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O6’ckmom docuiomncenns € Ho8UL Memo0 Ni0xX00Y YNPAGIIHHI ONMUMATLLHUM MEXHOLOZIUHUM PENCUMOM POOOMU
2A308UX 1 2A30KOHOCHCAMHUX C8ePOL0SUN. Bidsnaueno, wo 3 Memoio onmumisayii mexnonioziunozo pexrcumy ceepo-
JIOBUHU, ULTLAXOM BULYUEHHS PIOKUX | MEEPOUX UACMUNHOK, HEOOXIOHO 3HAMU MIHIMATLHE 3HAUEHH 6UI0OYMKY 243y
abo weudKocmi nNOMOKY 2asy, AKUIL, 8 C6010 uep2y, 3a0e3NeUYEmvbCsl GUSHAUEHHAM GI0N0GI0H020 3HaUeHHA 3a6iliH020
mucky. /[ns eusnavenus 3a6itinozo mucky, npu SKoMy c6epoI0BUHA BUXOOUMD HA ONMUMATLLHULL PENCUM POGOMIL,
OYN0 OMPUMANO PIBHANHA, WO MAE CKAAOHY OY008y w000 3a6itin0z0 mucky (MUCKY 6 Uepesury nioUoOMHUKA),
Ol BUPIULeHISL K020 3ACTNOCOBYBABCsL 2padpoanarimuunuti memoo. [pononosanuii cnoci6 onmumisayii pobomu
2A306UX T 2a30KOH0EHCaAMHUX C8ePOL0BUH OY6 anpobosanuil a 0chogi axmuunux danux. Taxoxc 6yia noxazana
MOJNCIUBICIM GUSHAUCHH ONMUMATLHOZO0 PENCUMY POOOMIU 24306UX | 2A30KOHOEHCAMHUX C8EPOOBUH 3A 00NOMO2010
BUHAUEHH S 3HAUEHD 3A0TUHOZ0 MUCKY, NPU AKUX 3A0€3NeUYEMbC GUHECEHHS PIOKUX | MEePOUX YACMUHOK i3 3a6010
C6EPONOBUN 1A 3eMHY NOBePXHIO. [IPU 4bOMY BUKOPUCMOBYEANUCS 6UXIONT Oai Onst ceeponosur (Ne 6521 704), saxi
excnayamyiomocs na VII zopusonmi podosuwa Canzauan-mope-Ayeanns-mope-Xapa-3ups (Asepbaiioxcan), 0ns
BU3HAUEHHS IX MexHON02iunUx pewcumis. [loxkasano, uo npeocmasisacmoes MONCIUBUM NIOSUWUMU NPOOYKMUBHICID
MOPCOKUX 2A308UX T 2A30KOHOCHCAMHUX CEEPONOGUN ULLAXOM SMIHU KOHCMPYKULL IX NIOUOMHUKIG. 3anpononosanul
cnoci6 00360.s€ sumszysamu pioki i meepoi uacmunky 3i cmosoypa na semmy nosepxiio. /s KoxHozo sunaoxy
PO3PAXOBYBANUCS WBUOKOCTIE OCAVNCEHH UACTMUHOK 8 2A3060MY Cepedosullyl i WeUIKICMb NOMOKY 243y 6 Yepesu -
Ky nidiomnurxa. Cyosuu 3a 3HAUEHHAM PI3HULT WEUOKOCMEN 0CADNCEHH YACTMUHOK, WO BUSHAUATUCS, | NOMOKY
243y 6 uepesuKy NioOMHUKA, BCMAHOBIIOEMBC MONCIUBICTY YMBOPeHHs. PIOKUX NPoBOK 6 cMOoBOYPi c8ePOI0GUH.
Y eunadxy ecmanosnenms sunuxnens cumyauii, Koau weuokicms 24306020 NOMOKY He 3abe3newumn eumsez piokux

YACMUHOK HA 3eMHY NOBEPXHIO, NPONOHYEMbCA IMIHUMU diamempu NidLOMHUX MPY6.
Kmouosi cnosa: excniyamayiiina ceeponosuna, ONMUMATLHULL MEXHOL02IUHUT PEACUM, BUOOOYMOK 243y T KOH-

Oencamy, 243061 ma 2a30K0HOeHCAMi POOOBULLA.
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1. Introduction

As it is known, one of the key issues in the development
of a project for the development of gas and gas condensate
fields is the choice of technological modes of operation of
wells. Maintaining stable gas and condensate production
from fields at the development stages can be provided by
the selected technological regimes for wells [1, 2]. How-
ever, due to obstacles encountered in the process of gas
production, the well operation mode is violated, and gas
production decreases [2, 3].

