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CKBa>KVH 019 pa3MeLLeHns KYCTOBbIX MoLanokK
Ha NpYMepe MHOIMoMN/1acTOBOro MeCTOPOXXAEHNSA

Gazprom Neft: Clustering Design Wells for Well Pad
Placement in a Multi-Layer Field

B cTaTbe NPeaoXeH Noaxond K NOBbILIEHNIO Ka4ecTBa
NPOEKTNPOBaHWSA Pa3paboTKN MHOMOMIacTOBOrO
MECTOPOXXOEHWS, YTO NMO3BOSISET NPUOIN3UTL

MPOEKT K peasibHbIM YCIIOBUSIM OCBOEHUS aKTUBa,
CHU3WNTb ero KanMTanoéMKoCTb. Kto4eBon 3agaqen
019 3TOro ABNSETCSA NMOUCK ONTUMAaIBHOM CXeMb!
KYCTOBaHWNSA CKBaXKMH Ha OCHOBE CUCTEMbI Pa3paboTKy
LieS1eBbIX 3KCMJlyaTaUMOHHBIX OOBEKTOB, NP KOTOPOW
obecneyvrBaeTcst PoOPMUPOBaHME DNEMEHTOB
pa3paboTKX Ha 3aBUCUMbIX OOBbEKTax aKCryaTaLmm
3a CYET TPaH3UTHOIrO (POHAA MPOEKTHBLIX CKBaXKMH.
[MpV 3TOM YYUTBIBAETCS HA3HAYEHME N PEXNM PaboThbl
CKBaXXMH. Takas cxema pa3MeLLEHNS KyCTOB CKBaXKMH
[oMmKHa 06ecnednTb MUHUMAaSIbHBIE KanuTaslbHble
3aTpaThbl U TEXHOJIOMMYECKEe PUCKI NPU peannsaunm
npoekTa 3a CHET MHOrOhaKTOPHOW ONTUMM3ALIMN.

C aTOM Lenblo y4nTbIBAKOTCS ASIMHA MPOXOAKN U
CITOXXHOCTb TPaeKTOPUM CKBaXKMH, MH(PaCTPYKTYpPa,
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his article suggests an approach to improving

the design and development of multi-layer fields,
enabling the project to mirror real-life conditions of the
asset under development, thus making it possible to
reduce capital expenditures. The key task to achieving
this objective is to find the optimal well cluster designs
based on maximizing production from the target in line
with the surface production facilities. The well’'s purpose
and operational conditions are all factored into the cluster
pattern. Such well pad placement schemes should ensure
the minimum of capital expenditures and technical risks
during the project’s implementation through multi-factor
scenario optimization. For this purpose, the length of the
well and its trajectory are taken into account, as well as, the
infrastructure, natural and environmental restrictions which
exist in the field and in any well construction constraints.
In multi-layer fields, such tasks cannot be solved using the
existing software programs.
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MNPUPOAHBIE N 3KOJTOTUHECKME OFPaHNYEHNS Ha
TEPPUTOPUM MECTOPOXOEHUS, TEXHNYECKME
OrpaHVYEHNs NPU CTPOUTENBCTBE CKBaXKWH. [MogobHas
3aga4a Ans MHOron1acToOBbIX MECTOPOXAEHUI

He peLuaeTcs CyLLECTBYOLLMMY NPOrpPaMMHbIMY
KOMMekcamm. PaccMoTpeH cnocob rpynnMpoBaHns
NPOEKTHBIX Lienen BypeHns, Kak sTana KyCToBaHus, Ha
OCHOBE MOANMDULMPOBAHHOIO METOA KacTepmsaumnm
«K-cpeaHux». ANropnT™M Kiiactepmaaunn aganTmpoBaH
015 MUHMU3AaUMM CYMMaPHOW MPOXOAKM HAKTOHHbIX
N FOPUSOHTAIbHBIX CKBXKWH, C YH4ETOM CJIOXKHOCTU UX
TPaeKToOpUN.

Mocne rpynnMpoBaHns Lienen BypeHns MOBbICUTb
TOYHOCTb MPOEKTUPOBAHUS NMO3BONAET YHET
hakTnyeckoro oHaa CKBaXKMH — 419 aHanmaa
CONVKEHVS C MPOEKTHBIMU TPAEKTOPUAMU; YHET
reosIormm MECTOPOXXOEHNS, B TOM YACE CTPYKTYPHbIE
reosIorMyecKme NoBEPXHOCTU, pas3ioMHasa

MOAESb, KOHTYPbI HE(DTEHOCHOCTU, MOAENb
HeTEHACBILLIEHHOCTI SKCMyaTaLUVOHHBIX OO bEKTOB;
YYET HAa3EMHOM MHMPACTRYKTYPbI 1 rmaporpadunm

— ONS pa3MeLLiEHNS KyCTOBbIX MI0WaaoK. Takas
OeTann3aums No3BOMAET MaKCUMaIbHO NPUBAN3UTL
pe3yNibTaTbl MPOEKTUPOBAHMS K peasibHbIM YCIIOBUSM, a
coBpemMeHHoe MO — 06beANHNUTL BCHO 3Ty MHGOPMaLIo
B €VHbIV MPOEKT.

B TexHonormnyeckom cxeme paspaboTkm
MECTOPOXAEHNSA OOHUM U3 KPUTEPUEB NMOMCKA
ONTUMaNbHOW CUCTEMbI Pa3paboTKM ABASETCH
SKOHOMMKa MpoekTa. [Npr 3TOM B X04€e peannsaumm
MPOEKTHbIX PELUEHNI HA CTPOUTENBCTBO CKBaXKMH
MOXXET npuxoanTtbesa 0o 80% u 6onee obulero
06bEMa KanuTasbHbIX BIOXEHUA. OQ4eBUAHO, YTO B
TakoM Crly4dae nNpu NpOeKTUPOBaHUM CnenyeT yaensTb
BHMMaHVE MOUCKY ONTUMAaNIbHOM CXeMbl pasbyprBaHus
MecTopoxaeHus [1]:
® pasMeLLeHNE KyCTOBbIX MIOLAA0K C YHETOM
Ha3eMHOM MHMPACTPYKTYPbl MECTOPOXXOEHWS
(Tpy60onpoBOOOB, AOPOr, 3/IEMEHTOB ODYCTPONCTBA),
Tonorpadunm NOBEPXHOCTH, pefibeda MECTHOCTH,
CBOBOOHbIX YHaCTKOB (C/TIOTOB) Ha CYLLIECTBYIOLLIMX
KYCTOBbIX M/IOLaAKax, SKOSIOrMYECKMX
orpaHuyeHni;

® MPOJIOXKEHWNE TPABKTOPUM MPOEKTHbLIX CKBaXKMH C
YYETOM NPOBYPEHHOrO hOHAA, reOIOrMYECKOro
pa3pesa MECTOPOXAEHUS, TEXHNYECKMX OrpaHUYEHNI.

[ns nony4eHrs MakCmasibHOr0 3KOHOMUYECKOrO
a(hhekTa KyCTOBaHME MPOEKTHbBIX CKBaXKMH
MECTOPOXXAEHNS [O/HKHO BbIMNOSHATLCS Ha PaHHEN
cTadun ero aKcnyarauun 1 ganee yTouHATLCS

C Nony4eHrem 6onee NOHOMO NPEACTaBAEHNS O
reosIorM4ecKoM CTPOEHUM MECTOPOXKOEHNS.
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A phase of well pad distribution based on the modified
method of “k-mean clustering”, is considered in

this article. The clustering algorithm was adapted

for minimizing the cumulative footage length of the
directional and the horizontal wells, whilst accounting for
their complex trajectories.

