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A.B. CopokuH, B.11. COpOKVIH (Omera-K, 1. Trome b)

OpfHow 13 0cobeHHOCTEN MpoLecca N3y4eHnA XUAKNX U ra3006pasHbIX
YrnMeBoAoOpOAOB B MECTE MPUPOAHOTO UX HAXOXKAEHUA ABNAETCA

TOT haKT, YTO ATOT NPOLIECC HEBO3MOXHO OpraHn3oBaTh 6e3
npeaBapuTesIbHOro TEXHOrEeHHOro BO3AENCTBMUA Ha NIAacTOBYIO CUCTEMY.
Mpexae yem oTobpark Npoby HedhTH 1 ra3a HeobXxoAMMO NPodypUTb
CKBa)XMHY, OPraHM30BaThb rmapoayHaMnyeckoe BO3AENCTBIE Ha
NnacToByO CUCTEMY, N TONMbKO 3aTeM NpPon3BecTM 0T6op Npob dromaa.
PesynbTaTom usydeHuna asnAeTcA nHopmaumaA o ha3oBoM COCTOAHUM
dononaa, 0 KOMMOHEHTHOM COCTaBe ¥ HN3NKO-XMMUYECKNX CBONCTBAX
YrMeBoaopoaos. OTW AaHHbIE NCMOMb3YIOTCA B KA4eCTBE UCXOAHbIX

npv noacyeTe 3anacoB YIrMeBoA0POAOB, MOAENMPOBaHNN NPOLIECCOB
HeddTeBbLITECHEHNA, a TaKXe ANA BbIpaboTKN O NPeACTaBNEHUAX U
npoLeccax NpoNCXoXXAeHNA HedpTu 1 rasa, MecTte 0bpa3oBaHnA, MyTAX
MuUrpaummn o nonagaHvA ux B NpUpPOaHbIe NOBYLLKK U T.4. [1o3ToMmy,
nonyyYeHunio NHhopMaLmm 0 CocTaBe M CBOMCTBAX HedpTK 1 rasa
npeaLecTsyeT pAA TEXHOreHHbIX (haKTOPOB, CMIOCOBHbLIX BLIBECTU
cucTemy 13 TepMoaMHaMNYeCcKoro paBHoBecuA. B aTom cnyyae
BO3pacTaeT pPorb NH(POPMALIMOHHBIX TEXHOMOTMIA, HaNPaBNEHHbIX Ha
aHanu3 pesynbTaToB 1 MOCNEACTBUA 3TUX BO3AENCTBUIN HA KA4EeCTBO
nHcpopmaumm o coctase 1 CBOWCTBAX MNacTOBOW CUCTEMbI.

AHanu3s pesynbTaToB UCCNEAO0BaHHbIX MPO6 A0OLITONM HETU, B T.H.
3aKCpoBaHHbIE TEHAEHLMN NX U3MEHEHUA B NpoLiecce paspaboTkm
3anexu [1] pesynbTaThbl N3y4eHnA npoLecca B3auMoaencTeusa
Mopene MoBEPXHOCTM KOMNEKTopa U MOAENV BMeLLatoLero criovaa
[2], npeacTaBneHnAx 0 CBOMCTBAX OCTAaTO4HON HedpTu [3] npusBoaAT

K BblBOAY O TOM, H4TO MHG)OpPMaLMA O COCTaBe 1 CBOMCTBax Npob
HedYTH, OTOBPAHHBIX M3 CKBaXKMH HE aieKBaTHa MHhopmaumm o
coCTaBe 1 CBONCTBAaxX NacToBon HeTW. AHANOMMYHbIN BbIBOA, MOXHO
OTHECTU U K NPeACTaBMNEHVNAM O CBOWCTBAX ra3a ra3oBbIX 1 OCOBEHHO
ra30KOHAEHCATHbBIX 3anexen.

[nA 6onee NOAHOro 1 O6BLEKTUBHOIO ONMCAHWA NPOLIECCOB 06pa3oBaHNsA
N HaKOMNEHNA OPraHNYECKOro BeLLEeCTBa B MPUPOAHDBIX JIOBYLLIKaX
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INFORIVIATION
STRUCTURE 'OF IN-SITU OIL

A.V. Sorokin, V.D. Sorokin (Omega-K, Tyumen)

A special feature of the process of studying the liquid and gaseous
hydrocarbons in their natural location is the fact that this process cannot
be initiated without there being a preliminary technological impact on the
formation. Prior to taking a sample of oil and gas, it is necessary to first drill
a borehole, then to perform hydrodynamic stimulation of the formation, and
only then to take a sample of the formation fluid. The upshot of the study is
that it yields information about the phase state of the fluid, the component
composition and the physico- chemical properties of hydrocarbons.

This data is used as background information in evaluating the reserves

of hydrocarbons, in simulating the processes of oil displacement, and
also to gain insight into the origin of oil and gas deposits, the place of
their accumulation and routes of their migration before making their way
into naturally occurring traps. Therefore, a number of technogenic factors
capable of disturbing the system from thermodynamic equilibrium must
be considered before we obtain information about the composition and
properties of oil and gas. In this case, the role of information technologies
aimed at analyzing the results and consequences of these impacts on the
quality of information about the composition and properties of the reservoir
system takes on an added dimension.

