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Abstract: The article discusses the issue of pushing water to the surface by injecting gas into the dome of the
water pressure system. The bed is completely filled with liquid. This requires the creation of underground gas
storages in the central upper part of the water pressure system. For this purpose, the water must be pressurized
from the drilled and unloaded wells. In solving the problem, a sequential approximation method is used, and
the formation of the reservoir occurs due to the compression of the fluid through the operating wells. Fluids
and gases that enrich the water pressure system, field system and parameters are known. The boundaries of the
latter are the contours of the press and the flow. According to the time, the water pressure in the reservoir has
been determined by changing the sum of the volume of the cavity at the edge of the reservoir, the capacity of
the created gas and the amount of injected gas. Under the conditions considered, the movement of water in the
areas bounded by the contour of the discharge and flow can be considered as radial. Since this area is not very
large, the elasticity of the water and the porosity of the environment can be ignored. This issue can be consid-
ered as the filtration of incompressible fluid in a non-deformable bed. With a relatively small change in flow
rate due to the constant pressure in the discharge circuit, the Water compressed by the gas flows freely through
the mouth of the discharge well.

Keywords: injection wells, dome, water pressure, flow contour, operating well, water trap, underground gas
storage, pressure loss, gas-water contour

Introdustion: Objective:

The article examines the schematic field water Liquids and gases that enrich the water pressure
pressure system. The bed is completely filled system, field system and parameters are known.
with liquid. An underground gas storage is The boundaries of the latter are the contours of
required in the central upper part of the dome- the press and the flow. It is necessary to deter-
shaped water pressure field. To do this, the gas mine the pressure in the reservoir over time, the
must be pumped into the central part of the volume of the void at the vacuum of the reser-
dome, and from there the water is pumped out voir, the strength of the g

by special wells drilled and unloaded for this
purpose. These wells are located in the form of as created and the change in the sum of the

a circular battery along the radius . The liquid amount of gas injected.

is compressed until the gas-water contact Let’s call the injection well around the disc harge
surface takes an AB state. Subsequent and the flow contours wells circular.
compression is not profitable, because in this Under the conditions considered, the move-
case the gas exceeds the water trap and spreads ment of water in the areas bounded by the con-

across the bed.

85


mailto:aliyeva.afeliya@inbox.ru
https://orcid.org/0000-0001-9071-5154

Afeliva ALIYEVA: Displacing water to the earth's surface bv iniectine sas into a water sunnly dome

tour of the discharge and flow can be consid-
ered as radial. Since this area is not very large,
the elasticity of water and the porosity of the
environment can be ignored, and this issue can
be considered as the infiltration of incompress-
ible fluid in a non-deformable bed [2,3].

Let’s indicate the volume of the cavity in the
gaseous part of the edge of the field by; gas-wa-
ter contact area; in this case the pressure of the
gaseous part of the field — by; the period since
the gas injection —; the decrease in the water
level calculated from the highest point of the
cover — Z; porosity of the gaseous part of the
field — by m; when gas-water contact area — by;
In the AB case, the average radius of water
withdrawal — by; dynamic viscosity coefficient
of water — we; Ro and of the bed; the power of
the gaseous part between the radii and the con-
tours — by h; conductivity — K; water pressure
in the flow circuit — by; specific gravity of water
— ; the height of the water trap - H; the radius of
the discharge well - (Figure 1).

Performance of work: Let's use a sequen-
tial approach to solve the problem. We accept
the calculation as follows. We use a small time
interval at At = ¢,— f, (where {,and ¢, are the
end and beginning of the section) and the ¢,
time near the end of the section with the volume
of space outside the gaseous part of the file Q
[7.8].

- f; q,P,dt+p,Q,
Pg = Q.
PQ—P'Q,
Pat =
0
P =P~y Z-AP

(D)

We find the formula p - pressure p, in the

gaseous part of the field at the time of the final
cut, ¢,- pressure and volume Q- in the gase-

ous part of the field at the time of the initial cut,
k=Q(Z)u,
(H-2), p,, we define
2mkhApn
R R
nR!,R;"'R,

q; (2)

4, In
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According to the formula ¢, we find the debit

sum of the compressed water at the end of the
cutoff time. Then we determine the change in the
volume AQ of the cavity at the edge of the gase-
ous part of the field over time. However, it
should be noted that the average consumption of
the liquid A¢in a small period of time is equal to
the arithmetic mean of the initial and final sec-
tions

qw + qk
2

AQ = At 3)

The new value of the outer space volume is
Q, =Q, +AQ We repeat the calculation as de-

scribed above until the values of accepted Q

and Q, obtained are not equal or the calculation

that can be accepted differs in accuracy. Then we
work with the following values of Af and Q

and accept the initial Q, and p,, values of ;_70

and Q in the same way in the report. By

squeezing the liquid from water trap of the oper-
ating wells with gas it is possible to create un-
derground reservoirs under different boundary
conditions in the press contours [1,4]. In the gen-
eral case q, =¢,, (¢). This shows that the con-

sumption of gas injected into the water trap is
well known. Boundary conditions in the flow
contour are p, . =const. The presence of a

constant pressure in the discharge circuit results
in the gas flowing freely through the wellhead of
the discharge well at a relatively small change in
flow rate [9].