Following the clustering of the drilling targets, a higher
design accuracy can be achieved by analyzing the
existing well stock — analyzing past well trajectories;
taking account the field geology, including structural
geological surfaces, a fault model, oil reservoir
boundaries, production zone oil saturation models; the
placement of ground infrastructure and hydrography — to
place well pads. Such a high degree of detail makes it
possible to maximize the design to real world conditions,
and for the modern software — to unify all of this
information into a singular project.

Project economics is one of the key criteria in the field
development plan to enable optimal field development.
Up to and over 80% of the total volume of capital
investments can be spent on well construction.
Obviously, a great deal of attention should be paid to
finding and designing the optimal well development
program for the field[1]:

e Placement of well pads, considering the field ground
infrastructure (pipelines, roads, and field site facilities),
the surface topography, terrain relief, sections (slots) at
the existing well pads, environmental restrictions.

e Planning well trajectories by considering the
histiorically drilled wells, field geologic cross-sections,
engineering constraints.

To achieve the maximum economic effect, the clustering
of the wells must be carried out at an early development
phase, and further on it must be adjusted and updated
as a more complete picture of the field’s geological
structure is obtained.

At present, this task lies upon the shoulders of

the subsoil user, since no regulations have been
established about the implementation of the well pad
clusters in any phase of the reservoir and production
engineering, field infrastructure development or well
construction. The well pad design phase is often
practically missing, at least as far as the whole of a
field is concerned. The design is carried out on site

— from pad to pad, by clustering the design wells

in accordance with their offset from the wellhead,
depending on the derrick load capacity. Designing
trajectories in the boundaries of a well pad is designed
for a group of “confident” geological drilling targets, or
even for that of a single well.
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B HacTosee BpeMsd aTa 3afada ocTaércd 3a
HeOpOoMnob30BATENEM, TaK Kak periaMeHTUPYOLLLEN
OOKyMeHTaLmMeln He YCTaHOBEHbl TpeboBaHWs

K BbIMOJIHEHUIO KYCTOBAHNSA CKBaXKMH HU Ha

OJHOWM N3 CTaau NPOEKTMPOBAHNS PaspaboTKn
MECTOPOXAEHWS, 0DYCTPOWNCTBA UM CTPOUTEILCTBA
CKBaXXMH. Ha npakTuke 4acTo OTCyTCTBYET aTan
NPOEKTNPOBaHUS KYCTOB CKBaXKWH B MacLuTabe
MECTOPOXAEHUS. [TPOEKTUPOBAHNE OCYLLIECTBASETCS
NoKanbHO — OT KyCTa K KYyCTYy, C rpynnMpoBaHNEM
MPOEKTHbBIX CKBaXKMH MO MakchMalbHOMY CMELLLEHUIO
OT YCTbA B 3aBNUCUMOCTU OT rPy30MogbEMHOCTH
OypOBOW YyCTAHOBKU. BHYTpUY KyCTa NPOEKTUPOBaHNE
TpaeKTopWUM BbIMOHAETCA MO rPpynne «yBEPEHHbIX»
reONOrNYECKINX LieNen BypeHnsa nmn gaxe no oaHowm
CKBaXuHe.

MoOo6HbIN MOAXOA MPUBOAUT K MPONIOXKEHUIO

BCE 60/1€€ C/IOXKHbBIX TPAEKTOPUN OT CKBAKUHbI K
CKBaXKMHE, YBEIMHYEHWIO NPOXOAKN BypeHrem. B
LEeIOM MO MECTOPOXOEHUIO OTCYTCTBYET S/IEMEHT
ONTUMM3ALMM Pa3MELLLEHNS KYCTOBbIX MIOLWAA0K

N NPUMEHSETCH SIOKaslbHasd oNTUMmM3auus,
OorpaHM4YeHHas TOIbKO CYMMapHOW MPOXOOKOW BHYTPMU
KyCTa U1, Kak npaBuio, C yHeTOM UMEIOLLMXCS BYPOBbIX
YyCTaHOBOK. Takoe y3koMacllTabHoe niaHnpoBaHme
HeraTVBHO BNNSAET HA SKOHOMUKY MpoeKTa.

MPUMEHUTENBHO K MHOIOM1aCTOBbIM
MECTOPOXAEHUSM ellle OOHUM CNEeACTBMEM
onMcaHHOro nNoxoaa sABNAeTCs OTCYyTCTBME
NepCneKTUB OCBOEHUS TPAH3UTHbIX OOBHEKTOB
akcnnyaTauuuy, pasbyprBaHe KOTOPbIX
CaMOCTOSTE/IbHOW CETKOWM CKBaXKWH, HEPeHTabenbHO.
PeHTabenbHOCTb TakMx 0OBbEKTOB (M1aCTOB) MOXHO
YBENNYUTBL NPUOBLLEHUEM NX K LieNIEBbIM (OCHOBHbBIM)
aKcnnyaTauyMoHHbIM OOBbEKTaM C MOMOLLIbIO
TPaH3UTHOrO hoHAa NPOOYPEHHbBIX MU NPOEKTHbLIX
CKBaXXWH, CHOPMUPOBAB CUCTEMY Pa3paboTku 13
000bIBAOLLNX N HArHETATEMbHbIX CKBaXKMH.

TakuMm 06pas3om, NPOEKTUPOBAHNE KYCTOB CKBaXKWH
OOJIKHO Y4MTbIBaTb MHOXXECTBO (DaKTOPOB, NPY 3TOM
Ba)XKHO 0B6ecneynTb MOUCK ONTUMAasIbHbIX PELLEHNIA,
peansauns KOTOPbIX MO3BOINT B UTOME CHU3UTb
KanuTanbHble BJIOXKEHUS.

Ons onTuMmM3aLmMm rpynnpoBaHns MPOEKTHbIX
CKBaXXWH, Kak OHOM 13 3a4ay KyCTOBaHUS, MOTyT
NPUMEHATLCS Pa3NNYHbIE KPUTEPUU: HANPUMED,
CYMMapHO€e CMeLLeHne 3ab60eB OT BEPTUKANN,
cyMMapHas npoxoaka no BCeMy NPOEKTHOMY (DOHAY
CKB&)XWH, C/IOXKHOCTb TPAEKTOPUI (CyMMapHbIE Yribl
asuMyTasIbHbIX UKW NMPOCTPAHCTBEHHbBIX UCKPUBIEHUI),
CyMMapHas CTOMMOCTb CKBaXKUH. TpebyeTcs
MUHUMN3NPOBATb COOTBETCTBYIOLWI KPUTEPUM NN
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Such an approach results in more complex trajectories
from well to well, which also increases the drilling
footage. For the whole field, the element of well pad
placement optimization is missing, or just conducted
locally “on site”, which is limited by the total footage
length within the pad and, as a rule, the size of the
available drilling rigs. Such nearsighted planning has a
negative impact on the project’s economics.

Regarding multi-layer fields, another consequence of
the described approach lies in potentially missing the
possible development of multi-zone production targets
whose drilling, if an individual well spacing pattern is
applied, would normally be economically inefficient.
The economic efficiency of such targets (formations)
can be increased by connecting them with the target
(main) production facilities using multi-zone drilling or
by designing wells to create a migration system from
the producing and the injection wells.

