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THE ISSUE OF OPTIMAL DISTRIBUTION OF LIMITED
GASES BETWEEN THE WELLS WORKING
PARALEL WITH GAS-LIFT METHOD

A.N. QURBANOV", 1.Z. SARDAROVA!

The task of optimal distribution of limited amount of gas between parallel working gas-lift wells, having different
performance characteristics was set. Mathematical model of wells was obtained by means of numerical experiments and opti-
mization problem was solved with the application of the method of Lagrange multipliers, thus was shown obtaining of maxi-
mum performance.

In order to solve the issue, a mathematical model of the productivity characteristics of wells P(xi) should be pre-
pared. As mentioned, 3 different gas lift wells were selected for numerical experiment. To obtain the mathematical model of
the productivity characteristics of wells, 50 experimental values were obtained using the passive experimental method, and the
smallest squares method was used to find the coefficients of the mathematical model.
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Introduction. During using the gas lift method in oil production, wells are usually provided
with gas in a groups (16 and more), as parallel, and their productivity characteristics are considered
extremely (usually in the form of a parabola). In addition, the productivity characteristics of gas lift
wells differ between each other, and the amount of supplied gas is limited.

Statement of issue. It should be noted that,due to the limited amount of gas providing to wells,
it is not possible to load wells to the maximum measure, and in this case there appear a problem of op-
timal distribution of loads..

Solution methods. The issue of optimal distribution is considered under these conditions.
Oterwise, loads should be equally distributed between the wells [1].

Figure-1 shows the technological structural scheme of parallel working gas lift wells.

Here: i - quantity of gas-lift wells; X — total amount of gas; P(x;)— productivity of i wells ;

n
P(x) =) P(x) total productivity .
i=1
Considered that, the total amount of gas is limited:

x:ixiSA (1)

i=1

The issue of the optimal distribution of a limited amount of gas between parallel wells is being
set as below:
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P(X) = %P(x;) > max

IA

X.

Lt

X <A 2

Prin (Xi) < P(X;) < P (X;)
Ximin < Xi = Xjay

That means, the loads must be distributed in such way that,obtaining maximum productivity
with limited raw materials [2, 3, 4].

Regarding a numerical experiment was carried out to solve the problem, in order to simplify,
the problem of optimal distribution of loads between n=3 quantity different gas lift wells was consid-
ered. It should be noted that the issue can be resolved for, n=16,n=32 and more cases.

In order to solve the issue, a mathematical model of the productivity characteristics of wells

P(x;) should be prepared. As mentioned, 3 different gas lift wells were selected for numerical experi-

ment. To obtain the mathematical model of the productivity characteristics of wells, 50 experimental
values were obtained using the passive experimental method, and the smallest squares method was used
to find the coefficients of the mathematical model. Used Matlab Software’s polyfit and polyval tools
(functions) in order to find the experimental values of mathematical model, and the coefficients of the
model were clarified. Based on the obtained coefficients, the mathematical model of each well is given
in (3), (4) and (5), accordingly . Calculations show that the obtained mathematical models are character-
ize the object with the allowable accuracy.

P(x,) =—48281+1124x, —0,006x; 3)
P(x,) = —66,786+1,003x,, —0,004x5 (4)
P(x3) =-128459+1,602x, —0,005x3 (5)

Based on the experimental values and the calculated mathematical models, the productivity
characteristics of each well are shown in Figures 2, 3 and 4, respectively. The given characteristics de-
scribe a curve based on experimental values with a broken line, and a curve based on a mathematical
model with a solid line.
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Fig.1 The technological structural scheme of parallel Fig. 2. The productivity characteristic of the 1st well..
working gas lift wells.
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Fig. 3. The productivity characteristic of the 2nd well. Fig.4. The productivity characteristic of the 3rd well.
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The optimization issue (6) is set by using the obtained mathematical methods, and (2).
P(x) = P(x) + P(xy) + P(x3) = —41,281+1124x, — 0,006x12 — 66,786 +1,003x, —0,004x22 -

—128,459 +1,602x; —0,005x3 —> max
In order to solving the optimization issue, used Lagrange’s the INDEFINITE
X, +X, +X5 <370
80<x, <100 (6)
120<x, <150
150<x, <180

MULTIPLACTION Method [4]. For applying this method, firtsly Lagrange function should be
created with using (7) and (8)

L(X, 1) =P(x) + gxigi (x) (7)
g(X) =X +X,+X%,—-370=0 (8)

L(x) = —41,281+1124x, — 0,006x,> — 66,786+ 1,003x, — 0,004x,,> — 128459+

9)
+1,602x, — 0,005x5 + A(X; + X, + X5 — 370)

Based on obtained Lagrange function’s X;, X,, X; va 1 variables,the special derivatives were

found,equalled to zero and the system of equations (10) was obtained.

ar_ 1124 -0,012x, + A =0

0%

a. 1,003-0,008x, + A =0

X, (10)
O o 1602-001x, +4=0

0X3

oL
— =X, + X, +%X3 —370=0
op ATt

“The Kramer rule” was used to solve the system of equations and the optimal values (11), (12)
and (13) were obtained.

x, =91196 m®/saat (11)

X, =121,628 m*®/saat (12)

X, =157,203 m®/saat (13)
A =-0,03

The maximum debit rate was calculated using the obtained optimal values and mathematical
models (14).