The development of new methods and approaches to
determine and control the optimal technological modes
of operation in wells to increase or stably maintain well
production at the stages of field development are important
issues for gas production processes [2, 4]. In connection
with a change in the design of the hoists in order to
stably maintain or increase the productivity of gas and
gas condensate wells, it is necessary to ensure the selec-
tion of new technological operating modes [2, 5]. So, in
the study [3] it is shown that it is impossible to develop
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unified methods to combat sand ingress in the well for the
conditions of all fields. The difference in the geological
and physical properties of the productive formations of
many fields, well operating conditions, production equip-
ment and other factors require special studies to select
the most effective sand ingress control methods.

In [5], a method is proposed for removing liquid from
a gas condensate well and an installation for its imple-
mentation.

In [6], the causes of the destruction of the productive
reservoir and the main methods of dealing with the removal
of mechanical impurities from the well are considered.
Depending on the destruction of the reservoir, various
formulations with improved properties are recommended
for use during the repair work.

The study [7] provides an overview of the work to
prevent sand formation in waterlogged gas wells, where
it is emphasized that the appearance of sand in the bot-
tom of gas and gas condensate wells is due to various
reasons, mainly related to the mechanical properties of the
reservoir. Therefore, the main problem facing researchers
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is the development of new technologies and process fluids
that would prevent the destruction of the near-well zone
of the formation by fixing and cleansing the formation of
reaction products. And also reduce the likelihood of re-
contamination of the near-well zone, increase the efficiency
and reliability of the work, reduce their duration and cost,
ensure minimum costs for the subsequent development of the
well being repaired due to a smoother start-up of the well.

In the publication [8], the basics of constructing an
automated system designed to record the removal of me-
chanical impurities (sand) from gas production wells are
considered.

The results of some studies show that at a later stage
of production, the minimum energy required to draw fluids
from the well is higher than at the initial stage of produc-
tion [9, 10].

It should be noted that in most of the works de-
voted to combating the complications associated with the
manifestation of liquid and solid particles in the bottom
of gas and gas condensate wells, the tasks of determin-
ing technological measures in the bottomhole zone of the
wells are studied.

An analysis of the relevant work confirms the relevance
of the study of tasks to optimize the operation of wells
under complicated conditions associated with the manifes-
tation of liquid and solid particles in the well. Therefore,
from the point of view of the nature of the research, it is
required to determine the minimum bottomhole pressure
at which the well will operate in the indicated optimal
mode for a certain time.

In view of the foregoing, the object of research is
a new method for optimal control of the technological
regime of gas and gas condensate wells. And the aim of
research is its practical justification, taking into account
the manifestation of complications directly in their near-
well conditions.

2. Methods of research

The new approach method mentioned in the previous
section was applied to determine the technological ope-
rating modes of wells (No. 652 and 704) operated on the
VII horizon of the Sangachal-Sea-Duvanny-Sea-Khara-Zira
field (Azerbaijan). The sequence of calculations of the
methodology, the results obtained and their comparison
with field data are given below.

The extraction of liquid and solid particles from the
near-well zone of the wells mainly depends on the rate
of gas rise in the bore or production of the well, as well
as on the physical properties of the gas, liquid and solid
particles, well design and other parameters.

Since the extraction of liquid and solid particles on
the earth’s surface from the bottom of a gas condensate
well is ensured at a minimum gas flow rate in the elevator
shoe or at a minimum well production, the source data
should be known from production wells.

Below are the production data required for the wells.

Initial information for well No. 652:

— reservoir pressure P, =17.5 MPa;

— reservoir temperature T, =365 K;

— coefficients of hydraulic resistance of filtration —

A=42-10"* MPa-day,/thousand-m?;
B=65-10" (MPa-day/thousand-m?)?

— elevator design:

I row: 4”7 — 2766 m; 2.57 — 750 m;
IT row: 2.57 — 2736 m;

— diameter of the lift of the first row in the shoe d=
=2.5"=0.0625 m;

— gas compressibility coefficient in P, and T,,, Z=0.9;
— well flow rates — Q, =90-10> m3/day; Q, =1.5 t/day;
Q, =5 m3/day;

— well productivity coefficient —

K=1.2 thousand-m?3/MPa-day.

