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BeeneHmne

OnTuMM3aLMS TOMUCTYKK BO BPeMst BypeHns 1 OCBOEHWS
CKBaXXWMH COCTOUT B MOCTPOEHW ONTUMaSIbHOMO
pacnucanus ons Bcex TPpyaoBbIX PECYPCOB.

[MoCTPOEHME OMTUMASTIBHOMO pacnmMcaHns Mo3BOSET
CYLLIECTBEHHO COKPaTUTb BPEMS 1 3aTpaThl, CBS3aHHbIE
C re0NOrMYECKUMIN N TEXHOSIOMNYECKMK PUCKaMU.

[ns 3T0ro HeO6XOAVMO UMETH COOTBETCTBYHOLLIME
WHCTPYMEHTbI MaTeEMaTUYECKOro MOAEIMPOBaHNS.

B cTartbe nprBognTCcs onncaHmne gyHKUMOHauTbHOCTH
NPOrPaMMHOrO PELLEHNSA U PE3YNbTaTbl TECTUPOBAHNS.
B maHHoM paboTe METOANKOM MOCTPOEHUS ONTUMAIbHOMO
pacnm1caHus SBNSeTCs KOMOMHALMSA 3BECTHbIX
aITOPUTMOB — METOA BETBEW U MPaHWL, U CUMMJIEKC-
MeToda. B kadecTBe BXOOHbIX AaHHbIX BbICTyNaeT
«Ha4aslbHOE PacnMCaHne», KOTOPOE COOEPKNT:
rEOMETPUIIO MECTOPOXKOEHNSA — PACCTAHOBKA CKBXKIH,
PAaCCTOSIHUE MEXY HMMW; CMIMCOK TUMOB pPaboT — Tun
paboThbl, MPUHAANEXXHOCTb K CKBaXXMHE, AaTa Havana,
NPOAOJPKUTENBHOCTb PabOoThl U T.4.; OFPaHNYEHUS Ha
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Introduction

Optimizing logistics during drilling and the development of
wells, consists of building an optimal schedule for all the
labour resources. Optimized scheduling makes it possible
to significantly reduce the time and costs associated with
geological and technological risks. The article describes
the functionality of our software solution and presents the
results of its testing. The method we used in that project
for optimized scheduling is a combination of well-known
algorithms — the branch and bound method and the
simplex method. The input dataset is an “Initial Schedule,”
which contains the following information: field geometry
(the placement of wells and the distance between them);
job type list (type of job, its assignment to a particular well,
start date, work duration, etc.); schedule admissibility
restrictions (job sequencing conditions for one single

well, conditions for performing simultaneous work on
neighboring wells, etc.). The program allows the user to
select the parameter based on which the optimization will
be performed, the computation time, and the optimization
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OOMyCTUMOCTb PaCiUCaHns — 1
YCNOBWS MOC/1e00BaTEIBHOCTU
pPaboT Ha OHOM CKBaXKMHE,

J4 JM]
YCJIOBUS OQHOBPEMEHHOCT M Js Ja
paboT Ha COCEeIHX A M; M,
CKBaXKMHax 1 T.4,. MNporpamma M, J2 Jy J M A
NO3BOJISIET BbIOPATL = ek
napameTp, Mo KOTOPOMY M, Ji gy Ji M,
ByOeT Npon3BOANTLCSH ) {
oNTUMMU3aUMS, BPEMS pacyeTa
1 CUEHapWiA ONTUMMU3ALUN. Puc. 1. Mpumep anarpammel MaxtTa, M1, ..., Mn - MawuHbl, J1, ..., Jn -paboTsi [1]

B kavecTtBe BbIXOOHbIX
napameTpOoB MosyHaem
CM1COK paboT C yKasaHeM
nX TUNa, 4aTbl Ha4aa paboTbl, MPOAOIKUTENBHOCTU 1
MPUHaANEXXHOCTU K CKBavKMHE. Kpome Toro, nostyvaem
CyMMapHbI AEOUT 1 HAKOMJIEHHYIO 00ObIYY HA MOMEHT
3anycka KycTa CKBaXKVH B aKCrJlyataumio B CpaBHEHUN C
n3HavasibHbIM 1 ONTUMN3UPOBaHHBIM PaCiMCaHVEM.

