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BBE/JIEHHUE

B Hacrosmue Bpemsi 00JbIIMHCTBO HOBBIX MECTOPOXKIeHU BocTouHOM 1
3anagHoit CuOupH UMEIOT TPYJHOU3BEKAEMBbIE 3aMachl, IS JOOBIYM KOTOPBIX
HEOO0XOIMMO MCIOJIb30BaTh HOBBIE TEXHOIOTUU. OCOOEHHOCTHIO JaHHBIX
MECTOPOXKACHUM SIBIISIETCS HU3Kask IPOHNUIIAEMOCTh KOJUIEKTOPA U BBICOKAs
HEOJHOPOIHOCTh IPOAYKTUBHOTIO I1acTa. B CBSA3M € 3TUM IIUPOK
PaCIPOCTPAHEHUE ITOITYUYNIIO TEXHOJIOTHUS TOJIMMEPHOTO 3aBOJHEHNS, HO €€
peanu3anys Ha MECTOPOXKACHUAX C BBICOKOM MUHEpAIN3AUEN 3aTPyIHUTEIbHAS,
TaK KakK MPOUCXOAUT BBINAJICHUE MTOJIUMEPA B OCA/I0K, TAK)XKE BOJOPACTBOPUMBIE
MOJINMEPHI HEBO3MOKHO TPUMEHSTH B 3UMHUI MIEPUOJ BCIEICTBHE TOTO, YTO
IPOUCXOAUT 3aMep3aHue pactBopa. [1oaTomy 0co0yr0 akTyanbHOCTh IpUOOpETaET
TEXHOJIOTHS MOJIMMEPHOIO 3aBOTHEHHS HA OCHOBE HE()TEPaCTBOPUMBIX
HOJIUMEPOB, KOTOPbIE HE 00J1aJal0 BIIIECIEPEUYNCICHHBIMU HEJOCTaTKAMHU.

[enbto naHHO# pabOTHI ABJISETCS MPOBECTH 3KCIEPUMEHTAIBHYIO IPOBEPKY
HOBOM TEXHOJIOTMH MOJUMEPHOTO 3aBOJHEHUS C TPUMEHEHUEM
He(TEepaCTBPOPUMBIX OJUMEPOB 111 MecTopokaeHus C.

AKTYyaJabHOCTh TAHHOW TEMBI 3aKJII0YaeTCs B pa3padOTKe TEXHOJIOTUU
MOJIMMEPHOT0 3aBOJAHEHUS HA OCHOBE HE(PTEPACTBOPUMBIX MTOJIUMEPOB, UTO
MO3BOJIUT YBEJUYUTH 00JaCTh MPUMEHEHHE JAaHHOTO BU/IA 3aBO/IHEHNUS U BOBJIEYD
B pa3pabOTKy y4acTKH, IPOMBIILIEHHAas J00ObIYa U3 KOTOPIX paHee Oblia
HEBO3MOYKHA

JI1s qOCTHXKEHUS TTIOCTAaBIICHHOM IE)IM B TAaHHOM paboTe ObLIN peIieHbI
CJEYIOIINE 3a/1a4H:

1. PaccmoTpeTs 3 heKTUBHOCTh BHEAPEHHUSI MMOJIUMEPHOTO 3aBOJTHEHUS HA
Pa3IMYHBIX CTAAMSIX;

2. [IpoBecTH 3KCIIEpUMEHTAIBHOE MOJICIMPOBAHUE Mpoliecca
HEe()TEBBITECHEHHUS C MTOJIMMEPHOM 3aBOJTHEHUEM Ha OCHOBE HE(PTEPACTBOPUMBIX
MOJIMMEPOB,

3. CpaBHUTb 5KOHOMHUYECKHE d(D(PEKTHI OT MOJIMMEPHOTO 3aBOJHEHHS Ha
OCHOBE BOJIOPACTBOPUMBIX U HEPTEPACTBOPUMBIX MOJIMMEPOB



3anumnaeMple MOJIOKECHUS:

1. Y CTaHOBIIEHO, UTO BBICOKAsi MUHEPAIN3ALMS [UIACTOBBIX BOJ CHUKAET
3¢ (HEKTUBHOCTH TTOJMMEPHOTO 3aBOJHEHUS B HECKOJBKO Pas.

