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BBenenue

B Hacrosimiee Bpemss B mpolecce  pa3pabOTKH  MECTOPOKACHUU
YIJIEBOAOPOIOB HCIOJB3YIOTCS BCE 0Oojiee HOBbIE U 0o0Jiee COBEPILEHHBIE
TEXHOJOTUU U oOopynoBaHue. Tak ansg oOecriedeHHs ONTUMAIbHOM CTpaTeruu
pa3pabOTKM  MECTOPOXKIEHMM, a Takxke Ui aHaimu3a A(PPEeKTUBHOCTH
MPUHUMAEMBIX  PELICHUN, aKTUBHO  NPUMEHSETCS  THAPOJUHAMHYECKOE
monenupoBanue. LluppoBbie reogoro-TeXHoI0rH4ecKue MoIeNIu BKIIOYAIOT B ce0s
UHPOPMAIIMI0O O  TEOJOTMYECKOM  CTPOEHMHM M HUCTOPUM  pa3pabOTKH
MECTOPOXKJICHUS, TMPEAOCTABIAIOT BO3MOXHOCTh OTOOpa)kKeHUsT HHPOpMalUU B
rpaduueckom Buzpe. Ho Bc€ ke, ocHOBHBIM mpeumyiiectBoM ['TM saBnsercs
BO3MOXKHOCTb CO3[IJaHWsI W CpPaBHEHUS PA3JIMYHBIX CIEHApUeB pa3pabOTKH.
Hcnonb3oBanue mojenel Mo3BOJISIET PACCUUTHIBATH MPOIIECC M3BJICUECHUS HEPTH
U3 3aJIEKU MHOXECTBO pa3, J00UBAsICh HAUITYUIIETO PE3yJbTaTa C IKOHOMHYEC KON
Y TEXHOJIOTUYECKOU TOUKHU 3PEHUS.

Hecmotpss Ha mmpokud cHoektp BO3MOXKHOCTEW, npuMeHeHue ['TM
CBS3aHO C HEKOTOPHIM PHCKOM. DTOT PHUCK OOBICHSETCS TEM, 4TO IU(POBHIC
MOJEIN MOTYT CTaTb ONACHBIM HHCTPYMEHTOM, IO3BOJISIOIIUM C HEBEPOSITHOU
TOYHOCTBIO PACCUUTATh COBEPIICHHO OECCMBICIEHHBIE pPe3yabTaThl. YTOOBI
n30eXaTh TaKUX HEMPUATHBIX IMOCJIEACTBUI HEOOXOAMMO Ha MPOTSHKEHUH BCEH
paboThl OCYIIECTBIISITH KOHTPOJIb KauecTBa MOJENIHM, HayWHAs OT HCXOJHBIX
JAHHBIX U 3aKaHYMBas MPOrHO3HBIMU BapuaHTamu [1].

Ha ceropusmnuii JeHb MOJEIMPOBAHUE IPOLIECCOB Pa3pabOTKU SIBISETCA
OJITHUM U3 MOJIOJBIX HamlpaBiieHUI B He(hTEera3oBOM Jiejie, HO TaKKe€ OHO U OJTHO W3
caMbIX OBICTPO pa3BHBaOIIMXCS. MojaenupoBaHue MPOUUIO 3HAYUTENbHBIA MYTh
OT MNPOCTEUIINX OJHOMEPHBIX, JO CIO0XHBIX MHOTOKOMIIOHEHTHBIX H
HEU30TEPMAJIBHBIX pacyeToB. Bo MHOrOM HMIMPOKOE pacnpoCTpaHEHHE LUPPOBBIX
MOJIeJIEl CTaJI0 BO3MOJKHBIM, Ojarojapsi yBEJIMYEHHIO PACUETHBIX MOLIHOCTEH
KOMITBIOTEPOB, COBPEMEHHbBIE MOJIETM BKJIIOYAIOT B CE0S MUJUIMOHBI AKTHUBHBIX
A4EeEeK M TO3BOJIIOT JAETAIIbHO BOCHPOM3BOAUTH OCOOEHHOCTH CTPOECHHUS U

