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ABTOMaTU3MPOBaHHbIV pacyeT nokasaTenen paspaboTku
He(PTAHOro MECTOPOXAEHNS HA 3Tarne NepcrnekTMBHOro
NNaHUpPoOBaHUS NHBECTULMI: onbIT Ingenix Group

Ingenix Group: Calculating the Oil Field Development
Parameters for Advanced Investment Planning

|_| €PCMNEeKTUBHOE MNaHNPOBaHNe MHBECTULIA B
HOBble HedpTera3oBble NPOEKTbl B COBPEMEHHbIX
peannax HEBO3MOXXHO DE3 UX TEXHNKO-3KOHOMUYECKOM
oueHkM (TOO) — oT 3anacoB A0 3KOHOMUKW. [Tpn 3TOM,
OTCYTCTBME OOCTATOMHOIO KONMMYecTBa reosioro-
reoU3NHECKON 1 MPOYEN MHDOPMAaL HA PaHHEM
aTane NepcnexkTUBHONO MJIAHNPOBAaHNS IULLAET
VMHBECTOPAa BOSMOXXHOCTW MPOBEAEHUS MOSTHOLEHHOW
3KOHOMMYECKOWM OLIEHKM, YaCTO OrpaHNYeHHOM TOSIbKO
PACCMOTPEHNEM Me0I0rO-TEXHUYECKMX NapamMeTpoB
WV OLEHKOW MO PasnyHbIM MybTUMINKATOPaM.
OOHOBPEMEHHO MHBECTOP YacTO CTaIKMBAETCS C
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dvanced investment planning into a greenfield oil and

gas project is impossible without a Technical and
Economic Assessment (TEA) — produced from reserve
estimates to economic analysis. That said, the shortage
of sufficient G&G data and other information, at an early
stage of advanced planning, deprives an investor of
the possibility to implement a meaningful economic
evaluation, which is often limited to examinations of the
geological and technical parameters or an evaluation
based on various multipliers. Alongside that, an investor
often faces time shortages for even rapid analysis of all
of the possible investment alternatives in a region.
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EXPLORATION

HEXBATKOW BPEMEHM [aXe Ha SKCMPecC-aHasna BCex
BO3MOXXHbIX a/lbTEPHATVB /15 HBECTUPOBAHVIS B
pervioHe.

Kak npaBuio, B TaKOM CJlydae MHBECTOP NMpurberaeT K
9KCMEPTHbIM OLIEHKaM, YTO CamMO Mo cebe He MIoXo.
OpHako, CneumanMcToB C PEeNIEBaHTHBIM OMbITOM MOXET
MPOCTO HE BbITb UM OHU MOIYT ObITb 3aHATblI. O6beM
BOMPOCOB, KOTOPbIE HYXXHO PELLUUNTE MO HECKOJIbKNM
3afa4aM OHOBPEMEHHO, MHOr4a NPOCTO C/MLLKOM
BEJIMK 19 MPefoCTaBIeHHbIX CPOKOB. B aTOM cryyae,
6b110 6bl PaLMIOHaIbHO MPUMEHUTD A1 OLIEHKM

9P PEKTNBHOCTU MPOEKTOB aBTOMATUIVPOBAHHbIE
NPOrpaMMHbIE KOMIMIEKChI. [1g co3naHng Takmx
ABTOMAaTN3NPOBAHHbIX PACHETHBIX CUCTEM, TPebyeTCH
PeLnNTb Lenbln pag 3afaq, OTHOCALLMXCH K PasivyHbIM
nNpoeCcCcnoHabHbIM OUCUMMIMHAM (Freo1orus,
paspabdboTka, 0ByCTPONCTBO, SKOHOMIMKA). [1pn 3TOM,
O[HOW 13 LieHTPasIbHbIX METOAOIOMMYECKUX NPOBIEM
0151 TaKOrO KOMMJIEKCA SBIAETCS pacHeT nokasartenen
paspadboTk (Mpoduas 4o6bIHM) MECTOPOXAEHNS B
YCJTOBUSAX OFPaHNYEHHOCTI BXOAHbBIX AaHHbIX.

B cTatbe onmncaHa MeToaMka OLEHKM nokasaTtenen
pazpadboTky (Mpoduas 4OObIHN) MECTOPOXAEHUS,
He BBEOEHHOMO B pasdpabdboTKy (Tak Ha3biBaeMOro
«rpuHdMnga»), pazpaboTaHHas cneyyanmcTamm
Ingenix Group B NpoLecce CO3AaHns MporpaMmMHoOro
KOMIMJIEKCA MO 9KCMPECC-OLEHKE MECTOPOXAEHWI.
MeToauka pa3paboTaHa Ha OCHOBE COBCTBEHHOIO
onbITa BbINOJIHEHNS MpoekToB TOO, a Takxke
ry6oKOro MOHMMaHNS HIDAHCOB KOHLLEMTYaIbHOrO
NPOEKTUPOBaHNSA HE(DTEra30BbIX MECTOPOXAEHNI.
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As a rule, in such cases an investor resorts to expert
evaluations, which is not bad in itself. However,
specialists with relevant experience may be not
available or they might be busy. The range of issues
that need to be solved simultaneously, is sometimes
too great for those granted terms. In that case, it
would be rational to apply an automated software
solutions to assess a project’s efficiency. In order

to develop an automated computation systems, a
wide range of tasks need to be solved, which are
related to various professional disciplines (geology,
development, construction, economics). That

said, one of the key solutions for such systems

is to compute the field development parameters
(production profile) when you have limited

available data.

