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Annotation. The concept of natural protec-
tion of the subsaoil is given. It is relevant both
for well-developed regions and for areas of
poorly studied territories. It is necessary to
reduce or prevent the negative consequenc-
es of the exploration process on oil, gas, and
bitumen-prospective lands. It is obvious that it
is advisable to take into account accumula-
tions of hydrocarbons (natural bitumen,
heavy oils, gases of shallow depths) in the
upper part of the section during prospecting
and exploration for oil and gas. The concept
of assessing the negative effects on the geo-
logical environment of the presence of hydro-
carbons in the near-surface zone under any
impact of the mining industry is considered. It
is noted that the assessment of the natural
(natural) protection of the geological envi-
ronment is an innovative area of environmen-
tal geophysics.

Keywords: subsurface, geological environ-
ment, oil, gas, natural bitumen, exploration
process, negative consequences, Ssecurity,
environmental geophysics, environmental
monitoring, geophysical monitoring of wells,
approach concept.
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$3 ! | - - | Annotation. In this article, we will review the
| . 11 _ | Tihama Basin on the west coast of Yemen in
’ ’ ’ order to fully understand its geology and
hydrocarbon potential. We will examine the
, , ! - | literature, field data, twelve deep exploration
1 1 wells, five surface stratigraphic tests, and
4 1 - seismic data sampling. The study involves
compiling intelligence data collected by dif-
1 ) ~ | ferent companies since the early 1950s. As a
1950- . ! - | result, study stratigraphic correlation profiles

1 and structural sections compiling.

= ( " ( : , | Keywords: geological structure of deposit,

_ | geological and geophysical knowledge, basin
o stratigraphy, Tiham basin, republic of Yemen,
’ : ’ : red sea.

- 30-50

! ' [1].

1 40-60 ! T )
60-80

23



- 2024

& Islands
Exploratory wells
[Jmain Citics
Gulf of Aden - I:Mk:“ =y
"l 1-% ( :
- @a - | ), 1 1 -01
- 1 I -
) 8 ,
(2. -
: ! , -
12 ( .1, !
! 2 1960 . 12 !
| | |
) , 2 [3]. 8 .
| -
+ 2 ! ( :

17°23'18"N

14°8'0"N

42°58°45"E 47°2'0"E 51°5"IS"E

" 2-% : (



- 2024

"l 3— -
- & M
- ] ] ] 1 -
| , 12 -
2 % 2 11 2
- ( , | -
).
2 11 2 /
( ) 3 ( / )
( ) 1 !
# ( ), 11 !
2 ) ( / ) -
2 ) -1 ! 2 -
! ( ) :
! )
n 1 I )
( ) - .3
! - ( )! -1 ) -1), -
!
!
. 5 i
! ) ( ) - , 1 -
! , 1 % -
. 1.
+ 2 | - 1
] ] / 3 ] =
# # / ,
3 , ) 1 11 -
11 .8 ( ), # -
1 [ 1 1
1$ 1-% !
S1(mg/g) | S2(mg/g) | Tmax (°C) | PY (mg/g) [ PI (mg/g) HI (mg/g)
Kathib-01 Well| ) 574 0.50 0.04 0.89 430 0.93 0.04 178
1080 0.57 0.08 0.96 444 1.04 0.08 168
1110 0.88 0.10 1.73 429 1.83 0.06 197
1140 0.62 0.04 0.87 431 0.91 0.05 140
1190 0.56 0.05 0.54 435 0.59 0.08 96
1407 1.01 0.33 2.35 434 2.68 0.12 233
1419 1.03 0.34 2.41 433 2.75 0.12 234
1428 0.81 0.31 1.85 435 2.16 0.14 228
1440 0.59 0.24 0.95 434 1.19 0.20 161
1566 0.53 0.33 0.89 431 1.22 0.27 168

25




- 2024

% , ] ]
| , 2 ’
! 5 -
|

- i | _

, I ’ "

) 1 2 . 12 |

' -2 ! }

e, LITHOLOGY OLEUM HABITAT
g i
3 Z é
g g
5 Bl
8 & | &
) g | &
" & fin A I
Coe T AR T AT
? po-bs -"-l‘il-é?l'%{“arwléemm-‘-'- s i g ol
..... g BT RN S i S
FPUvn Vowrnt oopon . | LD T ‘.fm.iu .":h '.fi.‘ 4 4
; =
il
[}

z
g
-~
3
: g
< = § 8 Tl
& Z. @ =
o =) 3 :
EI Q @ §
g 9 g ® o ¢ 9 O
il = S
:
F
- =
?‘ g<5§ = (e (e |
= 5552 A
= | Ed5h
3 ] u?_
=
{ : S s
H E SRy
§§ o g == -Z‘""”‘ < ZS'L"ES« e? | o 2
= . cumemnare BASEMENT
L 4—
t | 2 _
) 1 1 ) 2 5
!
' ! : , !
: | ' 5],
% 2
.5 ) 8 8 ’ | ’ 2
1200 [6]." )
! 130 |
1 1 ' 1 : 2 8
8 -) 1 -
A L . |
H . % 1 ’
( .5 ).-2 9 150 !
1 12 ) . _

26



- 2024

[7] 410-520 .

| 8 ( .58l

'T. % )J'(T;IE\T AN Dve A~ A ] %
eas =3 { 3
~ PALEOCENE| = F =
w mrwvw-\{ -
o« CRETA- || = [ = 8 >
CEOUS = E at »
. Ll < A w =
E >
[T [T e N O =
2 z Frige] A o
@ VIl % 1 2 ||23== & %
* ] g / IR mukaa, S § = "A::..M,W ,}) &
L=y 7 eiSe Il =2 s
;‘;“ N « hig > highs
PALEOZOIC G
N B habar
[~ [PrecavBRiAN Tl Thalab 1

e : ESs Z2 ¢ 0 0 0 - W o o

(a)
Jy/kL:g/\\oz O“S}E =

7 - : - . + . ' 3660



- 2024

6—(

28

121



- 2024

1000

(9!

2!

2

2050

#3

3

> 450. ,

"M %

B 1

)
-%
7T-% 2
!
!
B 1
P210 /

) [11].

20 % -%
I

HI 275.

29

(2

(

-01)

85

5-15%



- 2024

30



- 2024

12 2 / -
12 1 /1! 3 -2.
, 10 26 % , #
10 ( / ) 30 %
3 -1 23% 3 -2.
8 ! 70 % 2 3 -1
80% 3 -2.
"1 10— (ToC) - ) 1
(
- , , - 1
-9 ' ' ' '
- ) -3 ) ' 2 -
I - ' I ' -
| ' ' -
' $ T.
-+ 3500 * , !
3865—-4000 + , 5300 + 5500 +
- 3 -1 200 2 -
2 .3 ! ! !
«breakup».
- ') -3 -1 60 1 ! 26 %.
- ') -3 -1 60 1 ! 28 %.
-, ) -3 -1, 2 ( ) + 1
! , , 10 ,
26 % 28 %
- I
I ' 1 - ' I '
! , ! /
, 1
(! 1 ' -
!
# , - L ,
, ! -
' 1 ! , ! Il -
I I -
, ! 1

31



- 2024

lo.., [ .J- — SPE-21393-MS, 1991.
2. 3 JH 12
/ Cole [et al.]. — 1995, Hughes [et al.]. — 2005, Hadad and Ab-
dullah. — 2015. — C. 269-289.
3. International Journal of Coal Geology. % -
/ Ahmed. — 1972. — Cole
[etal]. —1995. — .193-204.
4 0,

. % / - 1 ) -
TR b)) SN, - .—2023.
5 ) -
12 . — URL : https://pepa.com.ye/Geological% 20framework.htm
6. Beydoun Z.R. 3 1 . , 3 -
. + -
1968 ) , / Z.R. Beydoun, J.E. Greenwood. G.W.
7. ) - ( ) -
: (¢ )s ! 1995 . /)! - ,$ . — 1997. — URL : https://doi.org/10.1111/}.1747-
5457.1996.tb00428
8. , 1
?, 3 - (Tawilah Group) : .
Davison et al. # 1 1 -
, o ( / Al-Subbary [et al.]. — 1994.
9. : -+ M 3 "+ / Patton
[et al]. —1994. — , 1998.
10. &'! $ . $ ) .N
/ /&) $ - 91 , 3 . —2005.
11. 3 9! 9 . ) "L# , + /.) , 31 3.).50 [
N . — 2020.

List of references:

1. Geology and hydrocarbon potential of the Tihama basin, Republic of Yemen. Middle East Oil
Show / J.S. Doornenbal; P.F. L. DeGroot; CM. Saif; B.M. Schroot. 1991. SPE-21393-MS

2. Marine and petroleum geology, Generating potential of hydrocarbon source rocks of the Sudanese
Red Sea basin / Cole [et al.]. — 1995, Hughes [et al.]. — 2005, Hadad and Ab-dullah. — 2015. — pp. 269-289.

3. International Journal of Coal Geology. Organic geochemical and petrographic characteristics of
Miocene-Salif organic shales in the Tihama Basin, Red Sea of Yemen: Implications for paleoecological con-
ditions and petroleum generation potential / Ahmed. — 1972. — Cole [et al.]. — 1995. — P. 193-204.

4. Geoscience Reviews. Tectonostratigraphic evolution and significance of the Afar Basin / V. Reim,
A. Foubert, J. Ruch, T. Kidane. — 2023.

5. Yemen Petroleum and Mineral Investment Company. Aden Oil Refining Company. — URL:
https://pepa.com.ye/Geological%20framework.htm

6. Beydoun Z.R. International Union of Geological Sciences. Commission on Stratigraphy, Interna-
tional Geological Congresses. Commission of the National Center for Stratigraphic Research 1968. Aden
Protectorate and Dhufar / Z.R. Beydoun, J.E. Greenwood. G.W.

7. Al-Tur. Rift sedimentation and tectonics in the Red Sea and Gulf of Aden region: Sana'a (Yemen),
October 1995 / Al-Tur, Beydoun. — 1997. — URL: https://doi.org/10.1111/j.1747-5457.1996.tb00428

8. Pre-rift doming, foam planation or subsidence in the southern Red Sea? Evidence from the Medj
Zir Formation (Tawilah Group) in western Yemen. Sedimentation and tectonics in the Red Sea rift basins and
Davison et al. Geological evolution of the southeastern margin of the Red Sea, Republic of Yemen / Al-
Subbary [et al.]. — 1994,

9. Red Sea Basin Province: Sudr-Nubia (!) and Makna (!) Oil systems. — Patton [et al.]. — 1994. —
Lindqvist, 1998.

10. William Bosworth. Basins of the Red Sea and Gulf of Aden. Journal of African Geoscience / Wil-
liam Bosworth, Philippe Huchon, Ken McClay. — 2005.

11. Mohammed Hail Hakimi, Abbas F. Gharib, Nor Syazwani Z. Abidin, Madyan M.A. Yahya // Jour-
nal of Oil Exploration and Production Technologies. — 2020.

32



- 2024

&, 550.81:553.98

, *4 2 +, +
/ +, ,. 0

PEN FLOOR FOR QUESTIONS FACIES ZONING OF UPPER PERMIAN
DEPOSITS OF THE VERKHNE-PECHORA DEPRESSION

9( " ( Ershov Alexey Valentinovich
Research Assistant,

Institute of Oil and Gas Problems

4 ) ()"’ of the Russian Academy of Sciences
aersov@ipng.ru aersov@ipng.ru

$3 Lol - | Annotation. Facies analysis of sedimentary
deposits is widely used in oil and gas geolo-
#-|W both at the stage of refinement and in
! ’ industrial development of fields. A genetic
) 1 approach, including the restoration of ancient
) - | depositional conditions necessary to estab-
- | lish relationships between various elements

of the Timan-Pechora sedimentary basin.