2.  Buenpenue TeXHOJOrMU NOJIMMEPHOTO 3aBOHEHHS HA TO3HUX CTaIUSIX
pa3pabOTKu CHIKAET MOJOKUTENIbHBIN 3(DPEKT OT JTAHHOTO MEPOTIPUSATHSI.



AHHOTALIA

B nepBoii riaBe nuccepTanuu Npor3BeEAEH 0030p COBPEMEHHOM JIUTEPATyPhl
M0 TEMaTHKE MOJIMMEPHOTO 3aBOJHEHUS. B 1aHHOM yacTu moapoOHa onucaHa
MEXaHHKa MPOBEACHUS TOJTUMEPHOTO 3aBOAHEHUS, OMTUCAHbI (PaKTOPbI, KOTOPHIE
Ha OCHOBE KOTOPBIX BHIOMPAIOTCS MIIACTHI KAHIUAATHI ISl BHEAPEHHUS TaHHOM
TEXHOJOTUHU. TaKkXe OMUCaHO MOBEACHUE MTOIUMEPHON OTOPOUKH MPU PA3INYHBIX
YCIIOBUSIX. BBUIM paccMOTpEHBI OCHOBHBIE TUITBI IOJIUMEPOB, UCIIOIb3YEMbBIX JJIS
yBEJIMYEHUS HEPTEOTAAUH, TAKUE KAK CHHTETUYECKUE, IPUPOJHBIE U
OHMOIOIUMEDBI.

B BTOpO¥ rnaBe 1aHHOM MAaruCTEPCKON AUCCEPTALIMU PACCMOTPEHBI JJIs
CO3JaHMs TOYHOM MaTeMaTH4ECKON MOJENH 110 OMUCAHUIO ITOJIUMEPHOTO
3aBOJIHEHUS Ha OCHOBE HE()TEPACTBOPUMBIX MOJIUMEPOB, KOTOPAsi HEOOXO UM JJIs
BO3MOKHOCTH MOJIEIMPOBAHUSI TAHHOTO IIPOLIECCA HE IKCIIEPUMEHTAIIBHBIM
nyTeM, a B IPOrpaMMHOM IMPOAYKTe, HarpuMep, TakoM kak Schlumberger Eclipse.
JlaHHas rnaBa mpuBEAEHA HA AaHTJIMHCKOM SI3BIKE.

B tpetneii riiaBe paccMoTpeHbl 001ue cBeeHus 0 Mmectopoxkaenuu C. a
TaK)K€ reoJIoro-(pru3nuecKue XapakTepUCTUKH MJIacTa, KOTOPBIH SBISETCS
KAaHJIUJATOM JUJIsl BHEIPEHUS NIOJIMMEPHOTO 3aBOJHEHUS, TAKXKE IIPEICTABIICHbI
($U3UKO-XUMHUYECKHE CBOMCTBA (PIIFOUIOB, U3 KOTOPHIX MOXKHO C/I€TIaTh BHIBOJ UTO
PUMEHEHUE BOJAOPACTBOPUMBIX MOJUMEPOB 3aTPYJHEHO H3-3a BBICOKON
MUHEpaIU3al1H IIaCTOBBIX BOJ, U, CJIIEA0BATENBHO, PEKOMEHAYETCS BHEAPSTH
paccMaTpuBaeMylo B JaHHOM pa0OTe TEXHOJIOTHIO HA OCHOBE He(PTepacTBOPUMBIX
MOJIUMEPOB.

YerBepTas riaaBa JUCCEPTALMH ITOCBAIIEHA SKCIIEPUMEHTAIIBHOMN YacTh
pabortsl. [IpousBeneno onucanue o00pyAOBaHUs, KOTOPOE UCIOIB30BATIOCH B XOJIE
NPOBEICHHBIX ONBITOB, @ UMeHHO Rheotest RV 2.1- poTanioHHbBIN BUCKO3HMETP
JUTSL ONIPEACIICHUS B3KOCTH UCCIEAYEMbBIX COCTABOB IPHU PAa3JIUYHbIX YCIOBUSIX,
JApCUMETP MpEAHA3HAYEHHBIN JJIsI U3BMEPEHUS TPOHUIIAEMOCTH UCCIIEyEMOM
NOpOABI O rasdy (a30Ty) M yCTAaHOBKA MOJEIIMPOBAHUE MpoLecca

