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ABSTRACT

Oil, gas, and gas-condensate extracted from offshore fields play a crucial role in Azerbaijan’s
economy, making the enhancement of oil and gas production efficiency highly important.
Therefore, increasing oil and gas recovery from fields is one of the key issues in field
development. This article focuses on the determination of the optimal regime for gas and gas-
condensate wells to effectively manage production.

First, the technological regime selection methods used in practice are analyzed, and based on the
field characteristics, the most suitable approach is identified. The results of studies conducted on
production wells in the field are refined using computational methods to propose optimal
parameters. Based on the known well parameters, an optimal technological regime is selected for
each well individually. Additionally, based on the average values of the parameters, a generalized
technological regime is proposed. Wells with similar and interconnected characteristics are
grouped together. A new optimal regime is then determined for each group.

The removal of liquid and solid particles from the lower zone of gas-condensate wells depends
primarily on the upward gas flow rate within the wellbore and the production regime of the well.
Additionally, the physical properties of gas, liquid, and solid particles, as well as the well’s
structural characteristics and the lift diameter, are determining factors for these parameters.

To ensure the effective removal of liquid and solid particles from the lower zone of a gas-
condensate well, it is necessary to consider the minimum gas flow rates and the lowest production
levels at which the lift ceases to function. Thus, obtaining prior information about the operational
wells is crucial. To effectively remove liquid and solid particles from the wellbore, the required
minimum production rate and gas flow must be adjusted to the well's determined bottom-hole
pressure.

Keywords: gas-condensate wells, liquid particles, flow rate, lift diameter, bottomhole pressure,
optimal regime, critical velocity, liquid blockage.

Introduction

In gas and gas-condensate wells, the lift diameter is determined based on the given production
rate to ensure minimal pressure loss in the wellbore and efficient lifting of liquid and rock
particles from the bottomhole. Therefore, application of various impact methods on wellbottom
zone is being investigated.

Objective

In gas and gas condensate fiejds the aim is to eliminate complications in the wells and increase
production by controlling both the length and diameter of the riser in the wells, as well as the
speed of the gas flow in the shoe.
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Methods

1. Field experience shows that the removal of liquid and rock particles from the bottom of the
well mainly depends on the gas flow velocity (V) and the critical falling velocity of the particle in
the medium (Ver) [1,2].

1fV > Ver liquid and rock particles are lifted to the surface. Typically, the velocity is taken as
vV =12V,.

Here is

V :\/E g 'dpar(ppar _pgas)
3 q)'pgas (1)

here is D par - particle diameter, cm 'Pgas. gas density, g/cm 37 Ppar. particle density, g/cm3; #-
shape coefficient of the particle (for spherical liquid particles, ¢ = 0.45; for spherical rock
particles, ¢ = 0.25; for prismatic rock particles, ¢ =0.73)

2. The gas flow velocity (V) is minimal at the shoe of the lift and is given by:

6
4.10°Q-z 1474Qz

" d?-P, -86400

d 2 * PSh (2)

Considering the above equations for V and V., the maximum lift diameter that ensures the
removal of liquid and rock particles from the bottomhole can be determined as:

d - 14,74Q-z  12,3Q-z
i 1’ 2Vcr ’ Psh Vcr Psh (3)

Pen. shoe

Here is d max - the maximum diameter of the lift, m; Q- gas production rate, m 3 /day;
pressure, kg/cm 2; z- gas compressibility factor.

During the operation of gas-condensate wells, changes in pressure and temperature cause the
separation of liquid hydrocarbons from the gas. As a result, a two-phase system moves through
the wellbore. At low flow rates, only small-diameter particles are lifted from the bottom of the
well, while larger-diameter particles accumulate in the wellbore, forming liquid plugs.
Consequently, well production decreases and eventually stops completely. In this case, the gas-
condensate well must operate at a minimum production rate that ensures the lifting of particles.

This minimum production rate is determined by the following empirical formula:

Q,, =115,5d 2*5,/%
M-T-z (4)

here is Q min - minimum allowable production rate, m 3 /day; d - lift diameter, mm; P s - shoe
pressure, atm; T - bottomhole temperature, K; M - molecular weight of the natural gas, kg/mol.
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Now, let’s consider the lift's role in minimizing pressure loss in the wellbore. Here, the lift acts as
a transport object. Every object in this system experiences pressure 10ss.