The article describes the method for evaluating the
development parameters (production profile) of a field
that had not been put into development (the so called
“Greenfield”), which was developed by the Ingenix
Group specialists in the process of developing a
software system capable of rapidly assessing a field.
The method was developed with first-hand experience
of implementing technical and economic assessment
projects, as well as having an enhanced understanding
of the nuances of conceptual engineering in oil and
gas fields.

The calculation method (see Fig.1) consists of
determining the oil recovery reserves using the
oil recovery factor (ORF) based on the statistical
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Puc. 1: Bnok cxema pacuyeTa TeXHOIOrMUYECKIX nokasaTesnein paspaboTku 419 OAHOro 0GbekTa
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PASBELKA
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Fig. 1: Flow diagram of the engineering parameters for one target development

MeToaurka pacyeTa (Cm. puc.1) 3akodaeTcs

B OMnpeaeseHnn n3BeKaemblx 3anacoB HedTu
4yepes KoahPuLMeHT nasnedeHnsa Hedtu (KVH)

MO CTATNCTNYECKM 3aBNCMOCTSAM, BbiBEOEHHbIM
Ha OCHOBE [aHHbIX MO MECTOPOXKAEHNSM-
aHasioram, 1 nNpounna 0odelbn - No Temny oTéopa U
XapaKTepPUCTVKaM BbITECHEHVS.

OueHka KUH Ha Becb nepunopn paspaboTku
HaHHble N0 MeCTOPOXAEHNAM-aHanoraMm NpPUHSTLI 13
CMPaBOYHOM NUTEPATYPbLI N OTKPbITbIX MCTOYHUKOB.
Bce ktoueBble CxoaHble napamMeTpbl (Mn ganee

— U3MEHSEMblE FE0NIOTNYECKNE NapaMeTpbl)

CBefeHbl B eMHy0 reonorndeckyto 6asy gaHHbIX
(FBM), HacunTbIBaKOLLYO B HACTOSALLNNA MOMEHT
CBbILLE YeTbIpeX ThiCaY 06bekTOB-aHaoros. K
M3MEHSAEMbBIM FeONTIOMMYECKM NapamMeTpam OTHOCSTCA
cnenyoume: raybrHa saneraHvs, nnowanb
HE(TEHOCHOCTHU, TUMN KONIEKTOPA, KOS DULIMEHTDI
NOPUCTOCTN, HEDTEHACHILEHHOCTM, MECHAHNUCTOCTH,
pacySIeHEHHOCTW, M1aCTOBOE OaB/iEHNE, AABNEHNe
HacbILLeHWs, TeMnepaTypa, a TakXKe CBOUCTBa
dronaoB: BASKOCTb, NNIOTHOCTb, ra30coaepkaHue,
06BEMHBIV KO DULIMEHT.

Onpenenerve KIH 3a Becb nepunof paspadboTku
peasiM3o0BaHo Mo CTaTUCTUHECKUM MHOTOMEPHbIM
3aBMCMMOCTAM BMaaA:

KWH = f (Ni; Ci) — dyHKUMOHaNbHbIE KOMIMIEKCHI,
Ni — ceBoncTBa konnektopa, Ci — ceoncTea hnomnaos,
noarpy>xaemble n3 .
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relationships derived from the analogue fields and
production profiles — as a percent of the recovery and
oil displacement characteristics.

ORF Evaluation for the Total Development Period
The data for the analogue fields was obtained from
reference literature and open-source materials. All of the
key initial parameters (or hereinafter referred to as the
changing geological parameters) have been consolidated
into a Geological Database (GDB), which currently
contains more than four thousand analogue data sets.
The following geological parameters fall into variable
categories: occurrence depth, oil bearing area, reservoir
type, porosity ratio, oil saturation, net to gross ratio,
compartmentalization of reservoir, formation pressure,
temperature, as well as fluid properties: viscosity, density,
gas content, formation volume factor.

ORF was determined for the total development period,
using the module of multi-dimensional statistical
relationships like:

ORF = f(Ni; Ci) — functional complexes,

Ni — reservoir properties, Ci— fluid properties, uploaded
from GDB.

Statistical relationships for carbonate and terrigenous
reservoirs were obtained using the latest data from
analogue targets.

It is a fact that to provide the rationale for ORF, when
analyzing recoverable oil reserves, the specialists of
the State Reserves Committee quite often use the
statistical relationships obtained from various authors

www.rogtecmagazine.com
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B PA3BEOKA

CTaTnucTnyeckmne 3aBUCUMOCTH nony4yeHbl gnd
Kap6OHaTHbIX N TEPPUIreHHbIX KOJIJIEKTOPOB MO
aKTyaJibHbIM OJaHHbIM 0O6BEKTOB-aHaNOroB.

13BeCTHO, 4TO A1 o60ocHoBaHUA KVH npu
paccMOTPEHUN N3Biekaemblx 3anacoB HedpTn B GBY
«['K3» akcnepTammn goCTaTOYHO 4acTO NMPUMEHSATCS
CTaTUCTUYECKME 3aBUCMOCTM PasinYHbIX aBTOPOB
W UHCTUTYTOB, MPUBOASLIME MPU ONPEOENEeHHbIX
YCNOBUSAX K OLLYYTUMOMY pa3bpocy 3Ha4YeHU
pPEe3yNbTUPYHOLLLErO NoKasaTens.

