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ABSTRACT KEYWORDS:
The purpose of the research in the article is to develop a method for evaluating the efficiency of the =~ Displacement;
water injection process. For this purpose, a number of computer studies are carried out. In view of ~ Waterflooding;
this, a computer simulation of water injection process is applied. Using oil parameters from IX hori- ~ Waterflooding
zon of Guneshli field as PVT-properties of oil in reservoir conditions, the process of oil displacement  efficiency;

by water injection in various technological modes is studied, the correlation between the injection = Enlarged well.
rate and the amount of incremental oil production is determined. For this purpose the process of
oil displacement in a hypothetical field is modeled on the basis of the idea of «enlarged well» at
different injection rates, such as 10, 20, 30, 40, 50, 60, 70. and 75 m?/day. Water injection is carried
out in the area of external reservoir boundary. In addition, the reservoir development process in the
depletion regime is predicted for comparison. In both cases, the formation radius is considered as
a circular layer equivalent to the real layer. Analysis of the obtained results determines the criteria
for minimizing economic risks during water injection process. It is shown that at low rates of water
injection, the numerical value of this parameter decreases with an increase of water volume injected

per day. However, after a certain value of the injection rate, the efficiency factor increases with an

increase of the water injected volume per day.
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It is known that if reservoir pressure is not main-
tained during the oil field, the initial reservoir ener-
gy is depleted in a short time, and as a result, well
flow rates and total production fall sharply. In this
case, however, most of the field’s reserves remain
in the undeveloped reservoir. Secondary production
methods are used to increase current oil production,
the most common of which is displacement of oil by
water injection. The water flooding process is also
widely used in oil fields in Azerbaijan. However,
the efficiency of waterflood process depends on the
proper selection of the injection mode for the reser-
voir in question, as well as the flow rate and the total
volume of water injected. This is confirmed by a large
number of studies dedicated to the water injection
process [2-5]. Injected water not only builds-up res-
ervoir pressure, but also provides oil displacement
to the wells. However, water injection is an expen-
sive process and, therefore, carries economic risks
due to the increased cost of oil. For this reason, it is
important to evaluate the efficiency of waterflooding
and improve it. The main objective of this work is to
study a methodology for evaluating the efficiency of
waterflood processes. For this purpose, a computer
model of the annular reservoir development process
with a central well has been developed on the basis
of computational algorithms proposed in [1] and

according to the Herst-van Everdingen’s theory of
enlarged well [6]. Waterflooding is carried out along
the external reservoir boundary. By applying this
simulator, studies were conducted to find the factor
determining the efficiency of water-oil displacement,
and the relationship between the injected water rate
and the amount of produced oil was investigated. For
this purpose, PVT analysis of oil from horizon IX of
Guneshli field (well No. 238) was carried out and the
relations of gas factor, oil volume factor, density and
the coefficient of dynamic viscosity of oil on pressure
were determined. These relations are shown in the
following graphs (fig. 1).

This information was approximated to include
oil properties in the PVT model, and the following
expressions were obtained:

Oil dynamic viscosity:
0<p<150 atm:

1 =-0.000000089p°+0.00013p?- 0.042p +5.8,
150<p <300 atm:
t=-0.000000036p°+0.000053p>- 0.023p +4.4;
Solution gas-oil ratio:
f=0.3892p +0.9231
Formation volume factor:
B=0.000000001p?-0.0000008p*+0.0013p +1.0274
Oil density:
p=-0.000002p°+0.0019p*- 0.9722p + 839.07
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Fig. 1. PVT data of oil from IX horizon of Guneshli field (well Ne 238)
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These expressions were used in the calculations. In
this case, the processing was carried out at a constant
value of depression equal to 8 atm and based on the
following initial data:

Initial formation pressure p,=125 atm;

Initial oil-water contact radius 7,=500 m;

Radius of the water basin R;=1000 m;

Well radius r,=0.1 m;

Formation permeability k=0.102-10"* m?

Porosity m=0.2;

Formation thickness #=20.0 m;

It should be noted that the purpose of computer
studies is to investigate the displacement process in
different injection modes and to determine parameters
characterizing this process. Therefore, the development
process was simulated at different injected water flow
rates: 10, 20, 30, 40, 50, 60, 70 and 75 m®/day. In addi-
tion, the depletion mode is predicted for comparison.
The results of computer calculations performed in
these variants are shown in figures 2-7 (in the figures,
«0» curves refer to the depletion mode).