In the following case, gas reservoirs are created
by squeezing the liquid from the working wells
in the water pressure system of the field, and in
this case the injected gas consumption is known.
It is required to calculate the creation of the res-
ervoir. In this case, let’s carry out the calculation.
The scheme of the field water pressure system is
given in Figure 1.

We accept the following data for the calcula-
tion. The porosity of the field is 0,2 m, the coef-
ficient of permeability is 1,5 darsi, the dynamic
coefficient of water viscosity, y, , centipoise 1,

field capacity 20 m, pressure in the discharge
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contour, R, .6 MPa, pressure in the contour of
the feeding area P, 6 MPa, radius of the dis-
charge contour, R, , 3000 m, specific gravity of
water 7, 1000 Q/m>, water trap height — 55m,
radius of the emptied well, R, 0,1 m, average

radius of fixed water intake, R, = R, 500m,

27dchn’

~2+3,14+1,5+2000+40+ 0,864 *10

constant consumption of injected gas g, 108

m®/day, radius of contour of feeding area R, ,

19,47 km, number of operating wells, 40, num-
ber of pressure wells, 20. Let's calculate the value

of: g, =AP+A4,

=845m’ / day

2 2
Rca™R,)".

ﬂmf ]n #
nR' R R

2,3+33,5°10

The results of the above calculations are given in Table 1.

Table 1. Basic data characterizing gas storage facilities created by displacement of water from operating wells

-/ = - 6 "
tot, =N | Q P ’i Ap,at | 4, .| gq.,10 AQ, Q'
days 10°m> | pmp, m’ /day, at | m®/day | 10°m” | 10°m’
60-0=60 0,84 7,15 5,35 16,56 845 13,900 0,84 0,84
120-60=60 1,675 7,165 7,45 16,41 845 13,60 0,834 1,674
180- 120=60 2,507 7,18 9,05 16,39 845 13,830 0,831 2,505
240-180=60 3,336 7,192 10,5 16,37 845 13,820 0,830 3,335
300-240=60 4,16 7,202 11,7 16,35 845 13,810 0,828 4,163
360-300=60 4,99 7,212 12,9 16,33 845 13,800 0,827 4,99

According to Table 1, the dependencies Q. 7
— : —) . 1op, =p (s  2-Z=Z(
p, =p,() and Z = Z(r) are setup (Fig. 2). ( at ) P, =pr,0); )

As it can be seen from the calculation, if the for-
mation of the reservoir is due to the displace-
ment of the fluid through the operating wells,
then the storage of the reservoir in a stable gas
injection the rate of formation is almost constant

Based on the above (Table 1), the calculation of
the gas storage can be done using formula (1),
[5,6]:

[1+a(-Z, )+Q2 QI]
AQ= At 0 (4)
1+ A ( ﬂ‘+%)
2 0 0
Here
Q, Q, _ z
b= HF,m Q_Z H
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jp— F }/WH 2ﬂkhpdcn
F:_, a=——, q0= R2n_|R2n
Fy Pacr 4.1 de. 1Y
" nR) R'R,
t
. Q, _t _ _
n—number of working wells, q_ =T, t= T 0= J;]gpm, O=q,put,
0 0

at -constant the initial data for the calculation has been carried out according to the formula (4) in
the previous example t = 60 days; Q, =0,84+10°m>; p, =7,15MPa;
Z,=535m,F, =32+10"m>; Q, =56,5°10°m>; F, = 61610°m” was carried out according

to the initial data.
To perform the calculations, it is necessary to compile an auxiliary table (2).