HC(I)TCBI)ITCCHeHI/ISI HACBIITHOT'O TUIIA, KOTOPAadA IMO3BOJIACT IIPOU3BOINUTDH



bunbTpaIuio uepes3 ABe mapaviebHO padoTaonre KOJIOHKH, TEM CaMbIM
AMUTHUPYIO HEOJHOPOAHBIN I1acT. BHavase OpuT mpon3BeaeH 0a30Boi
HKCIIEPUMEHT 3a €r0 OCHOBY ObLIa B34Ta METOAMKA MO BHEAPEHUIO MOTUMEPHOTO
3aBOJIHEHMSI Ha TIO3/IHEN cTaauu pa3padoTku (3 craaus), KOraa y>ke IpOUu30IIesn
MIPOPBIB BOJIBI Y€PE3 BHICOKOMTPOHUIIAEMYIO YaCTh IJIaCTa U KaK CIEIACTBUE
CHIXaeT 3PPEKTUBHOCTD MOJIMMEPHOTO 3aBOJHEHHS, UTO ObUIO JOKA3aHO TaK Kak
Ha KOHEII SKCIIEPUMEHTa ObUTH 3a(pUKCUPOBAaHbBI KOI(PPHUIIMEHTHI BBITECHEHUS NS
BBICOKOITPOHUIIAEMON M HU3KOIIPOHUIIAMOM YaCTH MOJAEIUPYEMOro IJ1acTa Ha
otMeTku 70,2% u 17,2% cooTBeTCTBEHHO. B X0/€ CleIyromero 3KkCnepuMenTa
ObLJIa CMOJIETTMPOBAHA CUTYalUs IO BHEAPEHUIO MTOJTMMEPHOTO 3aBOAHEHUS Ha
NEepBOM CTaauU Pa3pabOTKH, YTO MPUBEJIO K YBEITUUECHUIO MTOKa3aTenei
JOTIOJTHUTENBHO JOOBITOM HEPTHU B pe3yIbTaTe BHEAPEHUS JAHHOW TEXHOJIOTUH.
Bce BblIIIe onMcanne 3KCIEPUMEHTHI IPOBOJMINCH C BOJOPACTBOPUMBIMU
HOJIMMEPAMHU, KOTOPbIE HEBO3MOKHO HCIIOJIb30BAaTh HA PACCMaTPUBAEMOM
MecTopoxaeHuu C. BCIeACTBUE BRICOKOW MUHEpAIN3allH IJIaCTOBBIX BOJ,
MO3TOMY CJIEAYIOIIUE SKCIIEPUMEHTBI POBOIUIINCH HA OCHOBE
He(TepacTBOPUMBIX NOJUMEPOB. [IpruMeHeHre NoIMMepOB TaHHOTO BUJIA UCXOs
U3 Pe3yJbTaTOB, MOJYUYEHHBIX B XOJ€ SKCIIEPUMEHTA MMO3BOJIMIIO JOCTUTHYTh
koa(duieHTa BEITECHEHHsI HETH TI0 BCeit 3aexu B 83% Ipu 5TOM TakxKe
MPOU30IILJIO YBEIMUYEHHE 0€3BOIHOIO Meproia Jo0bIYr HeQTH B 3 pa3a u
COKpaluieHue suepro3arpat Ha 25%. Benenctsue Toro, 4to Jjisl yBeIU4eHUs
He(TEeOTAauU MJIACTOB UCHOJB3YIOT 3aKauKy MajOBsI3KUX HEPTel, ObLI
MPOU3BEIEH IKCIIEPUMEHT, B KOTOPOM B KaUECTBE BBHITECHSIOIIETO areHTa
BBICTYIAJ YTJIEBOIOPOAHBIN paCTBOPUTEIH MOJTUMEPA U3 MPEbITYIIEro OIbITa,
JU1s1 TOATBEp K AeHUS (D PEKTUBHOCTH UMEHHO HedTepacTBOPUMOro nojimMepa. B
X0J1e JAHHOTO PKCIIEPUMEHTA ObLT MoTy4YeH KO3 GHUIMEHT BhITeCHeHNE He(PTH B
47%., 9T0 MOTBEpAEIO TUNOTE3Y 0 3(H(PEKTUBHOCTH MPUMEHEHHUS
He(TepacTBOPUMBIX MOJUMEPOB MPH MOTUMEPHOM 3aBOTHEHUH.

