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According to the different proportion of making up solution of the binary combination system
which use of hydrophobic associating polymer and Sulfonate Gemini Surfactant, determinating
of its viscosity and interfacial tension before injection. Simulation of the bohai suizhong 36-1 oil-
field actual situation, the constant speed nonsteady state method is used for the determination
of permeability ratio curve of water drive and binary combination drive, and the experimental
data were processed by J.B.N. Method. Analysis of the pros and cons of existing several kinds
of the viscosity processing methods for non-Newtonian fluid flow in the core, put forward a new
method of viscosity processing, and compared the binary combination drive relative permeability
curve which use of the different viscosity processing method. Laboratory findings show that the
binary multisystem flooding in oil relative permeability is higher than water flooding, the water
relative permeability is lower than water flooding, SOR is lower than water drive; Mass fraction
of surfactant and polymer concentration of the binary multisystem have influence on the perme-
ability ratio curve modality.

Keywords: Offshore viscous crude field; Binary combination flooding; Ultra low interfacial
tension; Viscosity processing; Permeability ratio curve

WccnenoBano BiusHWe OMHAPHON KOMOMHHPOBAHHON CHUCTEMBI, B KOTOPOIH WKCIIOJIb3yeTCs
ruapoOOHEBIA CBSA3BIBAIOIIUN IOJUMep U CyJib(oHaTHOe ['eMWHU ITOBEPXHOCTHO-aKTUBHOE
BEIECTBO Ha CBOMCTBA PACTBOPA JIJIST 3aBOTHEHUS I1JIACTOB HEPTIHOTO IIPOMBICIIA, €T0 BI3KOCTh,
u Me:xdasHoe HarsskeHwne. [IpensoskeH HOBBIN MeETOJ aHAIN3a BS3KOCTA W IIPOHHUIIAEMOCTH
HBIOTOHOBCKOM KUTKOCTH HEIIOCPEICTBEHHO B IIOTOKe IpocaunBaHus. JIabopaTopHbIe pe3yJibTaTh
TOKA3bIBAIOT, YTO BJIHUSHHE OWHAPHOTO MHOTOCHUCTEMHOTO 3aBOJHEHWS JJIs OTHOCUTEJIbHOMN
IIPOHUIIAEMOCTH MacJja OO0JIbIEe, YeM IIPOCTO 3aBOJHEHNE BOJIBI, OTHOCUTEIbHAS IIPOHUIIAEMOCTD
BOJIBI HUKE, yeM 3aTorienue Boabl, SOR Huske, uem mpuTok Bozel. MaccoBast 107151 TOBEPXHOCTHO-
aKTHUBHOIO BEIECTBA W KOHIEHTPAIIAS IIOJIMMEpAa B OMHAPHOW MYJIBTHCHCTEME OKA3BIBAIOT
BIUSTHUE Ha K0I(UIIMEHT IPOHHUIIaeMocTu OwHapHoro pacrtsopa.llpoBemerHo monmenupoBaHume
HeTSTHOTO IIPOMBICTIA METOA0M HECTAIIMOHAPHOTO COCTOSHUS ¢ ucnosb3oBauueM J.B.N. merona.

Hocnigxenas koedinienra npoHukHOCTi moaimepy / SAA moasiiiHoi cucremu i
neodasuoi B’a3koi Hadtu. Ya-nan WANG, Ji-hong ZHANG

JlocmimkeHo BIIMB OlHAPHOI KOMOIHOBAHOI CUCTEMHU, B SIKIi BUKOPUCTOBYETHCS TiIpohoOHMIA
ToJIiMep, 110 3B8’s13ye 1 cyibdoHaTHA [ 'eMiH1 MOBEpXHEBO-aKTUBHA PEYOBHHA HA BJIACTHUBOCTI POSUUHY
17151 3aBOJHEHHS I1JIACTIB HA)TOBOIO IIPOMUCILY, 10r0 B I3KICTh, 1 Misk(pa3HUI HATAT. 3aIIPOIIOHOBAHO
HOBHUU METOJI aHAJI3y B’SI3KOCTI 1 IMPOHMKHOCTI HBIOTOHIBCHKOI PIAUHU 0e3I10CepeIHbO B IIOTOLN
mpocouyBauus. JlabopaTopHi pe3ynabraTh IMOKA3yloTh, IO BILUIMB OIHAPHOIO 0AraToCHCTEMHOIO
3aBOJHEHHS JJIA BIOHOCHOI IPOHMKHOCTI Maciia OLIbIIe, HisK IPOCTO 3aBOIHEHHSA BOOM, BIIHOCHA
IIPOHUKHICTH BOIU HUKYeE, HIsk 3arorienHs Boau, SOR Hmskde, Hisk mpuniius Bogu. MacoBa yactka
TIOBEPXHEBO-aKTUBHOI PEUOBUHU 1 KOHIIEHTPAITA ToJiMepy B O1HAPHINA MyJIBTUCUCTEM] BILIMBAIOTH
Ha KOoe@IIleHT IIPOHUKHOCTI OiHapHOoro posunHy. [IpoBemeHo MomeoBaHHA HAQPTOBOIO IPOMUCITY
METO0M HeCTallOHAPHOro cTaHy 3 Bukopucranusam J.B.N. meromy.
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1. Introduction