s yoo6bHoro rpadpyeckoro NpeacTaBieHns
pacnvcaHvsa NPUMEHSATCS auarpaMmel FaHTtTa [1].
[Ounarpammbl 6b1BaIOT ABYX TUMOB: 3arpy>XeHHOCTb
0B0PYAOBaHNST KOHKPETHOW paboTon OT BPEMEHU U
BbINOJIHEHVE TUNa paboTbl Ha 0B0PYAOBAHNN. TUMNYHBIN
npuMep avarpamMmbl FaHTTa NpeacTaBaeH Ha PUCYHKE 1.

BavkHbIM OrpaHnyeHem npuv NOCTPOEHNM ONMTUMASTBHOMO
pacrcaHst SBISIETCSt KOHEeYHbI LLar MO BPEeMEeHU.

370 NO3BOSAET HOPMYMPOBATL 3aAaqun B TepPMMHAX
[MCKPETHOrO NMporpamMmpoBanHis. MNog 3agadeit
JVCKPETHOrO MPOrpamMMMpPOBaHNA NMOHMMAaETCa 3adada
MUHUMM3aUMN HEKOTOROM (DYHKLIMM Ha MHOXKECTBE
JIOMYyCTUMbIX PEeLLEeHNI,

B ocHoBe Moayisd NEXUT Bapuaums CUMNIEKC-MeTOaa
1 MeToda BETBEN U rpaHuLL. MeToa BETBEWN U rpaHuL,
OTHOCUTCS K METOAAM COKpalLleHHOro nepebopa (2,

3, 4]. Van den Akker J.M n ap. [4] nccneposanu
napameTpbl MpUopuTeTa pacCTaHOBKM paboT Ha
napaniesnibHbIX MallnMHax 1 4aav OUEHKN KpUTEPUEB
01 onpenenexHbix 3agady. B paboTe [3] aBTopbl
paspaboTanu 1 anropuT™ NPUBANMKEHHOIO PELLEHUS
3a4a4n MUHUMMU3aunMn 3aTPaYeHHOro BPEMEHN C
MOBbILLEHVEM TOYHOCTU B 32BUCUMOCTU OT BPEMEHU
pacyeTa. Alex J. Ruiz-Torres v gp. [2] npeacTaBuam
anropuT™ 4158 MUHUMM3aUMN BpeMeHN paboTbl Ha
ogHOW MaLluvHe.

Pasgen uenovmcneHHoe nporpaMmmmpoBaHie B
OrpaHMYeHVsIX BKITKOYAET B Cebst HECKOMBKO 0b1acTel
nporpammunpoBanus. Tobias Achterberg n ap.

[5,6] MpuBOAAT 0630p akTyasbHbIX aJTFOPUTMOB B
LLeSI0HMUCIIEHHOM MPOrPaMMMPOBaHNN B OrPaHUYEHNSIX
Ha OaHHbIM MOMEHT. Hamnbonee n3BeCTHbIM U LLIMPOKO
NPUMEHSIEMbIM Ha MPaKTUKE A5 PeLleHns obLuen
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Fig 1. Example of a Gantt chart; M1, ... , Mn — machines, J1, ..., Jn —jobs [1]

scenario. At the output, we receive a list of jobs specifying
their type, work start date, duration, and assignment to
wells. In addition, we receive the total production rate and
cumulative production values as at the time of the well
pad commissioning in comparison with the original and
optimized schedules.

For a convenient graphical representation of the schedule,
the program uses Gantt charts [1]. These charts come

in two types: equipment workload per job type over time
and job types performed on specific equipment. A typical
example of a Gantt chart is shown in Figure 1.

