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BASICS OF MATHEMATICAL MODELING OF GAS LIFT PROCESS IN THE
WELL-RESERVOIR SYSTEM
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The paper is devoted to the problem of mathematical modeling of the gas-lift wells in the well-
reservoir system. Results of field experiments carried out in the well of the offshore field "Neft dash-
lari" (Azerbaijan) are represented. Has been formulated the basic principles of modeling of the gas-
lift wells. An approach is proposed to account for the real processes at the zone of the gas-liquid mix-
ture for modeling the considered process. This takes into account the dynamic processes occurring in
the wellbore and in the reservoir, real properties of fluids and porous medium during filtration.
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Introduction

Gas lift is one of the most widely applied
methods of oil well operation [4, 6, 7]. Despite
the wide interest shown by researchers to the
problems of mathematical modeling and opti-
mal control of gas lift, they are still not fully
resolved. The obtained solutions to this day,
such as [2, 7, 9] are of limited interest for prac-
tical applications, while they have created an
important theoretical basis.

So in [1] has been noted the need to con-
sider the process in the well-reservoir system.
In this paper a system of differential equations
describing the motion of the injected gas and
liquid mixture (GLM) in the well has been ob-
tained. It describes the motion of the GLM in
the well. The offered system of differential
equations allows us to determine the pressure
distribution and flow rate along the well pipes
and has the following form:

190 2a, 5,8 MW (1)
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where Q= Fpw, - gas mass flow rate in a given

section of the annulus (or gas-liquid mixture in
the lift), F' - cross sectional area the annulus
(for case of flow of the injected gas) and the
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lifting pipes (in the case of flow of the GLM),
w, - average speed of the flow (gas or GLM),
p - medium density, ¢ - the speed of sound in
the medium.

On the basis of the motion equations (1)
and (2) carried out a number of studies in the
area of optimal control of the gas-lift wells by
various authors [2]. For example, within the
representations formulated in [1], the well-
reservoir system is considered consisting of the
following four zones: injection zone (in this
case the annulus), which varies in the range
0<x<(L-0), "the area" (L-0, L+0), where
the injected gas is mixed the reservoir fluid and
forms a GLM, the lifting zone (L+0)<x<2L
(lift pipes) and the reservoir, which shows itself
in the overall dynamics of the system by the
hydrodynamics of the reservoir fluids influx to
the well bottom. It is assumed that the pro-
duction rate is the sum of the injected gas and
reservoir fluids: 0, =0, +0,-

By authors of aforementioned papers has
been formulated and solved a number of control
problems for gas lift under conditions of con-

stant of €. The simplified conditions taken in
the marked and similar investigations led to the
qualitatively different curve of 9, (0,,) from
the characteristic curves known from laboratory
experiments [4, 6] and well testing performed

by us.

—<»— [IOKIAObI



AZBRBAYCAN MILLI ELMLO&R AKADEMIYASININ MORUZSBLSRI, 2015, LXXI CILD, Ne2 81

This confirms that taking into account
the zone of formation of GLM, i.e. the mat-
hematical description of the process of forma-
tion of GLM is crucial in the simulation of the
gas lift process.

The purpose of this paper is to formulate
the basic principles of mathematical modeling
of gas-lift taking into account features of for-
mation of GLM and dynamic processes that
occur in the well-reservoir system. Within this
study, we neglect the volume of the GLM for-
mation zone and assume that the injected gas is
mixed with the fluid at a point x =1, where L
is the length of the lifting tube. Considering the
marked assumptions we shall assume that the
injected gas into the annulus moves in
0<x<(L-0) and the GLM flow occurs within
the (L+0)<x<2L.

The results of the well production testing

To study the features of the process in the
actual gas lift well we performed numerous well
experiments. For this purpose has been chosen
the well number of 2390 in the field “Neft Dash-
lari”, which operates an oil reservoir located in
the depth of 620 meters. The stage of static level
of the oil in the well bore was 500 m. Were con-
sidered different variants, both in the immersion
depth (setting depth), and the diameter of the lift
in order to study of the influence of immersion
depth and diameter of the lifting pipes. Part of
the results of experiments is illustrated in figure 1,
where we consider two variants of lift diameter,
which were equal to 38.1 and 50.8 mm. In addi-
tion, to investigate the influence of the immer-
sion depth when the diameter is 38.1 mm the lift
experiment was carried out at three different
values of lift's lengths - 260, 345 and 410 m,
which is equivalent to the immersion depth of
190, 275 and 340 meters, respectively.

