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ABSTRACT

One of the modern approaches for the effective development of small deposits is the construction and
operation of wells with a complex architecture: horizontal wells (HW), sidetracks (BS, BGS), multilateral
wells (MLW). Sidetracking makes it possible to reanimate an old well that is in an emergency state or
inactivity for technological reasons, by opening layers that have not been previously developed, bypassing
contamination zones, or watering the formation. This study examines the possibility of using horizontal
sidetracks in the operating wells of the field of the Zhetybai group. To select the optimal length of the
horizontal sidetrack of the wells, graphs of the dependences of the change in flow rate versus length of the
horizontal well were built, taking into account the pressure losses due to friction. It can be seen from the
dependence of NPV versus length of the horizontal wellbore that the maximum NPV is achieved with a
horizontal wellbore length of 100 m. A further increase in the length of the horizontal wellbore leads to a
decrease in NPV. This is due, firstly, to a decrease in oil prices, and secondly, interference of wells, a small
number of residual reserves, and a small oil-bearing area. As a result of a comparison of technical and
economic criteria, the optimal length of a horizontal wellbore is from 100-300 meters. Comparison of the
flow rates of vertical wells and wells with horizontal sidetracks showed a clear advantage over the latter in
all respects.

Keywords: horizontal sidetrack, hydrodynamic modeling, flow rate, friction pressure loss, Net present
value — NPV.
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Introduction

One of the current approaches for the efficient
development of small reservoirs is the drilling and
operation of complex design wells - horizontal wells
(HW), sidetracks (S, HS) and multilateral wells
(MLW).

Sidetracking makes it possible to reanimate an
old well that is in a breakdown state or inactivity for
technological reasons, by penetrating layers that
have not been previously developed and bypassing
zones of contamination or water encroachment.

In the United States, multilateral drilling began
in 1930. The first wells with two sidetracks each
about 7 m long drilled in Texas at a depth of 900 m.

The oil flow rate of one of these wells increased
from 0.25 to 9.6 tons/day (during the first ten
days). Steady flow rates of sidetrack wells was 5-7
tons/day.

The first experimental work of drilling
multilateral wells in the Soviet Union was carried
out in 1952 at the Kartashovskoye field in wells 65-
45. Almost 80% of the well length was drilled
directly through the producing formation. The
distance between the individual sidetracks
bottomhole were increased to 300 m [1].

The works of the authors [[2], [3], [4], [5], [6],
[71, [8], [9]] are devoted to the analysis of the
horizontal sidetracks exploitation, determination of

— 4) ——


mailto:k.soltanbekova@satbayev.university
mailto:k.soltanbekova@satbayev.university
mailto:soltanbekova.karlygash@mail.ru
mailto:b.assilbekov@satbayev.university
mailto:assilbekov@mail.ru
mailto:anatoly.zolotukhin@gmail.com
https://creativecommons.org/licenses/by-nc-nd/3.0/

KomnnekcHoe Ncnonb3osaHne MuHepanbHoro Coeipbs. Ne1 (320), 2022

ISSN-L 2616-6445, ISSN 2224-5243

well flow rates, drilling problems, planning and
location of the horizontal sidetracks.

Differences in the horizontal wells production
rate determination were defined as a result of
statistical analysis in [[10], [11], [12]]. The main
factor affecting the productivity of high-flow wells
is reservoir pressure, for low-flow wells - the length
of the horizontal section of the wellbore.

To enhance oil recovery and improve well
productivity formation stimulation methods are
considered in [[13], [14]].

This study is devoted to horizontal sidetracks
application in the operating wells of the X oil field
of the Zhetybai group.

Experimental part

Field X, related to the satellite of the Zhetybai
field, is located in the steppe flat part of the
Mangyshlak peninsula and is territorially included in
the Mangistau region. This is one of the small fields
in terms of oil reserves, which is part of the
Production Office "Zhetybaimunaigaz". The oil-
bearing capacity of the field was established in
1975, when a gush of oil was obtained from the J-IX
horizon in exploration well 3.

One production zone the J-IX horizon was
identified based on the analysis of geological field
data and the results of the X oil field development
analysis.

The initial geological and physical
characteristics of the production zone are shown in
Table 1.