PaccmMoTpuM ong npuMepa TeCTOBOE MeCTOPOXXAeHUE
CO CneayroLLnMN U3MEHAEMbIMU Fe00ro-
hUsNYECKUMU NapameTpamun:
® reonornyeckne 3anachel HedpTn - 44,5 MAH.T.;
® KOJIIEKTOP - TEPPUIrEHHbIN;
® nopucToCTb 17%;
cpenHss npoHnuaemMocTtb — 15 m/;
CpeaHas HehTeHacblleHHasa ToAWmHa — 5 M;
HedTeHacbIweHHOCTb — 0,53 fos.en,.;
pac4Y1EeHEHHOCTb - 9;
necyaHncTocTb - 0,41;
® BA3KOCTb HE(TW B NNACTOBbLIX YCNOBUSX -
1,38mla*c;
® M/IOTHOCTb HE(TW B MJIACTOBbLIX YCNOBUSAX
864 kr/m3;
® BASKOCTb BOAbl B M1aCTOBbIX yCnoBMax - 1Mml1a*c.

and institutions which results in considerable data
scattering of the parameters under certain conditions.

Let us consider, for purposes of illustration, a test field
having the following changing geological parameters:
e original oil in place reserves - 44,5 MT.;

reservoir type - terrigenous;

porosity 17%;

average permeability — 15mD;

average oil net pay - 5 m;

oil saturation — 0.53 unit fractions;
compartmentalization (number of sand beds) - 9;
net to gross ratio — 0.41;

oil viscosity in situ - 1,38mPA*c ;

oil density in situ 864 kg/m3;

water viscosity in situ — TmPA*c .

One can conduct ORF estimations for the given
geologic and physical conditions using the statistical
relationships from various authors (Table 1):

As it is seen from the table, the ORF values range from
0.224 to 0.391 (the mean value is 0.319, deviation
from the mean value ranges from -30% to +22%).
Data scattering, when estimating ORF using statistical
relationships, is too great: for instance, when ORF

is equal to 0.224, the recoverable oil reserves would
amount to 9.9 MT, while with ORF equal to 0.391 they
would be 17.3 MT already.

- . . OTKJI0OHEHUE OT cpeaHero
Cratuctuyeckan 3aBsucmmocTtb Statistical relationship KUH ORF - pen
Deviation from mean value

KoxxakuH C. B., B.T. bauiues, B.B. Ucanues
S.V.Kozhakin, B.T.Baishev, V.V.Isaichev

Fom3ukos B.I"., MonoTtoBa H. A.
V.G.Gomzikov, N.A.Molotova

Fom3aunkos B.K.

V.K.Gomzikov

P. M'ytpu, M. NpnHGepr

R.Guthrie, M.Greenberg

A. Apric

D.Arps

nrnPru

Institute of Geology and Development of Fossil Fuels
Cu6HWWHIM

Siberian Oil Industry Research Institute

AwvenvH U.L,., Cy66oTtnHa E.B.
I.D. Amelin, E.V.Subbotina

A6b136aeB U. U., HacbipoB I'. T.
I.I.LAbyzbayev, G.G.Nasyrov

CpepHee
Total mean value

0,391 22%
0,333 4%
0,337 6%
0,27 -15%
0,377 18%
0,329 3%
0,224 -30%
0,358 12%
0,255 -20%
0,319

Tabn.1: OueHka BennymH KVIH 3a Becb nepuiof, paspaboTkiu Mo CTaTUCTUYECKMM 3aBUCUMOCTSIM
Table 1: ORF estimation for the total development period using statistical relationships
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B PA3BE[KA

Onga nprBeaoeHHbIX reonoro-puanyeckx yCroBum
MOXXHO npoBecTu oueHky KH no ctatnctniecknm
3aBUCUMOCTAM pas/InyHbIX aBTOpoB (Tabs. 1):

Kak BnaHoO 13 Tabnuupl, BenndnHbl KVIH HaxoaaTca
B amnanasoHe oT 0,224 no 0,391 (cpegHee 3HaveHue
0,319, OTK/IOHEHME OT cpepHero oT -30% ao
+22%). Pazbpoc 3HaueHun npu oueHke KMH no
CTaTUCTUYECKMM 3aBUCHMOCTAM CIIULLKOM BEJIUK:
Tak, npn KVH, pasHom 0,224, n3srexkaemMble 3anacsl
cocTaBaTt 9,9 MaH.T., a npu KVH, paBHom 0,391, -
y>xe 17,3 MAH.T.

ABTOMaTV3NPOBAHHbIN KOMMIEKC, pa3paboTaHHbIN

Ingenix Group, B faHHOW cutyauun gaet oueHky KIH,

pasHyto 0,330. ABTopckui nogxon K oueHke KH

TakXXe UCMOJIb3YET CTAaTUCTUYECKME 3aBUCUMOCTH,

0[HaKO MMEET ABa CYLLECTBEHHbIX OTNNYNS,

NOBbILLAKOLINX HAOEXHOCTb OLIEHKN Ha aTane

NaHNPOBaHUS MHBECTULIN:

® 3aBUCUMOCTU, Ucnosb3yemble B Ingenix Cost
Evaluator, nonyyeHbl No 60MNbLLUEMY KONMYECTBY
06bEKTOB-aHAIOrOB;

® BbIBE[JEHHbIE 3aBUCUMOCTU, 601€€ MOTHO
YUUTbIBAIOT K/IKOYEBbIE FE0I0ro-hr3nyecKmne
OaHHble 1 CBONCTBA NNacToBbIX (hNOMO0B.