P(Xpex ) = P(X;) + P(X,) + P(x3) =1,185 + 0,668 + 1,515 = 3,368 m® / saat (14)

Under the conditions of restriction, The total productivity of solution of the problem of optimal
distribution of loads, has a higher total productivity than any distribution .

Conclusion. From the research, we can conclude that, in case of restrictions to parallel working
gas-lift wells with different productivity characteristics and the total amount of the distributed gas,we
can gain the maximum productivity for the solution of the optimal load distribution issue.
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QAZLIFT USULU iLO PARALEL iSLOYON QUYULAR ARASINDA MOHDUD MiQDARDA
QAZLARIN OPTIMAL PAYLANMASI MOSOLOSI

AN. QURBANOV, 1.Z. SORDAROVA

Miixtolif mohsuldarliq xarakteristikasina malik va paralel isloyan qazlift quyular1 arasinda mehdud miqdarda qazlarin
optimal paylanmasi mosoalasi qoyulmusdur. ©dadi eksperiment vasitasilo quyularin riyazi modellori alinmis, Laqranjin qeyri-
miioyyon vuruqglar metodu totbiq edilmoklo optimallagdirma masslosi holl edilmis vo beloliklo maksimum mohsuldarliq
alinmasi gostorilmisdir.

Mosoleni holl etmok iiglin quyularn mohsuldarliq xarakteristikalarimn P(X;) riyazi modeli qurulmalidir. Qeyd

edildiyi kimi ododi eksperiment kimi 3 odod bir-birindon forqli qazlift quyusu secilmisdir,quyularin mohsuldarliq
xarakteristikalarinin riyazi modelini almagq {iglin passiv tocriibs itisulundan istifads edilorok 50 tocriibs gqiymati sldo edilmis vo
riyazi modelin amsallarinin tapilmasi li¢lin on kigik kvadratlar metodundan istifads edilmigdir.

Acar sozlar: neftcixarma, qazlift, quyu, optimal paylanma, mahsuldarlq, eksperiment.

3AJAYA OIITUMAJIBHOI'O PACTIPEJEJIEHHUS IT'A3A B OTPAHUYEHHBIX KOJIMYECTBAX
MEXAY MAPAJJIEJIBHO PABOTAIOIIUMU CKBA’KUHAMUA METOJOM I'A3JIN®OUKA

A H.TYPBAHOB, 1.3. CAPJJAPOBA

B pabote nocrasieHa 3a/1a4a ONTUMAIBHOTO PACHPEEICHUs] OTPaHUUCHHOIO KOJIMYECTBA ra3a MeXIy IapaulesIbHO
paboTalomMMK  Ta3MU(PTHBIMA  CKBOXMHAMH, HMCIOIIMMH  PAa3IMYHBlE  XapaKTEePUCTHKA  HPOWU3BOAMUTEILHOCTH.
Maremaruueckass MOJIENIb CKBaXKUH IOJy4eHa C IOMOLIbIO YHMCIEHHOI'O 3KCIIEPUMEHTa, a 3a/auya ONTHMHU3AlMU peIIeHa C
IpUMeHEeHHeM MeToa MHoxuTenel Jlarpamka. Takum 00pa3oM MOKa3aHO MOTydeHHE MAaKCHUMATIbHON MTPOU3BOIUTEILHOCTH.

Jlns pelieHust MOCTAaBICHHOM 3a/ayM IOCTPOEHA MaTeMaTHdeckas Mojesb P(Xj) NMpOIyKTHBHBIX XapaKTEPHCTHK
CKBaXWH. B KadecTBe UYHCIEHHOTO HSKCIIEPHMEHTa OBUTH BBIOpAHBI 3 pa3HbIe Ta3NMU(THBIE CKBaXHHBIL. I MONydeHHS
MaTeMaTH4eCKO MOJENH NPOAYKTUBHBIX XapaKTEPHCTHK CKBAXXUH C HCIOJB30BAHUEM IACCHBHOTO SKCIIEPHMEHTATBHOTO
MeToJa ObII0 moiydeHo 50 SKCIepHIMEHTAIbHBIX 3HAYSHUH, a IS onpenereHus Kod(Q(UIMEeHTOB MaTeMaTHIeCKOH Momenn
HCIIOJIb30BaH METO HaMEHBIINX KBaJPaTOB.

Knrouesvie cnosa: 0obviua negpmu, eaznugpm, ckeasicuna, onmumanshoe pacnpeoenetue, npoOyKmMUGHOCHb, IKCnepu-
MeHm.
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