apTbipyAblH, YWiHWINIK aaici peTiHAe eHimai kabaTka cymeH bGipre
cinTi, BO3 aHe noaumep epiTiHAINEepiH Koca alkgal KocbiMwa MyHa eHaipyre »aHe
CMHepreTUKasblK, acepre eTyre MyMKIHAIK 6epeai. byn makanaga KaparkaHbac KeH OpHbIHA
ACI epiTiHAICIH KOcbIN cy aiaay aaici peTiHae ruapodobTbli-moamdukauuanaHFad nonambonut
— nonu(rekcageunnammHokpoToHaT)betanuH (MFAAKBE) peareHTiH KongaHy MyMKiHWINiKTepi
3epTTenegi. Monnmepnik caboliH peTiHae KOH epitiHaiciHae epitinreH NTAAKB KongaHbinagbl. byn
epiTiHAinep Kyieci e3iHge cinTi, BO3 aHe Nonnmep areHTTepiHiH apTbIKLWbINbIKTapbIH BipikTipin,
CUHEpreTUKanblk, acep KepceTedi. 3epTxaHanblK 3epTTeynep A3CTYpAi Cy aipayfa KapafaHAaa,
ACI epiTiHAiICIH KOCbIN cy aligay aMTapablKTalk MyHambepriwTiKTi apTTbipaTbiHbIH KepceTTi. ACHM
epiTiHAICIH KOCbIN cy araay, XblIyablK agicTepai 6anamanbl Typae anMacTbipyfa MyMKIiHLWINiKTepi
6ap.

TyitiH ce3gep: ACI cynaHabIpy; CynaHAabIpy; MyHal eHAipyAi KaFapblay; myHai Kkabar.
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TpeTnyHble METOAbI yBEANYEHUA HeDTEOTAaUM TaKME KaK wenouHoe, MAB 1 noanmepHoe (ACM)
33aBOAHEHMe AB/AIOTCA OYEeHb MEPCMNeKTUBHbIMM TaK KaK MO3BO/IAIOT AOCTUYb CMHEPreTUYecKoro
addeKTa OT NPUMEHEeHUA AaHHbIX PeareHToB, YTO NPUBOAUT K yBennYeHuto HedTeoTaauu. B atoi
CTaTbe M3y4YeHa BO3MOXHOCTb NpUMeHeHUs rmapodobHo-moanduumpoBaHHoro noimamdonuTa —
nonu(rekcageumnammHokpoTtoHart)betanHa (MITOAKB) ans ACM 3aBOAHEHMA HA MECTOPONKAEHUU
KapaskaHbac. B KayectBe «NOAMMEPHOro Mblaa» MCNoAb3yeTca BoAHbIM pactBop MIMOAKB
pactBopéHHoro B pacteope KOH. [laHHas cuctema obbeanHaeT B cebe NpenmyLecTsa WeouHoro,
MAB “ NONMMEpPHOro areHToB W AEMOHCTPUPYET CUHepreTuyeckuin addekT. JlabopaTopHble
pe3ynbTatbl nokasanu, 4yto ACI 3aBoAHEHME 3HauuTeNbHO YyBenuuMBaeT HedTeoTaady Mo
cpaBHeHMo ¢ 06blYHbIM 3aBogeHnem. ACI 3aBOAHEHME MOXKET CTaTb a/ibTEPHATMBHOW 3aMeHoM
TEnN0BbIX METOA0B yBEAUYEHUA HedTeoTaauN.

Kniouesble cnosa: ACI 3aBoaHeHWe; 3aBOAHEHWE; yBenaunyeHue HedTeoTaaun; HedTAHOMN
naacr.
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1. Introduction

Nowadays, tertiary oil recovery methods are making their
contribution in extracting more oil from mature oilfields. Alkali-
Surfactant-Polymer (ASP) flooding as one of the perspective
methods has been used for over 20 years throughout the
world [1]. In ASP flooding, alkali, surfactant and polymer are
injected into the reservoir simultaneously or as separated
slugs. Because of the synergetic effect of alkali, surfactant and
polymer, the microscopic and macroscopic volumetric sweep
efficiency improvement is achieved [2]. Improvement of
microscopic displacement is attributed to the reduction of oil-
water interfacial tension (IFT) by surfactants that were added
and by those which were generated in-situ as a result of alkali
reaction with naturally occurring organic acids in the oil. In order
to function properly, surfactants should be distributed between
oil and water phases, this is regulated by pH value and ionic
strength. Alkali can reduce surfactant adsorption and change
ionic strength of the solution. Addition of polymer leads to the
thickening of the aqueous phase, which leads to a more even
distribution of the displacement front and thus improvement of
macroscopic sweep efficiency [3,4].