Table 1 - Initial geological physical characteristic J-IX
horizon of the X oil field of the Zhetybai group

Parameter Horizon J-IX
Average depth, m 1861
Reservoir type NnopoBbIi
Oil Productive area, thous m? 3853
Gas Productive area, thous m? -
Porosity, unit fraction 0.19
Average oil saturation, unit fraction 0.67

Absolute permeability, 10 mkm? 0.0215 (core) /

( from core/from hydrodynamic 0.0615
study) (hydrodynamic)
Reservoir temperature, °C 85
Reservoir pressure, MPa 18.2
Reservoir oil viscosity, mPa*s 2.31
Reservoir oil density, ton/m? 0.783
Formation volume factor, unit 1.166
fraction

Bubble point pressure, MPa 5.96
Gas-oil ratio, m3/ton 48

The production well stock includes six wells: 2
exploration and 4 production wells (108, 110, 114
and 120).

The hydrodynamic model uploaded a total of
11 wells placed according to depth, geological and
physical characteristics and productive zone
capabilities in accordance with development
project production data (see Figure 1).

Figure 1 - Location of production and injection wells on
the hydrodynamic model

At 2015, the remaining reserves of the X oil
field of the Zhetybai group amounted to 3123.5
thousand tons of oil and it was the initial criteria for
the selection of the candidate wells from the old
stock. At the same time, when choosing wells for
sidetracking operation, it is necessary to take into
account the degree of formation waterflooding. In
this regard, for each well it was necessary to carry
out a detailed analysis of adjacent wells sections
and the nature of the reservoir distribution in the
formations that are the objects for sidetracking.

It was significant to determine the location of
candidate wells, when designing the sidetrack
wells. To determine the trajectory and justify the
length of the horizontal sidetrack of the well,
horizontal well (HW) production rates were
calculated using various formulas. First, the areas of
maximum residual oil reserves were determined
using the hydrodynamic model of the field. As can
be seen from Figure 2, the areas with the maximum
residual oil saturation are located along the paleo
channel in the central part of the field. Based on
this, candidate production wells were identified in
which horizontal sidetracks (HS) were designed
(Figure 2). In total, three production wells were
selected: 108, 114 and 120, which are located in
the central part of the paleo-channel deposits with
the highest effective oil saturation.
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Figure 2 - Trajectory of horizontal sidetracks
in producing wells (108, 114, 120)

After determining the maximum residual oil
reserves areas, various options for the horizontal
sidetracks trajectory were calculated, which
differed in many directions.

One of the characteristic features of the field is
the occurrence of the aquifer below the oil
reservoir, and due to intensive waterflooding, the
water cut of the selected wells in 2015 was up to
95%. Therefore, it was decided to design the
horizontal sidetracks trajectory along the
paleochannel, closer to the top of the reservoir to
reduce the water cut in the wells.

Fluid inflow to vertical and horizontal wells
differs significantly. Thus, the inflow to a vertical
well is radial, and streamlines are distributed
parallel to the top and bottom of the formation,
because a vertical well penetrates the entire
thickness of the formation. With an increase in the
penetrated formation thickness, the flow rate
increases, the pressure distribution in the vertical
plane does not change. For horizontal wells, fluid
flow occurs both vertically and horizontally. Well
flow rate is affected by horizontal and vertical
permeability, reservoir boundaries, horizontal
borehole length, presence of local depressions in
the borehole (water and gas accumulate in them)
and the behavior of the bottomhole formation zone
[15].

In cases when horizontal sidetracks are drilled
at a late stage of development, it is necessary to
take into account the effect of continuously
changing field conditions (the presence of residual
reserves not covered by waterflooding, current

water cut, formation depletion, etc.) [15].
Application of hydrodynamic modeling allows these
changes to be taken into account to the maximum
extent.

The results of theoretical research carried out
by P.Ya. Polubarinova-Kochina [16] can be used
when the reservoir thickness is many times greater
than the wellbore length. If the reservoir thickness
is comparable to the length of the deviated well,
then the formulas cannot be used.

In work [1] Yu.P. Borisov, an approximate
solution to the problem of inflow to horizontal and
deviated wells in a homogeneous reservoir was
presented. Based on the method of equivalent
filtration resistance, simple expressions were
obtained to determine the productivity of
horizontal and deviated wells in a reservoir with a
circular external reservoir booundary (Figure 3).