Initial information for well No. 704:
— reservoir pressure P, =17.5 MPa;
— reservoir temperature 7,, =365 K;
— coefficients of hydraulic resistance of filtration —

A=148-10"2 MPa-day/thousand-m?;
B=50-10" (MPa-day/thousand-m?)?
— elevator design:

I row: 4”7 — 2902 m; 2.5” — 620 m;
IT row: 2.57 — 2863 m;

— diameter of the lift of the first row in the shoe d=
=2.5" =0.0625 m;

— gas compressibility coefficient in P, and T,;,, Z=0.9;
— well flow rates Q,=110-10° m®/day; Q, =12 t/day;
Q=8 t/day;

— well productivity coefficient:
K=1.6 thousand-m®/MPa-day.
The minimum gas production to ensure the extraction

of liquid and solid particles from a gas condensate well
is determined by the following equation:

nd®>  Tyh, )
min = Yo 5 5
q TRz €Y)
where v, — the sedimentation rate of particles in a gaseous
medium:

1 1
v, =10(45-0.045P,)7 P2, 2)
where Ty and Py — the temperature and pressure in the normal
condition, respectively; P, — bottomhole pressure.
Then, given (2) in (1) to calculate the minimum gas
production, let’s obtain:

IyP,

T,BZ’

1 1
Goin =0.785-0.06252 - 10(45—0.045P, )T P? - (3)

SO

1

1
Guin =25.3(45-0.045P, )1 B (4)

If to take into account the expression obtained in the
inflow equation (P} —-P?=AQ,+BQ7), then let’s obtain
the equation for determining the bottomhole pressure.
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3. Research results and discussion

Let’s carry out calculations for well No. 652.

The minimum value of gas production or gas flow rate
to ensure the extraction of liquid and solid particles from
the well corresponds to the bottomhole pressure determined
by the equation:

o1
P2 =42102-25.3(45—0.045P, )7 P? +

2

17.5% -

1 1

+65-107| 25.3(45-0.045P, )1 P? ®))

Regarding P, equation (5) is solved by two methods:

1) iterative method;

2) graphoanalytical method.

To determine the bottomhole pressure P,, let’s select
the graphoanalytical method.

The left and right sides of the resulting equation are
denoted by y:

y=f(P) and y=o(PR),

y=17.5" P2,

1 1P
y=10.5(45—- 00451’;,)413,7 +0. 41|:(45 00453,)4B,:| . (6)

The solution of the system of equations (6) using the
graphoanalytical method becomes possible at given bot-
tomhole pressure values (P,=16, 15, 14, 13, 12, 11 MPa).

Based on these values, graphs y= f(B,) and y=0¢(P,)
are constructed, and the point of their intersection is
considered the value of the bottomhole pressure. The de-
termined bottomhole pressure provides the extraction of
liquid or solid particles from the bottom to the earth’s
surface.

The sequence and calculation results of the right side
of the equation y=@(P,) are given in Table 1.

First, it is determined y= f(P,) (dependence (1)),
y=0(P,) (dependence (2)), and then P,=13.1 MPa is
determined in accordance with dependences (1) and (2)
(Fig. 1).

With this value of the bottomhole pressure, the re-
moval of liquid and solid particles to the earth’s surface
is possible. According to this bottomhole pressure value,
the minimum well production is determined:

K(P} - F})".

It is believed that n=1:

Gmin =

Goin =1.2(17.5* =13.1*) =161.6,

SO

Gmin = 161»6 10% ms/day.

Actual production of well No. 652 is 10210 m3/day,
that is Q; <@, the production of the analyzed well is
less than the determined theoretical production. In this
case, it is impossible to extract liquid and solid particles
to the earth’s surface in the analyzed well. In other words,
well production is reduced due to the formation of liquid
plugs in the bottomhole zone of well No. 652.

To eliminate the fluid plug formed in the bottomhole
zone of production wells in offshore conditions, the well
is purged with gas.

At the same time, the well is operated without a fitting
with minimal buffer pressure and maximum production.
Then the product from the well is sent to the flow line.