Figure 2 shows formation - pressure dynamics in
the considered variants over time. As can be seen from
the curves, injecting water into the formation ensures
that the current pressure is maintained at higher val-
ues, which is natural. Note that in all cases, the calcula-
tion process stops when the formation pressure drops
below 25 atm or the water-oil contact reaches the well.
In this regard, it is noteworthy that the development
time increases as the waterflood rate increases up to
a certain value (in this case it is 40 m’/day), and then

the development time decreases as the water injection
rate increases. If we look at the time history plots of oil
recovery factor in the considered variants (fig. 5), we
see that starting from the same rate of water injection
(i.e.,, 30 m*/day), there is no significant difference in the
value of ultimate oil recovery factor. However, it takes
less time to reach this value of ultimate oil recovery
factor. This is due to the fact that the well flow rate
increases sharply at higher injection rates and remains
constant (see fig. 3).

Another noteworthy fact is that, as shown in
Figure 4, the amount of additional oil produced per
1 m® of injected water is higher at lower injection
rates. At the same time, the situation seems to change
inversely as the injection rate increases - the curves for
higher injection rates run higher.

The analysis of the curves in figures 4 and 5 shows
how important it is to study the process in advance to
achieve waterflood efficiency and predict economic
as well as technological risks. To confirm this, the
injected water flow rate corresponding to 25 years of
development, the amount of additional oil produced
per cubic meter of injected water and the current oil
recovery factor prices were noted. This information is
presented in table. The last column of the table shows
the value of the parameter As - the product of the
amount of additional oil produced per cubic meter of
water by the current oil recovery factor.

To visualize the data in the table, their injection
rate curves are shown in figure 7 and figure 6. Figure 7
shows the dependence of EOR values on injection rate,
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Fig. 2. Formation-pressure dynamics at different water
injection rates (10-75 m®/day). 0 - depletion mode

Fig. 3. Production performance at different water
injection rates (10-75 m3/day).0- depletion mode
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Fig. 4. Additional oil amount produced per 1 m*
of water versus the oil recovery factor
(labels similar to the above chart)
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Fig. 5. Current oil recovery factor performance
at different water injection rates (10-75 m*/day).
0 - depletion mode
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Fig. 6. Efficiency factor versus water injected volumes
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Fig. 7. Current oil recovery factor versus water

injected volumes

and Figure 6 shows the curve of dependence of As on
injection rate. The above analysis is confirmed by this
curve. It turns out that dependence of the parameter
As on injection rate is ambiguous. Thus, water injection
rate decreases until a certain value, and increases after
a certain value. This fact has an important practical
value. We can thus say that there is a certain minimum
injection rate, and if we do not take into account all
the other factors, the waterflood must be carried out
at a higher rate than this value. In this case, the mini-
mum parameter corresponds to water injection rate of
35 m?/day (see table). If we look at the physical nature

of the parameter, it is easy to see that this parameter
indicates the effectiveness of waterflood process. Thus,
its maximum is ensured not only by the maximum
amount of additional oil production per cubic meter
of water, but also by the maximum oil recovery factor.
Therefore, the parameter may be called the «Efficiency
Factor» of waterflooding.

The result is of great practical importance. Thus,
when designing the injection process, it is necessary to
determine the optimal technological mode taking into
account the minimum parameters for the field under
consideration.
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Values of reservoir parameters at different water injection rates (4., fable
in the 25th year of development
G, m*/day V;I;nien:)f;fdiiljteig:; ":ll ;Jvi;tre):?il:/cﬁ? n Current oil recovery factor A.
- 0.24 -

0.93 0.26 0.24

10 0.62 0.26 0.16
20 0.48 0.28 0.13
30 0.46 0.29 0.13
40 0.46 0.31 0.14
50 0.48 0.33 0.16
60 0.51 0.36 0.18
70 0.55 0.39 0.22
75 0.58 0.41 0.24
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Hosbii1 MeTO OneHkn 9(pPeKTUBHOCTH B IIpoIjecce BbITeCHeHNsI HepTH BOAOW
(7Ha mpuMmepe IX ropmnsonTa MecTopoxaenns I'oHemnan)