Let’s assume that hydrodynamic studies have determined the maximum allowable production rate
(Q amax). At this production rate, factors such as rock collapse in the near-wellbore zone, water
encroachment into the wells, and other factors limiting well production do not occur [3]. It is
known that the bottomhole pressure (Pw.») can be determined using the following formula:

TZ.
P \/ch €24 BT A e (6 1))
®)

here is Pw.n - wellhead pressure, atm; A hydraulic resistance coefficient; Tay = (Twp + Twn) /2.
average temperature in the wellbore, K; Z a - gas compressibility factor.

S =0,03415 p'f'r
Zav av (6)

here is H - well depth, m; P_ relative density of gas; Q- well production rate, thousand m /day;
d- diameter of the lift, mm
|f‘dp =Pyp — Pyn = Pyn +Pfr

following formula:

is given, then the lift diameter is determined using the

1 37772.Tav av 2 (e - 1)Qamax
d P 2 PZ 2s
w.b. w.h. (7)

If the lift diameter determined by the first condition is d:, and the lift diameter determined by the
second condition is dz, then the diameter is selected as follows:

If 41> 42 the larger diameter is chosen (i.e., d2).

If d2 < d,, then d: is selected.

This is explained by the fact that an increase in diameter reduces energy losses due to
friction[4,5].

If it is required to determine the pressure loss for a given diameter, the same formula is used:

\/PZ 137747 22%, (€ -1)Q2,
AP =P

d 5
e* ®)
If the calculated AP is greater than the given AP, then Qa.max needs to be reduced.
Now, let's determine the minimum gas velocity required to lift liquid and rock particles from the
bottom of the well, as well as determined gas production based on the given well operation
parameters. The calculation is performed based on the following provided data:
- reservoir pressure Pr =92 atm=9.2 Mpa;
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- reservoir temperature T, =380 K;
- hydrodynamic resistance coefficients:
a=18-10" M

thm
b=64.105(MPa-dayy,

thm

- lifting pipe diameter d = 2.5 "= 0.0625 m;

- condensate density P = 0.78 g/cm?;
- as compressibility factor under reservoir pressure and temperature conditions z init =0.92;

S thm®
well — M S
- well productivity coefficient MPa-day ,
3
e =170 thm
- gas production day .
. Quat = 6;0_n
- condensate production ay;
ton
Quat = 3—

- water extraction day
The minimum production rate required to lift liquid and rock particles from the bottom of the well
is determined by the following formula:

d? T,-P

=2 ad
qmln 4 0min TL'Z Po

init * 9)
Here is - Yomin s the settling velocity of liquid and rock particles in the gas medium, determined
as:

Vomn =10(45-0,0455P, ) )“P, 12
Q . :M 1/4 P—1/2 . 27386,4pwb
a 4 "0 380-092-01
By substituting this minimum value into the flow equation, Pw is determined using an iterative
approximation method:

Pr - I:)v\fb =a-Qup +b'q§1in
9,22~ P2, =18-102(45—0,0455P,,)* - P,/2 + 6410 °[21- P1)45 - 0,0455P, ,)"'* - P2 |

To determine Py from this equation, we test the validity of the equality by giving different values
tO Pw,b,_

We determine that at the value of Pwx=7.5 Mpa, the equality is satisfied: 28.39 ~28.2
Now let's calculate g min : let's assume n=1.

qmin = I(Well (Pr2 - Pvi.b)n

qmin = 6’5(9122 _7,52) = 184,54

0min

:10(45-0,0455P, )

thm®
day
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thm®
day

qmin = 185

The actual production of well N is:

thm?®

=170
qfac day

Since drace dmin (170<185), liquid accumulates at the bottom of the well, leading to liquid
blockages.

In the field, the formation of sand and liquid blockages reduces well production. These blockages
are eliminated by blowing out the well. This means the well is temporarily disconnected from the
collection system and operates with atmospheric blowout. After atmospheric blowout, the well
operates freely[6].