B cTaTnctnyeckmnx 3aBrUCUMOCTAX MHOMX

aBTOPOB MPUCYTCTBYIOT Takme nokasaresim, Kak
HedTeHacbllLeHHas TOMLWMHA, NPOHNLAEMOCTD,
OTHOCUTENbHAsA BASKOCTb W T.A4., HO 3TW 3aBUCUMOCTM
nosiydeHsl B 70-80-X rogax npoLuioro ctoaeTus

MO OrpaHN4YeHHOMY KOJIMYECTBY MECTOPOXKOEHUN,

He MMEBLLNX Ha TOT MOMEHT OOCTaTOYHOM UCTOPUM
pPa3paboTky N hakTUYECKN OOCTUrHYTbIX KIH.

[ns nony4eHns xopowen CXoguMOCT MPOrHO3HbIX
KNH ¢ peanbHO OOCTUrHYTbIMU B NMpoOLLeCcce
paspadboTKM NPKU ONPefeeHHbIX reosIoro-U3ndecKnx
YCNOBUAX BbIN BblAENEHbI OCHOBHbIE (haKTOPbI,
Brvstowme Ha goctmxkeHmne KVH. MNposeneHa
HaCTpOWMKa 3aBUCMMOCTM Ha KJTHOYEBbIE MOKa3aTesm ¢
HebO0/1bLLION OTHOCUTENTbHOW MOrPELLUHOCTbLIO. TakuMm
06pasom, Npu BBOAE NCXOOHbIX AaHHbIX OObeKTa-
aHanora nonydyaetcs pacyeT KVH, 6nnskui K
hakTN4eckn OOCTUMHYTOMY MO OOBEKTY-aHaNory.
MprmMep cxoaMMOCTU NPOrHO3HOW U PaKTUYECKOM
HaKOMMIEHHOW A00bI4M HeOTU NpUBEOEH Ha puUC. 2.

MporHo3 TemnoB oT6opa No ob6bvekTam
pa3paboTku u npodouna oobbium no
MeCTOpPOXXOEHUNIO

Onga pacyeTa TEXHOIOMMYECKUX NMokasaTenemn
aBTOPbl UCMOMBb3YIOT 3aBUCUMOCTb TeMna oTbopa
OT n3Bnexkaembix 3anacos n KVH, a Takxe
XapPaKTEePUCTUKN BbITECHEHUS.
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The automated system would provide the ORF
estimation equal to 0.330 in this case. The authors’
approach to the ORF estimation also employs
statistical relationships but it has two distinctive
features that increases the reliability of the evaluation
at the investment planning stage:

e Dependencies used in the Ingenix Cost Evaluator,
were obtained using a vast number of analogue
targets;

¢ |nferred dependencies, make better account of the
key geologic and physical data and properties of the
formation fluids.

The statistical relationships of many authors contain
such parameters as net pay, permeability, relative
viscosity etc., but those relationships were obtained in
the 70’s-80’s using a limited number of oil fields having
insufficient production history and no actually achieved
ORF at that time.

To achieve a good convergence of the forecasted ORF
values with the actual ones obtained in the process
of development under certain geologic and physical
conditions, the key factors were singled out as having
an effect on the achievement of the ORF values. A
dependency was setup for the key parameters with a
small fractional uncertainty. Thus, when entering the
initial data from the analogue targets, we obtain the
estimation of the ORF, very close to the ORF value,
which was actually achieved on an analogue target.
The forecasted example and the actual cumulative
production is presented in Fig.2.

The Forecasted Rate of Recovery of the
Development Targets and Production Profile
of the Field

This calculation is carried out for a 25 year period.
The growth in accuracy and realism of the estimates
is achieved due to the increased quantity of the
engineering parameters and their changing regulated
values. They include the following:

number of targets;

field development plan;

well completion type;

field development start year;

proportion of overlapped development targets;
offset of target development start points relative
of each other.

The possibility of involving several targets into the
assessment of engineering parameters, yet at the
early stage, is sufficiently important to maintain the
realism of the evaluation. It is also assumed that each
of the targets is developed using an individual spacing
pattern (Fig.3).

The following development options may be considered
for each of the targets: aggressive, efficient or
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PacueT BbInoNHAeTCS Ha nepunof 25 net. MNoBbileHne
TOYHOCTU N PEAIMCTUYHOCTU OLIEHKN AOCTUraeTCH
3a CYET YBEJINYEHUS KOSIMYEeCTBa N perynnpoBaHus
3HAYEHW NBMEHSEMbIX TEXHOIOMMYECKUX
nokasatenen. K HMM OTHOCSATCS:

KONNYECTBO OOBHEKTOB;

cueHapum paspaboTku;

TUN 3aKaHYMBaAHUST CKBaXKWH;

rof Havana paspaboTKu;

00N NePeKpbITNS 06BHEKTOB paspadboTKu;,
CMelleHVe Hadana pa3paboTKy OTHOCUTESTbHO

apyr apyra.
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sustainable. The “aggressive” option presumes that
the best sectors of a development target shall be
involved; the coverage of reserves shall be around
60%. The “efficient” option presumes that up to
80% of reserves shall be involved, without drilling in
marginal zones. The “sustainable” option presumes

that full-scale drilling shall be involved and 100% of a

target’s reserves shall be brought into development.