Therefore, a lot of factors must be considered while
designing well pads and it is important to find the
optimal solutions which will ultimately reduce capital
investments.

To optimize the design cluster, as one of the well pad
tasks, various criteria can be applied: for instance,
the resultant bottom hole kick-off, cumulative footage
of the whole design well stock, trajectory complexity
(cumulative angles of the azimuthal or dimensional
deviations), total well cost. The values of relevant
criteria or a group of criteria need to be minimized. To
be able to construct small or large well clusters, using
drilling rigs with various capacities must be factored
in. The quantity of well pads and the field ground
infrastructure, in general, depend on this.

The task is hardly solvable using any existing software,
not in an autonomous mode any way, therefore,
well pads or the well cluster for multi-layer fields will
require manual design work which is dependent on
the qualification and skill of the design engineer, i.e.
it is an intellectually demanding task. The task is to
search and find the optimal well padding scheme
based on production target development ensuring
the development of multi-zone formations. The well
objectives and operational conditions should be
considered as well.

The well clustering process is considered as a point
clustering task, i.e. clustering drilling targets located
in the production target areas. Thus, the task turns
into one of searching for the zones of densely located
points, to combine them into well pads. The well pads
serve as the created cluster’s center.
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rpynny kputepues. MNpn Takom Noaxofe Ao/KHA
YUNTbIBATLCS BOSMOXKHOCTb UCMO/Ib30BaHNS OYPOBbIX
YCTaHOBOK PasnnNyHOM rpy30nogbeMHOCTM /1S
co3naHng MasiblX Nnn O0NbLLUNX rpynn CKBa>XnH.

OT aT0ro 6yayT 3aBUCETb YNCIIO KYCTOBbIX
noLWanoK 1 KOHLENUMs HazeMHOro obycTporncTea
MECTOPOXAEHNS.

[aHHas 3aga4a NosIHOCTLIO He peLlaeTcst Hut

OOHVM NPOrpaMMHbIM obecrnedeHnemM, No KpaHemn
Mepe, B aBTOMaTUYECKOM PEXUME, N KyCTOBaHMe
NN TOJTIbKO rpynnmpoBaHne NPOEKTHbIX CKBaXXNH
015 YCNOBUM MHOTOMIaCTOBBIX MECTOPOXKAEHUI
npegnonaraeT py4yHoe NPOeKTUPOBaHNe, 3aBUCALLLES
OT KBaNMVKaLMy NPOEKTUPOBLLMKA, T.€. ABNSETCA
TBOPYECKOM 3agadent. [oCTaHOBKA €€ 3aK/to4aeTcs
B MOUCKe OMNTUMAaNbHOM CXEMbl KyCTOBaHUS

CKBa)XWH Ha OCHOBE CUCTEMbI paspaboTKK LIeNeBbiX
aKcnnyaTaunoHHbIX 0OBEKTOB, NPU KOTOPOM
obecneunBaeTca HPOPMUPOBAHNE SIEMEHTOB
paspadboTKN Ha 3aBUCUMbIX OO6bEKTaX aKCMyaTaumm
3a CYET TPaH3UTHOrO (DOHAA MPOEKTHbLIX CKBaXMH.
[Mpy 3TOM Yy4MTbIBAETCHA HA3HAYeHNe 1 PEXNUM PaboThbl
CKBa>XUNH.

Mpouecc rpynnMpoBaHns CKBaXKNH MOXKHO
paccMaTpuBaTb Kak 3agady kracTepusaunmn To4ek

— uenemn BypeHus, pasMeLLeHHbIX B MPOCTPaHCTBE
aKcnnyaTauyoHHbIX 0OBEKTOB. B Takom nocTaHOBKE
rpynnupoBaHue Lenen bypeHnsa ctaHoBUTCS 3adadeit
novcka obnacTten ¢ NNOTHO ynakoBaHHbIMU TOYKaMU
n 06'be,EI,I/IHeHI/I9| X B KYCTbl. KyCTOBbIe naowagkKm
BbICTYNalOT B KAYECTBE LIEHTPOB CO3daHHbIX
K/1acTepoB.

CyLEeCTBYIOT pas/IMyHble anropuUTMbl KnacTepuaaunm
Touek B npocTtpaHcTBe. OOHNM U3 TaknxX SBSETCA
MeTo[q, K-CpefHnx, TakxKe HasblBaeMbI METOOOM
ObICTPOro KNacTepHOro aHannaa. AnropuTm
CTPEMUTCHA MUHVMN3NPOBATb CYMMapHOe
KBagpaTn4YHOE OTK/IOHEHME TOYEK K1acTepPOB OT
LEHTPOB K1acTepoB. B paccmaTprBaeMom cryyae
NCNOMb3YETCSH EBKNAOBO PACCTOSHNE, TOYHEE ONNHA
TPaeKTOpUM CKBaXKWUHbI. AITTOPUTM npegnonaraeT
HanmM4e rmnoTesbl O Hanbosiee BEPOSTHOM HMCTie
K1aCTepoB 1 MX Ha4YalbHOM MONOXKEHUU. Tak

Kak 41CNo KYCTOBbIX MA0LWA00K NeEPBOHAYa/IbHO
HEeN3BECTHO, TO PACYET BbIMONIHAETCS AN Pas3HOro
4yucaa KyCcTOB M fJasiee CPaBHMUBAKOTCS NOJTyYeHHbIE
pesyfbTaTbl. Kaxabl pacyéT onTUMU3NPYET
pacnpefeneHmne NPOEKTHbIX CKBAXKUH MO KyCTOBbLIM
nnowankam. Vimea Habop pacyéToB, MOXKHO
ONPEeneUTb ONTUManbHOE 3Ha4YeHe HeoBXoaNMbIX
KPUTEPUEB: 3KOHOMUYECKUX NoKasaTenen,
rpy30noAbLEMHOCTM BYPOBbLIX YCTAHOBOK, Yncia
PUCKOBAaHHbIX A9 BYPEHUS CKBaXKNH U OpP.
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Points can be clustered into spaces using various
algorithms. One of them is the method of “k-mean
clustering”, also known as the fast cluster analysis
method. Its algorithm tends to minimize the total squared
error of the cluster points from the cluster centers. The
Euclidean distance is used in this example, and namely,
the well trajectory length. The algorithm presumes a
hypothesis on the most probable cluster number and
the clusters initial position. Since the well pads number
is initially not known, the calculation uses various well
pad numbers, and the derived figures are compared.
Each calculation results in an optimal well distribution by
well pads. Having a series of computations, it is possible
to define an optimal value for a required criterion, such
as: economic indicators, drilling rig capacities and the
number of risky wells to be drilled.

The clustering outcomes may depend on the well pads
initial, selected position, therefore the enhanced k-means
algorithms can offer better initial centroid values for future
clusters. Using the k-means method does not solve the
well clustering design task immediately. It is applicable
for directional wells, while having some constraints with
horizontal wells [2].

The k-means algorithms can be adapted to the clustering
of both directional and horizontal wells. Firstly, this

can be achieved by approximating the designed well
trajectory to the existing one, considering the straight
hole minimal depth, the horizontal section length and its
positional coordinates in the formation. Secondly, the
total azimuth value varying along the borehole should

be considered until the production horizon is reached.
The computed, weighted well length data sets are
appropriate to use when the azimuthal angle variation
values along the wellbore, including the inclination angle
value exceeding 909, are replaced with the equivalent
length trajectory value. This helps minimize the trajectory
curvature in the process of searching for an optimal

well pad placement pattern, and it makes the project
implementation much simpler.