In the case when the diameter is 63.5 mm
experiments were carried out with lifts length
of 528 and 547 meters, i.e. at immersion depth
of 458 and 477 meters, respectively.

Looking at the results shown in figure 1 it
can easily be seen that with increasing the di-
ameter of the pipes in order to achieve the
maximum point of the dependence @ (Q,,)it is

required more flow rate of injected gas, and at
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the same diameter of pipes the increasing of the
immersion depth of lift leads to an increase the
numerical value of the well production rate at
this point.

This is confirmed by the results of labora-
tory experiments carried out in short lifts [4].

From the results of laboratory experi-
ments [4] is also known that under some circum-
stances, steepness of the O, versus g, curve is

changed. This can happen for example by in-
creasing the water influx of the well at a rela-
tively high well production rate, which leads to
a change in PVT properties of the liquid phase.
Thus, with decreasing density and viscosity of
the reservoir fluid the steepness of the charac-
teristic curve @, (Q,,) decreases. This can be

seen from the curves of variants /=547 and
=528 at d =50.8mm in figure 1.

Taking into account these factors that af-
fect the considered process, the dependence of
the well production rate of gas injection rate
0,(0,,) should be described by an expression of

following type: 0, =8,[0,, -3, +3, » 3)

where 5, 5,, 5, - the proportionality factors

characterizing the internal diameter of the lift,
the relative immersion depth and the rheologi-
cal properties of reservoir fluids.

Taking into account this, below we will
consider the problem of modeling the process
of gas lift in the following formulation.

& =410
% —=34
d ; A— =240
30 - —— =547
[ =528

. }’“‘»\‘ A,

d=38.1 mm d=30.8 s

0 T T T T T
0 1000 2000 3000 4000 5000 6000

Qiy, m¥/day

Fig 1. Characteristic curves for different diameters (d)
and lengths (1) of the lift
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Simulation of the GLM formation zone

To describe the motion of the injected gas
in the annulus and movement of GLM in the lift
we shall use equations (1) and (2). Applying the
averaging method they can be rewritten as the
following ordinary differential equations [1]:

Aw

2a.
LIE NS SRS
dx  w. —ci w, 2D
2
dp__ 24, (5)

dr F(wl-¢’')"

where i =0 or 1. In the case when i =0, the
equations express the motion of the gas in the
annulus within the range 0<x<(L-0) in the

following boundary conditions:

p(0)=p,, (6)
0(0)=0,.

We use the following nomenclature:

p(L-0)=p,,
oL-0=09,.

And in the lift, i.e when i= 1, taking into
account the above considerations, and the ex-
pression (3) we use the following boundary
conditions:

p(L+0)=p.=p, +p,,
O(L+0)=Q(L-0)+8,[0(L-0)-8,F +8,, (7)

where p_ is the actual bottomhole pressure; p,
is velocity pressure (dynamic pressure) which
is created by the dynamic liquid column in the
annulus; The coefficients §, 5, and §, in the

case of a certain diameter and immersion depth
of the lift can be determined with the well pro-

where 0'(21), 0’(2L), 0}(2L) are well produc-
tion rates at the injected gas flow rates of 0!, 02
and @7, respectively.

When well production data are available at
various gas injection regimes, with some assump-
tion by (8) we can determine the coefficients
51’ 62’ 63'

It is should be noted that, to improve the re-
liability of determining the coefficients §,, 5,, 5,

it is necessary to increase the number of well test
data. In this case for processing the well produc-
tion test data to determine the coefficients can be
use the method proposed in [3].

So the system of equations (4) and (5)
with the boundary conditions (6), (7) and taking
into account the calculated values of the coeffi-
cients g, §,, 5, allows us to solve various

problems of gas lift, including the problems of
prediction and control.

To test the approach outlined above were
carried out a series of numerical calculations,
which were based on the following initial data:

The length of the lift =620 m; The effect-

tive diameter and the cross-sectional area of the
annulus D, =0.066m and F, =0.003402 m*; The
inner diameter of the lift D, = 0.038 m .