An important limitation on optimized scheduling is the
need to use a finite time step. This allows us to formulate
problems in terms of discrete programming. Here, a
discrete programming problem means the problem of
minimizing a certain function on a set of feasible solutions.

Our module is based on a variation of the simplex method
and the branch and bound method. The branch and bound
method is part of a family of pruned-enumeration methods [2,
3, 4]. J. M. van den Akker et al. [4] studied the job prioritization
parameters for parallel machine scheduling and evaluated the
criteria used for specific tasks. In [3], the authors developed
an algorithm for obtaining approximate solutions to the
problem of processing time minimization with an increase
in accuracy depending on the computation time. Alex

J. Ruiz-Torres et al. [2] presented an algorithm for
minimizing the processing time on one machine.

The constraint integer programming domain includes
several programming areas. Tobias Achterberg et al. [5,

6] provide an overview of constraint integer programming
algorithms that are currently of interest. One method that is
best-known and most widely used for practical tasks that
have to do with solving the general problem of constraint
programming is the simplex method. The problem is to
optimize a linear functional on a multidimensional space
with given linear constraints.

The constraints imposed on variables form a bounded
region that is a multidimensional polyhedron. The solution
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3aJa4v NporpaMM1pPOBaHNS
B OMPaHUYEHNAX ABNSETCS
cUMMNeKc-MeTos,. 3agada CocTouT

B oNTMn3aunn JNINHENHOMO

dyHKLWOHaIa Ha MHOFOMEPHOM
MPOCTPaHCTBE NMPW 3adaHHbIX
JIMHEMHBIX OrPaHNYEHNSIX.

OrpaHu4eHns, HaknagplBaemble Ha
nepemMeHHble, 06pasytoT 061acTb,
SABNSAOLLYHOCS MHOTOMEPHbIM
MHOIOrpaHHKOM. PeLLieHnem
3aa4m SBNSETCS OfHAa U3 BEPLUMH
MHOrOrpaHHuKa, a MoUCK BeeTCs!
nepebopoOM COoCeaHNX rpaHen.
ViccnegoBaHus, MpoBOAVMbIE B

paboTax [7,8,9] BbISBUAN BbICOKYHO WWO crews

YHNBEPCA/IbHOCTb CUMMIEKC-

MeToaa. ®pot PN -1
HF fleet -1

MocTaHoBKa 3apaumn

Kak paHee ynoMuHanoco, ons dnot MHKT -1

peLleHns 3aaaqm HE06X0aMMO CT fleet -1

BblOpaTb KOHEYHbIN Luar no
BPEMEHN.

CH G Ol (Ol (¢

B maHHoM nocTaHoBKe Oblin
MCMOMBb30BaH Lar, PaBHbIM OHUM
CyTKaMm 1 0bLLas asvMHa pacrnmncaHms
B 365 OHeN, Kak KOMMPOMWCC
MEXJY CKOPOCTbIO N TOYHOCTbIO.

Bpuragel Bypenwma -1
Drilling crews -1

Bpuragbl KPC - s=

Bpuraga «06eA3xm» -1
Hookup crew -1

15 m.

B nN+k BYpeHUe HANPABNEHHA -HOHAYKTOpa
Drilling the conductor section

[ BypeHue ICNAYaTAUMOHHOR HONOHHBI
Drilling the production section

. BypeHHe XBOCTOBRMKA
Drilling the liner section

B cfrac Nogrotosxa k MPMN
Preparation for hydraulic fracturing

Wc OceoeHKE
Flowback

B frac PN
Hydraulic Fracturing

B coil THKT
Coiled tubing

O Hookup “O6sazka”
Hookup

Puc. 2. Cxema nocTaHOBKM 3a4a4uu

Fig 2. Problem formulation diagram

KyCT MECTOPOXAEHNS COCTOUT 13

24 CKBaXXWH, CrpynnupOBaHHbIX B

KnacTepbl Mo 4 (pUC 2), PacCTOAHMA MEX QY CKBaXKMHAMM
B KJ1aCTePE — 5M., MeXay KparHUMM CKBaXK/HAMM
knactepoB — 15 M. TpyaoBble pecypcChbl NPeACcTaBNEHb!
5-10 Tnamn bpuraa: 6ypeHus - 1 6puraga, KPC —
YCJIOBHO He orpaHuyeHo, Pl - 1 cdonot, THKT - 1