M. A. Axamarbexos, X. M. Mopazumos
HUIIN «Hedrerasz», SOCAR, baky, AzepOariaxan

Pedepar

Ileapio TIpOBEeJEHHOIO B CTaThe MCCAEAOBAHMS SABASETCS pa3dpadOTKa METOAMKU OLIEHKI
¢ PeKTMBHOCTU ITpoIecca 3aBOJHEHI I1acTa IIpu BhITecHeHUM Hedpty BoAoi. C DTOI I1eABI0
IIPOBOAUTCS P4 KOMIIBIOTEPHBIX MCCAeA0BaHMI. JAg DTOTO MCIOAB3YeTCsI KOMIIBIOTEPHOE MO/e-
AMpOBaHUe IIpoliecca 3aBOJHEeHIsT He(pTSIHOIO I11acTa. B 111acTOBBIX YCAOBUAX C MCIIOAb30BaHIEM
rmapamerpos Heptu IX ropusonrta mecropoxxdenns l'oneman, takux xak PVT medprn, mpomnecc
BBITECHEHNsI He(PTUM BOJAONM MCCAEAYeTCS B Pa3sAMYHBIX TEXHOAOTMYECKUX peXMMaX, M3ydaeTcs
B3aMIMOCBSI3b MEXKAY TeMIIaMI 3aKauKM U KOAMYECTBOM A0ObiBaeMoll HepTu. A DTOTO Iporecc
BBITECHEHNSI He(pTU B CKBa’KMHY BOJOJ Ha TUIIOTETUIECKOM MECTOPOKAEHMI MOJeAMpPYeTcsA Ha
OCHOBE W€ «YKPYITHEHHON CKBa’KMHBI» IIPY PasAMYHBEIX pacxodax 3aKaumsaeMoli BoArr - 10, 20,
30, 40, 50, 60, 70 n 75 m*/cyT. 3akauka OCyIIeCTBAsETCs B KOHType INuTaHus 3aiexxu. Kpome rtoro,
AAs1 CpaBHEHII TakKe IIPOTHO3MPYETCs M IPOoIiecC pa3padOTKM I11acTa B peXKMMe JICTOIIeHs. B
0001X cAydasx paANyc IldacTa IIpeACTaBAsSeTCsA KaK KPYroBOil 111acT, KBMBAaAEHTHEIN peaibHOMY
raacra. Ha ocHoBe aHaAmM3a MOAy4YeHHEIX Pe3yAbTaTOB YCTaHABAMBAETC KPUTEPUIT MUHUMU3AIINI
DKOHOMMYECKUX PVICKOB B IIpoIlecce BhITeCHeHNsT He(pTi BOAOI. I1okazaHO, 4TO IIpM MaAbIX 3Haye-
HISIX TeMIIa 3aBOAHEHNs ¢ poBas OIleHKa DTOTO ITapaMeTpa CHIUYKAeTCs C yBeAndeHeM o0beMa
BOABI, 3aKauyMBaeMoOIl B I11aCT KakAble cyTKi. Ho rmocae onpeseaeHHOro 3Ha4eHNUsI TeMIla 3aKauKI
Ha0A104aeTcs oBbIIIeHe KooddunyenTa 9pPeKTUBHOCTH C yBeArrdeHrieM o0beMa 3aKauBaeMoll
BOABI B CYTKIL.

Katouesvie caoea: sriTecHeHne; 3aB0gHeHMe; 9PPEKTUBHOCTD BHITECHEHI BOAOI; YKPYIITHEH-
Has CKBa’kKVHa.

Neftin su ila sixisdirilma prosesinda samarsliliyinin qiymatlandirilmasi ii¢iin
yeni iisul (Giinasli yataginin IX horizontu timsalinda)

M. A. Camalbayov, X. M. Ibrahimov
«Neftqazelmitadigiatlayiho» Institutu SOCAR, Baki, Azarbaycan

Xiilasa

Moagqalodo aparilan tadqgiqatin moaqgsadi neftin su ilo sixisdirilmasi zamani laya suvurma
prosesinin somaraliliyinin qgiymetlondirilmesi ii¢lin metodikanin islonmasidir. Bu magsadls
bir sira kompiiter todiqatlar1 aparilir. Bunun {iciin neft layinda suvurma prosesinin kompiiter
simulyasiyasindan istifade edilir. Lay seraitinde neftin PVT xiisusiyyotlori kimi Giinosli yatag:
IX horizontu neftinin parametrlarindan istifads etmakls neftin su ils sixisdirilmasi prosesi miix-talif
texnoloji rejimlarda tadqiq edilir, suvurma tempi il hasil edilen slave neftin miqdari1 ara-sinda alage
Oyranilir. Bunun {igiin, hipotetik yataqda neftin su ile quyuya sxasdirilmasi prosesi vurulan suyun
10, 20, 30, 40, 50, 60, 70 vo 75 m?/sut kimi miixtalif sarflorinds «irilosdirilmis quyu» ideyasi asasinda
modellosdirilir. Suvurma yatagin gidalanma konturunda hayata kegirilir. Bundan basqa, miiqayisa
tiglin layimn tiikenmoe rejimindoe islonmasi prosesi do proqnozlasdirilir. Hor iki halda lay radiusu
real laya ekvivalent olan dairavi lay kimi tesevviir edilir. Alinan naticalarin tahlili ilo neftin su ila
sixigdirilma prosesinde iqtisadi risklorin minimallasdirilmas: {iglin meyar toyin edilir. Gostarilir
ki, suvurma tempinin kicik qiymatlorinds laya har sutkada vurulan suyun hacminin artirilmasi ila
bu parametrin adadi qiymati asag1 diigiir. Lakin suvurma tempinin miisyyesn giymsatindan sonra
sutkada vurulan su hacminin artirilmasi ils semarslilik amilinin yiiksalmasi miisahide olunur.

Agar sézlar: sixagdirma; sulasma; su ile sixisdirmanin semoraliliyi; irilesdirilmis quyu.
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