= ( " ( T - - - | Keywords : Timan-Pechora basin, Verkhne-
| ] _ | Pechora depression, channel, oil and gas
potential, sandstone, facies zoning.
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$3 ! Annotation. The interaction between physi-

/ 1 cal fields and processes inside the Earth

leads to the appearance of nonlinear effects

’ 1 1 that reflect the self-organization of geological

. : ) : processes. The hierarchy, interrelation and

| . subordination of different-scale geological
structures are shown.

= ( " ( : , , | Keywords : geological structures, geodynam-
ics, space-time interactions.
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$3 . % [ - | Annotation. The physicochemical properties

of thin clays of Kyrgyzstan as industrial raw

materials for the production of sorbents,

! . widespread in the territory, are described.

: According to the chemical composition, two

2 -2 - | types are distinguished: the first is alkaline

| | .4 2 - | with a predominance of sodium and the se-

1 1 12 cond is alkaline earth with a predominance of

| | calcium. Their common properties are dis-

: : ’ persibility, high sorption, binding capacity and
swelling.

1 Keywords : fine clays, aluminosilicate com-
2 _ | pounds, physicochemical properties, material
composition.
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Annotation. The article gives the geochemi-
cal characteristics of organic matter (OM) of
Maikop rocks in the northwestern part of the
Shamakhi-Gobustan region of Azerbaijan.
The material on three natural outcrops in the
study area was compared and summarized.
The studied intervals of sections were dated
to Oligocene time. The age of the sediments
was determined by differences in grain size
composition, color and degree of layering,
and was confirmed by paleontological stud-
ies. In general, the thickness of sediments with-
in natural outcrops was about 550-750 m. The
article examines the features of the composi-
tion of organic matter and the patterns of
distribution of steranes and triterpanes in the
rocks of the successions. Biomarker parame-
ters were used as an additional indicator
when assessing the maturity of sedimentary
rocks. Based on the identified differences,
assumptions are made about the peculiarities
of sedimentation in the study area during the
Oligocene, the ratio of sapropel and humus
components in the original organic matter of
rocks from the studied natural outcrops. A
comparison is made of the characteristics of
the Oligocene rocks of the studied area with
the characteristics of their age analogues, in
particular, the Tard clay formations of Hunga-
ry.

Keywords : organic matter, biomarkers, May-
kop source rocks, geochemistry.
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Annotation. The paper is devoted to a find-
ing of the bennettite (Gymnospermae) cone
from the Lower Cretaceous deposits out-
cropped in the River Khosta valley (Krasno-
dar region). The cone is of spherical shape,
with more or less isometric outlines, and
consists of the axial zone with the owvule-
bearing placenta, surrounded by the perianth
of lanceolate sterile scales. Length of the
cone is 65 mm, width of the cone is 65 mm.
General author's thoughts on the cultural-
museum potentiality of paleontological and
paleoichnological findings in the Mesozoic
deposits of the Caucasus are given as well.
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paleobotany, reproductive organs, Bennet-
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$3 - ( 12 Annotation. The main factors influencing the

intensity of secondary gamma radiation as

( well as gamma activity of rocks are consid-

ered. The developed methodology and algo-

- | rithm were tested on actual material from a
) .4 | number of fields in Azerbaijan. Their effec-

tiveness is shown in a practical example.

= ( " ( : | - | Keywords : clayey reservoir, porosity, well,
| | hydrogen content, clay content, radioactivity.

o
' 2 5"3 ) !
! , ! %
2 ; 53 1 !
+H# 12 ;
| -
, - , +H#
2 -
! .
o ( # )
, 11 2 ;
3]. ( , 53 ;
11 | -
| |
| +# -
( 1 +# -
" % "y
. ! .
| 1 +
. ! -
' 11
I , I | .
. # ). , I
( , 34 ) ! , ¥ . -
2 ( )
! 1 1 1 !



- 2024

[ - @ )@ )+ :

, 2) 5 1"
, | +# -
, , 12 !
+# , 1 ,
+ . 2 ] 1
| -
! .4 -
12 ; [4]. # ! ( ) ! -
| , | # ( 1) | -
Lo !
+# 0 ) 1 -
1% 1-( ! +H# ) (2! 3 )
, %
4 , +, d . # , % o )
2869-2882 13 0,17 25 13,1 13,8 13
2882-2886 4 0.17 12 12,9 12,0 13,1
2886-2889 3 0,16 16 14,1 13,1 14,0
2892-2895 3 0,16 21 18,1 16,9 17,7
2896-2900 4 0,16 22 13,8 12,8 13,3
2901-2903 2 0,15 26 9,1 7.8 8,8
2903-2905 2 0,15 25 11,3 9,9 11
2909-2912 3 0,16 24 10 8 9,7
2915-2918 3 0,15 14 10,9 11,8 11,2
|
12
12
(
! )
, 1
(
& +# -
4 ! + #
12
4 |

63




- 2024

1. 8 3.3.3 ! -
11 Il +' « » —-- 1 2001.-" .80. - .86-107.
2. # : /
2 " #.3 ,+.x ,3..9 .—3.:4 - , 2009. —960 .
3 #. . % 2 . -
! | #. . -
C* ). ; - . 3.) | I -$
1990. — . 72-77.
4, +.' . #
$ #4 |+ ., +.9 L /I -
# ) ) ,2017.—-B 1-2. - .22-25.

List of references:

1. Ellansky M.M. Model of electrical conductivity of clayey aquifers and oil and gas bearing rocks
with intergranular porosity. — Tver : Karotazhnik, NTV, 2001. — Iss. 80. — P. 86—107.

2. Geophysical surveys of wells: a master’s guide to field geophysics / Under the general editorship
of V.G. Martynova, N.E. Lazutkina, M.S. Khokhlova. — M. : Infra-engineering, 2009. — 960 p.

3. Logovskaya G.K. Assessment of the nature of saturation of layered clayey reservoirs. Complex
interpretation of logging results in sections with complex reservoirs / G.K. Logovskaya, E.A. Sarkisova; Edit-
ed by Doctor of Technical Sciences S.M. Axelrod // Collection of scientific works. — Baku, 1990. — P. 72—77.

4. Pashaev N.V. Geological assessment of the Kirmakinsky and sub-Kirmakinsky formations of the
Binagadi field according to GIS and petrophysics data / N.V. Pashaev, L.N. Khalilova, Sh.V. Pashayeva //
scientific and technical journal Geophysical news in Azerbaijan. — Baku, 2017. - B 1-2. — P. 22-25.

64



- 2024

&, 551

THE FACIES MODEL CONSTRUCTION OF THE BU 8-0
FORMATION IN THE MIDDLE PART OF THE TAZOVSKY PENINS ULA
FOR THE PURPOSE OF FURTHER DRILLING

, ( & ( Perlova Anna Sergeevna

Graduate Student,

Ufa State Petroleum Technological University
anya_perl@mail.ru

&

anya_perl@mail.ru

$3 - - Annotation. The territory of the Tazovsky
Peninsula is confined to a zone of unfavora-
| , 1 ble climatic conditions for human life and
; : ) activity. In this regard, work on the develop-
ment of deposits, in particular the drilling of
1 1 | . new wells in this area, has a high cost. To

| _ | increase the success of drilling in the central

’ part of the peninsula, the author built a con-
) : : ceptual facies model of the territory.

= ( " ( _ Keywo rds: Tazovsky Peninsula, well, drilling,
facies, paleo-reconstruction.
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$3 ! | Annotation. The article describes the classi-
_ | fication of sandy and clayey soil, constructed
! a geological column and determined the
~ | strength and deformation characteristics of
refractory loam.
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$3 B Annotation. The geological principles of the

| | distribution of large oil and gas reserves,

! ’ ’ " | which can be anticlinal, non-anticlinal or

) combined, are mainly determined by regional

1 ! , - | factors of tectonics, sedimentation and stra-

1 - | tigraphy, which lead to the formation of

" megareservaries. The formation of the struc-

) tural plan and conditions for the formation of

0 " | oil-bearing territories with certain lithological

! and facies characteristics is associated with

1 | , - | the evolution and formation of the relief, as

well as with geodynamic processes in the

crystalline basement and sedimentary cover

of platforms in areas with transitional and
! . folded relief.

= ( " ( 2! & ! Keywords : Volga-Ural basin, mega reservoir,
| faults, traps, facies zoning.
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$3 . % ('+ ) - | Annotation. The main reserves of super-
viscous oils (SVO) are localized in the lower
o and middle permian sediments in the south
1 1 - ( - ) % » | and south-east of the Tatarstan Republic.
1 ! , '+ 1 However, despite the high viscosity, SVO
11 | | - | have a certain mobility and are capable of
L% _ | lateral and vertical migration within natural
| | ( resgrvoir_s. One of the potentially promising
; ; . regions is the western part of the Tatarstan
- - | Republic in the area of the Kazansko-
' 2023 . Kazhimsky trough and the Kazan Saddle. In
2023, a team of authors digitized a structural
map of the roof of the sakmarian stage in the
study area, where a series of positive struc-
, | tures of the 3rd and 4th orders are observed.
| - | When analyzing lithological maps in the stud-
ied area, a potential natural reservoir is rep-
resented by karst carbonate rocks with layers
of evaporites. The overlying «upper-
, 1 - | sakmarian» deposits are represented by
| -1 , 12 I - | dense carbonate rocks, which the authors
+ _ | assess as potential fluid-resistant rocks that
’ prevent further migration of hydrocarbons.
Based on the above, the studied area is as-
sessed as potentially promising for hydrocar-
bon raw materials.

11 ! 3 4

= ( " ( : , , | Keywords : ultra-viscous oils, carbonate
_ -1 _ | rocks, natural reservair, reservoir rocks, fluid-
! ! resistant rocks.
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VELOCITY CHARACTERISTICS OF THE PALEOZOIC-MESOZOIC DEPOSITS
OF THE WESTERN CISCAUCASIA
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Annotation. The results of the analysis of the
velocity characteristics of the Paleozoic-
Mesozoic deposits of the Western Ciscauca-
sia are presented. The data on wells in which
seismic logging (SC) or vertical seismic profil-
ing (VSP) observations were previously per-
formed are considered. The result of the
systematization of the data is the construction
of a high-speed section along the line of the
specified wells. In addition, schemes of inter-
val velocity distribution for various strati-
graphic complexes have been compiled for
individual complexes.

Keywords : velocity characteristics, Paleozo-

ic-Mesozoic deposits, velocity characteristics,
stratigraphic complexes, interval velocities.
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USE OF GEOPHYSICAL SURVEY DATA TO STUDY
THE STRUCTURE OF LANDSLIDE SITES
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Annotati on. The article presents the results
of geophysical studies obtained at the site of
development of modern landslides. The ob-
tained MPV materials made it possible to
estimate the thickness and velocity of the
layers that make up the upper part of the
section. Electrotomography data made it
possible to trace the position and configura-
tion of the boundaries.

Keywords : landslide phenomena, geophysi-

cal research, refracted wave method, elec-
trotomography.
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$3 ! | - | Annotation. This article discusses various
2 _ | modern methods of prevention, dissolution

and dispersion of asphalt resin paraffin de-
posits. Compositions including aliphatic and
, 112 - | aromatic hydrocarbons, acidic compositions
- | for the treatment of the bottomhole zone of

| the formation, demulsifiers, and methods of

’ inhibiting wells from ASF have been studied.
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= ( " ( : ! - | Keywords: asphaltene-resin-paraffin depos-
_ | its, sediment prevention methods, inhibitors,
| ! 5 ! ! demulsifiers, surfactants.
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Annotation. One of the effective ways to
combat asphaltene-resin-paraffin deposits is
the use of chemical solvents. At present the
choice of effective composition for removal of
organic deposits from the surface of deep
well pumping equipment of oil wells is carried
out experimentally due to insufficient re-
search of scientific substantiation of their
directed selection. In order to improve the
selection of compositions for ARPD removal
it is necessary to develop a set of studies
using standardized laboratory methods to
assess the effectiveness of their action.
Comprehensive selection of the optimal com-
position of the composition of ARPD solvent
should be aimed at improving the efficiency
of well operation, increasing the environmen-
tal friendliness and energy efficiency of the oil
production process.