When purging, the well is operated by «free produc-
tion», which is determined by the following equation:

First, let’s calculate the values y according to y = f(B,): _ \/AQ +4(B+6)(P)—6*) -4
qs = )
2(B+0)
y(16)=17.5* =16* = 306.25- 225 =50.25, 2272
0=1.3770—2 Zawla (e -1),
y(15)=306.25-225=81.25, v
pH
y(14)=306.25-196=110.25, 5=0.0683-——, ()
y(13)=306.25-169=137.25,
where A — the hydraulic resistance coefficient of the lift;
y(12)=306.25-144=162.25, Z,, — the average coefficient of gas compressibility in the
well; T, — the average temperature of gas in the well; d; —
y(11)=306.25-121=185.25. the internal diameter of the lift.
Table 1
The sequence and results of the calculation of the equation for well No. 652
No. | B 0.045-F, 45-(3) 4] N 10.4-(5)-(6) 4] 0.41.(8)-P, = [7}+9)
1 16 0.728 4427 2.5979 4.0 109.35 6.654 43.65 153
2 15 0.6825 4432 2.580 3.87 105.84 6.657 40.94 146.78
3 14 0.6370 44.36 2.581 3.74 102.32 6.660 38.23 140.55
4 13 0.5915 44.41 2.581 3.61 98.76 6.664 35.32 134.28
5 12 0.5460 44.45 2.582 3.46 94.70 6.667 32.80 127.5
B 11 0.5005 44.50 2.583 3.32 90.90 6.671 30.08 120.98
; 48 TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 4/1(48), 2019
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Fig. 1. Determination by graphoanalytical method for well No. 652

It should be noted that the equation used is applied
when the gas flow velocity at the mouth does not exceed
the critical velocity (400 m/s).

Let’s assume that when a gas is purged with a bot-
tomhole zone, well production is twice its actual value.
In this case, the production of the well will be m3/day.

In most cases, gas is purged with the bottomhole zone
of the well within (15+30) minutes.

In this case, gas loss during the purge process will be:

204000 15+30)=(2125+4250
0= g g (1530)=( ) m,
SO
q{)=3100 ng‘

On the other hand, it should be borne in mind that
gas purging of the bottomhole zone of the well is carried
out 3 or 4 times during the month, and g, =9300 m3
of gas is consumed during the month.

Gas loss during the year will be:

Gyear =9300-12=111600=111.6 thousand m?3/year.

Let’s determine the diameter and length of the eleva-
tor at which it is possible to extract solid particles from
the bottom of the well to the earth’s surface.

The calculations are carried out in the following se-
quence:

— determination of the rate of deposition of particles

in a gaseous medium:

1

1
v, =10(45-0.045P,)1 P2 =

1 1
=10(45-0.045-13.1)7-13.12 = 9.3 m/s;

— the amount of gas produced per second:

102000 148 mP/s
“=2560.60 1O M/
— well production at the bottom hole condition per
second:

0.1 365-0.98

4= 118937 593

— 3 /qr
o =0.011 m%/s;

— gas flow rate in the shoe of the lift:

0.011

-0.0625

- 3
07852 =3.6 m”/s.

v, =

From the result obtained, it becomes clear that due
to the fact that the diameter of well No. 652 is equal
to 2.5” the gas flow rate will not ensure the extraction
of liquid particles to the earth’s surface. Therefore, it is
necessary to reduce the diameter of the riser pipe. For
this purpose, it is necessary to change the design of the
elevator, that is, increase the height of the first row of
the elevator 150 m and take the diameter 1.5”. In this
case, the first row of the well design is taken as follows:
4”7 — 2766 m, 2.5” — 750 m, 1.5” — 150 m, and the second
row is left as in the previous condition.

For the case d=1.5", let’s determine the gas flow ve-
locity in the shoe:

0.011

0.785% -

0,038 =9.7 m/s,

Vs =

that is, in the design of the proposed well, the gas flow rate
in the shoe exceeds the rate of deposition of liquid particles.

Thus, the loss of gas will be prevented, since when
changing the length and diameter of the elevator it will
be possible to extract liquid or solid particles from the
bottom of well No. 652 onto the earth’s surface.

According to the developed method, let’s carry out
the following calculations for well No. 704.

The minimum value of gas production or gas flow
rate to ensure the extraction of liquid and solid particles
from the well corresponds to the bottomhole pressure
determined by the equation:

17.52 = P2 = 48102 -25.3(45 0. 045P,,)4Pb
1 1P
+65-10° 25.3(45—0.0451),,)4112} ,
1
17.5? = P2 =12.1(45—0.045P, )7 P? +

1
+0.42(45-0.045P,)2 P,.