The Bohai SuiZhong36-1 oilfield with high
crude oil viscosity, high pore permeability, rel-
atively high salinity and so on, is a typical off-
shore viscous crude field in our country. With
the ongoing of water drive, it has gradually en-
tered the high water cut stage, in order to ex-
pand offshore field after polymer flooding, poly-
mer/SAA binary combination drive reservoir
engineering calculation, numerical analogue
and other works, we should understand binary
multisystem effluent seepage law in the reser-
voir. Therefore, relative permeability curves of
polymer/SAA binary combination drive need to
be measured under the actual conditions of vis-
cous oil reservoir.

Currently there are many abroad stud-
ies about polymer flooding permeability ratio
curve, such as [1] measured the relative per-
meability curves of polymer flooding using the
steady-state method. There are also a lot of
research on chemical flood permeability ratio
curve, for instance, [2] measured the oil-water
relative permeability curve of low interfacial
tension surfactant system. There are many lit-
eratures about determination of the polymer
flooding relative permeability curve adopting
astable method, for example, [3] measured the
permeability ratio curve of surfactant system
and polymer system, comparing with the water
flooding relative permeability curve.

As non-Newtonian fluid, the polymer and
binary compound solution’s viscosity is chang-
ing when flow in the reservoir porous media, so
how to deal with the viscosity has been the key
whether the resulting curve can represent the
actual seepage flow characteristics. This paper,
on the basis of analysis and summary of vari-
ous existing methods, proposes a new approach
to deal with viscosity, and demonstrates its jus-
tifiability.

2. Experimental

Simulation of total salinity water used in
the experiments was 9374.13 mg/L, ion content
of simulation of water in Table 1.

The kind of preparation binary multisystem
polymer is hydrophobic associative polymer
HNT300, provided by CNOOC Research Insti-
tute, a molecular weight of about 1600x104;
The kind of surfactants are Sulfonate Gemini
surfactant BH-M2 [4], provided by Southwest
Petroleum University.

The simulation of oil, used in the experi-
ment mix by crude oil and kerosene by a cer-
tain percentage, under 65°C condition viscosity
70 mPa-s.

The gas experimental permeability of the
artificial core measured about 2500x 10-*um?.
The physical properties of the core used in the
experiments are similar, so it has good repeat-
ed comparative.

There are some apparatus to appraisal phys-
ical and chemical properties of binary multisys-
tem. For example, BROOKFIELD, the digital
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Table 1 The ion composition and content of
the experimental simulation water

Tonic composition Ton content/mg-Li!
Na*

e 3091.96

Ca* 276.17

Mg?* 158.68

Cl 5436.34
CO,> 14.21
HCO, 311.48
S0O42- 85.29

Total salinity 9374.13

viscometer of DV-III, Model TX500C interfacial
tensiometer. The relative permeability curve of
binary multisystem is measuring by advection
pump, air gauge, core holder, Pistons container
and so on. Apparatus except advection pump,
other instruments are placed in an incubator

65°C.

2.1 The measurement of the viscosity
and the interfacial tension before the bi-
nary multisystem injection

To the polymer/SAA multisystem, viscosity
and the interfacial tension have a huge influ-
ence on the relative permeability when the two-
phase of the system have a relative flow. Thus
we measure the viscosity and the interfacial
tension of this composite system to analyze the
influence of these two thing to the relative per-
meability curve in the test.