In the calculations, the values of the
speed of sound ¢ at annulus and the lift were
taken equal to 430 and 1500 m/s, respectively.
And coefficients of total drag in the annulus
and the lift was taken to be 0.0027 and 0.01,
respectively. Here we have used the production
test data of the well Ne2390 of the field "Neft
dashlari" (Azerbaijan) at the various gas inject-
tion regimes. They are shown in tables 1 and 2.

duction data. So for three regime of gas injec- Table 1
tion we can write following expressions: Gas injection conditions
Variants Q,, m’ /s Wy, /S Do MPa
0/ =602 +0)-5,] +3, 1. 0.0040 1.1758 1.7
0L =8[0 L +0)-5,] +5. (8) 2. 0.0062 1.8225 1.9
X 3. 0.0083 2.4397 2.3
0L =80 L +0)-65,] +35, 4. 0.0128 3.7625 26
5. 0.0163 4.7913 2.8
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Table 2 .30
1-? 25 ATy
The dependence of the well production rate (well e / \
number of 2390) on the gas flow rate when the lift's I 20
diameter ¢ =38 mm and immersion depth / =190 m o 15 / \
(the length of the lift is 260 ) s / Y
S 10
g /
0y, m* /s 0,(2L), m’/s a 5
0.0040 0.0001850 © 0 e/ ‘ . . . ‘ . ‘
© 38888888
0.0062 0.0002483 & ¥ 33 3 & % 3
0.0083 0,0003039 L 5
Flow rate of injection gas, m~/day
0.0128 0,0002885
0.0163 0.0002746 Fig. 2. Dependence on oil production rate on the gas
’ injection rate

To this end, at first using expressions (8)
taking into account the data of table 2 were cal-
culated values of the coefficients §,, §,, 5, .

They had the following values:

5, =3.149052:-10", 5, =1.006541-107, 5, =-3.531066.
Then, using the conditions (6) and (7) considering
the data of table 1 by equations (4) and (5) were
calculated values of the functions p,(x) and

0,(x) for various values of the injected gas flow

rate. For this purpose, we used the method of
Euler. In the calculations, the bottomhole flow-
ing pressure was assumed to be constant and
equal to the 15.0 MPa. In addition, in the first
approximation it is assumed that the expres-
sions (8) are also true at the boundary x=1L.
Given this assumption, the flow rate of forma-
tion fluids at the boundary x = L was calculated
by the following expression:

0, (L+0)=8,[0,(L-0)-8, +5,.  (8)

The results of these calculations are illus-
trated in figure 2 and figure 3.

Figure 2 shows the dependence of the
well flow rate on the gas injection rate within
the conditions considered. It is seen that the in-
crease in the gas injection rate after reaching a
certain value leads to a decrease in oil produc-
tion, which fully coincides with the practice [4].
In this case, the maximum oil production rate
corresponds to the gas flow rate of 900 m* /day.
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Fig. 3. Dependence of GLM production rate on the gas
injection rate

Despite this fact, well production by gas-
liquid mixture increases with increasing of the
gas injection rate almost linearly (figure 3).
Comparing the data of figure 2 and figure 3, it
is not difficult to see that this is due with the
fact that the volume of gas is much greater than
the volume of oil in the mixture. Therefore, a
further decrease of the oil in the mixture is not
visible in the considered curve.

Application of the above stated approach in
practice requires the definition of the dynamics of
the liquid level in the well and consequently, the
bottomhole pressure. So, the next section of the
paper is devoted to the problem of determining
the dynamic pressure (i.e., the pressure created
by the dynamic liquid column in the well) p,

included in the boundary condition (7).
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Determination of the dynamic fluid
level and the bottomhole pressure

It is obvious that dynamics of the process
of gas lift in a well-reservoir system is created
by the pressure of the injected gas, the dynamics
of oil production rate and influx from the reser-
voir under the considered bottomhole pressure.
In other words, the entire process has three
main components: the excess pressure (over-
pressurization) of the injected gas, the oil pro-
duction rate of the well and the third, which
depends on these two factors, the influx of for-
mation fluids to the bottomhole.