tnoT, «O6BA3ka» - 1 bpuraga. OCOBEHHOCTLIO PaboT
Tnna «O6BsA3Ka» ABNFETCS TO, YTO OHW MPOBOOSATCS
OOHOBPEMEHHO Ha BCeM KacTepe. PaccTosgHne mexay
NodbIMM OBYMSt Bpuragamu He AO/MKHO ObITb MeHbLe 30
M., KpoMe paboT Tnna «ObBssKka», oist HAX — 25 M.

Karkgon bpurage COOTBETCTBYET CBOM CMMCOK PaboT.
OBLLMM CAMCOK PabdoT COCTOUT U3 8-MK onepaLnn:
(BypeHne HanpaBneHVs-KOHOyKTopa, bypeHme
3KCMyaTaUMOHHON KOMOHHBI, OypeHne XBOCTOBMKA)

— bpuraga 6ypeHns, (nogrotoBka K [PI1, ocBoeHme) —
6puvragbl KPC, (nposeaeHwe MPI) — donot MPI, (MTHKT) —
ot MHKT, («ObBsizka») — bpuraga «O6BsA3Ka.

KOHEYHOM LeNbio ONTUMN3aLMK SBASETCS MUHUMN3aUMNS
VI MakcuMmsaums Leneson oyHkummn. B gaHHom paboTe
OMTUMM3MPYETCS TPW NapameTpa:
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to the problem is one of the vertices of the polyhedron, and
the search is iterated through its adjacent faces. Studies
conducted in [7, 8, 9] showed a high versatility of the
simplex method.

Formulating the Problem

As previously mentioned, to solve the problem, we must
select a finite time step. In this formulation, we used a
step equal to one day and a total schedule length equal to
365 days to achieve a good trade-off between speed and
accuracy.

The field’s multi-well pad comprises 24 wells grouped
into clusters of 4 wells each (Fig. 2), the distance
between wells in a cluster being 5 meters, and the
distance between end-wells of adjacent clusters being
15 meters. The workforce comprises 5 types of crews:
drilling — 1 crew, workover — conditionally unlimited,
hydraulic fracturing — 1 fleet, coiled tubing — 1 fleet,
“Hookup” — 1 crew. What sets the “Hookup” job type
apart is that these jobs are carried out simultaneously on
the entire cluster. The distance between any two crews
should not be less than 30 m, except for jobs of the
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* Makcummsauyst HakoMIEHHOW 0o6bIHM: 1) Ha KOHEL,
roga, 2) Ha paccyMTaHHbIn Nepunog, - 365 aHen.

° MUHMMM3aUMS MO CPeOHEMY 3HAYEHMIO CPOKa
BBEOEHUSI CKBaXKMHbI B akcrnnyaTauuo (RRSU
— Rig Release to Startup).

o MUHUMM3aLNS «NPOCTOS» KPUTUHECKMX PECYPCOB
(paboT Tuna ‘frac’ 1 ‘coil’). Heobxogmumo, YTobbl PaboThl
JaHHOMO TUMa BbINMOJSIHSINCH KaK MOXXHO MoTHee ans
BCEro KycTa, 4719 YMEHbLLIEHWSI CTOUMOCTW AaHHbIX paboT.

MporpammHoe peLueHne

PelueHre odhopmieHo B BUAE NMPOrpaMMHOro nakera.
[NporpamMMHbI NakeT UMEeET UHTepPMENC, COCTOALLNIA N3
6 OCHOBHbIX MaHeen, NpPeacTaBeHHbIX Ha PUCYHKE 3.