B naToii rinaBe nanHoit paboThl MPOM3BeIeHa IKOHOMUYECKas! Ol[EHKa

3(1)(1)CKTI/IBHOCTI/I BHECAPCHHUA IMMOJIUMEPHOTO 3aBOJHCHHA HA MECTOPOXKICHNH.



BcnencTere 3akauky B HarHETaIbHBIC CKBAKUHBI IIOJTUMEPHONU OTOPOYKH
MIPOUCXOIUT BRIpaBHUBAaHKE (PPOHTA BHITECHEHHS, UTO B CBOIO OYEPEAh MPUBOIUT
K YBEJIMYECHUIO JebuTa q0ObIBaloMX CKBaXHUH. [Ipon3BeieH cpaBHUTEIbHBIM
aHaJIM3 TI0 TEXHUKO-PKOHOMHUYECKUM TTOKA3aTeIsIM (JOTIOTHUTENbHAS J00bIYa U
NpUOBLIB) OT OJMMEPHOTO 3aBOJJHEHUSI HA OCHOBE BOJIOPACTBOPUMBIX U
He(TepacTBOPUMBIX TOJIUMEPOB.

B miecToi rmaBe JaHHOM AuccepTalUy PaCCMOTPEHA COLMaIbHAas 3aIluTa,
JTAHHOM YacTy OTBEJCHA OJIHA U3 KIIFOUEBBIX POJICH, TaK KaK KCIIEPUMEHTAIbHAS
9aCTh MPOBOJIMIOCH B XUMHUYECKUX JTA00PATOPHSIX, KOTOPHIC SBISICTCS MECTOM
MOBBIIIICHHOTO PUCKA JUTSI )KU3HU | 37J0POBBS YEIOBEKA. bbuti TpoOpaHO OMUCaHBI
Kak BpeaHble (Hanpumep, TokcuuHbie Bemectna |11-1V kinacca onacHocTH) Tak u
onacHble (hakTOpHI (BLICOKOE JAaBJIECHHUE, TOXKAPOB3PHIBOONACHOCTH). Takxke
OIKMCaHbl YPE3BbIUYANHbBIE CUTYallMH, KOTOPbIE MOTYT BO3HUKHYTh Ha paboyem

MCCTC U MCTOALI C IIOMOIIBIO, KOTOPBIX OHU MOT'YT OBITH JIMKBUAWPOBAHEI.



PECULIARITIES OF THE MATHEMATICAL MODEL OF
POLYMER FLOODING.

There are three ways to use polymers in oil production processes:

1. When treating the bottom hole zones to improve the performance of
injection wells or flooded production wells by blocking high permeability zones.

2. As agents that can be sewn together in the formation, clogging the zones of
high permeability at depth. To carry out these processes, it is necessary for the
polymer to be injected with the inorganic metal cation, which subsequently forms
cross-links between the molecules of the injected polymer and the molecules already
bound on the rock surface.

3. As agents that reduce the mobility of water or reduce the ratio of mobilities
of water and oil.

The first way is not a true polymer flooding, because an agent served as oil is
not a polymer. Undoubtedly, most projects enhanced oil recovery through the
application of polymers, fall under point 3, on which we will focus.

Chemical and biological destruction

The average molecular weight of the polymer can be reduced to the detriment
of the whole process as a result of chemical, biological or mechanical degradation.
We use the term chemical degradation, denoting any of several possible processes,
such as thermal oxidation, free radical substitution, hydrolysis, and biological
degradation.

For a particular polymer solution, there is a certain temperature above which
a polymer is actually destroyed by the action of temperature. Although not very
accurate, it is established that for most polymers used to enhance oil recovery, this
temperature is rather high, about 4000F. Because the initial temperature of oil
reservoirs is almost always below this limit, the greater practical interest for polymer
flooding is the temperature at which other types of destruction occur.

The average residence time in the reservoir is usually very large, on the order
of several years, so even slow-acting reactions potentially have great significance.

The reaction rates, in addition, strongly depend on other variables, for example, pH



or stiffness. At neutral pH, degradation is very often insignificant, whereas at very
low or high pH, and especially at high temperatures, it is significant. In the case of
partially hydrolyzed polyacrylamides, hydrolysis will destroy the carefully selected
degree of hydrolysis present in the starting product. The sensitivity to rigidity will
increase, and the viscosity will sharply decrease. For xanthan resin, hydrolysis has
even more serious consequences, since the main chain of the polymer is separated,
which leads to a very strong decrease in viscosity.

