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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences 
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new 
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics to be 
accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts 
& Humanities Citation Index. The quality and depth of content Web of Science offers to researchers, 
authors, publishers, and institutions sets it apart from other research  databases.  The  inclusion  of 
News  of  NAS  RK.  Series  of  geology  and  technical sciences in the Emerging Sources Citation 
Index demonstrates our dedication to providing the most relevant and influential content of geology 
and engineering sciences to our community.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы» ғылыми журналының Web of Science-тің жаңаланған 
нұсқасы Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл 
индекстелу барысында Clarivate Analytics компаниясы журналды одан әрі the Science Citation 
Index Expanded, the Social Sciences Citation Index және the Arts & Humanities Citation Index-ке 
қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен 
мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық 
үшін ең өзекті және беделді геология және техникалық ғылымдар бойынша контентке 
адалдығымызды білдіреді.

НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 
наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии 
Web of Science. Содержание в этом индексировании находится в стадии рассмотрения 
компанией Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index 
Expanded, the Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of 
Science предлагает качество   и  глубину   контента   для   исследователей,  авторов,  
издателей  и  учреждений. Включение Известия НАН РК. Серия геологии и технических 
наук в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по геологии и техническим наукам для нашего 
сообщества.
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Introduction. Nowadays there are a lot of 
publications devoted tostudy of variousproduction 
characteristics of horizontal wells. Currently, a 
higher performance of horizontal wells is observed 
compared to vertical wells and under otherwise equal 
conditions this is the fact proved theoretically and 
confirmed in practice.

Based on the performed researches and 
accumulated practical experience, according to the 
current opinion, the maximum effect on the use of 
the horizontal wells can be useful at the production 
facilities with the following characteristics [1, 2,3]:

- facilitiesbelow the gas capandfacilities 
withbottom waters;

- collectors with verticaljointing;
- deposits anddifficult to accessproduction zones;
- shelf anddifficult to access production zones;
- during operation ofgas deposits;
- usingenhanced oil recovery, particularlythermal

methods;
- with oil viscosity (μ˃10 mPas);
- low-efficiencymode ofreservoir production;
- net productive zone– at least 3 m;
- low permeability of collectors (k˂0,1µm2);
- largeremaining recoverable reserves.

In terms of modernscientific-technological 
progress, when there was a technical ability to drill 
deep and ultradeep wells, there is a real opportunity 
of involvement into development of deeply buried 
wells. 

Nowadays development of deep-seated 
deposits is one of the principal tasks of gas and oil 
producing industry. This leads tointensive need 
of comprehensive study of flows of formation 
fluidsandconstruction ofcomputational models of 
development ofdeep oil collectors (characterized 
byhighreservoir pressure and temperature) subject 
tochanges ofporopermproperties of porous medium 
and fluids.

Deep-seated deposits, which are characterized by 
high reservoir pressure, are in state of thermodynamic 
equilibrium before development. 

Development of these deposits will lead to 
distortion of thisequilibrium of bedded system. 
As noted above, rock matrix of collector is subject 
to heavy loads in case of decrease of reservoir 
pressure, asformation pressure isunaltered, and 
effectivepressure is increasing. As the result, 
deformation processes are changed in porous 
medium, accompanied by decrease of its porosity 
and permeability. 
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FLUID INFLUX TO A BATTERY OFINCOMPLETE HORIZONTALLY BRANCHED 
WELLS IN DEFORMED FORMATION

Abstract. Using numerousexperimentalandfield researches, it was established that there are rock 
deformations duringoil and gas fields development, occurred due to thereservoir response. It has been 
established that formationvolume of pore space is decreased due to elastic expansion of rock grains and 
increase of compression strength transferred to matrix from mass of overlying rocks due to formation 
pressure depletion. As the result, there are deformation processes in porous medium accompanied by 
degradation of its porosity and permeability, and suffered greater change compared to the formation porosity, 
sufferedpermeability at the samepressure variation.

Demonstration of mentioned anomalies under formation conditions leading to non-linear effect can 
strongly influence the whole process of the reservoir development and lead to various qualitative and 
quantitative differences between the observed facts and the indicators which were calculated using standard 
methods.

Formulas for determination of debits of incomplete horizontally branched wells (HBW) in deformed 
formation for various number of horizontal shafts in a battery were obtained in this work using image method 
of drains (sources) and superposition. Obtainedestimate indicatorscan be used inengineering works during 
development of the deposits indeformed environment. 