Keywords : asphaltene-resin-paraffin depos-

its, solvent, solvent efficiency, complex sol-
vent, composition.
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MODELING THE PROCESS OF CREATING A BARRIER BETWEEN
THE GAS CAP AND THE OIL RIM BY WATERFLOODING IN OIL -GAS-CONDENSATE
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Annotation. A three-phase ten-component
hydrodynamic model of the process of creat-
ing a barrier between the gas cap and the oil
rim by waterflooding in oil-gas-condensate
fields with low-permeability clayey reservoirs
has been proposed, and, on its basis, the
process of injection of fresh water (water of
low mineralization) as a working agent that
reduces its permeability has been studied
due to swelling of reservoir clay between the
gas cap and the oil rim according to the mod-
el of a specific reservoir. By ensuring the
integrity of the oil rim and highly limiting the
flow of gas from the gas cap into the oil rim,
the possibility of increasing current oil pro-
duction was determined in comparison with a
similar technological method of creating a
barrier with formation water.

Keywords: lay layer, oil-gas-condensate
field, oil rim, fresh water, oil recovery factor.
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Annotation. One of the key areas of devel-
opment of the oil and gas industry is the use
of mobile gas and gas condensate treatment
plants (MPGs), which are fully integrated
systems located directly at the fields. The
introduction of mobile installations is a signifi-
cant step towards improving the efficiency of
field operation, reducing costs and minimizing
environmental risks. This paper examines the
prospects for the large-scale implementation
of mobile gas treatment technology. The
positive and negative sides of the mobile
approach in field development are empha-
sized.

Keywords : natural gas, gas condensate,
mobile gas and gas condensate treatment
plant, field development, gas production.
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- | Annotation. An examination of gas treatment
installations at some gas condensate fields
has established that as a result of the uneven
distribution of the liquid phase from the gas
- | distribution reservoir along the technological
lines, the stability of the operation of the
technological lines is sharply disrupted, the
operation of heat exchangers and separation
devices is deteriorated, the Joule-Thompson
effect and gas quality are reduced. Therefore,
in order to ensure stable operating modes of
CNT gas collection and treatment systems, it
is necessary to create technical solutions to
eliminate the uneven distribution of liquid
along the CNT process lines. Having studied
the gas-hydrodynamic situation of the flow of
a two-phase mixture at the turning sections of
gas pipelines, it was found that when the two-
») phase flow moves to the elbows, where the
) - | pressure is higher and the speed is low, they
- | turn into a settling («dead») space and an
accumulation of the liquid phase separated
from the gas flow occurs here. Based on the
above gas-hydrodynamic situation, we have
developed a technical solution for gas sepa-
- | ration in gas collection and distribution mani-
folds of gas collection and treatment systems.
The developed design of the gas collection
and distribution manifold ensures the elimina-
tion of uneven distribution of liquid along the
technological lines of the CTS.

- | Keywords : gas, condensate, well, reservoir,
gas distribution, radial, ring, gas dynamics,
separator, heat exchanger, two-phase flow,
pipeline.
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$3 ! | - | Annotation. The article examined two op-

) 12 . tions for creating a peak-type gas storage

! facility, differing in storage volumes and daily

) gas instruments, and selected the optimal

! .t - | option. Based on the report, the average

1 K » & » - | value of filtration resistance «a» and «b» was

! | 1 found for the gas well. Based on the report,

’ ’ the article determines the indicators of the

2 gas storage facility and, based on these indi-

1 - | cators, determines the rules for monitoring
and regulating the operation of the field.
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Annotation . The process of well operation is
accompanied by sand production. Sand pro-
duction has a negative impact on the opera-
tion of oil and gas equipment. In the absence
of methods for managing and controlling
sand production, certain complications arise.
These complications are mainly associated
with the formation of sand plugs in the well-
bore, erosion of downhole and surface
equipment, and collapse of the near-wellbore
formation zone. Various methods of man-
agement and controlling sand production are
used to prevent these complications.

Keywords : sand production, downhole and
surface equipment, sand plugs.

[3].



- 2024

. %

. %

[2].

12

12

119

. %

. %

. %

12

| 2 .
! .
B

11

1
. 8
. $ -
1 )
1, 2]. _
I N
!' -
1. '
. 11 -
1),



- 2024

! , 1 ! [4].

! . . %

( 12 15 ' ). !
! - [4].

1. /( ) [ 1/ %

2. % /3 ) ! 4 [ J17- -
N .—2022. —-.11. - .48-56.
. . : ! -
/9 $ 3 , 9 , 7 /I'N + ! . -2020.--.6.-" 1—
. 1-13.

List of references:

1. Brief overview of sand control / Robabe Asadpour [et al.] / Review in the field of science and
technology. — 2021. — 13 p.

2.  Review of sand control and management / Mustafa Adil Issa [et al.] // Texas Journal of Engineer-
ing and Technology. — 2022. — Vol. 11. — P. 48-56.

3. Hisham Ben Mahmoud. Sand removal: an intelligent control system to reduce risks / Hisham Ben
Mahmoud, Wang Hong Leong, Yuli Lestariono // Journal Oil. — 2020. — Vol. 6. —Iss. 1. — P. 1-13.

4. Increasing the efficiency of PZP cleaning using UPS / A.V. Alekseev [et al.] // Journal of Engi-
neering Practice. — 2015. — Iss. 10.

120



- 2024

. 4 /

TECHNOLOGY REMOVAL OF ASPHALTENE-RESIN-PARAFFIN
DEPOSITS WELL OPERATION

&, 622.276
+ -
% ( "% (
)l
denr_am@mail.ru
19 "3 & (

)l
mokshina_ks@mail.ru

+ ! -
+3 ( #A (
oo
gildinaral4@mail.ru

$3 o
0% )

1 2

% ) %
2

<2
A& . %

o

— ,O

, !
1

. %

) %

121

Aminev Dinar Rustemovich

Student of the Department

for Development and Operation of Oil
and Gas Fields,

Almetyevsk State Oil Institute
denr_am@mail.ru

Mokshina Ksenia Sergeevna

Student of the Department

for Development and Operation of Qil
and Gas Fields,

Almetyevsk State Oil Institute
mokshina_ks@mail.ru

Academic advisor —

Khayarova Dinara Rafaelevna
Candidate of Technical Sciences,
Associate Professor,

Almetyevsk State Oil Institute
gildinaral4@mail.ru

- | Annotation. The article deals with asphalt-
resin-paraffin deposits (ARPD), mechanism
of ARPD formation, as well as methods of
their removal. The efficiency of organic sol-
’ vent based on ail fractions is analyzed, the
efficiency of solvent application is calculated.

- | Keywords: solvent, asphalt-resin-paraffin
deposits, ARPD control methods, solvent
efficiency.

[]. .
0% ) -

12

) L )%



- 2024

) % — ( :
).
) %
_ _ 11 ’ -
211 ;
_ _ )' :
- - 211
- 11 !
/2
% o 1
[2, 4]
— | :
_ '
; )
(o ! )% !
! . -
! ! L% ! -
H 0 I H I H
1 -
: ) ! 1 !
[} 1 (
] 1 80 ° ] ]
1 1 % 1 1
.3 1 ) %
1 1 )
[5].
18 1-( !
8 3 ,
T 2 3
, ! Y % 21.305 24321
]
) % 19,662 23,079
312 ! 8 ) -
) % ) % ’ y
83 = ! (1)
.12 ! @8, ) - ,
H 1] I ) %
8 =— | (2)
( 12 ! 8() - -
! ) % , -
8( = ! 3
] , ) %
o 0,010 %/ !
1 —-36 %8 ! -
80 %. + ! !
) %

122



- 2024

1. + +.).% ! /

+.). + , 4.0 , + LT I+ . —2008. -B 1. -
. 21-23.

2. #1 4).)% .& [14) . #1 ,
(-9 =)t ! , 2023.-200 .

3. - '..3 - ! .=3.:
+ , 1970. - 192 .

4. 4 SL& ! /

J4 V. I+ .—2011. -B 2.— .257-268.

5. [ +4#. 4 ,
4.).#] (4. vy (L # ] ) 4. , Furd J X ,
3. .. . RU 2429344 C1, 20.09.2011. / B 2010142778/03
20.10.2010.

List of references:

1. Nebogina N.A. Features of formation and sedimentation of oil-water emulsions / N.A. Nebogina,
I.V. Prozorova, N.V. Yudina // Oil refining and petrochemistry. — 2008. - B 1. - P. 21-23.

2. Guskova I.A. ARPD. Complications management at the late stage of development / I.A. Guskova,
D.R. Khayarova. — Almetyevsk : Almetyevsk State Oil Institute, 2023. — 200 p.

3. Tronov V.P. Mechanism of formation of tar-paraffin deposits and their control. — M. : Nedra, 1970. —
192 p.

4. Ivanova L.V. Removal of asphalt-resin-paraffin deposits of different nature / L.V. Ivanova,
V.N. Koshelev // Oil and Gas Business. — 2011. - B 2. — P. 257-268.

5. Method of estimation of efficiency of organic deposit solvents / N.G. lbragimov, I.A. Guskova,
R.l. Shafigullin, D.R. Gilmanova, A.l. Pavlova, S.E. Emelyanycheva, E.F. Zakharova, M.V. Shvetsov // Patent
for invention RU 2429344 C1, 20.09.2011. Application B 2010142778/03 from 20.10.2010.

123



- 2024

&, 622.276.72

0 ,.+.0 , <

MODERN APPROACHES TO THE APPLICATION
OF ASPHALT-RESIN-PARAFFIN DEPOSITS, REMOVAL METHODS

- )
73-11,
)l
iskandarus@bk.ru
) I P
73-11,
)l
andreyka.melnikov.02@bk.ru
($( : & (
73-11,
)l
danilurvancev75danilurva@gmail.com
+ !
+3 ( . #A (
)l
«' »
$3 . % , 2
! |
! 1o '
) % . 2 12
1 ] ) % 1
, 12 !
!
= ( G
() % )l ’ ’ |+-
2
0% ) !
1
, 2
) 1 !
2
- (+- )
G ! 0% )-
, 2 (12...70 % ),
')l ’
».
+ |
) % , 1 12

124

Gadiev Iskandar llsurovich

Graduate Students of the group 73-11,
Almetyevsk State University of Technology
iskandarus@bk.ru

Melnikov Andrey Nikolayevich

Graduate Students of the group 73-11,
Almetyevsk State University of Technology
andreyka.melnikov.02@bk.ru

Urvantsev Danil Sergeyevich

Graduate Students of the group 73-11,
Almetyevsk State University of Technology
danilurvancev75danilurva@gmail.com

Scientific supervisor

Khayarova Dinara Rafaelevna
Almetyevsk State University of Technology
Higher School of Petroleum

Annotation. One of the possible reasons
leading to complications in the operation of
wells, oil and gas equipment and pipeline
systems is the content of asphalt-resin-
paraffin deposits, the accumulation of which
can reduce the productivity of oil production.
The article discusses the methods of remov-
ing ASF. All currently existing methods of
combating ASF are more periodic, allowing
only to increase the inter-repair period of
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built and the modeling results were compared
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Annotation. The main sources of soil and
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drilling and operation of wells have been
analyzed. It is necessary to take into account
that as a result of tank farms and pumping
stations activity various technogenic pro-
cesses can also occur, which can also be a
source of pollution of the natural environ-
ment. It is known that oil pumps are used for
transportation of crude oil and petroleum
products. Therefore, the article presents a
methodology for calculating the amount of
waste depending on the composition of oil
sludge, allowing to correctly select the meth-
odology for cleaning tank farms and pumping
stations from various oil sludge and waste
arising in the process of their activities.
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$3 . ) 11 Annotation. The relevance of the operational
| 0 ) ( ) determination and assessment of abnormally
. ! high pore (in clays) and formation (in reser-
() ) ) ( - ) ~ | voir layers) pressures is due to the significant
! ;0 - - | volume of prospecting, exploration and pro-
( " - | duction drilling in various regions of the Rus-
11 _ | sian Fede_ratlon, the purpose of which is to
’ | . open sediments characterized by the pres-
12 ; ) ) ence of one or several zones of abnormal
), .4 , ! - | high pore and reservoir pressures. It is known
- | that most complications and accidents occur
when drilling under conditions of unbalanced
equilibrium between pore and reservoir pres-
sures in the open part of the section and the
- | hydrostatic pressure of the drilling fluid in the
- | wellbore. Under these conditions, it is neces-
sary to quickly assess pore pressures in
clays and formation pressures in reservoirs
) ! N ! based on logical and i -
geological and technological re
! search data, which allows you to select the
optimal density of the flushing fluid and clarify
the depth of casing strings.