The presented approach allows determining
the first two components. Now consider the prob-
lem of determining the bottomhole pressure at
any time. Assume that the well production rate
and the influx rate of reservoir fluids are

q,=0,2L) and ¢ (¢) , respectively, where ac-

cording to (8) 0,(2£)=8,[0! (L+0)=5.] +5,-

It is known that the static fluid level in
the well creates a pressure to the bottom hole
nearly equal to the reservoir pressure, thereby
preventing the formation fluid influx to the bot-
tom hole. taking away any volume of fluid from
the wellbore creates a certain depression and
leads to a resumption of formation fluid influx
to the bottom hole. This leads to an increase in
fluid level that turn leads to an increase in bot-
tomhole pressure and finally of termination of
the influx.

The time ¢, during which the liquid col-

umn up to the level of 7, divide into sufficiently

g, () -gu®At-v,g
_i=0
pz - 2 ’
v

w

where r |y, g are the radius of the well, the oil

density and gravitational acceleration.

On the basis of expression (9) developed
an algorithm that allowed to create a computer
model to determine the temporal characteristics
of the considered process. Using this program
were carried out some computer experiments.
They were based on the following initial data:

Well radius » =0.1 m; radius of the well-

drainage area R,= 1000 m; reservoir pressure
p,=5.0 MPa, formation thickness 5 =50 m; ab-
solute rock permeability ,=0.1-10" m?.

The results are presented in figure 4.
Graphs of dependences ¢4, (r) and i(¢) in figure 4

illustrate the nature of reducing the influx of oil
g, and raising the level of fluid £, in the well

over time. It is seen that the growth of the oil
column in the well is accompanied by the in-
tense influx drop. Then we see the decline in
tempo of considered process. So, is reduced the
rates of influx and the oil level rise. As a result,
after 12000 seconds the influx is reduced so
much, at which the oil level rise rate becomes
insignificant. And further, this process continues
for a long time.

‘ —e—jo(t) ——hd(t) ‘

60 70
small segments equal As. Taking into account o ¢ h, 60 £
that the volume of the liquid column to this mo- é 50 & z

. Iq g > 150 %
ment is equal to = [lg. () =g, ®]-dt > then #, g S 40 %
0 e E \ 140 g
can be defined as the sum of As on condition z 30 H £
n . 2 E T30 ¢
V, =Yg, () -q,0)]ar - Given that Vd:M or = Mg L 8
= 1.8 © [ \ 120 5
h=a
V,=mr’h,, then to determine the height of the lig- 10 110 e
uid column and the corresponding pressure we o ! \‘“_ L o -
write the following expression: 0. 10000 20000 30000 40000
n ts
g[qof(f)‘%i(f)]m or Fig. 4. The dynamics of influx (q,) and the liquid level
hy = - (hy) in the well
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In computer calculations to determine the
Influx to the wellbore 4 used a special algo-

rithm, which is discussed in the next section.

Influx to the wellbore

Having data on the dynamics of change
of the bottomhole pressure the influx can be
determined for any time. For this purpose, can
be used the algorithm described in [8], which
takes into account the real properties of the
reservoir system. According to the marked arti-
cle, the influx to the well can be described by
the following expression:

_2mh(H,-H,) (10)
9, = R 1
r 2

w

where H is a function similar Christianovich's
function, H,, H, are values of the H# functions

on the well-drainage area boundary and at the
bottomhole, respectively. It should be noted
that 7, is a function of the p_, which is defined
by (9).

So having the value of the influx at each
moment in time can be defined a liquid level in
the well using the algorithm described above.

Determination of the current reservoir
parameters

Further, to determine the main parameters
of reservoir systems, such as average reservoir
pressure and oil saturation has been obtained a
system of differential equations on base the ma-
terial balance equation of oil and gas. In this
case, the hydrocarbon system is presented as
consisting of two components (pseudo compo-
nents) and the two phases. In addition, is taken
into account relaxation and the elastic deforma-
tion of the reservoir [8]:

q 1 m(p)—-m
(G - =
@: QOQ( a,+a,) (OLZOL3+OL10L4)Q T ’ (11)
dt (os+0og)a, + (o, +og)o,
1 dQ
9oy (0 + o) D v, - 2
ﬁ__QOQ dt Q dt (12)
dt o,
dQ d
?:am exp[am(p_po)]jll;’ (13)
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where Q(p,t)=n(R,” —r,>)h,m(p,t)is a pore volume
of the drainage area of the well.