Table 2.1 Selected bactericides and oxygen scavengers (from the National Oil
Council (USA) on Enhanced Oil Recovery, 1984)

Bactericide Oxygen Absorbers

Often used

acraldehyde

formalin
chlorophenesic acid Hydrazine
Sodium pentachlorophenol sodium bisulphite
Proposed or used rarely sodium hydrosulphite
calcium sulphate sulfur dioxide

paraformaldehyde

sodium hydroxide

Sodium salts of phenols

Oxidation or free radical chemical reactions are usually considered to be the
most serious source of destruction. Therefore, oxygen scavengers or antioxidants are
often added to prevent or slow down these reactions. These chemicals are strong
reducing agents and have the added advantage of restoring iron cations from +3 to
+2. They in turn help prevent gelling, agglomeration and other undesirable effects
that can cause blockage of the wellbore and lead to a reduction in injectivity.
Wellington (1980) has found that alcohols, such as isopropanol and sulfur
compounds, for example thioureas, are good antioxidants and free radical
polymerization inhibitors. Laboratory results show that xanthan can remain stable at
temperatures up to 367 K, and partially hydrolyzed polyacrylamide at temperatures

up to about 394 K. In the case of xanthan, the results strongly depend on precise



conditions such as mineralization and pH, with the most favorable conditions being
high Mineralization and pH in the range from 7 to 9. Undoubtedly, in order to
determine the expected behavior, it is necessary to test a specific polymer solution
in specific reservoir conditions. Biological degradation can occur both in the case of
partially hydrolyzed polyacrylamides and in the case of polysaccharides, but its
probability is greater in the latter case. Variables that affect biological degradation
include the type of bacteria present in the solution, pressure, temperature,
mineralization and the presence of other chemicals. As in the case of normal polymer
flooding, the preventive use of biocide is recommended. Often, too little biocide is
used, or it is applied too late, and the problems that arise can hardly be remedied.
Table 2.1 lists the typical additives in polymer flooding.

Mechanical destruction

Mechanical degradation is potentially present in all applications. It occurs
when polymer solutions are exposed to high flow velocities that are observed in
ground equipment (valves, measuring diaphragms, pumps or piping systems), in
bottom hole conditions (perforations or screen filters) or on the surface of an oil
bearing sand. Perforations in the well, in particular, are cause for concern, because
large amounts of polymer solution are pushed through several small holes. For this
reason, most polymer injections are carried out through open-hole wells or wells
with a gravel pack. The polymer solution, which was previously subjected to a
partial shear action, can be degraded to a lesser degree. Because the flow velocity
rapidly decreases with the distance traveled from the injection well, the mechanical
destruction is negligible in the reservoir. All polymers tend to be mechanically
degraded at sufficiently high flow rates. But partially hydrolyzed polyacrylamides
are most susceptible to mechanical degradation under normal operating conditions,
especially with high mineralization and water hardness. Obviously, the ionic
compound of these anionic molecules is rather brittle. In addition, the longitudinal
stress is as destructive for polymer solutions as the shear stress, although both tend

to accompany each other. Maierker (1976) and Serit (1983) have established the



relationship between the permanent loss of viscosity of a polymer solution and the
product of the longitudinal stretching rate by length.
Calculation of the injectivity at polymer flooding

The economic success of all the processes of increasing oil recovery is very
strongly related to the duration of the project or the injection rate, but the polymer
flooding is especially dependent on this factor. In many cases, the cost of the
polymer itself is secondary to the current value of additional oil. Because of this,
field waterflooding is often preceded by reservoir tests conducted on a single well.
Here we give a simple method of analyzing the acceleration tests based on the
physical properties described in the previous section. Well response is defined as
L
AF (2.0)

where “i” is the volume injection rate in .the well, and AP is the pressure drop

I

between the downhole flow pressure at the bottom of the well and some reference
pressure. |, is the dropping factor of the injectivity, assumed when the polymer is
injected. Both | and I, are functions of time, but the long-term Ir limit for the
Newtonian polymer solution is simply the ratio of the viscosities if the skin effects
are small. However, the final I, value for the actual polymer solution may be higher

than the calculated value due to shear dilution.