[—p

Figure 3 - Model of a circular formation with a central
location of horizontal well

The total filtration resistance can be
represented as the sum of two resistances: external
- the inflow from external reservoir boundary to a
rectilinear vertical gallery, and internal - the fluid
flow in the vertical plane to the linear drain:

Q= 27KhAP (1)
Inﬂ+hlnL
T

Cc

In the work of S.D. Joshi [17] was considered a
steady fluid flow to a single horizontal well located
in an elliptical formation.

The summation of the filtration resistances of
the two flat solutions allows obtaining an
expression for determining the productivity of a
horizontal well:
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Joshi's formula for calculating the production
rate of a horizontal well taking into account the
formation anisotropy is as follows:

(3)

Q- 27khAP (4)
;,B{.n[aw -y Jhﬂ.{hﬂ
L/2 L 27,
denoting the anisotropy coefficient
I(h
= [t (5)
B .

The most accurate formula for calculating the
horizontal well flow rate is Joshi's formula, taking
into account heterogeneity (anisotropy). Thus, for
calculation the flow rate of the selected wells (108,
114, 120) with horizontal sidetracks, Joshi's formula
was used, presented below:

27kh(P,—P,,) (6)

B A{In[aJr “az U2y J+Wln(hj+s:|
° L 27,

L/2
where Lis the length of the horizontal wells, m;

Q=

R, is the radius of the circular external reservoir

boundary, m; [, is the well radius, m; h is the

effective formation thickness, m; ais the main
semiaxis of the drainage ellipse in the horizontal

plane; kh is the formation horizontal permeability,
m?; kv is the formation vertical permeability, m?; Pe

is the reservoir pressure, Pa; ow is the well

pressure, Pa; £ is the reservoir oil viscosity, Pa-s; B0

is the oil formation volume factor;Sis the skin
factor.

Consider a calculation of the flow rates of the
wells (108, 114, 120) with the horizontal sidetracks,
taking into account the reservoir parameters and
different length of horizontal sidetracks. For all

selected wells, we take the general values of the
parameters presented in Table 2.

Table 2 - General parameters for calculating the
horizontal wells flow rate

Parameter Sign Value Unit
Well radius rc 0.057 m
External Rk 150 m
boundary radius
Rerservoir oil Mo res 2.31 mPa:-s
viscosity
Reservoir oil Po res 783 m3/d
density
Oil formation B 1.166 unit
volume factor fraction
Average Kav 0.0215 mkm?
reservoir
permeability
Formation B 3.162 unit
anisotropy fraction

An increase of the wellbore horizontal length
leads to an increase in hydraulic losses and a
continuous decrease in the drawdown in the lateral
direction of the well. Studies by various authors
[[15], [16], [17], [18]] have shown that when
opening high-permeability sections of horizontal
wells, frictional pressure losses along the length of
the horizontal section can lead to a significant
decrease in well productivity. Friction pressure
losses in a horizontal wellbore depend on the
horizontal wellbore length, the diameter of the well
(liner), fluid velocity, roughness of the inner pipe
surface, fluid density and flow pattern (Figure 4).
Therefore, it is important to choose the optimal
length of the horizontal wellbore, which will
provide high rates of flow rate and NPV with
minimum well drilling costs.

AP,

Q -
e 22 ymunll

X ey =

Figure 4 - Friction pressure loss in horizontal wellbore

To select the optimal length of the horizontal
sidetrack of the wells, curves of production rate
versus length of the horizontal sidetracks were built
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taking into account the friction pressure losses
(Figures 5-8). As can be seen from Figures 5-8, the
optimal length of a horizontal wellbore is a length
not exceeding 500 m.
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Figure 5 - Production rate versus horizontal sidetrack
108 length with the friction pressure loss
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Figure 6 - Production rate versus horizontal sidetrack
120 length with the friction pressure loss
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Figure 7 - Production rate versus horizontal sidetrack
114 length with the friction pressure loss

The anisotropy over the reservoir was taken
equal to 3.16. It can be seen from the graphs 5-7
that the drop in drawdown (as a result of friction)
along the length of the wellbore horizontal section
limits the flow rate only after 600-700 meters. It is

also necessary to take into account the
technological criteria - pump productivity and
economic criteria - capital costs for the horizontal
wellbore drilling. The economic criteria is the
accumulated discounted cash flow - NPV. The
optimal well length is at which the NPV will be
maximum.