pa3pabOTKU MECTOPOKICHUM. DBOJIOIUOHUPYIOT U MPOTPAMMHBIE MaKEThl JIJIst



MOJICTUPOBAHUS, C KaXIbIM TOJOM JI00aBIsE€TCS HOBBIM (DYyHKIMOHAT st
MOBBINIEHUST yA0OCTBa pabOThl M 0ojiee JACTAIBHOTO pacuera pe3yiabTaroB. B
KauecTBE IpUMeEpa MOXKHO MPUBECTH TO, YTO BCErO0 HECKOJILKO JIET Ha3aJ Takas
pacrpocTpaHeHHas mpolleaypa pa3phiB IJIACTa MOJEIUPOBAIACH UCKIIOUYUTEIBHO
KaK yBEJIUYEHUE MPOAYKTUBHOCTH CKBXXMH, O€3 yu€Ta mapamMeTpOoB TPEILUH.
OCHOBHOM T1Ie/IbI0 JaHHOW PabOTHI IJIAHUPYETCS MPOBECTH IMOCTPOCHUE
TUAPOJMHAMUYECKON Mojenu HedTsHoro MecTtopoxaeHus Tomckoil o06macTH,
IpoBeCTH €€ ajamnTalui M pa3paboTaTh METOIMYECKHME PEKOMEHIAIMU TI0
ananraimu moaenei B IIK PH-KHMM.
[Ipeaqmerom wuccreoBaHus SBJSIETCS OJHO W3 MECTOpOXKIaeHuil Tomckoin
00J1aCTH, OHO OBLIO BBHIOPAHO HUCXOJS M3 TOTO, YTO MPAKTHYECKH HA BCEM (oHIE
CKBQ)XMH B Ka4eCTBE METOJa MHTCHCU(DUKAIIMK MPUTOKA MPOBEACH TUIPOPaA3PHIB
miacta, 49To JaéT IIUPOKHWE BO3MOXKHOCTHM [IJII MCCJIEJAOBaHUS METOJIOB
monenupoBanusi ['PII. Kpome Toro mectopoxaeHue Meinkoe, uMeeT HeOOJbIIyIO
wion@aab  HEePTEHOCHOCTH,  YTO  IMO3BOJSIET  OMEPATUBHO  MPOBOAMTH
TUAPOJNHAMUYECKHAE PACUETHI.
JUist MOCTMKEHUSI TIOCTABICHHOW M€ ObUIM BBIMOJTHEHBI CIIETYIOIINE
3a/1a4H:
1. COoop M MOATOTOBKAa HCXOMHBIX JAHHBIX JUISI MOJIETUPOBAHUS, HX
IPOBEPKA U aHAJIU3,;

2. COoopka  TUAPOJWHAMUYECKONM  MOJENHM,  TPOBEpKa  KadecTBa
WHULIHATIA3A1UH;

3. Hactpoiika un aganranus I'/IM;

4. Nzyuenue ocobenHocteit MmogenupoBanus ['PII, oneHka BO3MOXKHOCTH
ucnosb3oBanusa ['PII kak mHCTpyMeHTa ajamnTaiyu, OLEHKA BIIMSHUA
napameTpoB [ PII Ha pacueTHble nmoka3aTeny;

5. AHanu3 U BBIBOJIbI IO NPOBEJACHHON padoTe.



1. O630p uTEpaTYpPHI

B rmaBe paccmarpuBaeTcsi 00mMe 3aKOHOMEPHOCTH  TOCTPOCHUS
TeOJIOTHUECKUX MojeJe, cOOpKM W aJanTaiud THIPOJUHAMHYECKUX MOJEeH
MecTopokJieHnil. Takke pacCMOTPEHbl OCHOBHBIE CHOCOOBI MOJCIMPOBAHUS
THIpOpa3phIBa IIIacTa.

['eonormueckass Mojenb B IM(PPOBOM BHJIE TMPEACTABISETCS B BHIE
HaOOpOB 0JIOKOB CBOMCTB Wi KyOoB. K 0a30BbIM OTHOCSTCS: KyO KOA(DPUIIMEHTOB
MOPUCTOCTH, HAYAIBHON Ta30-HE(PTECHACHIIIICHHOCTH, POHUIIAEMOCTH, CBSI3aHHBIX
Y KPUTUYECKUX BOJOHACHIIIIEHHOCTH.

['mnponuHamMuueckass MOJAENIb CTPOUTCS Ha OCHOBE TEOJIOTHUECKOH U
BKJIIOYAeT B ce0s1 mH(pOopMammio o CBOMCTBAaxX (DIOUIOB, OTHOCHTEIBHBIX (Ha30BBIX
NPOHUIIAEMOCTSIX W WCTOPUU pPa3paboTku MectopoxiaeHus. [locne mpoBeneHus
HACTPOWKHM THAPOJUHAMUYECKOH MOJICIM HAa HWCTOPHUYECKHAE JIaHHBIE MOYKHO
HIPOU3BOJMTH PacyeT MPOTHO3HBIX BAPHAHTOB Pa3pabOTKH MECTOPOKICHUS.

K ocHOBHBIM 3akoHaM (UIBTPAUUN >KUAKOCTH, HCIIONB3YEMBbIM IS
pacueTra B THAPOJMHAMUYECKHX MOJEINSAX SIBIAIOTCS: 3aKOH COXPAaHEHHS MAacChl,

3aKkoH Jlapcu, a TakKe HadaJbHbIE U TPAHUYHBIE YCIOBUSL.