Key words: yield, rock deformation, external boundary, steady state, pressure, bore length, permeability.
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This affects filtration of formation fluids and basic 
development parameters of the deposit. Literature in 
this area of researches isvarious andnumerous. The 
list of works related to this problem can be found in 
the publications [1, 3, etc.].

Of course, it should be expected that nature of 
fluid influx to horizontal wells in these terms will 
be distinguished from thenature of fluid influx in 
collectors at shallow depth.

In view of this let’s consider a problem of fluid 
influxto a battery of incomplete horizontally branched 
wells during formation deformation.

Problem statement. Let’s formulate the problem 
as follows: if filtration mode is steady, let’s determine 
afluid influx toshaft ofround battery, incomplete 
according to nature, level ofproduction wells, located 
relative to impenetrable roof and bottom of final 
formation with deformed collector during reservoir 
development (Fig.1).

Fluid is low compressible, withconstant viscosity. 
Fluid filtration is under theDarcy’s law.

Taking into account the indicated conditions, the 
task on determination of function of pressure field is 
restricted to solution ofLaplace equation.

One ofspecific solutions of this problem 
was found in the work [4-6] usingimage 
ofdrains (sources) relative to roof and bottom of 
formationandsuperpositionnot including deformation 
ofdeposit collector during development.

Fig.1. Projection scheme of shafts ofbattery of 
horizontally branched wells onbottom plane of round 

formation with round external boundary

Using the mentioned approach when battery 
of horizontally branched wells is used in deformed 
formation with random number n and various lengths 
l1, l2,…lnof shafts, a formula of cumulative mass 
yield of well is obtained as follows:

where h – net oil thickness, μ – oil 
viscosityinformation conditions; В – formation 
volume factor; ρ – oil density;

K(p) – permeability value on current pressure is 
determinedby experiment; Ko – permeability value 
of rockwithpressure at formation depth;

Pk – pressure value at external boundary of 
reservoir; Pc – average value of pressure at shafts 
of battery of horizontal wells; Rk– radius ofexternal 
boundary of reservoir; Rc– value of radiuses which is 
equal for all horizontal wells;

Ln = l1+ l2+…+ln, n ≤ 24; D = 2Rc; d=2δ;

δ - value of radiuses which is equal for allround 
perforations; m –number of perforations per 1 m of 
filter; Zo –distance frombottom formation toa plane 
where all horizontal shafts n are located.

In this case, when length of well shafts is 
considered as equal, i.e.l1= l2=…=ln=l, Ln= nlthe 
formula (1) will be as follows:

Values of quantitiesan, included in formulas (1) 
and (3), were obtained in the work [4] and given in 
the Table 1. 

Table 1 –Values of quantitiesan depending on 
number (n) of shafts ofmulti-hole horizontal well
n an n an n an

1 3,1422 9 1,6777 17 1,6574
2 2,0828 10 1,6725 18 1,6565
3 1,8621 11 1,6686 19 1,6557
4 1,7768 12 1,6656 20 1,6550
5 1,7344 13 1,6632 21 1,6545
6 1,7102 14 1,6613 22 1,6540
7 1,6950 15 1,6593 23 1,6535
8 1,6844 16 1,6584 24 1,6530

Using knownanalytical dependence K (p)
oneffective pressure [3]:
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Subject to (4),formulas (2) and (3) will be as 
follows:

wherea =A+BoPk – CPг; α=Bo/a; A, Bo, C – 
known coefficients determined byleast square 
procedure using standard subprogram with data of 
experimental investigations for three classes of rocks 
distinguished byelastic characteristics of components 
ofsolid phase; Рг – formation pressure [3-9].

Impact indicator oflateral permeability 
changeonpressure on operation ofincomplete wells 
of round battery on the basis of ratios (5) and (6) and 
determined by theequation:

To assess impact of perforations and changes of 
permeability on pressure on yield using formulas (6) 
and (7),numerical calculations were performed at 
following initial data:

h=20 m, k=0,1 µm2; Rk=1000 m, Rc=0,1 m, 
α=0.0126 1/MPa, δ=0,01 m, d=2δ=0,02 m, μ=3mPas, 
В=1,2, Pc=5 MPa, Pk=10 MPa, L=(100, 300, 700) 
m, m=(12, 18, 24, 30, 36) 1/mand foropen hole well 
m=∞.

The results of calculations are provided at Fig.2-
4 and in Table 2. 