= ( " ( : | - | Keywords : abnormally high reservoir pres-

| . _ | sure; abnormally high pore pressure; anoma-

’ . .| ly coefficient; genesis of abnormally high
, ; + | reservoir pressure; classification of section

! 1 ), ; | zoning according to the manifestation of ab-

)' , : - | normally high reservoir pressure; similar

signs of the structure of zones of abnormally
high reservoir pressure; types of relationships
between reservoir and pore pressure values.
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$3 . Annotation The underground gas storage
. 11 * 4 _ _ | system is an integral part of the underground
o ’ 1 gas storage system of consumer and export-
0 ) ing countries. It is a dynamic structure that is
121 11 ! being intensively transformed in order to fully
2 ! comply with the strategic objectives and cur-
rent needs of the industry. Unlike the trans-
portation of both liquid and solid fuels, which
12 1 ! ~ | allow discretization of the processes of pro-
) - | duction, transportation and storage, the gas
supply system operates in a continuous dy-
| | _ | namic mode with a single gas balance for all
) ’ elements. Consequently, uneven gas con-
sumption clearly affects the functioning of the
- | entire system as a whole. A natural solution
was the creation of buffer reserves, which is
| limited by the presence of special geological
’ ’ structures.

= ( " ( : 2 : - | Keywords: underground gas storage; unified
gas supply system; retrospective interpolation
. . models; uneven gas consumption; colmata-
’ ; v tion of the bottomhole formation zone; for-

) - | mation of plugs in the trunk or at the bottom;
rock strength certificate.
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Annotation. The paper presents a technolo-
gy to improve the efficiency of glycol regen-
eration in gas fields. The UGS includes gas
drying systems. The problem of fire glycol
regeneration lies in the high costs of fuel gas,
pump operation, purchase of expensive and
bulky equipment, its installation and commis-
sioning. In addition, during operation, it is not
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proposed.

Keywords : dew point, moisture, regenera-
tion, glycol, drying system, fuel gas, pump,
cavitation.



- 2024

12
! ' l)l%| 1
!
!
2 1= = = =
>=)%== 1 = >== = =
= == | = -
/
: ; 12 I
2 95 99
= - I= = = =
1 1-—
1- 12— | 13-
4—
I
8 ! : Lo
2.6 2 1 75" I
) ! (
[7]. 3
! i L
1 2 | |
1- ;2— ! ;3— 14—
5 11 -
6, 10 - / 7-
8- 19—
' I |
+
12 ’ 150 y 40
! 1
< 1 I
. & ! ]
: -2 . [8] -
! ( .5)

175

)%
) | | _
= = = = == @
= = = >= = @
= = = = @
= == 2 = =ca?
211
2 )
[4, 5].
>= = 1= = @
=2 = = I=Ma?
C )
( )
' & 9# )
( -
) 1
1 x 1 | I
211 55-
/ ;
o ( .3).
! -



- 2024

60°, . 11 13'0;

12 13 ’

1
=
N
1
N

1

= = = +-
=z == = == X>=0@
=+ P=- = = | =

=8#?== = = |

176



- 2024

1. )% «# » % 2 11 «# o » /'
2 9%%% «# o » « -
&9 » .& .—2019. — .313.
2. 4 %.) . ( -
&9 I %).4 v ). 3 ,3). 1 I :
.3 IV 3 -
, , , 2 75- 1 ' %
.—2020. - .103.
3./ oo ( ! -
[*. ,
.9 /I'N .—1993—--.66.—' .7- .1510-1546.
4. #). -
[#.) . ) ! JHL =3t , 2000. — 280 .
5 ) (.4 ( -9 ! -
[(¢") , #.3. v (. 4! ny !
! ! L—- ,2014. - .13

6. '*.8 ! !

[t yoa) /.3 ! -
L= &% ()+ ,1998.—' .2.— .60-64.

7. 12 1
Orange-G, &! . / o ( 3.).,3 ) ) - ) .$. — 2013. —
-.20.— .345-353.

8. L Reactive Red 120 211 -

/.. , 3. .% ) -$. .—2011. - .100-107.

9. $ 3. % ! -

" : /3..% , (. # IN&! —-2014. —-.21. -

.1-14.
10. # : ! -
/3. , 3. ) vy e 3 /I'N .=

2014. - .254. - .1-8.

List of references:

1. PJSC «Gazprom» Limited Liability Company «Gazprom UGS» // Extract from the technological
regulations of the Underground gas storage facility of the branch of Gazprom UGS LLC «Krasnodar UGS»;
With. Uspenskoe. — 2019. — P. 313.

2. Ignatchenko O.A. Development of effective methods and methods for gas cooling in the com-
pressor station of the Krasnodar UGS facility / O.A. Ignatchenko, A.A. Masalova, M.A. Kindyuk // In the col-
lection: Applied issues of exact sciences. Materials of the IV International Scientific and Practical Conference
of Students, Postgraduate Students, Teachers, dedicated to the 75th anniversary of the Victory in the Great
Patriotic War, 2020. P. 103.

3. Zaporozhets E.P. Calculation of pulsation cooling in a semi-closed container with periodic jet
supply of high-pressure multicomponent gas into it / E.P. Zaporozhets, L.P. Kholpanov // Journal of Applied
Chemistry. —1993. — Val. 66. Iss. 7. — P.1510-1546.

4. Lanchakov G.A. Technological processes for preparing natural gas and methods for calculating
equipment / G.A. Lanchakov, A.N. Kulkov, G.K. Siebert. — M. : Nedra, 2000. — 280 p.

5. Akhmetov R.F. Use of the Ranque-Hilsch effect in the process of fractionation of associated pe-
troleum gas / R.F. Akhmetov, G.M. Sidorov, R.D. llyin // Current issues in scientific work and educational
activities. — Tambov, 2014. — P. 13.

6. Vinogradov V.E. Experimental setup for pulsed superheating of liquids in a rarefaction wave /
V.E. Vinogradov, P.A. Pavlov // In the book. Metastable states and phase transitions. — Ekatirinburg : Ural
branch of the Russian Academy of Sciences, 1998. — Iss. 2. — P. 60-64.

7. Effect of geometry of hydrodynamically cavitating device on degradation of Orange-G, Ultrason.
Sonochem / V.K. Saharan, M.A. Rizwani, A.A. Malani, A.B. Pandit. — 2013. — Vol. 20. — P. 345-353.

8. Saharan V.K. Degradation of Reactive Red 120 dye using hydrodynamic cavitation / V.K. Sa-
haran, M.P. Badve, A.B. Pandit. — 2011. — P. 100-107.

9. Bagal M.V. Wastewater treatment using hybrid treatment schemes based on cavitation and Fen-
ton chemistry: A review / M.V. Bagal, P.R. Gogate // Ultrasonics Sonochemistry — 2014. — Vol. 21. — P. 1-14,

10. Hydrodynamic cavitation of pnitrophenol: A theoretical and experimental insight / M. Capocelli,
M. Prisciandaro, A. Lancia, D. Musmarra // Chemical Engineering Journal. — 2014. — Vol. 254. — P. 1-8.

177



- 2024

&, 658.562.42

l4l+

"4

ON THE PRINCIPLES OF IMPLEMENTATION OF INPUT QUALIT Y
CONTROL OF DEMULSIFIER REAGENTS

"% & ( % "
)1 '
kamilla.ismagilova.2002@mail.ru
-1 ) % (
yroo
gazizov.2002@mail.ru
$3 ! I
( -
, !
!
- 2
= ( " ( |
- 2 ,
1
!
! , 12
! 1 !
1
! 11
1
1 - 2
, 1
! ! !
[2]."
. %
!
+ -
. <
» «(
!
2 , ] 1
! y ’ ’
- , ] 1
. $
| |
| |
| |
| |
! 1

178

11

Ismagilova Kamilla Marselevna
Student,

Almetyevsk State Oil Institute
kamilla.ismagilova.2002@mail.ru

Gazizov Nail Ramilevich
Student,

Almetyevsk State Oil Institute
gazizov.2002@ mail.ru

Annotation. The work emphasizes the im-
portance of conducting high-quality input
control of demulsifier reagents, since it is the
properties of the chemical agent used that
are one of the main factors of their effective
use. A flowchart of the demulsifier testing
procedure is considered, and the results of
experiments performed in the laboratory
using ionogenic and nonionic surfactants are
presented.
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Annotation. Maintaining the efficient opera-
tion of the integrated gas treatment plant
during the development of the Valanginian
facilities of the Urengoy oil and gas conden-
sate field is possible by optimizing and fine-
tuning the parameters of the low-temperature
gas separation process. The main goal of
field treatment of gas containing heavy hy-
drocarbons is to ensure the commercial
characteristics of the treated gas and to ex-
tract from it the maximum amount of unstable
gas condensate (GC) - the C3+ fraction. The
paper presents an analysis of gas prepara-
tion using the low-temperature separation
(LTS) method at one of the gas condensate
fields of the field. Further application of NTS
technology is associated with the optimization
of  thermobaric  parameters in  low-
temperature separators. Based on the results
of modeling the gas treatment process, it was
established that the thermobaric operating
parameters of low-temperature separators
are not in the optimal range of values. The
main factor reducing the quality of product
preparation is the natural decrease in the
inlet pressure of raw gas into the installation
due to a decrease in reservoir pressure. Op-
timizing the gas throttling pressure to reduce
the temperature in low-temperature separa-
tors makes it possible to increase the NK
yield compared to the actual regulatory re-
gime. The results of the study can be used
when adjusting the operating modes of NTS
installations at the Urengoy field.
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Annotation. This paper contains the re-
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$3 . ! - Annotation. The productivity of directional

wells is determined, as is known, by many

different factors associated with both natural

) conditions and the parameters of their drilling

! ) - | and operation. It should be noted that taking

- | into account the influence of all factors with

2 1 _ | the simultaneous impact of their various

2 I combinations on the operation of wells based

: ~ | on existing research methods presents signif-

icant difficulties. In this regard, at the present

- | stage of study of this issue, it is advisable to

| _ | identify the nature of the influence of the main

) factors that have the most significant impact

, 12 on the operation of directional wells through

2 - analysis and statistical processing of geologi-
cal and field information array.

= ( " ( : , , , - | Keywords : well, factor, development, field,
variance analysis, sampling.

urrently, in the implementation of the task of significantly increasing oil production, a special role

belongs to offshore oil fields. The development of the offshore field is carried out in difficult condi-
tions, characterized by natural, climatic, geological, commercial and technological features. Under these
conditions, as is known, the implementation of geological and technical measures (GTM) and the transition
to the gas-lift method of oil production, after the cessation of flowing, is limited due to the complexity of the
structure of gas compressor stations [1].

In this regard, the development and widespread use of express methods that make it possible to find
optimal solutions in relation to some basic production processes are becoming the most important scientific
and technical task.

One of the characteristic features of offshore fields is also that their development is carried out mainly
by cluster directional drilling of the deposit [2].

The geological structure and physical and energetic characteristics of productive horizons of oil fields
do not depend on their location on land or in offshore areas of the same geological area. However, the ap-
proach to solving geological, technological and technical problems associated with the exploration and develop-
ment of offshore and onshore oil fields is fundamentally different, even if their characteristics are similar.