2. O0beKT U MeTOAbI UCCIeJOBAHUS

OOBEKTOM HCCIIEIOBAaHUS SIBISIETCS OJHO U3 HEPTAHBIX MECTOPOKICHUU
Tomckoii obsactu. B aiMMHUCTPaTUBHOM OTHOIIEHUH HEPTSIHOE MECTOPOXKICHHE
"H" mnaxomutca B 1npeaenax KaHIZaKOBCKOro JIMIIEH3WOHHOIO — y4acTKa
PacCIONOKEHHOT0 B AJIGKCAaHJIPOBCKOM paioHe ToMckoil o061actu  Mexay
He(TaHbIM Baxckum u razonedrsiHpiM CeBEpHBIM MECTOPOKICHUSIMU

[lo BemuuMHE 3amacoB OTHOCUTCA K MEJIKHM, IO CIOKHOCTH
I€0JIOTMYECKOTO CTPOEHUS, JUTOJOTMYECKOW HM3MEHUYHMBOCTH KOJUIEKTOPOB — K
CJIOKHBIM.

B rnmaBe mpoBOAMTCS OMHMCaHME MPOrPAMMHBIX MAKETOB, KOTOPbIE ObLIH
UCITIOJIb30BAHBI JJIS1 TIOCTPOCHUS MOJIEIIEH.

JIns co3ianus M ajantaiuy THAPOJUHAMUYECKON MOJEIN MECTOPOKIACHUS
ob11 ucnonib3oBal [IK PH-KWM. [/lanHblil mporpaMMHBIi TaKeT COSIUHSET B cede
AKeT  TPEXMEPHOI0  THUAPOAMHAMMYECKOIO  MOJCIHUPOBAHUS  3aJIEkKEU

yrieBogopoaoB BOS (Black Oil Simulator) u nmpernoctnponeccop « MATMA.



3. PacueTbl M aHAJIUTHKA

[IpoBoaUTCS HeTalbHOE PACCMOTPEHHE KaXKAOTO M3 3TANOB MOCTPOCHUS
rEOJIOTUYECKOM M THAPOJMHAMHYECKOW Mojaenu s  Mectopoxiaenus N.
OmnuceiBaeTcsi METOAMKA MPOBEACHUS aJanTalldd PAcUYETHBIX IOKa3aTelel Io
CKBa)KMHAM HAa UCTOPUYECKUE JTAHHBIE.

[TocTpoeHne TEONOTUYECKOW MOJECIU 3AJIEKU SIBISIETCS MEPBBIM HTAIOM
co3ganuss [III'TM. B reosoruyeckod MOJENM HCIOJIb3YETCS 3HAYUTEIIbHbBIC
00bEeMBbl HMCXOAHBIX JIAHHBIX, MOATOMY HEOOXOAMMO MPOBOJAUTH WX aHaIU3 H
MPOBEPKY KaueCTBa.

B xadecTtBe wucxomHBIX JaHHBIX qIsi ['M  OBUIM  MCIOJIB30BaHBI:
WHKJIMHOMETPUS CKBA)XXUH, PE3yJbTAaThl KEPHOBBIX HCCIEIOBAHUN, PE3yIbTaThl
UHTEpPIpETAllMd CEUCMUYECKOH CBEMKH W TEOPU3MYECKUX HCCIETOBAHUM
CKBa)XHH.

I'maponuHamudeckas MoOJeNb  MECTOPOXKACHHUS OblIa TOCTpOeHA B
nporpaMmHoM koMmiuiekce PH-KHUM nHa ocHoBe reosorndeckont mozenu. I[lpu
nepexosie OT T'eOJIOTMYECKOM MOJenu K (PUIbTpallMOHHOW, BBHIY HEOOJBIIOTO
pasMepa MECTOpPOXKACHUS pPEeMacIITa0UPOBAHUE HE MPOBOIAUIOCH. DTO TaKXKe
CIOCOOCTBOBAJIO COXPAHEHHUIO T€OJIOTHUECKON HEOJHOPOIHOCTH B MOJIEIIH.

B cuwiny TOro, 49ro TreOJIOTMYECKOE CTPOCHUE  MECTOPOKICHUS
NPEACTABISACTCS MPOCTBIM, B MPOEKTE HE HCIOJb3YIOTCS MOAEIN JIBOWHOMN
MMOPUCTOCTH U TTPOHUIIAEMOCTH.

[IpuBoasSTCA TOKa3aTENW KayecTBa afalTalld MOJIEJIM Ha UCTOPUYECKHUE
JTAHHBIE.

[IpoBoauTCs aHanmu3 TpeOOBAHUN K TECTOBOW MOJICNU JIJII UCCIIEAOBAHUS
MeTo10B moaenupoBanus ['PII, npuBoaarcs mapamerpsl MOaEmu.