:
NPV =-K+) D'} (7)
i=1

where D' is the cash flow in the i-th year; /1"

- discounted rate; K -capital expenditures.

For the calculation of the economic criteria field
hydrodynamic simulation conducted with changing
the horizontal length of the well. The length
increases from 100 to 500 meters. Further increase
in the horizontal length of the well is impractical
due to the small reservoir drainage area. As a
result, the diagram of NPV versus horizontal length
of the well was obtained (Figure 8).

From the digram of the NPV versus horizontal
length, it can be seen that the maximum NPV is
achieved with a horizontal wellbore length of 100
m (Figure 8). A further increase in the length of the
horizontal wellbore leads to a decrease in NPV. This
is due, firstly, to a decrease in oil prices, and
secondly, interference of wells, a small amount of
residual reserves, and a small oil-productive area.
By comparing the technical and economic criteria
of the optimal horizontal wellbore length was
obtained of 100-300 meters.
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Figure 8 - NPV project versus horizontal sidetrack length
Results discussion

The parameters of the horizontal sidetrack
wells, as well as the results of the calculated flow
rates of horizontal sidetracks wells according to the
Joshi formula are shown in Table 3.
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Table 3 - Well parameters with horizontal sidetracks

Parameter Well #
108 114 120
Horizontal length (L), m 236 | 230.9 263

Reservoir thickness (h), m 19 20 18.8
Draw-down pressure (AP)— | 3.3 2.5 3.1
the difference in external
boundary and bottomhole
pressure, MPa
Calculated well flow rate, 98.5 | 70.7 | 109.8

m3/d

The calculated flow rates were used in the
hydrodynamic model to define the input
parameters oil and water flow rates. As a result, the
field development parameters were obtained
depending on the geological and physical
conditions of the reservoir, the properties of
reservoir fluids and the production capabilities of
the wells in the hydrodynamic model.

Table 4 - Wells production rate on X oil field of the
Zhetybai group (in 01.2016)

Well # oil Water Watercut,
production | production %
rate, m3/d | rate, m3/d

6 1.5 28.4 94.9
108 c TBC 67.07 47.4 41.4
110 4.1 52.3 92.7
114 ¢ TBC 50.3 39.6 44.04
120 c BC 90.4 59.7 39.7
121 17.2 25.6 59.8
122 29.6 22.9 43.6
123 24.5 33.06 57.4

Aty neditn o Cmasmman, w2 /cyt

Figure 9 - Oil production dynamics by wells (2015-2025)

Comparison of the results of the vertical wells
flow rates and horizontal sidetrack wells showed a
clear advantage of wells with horizontal sidetrack in
all criteria (Table 4, Figure 9). Figure 9 shows that

the horizontal sidetrack wells flow rates are higher
than drilled new wells flow rates for the analyzed
period from 2015 to 2025, except for well 114, the
flow rate of which decreases from 2021 to 10
m3/day. Oil flow rates vary from 4.7 to 90.4 m3/day,
with an average of 35.7 m3/day. The inlet water cut
of horizontal sidetrack wells at the beginning of
production reached 40%, which is explained by the
close location of the bottom water and water
flooding by the injected water.

In general, the oil production rates of wells
operating with horizontal sidetracks are on average
5-6 times higher (35.7 m3/day versus 6.2 m3/day),
water cut is 1.2 times lower for conventional wells
(70.65% versus 88.2%) (Figure 9). Taking into
account that the water cut is 1.2 times lower for
wells operating with horizontal sidetracks, it can be
assumed that previously not drained layers will be
involved.

Conclusions

Based on the study results, the following brief
conclusions can be drawn:

1. To select the optimal length of the horizontal
sidetrack of the wells, curves of the production flow
rate versus horizontal sidetrack length were built,
taking into account the friction pressure losses. It
can be seen from the graphs that the drawdown
drop (as a result of friction) along the horizontal
section length of the wellbore limits the flow rate
only after 600-700 meters.