Dependencies y= f(P,) and y=@(P,) are built:

y=17.5" P2,
1 1

1
y=12.1(45-0.045P, )1 P +0.42(45—0.045P, )2 P, .

The values y =17.5% — P? for the given bottomhole pres-
sures (Py=16, 15, 14, 13, 12, 11 MPa) are calculated for
well No. 652 (these results are identical for well No. 704).

The sequence and calculation results of the right side
of the equation y=@(P,) are given in Table 2.

First, it is determined y= f(P,) (dependence (1)),
y=0¢(P,)) (dependence (2)), and then P,=12.8 MPa is
determined in accordance with dependences (1) and (2)

(Fig. 2).
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Table 2
The sequence and results of the calculation of the equation for well No. 704
No P, 0.0455P, 45-(3) 4a N3 12.1(5}16] J4] 0.32(8](2] = [7)4(9]
1 16 0.728 44 .27 2.579 4.00 124.82 6.654 34.07 158.89
2 15 0.6825 44.32 2.580 3.87 120.81 6.657 31.85 152.76
3 14 0.6370 44.36 2.581 3.74 116.80 6.660 29.84 146.64
4 13 0.5915 44 .41 2.581 3.61 112.74 6.664 27.72 140.46
5 12 0.5460 44.45 2.582 3.46 108.10 6.667 25.60 133.70
B 11 0.5005 44.50 2.583 3.32 103.76 6.671 23.48 127.24
Y 200 — the amount of gas produced per second:

180 ‘\\

a0 >‘<”‘ : O 127w
Go =57~ =1.27 m’/s;
140 24-60-60
"

120 .

100 — well production in the face conditions per second:

80 N

60 AN, 0.1 365-0.9 s

40 =1.27 7 293 =0.0112 m°/s;

20

0 T . . .

10 11 12 13 14 15 16 17 — gas flow rate in the shoe of the lift:
P, MPa

Fig. 2. Determination by graphoanalytical method for well No. 704

According to this bottomhole pressure value, the mini-
mum well production is determined:
K(P;

Gmin = - })}72 )n =

=1.6(17.5*-12.82)=227.7 thousand m?/day.

Actual production of well No. 704 Q < gy, (110<227.7):

Gs=2-110=220 thousand m?/day,

220000

9 =55gg (15+30) = (2300+4600) m*,

g, =34-50-3=10350 m?,
gyem = 10350 12=124200 In?’/day.

Now let’s determine the diameter and length of the
elevator, at which it is possible to extract solid particles
from the bottom of the well to the earth’s surface.

The calculations are carried out in the following se-
quence:

— determination of the rate of deposition of particles

in a gaseous medium:

1

1
v, =10(45-0.045P, )i P? =

1 1
=10(45-0.045-12.8)7-12.8> =9.4 m/s;

0.0112

—-0.0625

_ 3
N =3.65 m3/s.

Vs =

From the obtained results it can be seen that v,>v,
(7.22>3.65). This means that a liquid plug forms in the
bottom of the well.

To ensure the extraction of liquid particles on the
earth’s surface, it is necessary to change the design of the
elevator. Therefore, it is necessary to reduce the diameter
of the riser pipe and increase the height of the first row
of the elevator 120 m. In this case, the first row of the
well structure is adopted as follows: 4” — 2902 m, 2.5” —
620 m, 1.5”7 — 120 m.

For the case d =1.5", let’s determine the gas flow velo-
city in the shoe:

0.0112

0.785% -

o055 =988 m/s=10 m/s,

Vg =

that is, in the design of the proposed well, the gas flow rate
in the shoe exceeds the rate of deposition of liquid particles.
Thus, the loss of gas will be prevented, since when
changing the length and diameter of the elevator it will
be possible to extract liquid or solid particles from the
bottom of well No. 652 onto the earth’s surface.

4. Conclusions

The practical justification of a new method of the opti-
mal control approach for the optimal technological regime
of the wells in case of complications associated with the
manifestation of liquid and solid particles in the face.

The proposed approach allows to determine the mini-
mum bottomhole pressure at which gas and gas condensate

;50
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wells will operate in the optimal mode due to a change
in the design of the elevators.

The proposed method allows to extract liquid and solid
particles from the bore of gas and gas condensate wells
to the earth’s surface and, therefore, to ensure the tech-
nological efficiency of their operation.
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