Viscosity measurement: use the BROOK-
FIELD DV-III to get the viscosity. First use the
NO.0 rotor work for 30 s at the speed of 100rpm,
after asiding for 90 s while perteating, we start
to measure the viscosity; Experiment condition:
NO.0 rotor, 6r/min, v = 7.35 s, stay 65°C.

Interfacial tension: use Model TX500C to
get the viscosity of the composite system and
the imitated oil(viscosity of 70mPa-s); Experi-
ment condition: temperature at 65°C, speed at
6000 r/min.

2.2 The method of viscosity processing

In this study, we use the following method
to deal with the viscosity of the binary multi-
system in the porous media: in the process of
the experiment, the produced liquid is saved after
water appears, and do the separation of oil and
water. Then test the viscosity of the binary mul-
tisystem. As the water just appears, the produced
oil is much more than water, the water separated
1s not enough to do the test, so we need to accumu-
late the liquid from several produced times and
make it as the sample in the average PV number.
Then use the different viscosity under different
average PV numbers to fit a curve that viscosity
changes as PV number moves. Then put the PV
number needing to calculate back to the egres-
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Table 2. Experimental schemes of two ele-
ment composite system

Concentration of mass fraction of
polymer/mg-Li! surfactant/%

1 1000 0.05

2 1750 0.05

3 1750 0.2

4 2000 0.2

sion formula and get the viscosity at the different
water saturations. Last, calculate the average
number of the viscosity of the injection side and
the delivery end, then you can know the average
viscosity of the binary multisystem in the rock at
different water saturations.

2.3 The determination of the injection
rate

To fit the transfusion of SuiZhong 36-1 oil-
field, the experiment use the speed of
3m/d (0.3m/min). After calculation, the speed
can fit the demand of the test:

pxLxv>1 (1)

in the formation:

u — viscosity of the displacing fluid, mPa -s;

L — the length of the test, cm;

v — transfusion rate, cm/min.

So in this test, we use this rate of flow.

2.4 The determination of the binary
combination drive permeability ratio
curve and data processing

Binary multisystem of relative permeability
experimental process and steps of determina-
tion of reference to SY/T5345-2007 rock two-
phase relative permeability in the latest indus-
try standard for measuring method, the experi-
mental data according to the basic formula of
J.B.N. method [5] for sorting and calculated.

2.5 Experimental scheme

For contrast in the binary multisystem of
polymer and surfactant on the influence of the
relative permeability curve, set the following
four experimental schemes, shown in Table 2.

Determination of the static viscosity and the
interfacial tension of the four kinds of binary
multisystem above, using the binary compound
displacement system until no oil produced.
Then the relative permeability curve of the four
kinds of binary combination drive is obtained
by computing.

3. Results and discussion

3.1 Comparison of several different vis-
cosity processing method of relative per-
meability curve

At present, there are many methods for
determination of polymer or polymer sheet bi-
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Fig. 1. Different viscosity approach can obtain
binary compound flooding relative permeability
curve (option 3)

nary compound system flowing in the porous
medium viscosity: the first is the direct use of
fluid into the porous medium before the bulk
viscosity instead; Second is the outlet end dis-
placement stable viscosity fluid; Third category
is obtained from the relation the shear rate and
flow of power law fluid velocity, or demanding
for flow velocity and shear rate and viscosity,
the viscosity of equation transformation, ef-
fectively [6-7]; The fourth kind of method is by
definition the Darcy formula and the resistance
coefficient and residual resistance coefficient,
by the transformation to find the effective vis-
cosity of binary composite system [8-10]. Treat-
ment methods of relative permeability curve as
shown in Figure 1.

Analysis of several methods of the above:
the first kind of processing method is without
considering the non-Newtonian fluid in porous
media, such as the role of the residual shear
viscosity, so the whole is too large, so that the
water phase relative permeability is calculated
systematically larger; While the second meth-
ods only take the drive outlet viscosity for close
to flooding agent for the final state, ignoring
the fluid with viscosity changes and changes
in displacement process in rock, so that the
viscosity is the real viscosity is too large, then
small, also ledding to the aqueous phase calcu-
lated relative permeability changes presenting
the first large then small; The theory of rela-
tionship between viscosity, shear rate and the
flow velocity of the three through third meth-
ods, then transform to get the effective viscos-
ity, rheological equation by the method without
considering the displacement fluid loading on
the rock; Fourth kinds of method to get the ef-
fective viscosity of fluid in rock flowing through
theoretical derivation, to a certain extent, the
retention of binary multisystem in porous me-
dium and the non Newtonian effect, but still
believing that the viscosity of fluid in different
water saturation is the same, which cannot
reflect the two element complex viscosity with
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the core saturation changes, and the experi-
ment was carried out in oil rock, which cannot
represent the actual reservoir conditions.