Ha naHenu nHcTpymeHToB (1) npeacTtaBneH yHKLUMOHaT
BBOJA W BbIBOAA AAHHbIX, MapaMeTpPbl ONTUMU3ALIN U1
HernocpeacTBEeHHO 3anyck onTuMmmnaaumn. OKHO AaHHbIX
(2) - N03BONSET BbIBOAWTL AAHHbIE pacncaHns B BUOE
NEepapXMYECKOro Crncka Un Kak Tabanubl CTaTUCTUKN

“Hookup” type, for which the distance is 25 m.

Each crew is assigned its own list of jobs. The total list of
jobs consists of 8 operations: (drilling the conductor section,
drilling the production section, drilling the liner section) — the
drilling crew, (preparing for hydraulic fracturing, flowback)

— the WWO crew, (conducting hydraulic fracturing) — the

HF fleet, (coiled tubing) — the CT fleet, (‘Hookup”) — the
“Hookup” crew.

The end goal of optimization is to minimize or maximize

the target function. In this paper, three parameters are

optimized:

e Maximizing cumulative production: 1) at the end of the
year, 2) for the calculated period — 365 days.

¢ Minimizing the average value of the well commissioning
time (RRSU - Rig Release to Startup).

¢ Minimizing the downtime of critical resources (jobs like
“frac” and “coil”). Jobs of this type need to be scheduled
as tightly as possible across the entire well pad to reduce
their cost.

L -

Software Solution
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The solution is designed as a software
package. The software package has an
interface consisting of 6 main panels shown
in Figure 3.

Toolbar (1) features input and output control
functions, optimization parameters, and

the start function that directly launches the
optimization process. Data window (2) allows
the user to view schedule data as a tree or
as a table of statistics. The display mode

is switched using data panel (5). Schedule

-
-
e | -
T T | - - .
i T e — T TR e

visualization window (3) displays the data

Puc. 8. NHTepdeic nporpammel
Fig 3. Program interface

nepexstodeHrem naHenn ganHHbIx (5). OKHO BU3yanmaaLmn
pacnmcanus (3) BbIBOOWT OaHHbIE B BUOE PaCnMCaHWs

no ckBakMHaM. LIBET mpsaMoyronbHMKa 0603Ha4aeT T1n
pPaboT, NOMOXEHME - BPEMEHHbIE pamMkn. Kpome paboT B
OKHE MPUBEAEHbI CYTOYHbIN 1 CYMMAPHbIA HAKOMIEHHDIN
nebeTbl. Kpatkast MHhopMaLyms Mo CKBaXKMHE OOCTyMHA

B Tabnmue gaHHbiX (4). Coaep»XnT: UMs, TUM, BPeMS
BBEOEHNS B SKCMlyaTaumo, oebeT 1 cTeneHb
06BOAHEHHOCTU. [1pn HEOBXOOMMOCTU MOXKHO HACTPOUTL
yao6HbIM MacLTab no BPEMEHW, UCMO/b3Yst BPEMEHHYIO
wkasny (6).

Anpob6auwus

s anpobaunn paspadboTaHHoro MO ncnonb3oBaMcb
OaHHble no 5 kyctam (A, B, C, D, E), koTopble NpeacTarieHs! B
BMAE HAYaTbHOrO PACMMCaHMS MO CKBaXKMHAM.

www.rogtecmagazine.com

in the form of a schedule broken down by

well. The color of the rectangle indicates the

type of job, its position indicates the time

frame. Besides the jobs, this window shows
the production rate figures calculated per day and as a
cumulative total. Brief information about the well is available
in data table (4). For each well, it contains: its name, type,
commissioning time, production rate, and water cut. If
necessary, you can set a convenient time base using time
scale (6).

Testing

To test the developed software, we used data for 5 well
pads (A, B, C, D, E) which were available in the form of an
initial schedule broken down by well.