2. From the NPV versus the horizontal length, it
can be seen that the maximum NPV is achieved
with a horizontal wellbore length of 100 m. A
further increase in the horizontal length leads to a
decrease in NPV. This is due, firstly, to a decrease in
oil prices, and secondly, interference of wells, a
small amount of residual reserves, and a small oil-
productive area. By comparing the technical and
economic criteria of the optimal horizontal
wellbore length was obtained of 100-300 meters.

3. Comparison of the results of the vertical
wells flow rates and horizontal sidetrack wells
showed a clear advantage over the latter in all
respects. The flow rates of horizontal sidetrack
wells are higher than the new drilled wells flow
rates for the analyzed period from 2015 to 2025.
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fr'MppoanHaMUKaNbIK moaenbaey aaicimeH KenaeHeH, 6yiipnik yHFbIMaHbIH,
THimainirid 3eprrey (KasakcrtaHAbIK KEH OPHbI MbICaNbiHAA)

! ContaHbekosa K.A., 1 Acunbekos B.K., 2 3on0TyxuH A.B.

1 Cam6aee yHusepcumemi, Anmamsi, Kazakcmax
2 N.M. T'ybKkuH amoiHOarsl Peceli Memaekemmik MyHal #aHe 2a3 yHusepcumemi, Mackey, Peceli

TYWNIHAEME

LLlafblH KeH OpblHAAPbIH TWIMAI UrepyaiH 3amaHaym TacingepiHiH, 6ipi Kypaeni apxutekTypacbl 6ap
YHFbIManapapl (KenaeHeH, yHfbimanap, KengeHeH byiip yHFbimanap, Ken oknaHAabl yHfFbimanap) cany
)KoHe nanganaHy 6onbin Tabbinagpl. KengeHeH, Oyiiip yHFbIMaHbl Oypfbinay apKbiabl anaTTbik
KaFAanaasbl Hemece TEXHONOMUANBIK cebenTepmeH XKyMbIC iCTeMel TypFaH ecKi YHFbIMaHbl KaanbiHa
KenTipyre MyMKiHAiK 6epegi. Byn 6ypbiH urepinmereH KabaTrapapl albin, NacTaHFaH HEMECE CyNaHFaH

Makana kengj: 12 mamelp, 2021 aiMaKTapabl aiHanbin eTy apKbiabl icke acagpl. byn 3eptreyae MKeTibalh TobblHa KipeTiH KeH
CapantamagaH eTTi: 28 mayceim 2021 OpPHbIHAAFbl XKYMbIC iCTEN TypfaH YHFbIManapga KengeHeH, OyWip oknaHabl nakganaHy MyMKiHAiri
Kabbinganapi: 30 kapawa, 2021 KapacTbipbinfaH. ¥HfbiManapablH, KengeHeH 6yripnik oknaHbIHbIH, OHTaMbl Y3bIHABIFbIH TaHAAY YLWiH

yViKenicke 6ainaHbICTbl KbICbIMHbIH, OfanyblH €CKepe OTbipbiN, AeOUTTIH KeNAEHEH, YHFbIMAaHbIH,
y3blHAbIFbIHA Tayenainik rpadukrepi canbiHabl. NPV KengeHeH yHFbIMA OKMaHbIHbIH, Y3bIHAbIFbIHA
ToyenainirineH makecumanabl NPV KenfeHeH yHFbIMa OKMaHbIHbIH, y3biHAbIFbl 100 m 6onFaHaa Kon
YKeTKi3ineTiHiH Kepyre 6onagpl. KengeHeH yHfbiMa OKMaHbl Y3blHABIFbIHBbIH, 04aH api yafatobl NPV
TemeHaeyiHe oKenepi. byn, 6GipiHwigeH, MyHail 6afacblHblH, TeMeHZeyiMeH, eKiHwWiaeH,
YHFbIManapablH MHTepbEpeHLMACbIMEH, KaNAblK KOPbIHbIH, a34blFbIMEH KIHE MYHaWbl aliMaKTbIH, a3
6onybIMeH BainaHbICTbl. TEXHUKaNbIK-SKOHOMUKANbIK KpUTEpUINEpAi CanbICTbipy HITUXKeciHae
KONAEHEH, YHfbIMa OKMaHbIHbIH, OHTaMAbl y3biHAbIFbl 100-300 meTp apanbiFbiHaa 6onagpl. Tik
YHFbIManap KaHe KenfeHeH YHfbiMa OKMaHbl 6ap yHFbiIManapapiH, AebUTiH canbicTbipy 6ap/biK
YKaFbIHaH eKiHLWICiHiH, alKbIH apTbIKLWbIIbIFbIH KEPCETTi.