ASP method already proved its effectiveness for
displacement of discontinuous oil trapped after primary water
flooding. China was one of the first oil producing countries which
early recognized high potential of ASP method for oil recovery.
In 1994, application of ASP chemical flooding on Daging
oilfield allowed increasing the average pilot area oil production
rate by more than 2 times and decreasing water cut by 20%
[3, 5]. Russian company Salym Petroleum Development proposes
its own innovative ASP method, which is claimed to recover
90% of original oil in place (OOIP) [6], but other ASP field projects

were mostly in Canada. Some of these projects allowed
recovering 25% of the original oil in place incrementally. Despite
of so high incremental recovery efficiency, large-scale projects
started only after 2005 in China and Canada. The lack of ASP
large-scale applications is related with the difficulties, which
arise during the preparation of the injected solution and during
the treatment of produced fluids. In addition, the understanding
of the chemicals behavior inside a reservoir is not always
clear [7]. Boost of oil production rate and decrease of water
cut as a result of ASP flooding may come along with severe
emulsification of produced fluids which will pose problems
related with oil separation later on [3]. Nevertheless, ASP
technology gains more attention from oil companies throughout
the world. High potential of ASP method to increase oil recovery,
possibility of solving the problems associated with oil-water
separation after ASP flooding by simply choosing appropriate
demulsifiers [8] and economic viability of the technology
even at oil price of $30-$50 per barrel [9], all these reasons
will lead to the shift in tertiary EOR methods towards
application of ASP method for oil recovery improving from
mature oilfields.

Application of ASP for improving heavy oil recovery may
be more beneficial in comparison with thermal methods, which
are dominant in recovering this oil, but may be not feasible due
to the thin pay thickness of the reservoir [10] or in cases where
application of these methods may pose geotechnical instability
[11], economic restrictions or ecological problems [12]. World
heavy oil reservoirs may exceed 4 trillion barrels. Thus, it is of
great importance to rationalize reservoir management of these
resources [13], and substitution of thermal EOR methods by ASP
flooding for some oilfields may make production from these
reservoirs more economically feasible.
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2. Experiment

Hydrophobically modified polyampholyte — poly(hexa-
decylaminocrotonate)betaine (PHDACB) was synthesized by the
procedure described in [14-16].

Ik I
CZH5\ /C\ /C>\( C\ /H
(0) XCH N (0]
CigHaz  CHs

The structural unit of PHDACB was identified by Fourier
NMR spectrometer Bruker 400 MHz (Bruker, Germany) in di-
methylsulfoxide (DMSO). The average-number M and the
average-weight M molecular mass of PHDACB measured in di-
methylformamide (DMF) with the help of gel-permeable chro-
matograph “Malvern Viscotek 270 Dual Detector” (UK) were
equal to 1.56-10° and 8.75-10° Dalton, respectively.

Samples of unconsolidated sand from Karazhanbas oilfield
were densely packed into the cylindrical core holder (the length
is 8.6 and the diameter is 4.3 cm) made from steel. Porosity
of the models was measured by volume saturation method.
Absolute air permeability of each sand pack was identified as
well, all tested sand packs were characterized with the same
air permeability of 6 Darcy. Brine and crude from Karazhanbas
oilfield were used. Density and dynamic viscosity of oil at 30°C
measured by Stabinger viscometer SVM 3000 were equal
to 0.9257 g cm™ and 300 mPa s, respectively. Salinity of brine
was equal to 90 g L*. For evaluation of oil displacement

parameters several pore volumes (1 pore volume was equal to
50 cm? of liquid) of chemical solutions were pumped through
the sand packed tube with constant rate of injection 0.1 cm?
min. The PHDACB dissolved in aqueous solution of KOH was
tested in the context of the efficiency of oil displacement against
sodium dodecyl sulfate (SDS) and KOH solutions. All filtration
processes were conducted by means of apparatus for core
investigations UIC-C(2) (Russian Federation) (Figure 1).

All experiments were conducted in the following sequence:

1. Determination of sand pack air permeability;

2. Saturation of sand pack with brine;

3. Brine displacement with oil, measurement of initial oil
and connate brine saturation;

4. Simulation of water flooding process — oil displacement
by brine, measurement of oil displacement coefficient;

5. Injection of ASP solution into the water flooded sand
pack model with the constant registration of changing of oil
displacement coefficient.