(2.2)

We make several simplifying assumptions, many of which may be weakened
(Bondor et al, 1972). A well of radius Ry, the pickup of which we need to determine,
is located in a horizontal uniform radial zone of radius Re. The pressures in R, and
Rw are equal to P, and Py, respectively. R is a constant (steady-state flow), and Pyt
can vary with time. The fluid flowing in the formation is a single aqueous
incompressible phase with residual oil saturation, the rheological properties of which
are independent of pressure. Dispersion and adsorption of the polymer are

negligible, although the polymer can demonstrate a decrease in permeability. The



flow is one-dimensional and radial. In addition, finally, the entire range of shear rates
in the reservoir is subject to a power law.
Considering these assumptions, the continuity equation has the following

form:

i[ru.}=ﬂ

dr (2.3)
where “u,” is the radial volume flow. This equation assumes that the space
velocity does not depend on r and is equal to i, since
i=2-m-r-H, -u, (2.4)
Equation (2.4) is a consequence of the assumption of an incompressible flow;

however, i depends on time. We substitute Darcy's law for ur into equation (2.4)

2-r-r-H,-k,dP  2-7-r-H,-k dP
!:— = —

dr H,-u™"-R_ dr

"”ﬂ_l"-"‘.l'-? §e

(2.5)
This equation is defined, so that i is a positive quantity. A permeability

reduction factor is introduced. Removing u, using equation (2.4), we obtain the usual

differential equation, which can be integrated between arbitrary limits P, for r; and

P, forr,

¢ ) Mt H .R . .
P‘-_Pi:[ I ] ?J 'A_I[f_”k]'(’il f_ gyl }

pl

(2.6)
The limit of the Newtonian flow, ny =1 = Ry and Hy = p1, in this equation is
the familiar equation of a steady radial flow

] N
P,-P, =#IIH(F_IJ

7. . . .
2-m-k,-H, r 2.7)

Now we apply these equations to the filterability of the polymer in
waterflooding.
At some time during injection, the front of the polymer (presumably acute)

will be in the radial position Ry, where



[[idt=rx-(R}-R})-H,-¢-(1-5,,)
’ (2.8)

The left side of this equation is the total volume of the injected polymer
solution. Therefore, equation (2.6) is applied in the range Ry <r <R;, and equation
(2.7) is applied in the annular space R, <r <R.. With the appropriate identification

of variables, we obtain for the second region.

R| —-P = e -ln[ R,

R..- g lfl"k'lHr R_F' (29)
but for the first
P.—-R = [rx I ] . . H_F‘J’ .[.Rl_n-‘" _Rl._"_.-.')
wf R, 1,\:-:-'1"-H£ kl'(l_”_pf)'R;; -l " (2 10)

Where P gy is the pressure at the polymer-water front. The addition of these

two equations gives the total pressure drop from Ry, to Re.

{ ] ' H [ 1-n —1 -
P,-P, =[ ! ] , rl -(R; i _Rl_ )_L
\2:7-H, ) kl-n, )R, 2-m-k,-H,

f,
&)

[y

| In

(2.11)
Where sy, - the natural skin factor of the well - was introduced in order to allow

for the damage to the well.
Equation (2.11), substituted in the definition of filterability (equation 2.1),

gives

-] . " H -n -n R )
It = i ] : 2 -(R; . —Ri. g )+—'ﬂ1 | ln| —= |+,
2m-H,) il-ny, )k 2-7k-H | |R

F

(2.12)
Water filtration I, is given by equations (2.1) and (2.7) withr; = Ry and r, =
Re. This value and the value of |, calculated from equation (2.12), give an expression
for I, using equation (2.8). Both quantities | and I,, are related to the total injection
of the polymer solution (by time) through equation (2.8)

Movement of individual phases in polymer flooding processes



In this section, we apply the usual assumptions adopted for the motion of
individual phases in a multiphase flow, namely: one-dimensional flow,
incompressible fluid and rock and nondissipative mixing.

Single-phase flow

First, we consider the case when water-soluble substances are adsorbed from
the solution along the Langmuir isotherm. The isotherm is represented by the
equation (2.12).