To find the well equivalent trajectory length value, we can
proceed from the assumption of the constancy of the
Drilling Difficulty Index (DDI) [3]:
DDI = | [TD (AHD) TORT
= [0 e & g
g VD
where, TD is borehole measured depth, AHD is the
bottom hole kick-off value, VD is the true vertical depth,
TORT is the trajectory cumulative curvature.

Then the weighted trajectory length value is changed

by the value of (Ad + Aal)/(Ad + Aa)-TD, where Ao is
variation of the azimuthal trajectory angle value, Aa is the
varying inclination angle, Aa1 is the value exceeding 90°.
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PeaynbTat Knactepusaumm MOXeT 3aBMCETb OT
BbIGOpa Ha4asIbHOrO MOMTOXKEHWUS KYCTOBbIX MJIOWAA0K,
NO3TOMY CYLLECTBYHOT YyULLEHHbIEe anropUTMbI
K-cpeaHux, npegiaraioLume nydline HadaabHble
3HAYeHUs LIeHTPONOOB ByayLNX K1acTepoB.
icnonb3oBaHne MeToaa k-cpedHnx He No3BoNseT
HaMPSAMYIO PELLNTL 3adady rpynnMpOoBaHMs MPOEKTHbIX
CKBaXKMH. OH MOXET BbITb MPUMEHM /18 HAKOHHO-
HanpPaB/IEHHbIX CKBaXKWH, a A1t FOPU30HTaIbHbIX
CKBaXKVH BO3HUKAET pPsif, orpaHudeHni [2].

Tem He MeHee CyLLIECTBYET BO3MOXXHOCTb afanTaLimn
anropuTtma K-cpegHux K rpynnympoBaHnIO Kak

HaK/IOHHO HaMPaBNEHHbIX, TaK W FOPU3OHTaSIbHbBIX
CKBaXXWH. [1n19 3TOro, BO-NepBbiX, ceayeT npubamsnTs
TPAEKTOPUIO CKBAXKMH K peasibHOM, roe OyayT yyTeHbl
MUHUMaIbHas rybuHa BEPTUKaIbHOMO y4acTKa, OInMHA
FOPW3OHTAIBHOMO y4acTKa 1 KOOpAMHATbI MOSIOXKEHNS
ero B nnacte. Bo-BTOpbIX, HEOH6XOANMO Y4UTbLIBATL
CyMMapHOe U3MEHeHWe a3nmMyTa Mo CTBOJTY MpuU BbIXOAe
Ha MPOOYKTUBHBIV FOPU3OHT. [N 3Toro yaobHo
MCNONb30BaTh AaHHble pacHéTa B3BELIEHHOW NMPOXOOKN
CKBaXXWHbI, KOraa Ntoboe asuMyTasibHOE N3MEHEHME

Mo CTBOJTY, a TaKXXe M3MEHEHUe 3eHUTHOro yrna tonee
900 3amMeHseTCH 3KBUBaAIEHTHOM OJIMHOM TRAEKTOPUN.
Takor nogxod, NO3BONSET YMEHbBLUNTb N3BUINCTOCTb
TPaeKTOpUI B MPOLIECCE MOMCKa ONTUMaIbHOIrO
Pa3MeLLEHNST KYCTOBbIX MOLLAA0K, CHU3UTb CIOMHOCTb
peann3aumnm NpoekTa.

[ns onpenenenHns aKBUBaNEHTHOWM O/IMHbI TPAEKTOPUM
CKBaXXWHbI, MOXXHO, Hanpumep, UCXoOUTb 13
MOCTOSIHCTBA MHAEKCa CnoXHOCTU 6ypeHuns DDI (Drilling
Difficulty Index) [3]:
DDI =1 [TD (AHD) TORT
= [0 o —]
g VD :
roe TD — rnybuHa no cTBosy CKBaxKUHbI, AHD — oTxonq,
3ab0s CKBaXXWHbI OT BepTukaau, VD — BepTukasibHas
rnybuHa ckBaxxuHbl, TORT — cymmapHas KprBunaHa
TpaeKkTopuu.

Torpa B3BelLeHHas A/nHa TpaekTopumn OyaeT
MeHSTbCA Ha BendnHy (Ad + Aal)/(Ad + Aa)-TD, roe
A — N3MEHEHWE a3MMyTasIbHOrO yria TPaeKTopuu,
AQ — n3MeHeHne 3eHUTHOro yrna, Aal — BenmymHa
npeBblleHns Aa 3HadeHns 90°. Taknum obpasom,
KpUTEPUI «B3BELLEHHAs NPOXOAKa» SBISETCS
KOMMJIEKCHBIM 1 MO3BOJISIET MPOBOANTL ONTUMU3ALMIO
OHOBPEMEHHO MO CYMMaPHbIM A/INMHE U U3MEHEHIO
YrI0B TPAEKTOPUIN CKBEXKMH.

3agada rpynnmMpoBaHns NMPOEKTHbIX CKBaXKMH
aBTOpamMu pellanack Ha npruMepe MHOroMIacTOBOroO
MECTOPOXXAEHNS, BKIIOYatOLLIEro 52 npoayKTyBHbIX
nnacTta (16 06bekToB pPa3paboTKy) CEBEPHOIO Kynosia
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Thus, the “weighted footage length” is a complex value
and it enables optimization based on the total length
value and the well trajectory angle varying values at the
same time.

The design well clustering task was approached by the
authors using a multi-layer field example, comprising of
52 productive formations (16 development targets) in
the northern dome, and 53 formations (18 development
targets) in the southern part. The Pokur, Tangal, Sortym,
Vasyugan and the Tyumen Suites represent oil and

gas saturated layers occurring in the depth of 1158 to
3239m. The most prospective development targets were
drilled using individual spacing pattern for the targets.
Nine such targets were delineated in the northern and
southern domes, correspondingly. Drilling for the other
targets was economically inefficient, those targets can
be developed using the multi-zone wells. The drilled well
stock amounted to 247 producing wells, 68 injection
wells, 20 gas wells and 13 water supply wells at the start
of the reservoir development. Further on, it was decided
to drill 207 producing wells, 97 injection wells and 485
sidetracks. Four complexes were outlined in the southern
dome and three complexes — in the northern dome; the
development targets were combined into an integrated
well stock, to implement the wells returning from the
target well stock to the multi-zone wells.

The principal task therefore was to justify the possibility
of commingling the multi-zone development targets

to develop them using the well placement pattern that
was designed for the target reservoirs. The calculations
determined the well design placement ensuring the
penetration of all the drilling targets. An integrated field
model was built up using the modern engineering design
software comprising of the structural geological surfaces,
the fault model, the existing well stock, the infrastructure
and the topography of the field.

The engineering design phase included:
1. Design well clustering using the k-means adapted
algorithm with varying preset well pad numbers;

2. Comparing the computed variants and selecting a well
spacing pattern;

3. Optimizing the well trajectories and the well pad
locations, considering the criteria preset for a selected
well placement pattern.