There are a number of theoretical and experimental studies characterizing the operation of directional
wells. These works can be divided into two groups:

1) creation of theoretical foundations for designing the development of oil fields with horizontal, in-
clined and multilateral wells, which boil down to the development of calculation methods, in particular, the
flow rates of these wells and obtaining calculation formulas suitable for practical use;

2) studying the mechanism and finding methods for increasing the efficiency of fluid lifting, as well as
determining the hydraulic resistance in an inclined well.
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When the development of offshore oil fields, as well as fields in hard-to-reach areas with harsh climatic
conditions, is carried out mainly by drilling directional wells, in which the curvature of the borehole begins not
in the zone of opening the productive formation, but much higher, the most important issue remains the
study of the influence of curvature on the hydraulic characteristics of movement (flow) [2].

Currently, a very limited amount of theoretical and experimental research makes it difficult to develop a
sufficiently reliable methodology for calculating hydraulic resistance in directional wells.

To establish not only the fact of the influence of a particular factor on the course of the process, but al-
so the degree of influence of individual factors and their interactions, we apply one of the statistical methods,
namely, analysis of variance. Analysis of variance is especially effective when studying several factors simul-
taneously.

With the classical research method, such a study is carried out by changing only one factor, and leav-
ing the remained unchanged.

With this method, a lot of time is spent, since for each factor its own series of observations is carried
out, which is not used in the future when studying other factors [3].

In analysis of variance, each observation serves to simultaneously evaluate all factors and their inter-
actions. It is especially important that in this case it is often possible not to conduct parallel observations,
limiting oneself to only one observation for each combination of levels of the factors being studied.

Analysis of variance is the initial stage of research, which allows us to answer the question: are there
statistical relationships between the analyzed parameters and is it worth continuing to study them?

In addition, an essential feature of variance analysis is that it makes it possible to more accurately find
the mean square error of the experiment as a whole with a small repetition of different options [4].

To carry out analysis of variance, the following conditions must be met.

1. The resulting characteristic or its transformed function can be considered as a random sample from
the general population, subject to the normal distribution law

2. Factors influencing the effective sign must be correlated.

3. Variances across groups should be homogeneous.

Thus, we can conclude that in conditions of incompleteness of field data, the use of mathematical and
statistical methods when processing the information array makes it possible to make prompt and informed
decisions aimed at regulating technological processes with possible forecasting of the development of the
system, which in turn has a positive effect on development and production processes.

Conclusion

1. Based on the analysis of geological and field information on wells in offshore fields, the most likely
factors influencing the productivity of directional wells are selected.

2. The use of rank correlation allows us to determine the most significantly influencing factors.

3. The use of variance analysis allows for a quantitative assessment of individual and interrelated fac-
tors affecting the productivity of directional wells.

4. Thus, the integrated use of mathematical tools in assessing the productivity of directional wells al-
lows us to conclude that the angle of deviation of the wellbore from the vertical in the zone of opening the
productive formation has a significant influence.
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$3 L& - | Annotation. Managing oil and gas field de-
velopment processes is associated with mak-
ing timely and informed decisions to regulate
a set of technological processes. This re-
8 ! quires both an individual analysis of specific
; objects and consideration of these objects
I : 1 . - | functionally combined into a single system.
Dynamic analysis of the process of develop-
12 | ing oil and gas fields is based on the follow-
- : ’ ~ | ing principle — heterogeneity, nonlinearity and
! ! - | non-equilibrium of the system lead to self-
L+ | | organization. The heterogeneity and nonline-
1 _ | arity of the reservoir system are determined
! by geological factors, properties of res-ervoirs
and reservoir fluids, and features of the de-
velopment process.

= ( " ( : , | - | Keywords : self-organization, fractal charac-
| teristic, dynamics, technological indicators,
’ criterion, connection, layer.

I n non-equilibrium systems, when external parameters change, the rate of build-up of equilibrium is
less than the rate of change in external parameters. Non-equilibrium behavior can be a conse-
guence of the properties of the system itself (gas-liquid flows, oil-water emulsions, interaction of formation
fluids and gases with porous media, etc.) and depends not only on the current values of the parameters, but
also on the history matching — the dynamics of their change, determined by the features of the process de-
velopment (rate of fluid withdrawal, water injection, etc.).

The process of self-organization (coordinated interaction of parts of the system) occurs in heterogene-
ous, nonlinear and non-equilibrium systems that are under the influence of external factors — the supply from
outside and removal of flows of matter and energy (fluid production, water injection, various types of influ-
ence on the formation, etc.).

The degree of self-organization (degree of order) of the system can be assessed by changes in entro-
py, Gini coefficient, fractal characteristics, etc. This approach allows us to determine trends in the progress of
the development process and make timely decisions on managing the oil production by regulating the oper-
ating modes of production and injection wells.

A distinctive feature of the proposed approach is the possibility of improving the development system
based on identifying the characteristic features of the dynamics of reservoir systems in the process of their
development.

One of the main tasks of planning and choosing a strategy for the development of oil and gas fields is
forecasting the main technological indicators. The relevance of the problem under consideration lies in the
early diagnosis of changes in the dynamic features of the oil and gas production process based on the anal-

193



- 2024

ysis of current geological and field data. The methodological basis for predictive models of indicators of the
development process is the identification of qualitative and quantitative patterns of process. To develop gen-
eral requirements for the model, it is necessary to consider the quantitative patterns of development of the
system, the patterns of its growth, among which exponential build-up occupies a special place.

The practice of developing oil and gas fields shows that time series of measurements of such quanti-
ties as flow rate and pressure in a well have an oscillatory nature. It should be noted that fluctuations in the
values of technological parameters depend both on external influences on the object and on non-equilibrium
filtration processes of multiphase systems in a porous medium. In this regard, the nature of the oscillations
carries information about the state and behavior of the reservoir system.

It has been established that changes in the rate of external influences on the reservoir system (pro-
duction-injection) determine the non-equilibrium nature of its behavior and the peculiarities of the dynamics
of technological parameters [1].

Information about characteristics of the fluctuative processes of technological indicators and the distri-
bution of flow rates among the wells of the production facility allows us to assess the degree of non-
equilibrium and self-organization of the reservoir system at the given point in time, which allows us to make
an operational decision on managing the development process.

For this purpose, the possibility of using the Gini coefficient to interpret geological and field information
and diagnose the current state of the development process is considered.

Most of the long-term oil fields have entered the late stage of development. characterized by a de-
crease in oil production and an increase in water production. The deposits of such fields still contain a large
amount of residual oil. Since drilling on them is basically completed and the waterflooding system has been
formed, the only way to increase the completeness of reserves recovery is to involve undrained zones in the
development using technologies of physical-chemical and hydrodynamic impact on oil reservoirs. Oil fields
are characterized by a wide range of geological and field conditions, varying degrees of production of oil re-
serves and the effectiveness of the application of methods of influencing the formation, therefore, in order to
correctly determine the ways for the most complete extraction of oil, special research is necessary. A method
that is effective in some conditions, in others it can lead to an increase in water withdrawals, oil shortages
and a decrease in ultimate oil recovery, i.e. the mechanism of action of the method depends on geological
and field conditions. If the selected well does not meet the criteria for the applicability of the method, the re-
sult is negative. This is especially actual for technology aimed to increase the injectivity of injection wells,
isolating water inflows, etc.

A significant reserve for increasing efficiency lies in choosing the right strategy for planning the use of
formation stimulation methods, which should be carried out in stages, separately for the reservoir as a whole
(with the allocation of sections) and specific wells. In order to reduce the risk of ineffective use of technolo-
gies at the level of an oil producing enterprise and increase specific technological efficiency, it is necessary
to significantly raise the requirements for planning the use of technologies and justification of impact objects,
bringing them closer to the existing development design requirements. The application of methods for influ-
encing oil reservoirs should be based on prompt processing of field data, correct representation of the object
of study and the specific occurrence of oil reserves. Effective exploitation of oil fields is possible based on
determining the features of the development process.

It is known that if there is interaction between two wells draining a common oil reservoir, any changes
occurring in one of them will affect the performance of the other.

A clear consequence of these changes is the correspondence of fluctuations in oil and water with-
drawals from production facilities. Therefore, time series of technological indicators of oil and water produc-
tion are used as an information array, by which the degree of interaction is assessed [2].

To establish the consistency of changes in the time series of the characteristics under consideration,
correlation analysis is used.

In many areas, two types of statistical tests are used: parametric, built on the basis of the parameters
of a given population and representing functions of these parameters, and non-parametric, representing
functions that depend directly on the variants of a given population with their frequencies. The former is used
to test hypotheses about the parameters of populations distributed according to a normal law, the latter are
used to test working hypotheses regardless of the shape of the distribution of the populations from which the
samples being compared are taken. The use of parametric criteria is associated with the need to calculate
sample characteristics — the average value and variation indicators, whereas when using non-parametric
criteria, such a need disappears.

To describe the relationships between variable quantities, the mathematical concept of a function f is
used, which associates each specific value of the independent variable X, called an argument, with a specific
value of the dependent variable Y: y = f(x). Here x is the argument, and y is the corresponding value of the
function f(x).

This kind of unambiguous dependence between the variables Y and X is called functional. There are
many examples of functional dependence between variables.
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The dependence between characteristics may not be functional, but statistical in nature, when a cer-
tain value of one characteristic, considered as an argument, corresponds not to the same numerical value,
but to a whole range of numerical values of another characteristic, considered as a dependent one, distribut-
ed in a variation series variable or function. This kind of dependence between variables is called correlation.

Functional relationships are easy to detect and measure on individual and group objects, but this can-
not be done with correlation, which can only be studied on group objects using the methods of mathematical
statistics. The correlation between characteristics can be linear and nonlinear, positive and negative. The
task of correlation analysis comes down to establishing the direction and form of the relationship between
varying characteristics, measuring its closeness and, finally, checking the reliability of sample correlation in-
dicators.

The relationship between the variables Y and X can be expressed analytically (using formulas and
equations) and graphically (as the locus of points in a rectangular coordinate system).

The relationship between the variables Y and X can be established by comparing the numerical values
of one of them with the corresponding values of the other. If, as one variable increases, another increases,
this indicates a positive relationship between these quantities, and, conversely, when an increase in one var-
iable is accompanied by a decrease in the values of another, this indicates a negative relationship.

With a positive or direct relationship, when large values of one characteristic correspond to large val-
ues of another, the correlation coefficient has a positive sign and ranges from 0 to + 1, with a negative rela-
tionship, when large values of one characteristic correspond to smaller values of another, the correlation co-
efficient accompanied by a negative sign and ranges from 0 to —1.

The correlation coefficient has found wide application in practice, but it is not a universal indicator of
correlation relationships, since it can only characterize linear relationships, i.e., those expressed by a linear
regression equation.

If there is a nonlinear relationship between varying characteristics, other indicators of relationship are
used.

Managing oil and gas field development processes is associated with making timely and informed de-
cisions to regulate a set of technological processes. This requires both an individual analysis of specific ob-
jects and consideration of these objects functionally combined into a single system.

For this purpose, an approach is proposed to analyze the current state of the oil production process
based on the study of conflict situations.

Management and control over field development is based on a cybernetic approach to the analysis
and interpretation of geological and field information obtained in the process of development of oil and gas
fields. The methodological basis of this approach is based on the study of the input and output parameters of
the reservoir system (the «black box» model), which allows us to identify the characteristic features and qual-
itative and quantitative patterns of development of the development process [4].

The proposed approach is implemented by using game models of conflict situations, which make it
possible to determine a compromise solution.

In non-equilibrium systems, when external parameters change, the rate of build-up of equilibrium is
less than the rate of change in external parameters. Non-equilibrium behavior can be a consequence of the
properties of the system itself (gas-liquid flows, oil-water emulsions, interaction of formation fluids and gases
with porous media, etc.) and depends not only on the current values of the parameters, but also on the pre-
history - the dynamics of their change, determined by the features of the process development (rate of fluid
withdrawal, water injection, etc.) [3].