1000+ 55 56,5+10°
a=—1=0,092, f = - =0,833
6010 556,16+10° 0,2
— 535 2+314°1,5+2000¢60+40+0,864+10° \
Z, = =0,00975, g¢q, = 5 =50700m" / day
5 2333510
sT—M—oomzw F—ﬂ—ozm T—M—IIISd
07 565.10° 0T 020616100 0 1 T 507410 4
Table 2. Values of t, 7 and Q
t, days T Q t, days T Q
0 0 0,0177 180 0,1617 0,0708
60 0,0539 0,0354 240 0,2156 0,0885
120 0,1078 0,0531 300 0,2695 0,1062
0,0539 [~1+0,092(1—0,0975) + 0,0177+0,0354
e ’ ’ ’ 2+0,01487  0.0088
B 0,092 +0,833 0,0354 -

1
1+-0,0539(0,257 +
2 ( 0,257 (0,01487)°

Q, = 0,01487 +0,0088 = 0,02377

Q, =56,5+10°+0,02377 =1,34+10° m°

Z, =6,Tm
4 0.7 0,122, F 40,0-10° 0,322 8,95MP.
= = =_— = a
‘55 T 006160100 T P T

In the next calculation, let’s take the values of  and comparison with the data obtained by the se-
Q, 7, and F-1 as the initial values and follow the = quential approximation method (Tablel), are
same procedure. The results of the calculations  given in Table 3.
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Figure 1. Scheme of the field water pressure system

1 - pressure wells; 2- operating wells; 3 - H is the height of the water trap; 4 — field wa-
isogips; 4- waterproof bed cover; ter height; AB - the lowest possible level of
FC- flow contour; PC — pressure contour; R, — gas-water condition

radius of pressure well battery (R, = R,);
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Figure 2. Dependence curves
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Table 3. €2 calculated by the formula (1) and the corresponding values Z, F..p <

t, Q, Z, F, Dy» (Q,—Q)*100 , (p,—p)e100 |
6 3 4 2 ” )

days 10°m m 10" m MPa Q, D,

0 0,84 5,35 32,0 7,15 0 0

60 1,34 6,70 40,0 8,95 20 24,9

120 2,15 8,45 50,0 8,37 14,3 16,6

180 3,07 10,0 60,0 7,82 8,0 8,74

240 3,99 11,5 69,0 7,52 4,08 4,83

300 4,87 12,7 76,0 7,4 2,4 2,61

It can be seen from Table 3 that Az =0,0539

is obtained by the sequential approximation
method.

The relative error in the accepted values Q
and p, is too large at the beginning of the cal-

culation and reaches 20 and 24,9%, respectively.
Then these values decrease and when t = 300
days it is 2,4 and 2,61%, respectively.

To increase the accuracy of the report, it is
necessary to reduce the value of At to At = 1,01
0,005, which in turn significantly increases the
volume of calculations. However, in modern
computing, all operations can be performed
quickly and at a very low value of At.

At the bottom of the pressure wells, the pressure
at the calculated value of p, is as high as the

pres sure from the well to the gas-water contour
during gas filtration.
Conclusion

Thus, the presence of a constant pressure in
the flow contour results in the gas flowing freely
from the wellhead of the working well at a rela-
tively small flow rate, and the formation of a res-
ervoir occurs by compressing the fluid through
the working wells.
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SU TOCHIZATI QUBBOSINO QAZ VURULMASI VASITOSILO SUYUN YER SOTHINOD
CIXARILMASI

Afeliya OLIYEVA
Azorbaycan Dovlot Neft vo Sonaye Universiteti
Neft vo Qaz Miihandisliyi kafedrasinin miisllimi
E-pogct: aliyeva.afeliya@inbox.ru

Xiilasa: Mogqalads, sutozyiq sisteminin kiimbazino qazin vurulmasi ilo suyun yer sothina sixisdirilmasi
maosolasing baxilmisdir. Yataq biitovliikds maye ilo doldurulmugdur. Bunun ii¢iin sutazyiq sisteminin markazi
yuxari hissasinds yeralti qaz anbarlarinin yaradilmasi tolob olunur. Bu magsadle do homin suyu qazilmis vo
yiikstizlagdirilmis xiisusu quyulardan tozyiq altinda sixigdirmaq lazimdir. Masoaloni hoall edorken ardicil
yaxinlagma iisulundan istifads edillir vo anbarin yaranmasi isloyon quyular vasitasilo mayenin sixigdirilmasi
hesabina bas verir. Sutozyiq sistemi, yatagin sistemi vo parametrlori zonginlosdiron maye vo qazlar
molumdurlar. Sonuncularin sarhadlori basma konturlari vo axmasidir. Zamana goérs anbarda su tozyiqi, anbarin
qiraginda boslugun hacminin, yaradilmis qazin giiciiniin vo vurulmus qaz miqdarinin cominin doyismasi ilo
toyin edilmisdir. Baxilan sortlords sixisdirilan vo axma konturu ilo mahdudlagan sahslords suyun horakatini
radial kimi gqabul etmak olar. Qeyd olunan sahs ¢ox da boylik sahs olmadigindan suyun elastikliyi vo miihitin
mosamoliyini nazors almamaq olar. Bu maraglandiran masaloys deformasiya olmayan yataqda sixilmayan
mayenin siiziilmoasi kimi baxmaq olar. Axma konturunda sabit tozyiqin olmasi ilo debitin miiqayisali kigik
doyismosinds gazla sixisdirilan su, bosaltma quyusunun agzindan sorbost axmasi ils naticalonir.