Figure 1 presents the design well clustering patterns in
the southern dome of the multi-layer field matching with
the minimum of capital investments. Both the directional
and horizontal well pad clustering was carried out using
the cumulative trajectory length optimization (Fig.1,a)
and the cumulative weighted well length (Fig.1,b), to
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1n 53 nnacta (18 06beKTOB pa3paboTKn) KXKHOIO
Kyrnona. 9Tax HedhTerasaoHOCHOCTU NMpeacTaBieH
naacTamm NOKYPCKOW, TaHraslIoBCKOW, COPTLIMCKON,
BaCOraHCKOM 1 TFOMEHCKOW CBUT, HAXOAALWMXCA Ha
rnybuHe oT 1158 go 3239 M. Hanbonee nepcnekTBHbIE
019 OCBOEHMS 3KCMyaTalMOHHbIE OObEeKTbI
pPasbyprBaOTCS CaAMOCTOATESIbHOW CETKOM CKBAXKMH U
ABNSAOTCS LieNeBbIMU. Ha CEBEPHOM U KOXXKHOM Kymosax
BblOEIEHO MO AEBATb Takmx 0O6BHEKTOB. Ha ocTasibHbIe
0OBEKTbI HEPEHTAbEBEHO BYPUTL CaMOCTOSATENbHbIE
CKBaXXMHbI, UX MOXHO pa3pabarbiBaTb TPaH3UTHbIM
dhoHOoM. Ha Havano NPOEKTNPOBaHNS Pa3pPaboTKK
MECTOPOXXAEHNS MPOBYPEHHbIN hoHA, cocTaBan 247
JobbiBaoLLMX, 68 HarHeTaTeNbHbIX, 20 rasoBbIx 1 13
BOO03ab0PHbIX CKBaXKMH. B xoOe NpoeKkTupoBaHus K
Oypenunto BbI10 3aniaHnpoBaHo 207 oobsiBaroLLmX, 97
HarHeTaTe IbHbIX CKBaXKWH 1 485 BOKOBbBIX CTBOJIOB.
Mpy NPOEKTUPOBaHMUM ObINO ONPeaenNeHo YeTbipe
KOMIJIEKCA Ha HOXKHOM U TPW KOMMJIEKCa Ha CEBEPHOM
Kyrnosax, BHyTPU KOTOPbIX 3KCMyaTalOHHble
0OBEKTbI 0ObEAMHEHBI €AMHBIM (DOHAOM CKBaXKWNH

019 OCYLLECTBNEHWS BO3BPATa CKBaXKWH C LIENEBbIX
OOBEKTOB Ha TPaH3UTHbIE.

Taknm 0bpa3oM, OCHOBHOWM 3adadqen SBASIOCh
0BOCHOBaHME BO3MOXXHOCTW MPUOBLLIEHNS TPAH3NTHbBIX
OOBEKTOB aKCNNyaTaumn O paspaboTkn nx

CETKOW CKBaXKMH, CMIPOEKTUPOBAHHOW OS5 LIENEBbIX
nnacToB. B peaynbTaTe pacyéToB Obina onpeaesieHa
Ccxema pa3MeLLEHNsT KYCTOB MPOEKTHbBIX CKBaXKMH,
obecneyvBaroLLasg AOCTVKEHVE BCEX NMPOEKTHbIX Liener
OypeHnd. C NOMOLLBHO COBPEMEHHOMO MPOrPaMMHOI0
obecneyeHnst Mo NPOEKTUPOBaHNIO Obl/la MOCTPOEHA
NHTErpnpoBaHHast MoAe/lb MECTOPOXKAEHMIS,
coyeTaroLasa CTPYKTYPHbIE Fre0I0rn4eckmne
NOBEPXHOCTW, PA3NOMHYKD MOAESb, (DAKTUYECKNN
POHA CKB2XKMH, MHPPACTRYKTYPY 1 Tonorpaguio
MECTOPOXXAEHMS.

MpOeKTMPOBaHVE BKIIOHYAIO CedytoLLmne aTanbl:

1. MpynnvpoBaHne NMPOeKTHBIX CKBaXMH
afanTUPOBaHHbLIM anropuUTMoM MeToaa K-cpeaHux
npWY PasnNMYHOM 3a4aHHOM UYMCSIE KYCTOBbIX
NOLLAO0K;

2. CpaBHeHMe pacyETHbIX BapNAHTOB U BbIGOP CXEMbI
KyCTOBaHMs;

3. OnTuMmn3aumst TPAEKTOPUIN CKBAXKH 1 MOIOXKEHNS
KYCTOBbIX MJIOLLAA0K C YYETOM 3afaHHbIX KpUTEpPUEB
07151 BbIOPAHHOWM CXEMbI KyCTOBaHWSI.

Ha puc. 1 npeacTaBneHbl CXeMbl rpynnMpoBaHns
MPOEKTHBIX CKBaXKMH KOXXKHOIO Kyrnosia MHOrOM1acToBOro
MECTOPOXXAEHNSA, OTBEHAOLLME MUHUMYMY KanuTaslbHbIX
BNOXeEHW. [1nsg CpaBHEHUS KPUTEPWEB ONTUMU3ALN
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Puc. 1: Cxema KycToBaHuNs Npy ONTUMU3aLMN MO CYyMMAaPHOM
OJIMHE TPAEKTOPUIA CKBAXKMH () 1 CyMMapHOW B3BELLEHHOM
MPOXOAKE CKBaXKWH (6)

Fig. 1: The clustering pattern using the optimization by the cumulative
well trajectory length (a) and by the cumulative weighted footage length (o)

compare the optimization criteria. The drilling in this case
was designed for six target formations, overlapping in the
map, whose wells are located at different levels, and their
trajectories were separated during further planning.

Figure 1 illustrates that clusters tend to occupy the areas
of densely packed points. The trajectories of most wells
are adjusted along the 90°%+ azimuth. Such wellbore
paths are complex to implement; they demand higher
equipment standards, the drilling equipment endurance
capability, and that of production strings as well, the
circulation fluid quality, its lubricating properties and the
capability to support borehole walls. Besides, accident
risks are higher, the service contractor’s experience and
qualifications also need to increase. In the second case
(Fig.1, b), the clusters are built-up using the minimum of
the trajectory curvature value.
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Conventional CAPEX, units

YcnoBHble KanuTasbHble 3aTparsl, en
Yucno ckBaxkuH - Number of wells

Yucno ckeaxKnH
Number of wells

—*= YcnoBHble KanuTasbHble 3aTpaTbl

Conventional CAPEX

a}_,-o‘-\-.-u.-----.n--.--.--‘--" i
- e

Conventional CAPEX, units

YcnoBHble KanuTasnbHble 3aTpartsl, M
Yucno ckBaxxuH - Number of wells

Yucno ckBaXKuH

Number of wells

Yucno npobypeHHbix ckBakuH BY 3200/200 Number of drilled wells using BY 3200/200
—— Yrcno npobypeHHbIx ckBaxknH BY 4200/250 Number of drilled wells using BY 4000/250

Puc. 2: 3aBncumocTb CYMMapPHbIX KarnnTaJibHbIX BJIOXKEHMI (yCJ'IOBHbIe 3Haqu|/|9) OT 4YMncna KyCcTtoB npu ontnMmnsaumn: no CyMMapHOVI onvHe

TpaeKTopui (a) 1 CyMMapHOW B3BELLIEHHOW nMpoxoake (6)

Fig. 2: The relationship between the total capital investments (conventional values) and the number of well pads during optimization: by the cumulative

trajectory length (a) and by the cumulative weighted footage length (b)

rpynnMpoBaHne KyCTOB HaK/IOHHO HanpaBieHHbIX

1 TOPU3OHTAsIbHBIX CKBEXKMH OCYLLECTBISNIOCH NMpU
ONTVMU3aLMN NO CYMMapHOW AJIMHE TPaeKkTopui (puc.
1, a) n cymmapHom B3BeLLeHHOM npoxoake (puc. 1,

0). B maHHOM npumepe BypeHne CNpOeKTMPOBaHO

Ha LLEeCTb Lie/1eBbIX NacToB, NEPECEKAIOLLNXCS B
njaHe, 1 COOTBETCTBEHHO, CKBaXKMHbI Pa3MeLLEHbI Ha
Pa3HbIX YPOBHSIX, a UX TPAEKTOPUM MPU Aa/TbHENLLIEM
NPOEKTUPOBaHU pa3BedeHbl MEXAY CODOW.