As part of the dynamic approach to development analysis, the degree of non-equilibrium of the reser-
voir system is assessed by changes in entropy, fractal characteristics, etc. This approach allows us to de-
termine development trends in the process and make timely decisions on managing the oil and gas produc-
tion by regulating the operating modes of production and injection wells, taking into account the interaction of
production facilities.

Conclusion

1. It is shown that when making a decision on the choice of development strategy, it is necessary to
take into account the dynamics of the interaction of oil and water withdrawals both along the horizons them-
selves and between them.

2. Based on the results obtained, the possibility of using a model of conflict situations to analyze the
current state of the oil production process, changing situations of the “predator-prey” system, which allows
you to choose a rational operating mode and recommend ways to regulate oil production processes is
shown.

3. As part of the dynamic approach to development analysis, the degree of non-equilibrium of the
reservoir system — transient processes are assessed by changes in entropy, fractal characteristics, etc. This
approach allows us to determine trends in the dynamics of the development process and make timely deci-
sions on managing the oil and gas production by regulating well operating modes, taking into account the
interaction of operational objects.
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The presented approach to the analysis of dynamic changes in technological parameters allows for
rapid diagnosis of the state of the deposit, for choosing the moment of time for carrying out various types of
influences on the formation.

4. Analysis of fluctuations in technological development indicators makes it possible to determine the
trend of transitions from a stable to an unstable state of the reservoir system, taking into account transient
processes, which allows timely and prompt decision-making on the choice of a rational development system
by regulating the operating modes of production facilities as a whole for the deposit.

5. An integrated approach to analyzing and assessing the effectiveness of the development process
based on a dynamic approach to interpreting the information array and timely diagnosing the state of the
reservoir system, taking into account transient processes and the interaction of production facilities, allows
one to make a more informed decision on the choice of development strategy.
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Annotation. The use of new technologies in
oil production imposes more stringent condi-
tions during field development, including
minimizing the harmful effects on the produc-
tive reservoir during drilling. This is achieved
by choosing a drilling rig, drilling modes,
drilling mud, regulation of its properties, etc.
The leading role in regulating the properties
of flushing fluids (drilling fluids) is played by
chemical reagents used for their preparation,
among them: filtration fillers, viscosities,
defoamers, colmatating additives, etc.
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Annotation. The article examines the main
reasons for the loss of light oil fractions in
vertical tanks (VTR) and proposes ways to
solve the problem to reduce the loss of light
oil fractions at the oil treatment unit (OPF).
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Annotation. This article discusses the meth-
ods of field and geophysical research aimed
at controlling the operation of gas and gas
condensate fields. Based on the analysis of
various sources, a list of field and geophysi-
cal research methods used in monitoring the
development of gas and gas condensate
deposits was compiled. This paper describes
the principles of operation, the scope of ap-
plication and the equipment used for the
selected methods of field and geophysical
research. The relevance of the topic is relat-
ed to the need to conduct field and geophysi-
cal research in various conditions, which may
exclude the possibility of full-fledged use of a
particular geophysical well research methods.

Keywords : field geophysical research to
control development; radioactive logging;
acoustic logging; electromagnetic logging;
thermal logging; barometry; flow metering;
moisture testing (dielkometry).
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Annotation. The results of acid and vibration
treatments of production wells cannot be
compared due to their implementation in
different production facilities and using differ-
ent technologies. However, acid treatments
of production wells are less effective. Based
on the effectiveness of the integrated tech-
nology for applying enhanced oil recovery
methods, in this case it is possible to believe
that this technology would be more effective.
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Annotation. The article discusses the possi-
bilities of application and potential directions
for the development of artificial intelligence in
oil and gas production. Based on the analysis
of Al application possibilities and a review of
existing applications, the latest trends in the
development of Al-based tools are described
and their impact on accelerating and reducing
the risks of processes in the industry is de-
termined. The prospects of using artificial
intelligence to improve the efficiency of oil
and gas production are shown.
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Annotation. Today, the techniques and tech-
nologies for simultaneous-separate exploitation
of several formations and simultaneous-
separate injection of liquids and gases into
formations, as well as, first of all, the provision of
these processes with information technologies
are experiencing a rebirth. Simultaneous-
separate  exploitation and  simultaneous-
separate injection systems appeared quite a
long time ago, but they have only become truly
in demand now. Of course, this is due, first of
all, to a significant change in oil prices, as well
as for services and equipment for lifting and
treating oil. It should be noted that oil companies
no longer talk about the need to reduce costs
when purchasing equipment - there is an un-
derstanding of the need to consider the entire
range of equipment and technology indicators,
taking care not only of reducing capital, but also
operating costs. This approach forced many oil
companies to remember those technologies that
had been known for quite a long time. The ex-
panded implementation of technologies for
simultaneous-separate operation and simulta-
neous-separate injection makes it possible to
solve many problems and pose new challenges
for those involved in the development of these
technologies and equipment and their imple-
mentation.

Keywords: simultaneous-separate exploita-
tion; simultaneous-separate injection; simul-
taneous and separate development of sever-
al operational facilities; monitoring system for
simultaneous-separate reservoir exploitation;
organization and results of monitoring of
production wells; organization and results of
monitoring of injection wells; stages of devel-
opment of joint operation systems.
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- | Annotation. In this article, a variant of the
mathematical model of the process of limiting
water inflow is proposed, taking into account
the mechanical properties of rocks, minimum
horizontal stress, bottom-hole pressure and
the radius of the well. This model allows us to
determine the calculated crack width at a
given distance from the well wall and the
volume of the formed crack, taking into ac-
count the fluid loss of the grouting solution
into the formation.
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$3 . % - | Annotation. The experience of drilling oil and
gas wells shows that one of the most com-
12 mon complications that occur in the drilling
, , . : A
. process is the stuck pipe. Scientists and
L& 1 ;1 = | drilling experts explain and prove the occur-
g exp p p
1 .+ rence of such cases for various reasons.
| i - | Indeed, these reasons are very different.
1 1 ] _ | Taking into account the new physical model
of multiphase flow and rheological properties,
| the issue of evaluation of the mechanical
( ) : ( 2 ) particles (debris) as a result of the dislocation
(movement) along the axis of the cylindrical
12 - | flowbecause of the interaction of the phases
L p
1 . in the drilling fluid as a factor causing com-
pression and stuck pipe was considered in
the article.

= ( " ( : , , | Keywords: drilling fluids, pressure gradient,
| visco-plastic, shear stress, stuck pipe.

ntroduction

As it is known, oil and gas extraction, gathering, transportation to processing sites, separation, as
well as oil, gas, formation water and mechanical particle cleaning processes are based on multiphase tech-
nologies.

It is known that the process of drilling oil and gas wells is carried out with the participation of drilling
fluid, and this fluid performs several important functions. Thus, during drilling, it constantly circulates and
brings the drilled rock fragments to the surface, which is one of its main functions. At this time, there are hor-
izontal, up-bottom and bottom-up movements of the drilling fluid in laminar mode. Based on a large number
of rheological studies, it was determined that drilling fluids are mainly described by a viscoplastic (pseudo-
plastic) rheological model [1 + 4].

The movement of the drilling fluid, which has visco-plastic properties, settled in the pipe was studied
by us.

It is known that the following dependence is used for the rheological description of visco-plastic fluids
(Shvedov-Bingham model):

o(0@ Y, (1)

P — plastic viscosity; S — flow velocity.
It is typical for visco-plastic flows that they have the initial shear stress O [4, 5, 6]. At values greater
than this tension, the structure of the liquid begins to disintegrate. After a certain critical velocity, the de-

pendence O ( T UVturns into a linear dependence, and the motion of the fluid is characterized by plastic vis-
cosity, being the motion of a Newtonian fluid (P ( =WX. The dynamic shear stress — yield point (Q) is deter-
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mined by extending the linear part of the dependence until it intersects the ordinate axis. It should also be
noted that yield point cannot be determined experimentally.Unlike the dynamic viscosity coefficient, the plas-
tic (structural) viscosity coefficient P does not have a constant value for most fluids. As a rule, for non-
Newtonian fluids, the concept of effective viscosity at a certain shear rate is used. This viscosity is calculated
based on the tangent of the slope angle as a function of the shear rate (P (=W ). The analysis shows that
most of the fluids with visco-plastic properties show a decrease in viscosity with increasing shear rate.

The shear stress distribution along the cross-section and the yield point can be determined according
to the following known expressions:
YZ[I
v

YZ[l g

o(%jo( e, @

UP —is the pressure difference.

The tangential stress on the pipe wall (when r = R) takes a maximum value..
o(o. (2B
3=0 when r = 0 on the pipe axis. O ( O and bScbC ( on a cylindrical surface with radius C ( C from the
pipe axis. In the interval d Cd C., the velocity of the flow remains constant, in other words, the cylindrical
part with the radius C moves like a solid body and is considered the core of this flow. The radius of the core
is found from the following equation based on the condition O ( O:
\[e ¢

According to the last condition, O f Q should be on the inner surface of the tube for the fluid to move.
When C (g, the initial pressure difference (Y4 ) corresponding to the stationary state of the fluid (O ( O will
be as follows:

v4 ( e

a

That is, it is important to have the condition Y4 f Y4 . for the fluid to move in the pipe.

Let's examine how the gradient-velocity field changes during laminar flow of non-Newtonian drilling flu-
id. For this purpose, let's examine how the velocity and pressure gradient change along the cross-section of
the pipe.

It is known that the change of the pressure gradient along the cross-section can be determined by the
following mathematical equation [5, 6 |:

Qz QR
o ( hS o (3)

Here h — density of drilling fluid.

Let's assume that the change in velocity (S) during the flow of the drilling fluid in the pipe occurs with
the following expression:

S(ic @jc@ . 4)
Let us use the following boundary conditions to determine the coefficients A, B and C included in the
trinomial (4):
When C (g, velocity S ( at the pipe wall is assumed.
icC @ic@ ( ,
QR
Ql
QR . .
= 0iC . ,
Qlikl 4 ( - @]
QR
G (P Qe @9
YZ[i YZ[l g

Q'nn(\_]o( \

Using the mentioned conditions above, we get the following expressions for determining the coeffi-
cients A, B, C included in equation (4):

when C ( C,
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From the last expressions, taking into account the coefficients A, B, C, the following expression can be
written for the determination of the distribution of the velocity along the cross-section of the pipe:

Yz &
op\g KC KpgKC. (6)
According to expression (6), the change of the velocity gradient along the cross-section is as follows:
QR, YZlgl

If we consider the expressions characterizing the distribution of velocity and velocity gradient (6) and

(7) and the expression of O in equation (3), we get the following expression reflecting the distribution of the
pressure gradient along the cross-section:
QzZ , qvz¥

Ql op&\&

Considering that the expression (6) reflecting the cross-sectional velocity distribution of visco-plastic

fluids during laminar flow is true only in the interval C d C d g, then when C ( G, as can be seen from the
expression (8), the pressure gradient becomes 0 % (. By the same rule, when r = R, that is, the pressure gra-

dient on the pipe wall is equal to 0 (% () andin the center of the tube (whenr=0) g—lz ( w

The maximum value of the pressure gradient along the cross-section can be determined by deriving
the expression (8). So, if we take the derivative of that expression with respect to r and make it equal to zero,
we get the following quadratic equation:

xC KyCC@0CgKg @0C (
Following roots are obtained from the solution of the last equation with respect to r:

G(C @2 gKC,

C(C KZgKC

CKCrOC gKC K g KC s. 8)

As you can see, although the second root satisfies the equation because C { C. is obtained, it contra-
dicts the condition C | C mentioned above. Therefore, the pressure gradient b4cbC will have a maximum
value at 3 ( C. @? g KC. . This value will be as follows:

Qz ( z5qal gey. egt
Qlimn 5p&

The variation of flow parameters (velocity, tangential stress, velocity gradient and pressure gradient)
for visco-plastic fluids is shown in figure 1.