All of the options presume that a formation
pressure maintenance system is in place. Flooding

600

400

0 -

N
=}

0

MpoekT [o6bi4a HedT. Mnact1 HedTsaHble ckB. MnacTt 1 HarHeTaTenbHble CKB. Mnact 1 [Jo6bi4a HedTn Mnact 2 HedTsiHble CKB.
Project Oil production Formation 1 Oil wells Formation 1 Injection wells Formation 1 Oil production Formation 2 Oil wells
MnacT 2 HarHeTaTenbHble CKB. Mnact 2 [o6blya HedhTn Mnact 3 HedTsiHble CKB. Mnact 3 HarHeTaTenbHble CKB. Y Mnact 3 fobblya HedTn
Formation 2 Injection wells Formation 2 Oil production Formation 3 Oil wells Formation 3 Injection wells Formation 3 Oil production

Puc. 3: InHamnka nokasarenen no CLeHapysm 1 Tnam 3akaH4BaHS CKBaXKH

Fig. 3: Change in production by scenario and well completion type
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B PA3BE[KA

B0O3MOXHOCTb y)Ke Ha Ha4yaibHOM 3Tane BKOUUTb B
OLIEHKY TEXHOJIOMMYECKMX NokasaTtesen paspadoTKy
HECKOJIbKO OOBEKTOB SBASETCHA [OCTATOYHO BaXKHOMN
ONS COXpaHeHWs peasMCTUYHOCTU OLEeHKN. [pu aTom
npengnosiaraeTcs, YTo Kaxablil U3 paccMaTpuBaeMbiX
006BHEKTOB paspabaTrbiBaEMbIX CAMOCTOATENBHOM
CETKOW CKBaXXMH (puC.3).

Onga Kaxkgoro 13 06 beKTOB MOMYT ObITb PACCMOTPEHDI
clnenywume cueHapun paspaboTKn: arpecCuBHbIN,

3 PEKTUBHbBIN AN paLMOHanbHbI. BapmnaHT
«arpeccuBHbI» NpefnonaraeT BBOA B pa3paboTky
Ny4YLIMX y4acTKOB 0bbekTa paspaboTku, oxsaT
3anacoB cocTaBngeT ~60%. «OHPHEeKTUBHbIN» BapUaHT
npepgnosiaraeT BBOA B pa3paboTtky Ao 80% 3anacos
6e3 pasbyprBaHMs KpaeBblx 30H. «PaumoHanbHbIn»
BapuaHT npeanoaaraeT noaHoe pa3dbypuBaHne 1 BBOS
Bcex 100% 3anacoB obbeKTa.

Bo Bcex BapunaHTax npegycmaTpuBaeTcs peanmsaums
CUCTEMbI MOAAEP>KAHWS NMIACTOBOrO AaB/EHNS.
CucTtema 3aBOAHEHUS 19 MoWAaAHbIX U PAOHbBIX
cucTeM paspaboTkn 3agaHa COOTHOLWEHEM Yucna
000ObIBAOLLNX 1N HArHETATENIbHbIX CKBaXKMH.

O6BbeMbl 3aKayky BOObl PACCUNTLIBAKOTCA Yepes
KoMMeHcauunto oTbopa 3akavykon. OT BbIOpPaHHOIO
cLeHapuns pas3paboTKu 3aBUCUT TeMn pasbyprBaHns
(oT roga oo cemu NET), @ TakXKe MIOTHOCTb CETKM
CKBaXXWH 1 TeMn oTbopa.

KaxxabIl U3 06 beKTOB pa3dbyprBaeTcs
CaMOCTOSATENIBHOM CETKOM CKBaXKVH C BblOPaHHbIM
TUMOM 3aKaHYMBAHNSA CKBaXKVH: HaKITOHHO-
HanpaB/ieHHbIMWN CKBaXXMHaMn (ganee - HHC) nnu
FrOPW30HTaIbHBIMU CKBaXKMHamMmu (ganee - I'C). K
Ka>KOOMY TUMY 3aKaHYMBaHNSA MOXXHO MPUMeHUTb [P
nnu MIPIT.

Vicxoasa 13 onbiTa NPOEKTUPOBaHNS, B BapuaHTax C
FOPU30OHTaNIbHBIMW TEXHONOMNAMU 019 HEDONbLUMX
MECTOPOXOEHUN C Fre0NOrM4YeCKMMM 3anacamm

00 5 MIH. T. OAnHa ropnsoHTasbHOW YacTu

CcTBONA NpuHATa paBHoM 750 M, 019 OCTaslbHbIX
MecTopoxaeHuin - 1000 m. KonnyecTtso ctagun Pl
B FOPU30OHTasIbHbIX CKBaXXMHaX OMpeaeneHo 4yepes
paccTosHne Mexay Kaxaoun onepaunen - 150 m.

[nsa oueHKr BO3MOXXHOM BapmnaTUBHOCTW ONS
OMNCaHHOrO BbIlLE TECTOBOrO 0O6bEKTA pa3padoTKu
Oblna nponsBegeHa Cepusa pacyeToB NoO TPEM
cueHapuam (paunoHanbHbln, 3 MEKTUBHbIN,
arpeccuBHbIn). Mo KaXXgoMy CLeHapuio paccymnTaHbl
BapvaHTbl C pasanyHbiM TUMNOM 3aKaH4YMBaHUSA
ckBaxxunH (HHC n I'C). N'og BBoOoa obbekTa B
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for dispersed and line-drive waterflood systems

is determined by the number of production and
injection wells. The injected amount of water is
calculated through a water injection ratio. A selected
development option determines the field development
rate (from years one to seven), as well as the well
density grid and the recovery rate.