Let the flow be such that the concentration of substance Cy is displaced by
the concentration of substance C,; in the form of a single-phase flow, where C4;>

Ca1. The equation of specific velocity has a tracking form

1 -1
Ve =[1+[1_¢}P' fi:;-l ] — 1+i§4:]
¢ 4 ! (2.13)
Or:
c -1
1(_‘ =[1+ 3 S
' (1+b,-C,)
(2.14)

However, since C4;> Cy;, We obtain Ves | > veq | 1, displacement is an impulse;
in the case Cy4; <Cy, the displacement would be a propagating wave. However, at

Caj, which displaces Cy, the front between C4; and C4 moves with a specific velocity

— 1+(1_¢5'}P: d&)4: ]_1 _[rzl_ﬂcil: ]_1
¢ dc,) | AC,

vﬂm
(2.15)
If, as is usually the case with polymer flooding, C4 = 0, then equation (2.15)

takes the form

1".& Ca = 1 = 1

(1_¢}p; [rfﬂ{; ] 1_D4
’aé \ C:l J

(2.16)
Where Dy is the polymer loss at the advance front. This is also called the lag

factor, because adsorption is the reason that the front speed is lower than the speed



of the ideal mixing displacement. D4 is one of the most convenient concepts in both
polymeric and micellar-polymer flooding; it expresses the retention in units of pore
volume, consistent with the size of the rim.

Two-phase flow

The interpretation of the motion of the individual phases in the multiphase
flow in this case will include two phases (water ] = 1 and oleic j = 2) and three
components (water i = 1, oil i = 2 and polymer i = 4). Let the permeable medium
have a uniform initial water saturation equal to S,. We inject a polymer solution that
does not contain oil (S;; = 1 - Sy). The initial total polymer concentration is 0, and
the polymer concentration in the aqueous phase is C4j. The polymer and water do
not dissolve in oil (Cy2 = C4, = 0); Oil does not dissolve in the aqueous phase (C; =
0).

Action of inaccessible pore volume

The porosity for the aqueous phase is @s;. Only a part of this fraction of the
pore volume (ps1-@ipv) is available for the polymer; therefore, the total concentration

of polymer per unit volume is

W,=(¢-S,~bpy) pr 0y +(1-¢) p, -0, (2.17)

Similarly, the total water concentration is

W, =(¢-S1— ¢ ) pr-(1— 04 )+ b - o1 (2.18)

since only water is present in the excluded pore volume ¢ipy. However, the
inaccessible pore volume can be freely discarded in equation (2.18), since the
polymer concentration is very small (w11 = 1). The total oil concentration and
equations (2.17) and (2.18) add to the porosity, as required by the assumption of an

incompressible flow.



Oil displacement

The polymer itself does not change the relative permeability by either water
or oil, as, as we observed earlier, the apparent viscosity can not be increased to such
an extent as to change the residual phase saturation. In addition, when the
permeability reduction is significant, this applies to the entire saturation range, but
only to the wetting phase (Schneider and Owens, 1982). Therefore, we can construct
a flow curve for polymer-oil (polymer-oil) flow, using apparent viscosity instead of
water viscosity, and dividing ki1 by Ry. Figures 2.1 show the flow curves of water-

oil flows (f1-Sy1) and polymer-oil (f,P - Sy).
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Fig. 2.1 Graphical construction of individual phases motion in a multiphase
flow under polymer flooding

Because the adsorption of the polymer proceeds according to the Langmuir
type; the polymer displaces the buried water in a mixing manner, the front of the
polymer is piston-like and has a specific velocity equal to



]

¢ (s7)
AL =
S +Dy—¢, (2.19)

Where D, is the polymer retardation coefficient, defined by equation (2.16)

v
¢ (2.20)

Sj and f* (S;) are the water saturation and the motion of individual phases on

¢£:

the front of the polymer pulse. S; can also be considered as a point on the propagating
part of the mixed polymer and oil wave, which is given by the Buckley-Leverett

equation, whence, by equation (2.19), we can determine S™;

1":,,|:‘+ =

filsy) [f’ df?
31* +D,—¢, | dS J

(2.21)
Equation (2.21) will also determine the saturation in the oil shaft, since S, will

vary intermittently depending on the speed defined as

. = f ['5'1* ]_ f(S15)

* =Vq

v
AT v
'51 - SIE

(2.22)
Equations (2.21) and (2.22) are particular formulations of the coherence
condition. As in the case of a solvent-water shaft, the velocity of the front of the oil

(or water) shaft is given by

(2.23)
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Fig. 2.2 Figures for curves of phase fraction change in a multiphase flow,
presented in Fig.2.1

For the piston-shaped front of the oil shaft Fig. 2.2 shows the time-distance
diagram and the composition profile for tp = 0.35 for the construction shown in Fig.
2.1.