Table 1 shows a comparison based on four optimization
parameters: total production until the end of the year
(December 31, 2017), total production until the end of the
period (365 days from the start of work), downtime days,
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[o6bbiva 0o KoHua roga [o6blva 0o KoHua neproa [OHn npocTos CpepHee Bpemsi BBOAA CKB. B 9KCT.
Production until the end of the year Production until the end of the period Downtime days (Arer)
Average well commissioning time (days)
HeonT. Ont./Opt.1 | OnT./Opt.2 | HeonT. Ont./Opt.1 | OnT./Opt.2 | Heont. | Ont./Opt.1|OnT./Opt.2 |Heont. | OnT./Opt.1 | OnT./Opt.2
Non-opt. 10 cex/sec | 30 cek/sec | Non-opt. 10 cex/sec | 30 cek/sec | Non-opt.| 10 cek/sec | 30 cex/sec | Non-opt. | 10 cex/sec | 30 cek/sec
A | 20577.7 19023.3 20618.3 24763.7 25225.9 25417.9 0 0 0 60.25 58.45 58.25
-7.55 % +0.2 % +1.8 % +2.6 % -0% -0% -3% -3.3%
B |27155.2 30950.4 30950.4 193032.5 | 201049.0 202200.0 199 21 19 75.12 68.83 66.2
+14 % +14 % +4.1 % +4.7 % -89 % -90.5 % -84 % -11.8 %
C |0 3850.2 3850.2 88864.6 101398 104247.6 213 13 13 98.87 93.37 91.25
+ % + % +14.1 % +17.3 % -94 % -94 % -55% 7.7 %
D {14138 17530 17530 18668 22285 22285 0 0 0 68 56.23 56.23
+24 % +24 % +19 % +19 % -0% -0% -17 % -17 %
E | 18427 28093 28093 5925 10510 15591 287 270 270 117.33 | 117.29 117.2
+52 % +52 % +77 % +163 % -6 % -6 % -0.03 % -0.11 %

Tabn. 1. CpaBHeHVe NapameTPOB pacnmcaHmin Npu KCMpoBaHHOM BypeHun ans nHTepsana Bpemenn 01.09.2018 — 31.12.2018
Table 1. Comparing scheduling parameters for the time interval of September 1, 2018 through December 31, 2018 given a fixed drilling workload

B Tabnuue 1 npBegeHo CpaBHEHME MO YETbIPEM
napameTpam onTMn3aLmn: cymmapHasi obblya oo
KOHUa roga (31.12.2018), cymmapHas gobblHa Ao KoHUA
nepuopa (365 aHen ¢ MOMeHTa Hadaia pPaboT), AHN
NPOCTOS U CpeaHee KOMYECTBO AHEN 15t BBEAEHNS
CKBaXXVHbI B aKkcrtyataumio (RRSU).

B nepBom BapuaHTe onTUMM3aLMn Bpems pacyeTa
cocTtaBngdeT 10 cekyHf, BO BTOPOM — 30 CekyH[,

Kak B1aHo, B OOMLLUMHCTBE Crly4aeB NMpoucxoamT
yAyuLLeHve NapamMeTpa onTummsaummi. Ho B npumepe
A-OnT. 1 ans gobblum OO KOHUA roga napameTp
YMEHbLUMACS. OTO CBA3AHO C OCODEHHOCTAMM
ONTUMM3ALMOHHOIO aJIropUTMa, a TOYHEE CO BPEMEHEM
ero paboTbl. CpaBHueas OnT. 1 1 ONT. 2 MOXXHO
OTMETUTb, YTO YBENNYEHNE BPEMEHM pacHETa yyuLlaoT
rokasaresiv onTUMM3aLN.

Mpw aTOM HabnoOAeTCes 6OBLLON PA3BPOC OTHOCUTESBHBIX
3HAYEHNI PE3YIbTATOB ONTUMMBALIN /19 PasHbIX KYCTOB,
Tak Kak B OBLLEM Clydae Ha Ka4ecTBO ONTUMM3aLINN,
MOMUMO BPEMEHU pacyeTa BIINSIOT C/IOXKHOCTb MOAE N
KyCTa 1 Ha4asibHOe pacrmncaHme.