Table 2–Yield of the battery ofhorizontally 
branched wells, m3/day

Number 
of wells
n

Length of well shaftl,m

100 300 500 700

12 1
2
3
4
5

144
153
156
157
158

249
317
329
335
338

384
460
487
499
506

485
615
663
686
698

24 1
2
3
4
5

175
190
194
196
197

315
366
382
389
391

424
520
555
570
579

531
691
752
781
797

36 1
2
3
4
5

189
206
211
214
215

329
385
403
411
415

440
544
581
599
608

548
720
787
819
836

50 1
2
3
4
5

223
249
256
259
261

362
418
454
465
470

475
598
644
665
676

586
788
868
908
929

It is apparent on the tables and graphs that yields 
of the battery of horizontally branched wells are 
increased at fixed values of n andl with the increase 
of density of perforations per onelinear meter. 

The formula (7) leads to the fact that yield in 
the deformed formation is smaller than yield of 
the battery ofhorizontally branched wells, draining 
porous nondeforming formation (α=0) with the same 
pressure differences and other equal characteristics 
of formation[7-11].

Fig 2. Dependence of battery yield of horizontally 
branched wells on number of perforations

Fig 3. Dependence of battery yield of horizontally 
branched wells on number of shafts

Fig 4. Dependence of battery yield ofhorizontally 
branched wells onlength of shaft (m=12 1/m; n=5)
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Conclusions: 
-	 a mathematical model was proposed, 

scientifically defined and implemented and its 
solution for steady filtration of fluid to horizontally 
branched wellsin deformed porous medium. The 
analysis of derived dependence demonstrated thatwell 
yield in deformed formation is smaller thanwell yield 
draining non de forming formation (α=0) with the 
samepressure difference and other equal formation

characteristics.
-	 slowdown of rate of growth of well yield 

is observed for multi hole horizontal wells with an 
increase of number of shafts.

  -	 it was established that in deformed 
deposits under otherwise equal conditions, density 
of perforations shall be notably higher than in 
nondeforming deposits.
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қысым күштерінің артуының салдарынан азаятыны анықталды. Нәтижесінде кеуекті ортадағы 
деформациялық процестердің өзгеруі оның кеуектілігі мен өткізгіштігінің төмендеуімен бірге жүреді, 
ал қабаттың кеуектілігімен салыстырғанда едәуір өзгеріс қысымның бірдей өзгеруімен өткізгіштікке 
ұшырайды. Сызықтық емес әсерлерді тудыратын осы ауытқулардың резервуарлық жағдайдағы 
көрінісі кен орнын игерудің бүкіл процесіне айтарлықтай әсер етуі мүмкін және бақыланатын 
фактілер мен әдеттегі әдістерге сәйкес есептелген көрсеткіштер арасындағы әртүрлі сапалық және 
сандық айырмашылықтарға әкелуі мүмкін. Бұл жұмыста ағындарды (көздерді) айналы бейнелеу 
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анықтауға арналған формулалар алынды. Алынған есептік көрсеткіштер деформацияланатын 
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ПРИТОК ЖИДКОСТИ К БАТАРЕЕ НЕСОВЕРШЕННЫХ РАЗВЕТВЛЕННО-
ГОРИЗОНТАЛЬНЫХ СКВАЖИН В ДЕФОРМИРУЕМОМ ПЛАСТЕ

Аннотация. Многочисленными экспериментальными и промысловыми исследованиями 
установлено, что в процессе  разработки  нефтяных и газовых месторождений имеются деформации 
пород, происходящие вследствие изменения пластового давления. Установлено, что с падением 
пластового давления объём порового пространства пласта уменьшается вследствие упругого 
расширения зерен породы и возрастания сжимающих усилий, передающихся на скелет от масс 
вышележащих пород. В результате происходит изменение деформационных процессов в пористой 
среде, сопровождаемое снижением её пористости и проницаемости, причём более значительное 
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изменение, по сравнению с пористостью пласта, претерпевает проницаемость при одном и том же 
изменении давления.

Проявление в пластовых условиях указанных аномалий, вызывающие нелинейные эффекты, 
может значительно влиять на весь процесс разработки залежи и приводить к различным качественным 
и количественным расхождениям между наблюдаемыми фактами и теми показателями, которые 
рассчитывались по обычным методикам.

В данной работе с применением метода зеркального отображения стоков (источников) и 
суперпозиции  получены формулы для определения дебитов несовершенных разветвленно-
горизонтальных скважин (РГС) в деформируемом пласте для разного числа горизонтальных стволов 
в батарее. Полученные расчетные показатели могут быть использованы в инженерных работах при 
разработке месторождений в деформируемой среде. 

Ключевые слова: дебит, деформация породы, контур питания, стационарный режим, давление, 
длина ствола, проницаемость.
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