TyliH ce3pep: KenaeHeH, OyWip OKNaH, rMAPOAMHAMMKANbIK MOAEbAEY, AebUT, YyliKenicke
6aiiNaHbICTbl KbICbIMbIHbIH, WbIFbIHbI, Ta3a AUCKOHTTaNFaH MaH — NPV,
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CTPOUTENILCTBO M 3KCM/IYaTaLMA CKBAXKMH CO CNOXKHOM apXWUTEKTYPOM: rOPU30HTa/bHbIX CKBaxuH (IC),
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6okoBbix cTtBoMI0B (BC, BIC), mHOrosaboiHbix cksaxkuH (M3C). BypeHue 6G0OKOBbIX CTBOJIOB AaeT
BO3MOHOCTb PEAaHMMMPOBATb CTAPYI CKBAXKMHY, HAXOAALWYOCA B aBAapUMHOM COCTOAHUWU WU
6e34eiCTBMM NO TEXHONOTMYECKMM MPUUMHAM, 3@ CYET BCKPbLITUA NAACTOB, paHee He pa3pabaTtbiBaembiX,

MNoctynuna: 12 mas 2021 obxofa 30H 3arpAasHeHuMAs WAM 06BOAHEHWA nnacta. B HacTosAwem wccneaoBaHWM paccMoTpeHa
PeueHsnposaHue: 28 utoHa 2021 BO3MOXHOCTb MPUMEHEHWUA TFOPU30HTa/NbHLIX OOKOBbLIX CTBOMIOB Ha AENCTBYIOWMX CKBaXKMHAX
MpuvHaTa B neyatb: 30 HoA6pAa 2021 mecTopoxaeHua HeTbibavickoi rpynnbl. Ana Bbibopa ONTUMaNbHOW A/1MHbI TOPU3OHTAZIbHOTO HOKOBOTO

CTBOMA CKBAaXMH 6biAM  NOCTPOEHbl rPaduKM  3aBUCMMOCTEN WM3MEHeHua aebuta OT  ANMHbI
rOPU30HTaNbHOW CKBAXMHbI C y4EeTOM MoTepb AaBneHuA Ha TpeHue. M3 3asucumoctn NPV oT giuvHbl
rOPU30HTaNbHOrO CTBOMIA BUAHO, YTO MaKcMmanbHbli NPV gocTuraetca npu g/ivHe ropu3oHTaNbHOMO
ctBona 100 m. JanbHelwee yBennyeHne AJ/IMHbI TOPU3OHTAZIbHOTO CTBOJIA NPUBOAMUT K CHUMKeHUto NPV.
310 06yCc/noBNAEHO, BO-MEPBbLIX, CHUMKEHWEM LeH Ha HedTb, BO-BTOPbIX WMHTepdepeHUMEen CKBaXKUH,
He60bWMM 06BEMOM OCTAaTOMHbIX 3aNacoB, Masol NiowWaablo HepTeEHOCHOCTU. B pesynbTaTte cpaBHeHUA
TEXHUYECKMX U SKOHOMUYECKUX KPUTEPUEB ONTUMAbHAA A/IMHA FTOPU3OHTA/IbHOrO CTBONA COCTABAAET OT
100 go 300 metpos. ConocTaBneHue pe3ynbTaToB Ae6UTOB BEPTUKANbHbLIX CKBAXKUH W CKBAXKMH C
rOpU30HTa/IbHbIMW  OOKOBbIMM CTBOJIAMM MOKa3aso ABHOE MPEVMMYLLECTBO 3a BTOPbIMU MO BCEM
nokasaTtenam.

KnioueBble cnoBa: ropuM3oHTaNbHbIi HOKOBOW CTBOA, MMAPOAMHAMWUYECKOE MOAENUPOBaHWE, AebuT,
noTepu AaBNeHUA Ha TPEHUE, YNCTbIN AUCKOHTUPOBaHHBLIN foxod — NPV.
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