Acar sozlaor: yeralti gaz anbari, kiimbaz, su tozyiqi, axma konturu, islyon quyulair, vurucu quyulai, tazyiq
itkisi, qaz-su konturu

BbITECHEHHME BO/Ibl HA TIOBEPXHOCTbD 3EMJIA ITYTEM 3AKAYKH I'A3A B
BOJOHAITIOPHBIN KYIIOJI

Adeans AJIMEBA
Azepbaiimxanckuii ['ocymapctBennbiii YauBepcuter Hedtu u [IpombiuieHHOCTH
[IpenogaBarens kadeapsl HeTEra30BOM HHKCHEPUH
E-mail: aliyeva.afeliya@inbox.ru

Pe3tome: B crathe paccMoTpeHa mpobieMa BEITECHEHHUST BOABI HA MOBEPXHOCTh HATHETAHUEM Ta3a B KyIOJ
BOJIOHATIOPHON CHCTEMBI. 3aJie)kb TOJTHOCTHIO 3aI0HEHA KUAKOCTHIO. Tpedyercs co3nanne MoA3EeMHBIX Ta-
30BBIX XPaHWINIL Ha EHTPAJIbHOM BEpXHEH YacTH BOJOHATIOPHOM cucTeMBI. J{J1st 3TOM e HeoOX0 MO BhI-
TECHEHHUE BOJIBI U3 MPOOYPEHHBIX Pa3rPy:KEHHBIX CKBaXKHH MO JaBieHueM. [Ipu pemeHnn 3Toil mpodieMbl
WCIIONIB3YETCSI METO/ TIOCIIEeI0BATEIFHOTO IPUOIMKEHNS U CO3/IaHUE XPAHMIIUIIA TIPOMCXOJIUT 33 CUET BBITEC-
HEHHS JKUJKOCTH C MOMOIIBIO IEWCTBYIONIMX CKBaXHH. VI3BECTHBI XHUJIKOCTU M Ta3bl, KOTOPbIE 000raIaT
BOJIOHAIIOPHYIO CHUCTEMY, CUCTEMY M MapaMeTpbl MECTOPOKAECHM. | paHUIIaMU TOCJIETHETO ABIAIOTCS KOH-
TypbI U TIOTOK. B 3aBHCHMOCTH OT BpeMeHH HEOOXOIMMO OIPENEIHNTh JaBICHUE B XPAHWJIHIIE, O0bEM ITy-
CTOTHI Ha TPAHMIIE XPAHWIUIIA, CHITY TTOBSUIEHHOTO ra3a M N3MEHEHHUS KOJINYeCTBa HarHETEHHOTO Ta3a.

B paccMaTpuBaeMBbIX YCIOBHUSX B 30HAX, OTPAHUYUBAIOLIMNXCS KOHTYPAMH HATHETaHUS U MOTOKHU JBUXKEHUE
BOJIBI MOXKHO TIPUHSATH KaK pajuaibHoe. Tak Kak OTMEUYCHHAs 30HA HE SBISETCS OOJBIION, TO 3JIaCTUYHOCTh
BOJIBI M MTOPUCTOCTH OKPY KAIOIIEH Cpeasl He MPUHUMAETCS BO BHUMaHHeE, U MHTEpeCyIollas Hac mpobiema
MOJKET pacCMaTpUBaThC KakK (QUIbTpauUus HECKUMAEMOH KUAKOCTH B HeAePOPMUPOBAHHOM MECTOPOXKAC-
HUH. B pe3ynbrare NOCTOSHHOTO JaBJICHHS B KOHTYPE MOTOKA MPOUCXOIUT CBOOOTHBIN MMOTOK BOJBI, CKHMA-
€MBIH ra30M TIPU MaJICHbKOM U3MEHEHUH JIeOnTa.

KuroueBble cioBa: 1moa3eMHbIe Ta30XpaHWIUINA, HAIOP BOJBI, KOHTYP IOTOKA, NEUCTBYIOLINE CKBAKUHBI,
HarHeTaTeNbHbIC CKBAXKUHBI, IOTEPSI TABICHUS, Ta30-BOAHONU KOHTYD, KYIIOJ
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