B rnaBe ommceiBaeTCs Crmoco0 MOJEIUPOBAHUS THUIAPOpa3phiBa IUIACTa C
MOMOIIBI0 3aJIaHUs MApaMETPOB TpelIuHbL. [IpoBOAUTCS aHaIU3 KOPPEKTHOCTH
pacyeTa 1o CpaBHEHUIO C ATATOHHOW MOJIEJIBIO, T/I€ THAPOPA3PHIB CMOJCIUPOBAH C
MOMOIIBI0 JIOKAIBHOTO H3MENbYeHUsA CeTKU. CIeslaHO MCCICHOBAHUE BIIHUSHUS

napameTpoB ['PII Ha pe3ynbTaT pacueTa MpUTOKAa K CKBaKUHE.



4. PUHAHCOBBIA MEHEIKMEHT

TemaTnka  JOUIUIOMHOM  pabOThl  CBfA3aHA C  TUAPOAMHAMHUYECKUM
MOJICJIMPOBAHUEM pa3palOTKU HE(PTIHBIX MecTopokaeHuid. OgHa u3 ueneu
MOCTPOEHUSI MOJIEJNIE — pacyeT BAapUAHTOB pa3pabOTKM MecTopoxkiaeHui. Ha
OCHOBE TIOJIYYEHHBIX pAaCUETHBIX YPOBHEH B JajbHEHIIEM MPOBOJUTCS
HKOHOMHYECKOE 000CHOBaHME pa3paboTKu. B naHHOM paszzene npoBOAUTCSA pacyeT
pEeHTa0ENbHOCTH W HSKOHOMHUYECKHX IIOKa3aTesiell PpPEeKOMEHJyeMOro BapuaHTa

pa3paboTku MecTopoxaeHus «Hy.



5. ConuanbHasi OTBETCTBEHHOCTD

[IpousBoacTBeHHass ~ 0€30MacHOCTh  ONpENENsIeTcs  Kak  CHUCTeMa
3aKOHOJATENbHBIX  AaKTOB,  COIUAIBHO-DKOHOMHUYECKHX, OpPTaHU3aI[MOHHBIX,
TEXHUYECKUX, THTUCHUYECKHX M JIe4eOHO-MPOPHIAKTUISCKUX MEPONPUITHA U
CpelncTB,  oOecrneurBalOIIMX  O€30MacHOCTb,  COXPAHEHHME  3/I0POBbS U
PaboTOCTIOCOOHOCTH B MPOIIECCE TPY/IA.

YpoBeHb PabOTOCTIOCOOHOCTH YEIOBEKa HAMPSMYIO 3aBUCHUT OT YCIOBHH
tpyna. llog ycmoBusMuH Tpyna TIOHMMAaeTCsi COBOKYMHOCTh  (DakTOpoB
POM3BOICTBEHHOUN Cpefbl U TPYAOBOTO MPOIlecca, KOTOPhIE OKA3bIBAIOT BIHSTHHUE

Ha paboTOCIIOCOOHOCTH U 3/I0POBhE PAOOTHHKA.



6. Hydrodynamic simulation

Petroleum is one of the most important source of energy in the world. Oil
industry remains the biggest production sector in Russian economic. Oil
production concerns several vital problems, such as economical balance, climate
change, complicating and hard conditions of production. To overcome these
challenges, petroleum industry has to invent and implement new technologies.
Hydrodynamic simulation is a good example of advanced technic in field
development. Reservoir simulation provides a wide range of tools to analyse,
design and estimate field development. In this chapter, some essential information
about hydrodynamic simulation will be specified.

Nowadays, all decisions, relating to oil exploration, involve mathematical
approach. This method is based on understanding the factors that influence fluid
flow in porous media under different flow conditions. Also, mathematical model
considers other factors such as fracture systems in the reservoir, heterogeneity of
fluid and rock properties, Darcy and non-Darcy flow.

Simulation is a unique process, starting from the reservoir description to the
final analysis of results. Simulation is the art of combining physics, mathematics,
reservoir engineering, and computer programming to develop a tool for predicting
hydrocarbon reservoir performance under various operating strategies. Field
simulation has great amount of advantages, for example, agile and fast mapping,
real time monitoring, and high speed data transfer.

Today, practically all aspects of reservoir engineering problems are solved
with reservoir simulators, ranging from well testing to prediction of enhanced oil
recovery.

Reservoir performance is traditionally predicted using three methods,
namely:

1. Analogical;
2. Experimental;

3. Mathematical.



The analogical method implies using mature reservoir properties that are
similar to the target reservoir to predict the behavior of the reservoir. This method
Is especially useful when the available data are limited. The data from the reservoir
in the same geologic basin or province may be applied to predict the performance
of the target reservoir.

Experimental methods measure the reservoir characteristics in the laboratory
models and scale these results to the entire hydrocarbon accumulations.