Figurel — Cross-sectional distribution of flow parameters of visco-plastic drilling fluid
257



- 2024

Studies show that the structure of multiphase flows (gas-liquid, oil-water-gas, oil-gas-mechanical parti-
cles, drilling fluids, etc.) is highly dependent on the orientation and direction of movement of the channel
(pipe). So, during the movement of these flows in the vertical pipe from top to bottom and vice versa from
bottom to top, as well as in horizontal direction, their characteristics differ significantly from each other. Alt-
hough there is currently a considerable amount of scientific research work on horizontal and bottom-top ver-
tical flows, top-bottom flow forms have been limited studied .

The results of scientific research conducted in recent years have shown that there is mutual influence
of phases in multiphase cylindrical flows regardless of the direction [5 + 8]. As the gradient-velocity field is
formed not only along the length but also along the cross-section of the flow according to the law of conser-
vation of energy, the continious phase is able to transport dispersed phase particles along the axis of the
flow, in its center. Due to the Bernoulli force, which is directed from the edges of the cylindrical flow towards
the center, those particles (mechanical, gas, water, etc.) very easily move in the core of the continious
phase, being directed to the axis of the flow.

It is known that during such flows mainly gravity, Archimedes, and Bernoulli forces (if we do not con-
sider friction and inertia forces) are active forces, which cause sedimentation and migration phenomena. It is
clear that although the direction of these forces is known, their effect will be different depending on the direc-
tion of the multiphase flow. So, in vertical downward and upward flows, Archimedean and gravitational forces
will be opposite to each other, and Bernoulli's force will be perpendicular to them. In the case of horizontal
flows, although the direction of all three forces is perpendicular to the flow, the Bernoulli force will be perpen-
dicular to the axis of the flow from the edges, and the Archimedean and gravitational forces will be opposite
to each other. Schematically, the directions of these forces in different directional flows are shown in figure 2.

Figure 2 — Direction of active forces in multiphase flows with different directions:
a) — horizontal, b) — bottom to top, c) — top to bottom;
Fg — Bernoulli force, Fa — Archimedes force, Fg — Gravitational force

Thus, the cross-sectional transfer of matter and energy in multiphase flows does not occur only due to
turbulent diffusion. This process is also caused by the directed movement of the medium itself. Such transfer
phenomena, which are characteristic of multiphase flows and multicomponent drilling fluid, occur due to the
Bernoulli force, which causes the interaction of phases in both horizontal and gravity flows [4, 7]:

Qz
€ (.,yf.b 55. 9)
Here d — the diameter of the dispersed phase particle, the volume of the particle (gas bubble, mechanical
particle, scrap, etc.) with a diameter d of ,yf,b °; b4cbC — is the pressure gradient across the flow cross-
section.

The transfer movement of the flow along the cross-section occurs under the influence of the pressure
gradient along the length (height), against the background of the movement of the medium. Turbulence of
the flow also increases with the increase of the average flow rate, because the pressure gradient along the
cross-section increases more intensively with the increase of the velocity.

If we consider the expression that reflects the change of expressions of pressure gradient, S and
bSchC in equation (9) we get:

€ (,yf.b 5h. Khy W (10)

As can be seen from the last statement, the Bernoulli force directed from the pipe wall to the center of
the flow in the cylindrical flow increases significantly as the density difference of the mechanical particles and
fluid (drilling fluid) and the diameter of the mechanical cuttings increase.

As can be seen from the last expression, the migration of the dispersed phase to the center of the flow
is inevitable despite the high degree of dispersion even in the small diameters of the rock fragments. There-
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fore, due to intensive migration (transportation) of drilled rock particles to the center of the flow due to the
effect of the Bernoulli force caused by the variable pressure gradient, it can greatly increase the local re-
sistance caused by friction and cause the stuck pipe.

Conclusions

Based on the physical model of multiphase cylindrical flows, the regularity of the formation of the ve-
locity-gradient field during its movement in the pipe, taking into account the visco-plastic properties of the
drilling fluid, has been shown.

It has been shown that one of the possible causes of stuck pipe during drilling of oil and gas wells is
due to the compression of the tool as a result of the dislocation of mechanical particles and rock fragments in
the direction of the flow axis due to the Bernoulli force formed by the velocity-gradient field.
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Annotation. One of the ways to improve the
quality of cementing is the use of buffer flu-
ids, which do not always allow to fully solve
the tasks. Therefore, the development of the
spacer composition and its use in cementing,
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FLEXIBLE DRILL STRING ASSEMBLY
FOR DRILLING HORIZONTAL OIL AND GAS WELLS

% ( L. Kuznetsov V.A.
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Associate Professor,
! Azerbaijan State University
) of Oil and Industry

$3 . % I - ] Annotation. One of the main tasks when
drilling horizontal wells is to design a trajecto-
ry that matches the geological conditions and
drilling objectives. This includes determining
) the inclination and direction of the well, as
| | . - | well as choosing the optimal length of the
1 horizontal section. To achieve a given well
+$ 1 | trajectory, flexible BHAs are often used,
) : ~ | which allow the direction of driling to be
. ! - | changed during operation. An important as-
| pect of drilling horizontal wells is controlling
| the direction of the well to ensure that the
) specified trajectory is followed accurately. For
this purpose, special tools and technologies
! - | are used, such as gyroscopic navigation
. systems and real-time systems for trajectory
11 _ | correction. Specialized tools such as dia-
’ mond bits with angle attachments and flexible
! drill string assemblies are used to create
! . 8 - | curved sections of the well. These tools pro-
1 - | vide precise control of the direction of drilling
) and the creation of the desired trajectory
’ shape. Diamond angle bits are innovative
tools used in drilling horizontal wells for oil
! - | and gas production. These bits have a spe-
. 8 1 1 1 , - | cial design that ensures effective penetration
| through rocks, and ensures high productivity
’ in the process of bending horizontal wells.
: Flexible BHAs are complex systems specifi-
! L H# +$ 1 cally designed for drilling horizontal and di-
| rectional wells. They are made up of several
1 _ % key components to provide flexibility, strength
and functionality. The main element of flexi-
ble BHAs is a flexible shell made of special
! o . % +$ — | composite materials or alloys. This casing is
| - | capable of deflecting and bending to follow
8 | _ | the shape of the well, allowing for horizontal

’ ’ drilling.

= ( " ( : | - | Keywords: horizontal well, trajectory, dia-
+$ mond bits with angle nozzles, flexible BHAs,
! ! ultra-thin aluminum oxide coating, drill pipe

strength.
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Annotation. This paper discusses the prob-
lems associated with the passage of intervals
composed of unstable rocks during the con-
struction of oil and gas wells. The causes of
the most frequently observed problems were
considered - wellbore instability due to scree
and collapse or swelling of clay rocks. The
processes of clay inhibition using various
reagents are shown, which slow down the
hydration of clay rocks with experimental
studies. The results of studies of potassium
formate and polyglycol vieinium on the inhibi-
tory properties of polymer-linic drilling mud
(PGBM) are presented. According to experi-
mental studies, a swelling isotherm was built,
a process equation was derived indicating the
physical meaning of the coefficients. Rec-
ommendations for selecting the most optimal
inhibitor reagent are proposed.

Keywords: lay hydration, inhibition, compli-
cations, reagent inhibitors, swelling isotherm
equation.
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$3 L [ , - | Annotation. The article gives information on
how mathematical modeling of the processes
| 1 occurring in the well allows successfully to
’ prevent flows of formation fluids in the ce-
mented annulus.

= ( R G , , Keywords : well, cement slurry, formation,
annulus flows, formation fluids, gas migration
1 in annular space of the well.

)

In memory of Dr. Chernenko Alexander Vasilievich

he problem of gas, water or oil migration in cemented well annular space has always been and
remains relevant and very significant, causing great damage not only economic, but also to the
subsoil and the environment (not everytime manifast).

Many techiques to prevent migration of formation fluids, mostly gas, over 50 years have been used.
There are some of them: using «high quality» oil well cements; increacing replacement ratio; two-stage ce-
menting, setting muds; limitation of fluid loss of cement; different types of cements: tixotropic, latex, shot
transition time, low free water and low permeable (with colmatants of pores), expending, «right angle» and
others; additives in cement: dispersed gaz, gaz generated, surfactants, «gazblocks», adhesion enhancers...;
packers; holding backpressure from serfase at last. Many tecnques — no universal success (here we call only
one source-1, in fact there are hundreds of them, if not thousands).

But it seems there can not be a universal solution of the problem. There are so many different tech-
nical and downhole combinations of the conditions in each specific well that we have only way — to know the
conditions and select and apply that techique what «guarantees» success.

In the 80-90s in VNIIKRneft-NPO «Burenie», Krasnodar, Russian Federation, Dr. Chernenko A.V.
with the colleagues after study of literary sources, thear own deep experimental and theoretical investiga-
tions confirmed and found follow.

Migration of formation fluids starts either in the initial period of time after stop of well cementing (transi-
tion period) through the matrix of the cement slurry or, after hardening of the cement — in the contact zones
of the cement stone, primarily with mud, clay cake or formation.

Most of the flows start during first 10-40 minutes of transision period. At this time formation of fluid-
conducting channels in cement is possible. The riasons of the channeling are: sedimentation of the solid
phase and local suffusion destructions of the coagulation cement particles structure by ascending flows of
water displaced by settling solid phase and later — in addition — by formation fluid. The channels sharply re-
duce ability of cement to resist to fluids filtration. The abbility may be evaluated by so called initial gradient of
the fluid filtration through slurry — it is least gradient at which fluid movement begins.

At the same time due to the drop in the hydrostatic pressure of the column of the cement (cement pore
pressure) pressure gradient directed from the formation into the well appears and arises. (The reasons of the
pressure drop are: solid phase suspension on bounding surfaces and water phase loss). The gradient can
become a driving force for formation fluid movement into the annular. If the time-increasing pressure gradient
exceeds the current (also time-varying) initial gradient of the fluid filtration through the cement slurry, the
movement of a formation fluid from the formation into the well and further along the annular starts. The mi-
gration will evolve or, much less likely, die down. If structure of cement slurry and than — stone is not broken,
i.e. the chanels are absent, initial gradient usually is above than gradients that take place in cemented annu-
lar-flow throught cement matrix is unpossible.
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All of above described processes depend on a lot of factors.
Figure illustrates the idea of the occurrence of a driving force of fluid flow from the formation into the
well and of the moment of flow start.

Figure. Scheme of pressure gradients changesin cem  ented annular space of a well in time
Designations: 1 — gradient of reservoir pressure. 2 — gradient of cement pore pressure. 3 — nominal gradient
of hydrostatic pressure of cement water phase. 4 — gradient of differential pressure in the reservoir and in the well (driv-
ing force of formation fluid migration). 5 — initial gradient of the fluid filtration through the cement slurry (flow resistance),
cement A. 6 — initial gradient of the fluid filtration through the cement slurry (flow resistance), cement B.

The two situations are shown:

a) cement A has sufficient insulating ability. The cement ring remains tight.

b) cement B does not have sufficient insulating ability. Movement of formation fluid from formation to
well occurs.

The parameters values are approximate.

) n analytical criterion for the tightness of cemented annular space was proposed, which has the fol-

lowing form:
1Ty =t PRy
o7 Pyt PR

where: ., — tightness criterion for cemented annular space, non-dementional; P, — pressure in annulus dur-

ing WOC (function of time); P — pressure required to overcome resistance to formation fluid injec-
tion into annulus (function of time), MP ; P, — formation pressure, MP ; P; — formation fracturing pres-
sure, MP .

If ¢ T O, then fluid manifestations and inter-reservoir flows will not occur, i.e. tightness of the cement-
ed annular space will be ensured. If  _ 1 — hydraulic fracturing is excluded when additional pressure
(backpressure) is created during the period WOC (during cement setting).