The first, second, fourth kinds of method are
in accordance with the viscosity of a constant
into relative permeability calculation formula
of water, so that the relative permeability of
water showed a "Hump" trend, and the actual
process of binary ASP flooding are different,
the seepage law of two element composite sys-
tem were more accurate in in porous media.
But the viscosity method used in this study
considers this point, which can more realisti-
cally rendered the vary of the binary relative
permeablity of oil-binary multisystem in the
reservoir seepage.

3.2 The interfacial tension and viscos-
ity of binary compound system

Table 3 shows three kinds of program about
the results of measuring the interfacial tension
and the viscosity of binary complex system:
compared with Scheme 1, 2 and Scheme 3, 4
can be found, within a certain range, the inter-
facial tension of binary compound system with
the surfactant mass fraction increases while
decreases. Moreover, when the surfactant mass
fraction is 0.2% of the binary compound system
can reach10® mN/m magnitude of the ultra-low
interfacial tension; Surfactants on the viscosity
of binary compound system is not obvious.

3.3 Binary combination flooding rela-
tive permeability curves

Figure 1, 2 and Figure 3 is the comparison
between binary combination flooding relative
permeability curves and relative permeability
curves. From the overall analysis can be seen,
relative permeability of flooding phase is small-
er. Analyze the causes, from the computational
point of view, JBN method to calculate the wa-
ter phase relative permeability of the formula
is:

K,(8,) =K, ()t LB
b, 1,(S,)

Due to the large heavy oil viscosity, result-
ing in less water, oil viscosity, thus relative
permeability of displacing phase is low. From
the microscopic flooding point of view, due to
the high heavy oil viscosity, flow difficulties,
flooding agent flooding process requires a large
force, but with heavy flooding on a larger flow
resistance also cause flooding agent flow abil-
ity deteriorates. The following analysis of bi-
nary combination flooding relative permeabil-
ity curves characteristics, and the binary com-
pound system of surfactant and polymer effects
on the relative permeability curves.

From the comparison of the water flooding
relative permeability curves and binary com-
bination flooding relative permeability curves
in Figure 2, 3 and 4, we can discover that in
the same water saturation oleic phase relative
permeability of water flooding is inferior to it
of binary combination flooding relative perme-
ability, but it is opposite of the aqueous phase.
The residual oil saturation of binary combina-
tion flooding is inferior to it in water flooding.

From the comparison of the water flooding
relative permeability curves and binary com-
bination flooding relative permeability curves
of scheme 2 and 3 in figure 2, we can discover
that:

— In scheme 2 oil and binary composite sys-
tem relative permeability is somewhat larger
than them in scheme 3, that is along with bi-
nary composite system’s interfacial tension
letting up, oil and binary composite system
relative permeability are larger. This shows a
reduction 1n interfacial tension, results in the
oil phase and binary composite systems flow ca-
pabilities are enhanced.

— The irreducible oil saturation in scheme 3
1s less than it in scheme 2, that is residual oil
saturation in a certain range with decreasing
interfacial tension decreases.

— Two-phase relative permeability largen
analysis: when binary composite system reach-
ing to 10 mN/m magnitude ultra-low interfa-
cial tension, that it will drive more oil cannot
flow during high interfacial tension displace-

Table 3. The viscosity and interfacial tension of binary multisystem

polymer static state interfacial . residual
. Surfactant mass . . . coefficient of .
concentration, . o viscosity, tension, . resistance
1 fraction, % it resistance
mg-L mPa-s mN-m factor
1000 0.05 10.1 0.0521 26.2 9
1750 0.05 26.3 0.0436 49.53 12.34
1750 0.2 27.2 0.0047 43 11.06
2000 0.2 33.4 0.0041 56.36 13.58
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Fig. 2. Binary combination flooding relative per-
meability curves at different surfactants mass
fraction

ment. Therefore in the same number of im-
mitting PV, interfacial tension reduction, in-
creased oil production and oil production speed.
Result in the oleic phase relative permeability
increases. For binary composite system, on the
basis of capillary pressure formula:

P - 20, cosO 3)

r

We can get to know capillary pressure is in
direct proportion to interfacial tension. When
binary composite system reaches to ultra-low
interfacial tension capillary pressure is also in-
finitesimally small, the resistance of displacing
phase trail off, it is more beneficial to flowing in
porous media.