V13 puc. 1, a BUAHO, YTO K1acTepbl MbITAOTCS 3aHATb
obnacTu NNOTHO YNMakOBaHHbIX To4YeK. [py aTom
TPaeKTopUM BOJbLLIMHCTBA CKB2XKVH KOPPEKTUPYIOTCS
no asnmyTy 0o 90° n 6onee. Takme TpPaCChbl CKBaXKWH
CNOXHbI ANS peanusauuy, NpeabsaBngtioT NOBbILLEHHbIE
TpeboBaHUS K MPUMEHAEMOMY 060pYA0BaHNIO,
MPOYHOCTV BYPOBOr0 MHCTPYMEHTa 1 006CaaHbIX KOTOHH,
Ka4ecTBY MPOMbIBOYHOW XXMAOKOCTY, €€ CMasbIBatoLLMM
XapakTeEPUCTUKAM, CNOCOBHOCTU YOEPKMBATb

CTEHKN CKBaXXWH. KpoMe TOro, MOBbILLAIOTCS PUCKM
BO3HUKHOBEHUST aBapuin, TPeOOBaHNS K OMbITY Y
KBaNMUKaLUMN CEPBUCHBIX NOAPSOAYMKOB. Bo BToOpom
cnyyae (puc. 1, 6) KnacTepbl CTPOATCS HA OCHOBE
MUHVMaSTBHOM U3BUIMCTOCTU TPAEKTOPUMN.

AHaTOMMYHbIE CXEMbI MPYMMMPOBAHNS MPOEKTHbBIX
CKBaXKMH ObI/I MOCTPOEHbI A5 Pa3HOro Yncna KyCToB.
B pesynbTarte ux cpaBHEHNS NOMyYeHbl 3aBUCUMOCTH
CYMMaPHbIX KanUTaslbHbIX BJIOXKEHUI OT Y1Cia KYCTOB
CKBaXKMH (pVic. 2). KanuTasibHble BNIOXKEHNS BKIIKOHAOT
CTOMMOCTb CTPOUTENLCTBA CKBaXKWH, OTChINKN 1
obycTponcTea KycToB. [1py MUHUMANBEHOM Yn1Cne
KYCTOB MPOX0OKa CKBaXKMH MakCumasibHa, CTOMMOCTb
npoekTa Bo3pacTaeT. [1pn MakKCUMasIbHOM YMCIE
KYCTOB YBENNYMBAKOTCA 3aTpaThl HA OTCbINKY KYCTOB U
MHMDPACTPYKTYPY MECTOPOXOEHNS.
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Similar well clustering design patterns were built up
for different numbers of well pads. Their comparison
resulted in the derived relationship between the total
investment values and the number of well pads (Fig.2).
Capital investments include the well construction
costs, the well pad filling and engineering costs. The
well’'s length is at its maximal with the minimal well pad
number which increases project costs. When the well
pad number is at a maximum, the well pad building
and field construction costs go up.

When optimizing with the cumulative trajectory length,
the minimum capital investments are obtained with

11 well pads in the variant “a” (Fig.2, a), and with 10
or 18 well pads in the variant “b” (Fig.2, b), using the
weighted well length. In the first case, it is possible

to drill all the planned wells using the drilling unit BY
4000/250, when clustering by 6 well pads; in the
second case it can be done using the clusters of more
than 11 well pads — therefore, a more acceptable
variant is the one with 18 well pads (Fig.18, b).

Excluding the curved trajectories is instrumental for
building longer length trajectories. The trajectories
become simpler to perform but their lengths extend by
42m in an average of 182 wells. However, additional
expenses are neglected while performing more
complex trajectories, with significant adjustments
made by the azimuth, which increases the project
implementation cost if we perform the optimization via
the trajectory length criterion.

In the other field section (Fig.3), the well clustering

pattern is presented, prepared for the drilling of 13
formations, overlapped in the map. The delineated
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Mpwv oATMMKM3aLMK MO CyMMapHOM
OJIMHE TPAeKTOPUM MUHUMYM
KanuTasibHbIX BAIOXKEHNIA OOCTUraeTCs
npw hopmmnpoBaHnn 11 KyCToB
CKBa2XXMH B (pucC. 2, a), N0 B3BELLIEHHOM
npoxoake — 10 nnn 18 KycToB (puc.

2, 6). B nepsom cnyyae 6yposon
ycTtaHoBkow BY 4000/250 MOXXHO
NpOoBypUTL BCE MPOEKTHBbIE CKBAXKMHbI
npy HopMUPOBaHUN Bosee 6 KyCToB, BO
BTOPOM — Mpu (hopMmnpoBaHun 6osee 11
KyCTOB, MO3TOMY 60J1€€ MPUEMNEMbBIM
SBNSETCH BapuaHT ¢ 18 KycTamu (prc.
18,0).

VicknioveHne n3BUINCTbIX TPAEKTOPUI
CnoCcOBCTBYET (DOPMUPOBAHNIO
TpaeKTopu BOsbLLEN MPOTSKEHHOCTU.
TpaekTopus peanuayeTcs NpoLLe, HO B
cpenHeM Ha 182 WT. NpoeKTVpyeMbIX
CKBaXKVH [SIMHA YBENYMBAETCH

Ha 42 M. OgHako Npu pacyéTe He
yUYTEHbI AOMNOSHUTENBHBIE PACXOb! Ha
peann3aLmnio TPAeKTOPU NOBLILLEHHOM
CTIOXXHOCTU CO 3HAYNTESIbHBIMU
KOPPEKTUPOBKaMM MO a3nUMyTy, YTO
yBENN4YMIO Bbl CTOMMOCTb Peanuaaumm
npoekTa Npu ONTUMU3aUn No OJNHE
TPaeKToOpuK.

[ns aopyroro yyactka MectopoXxaeHus (purc. 3)
npuBe4eHa cxemMa rpynnmpoBaHns CKBaXKMH,
3anpOEKTMPOBaHHbIX 419 6ypeHus Ha 13 mnacTos,
nepecekarLmxcs B nnaxe. BoloeneHHble Lenn 6ypeHns
MOTYT ObITb MPUOBLLEHBI K APYTMM CKBaXKHAM, T.€.
Tpacca CKBaXKMHbI MOXET ObITb MPOJSIOXKEHA Yepesd
ovkanLuve Leam BypeHns, HoO eCNN 3TO 3HAYUTENBHO
YCIIOXXHUT TPAEKTOPUID, TO MOXXET BbIThb 3arn1aHMPOBaHO
BypeHne 6OKOBOro cTBONA. SKcnyaTaums
NproBdLLAeMbIX Lienen ByaeT NponcxoamTb Nocne
BbIPabOTKM 3aMacoB OCHOBHbIX (HVPKENEXALLMX)
3KCMJlyaTaumoHHbIX OOBEKTOB, Aanee 6yaeT
OCYLLECTBIEH MEPEBO/], HA BbILLIENEXALLMIA FOPUSOHT MUK
OypeHne 60KOBOro cTeoNa.