The system (11)-(13) is solved by one of
the approximate methods.

The calculation algorithm

The algorithm for the calculation of the
main parameters of the gas lift can be repre-
sented in a simplified form as follows:

1. Are defined the excess pressure and the
injected gas flow rate at bottomhole (i.e. when
x=(L-0)) using (4) and (5) considering the
boundary conditions (6);

2. Given the values of the excess pressure
of the injected gas, calculated in the previous
step is determined the fluid influx to the well-
bore by the expression (10) using the procedure
described in [8];

3. Is determined the current liquid level
into the wellbore and the bottomhole pressure
by the expressions (9);

4. Is determined the flow rate of gas-
liquid mixture in the entry of the lift pipes by
the expression (8") with known values of
8, 85, 855

5. Using the results obtained in the third
and fourth stages, as the boundary conditions is
calculated well production rate and wellhead
pressure by the solution of equations (4) and (5)
in the case of i=1;

6. Are determined the average reservoir
parameters by solving the system of equations
(11) - (13) and is repeated steps 1-5.
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QUYU-LAY SiSTEMIND® QAZLIiFT PROSESININ RiYAZI MODELLOSDIRILMOSININ 9SAS
PRINSIPLORI

Fikrat 9.9liyev, M.A.Camalbayov

Magqals qazlift prosesinin quyu-lay sistemino baxilan halda riyazi modellagdirilmasi problemins hasr olunub.
“Neft daslar1” yataginda aparilmis maden eksperimentlorinin naticalari verilir vo bu naticalor osasinda qazlift quyu-
sunun riyazi modellosdirilmasinin asas prinsiplori formalagdirilir. Baxilan prosesin modellosdirilmisi zaman1 qaz-maye
qarigigmin yaranmasi zonasinda real proseslarinin nozars alinmasi {iglin yanagma toqdim olunur. Bu zaman quyuda vo

layda bag veran dinamik proseslar, layda siiziilme zaman lay fliiidlerinin vo mosamali miihitin real xiisusiyyatlori no-
zaro alinir.

Acar sozlar: gazlifi, modellasdirma, quyu-lay sistemi, masamali miihit, siiziilma, qaz-maye qarigigi, quyu tadgiqatt

OCHOBHBIE TPUHIMIIBI MATEMATHYECKOI'O MOJAEJINPOBAHU S ITPOLECCA T'A3JIN®TA B
CUCTEME CKBAXKUHA-IIVIACT

®@Dukpet A. Aines, M.A.[l:xaman0exoB

Cratbs oCBsIIEHa MPOOIEME MaTEMAaTHIECKOTO MOICIIMPOBAHUS MPOLiecca ra3udra B CHCTEME CKBAKMHA-TIIACT.
[IpuBonsTCS pe3yabTaTH MPOMBICIOBEIX 3KCIIEPUMEHTOB, IIPOBEICHHBIX B MecTopokaeHnH “Hedt lammapsr”’, Ha oCHOBE
KOTOPBIX (popMHUpYIOTCSl 00IIME MPHHIMIIBI MATEMAaTHIECKOTO MOASTMPOBaHMUS nporiecca rasmudra. [Ipenmaraercs moa-
XOJI MOJIENIMPOBAHUS PACCMATPHUBAEMOT0 MPOIIECCA, YINTHIBAIOIINN PeaIbHbIE MPOIIECCHI, MPONUCXOIIIINE B 30HE 00pa3o-
BaHMS TA30KUIAKOCTHOM cMecH. [Ipy 3TOM yUHTBIBAOTCS AMHAMHYECKHE ITPOIIECCHI, IPOMCXO/AIINE B CKBAKHUHE U IUIACTE,
1 peaJIbHbIe CBOWCTBA IUTACTOBBIX ()IIFOMIOB M MOPHUCTON CPENbl MPH (PHITbTPALTHH.

Knroueewie cnosa: easvn@m, MO()@]ZMPOBQHMB, cucmema CKeastcuna-niacm, nopucmast cpe()a, gbuﬂbmpab;wz, 2a-
3001CUOKOCIHASL CMecCy, UCCAEO08AHUE CKBANCUHDL
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