Each of the targets is drilled using an individual well
spacing pattern with a selected well completion type:
deviated (DW) or horizontal wells (HW). Hydralic or
multi-stage hydraulic fracturing can applied to each of
the completion types.

Judging by past experience, well planning for
horizontal wells, the length of the horizontal section

is accepted as 750m for small fields with in-place
reserves of up to 5 MT; for the rest of the fields 1000m
is used. The number of stages in a hydraulic fracturing
job is determined through distance between each
operation equal to 150m.

To evaluate the possible variations, a series of
calculations were carried out using the three options
(sustainable, efficient, aggressive). The variants with
different types of well completion (DW and HW) were
calculated on each of the options. The target will

be brought into development in 2022. According

to the method described above, the system has
determined the dynamics of oil production and the
well stock dynamics for the producing and injection
wells, broken down by year.

The results of each option has been consolidated

into a graphical representation demonstrating the key
development indicators: well stock (producing/injecting),
cumulative production for 25 years, specific production
per well, well completion type, as well as the ORF for 25
years of development (Fig.4).

The results of the engineering simulations based on

all of the options are presented in Table 2. The option

for drilling deviated wells would require the maximum
construction of 474 wells with the sustainable option,
289 wells with the aggressive option; for 25 years, the
specific oil production would amount to 29.8 thousand
tons and 36.7 thousand tons, according to the options,
respectively. When we move to the next options and well
completion types, the number of wells goes down and
the specific oil production per well grows.

The maximum ORF (for 25 years) — 0.266 unit fractions
— was obtained for the sustainable option of drilling
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EXPLORATION

(it

it

I

K1g (normal)
2526m

KonnyecTBo CKBaXKMH, LT (B06bIBAKOLLNX/
HarHeTaTesNbHbIX)
Well number, wells (producing / injecting)

316 /158

K1g (effective)
2526m

KonnyecTtBo CKBaXknH, LT (Bo6biBarOLLNX/
HarHeTaTeNbHbIX)
Well number, wells (producing / injecting)

93/93

K1g (agressive)
2526m

KonnyecTtBo CKBaXknH, LT (Bo6biBarOLLNX/
HarHeTaTeNbHbIX)
Well number, wells (producing / injecting)

77/76

HakonneHHast pobblya HedT 3a 25 NeT, MAH.T
Cumulative oil production for 25 years, MT

9.41

[o6biya Ha 1 0ob.ckB 3a 25 NeT, ThbIC.T.
Production per 1 producing well per 25 years, MT

29.78

HakonneHHasi nobblya HedT 3a 25 NeT, MAH.T
Cumulative oil production for 25 years, MT

9.84

[o6biya Ha 1 0ob.ckB 3a 25 NeT, ThbIC.T.
Production per 1 producing well per 25 years, MT

105.81

HakonneHHasn pnobblya HedbTn 3a 25 NeT, MAH.T
Cumulative oil production for 25 years, MT

10.18

[o6blya Ha 1 0o6.ckB 3a 25 neT, TbiC.T.
Production per 1 producing well per 25 years, MT

132.21

KWH 3a 25 net
ORF for 25 years

0,2114

Tvin 3aKaH4MBaHNSA CKBaXKMHbI
Well completion type

HHC

KWH 3a 25 net
ORF for 25 years

0,2233

Tvn 3aKaH4MBaHNS CKBaXKMHbI
Well completion type

rc HW

KWH 3a 25 net
ORF for 25 years

0,2387

Tun 3aKaH4MBaHNS CKBaXKMHbI
Well completion type

rC + MIPIN HW + Multifrac

Puc. 4: TNokasaTtenu pa3paboTky MO CLEHapUSaM 1 TUMam 3aKaHuMBaHUA CKBaXXMH 19 0OHOr0 06beKTa paspaboTKy (3KpaH 13 Nporpammbl)
Fig. 4: Development indicators broken down by the options and well completions for a single development target (screenshot).

paszpaboTky — 2022. 1o mMeToanke, oNUcaHHoOWM
BbllLE, KOMMIEKCOM Oblfia onpefesieHa anHammka
Jo0blYM HEDPTU U gMHaMKKa hoHOAa O0ObIBAOLLMX U

HarHeTaTtesJibHbIX CKBaXXVH MO rogam.

PesybTaTthl PACHETOB MO KaXKAOMY CLEHapuio
CBOATCS aBTOMATU3NPOBAHHbBIM KOMIIEKCOM B
rpacurdeckoe NpeacTaBneHve, 0eMOHCTPUpYoLLee
K0YeBble nokKasaTenn paspadoTku: POHI CKBaXKMH

the target using horizontal wells with multi-stage
hydraulic fracturing, with a total well stock of 194 wells;
the specific oil production amounted to 122 thousand
tons for 25 years; for the aggressive option, the total
well stock of horizontal well using multi-stage hydraulic
fracturing amounted to 122 thousand tons, while the
specific cumulative production was maximum 138
thousand tons. Thus, the ORF data scattering, using
the options and well completion types, spreads from