CrpynnunpoBaHHble Nog00HbIM 06Pa30M CKBaXKMHbI

1 onpenenéHHble ong nprobLleHus uenm GypeHus
MO>XHO MCMONb30BaTh A5 AaSIbHENLLIEN ONTUMN3ALN
TPaEKTOPUI CKBaXKMH BHYTPW KyCTa, a Takxke O/
KOPPEKTUPOBKM MOJIOXKEHWNS KyCTOBbIX MI0LLAA0K

C YYETOM ApYyrnx hakTopoB: re0IornM4yecKmx,
TPaeKTOPUM CTBOJIOB CYLLIECTBYHOLLIMX CKBaXKMH,
rugporpadguyeckx, MHPpPacTpyKTypbl. Ecnn Ha
TEPPUTOPUM MECTOPOXKAEHUSI UMEIOTCS 3HAUYUTENbHbIE
NPUPOLAOOXPaHHbIE 30HbI UM BOOOEMBI, HE NPUrOAHbIE
019 CTPOUTENBCTBA KYCTOBbIX MOLLAA0K, TO 3TO
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Puc. 3: Cxema rpynnMpoBaHnst KYCTOB C MPUOBLLEHNEM K CKBaXKMHAM OMIVKaNLLINX
uenen 6ypeHus (BblaeNeHbl KPaCHbIMU KPpYXKKamu)

Fig. 3: The pattern of clustering well pads using the commingling with the nearest drilling
targets (delineated with red circles)

drilling targets can be commingled with other wells,
i.e. wells can be drilled through the nearest drilling
targets, however the drilling of a sidetrack can be
suggested if this is going to make the trajectory more
complex. The commingled target exploration will be
carried out until the reserves in the base (underlying)
development targets are depleted; further on the
transition to the overlying formation or the drilling of a
sidetrack is going to takes place.

The wells clustered and designed for commingling
with the drilling targets, can be used for the further
optimization of the well trajectories within a well pad,
as well as for further adjustments in the well pad
positions, considering other factors, like: the geology,
the existing boreholes trajectories, the hydrography
and infrastructure. If some nature reservation zones or
water bodies happen to be there, it is not appropriate
for well pad construction, this should be taken into
account in the clustering phase, and an official ban is
to be issued for placing pads in such areas.

An adequate design model of a modern software
package was used in the course of the multi-layer
field development, to design the drilling trajectories
using the actual well stock and the available ground
infrastructure as the input data. The designed well
trajectories were built considering the technical
constraints and the hazards of approaching the
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CKBaXXMHBbI:
Wells: drilled stock

= npobypeHHble

NPOEKTHbIE
design stock

Puc. 4: Mogenb NpoekTHOro (hoHAa CKBEXKWH B €4MHOM CTPYKTYPHOM KapKace MeCTOPOXAEHWS
Fig. 4: The model of the design well stock in the unitary structural framework of the field

YyUnTbIBAETCS Ha CTaduu KnacTepusaumn, roe BBOAMTCS
3anpeT Ha pasMeLLleHne LEHTPOVOOB BHYTPU TakMX
obnacTew.

B npoekTe paspaboTkm MHOron1acToBOroO
MECTOPOXOEHNS 019 MPOEKTUPOBAHNSA TPAEKTOPUIA
OypeHust B MpUCYTCTBUN hakTU4eckoro doHaa
CKBa>KMH U HA3EMHOW MHMDPACTPYKTYPb!I UCMOMB30BaSICS
COOTBETCTBYIOLMIA MPOEKTHbI MOAY/Ib COBPEMEHHOIO
nporpaMmMHOro obecnedeHns. bblan NOCTPOEHBI
TPaEKTOPUM MPOEKTHbLIX CKBaXKMH C YHETOM
TEXHUYECKNX OFPaHVUYEHNUI 1 OMACHOCTU CONMMKEHNS
C Tpaccamm paHee NPoBYPEHHbIX CKBaXKWH. YYET
re0IOMMYECKIX YCOBUIA MO3BOJIU MOBLICUTb TOYHOCTb
NPOEKTUPOBaHUS KYCTOB 1 TRAEKTOPUIN CKBaKMH Ha
MHOMOM1IaCTOBOM MECTOPOXKAEeHUW. [1ns cocTaBneHns
npoeKTa MCNoJIb30BasIaCh CNeayroLLas reoormyeckas
MHpopMaLms:
® CTPYKTYPHbIE FEOSIONMYECKINE MOBEPXHOCTU (KPOBJIS
1 NOAOLWBA NPOAYKTUBHBIX MIAaCTOB) U Pa3/ioMHas
Mofeslb B COCTaBe eQMHOro CTPYKTYPHOIro Kapkaca
MECTOPOXOEHNS;

® KOHTYPbI HE(HTEra3oHOCTHOCTY;

° TpéXMepHaﬂ Mo4esib Hed)TeHaCbILLJ,eHHOCTI/I
aKCnyaTtauoHHbIX OObEKTOB.
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already drilled wells. The knowledge of the geologic

conditions enabled a higher accuracy for the well pad

placement and well trajectory design to be achieved. The

following geological information was used to make up

the project:

e Structural geological surfaces (the top and bottom of
productive formations) and the fault model as part of
the field’s uniform structural framework;

* Reservoir limits;

e 3D model of the hydrocarbon saturation of the
development targets.

Such a level of detail enables maximum reality to be
reflected in the design. The structural surfaces determine
the intersection points between the design wells and the
multi-zone development targets, offsetting them if needed,
creating a development strategy using the multi-zone

well stock, taking into account the well drive mechanism
(production well, injection well etc.) The fault model clearly
illustrates that the well trajectories pass through structural
failures, and, depending on the fault permeability, a decision
can be made if it is necessary to offset a borehole.

The reservoir boundaries and the hydrocarbon
charge model help monitor the drilling targets and the
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CKBaXUHbI:
Wells:

! npo6ypeHHble
drilled stock

NPOEKTHble
design stock

NPOEKTHble GOKOBLIE CTBOJbI
designed sidetracks

Puc. 5: CkBaXKMHbI NPOEKTHOIO 1 hakTU4eCKoro hoHA0B Ha MOAENM He(hTEHACKILLIEHHOCTW 3KCMJTyaTaLVOHHbIX 0O bEKTOB
Fig. 5: Wells of the design and the existing well stocks in the model of the hydrocarbon charge of development targets

Takas getannsaums No3BoaseT MakcMarbHO
NPUBN3UTE PE3YBTaThbl MPOEKTUPOBAHNS K
peanbHbIM YCNoBuaM. CTPYKTYPHbIE MOBEPXHOCTU
0aK0T BOSMOXHOCTb ONPEAENUTb TOHKN NEpecedeHns
MPOEKTHbBIX CKBaXKMH C TPAH3UTHbIMW 0O beKTaMM
aKcnyataumm, CMeCTUTb UX MPY HEOHBXOANUMOCTH,
chopmmpoBaTh CUCTEMY pa3paboTkn ¢
MCroJib30BaHMEM TPAH3UTHOIO d)OH,EI,a CKB2>XVH C
YUYETOM pexmnMa Ux padoTsl (0obOblYa, HarHeTaHueE).
Hanunune pasnomMHo Mogenu HarnsaHoO nokasbiBaeT
NPOXOXXOEHNE TPAEKTOPUIN CKBAXKNH Yepes CTPYKTYPHble
HapyLleHns!, N B 3aBMCUMOCTU OT MPOHMLIAEMOCTN
pasnoma NpPUHUMAaEeTCs peLleHne 0 HeOOXOAMMOCTH
CMELLEHNS CTBOJA CKBaXKMHDI.