The mathematical method applied basic conservation laws and constitutive
equations to formulate the behavior of the flow inside the reservoir and the other
characteristics in mathematical notations and formulations. The two basic
equations are the material balance equation or continuity equation and the equation
of motion or momentum equation. These two equations are expressed for different
phases of the flow in the reservoir and combined to obtain single equations for
each phase of the flow. However, it is necessary to apply other equations or laws
for modeling enhanced oil recovery. As an example, the energy balance equation is
necessary to analyze the reservoir behavior for the steam injection or in situ
combustion reservoirs. The mathematical model traditionally includes material
balance equation, decline curve, statistical approaches, and analytical methods. The
Darcy's law is almost always used in all of available reservoir simulators to model
the fluid motion. The numerical computations of the derived mathematical model
are mostly based on the finite difference method. All these models and approaches
are based on several assumptions and approximations that may produce erroneous
results and predictions.

Material balance equation

Material balance equation is known to be the classical mathematical
representation of the reservoir. According to this principle, the amount of material
remaining in the reservoir after a production time interval is equal to the amount of
material originally present in the reservoir minus the amount of material removed
from the reservoir due to production plus the amount of material added to the

reservoir due to injection. This equation describes the fundamental physics of the



production scheme of the reservoir. There are several assumptions in the material
balance equation:
1. Rock and fluid properties do not change in space;
2. Hydrodynamics of the fluid flow in the porous media is adequately
described by Darcy's law;
3. Fluid segregation is spontaneous and complete;
4. Geometrical configuration of the reservoir is known and exact;
5. PVT data obtained in the laboratory with the same gas liberation process
(flash vs. differential) are valid in the field,;
6. It is sensitive to inaccuracies in measured reservoir pressure.
The model breaks down when no appreciable decline occurs in reservoir

pressure, as in pressure maintenance operations.

Decline curve
The rate of oil production decline generally follows one of the following
mathematical forms: exponential, hyperbolic and harmonic. The following
assumptions are applied to the decline curve analysis.
1. The past processes continue to occur in the future;

2. Operation practices are assumed to remain same.

Statistical method
In this method, the past performance of numerous reservoirs is statistically
accounted for to derive the empirical correlations, which are used for future
predictions. It may be described as a ‘formal extension of the analogical method'.
The statistical methods have the following assumptions:
1. Reservoir properties are within the limit of the database;
2. Reservoir symmetry exists;

3. Ultimate recovery is independent on the production rate.



Analytical methods

In most cases, the fluid flow inside the porous rock is too complicated to be
solved analytically. These methods can be used in some simplified model.
However, this solution can be applied as the bench mark solution to validate the
numerical approaches.

Finite difference calculus is a mathematical technique, which is used to
approximate values of functions and their derivatives at discrete points, where they
are not known. The history of differential calculus dates back to the time of
Leibnitz and Newton. In this concept, the derivative of a continuous function
relates to the function itself. Newton's formula is the core of differential calculus
and suffers from the approximation that the magnitude and direction change
independently. There is no problem in having separate derivatives for each
component of the vector or in superimposing their effects separately and regardless
of order.

Darcy's Law

Since all reservoir simulation studies involve the use of Darcy's law, it is
important to understand the assumptions behind this momentum balance equation.
The following assumptions are inherent to Darcy's law and its extension:

1. The fluid is homogenous, single-phase and Newtonian;
2. No chemical reaction takes place between the fluid and the porous
medium;

3. Laminar flow condition prevails;

4. Permeability is a property of the porous medium, which is independent

on pressure, temperature and the flowing fluid;

5. There is no slippage effect; e.g., Klinkenberg phenomenon;

6. There is no electro-kinetic effect.



Darcy's law equation is shown below

k;
u, = ——(Vp, — pgV2z),
29}

u — fluid velocity, m/s;

pu — fluid viscosity, Pa-s;

g — acceleration of gravity, m/s’;
Vz — hydrostatic gradient, Pa/m;

k, — phase permeability tensor, mD.

Reservoir simulation input data

Input information is essential for simulation, consequently, the quality of
this data should be properly checked.

The need of properly designed experimental work in order to improve the
quality of reservoir simulators cannot be overestimated. The most significant
challenges in experimental design arise from determining rock and fluid properties.
Even though progress has been made in terms of specialized core analysis and PVT
measurements, there are numerous problems associated with sampling techniques
and core integrity.

In a reservoir simulation study, all relevant thermal properties including
coefficient of thermal expansion, porosity variation with temperature, and thermal
conductivity need to be measured. Experimental facilities e.g., double diffusive
measurements, transient rock properties; point permeability measurements can be
very important in fulfilling the task.

Fluid and rock properties

The fluid is considered to be a continuum media and the rock properties are
averaging on a representative elementary volume (REV) in spite of the fact that the
existence of the REV is tenuous, because it has never been identified in real media.
The size of the REV has microscopic scale. It should be large enough for
statistically meaningful averaging. If we follow the traditional definition of REV as

given in figure 1, it should be small enough to avoid heterogeneity. As a very



rough number, the typical REV size is somewhere around 100-1000 grain

diameters.
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Figure 1 — Definition of representative elementary volume and

representative elementary property

It should be emphasized that despite all ambiguities, the notion of REV is
essential to use continuous mathematics. Our main focus is on all properties
needed in the flow computations. These properties formed a central part of the

inputs to a numerical simulator.