(nobbiBatoLMX / HArHeTaTe IbHbIX), HAKOMIEHHAsA
nobblya HebTn 3a 25 neT, yaenbHasa nobbida HedTn
Ha CKBaXKMHY, TUM 3aKaH4YBaHNA CKBaXKWH, a Takxe
KWH pocTturaembin 3a 25 net paspabdboTtku (Puc .4).
Pe3ynbTaTbl TEXHONOMMYECKUX PACHETOB MO BCEM
cLeHapusam npreedeHbl B Tabnuue 2 Huxke. BapraHT
C pasbyprBaHEM HaKNOHHbBIMY CKBaXKHAMW MPW
pauyroHanbHOM BapuaHTe NoTpebyeT MakcMaabHOro
CTPOUTENLCTBA CKBaXKUH 474 ef,., Npun arpeCCUBHOM

the minimum of 0.179 to the maximum of 0.266. The
maximum ORF was obtained in the sustainable option with
horizontal wells using multi-stage hydraulic fracturing, while
the maximum specific oil production per well was obtained
using the aggressive option with horizontal wells and muilti-
stage hydraulic fracturing (Fig. 5-7).

That said, one should note that it is still too early to
compare the economic efficiency of different options

Specific Specific Specific Specific
oil Well oil oil oil
number |Production ORF number | Production ORF number | Production number |Production

per well per well per well per well
Sustainable 474 29,78 0,211 428 34,79 0,224 227 102,5 0,263 194 122,1 0,266
Efficient 314 33,07 0,181 315 38,22 0,193 186 106,9 0,223 163 130,2 0,240
Aggressive 289 36,68 0,179 27 41,82 0,191 173 109,2 0,213 153 137,9 0,230
Table 2: ORF estimation for the total development period using statistical relationships
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HHC +I'PI FC + Pl
yo. yo.
CueHapun no6blya no6blua
KWUH

HedbTn HedpTn

Ha CKB. Ha CKB.
PauunoHanbHbI 474 29,78 0,211 428 34,79 0,224 227 102,5 0,263 194 1221 0,266
OO PEKTUBHBIN 314 33,07 0,181 315 38,22 0,193 186 106,9 0,223 163 130,2 0,240
ArpeccuBHbIV 289 36,68 0,179 271 41,82 0,191 173 109,2 0,213 153 137,9 0,230

Tabn.2: PesynbTaThbl pacyeTa TEXHOIOMMYECKNX NMokasaTesen pas3paboTKy TECTOBOrO MECTOPOXKAEHNS NO 12 BapuaHTam

BapuaHTe — 289 e[., COOTBETCTBEHHO yaesibHas
nobbiva HebTn 3a 25 net coctasuT 29,8 ThIC.T. 1 36,7
ThIC.T. MO BapvaHTaM. [pu nepexofe K cnenyowmnm
CLeHapusaM 1 TUNam 3akaH4yMBaHWs CoKpallaeTcs
KOJINYECTBO CKBaXKWH 1 pacTeT yaesbHas gobbiya
HeMTU Ha CKBaXKVHY.

MakcumansHbein KH (3a 25 net) - 0,266 gon.

ef., - MoJlydeH A5 pauyoHaabHOro cueHapus

npu pasbyprBaHny 06BbEKTA FOPUIOHTaNIbHLIMU
CKBaXKnHamu ¢ MHoroctaguiHeimM P, obwmm
doHOoM 194 CKBaXKMHbI, yaenbHasa gobblda HeTU
3a 25 net coctaBuna 122 TbIC.T., 419 arpecCuBHoOro
cueHapusa obWmnin PoHO rOpU3OHTasbHbIX CKBaXXUH C
MIPT1 cocTtaBun 153 ef. u yaenbHas HakonjeHHas
nobblva HeddTn MakcumanbHasa 138TeIC.T. Takum
obpasom, pasbpoc BenmnynH KVMH no cueHapusm

N TUNaM 3aKaH4YBaHNS UMEET 3HA4YeHUd OT
MUHUManbHoro 0,179 go makcumanbHoro 0,266.
MakcumanbHbih KVIH nonydeH B pauyvioHanbHOM
BapMaHTE C rOPU30OHTasIbHbIMU CKBaXKMHAMU C
MIPI, a MakcumanbHas yaenbHas obdbida HedTu
Ha CKBaXKWHy MoJlydeHa npu arpeccrBHOM BapuaHTe
C rOpPU3oHTaNIbHbIMU CKBaXKHamu ¢ MIPT1

(pnc. 5-7).

[Mpy 3TOM CTOUT OTMETUTL, YTO Ha 3TOM 3Tane
CpaBHKBaTb 3KOHOMUYECKY 3MHEKTUBHOCTb
Pa3/IMYHbIX BAPUAaHTOB Moka paHo. Kak npasuiio,
BapuaHTbl ¢ 60/1e€ BbICOKOWN 000bIYeN TPebyoT

1N BONbLUMX PacxodoB Ha bypeHue. PacueT
3KOHOMUYECKON 3DHEKTVBHOCTI NPOBOANTCH B
aBTOMAaTU3NPOBAHHOM MPOrPaMMHOM KOMMJIEKCE
Ingenix Cost Evaluator Ha OCHOBE TEXHONOMMYECKMX
pacyeToB Ha crefylollem aTane (boaee NogpodbHO
onuncaHo B ctatbe «OueHKa HeMTAHbBIX FPUHMPUIAO0B:
Kak CHU3UTb PUCKN NHBECTOPA eLLe Ha cTapTe?>»,
ROGTEC, N263).