BbiBOObI 1 pe3ysibTaThbl

Co3paHHbIN NPOorpaMMHbIV MakeT peasnayeT Leam
1 CLEHapU ONTUMM3aUMM C YH4ETOM OrPaHNYeHuin,
3asBJIEHHbIX B NMOCTAaHOBKE 3ada4yu.

TecTupoBaHMe MOOENM OMTUMM3ALMM NOKA3as1o Yy4LLEHNE
rokazarenen OTHOCUTESIbHO Ha4aIbHOro pacnmcaHms no
[06bMe 00 +163%, N0 COKpaLLEHNIO AHEN NPOCTONA A0 -94% 1
Mo BPEMEHM BBOAA CKBaXKWHbI B SKCMyaTaumio oo -17%.

Ha paHHom aTane Mogesb NoaxoauT 4S9 peLleHns
TOJSIbKO OMPaHNYEHHOro Kpyra 3a4a4, B CBA3M C 4eM oHa

108 | ROGTEC

and average days required to commission a well (RRSU).
In the first optimization variant, the computation time is 10
seconds, in the second one it is increased to 30 seconds.

As we can see, in most cases the optimization parameter is
improved. However, example A-Opt. 1 for “Production until
the end of the year” shows a decrease in the parameter
value. This is due to the peculiarities of the optimization
algorithm, or, more specifically, its running time. Comparing
Opt. 1 and Opt. 2, we can observe that an increase in the
computation time improves the optimization performance.

However, there is also considerable scattering of the relative
values of the optimization results for different pads, which
can be explained by the fact that, in general, the quality of
optimization depends not just on the computation time, but
also on the complexity of the model and the initial schedule
parameters.

Conclusions and Results

The created software package implements its objectives
and optimization scenarios given the limitations set forth in
the problem formulation statement.

The testing of the optimization model showed improvements in
performance relative to the initial schedule by: +163 % in terms
of production, -94% in terms of downtime days minimization,
and -17% in terms of well commissioning time.

At this stage, the number of tasks for which this model
is suitable is quite limited. What needs to be done in this
regard is generalizing the problem formulation statement
and expanding the model functionality.

Here are some avenues for further expansion of the model:

¢ Adding functionality for working with input and output
data formats;

www.rogtecmagazine.com
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Hy>KOaeTcs B 06006LLEHN MOCTAHOBKM U paCLUMPEHU
YHKLMOHANBEHOCT.

HanbHelulee paclunpeHne Moaenn:

e [lobaBrieHne BO3MOXHOCTU paboThbl ¢ hopmaTamm
BXOAHbIX U BbIXOOHbIX OAHHbIX.

e O600UIEHNE TEOMETPUN MOOENM (PACCTOAHNSA MEXOY
CKBa&XXMHaMW, rpynnMpoBKa Mo KycTam, Mo Kactepam).

¢ BBeneHne p1UCKOB paboT, CTOMMOCTY paboT.

e BBeaeHve NoaroToBUTENbHbIX PABOT 1 PaboT no
nepemMeLLIEHVIO 060PyA0BaHVIS.

® YMeHblleHV e Wwara no BPEMEHN.

¢ YyeT nageHns 400bIUM CO BPEMEHEM, y4eT
B3aNMOBIIUAHNSA CKBAKWH.

e BBeaeHne B cxeMy ONTUMU3ALIMN LieHbI Ha MPOaYyKLMIO.
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e Generalizing the model geometry (distance between
wells, grouping into pads, into clusters);

¢ Introducing job-specific risks and costs;

e Introducing preparation jobs and equipment
handling jobs;

e Making the time step smaller;

e Accounting for the decline in production over time,
accounting for well interference;

¢ Introducing product prices into the optimization scheme.
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