Fluid properties

Petroleum deposits vary widely in properties. The bulk of the chemical
compound presents are hydrocarbons that are comprised of hydrogen and carbon.
A typical crude oil contains hundreds of different chemical compounds and
normally is separated into crude fractions according to the range of boiling points
of the compound included in each fraction. Hydrocarbons may be gaseous, liquid
or solid at normal pressure and temperature depending on the number and
arrangement of the carbon atoms in the molecules. Hydrocarbons move from
gaseous state to solid state with increasing the number of carbon atoms. The

compound with up to four carbons is gaseous, with four to twenty in a liquid state,



and those with more than twenty carbon atoms are solid. Liquid mixtures, such as
crude oils, may contain gaseous or solid compounds or both in solution. A number
of non-hydrocarbons may occur in crude oils and gases such as sulfur, nitrogen,
and oxygen.

The petroleum reservoirs may be classified according to the state of the fluid
compound and divided into two broad categories of oil and gas reservoirs. These
may be subdivided into different groups according to the hydrocarbon compounds,
the initial temperature and pressure of the reservoir, and so on. The phase diagrams
can be applied to express the behavior of the reservoir fluid in a graphical form.
The pressure-temperature diagram is one that can be applied to illustrate the
reservoir fluid behavior and to classify reservoirs. A typical phase diagram of a
multi-components compound is given in figure 2. In this diagram, the critical point

is the point at which all properties of the liquid and gaseous states are identical.

_[ Liguid

P [ . Critical point

Prassure

Temperature

Figure 2— A typical pressure-temperature diagram of a crude oil

If the reservoir temperature is less than the critical point temperature, the
reservoir is called an oil reservoir. The reservoir is called a gas reservoir if
reservoir temperature is higher than the critical one. A classification of the oil and

gas reservoir is given in figure 3.
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Figure 3 — A classification of hydrocarbon reservoirs

The parameter denoting Pg is the initial reservoir pressure and Pgp is the
bubble-point pressure. The gas-oil ratio is denoted by GOR in the diagram and the
notation Tcr is the maximum temperature that the liquid phase may exist. A
complete description of the reservoir fluid properties is necessary to predict the
pressure variation inside the reservoir and the other flow parameters. The reservoir
rock usually contains some amount of water along with the hydrocarbon
compounds.

Rock properties

The basic inputs in the process of reservoir description are the geological
framework, well log data, core analysis data, seismic amplitude data, acoustic
impedance data, well test data, and any other data that can be correlated to rock
and fluid properties. The data obtained from drilling test- wells on site are
combined with the seismic data previously acquired to construct a three-

dimensional (3-D) model of the reservoir, as shown in figure 4.
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Figure 4 — A slice of lithology distribution

This model does not merely depict the shape of the reservoir, but details
properties of the rocks and fluids. However, the rock and fluid properties should be
anticipated in a consistent manner that depends on the quality and quantity of the
available data. For the reservoirs with many wells penetrations and consequently
considerable well loggings data, the seismic survey data with high degrees of
uncertainties may not be relied on considerably but in reservoirs with limited
number of penetrating wells such as offshore reservoirs, the seismic data play an
Important role to characterize the reservoir.

Porosity

Petroleum reservoirs usually have heterogeneous porosity distribution; i.e.
porosity values depend on location. A reservoir is homogeneous if porosity is
constant and independent on location. Porosity depends on reservoir pressure
because of solid and pore compressibility. Two main types of porosity are
distinguished:

1. absolute porosity;

2. effective porosity.




Where PORVC — volume of connected pores, m?;

V}, — bulk volume.

Saturation

Saturation is evaluation of fluid enclosed in pore volume
— Vi

R

Where V; volume of phase in the cell;

S;

¢ — porosity;
V), — bulk volume.
There is a rule about total saturation: total saturation in every cell of a model
equals sum of gas, oil and water saturation.
SoittSwatertSgas = |
Permeability
Permeability is the capacity of the rock to transmit fluid through its
connected pores when the same fluid fills all the interconnected pores. The flux

vector, the rate of fluid for unit area, may be given by using Darcy's law

— —
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Figure 5 — permeability tensor of a directional rock property.

The diagonal terms, such as Ky, represent the directional flow, the flow in
the same direction as the pressure gradient. The off diagonal terms, such as kyy ,
represent a cross-flow, the flow perpendicular to the pressure gradient.
If the reservoir coordinates coincide with the principal directions of permeability,
then permeability can be represented by ki, kyy, K;z. The diagonal terms may be
simply denoted by kx, ky, kz. The reservoir is described as having isotropic

permeability distribution if kx = ky =kz. Relative permeability, kw, kn, km - the



relative permeability is defined for simultaneous flow of two or more immiscible
fluids in a porous medium.