KOHTYpb! HEPTEra30HOCHOCTU 1 MOAESb
HedTEHaCbILLEHHOCTM MOMOrakoT KOHTPOMMPOBATb
Lenn BYpPeHns 1 TOUKI NIacTonepecedeHin no
MPOCTMPaHMIO NNacTa, KOPPEKTUPOBATb NONIOXKEHNE
TOYEK CKBaXKNH OTHOCUTE/IbHO 3HAYEHN OCTAaTOYHOMN
HedTeHaChILLEHHOCTU.

Ha puvc. 4 npenctaBneH CTPYKTYPHbIM Kapkac
MECTOPOXXAEHVS C KapTom Tonorpadumn 1 Ha3eMHOWM
MHPaCTPYKTYpPbI (00porK, TPy6onpoBOAb!, CTPOEHUS,
KYCTOBble MIOLLAAKM, PEKN BOOOEMBI). Takas
MHbopMaLVS O2ET BO3MOXXHOCTb YTOYHUTE MOSIOXKEHME
KYCTOB OTHOCUTENBHO MPUPOAHbLIX MPENATCTBUN,
0OBEKTOB MHPPACTPYKTYPbI, 30H C 3KOSIOTMHECKNMM
orpaHnyeHnsIMU. Ha prc. 5 nokaszaHo pa3melleHne
hakTNHeCcKoro 1 NPOEKTHOro POHOOB CKBaXKMH C
6OKOBbLIMI CTBO1aMK Ha Mogesin HerTeHaCbILLLeHHOCTI/I
IKCMJTyaTaumMoOHHbIX OOBEKTOB.
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intersection points between layers along the formation
and adjust the well positions according to the residual oil
saturation values.

Figure 4 presents the oil field’s structural framework
with the topography map and the ground infrastructure
(roads, pipelines, buildings, well pads, rivers, water
bodies). Such information enables obtaining more
accurate information about the well pads positions
considering the natural obstacles, the infrastructural
assets, the environmentally restricted areas. Figure 5
presents the existing well stock distribution pattern and
the design well stock with sidetrack in the development
targets hydrocarbon charge model.

When the reserves are estimated, the field unitary
structural frame work should be developed and the fault
model prepared. To enable a collaborative work between
the drilling and engineering functions, a strategy should
be developed on how to operate the target production
zones, considering the designed well trajectories.

Designing well pads in the course of project planning
provides the following advantages:

1. The implementation of a multi-factor optimization of
the clustering patterns, considering the “easy” and the
“risky” wells.

2. The possibility of a more detailed calculation of the
project’s economics, considerable reduction in the capital
investments for the drilling of the design wells.

3. Maximizing the project’s reflection of the field’s real-life
conditions.
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[MOAroToBKa MCXOOHBIX AaHHBIX 019 TAKOro NpoekTa
noBblILIaeT TPeboBaHNSA K KPOCC-(YHKLUMOHANTBHOMY
B3aMMOAENCTBUIO MEXAY NoapasaeieHNSIMU:
reosIorMYecKUMN, KannuTanbHOro CTPOUTENbCTBA,
MapKLLEMOEPCKNMU, pas3padoTky, BypeHus 1
KanuUTaUTbHOrO PEMOHTA, SKOHOMUYECKUMM,

TexHonorm 0obbibn. MNpu noacyéTe 3anacoB AOSKEH
ObITb CHOPMMPOBAH EANHBIV CTPYKTYPHbIN KApKac
MECTOPOXKOEHWS, MOLrOTOBIEHa Pa3ioMHas Modenb. [1pu
COBMECTHOW paboTe hyHKLIMIA pas3paboTkm 1 BypeHns
0OJKHA ObITb ChopMUPOBaHa CUCTEMA Pa3padoTKm
3KCNJIyaTaLMOHHbIX OOBEKTOB MECTOPOXOEHWS C YH4ETOM
MPOEKTHBIX TPAEKTOPUIA CKBEDKMH.

[MpoeKTMpOBaHME KYCTOB CKBaXKMH B MPOLIECCE
NMOArOTOBKM MPOEKTa paspaboTK MECTOPOXAEHVS OAET
crenytoLlme NpenMyLLecTsa:

1. BbInonHeHe MHOroakTOPHOW ONTUMMU3ALIMM CXEMbI
KYCTOBaHWA C YH4ETOM OO0 «NETKUX» U «PUCKOBAHHbIX»
CKBaXKMH.

2. BoaMOXXHOCTE Bonee aeTanbHOro pacyéra
9KOHOMUKM MPOEKTA, 3HAYUTENBHOE CHIDKEHME
KanuTasibHbIX BNIOXKEHNA B BypeHME CKBaXKWH
NMPOEKTHOrO choHaA.

3. MpubnmkeHne NpoexTa K peasbHbIM YCIOBUAM Ha
MECTOPOXKOEHNN.

4. MNoBbILLEHNE KAYeCTBa NPOEKTMPOBaHNS Ha BCEX
aTanax: OT TEXHOSIOMMYECKOW CXEMbI Pa3paboTkm
00 NpoeKTa Ha CTPOUTENBCTBO CKBaXXWVH 1 MJ1aHOB-
nporpaMm Ha BypeHne Kaxkgom CKBaXKVHBI.

5. VICK/Io4EHME TEXHNYECKMX PUCKOB peanvsaumm
NpoeKTa Ha paHHelr CTaau NPOEKTUPOBaHNS
paspaboTKV MECTOPOXKOEHMS.

Cnucok nutepatypbl

1. OnTMKM3aLMs KanuTasibHbIX BIOXEHN B
CTPOUTENIBCTBO CKBEXKVH MPY KOHLENTYa/IbHOM
NPOEKTNPOBaHUKN pa3padboTKy MecTopoxxaeHun / B.A.
Kapcakos, C.B. Tpetbakos, C.C. Oeatesapos, Al
MacbkiHkoB // HethTaHoe xo3amncTBo. — 2013. — N2 12, —
C. 33-35.

2. TEXHMKO-3KOHOMMYECKAs ONTUMN3ALINS KyCTOBaHMA
CKBaXXWH MPW UHTEMPUPOBAHHOM KOHLIENTYa/IbHOM
npoekTupoBaHun / A.®. Moxxunnb, C.B. TpeTbsakos,
O.E. Omntpres [n op.] // HedbTaHoe X039MCTBO. ——
2016. — N2 4, — C. 126-129.

3. Kaiser Mark J. A Survey of Drilling Cost and
Complexity Estimation Models // International Journal of
Petroleum Science and Technology. — 2007. - V. 1. — Ne
1.-2007. - P. 1-22.
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4. The design’s improved quality in all the phases:
from the technological development plan to the well
construction project and the program/plans for drilling
each individual well bore.

5. The exclusion of technical risks of the project
implementation at an early stage of field development.
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