Although the construction in Figures 2.1and 2.2 is a direct construction, it has
several important points that allow us to penetrate into the essence of polymer
flooding.

1. The breakthrough time of the oil shaft (the inverse of the specific velocity



of the oil shaft vac) increases with the increase in Sy;, which indicates that polymer
flooding will be more economical if they start at low initial water saturation.
Undoubtedly, the smaller Sy, the higher the saturation with mobile oil is, which is
also a favorable factor for polymer flooding.

2. Adsorption (large values of D) causes a lag on all fronts. D4 can be large,
if the porosity is low, the retention is large or the concentration of the injected Cy;
polymer is low. Usually Cg; is so low that D4 can be high, even if the retention is
moderate.

3. The inaccessible pore volume causes the acceleration of all fronts, quite the
opposite of holding. In fact, the retention and inaccessible pore volume can be
removed so that the front of the polymer and the front of the desorbed water v, (Fig.
2.1) move at the same speed.

4. Both values D4 and inaccessible pore volume affect the saturation of the oil
shaft, which in turn affects the mobility of the oil shaft and the desired concentration

of the injected polymer.



3AKJIFOYEHUE

B pe3ynbTaTe npoBeIEHHBIX HCCaeA0BaHUi Obuta MOAPOOHO U3yUYeHa
3¢ (HEeKTUBHOCTh MOJIMMEPHOTO 3aBOJIHEHUS IIPU PA3IUYHBIX YCIOBUM pa3paboTKu
Y DKCIUTYaTallui MECTOPOKICHHM.

Hcxons u3 3a7a4, HOCTABICHHBIX B IUCCEPTALIUN ObUIM PEIICHBI
CJIEIyIOLIME 3a/1a4u:

1. CpaBHUTENbHBIN aHATN3 TIOKA3aJ, YTO 3HAYUTENbHBINA 3P (EKT nMeeT
[OJINMEPHOE 3aBOJICHUE IIPU €r0 BHEJAPEHNUU HA PAHHEN CTanun
pa3paboTKH;

2. bbuia skcriepuMeHTaIbHO MOATBEpKIeHa YPPEKTUBHOCTD
HOJIMMEPHOTO 3aBOIHEHUS HA OCHOBE HET(PPACTBOPUMBIX MOJIUMEPOB;

3. DxoHomMu4ecknx 3¢ (HeKT OT MOJTUMEPHOTO 3aBOTHEHUS HA OCHOBE
HedTepacTBOpUMBIX noauMepoB Oosbiie Ha 3130474 pybieii o
CPaBHEHUIO C BOJOPACTBOPUMBIMU MOJIUMEPAMHU.

[IpuMeHeHre Ha paHHEN cTaauu pa3paboOTKH HEPTEPACTBOPUMOTO
MOJIUMEPA [0 CPABHEHUIO C BOJIOPACTBOPUMBIM MO3BOJISIET IOCTUTHYTH OOJIBIIETO
KOHEYHOT0 3P deKTa, YTO U MO3BOJIUIO 3aPUKCUPOBATH TOKA3ATENN KOHEYHOTO
KWH na ormetke B 83%, uto Ha 27% Oosblile, 4eM MpU aHATIOTUIHON TEXHOJIOTHU
C OTOPOYKOM U3 BOJOPACTBOPUMOIO MOJIUMEPA.

Takum 00pa3om, MpUMEHEHNE BI3KON U He3aMep3aroueil Ipyu HU3KON
TEMIIEPAType OTOPOUYKU HEPTEPACTBOPUMOTO MOJIMMEPA PEIIAET HE TOJIBKO
po0eMy HECOBMECTUMOCTH C TIJIACTOBBIMU BOJAMHU, KOTOPbIE BO3HUKAIOT Y
BOJIOPACTBOPUMOTO TTOJIMAKPUIIAMHUJIA, HO M OKa3bIBaeTcs 0osiee 3P(HEKTUBHBIM 110
BbIPaBHUBAHUIO (PPOHTA BHITECHEHMSI U, KaK PE3yJIbTaT, yBEIUUUBACT
ko3 puieHT HegrenspieueHus npumepHo Ha 30% Mpu CHUKEHUHU YHEPro3aTpar

Ha 25%.