The relative permeability is the ability of a porous medium to transmit a
fluid at a point, if part of the porous formation at that point is occupied by other

fluids. The relative permeability is a function of the fluids saturation.
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Figure 6 — Relative permeability curves

A typical diagram for the variation of relative permeability of two phase
flow of oil and water is given in figure 6. The water as the wetting fluid ceases to
flow at relatively large saturation that is called the irreducible water saturation S.
or connate water saturation. The oil as the non-wetting fluid also ceases to flow at
saturation more than zero, connate oil saturation.

Capillary pressure

The discontinuity of pressure at the interface of two immiscible fluids is the
capillary pressure.

Where Pnw is the non-wetting phase, i.e. oil phase in water/oil flow, and Pw
Is the wetting phase pressure, i.e. water phase in water/oil flow. The capillary

pressure is also a function of the fluids saturation, i.e. P = P (Sw) in water/oil flow.



This information should be combined with the well log data and the other
available data to characterize the reservoir rock in a consistent manner.

Geostatistical methods may be applied to integrate the sparse data and to
propagate reservoir properties in a manner that is statistically coherent and
consistent. These algorithms are applied to model spatial autocorrelation, to create
continuous maps based on the data for the areal and vertical sections and to
simulate random realizations (data set) based on a given spatial autocorrelation
model. The reservoir is depicted using a very small grid to anticipate the
heterogeneity of the reservoir properties. It is the description of the reservoir on the

"geo-cellular model™. However, the description honors the known and inferred
statistics of the reservoir and suffers a considerable degree of uncertainty. The

geological description of the -cellular grids in many cases are not feasible.

Geology

The oil and gas accumulations usually occur in porous and permeable
portions of beds which are normally sandstone, limestone or dolomite formations.
The part of the trap that is oil and gas productive is termed as "reservoir”. A
reservoir may be hydraulically connected to various volumes of water-bearing rock
called aquifers. There are many reservoirs located in large sedimentary basins and
share a common aquifer. In numerous cases, the entire trap is filled with
hydrocarbon, and the trap and the reservoir are the same. Oil and gas are produced
from wells drilled into underground porous rocks. The ensemble of wells draining
a common oil accumulation or source or the surface area defined by the well
distribution is denoted as oil field. Most oil fields do not produce more than 45%
of the oil-in-place, even after enhanced oil recovery (EOR) schemes have been
applied. It may be due to bypassing a significant portion of the original reserves by
the applied displacement techniques. Extraction of the missing oil can lead to
significant economic windfalls because the infrastructure for additional oil
recovery is already in place and the cost of production is likely to be minimal. This

complies with the ultimate goal underlying the development of the science of



reservoir engineering to attain a maximum efficiency in the exploitation of oil- and
gas-bearing reservoirs or in other words, to obtain maximum recovery of oil and
gas at a minimum cost. The simulation of petroleum reservoirs is an essential
practice in the development of more efficient techniques to increase hydrocarbon
recovery and considered the main tool for modern reservoir management. For
optimal reservoir management, it's critical to determine the reserves, recovery
factors and economic limits as quickly as possible, but that's a difficult job. Using
reservoir simulation, engineers are able to forecast a range of production and
depletion scenarios based on different variables.

Reservoir simulators allow engineers and geoscientists to build dynamic
models that predict the movement of oil and gas flowing in reservoirs under in situ
conditions. However, all beneficial aspects of a reservoir simulation are affected by
the data that are input into the simulators, input data, and also a correct recording
of the performance of the simulated and real systems, output data. The system
consists of reservoir, wells and the other facilities. The reservoir simulator is
normally constructed on very highly uncertain input data relating the rock and fluid
properties. The input data should be delineated based on the output information
from the real and simulator systems during the production life of the reservoir. It
will help to adapt an optimum strategy to recover the hydrocarbons. Information
that will lead to "geological and geophysical modeling" and then "reservoir
characterization". The geologist and geophysicists usually concentrate on the rock
attributes in four stages:

1. Rock studies; to establish lithology and to determine depositional
environment, and to distinguish the reservoir rock from non-reservoir rock;

2. constructing a geological framework; to establish the structural style
and to determine the three dimensional continuity character and gross-thickness
trends of the reservoir rock;

3. reservoir-quality studies; to determine the framework variability of the
reservoir rock in terms of porosity, permeability, and capillary properties (the

aquifers surrounding the field are studied as well);



4, integration studies; to develop the 3-D hydrocarbon pore volume and
fluid transmissibility pattern. The first two tasks may be categorized under the
geological and geophysical modeling of the reservoir. The other two may be

classified as reservoir characterization.