Taknm obpasom, onncaHHbIN Modyb pacyeTa
nokasaTtenen pa3paboTKM HEDTAHbIX MECTOPOXKOEHNN
NO3BONSAET NHBECTOPY y>Xe Ha 3Tane Bbibopa Lenm

N MOArOTOBKU MHBECTULIMOHHOIO PeLLeHUs He

TO/IbKO NOAYYNTb pacyeT Npoduag 0obbium HehTH
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at this stage. As a rule, options with higher production
demand higher expenditures for drilling. The
calculation of economic efficiency is carried out in the
automated software system Ingenix Cost Evaluator on
the basis of next stage engineering calculations (this
was described in more detail in the article “Greenfield
Valuation: How to Reduce Initial Investor Risks?”,
ROGTEC, Issue 63).

Thus, the module calculating the oil field development
indicators lets an investor, early in the stage of target
selection and investment decision preparation, not
only to obtain the estimation of the oil production
profile on an evaluated asset, but to also determine an
optimal approach to its development.

The module is not meant to create an engineering
design of a field at the project definition phase and for
any operational control of the development, therefore,
it cannot provide a user with such features like,
depletion estimation, or the estimations of options with
the use of equipment for dual production and injection.

However, at the advanced planning stage, it can

provide a potential investor with an advantage while

searching and sorting the input data, the advantage of

methodical uniformity and the computation speed due to:

¢ unified database by region and development targets;

e high calculation speed;

e multivariations (3 development options);

* “multitargetness” (dealing with up to three
development targets at a time);

e possibility of setting up various well completion types;

e flexibility (possibility of inputting your own initial data).

Thus, the target objective of estimating production
profile over a field can be solved without building any
complex hydrodynamic models and involving any
third-party contractors. It took us 30 minutes of time
to carry out a series of calculations (without taking into
account further economics). As a result, an investor
would gain a chance, within a short time, to evaluate
several possible project development options, from
geology to economics, and optimize his risks when
entering a project.
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MO OLEHNBAEMOMY aKTVBY, HO 1
onpenennTs ONTUMasbHbIN NOAXoMd K
ero pasBUTIO.

Mopynb He npegHasHaveH ans
NPOeKTUPOBaHUS pPaspaboTKn Ha
aTane NoaroTOBKM NPOEKTHOro
OOKYMeHTa 1 N5 onepaTuBHOIo
ynpaBfieHns paspaboTKon,
NoO3TOMY HE MOXET NMpeaocTaBUTb
Nnosib30BaTesIto Takon yHKLIMOHA,
Kak, HanpumMep, pacyeT Ha
NCTOLLIEHWW, USIN pacyeT C
npuMeHeHnem o0bopyaoBaHNS
OOHOBPEMEHHO-PasneIbHOM 000bIYM
1N 3aKauKu.

OQOHako Ha aTane NepcnexKTMBHOIo

NJaHMPOBaHUSA OH MOXET AaTb

noTeHUMabHOMY MHBECTOPY

NPEVMYLLECTBO B MOUCKE U

YTOYHEHUN UCXOOHbIX OAaHHbIX,

METOONYECKOM eanHO0bpasmm v

CKOPOCTUK pacuyeToB 6rarogaps:

® eaMHOW 6ase JaHHbIX MO PEermoHam
1 No 06bekTaM paspaboTku;

® BbICOKOW CKOPOCTU PacCHETOB;

® MHOroBapwaHTHOCTW (3 cueHapus
paspadboTKu);

® MHOFOOBBEKTHOCTW (00 TPEX
06bEKTOB pa3paboTku);

® BO3MOXXHOCTW 3adaHns
PasNNYHOro TUMa 3aKaH4YMBaHUS
CKBaXXUH;

® rMBKOCTKN (BO3BMOXXHOCTb BBOAA
COOCTBEHHbIX MCXOAHbIX AaHHbIX).

Takum obpasom, Lenesas 3afgada
pac4deTa Npoduas gobbiun No
MECTOPOXAEHWNIO peLlaeTcs

6€e3 MOCTPOEHUSA CNOXKHbIX
rMOPOAVHAMUNYECKUX MOOENEN

N NPVBIEYEHNSA CTOPOHHNX
necnonHuTenen. ns npneeneHHoON
cepun pac4eToB NoTpeboBasiocb
30 MUHYT BpemMeHu (6e3 ydeTa
OaJIbHEeNLLNX SKOHOMUYECKNX
pacyeToB). B koHe4HOM ntore
WNHBECTOP MOJIy4YUT BOSMOXHOCTb
3a KOPOTKOE BPEMS OLEHUTb
HECKOJIbKO BO3MOXHbIX CLIEHapneB
pasBUTUS NPOEKTa OT recsiorun Ao
9KOHOMWKU 1 ONTUMN3NPOBATL CBOW
PUCKM MpW BXOAE B MPOEKT.
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Puc. 5: Pacnpegenenne KVIH no cueHapusm 1 Tnam 3akaHuYMBaHUS CKBaXKH
Fig. 5: Distribution of ORF by the options and well completion types

Yn.006bi4ya HedoTu Ha ckB. - Specific oil production per well
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Puc. 6: PacnpeneneHne yaenbHon [o0blum HETN Ha CKBXKMHY MO CLIEHApWSM U TUNam
3aKaHYMBaHNSA CKBaXXVH

Fig. 6: Distribution of specific oil production per well, by options and well completion types
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Puc. 7: Pacnpe,qeneHme KOJInYeCTBa CKBaXKVH MO CLUEeHapuaM 1 Tunam 3akaH4BaHns
Fig. 7: Distribution of well number, by options and well completion types
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