The special laboratory stand was constructed. The similarity criterias of geometric, temperature, and
what is most important, pressure gradients in the model and in nature — well borehole-were met. The scien-
tists have tested different varieties of oil well cements and studied kinetics of changes in pore pressure and
initial gradient.

The obtained data, unknown before, and the analytical constructions allowed to develop the mathe-
matical models of processes occurring not only during cementing, but also in the already cemented annulus
space of well. Mathematical quantitative simulation with a high degree of similarity has made it possible to
know the growth kinetics of both the driving force and the resistance to the movement of fluids through ce-
ment slurry in a particular(!) well. Thus, it has become possible to predict level of probability of formation flu-
ids flows in the initial period of hardening of the cement slurry. As far as we know, other similar functional
dependencies are not known.

de=fgh={gkh=mn=fgh=o0gfghohflpgt=omwhtk=fgh=eh ™jflimasm|rqok=gew=fhpgemtm|t=mn="™htt=phohefle|=
ggqvh={hhe=whvhtmxhw=Wnjifgh=Ehpgemtm|{>=If="Mgk=rh|lkfrgfhw=le=FGGF)Xgefgh+&k=jelijh=le=fhrok=mn=qg=
kplhefinlp=gl|gtt+=rhgkmeq{th=xrhwipfime=mn=Ffgiitkirmn=qgpglhvie|=fl|gfehkk=le=fgh=geejtqr=kxesph
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If first forcast is negative, known technological methods of preventing leakages are chosen, corrected,
adopted and applied. There are some of the most preferred of them: optimization of the properties of the
cement slurry, imparting it with the required insulating ability (optimization of coagulation structure (gel) buld-
ing-up and thikenning time, increasing the viscosity of the liquid phase, pore space colmatation), if the speci-
fied measures are not enough, creation according the calculated, emphasize calculated, timing of backpres-
sure is used. Selection is made until a positive forecast is obtained.

The Technology also includes the application of the already usual soft for calculating case running, its
centralization, hydraulic, dynamic pressure on the different depths, barothermal regime of the cement slurry
head and others intended both for designing a trouble-free cementing process itself, and for obtaining the
principal, final result — sealing tightness (2, 3).

Table 1 shows the main source data used for analysis.

Table 1 — The main source data used for analysis

Well profile

Depths of reservoir layer, pore and hydraulic fracturing pressures, type of formation fluid, cavernous coefficients

Diameter of drill pipes and bit at the last runing

Depth of descent of the previous and cemented casing strings, their sizes

Placement of the «stop ring»

Geostatic temperature at the bottom

Surface temperature

Mud outlet temperature

Pump performance, wellhead pressure when flushing after the descent of the column

Volumes, density, rheological properties of : drilling mud, buffers, cement, its water phase and squeezing fluid

Water-cement ratio, preparing and activating time, spreadability (a cement parameter used in Russia, conditionally
characterizing its fluidity), the start time of cement setting (other not APl parameter of cement) after the moment of
«Stop»

Cementing plan

Table 2 shows the output obtained using the set of computer programs.

Table 2 — The output obtained using the set of computer programs

1. The forecast of the tightness of the cemented annulus in the period of WOC
1.1 The probability of fluid manifestations from the formation at the wellhead

1.2 The probability of inter-reservoir flows indicating which layer to which cross-flow is possible

1.3 Intervals of formation of fluid-conducting channels in annulus

2. Optimal arrangement of centralizers, indicating the number of centralizers and their installation locations

3. The calculation of the maximum allowable values of the speed of the descent of the column and the flow rate of
the liquid during intermediate flushings

4. Cementing plan

5.  Simulation of the cementing process

5.1 Process visualization

5.2 Pressure on the roof and sole of each layer during cementing

5.3 Thermobaric regime of the «head» of each portion of cement (necessary for the correct informative laboratory
testing of cement)
5.4 Upflow speed

5.5 Column emptying depth during cementing

5.6 Cement head design pressures

5.7 Upflow mode according to Reynolds Theory
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The Technology has been applied many times in some parts of the world. Its high performance of
achieving tightness in the annular space has been proven beyond doubt (look table 3).

Table 3 — The results of using the Technology for the selection and implementation of technological methods
for preventing serface casing vent leaks and inter-reservoir flows of formation fluids

Year Region Number of wells Tightness
cemented by the
Technology
Befor use the Technology After use the Technol-
not reached ogy reached
Langepas, Russia Product flooding up to 95 % Anhydrous oil produc-
1987 10 tion for 3 years of ob-
servation
Radugnyi, Russia Product flooding up to 95 % Anhydrous oil produc-
1989 10 tion for 3 years of ob-
servation
1987 Groznyi, Russia 3 Serface casing vent leaks during WOC | Absent
1989-1995 | Astrahan, Russia 7 Serface casing vent leaks during WOC | Absent
1992-2000 |Ukraine 10 Serface casing vent leaks during WOC | Absent
Vietnam In 85 % of the wells serface casing In 10 % of the wells
vent leaks annular pressures due
1996-1997 More 30 to Ieakagpe of the well-
head
1994-2001 Krasnodar, Russia 7 Serface casing vent leaks during Absent
operation
2002 Igevsk, Russia 5 Product flooding Anhydrous Oil
Production
Nefteugansk, Product floodin Anhydrous Oil
2002 Russiag 7 ’ Proguction
2008 Urengoy, Russia 26 Serface casing vent leaks during WOC | Absent
2013-2017 |lraq More 100 Serface casing vent leaks during WOC | Positive reviews

All data in the tables have been presented by Dr. Chernenko A.V.

Unfortunately, for some objective reasons that are completely irrelevant to the quality of the Technolo-
gy itself, it, the Technology, was not published to the necessary degree and turned out to be practically un-
known to a wide circle of specialists and potential users. This article is aimed at correcting this situation.

1. -
. , , - ( . CADE/CAODS -
1 ,7-8 1999 . ! .= .— .99-123.
2. < ).+ ! . , 1
! ). .< , #t. . — LAP LAMBERT Academic Publishing.
3. % 8..4 /
8..% 1 IR , 7 .+.3 .= : I, 2012.
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Annotation. This article analyzes the main
types of vibrations drilling equipment, arising
in the course of construction of wells: axial
transverse and torsional, the nature of their
occurrence, the causes of possible manifes-
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increase the efficiency of work are also con-
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ied only the axial vibrations of the drill string.
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Annotation. The article discusses the meth-
ods for the yield of bentonite clay powder
solution proposed by existing regulatory doc-
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- | Annotation. The results of studies of stabi-
lized cement slurries with the effect of stone
expansion, achieved without the introduction
~ | of special oxide additives, are considered. A
distinctive feature of these systems is the
ability to reduce contraction during the for-
mation of an expanding stone, which makes it
possible to increase its insulating ability.

- | Keywords: cement slurry, expansion, addi-
tives, contraction.
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$3 ! | 1 Annotation. The article discusses ways to

| improve the quality of low-colloidal clay pow-

’ ders to improve the physicochemical proper-

ties of water-based washing fluid. A techno-

. % logical scheme for the production of dry pol-

( )' 12 2 - | ymer mixtures (DPS) was developed, which

12 11 | _ | differs from the existing ones by the ability to

) ’ improve the low-colloidal clay phase directly

in the technological process of obtaining
SPS.

= ( " ( : | Keywords: low colloidal clay powders, dry
polymer mixtures, technological scheme.
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$3 ! | - | Annotation. The article considers the com-
(#( ) _ | positions of acid-based hydraulic fracturing
fluids, compositions and additives that im-
) 12 - ~ | prove its physical and chemical properties.
- | Hydraulic acid fracturing fluid formulations for
specific reservoirs were analyzed.
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$3 . Annotation. This work contains the research
| _ of influence of mineral and polymer additives
) ( 1 . on elastic and strength characteristics of
38 o 1n | ’ .| plugging material for horizontal wells support.

; : » | The work includes two stages: studies at

90 ° 11 - | 38°C for preliminary selection of additives; at
- | 90 °C for modeling of reservoir conditions of
L0 2 1 _ | the field for which the plugging compound is

| developed. The influence of additives was
) analyzed based on the results of determining
4 ~ | the compressive and flexural strength of the

- - | plugging material by mechanical means.

[ From the tested additives for improving the
elastic-strength characteristics of cement

305



- 2024

38 °

90 °

+
!
" (
(), !
. E#( ).
[1].
12
65 ( -
( ) (
, !
3
0,44.
1
" 1-4
- .
65 ( S
!
(6- I-G-CC-1)
|
4% -
|
1
38 °

306

90 °

3#(

34532-2019. +

24

stone, according to the results of studies at
38 °C, the use of butadiene-styrene latex or
polypropylene fiber is recommended. But at
the temperature of 90 °C this additive wors-
ened the elastic-strength characteristics. The
most promising for the temperature of 90 °C
according to the results of experiments was a
combination of quartz flour, polypropylene
fibers and a component based on epoxy
resin.
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Annotation. Selecting the correct technolog-
ical equipment for cleaning drilling fluid from
drill cuttings is a primary task to achieve max-
imum effect. The variety of specifics of the
equipment used makes this task one of the
most difficult when developing a technology
for cleaning drilling fluid when drilling wells.
To facilitate and standardize this process, a
full-scale classification of drilling mud clean-
ing vibrating screens has been developed.
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drilling, drilling fluid, characteristics of the
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Drilling operations are carried
out at a field located in the northeast of the
Russian Federation in the area of permafrost.

) As practice shows, under these conditions a
, | large number of complications arise that lead
- | to accidents. On average, up to 20-25 % of

calendar time is spent on combating compli-
cations. This makes the problem of prevent-
ing complications and combating them very
urgent. The main cause of all complications is
the violation of the integrity of permafrost
rocks, the cementing material of which is ice,
as a result of thermal, erosion and physico-
chemical interaction with the circulating flush-

- | ing medium. The most effective way to pre-

vent complications that arise during drilling in
permafrost is the competent choice of the
composition and quality characteristics of the
flushing medium, which can both maintain the

! integrity of the wellbore and have sufficient

permafrost conditions.

removal capacity. The article discusses drill-
ing fluid formulations for eliminating and pre-
venting complications when drilling wells in

- | Keywords: types of complications and caus-

| es of their occurrence; measures to prevent
’ complications; the role of the flushing medi-
um in preventing complications when drilling

i | in permafrost; methodology for selecting and

1( 3
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testing drilling fluid; calculation of the eco-
nomic effect of using the selected solution.
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$3 . - | Annotation. The characteristics of modern

12 chemical reagents used in the composition of

! highly inhibitory drilling fluids with high lubrici-

12 ty and anti-stick ability are given. A descrip-

"1 . ) - | tion is given of the composition and parame-

«+ » - | ters developed at the Department of Oil and

Gas Equipment and Technologies of innova-

tive drilling fluids, the use of which contrib-

1 utes to the construction of oil and gas wells in
difficult conditions.

= ( " ( : , , | Keywords: chemical reagents, drilling fluids,
difficult conditions, well construction.
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Annotation. The paper considers the causes
of instability of boreholes during the passage
of clay-mudstone rocks prone to scree, col-
lapses and swelling. The observed phenom-
ena lead to complications, which are mani-
fested by the lack of free movement of the
drill string, puffs, landings, as well as tacks of
the drilling equipment. The solutions pro-
posed by researchers to prevent such com-
plications are presented — the use of inhibited
water-based, hydrocarbon-based solutions.
Technological data are presented, as well as
the chemical composition of reservoir waters
of various deposits of the Volga-Ural region.
The use of reservoir water as a dispersion
medium for inhibited drilling fluid systems is
proposed, since it reduces the wetting ability
by 5-7 %, which makes it possible to en-
hance the inhibitory properties of water-
based drilling fluids. When using reservoir
water, its chemical composition should be
taken into account for optimal use of inhibito-
ry additives.

Keywords: reservoir water, inhibition, com-
plications, inhibitor reagents, chemical com-
position.
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