It is assumed that well N, after being blown out, operates at a 30% increased production rate. That
is, the well’s production after blowout is:

Blowing out the bottom of the well takes 15-20 minutes. During this time, there is gas loss:

3
,, =170+ 03170 = 221"
day
Gow = 222990 15 . 20)m? = (2302 3069)m°
24.60

Thus, the average gas loss per blowout is approximately m3. If the well is blown out at least twice
a month, the monthly gas loss is:

qmonth.loss = 268515 2= 5371,0m3
The annual gas loss will be:

=5371-12 = 64452 m°

Qan..loss

Now let's determine the diameter and length of the lift. The calculation is carried out in the
following sequence:
1) First, let's determine the falling speed of the particle:

V, =10(45-0,455- P, )!/* -% —10(45-0,0455-7,5)"/* % —9.3m/sec
w.b '

2) well production per second:
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Qpr = _170000 1,97m* /sec
24-60-60
3) Production in wellbore conditions:
Uy = 1,97w =0,025m* /sec
' 7,5-293
4) gas flow velocity in the shoe will be:
0,025 =8,33m/sec

b 0 0785-0,06252

So, since Vo> Vq, liquid drops will not be lifted to the ground by a 2.5" diameter lift. Therefore, it
IS necessary to reduce the diameter of the lift in the shoe. Therefore, it is necessary to leave a 2"
diameter pipe of 100 m length instead of 2.5", in the lower part of the first row lift. It is also
necessary to increase the length of the first row lift by 1000 m. The first row lift is taken 4"-
3000m; 2.5"-1194m; 2"-100m. In this case, the gas flow velocity in the shoe is:

0025
“* " 0,0785-0,050°

=13,3m/sec

Viwns, Vothe liquid particle is lifted to the surface.

Therefore, since
Conclusion
Depending on the characteristics of the deposits, the optimal technological regime is proposed for
the wells. In order to select the optimal technological regime, the average values of the well
parameters and its product are determined. New individual technological regimes are worked out
for the exploitation wells. Average technological regimes are proposed based on the average
parameters of the wells and their product. At the same time, the diameter of the lift is determined
at the minimum value of the pressure loss in the wellbore of gas and gas-condensate wells. Thus,
by controlling both the length and diameter of the lift in the well , as well as the velocity of the
gas flow in the wellbore, it is possible to eliminate complications in the well and increase
production [7-9].
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QAZ VO QAZ-KONDENSAT QUYULARINDA QUYU GOVDOSINDO TOZYIQ
ITKISININ MINIMUM QiYMOTINDO QALDIRICININ DIAMETRININ TOYINI
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Moqalo qaz vo gaz-kondensat quyularinin optimal rejiminin toyini ilo ¢ixarilan hasilatin idaro
olunmasina hosr olunur. ©vvalca quyularin texnoloji rejiminin segilmasinda totbiq olunan isullar
aragdirilir vo yatagin xiisusiyyotlorindon asili olaraq bu vo ya digor lisulun gobul olunmasi
moqsado uygun sayilir. Madon soraitindo aparilmis quyularin todqiqat naticolori otrafli arasdirilir
vo homin parametrlor hesabat yolu ilo doqgiglosdirilorok optimal parametrlor toklif olunur. Molum
quyu parametrlori osasinda fordi quyular {iclin optimal texnoloji rejim segilir. Eyni zamanda
parametrlorin orta qiymotlori osasinda iimumilosdirilmis texnoloji rejim segilir. Quyular arasinda
olago todqiq olunur vo bir-birilo alagesi olan quyular qrup soklinds segilir. Sonra hor qrup ii¢lin
yeni optimal rejim miioyyon olunur. Qaz-kondensat quyularin asagi zonasindan maye vo bork
hissaciklorin ¢ixarilmasi ilk névbado quyu liilosi daxilindo yuxariya dogru qaz debitindon vo ya
quyunun hasilat siirotindon asilidir. Bundan slave, o, qazin, mayenin vo bork hissociklorin fiziki
xiisusiyyatlorindon, homg¢inin quyunun strukturundan,qaldiricinin  diametrindon vo  digor
parametrlordon asilidir. Qaz kondensati quyusunun asagi zonasindan sotho maye vo bork
hissaciklorin qalxmasinin, adoton, qazin minimal debilori vo ya quyunun minimum hasilat
soviyyasi zamani qaldiricinin sonunda bag verdiyini nozero alaraq, istismar quyulari hagqinda
ovvoalcodon molumat almaq vacibdir. Quyunun dib zonasindan sotho maye vo bork hissociklorin
effektiv ¢ixarilmasi iiclin tolob olunan minimum hasilat doracosi vo ya qaz axini quyunun
miioyyan edilmis quyudibi tozyiqino uygundur.