3axirouenune

OCHOBHOM 11€7IbI0 JAaHHOW PaOOTHI SABISETCS UCCIETOBAHUE KOPPEKTHOCTH
MIPUMEHEHUSI COBPEMEHHBIX CIIOCOO0B MOJEIUPOBAHUS THAPOpa3phIBa IJIacTa AJIst
BOCMPOU3BEACHUSI HCTOPUYECKUX JAHHBIX B TUAPOJIMHAMHUYECKUX MOJETAX
MECTOPOXKIACHUM.

JUist focTrKEHUsl TaHHOM LIeNu ObUT MPONAEH P MPOMEKYTOUHBIX 3TAIOB,
pelIeHo MHOXKECTBO 3a7ay. B pamkax BBITIOJTHEHUS KBaTu(DUKAIMOHHOW PabOThHI
ObUTM  MPOpabOTaHbl TEOPETUYECKUE BOMPOCHI MO THAPOJUHAMHUYECKOMY
MOJICIMPOBAHUIO, TIPOBEJICHUIO MPOLIETYPhI TUAPOPA3pPhIBA IJIACTA, a TAKXKE ObLIN
U3Y4YEeHBI CYIIECTBYIOIIME MEeTOIUKU BocmpousBenaenust ['PI1 B ¢puabTpanmoHHbIx
MOJETISX.

JunimomHass paboTa HMMEET BBICOKYIO MMPAKTHYECKYIO IIEHHOCTh. ITO
oOBsICHSIETCS T€M, YTO B paMKax paOoThl Ha 0aze otrnena moxaenupoBanus OAO
TomckHUIINHEDT, OBUIO  TPOBEAEHO TMOCTPOCHHE MOJEIU  PEATHHOTO
MecTopoXkJieHus ToMckoil o6iacT, KOoTopas Mpolljla BHYTPEHHIOIO 3KCIEPTHU3Y
KOMIIAHUM M CeMYac HCHOJIb3YeTCs JUId pacyeTa IPOrHO3HBIX BapHUaHTOB
KOMIIAHWH.

[Ipu amanTaruu rUAPOIMHAMUYECKOW MOJACTH OBUIA HMCIOJIB30BaH HOBBIN
NOJXOJ JJIi HACTPOMKH PACUETHBIX IOKa3zaTesiei J0ObIYM Ha HCTOPUYECKHE
nanHple. K TakuM HOBOBBEIICHUSIM MOHO OTHECTH 3aaaHue mapametrpoB ['PII Ha
CKBa)XMHAX C MOMOIIBIO CIEUUAIBbHBIX KIFOYEBBIX CIIOB, @ TAKXKE HCIIOJIb30BAHUE
WHCTPYMEHTOB HMHTEPIOJSAIUN MPU KOPPEKTHPOBKE KyOOB cBOMCTB. CiemyeT
OTMETUTD, YTO JJI1 0OOCHOBAHUS KOPPEKTHOCTH WCIIOIB30BAHUS 33JIaHUS TPEIIUH
I'PIT Takum cmocoOoM OBLIO MPOBEACHO CpaBHEHHE pE3yJabTaT pacyeTa ¢
3TaJoHHOM Mmoaensto, rae ['PII MoxgenupoBaiics METOIOM HW3MENBUYEHHUS] CETKHU.
Jlist 5TOrO OBLT OCYHIECTBIEH MOAOOpP MapaMeTpOB M CBOMCTB, a Takke cOOpKa
TECTOBOWM MOJIENIM, KOTOpass MaKCMMaJlbHO Obl OTBeYaja MOCTaBJICHHBIM
TpeboBanusaM. [locie TOoro kak MeTOJ MOATBEPAUI XOPOIIYI0 CXOAUMOCThH C
ATAJOHHOW MOJIeNIbI0 OBbLT MPOBEJCH aHalNU3 BIUSHUS MapaMeTpOB TPEUIMHBI Ha

pe3yiabTaT pacyeTa.



Kpome TOro, B pamkax pabOTBl Hax MPOEKTOM OCYILECTBIUIOCH
IIPOMBIIJIEHHOE TECTUPOBAHUE KOPIMOPATUBHOI'O MPOrpaMMHOro kKomiuiekca PH—
KWM. 3a Bpems padotsl ¢ [IK PH-KMM 0b11 nipoTecTupoBaH €ro (pyHKIUOHAI,
HalMCaHbl METOAMYECKHE MOocoOus MO paboTe C KOMIUIEKCOM, IIOJrOTOBKE
UCXOJHBIX JaHHBIX U 00pabOTKE U BBITPY3KE PE3yJbTAaTOB pacuera, TaKkKe
HOJIFOTOBJIEH OTYET O IOCTPOESHUU MOJEIH.

Ilo pe3ynbrataM paboOThl MOXXHO YTBEPXKAaThb, YTO TOCTABIICHHbIE 3aJla4u

PCUICHBI, a ICJIb pa6OTBI AOCTUTHYTA.