All experiments were conducted at 30°C, e.g. reservoir
temperature of Karazhanbas oilfield.

3. Results and Discussion
Several experiments with varying concentrations of
chemicals were conducted to investigate the oil displacement
efficiency of the PHDACB dissolved in KOH aqueous solution.

The results were compared with surfactant-only (SDS) and
alkaline-only (KOH) flooding tests (Figure 2).

Figure 1 — UIC-C(2) apparatus for core investigations
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Curves 1,3 — SDS with concentration of 0.5 (1) and

0.125% (3). Curves 2,4 — poly(alkylaminocrtonate)betaine with
concentration of 0.5 (2) and 0.125% (4). Curve 5 — 0.5% of
KOH; error bars given for the curve (1) are correct for all curves

Figure 2 — Effect of injection of various concentrations of alkali,
SDS and PHDACB on oil displacement coefficient

Results of sand pack flooding experiments showed that the
oil displacement coefficient reached 38 % in case of injection of
0.5% SDS solution, while injection of 0.5% solution of PHDACB
dissolved in 0.5% aqueous KOH solution yielded up to 37% of
oil displacement coefficient. Using 0.5% alkaline KOH solution
resulted in 31% oil displacement coefficient after pumping
of four pore volumes of alkaline solution through the model.
Experiments showed that the displacement ability of SDS
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solution is higher than that of KOH solution though alkaline
curve is characterized by upward trend at the end of the
experiment, so application of SDS accelerates the displacement
of oil in comparison with KOH. The aqueous solution of PHDACB
dissolved in KOH was used as “polysoap” acting as polymer,
surfactant and alkaline simultaneously. The effect of “polysoap”
is in the same level of SDS.

The acid number of a crude oil is one of the most important
parameters in alkali flooding and illustrates the amount of
natural soap that can be produced by the addition of alkali.
The acid number of Karazhanbas oil was equal to 0.54 mg g.
The EOR mechanism by alkaline flooding seems the penetration
of the alkaline solution into the crude oil and the subsequent
formation of water-in-oil (W/O) droplet flow that tend
to reduce the mobility of the water phase and damp viscous
fingering, leading to the improvement of sweep efficiency.
The role of SDS in EOR is prescribed to significant lowering
of the interfacial tension between the rock and oil forming
oil-in-water (O/W) microemulsions. It is very interesting to clarify
the EOR mechanism by hydrophobic polybetaines. In aqueous
KOH, the macromolecules are negatively charged because
of ionization of carboxylic groups. Therefore, they have a
relatively low adsorption to sandstone and clays that
are also negatively charged. It is expected that in
aqueous KOH, the PHDACB is able to form the micellar
or vesicular structures stabilized by
or intermolecular hydrophobic interactions of long
alkyl chains (Figure3). The micelles and vesicles in
aqueous solution are preserved from precipitation by the
presence of negatively charged carboxylate ions.
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Figure 3 — Schematic representation of formation of intramolecular micelle and intermolecular
vesicle structures of PHDACB in aqueous KOH solution.
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Figure 4 — The image of polymeric micellar flooding

Since in aqueous KOH the polymeric betaines can
exist in the forms of micron- and nanosized micelles and
consisting of hydrophobic core and hydrophilic
edge [17], oil droplets adsorbed on the rock can imbibe into
hydrophobic pockets forming O/W microemulsions. In
the vicinity of rock/oil boundary, the long alkyl chains are
probably inverted and dipped into oil environment, decrease
the interfacial tension, entrap and sweep oil droplets
along with the flowing aqueous phase
(Figure 4). Partially unfolding of “polysoap” macromolecules
near rock oil boundary may occur due to preferentially oil-
wetness of hydrophobic groups and solvation of betaine parts
by water.

Thus, hydrophobically modified polymeric
consisting of hydrophobic “tail” and hydrophilic “head” are
perspective materials for heavy oil displacement due to
combination the advantages of alkaline, surfactant and polymer
and exhibiting the synergistic effect.

vesicles

then entrain

betaines

4. Conclusion

It was shown that application of chemical flooding
methods for EOR from Karazhanbas viscous oilfield has

References (GOST)

potential to increase oil recovery on 38% in addition

to conventional water flooding. Hydrophobically
modified polyampholyte poly(alkylaminocrotonate)
betaine was tested as polymeric soap in the
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shown that the “polysoap” has a high potential for EOR from
viscous  oil fields. It is expected that the ASP flooding
for Karazhanbas oilfield can substitute the thermal

oil recovery methods, which are not economically feasible.
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