Acar sozlar: qaz-kondensat quyulari, maye hissaciklori, axin siirati, qaldiricinin diametri,
quyudibi tozyiq, optimal rejim, bohran stirat, maye tixaci.
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PE3IOME

B crathe paccMaTpuBaroOTCs BOMPOCH! YIIPABIEHUS H0OBIYEH MyTeM ONpeAeNeHUs] ONTUMAILHOTO
pexrma pabOThI Ta30BbIX U Ta30KOHAEHCATHBIX CKBaXHUH. B mepByro ouepenb paccMaTpuBarOTCs
METOAbI BbIGOpa TCXHOJIOTHNYECCKOI'O pexcha paGOTbI CKBAXKMH W B 3aBUCUMOCTH OT
0COOEHHOCTEH MECTOPOXKIEHUS MPUHUMACTCS PEIICHHE O IEJIeCO00Pa3sHOCTH MPUMEHEHUS TOTO
WIA MHOTO MeToAa. Pe3ynbrarel OypeHHsl CKBaXXHMH B FOPHOIOOBIBAIOIIMX YCIOBHUAX MOJIPOOHO
W3Y4aloTCs, ST TapaMeTpbl YTOYHSIOTCS IyTEM COCTABJICHHS OTYETOB M IIPEIJIararoTcs
onTUMalibHble TapaMmeTpbl. Ha OCHOBaHMM W3BECTHBIX IapaMeTPOB CKBAXHMH MOAOMpAeTCs
ONTUMAJIBHBIM TEXHOJOTMYECKUH PEXKUM JUIl KaXAOW OTIAEIbHOW CKBaXKHMHBL. [Ipu 3TOM
00001IIEHHBIN TEXHOIOTUYECKUI PEKUM BBIOMPAETCS HA OCHOBE CPEHMX 3HAUCHUI IMapamMeTpOB.
N3yuaroTcst CBSI3M MEXKIY CKBOXWHAMH W CKBAKHUHBI, KOTOPBIC CBSI3aHBI JIPYT C JPYTOM,
OTOMpAIOTCS B TPYMIy. 3aTeM JUIsl KaKIOW TPYMIBI OMPeNesieTcsl HOBBI ONMTUMATBHBIA PEKUM.
YnaneHHe }KI/I)IKOCTeﬁ nu TBep}IBIX BCIIIECTB U3 HI/I)KHGI71 30HbI TAQ30KOHJACHCATHBIX CKBAXXUH

JNNTOA
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3aBUCUT B MEPBYIO OY€pelb OT CKOPOCTH BOCXOZSIIETO MOTOKA ra3a B CTBOJIE CKBa)XUHBI WUIIU
neduta ckBaKWHBL. KpoMe TOro, OH 3aBUCHT OT (PM3MUECKUX CBOMCTB rasa, KHUIKOCTU U TBEPIBIX
YacTHUL, 4 TaKXe KOHCTPYKLHMHM CKBa)KMHBI, HaMETpa CTOAKAa M JPYyTHX IapameTpoB. BaxHo
MOJIYYHUTh MPEABAPUTEIBHYIO0 HH(OOPMAIHIO O JOOBIBAIOIINX CKBAKUHAX, YUUTHIBAS, YTO MOABEM
KUIKUX U TBEPIAbIX YACTHUI] U3 HMKHEH 30HBI Ta30KOHIEHCATHOW CKBa)XMHBI HA IOBEPXHOCTh
OOBIYHO TMPOUCXOIUT B KOHIIE CTOSKA MPH MHUHUMAIBHBIX pacxoJax ra3a WIA MHUHUMAJbHBIX
YPOBHAX AOOBIYM CKBaKMHBIL. MUHUMAaNbHBIA AEOUT WM pacxoj] Ta3a, HEOOXOAMMBIN MAJis
3G HEKTUBHOTO yJAJICHUS KUAKOCTH M TBEPHABIX YaCTHIl U3 MPU3a00HHON 30HBI CKBa)KMHBI HA
MMOBEPXHOCTh, COOTBETCTBYET 3aJaHHOMY 3a00HHOMY JaBJICHUIO CKBAKUHBI.

KiroueBble c€j10Ba: Ta30KOHJEHCAaTHBIE CKBAXXUHBI, YaCTULBl KMAKOCTH, pacxol, AHAMETP
CTOsIKa, 3a00ifHOE JaBJIeHUE, ONITUMANIBHBIN PEeXUM, KPUTHYECKasi CKOPOCTb, MTPOOKa KHUIAKOCTH.
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