Residual oil saturation decreasing analysis:
interfacial tension letting down would result in
oil-water interface fade away, when it reaches
to ultra-low interfacial tension, two types phase
states will interdiffuse, result in miscible flow-
ing, therefore some water film of caecum re-
sidual oil surface would be destroyed, more re-
sidual oil would flow, microscopic oil displace-
ment efficiency enlargement, so the residual oil
saturation in core will reduce.

Figure 3 is water flooding relative perme-
ability curves and binary combination flooding
relative permeability curves of scheme 1 and 2
(surfactants mass fraction both is 0.05%), figure
4 is water flooding relative permeability curves
and binary combination flooding relative per-
meability curves of scheme 3 and 4(surfactants
mass fraction both is 0.2%), contrasting scheme
1 and 2, scheme 3 and 4, we can see:

In the same water saturation, binary com-
bination flooding relative permeability of
scheme 2 and 4 are respectively below scheme 1
and 3. That is the concentration of binary com-
posite system higher, the mobility lower, as in
the figure binary combination flooding relative
permeability reduces; Oleic phase relative per-
meability of scheme 2 and 4 are respectively
high scheme 1 and 3, but change is not obvious.
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That is oleic phase relative permeability rises a
little with the increasing of the concentration of
binary composite system.

The residual oil saturation of scheme 2 and
4 are respectively below scheme 1 and 3. That
is for binary composite system, the residual
oil saturation decreases with the increasing of
polymer concentrations.

Two-phase relative permeability changing
analysis: polymer molecules in solution produce
adsorption, mechanical trapping and hydrody-
namic trapping effect in the minds of the rock
pores, roared the wall, and then stranded in the
core, resulting in the flow channel binary com-
posite system narrow down, reduces the fluid
ability of binary composite system in the core;
At the same time, polymer molecule generate
stronger role hydrogen bond with water mol-
ecules, resulting in the absorption of adsorbed
layer to water molecules strengthen and bina-
ry combination flooding relative permeability
significant reductions. Polymer concentration
in the binary composite system higher, these
two functions more intense, reduction of bina-
ry combination flooding relative permeability
larger polymer molecule cannot have much of
an effect on oleic phase flowing, and forming
adsorption layer in the rock wall of the hole, re-
sulting in the pore wall more smooth, the flow
resistance of oil phase flowing in the core lower
to a certain degree, thus resulting in relative
permeability of oil phase become larger.

Analysis for residual oil saturation decreas-
es: polymer molecule mutually could effectively
improve the fluidity of binary composite system,
resulting in the microscopic sweep efficiency in-
creased; On the other hand, because of polymer
viscoelasticity, its stretch elastic deformation
would fill out the partial pressure in the core,
resulting in more residual oil flowing. As a re-
sult, the enlargement of polymer concentrations
would render residual oil saturation lower.

4. Conclusions

Binary compound flooding prepared by use
of hydrophobic associating polymer with sul-
fonate Gemini surfactant in surfactant mass
fraction of 0.1%-0.2%, interfacial tension can
reach the magnitude of 10* mN/m.

Analysis of the several current processing
advantages and disadvantages of non-New-
tonian fluid flow in porous medium viscosity,
found that viscosity method introduced in this
paper is more accurate and reasonable.

The oil phase relative permeability of binary
combination drive is higher than water flood-
ing, the water phase relative permeability is
lower than water flooding. Residual oil satu-
ration of binary compound drive is lower than
water flooding.
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Fig. 3. Binary combination flooding relative per-
meability curves at different polymer concentra-
tions (Mass fraction of surfactant is 0.05%)

With the increase mass fraction of surface
active agent in the system of binary compound
flooding, both the additional composite and oil
phase are relatively increased while the resid-
ual oil saturation decreased. With the increase
of polymer concentration in the composite sys-
tem, relative permeability will decrease and re-
sidual oil saturation will be reduced.
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