During analasis of recovered oil samples, including the recorded
tendencies of their change in the process of field development [1], as

well as the feedback from the study of interaction between the models

of the reservoir surface and the model of the contained fluid [2], and

our perception of the properties of residual oil [3], we concluded that
information about the composition and properties of well oil samples is not
identical to that of the composition and properties of in-place oil. A similar
conclusion may be drawn with respect to our notion of the properties of
gas in gas and especially gas-condensate accumulations.

To get a more detailed and objective description of the processes of
formation and accumulation of organic matter in naturally occurring traps
and extraction of hydrocarbon material, it is essential to use a set of terms



1 fo6bI4N YrNEBOAOPOAHOIO ChipbA HEO6XOAMMO MCMONb30BaHNe
KOMMNeKca TePMUHOB 1 ONPEAENEeHNA, CNOCOBCTBYIOLMX MOHUMAaHNIO
npeameTa paccMoTpeHua. HecMOTpA Ha MHOTONETHIOID UCTOPUIO
uccneaoBartenbCkux paboT B 06n1acTn Nsy4eHna ru3nKo-XUMNHECKNX
CBOWCTB NNacToBOW HedpTW, Ha HaLL B3rMAA, HE AOCTATOYHO NOMHO
chopMMpoBaHa cMcTeMa TEPMUHOB M ONpeaeneHuii B 3Tom obnactn
HebTAHOW HayKw.

OaHUM U3 NPenATCTBUIA ABNAETCA HEAOCTATOYHO YEeTKoe U
O[HO3HaYHOe onpefeneHue «nnactoBas HedTb», OTCYTCTBYIOT
onpeneneHna «ocTaTodHas HedTb», «NoABUXKHAA HE(Tb»,
HeobX0AMMOCTb B YETKOM OnpeaesieHnn 3TUX TEPMUHOB BaxkHa AnA
bonee 06BEKTUBHONO NOACYETa 3anacoB yreBoaopoaos, bonee
pe3ynbTaTUBHOIO MOAENIMPOBaHUA NPOLECCOB HehTEBLITECHEHUA
uT.o.

HopmaTtusHbIM gokymeHTOM [4] AaHo onpeaeneHne TepMuHa
«MnnacToBanA HepTb», KOTOPOE NPUBEAEHO B HEM B CrEAyHOLLEN
pepakumn: «nnacrtosas HedTb — HeddTb, CoAepXaLlanAcA B NnacTe B
YCINOBWAX, XapaKTePHbIX ANA Hero AaBneHnin n Temnepartyp». Ha Haw
B3MNAA, AaHHOE onpeaeneHne CTpaaaeT CrieayoWwmMMn HegocTaTkamu:
BO-MEpBbIX, OHO TABTONOTNYHO «HEdTb — 3TO HE(ITb», BO-BTOPbIX, B
HeM He 3anoXeHbl OrpaHN4eHnA No )asoBOMY COCTOAHUIO HEPTY B
nnacre, B TPETbWX, HE ACHO, 4YTO 3TVM OnpeaeneHneM OTHOCUTCA K
NnacToBon HehTH, NOTOMY YTO NMOPOBOE NPOCTPAHCTBO KOMNeKTopa
HapAay C XUAKUMM YrNeBoAopoAaMn Y paCTBOPEHHLIMU B HUX
HeyrneBoAOPOAHLIMU COEANHEHNAMU COASPXKUT MAHEPATN30BaHHYIO U
rasoHachblILLEHHYO BOAY.

Takvm 06pa3om, Takoe onpeaeneHe OCHOBOMOaratoLero TepMuHa
npmeBoaAMT K CcneayrowmMmMm HeraTuBHbIM ABTEHNAM: He HauenmBaeTt
HedpTAHYIO HayKy Ha 1ccnefoBaHve NpeaMeTa; owmnbkam B OLEeHKe
reonormyeckmx 3anacoB HethTu 1 rasa; hopMMPOBAHMIO OLLIMBOYHbBIX
pe3ynbTaToB UCCNEAOBaHUA COCTaBa 1 CBOWCTB NacToBON HETH,
a, crefoBaTesibHO, NPaBOMOYHOCTb BbIBOAOB, OCHOBAHHbIX Ha
3HaHUM CBOMCTB NNIacTOBON HEPTU Hy>KAAETCA B AOMONHUTENbHbIX
AokKazaTtenbCcTBax U T.4.

Havibonee yaa4yHoe 13 N3BECTHbIX aBTOPam ONMpeaeneHnin NNacToBOW
HedhbTv NpmBeaeHo B «MIHCTPYKLMK MO HOPMUPOBAHMIO TEXHOMOMMHECKUNX
noTepb HetpTN Ha HedpTerazogobbLIBAKOLLMX NPEANPUATUAX HEPTAHLIX
komnaHui Poccuiickon ®epepaumn» (P 153-39-018-97), Vcha-1997 r.:
«nnacTosanA HepTb — NPUMPOAHAA CMECh YINeBOAOPOAOB Pa3NNYHbIX
rpynn, HAXOAALUMXCA B XXMAKOM COCTOAHUM, C MPUMECHIO ApYrMX
(cepHMCTbIX, a30TUCTbIX, KUCIOPOAHBIX) COEAVHEHWI, 3aneratoLlan B
Heapax 3emnu». K HepocTaTkam 3Toro onpeaesieHnA MOXXHO OTHECTU TO,
YTO OnpefeneHHas YacTb YreBOAOPOAHbBIX COeAVNHEHW copbrpoBaHa
NMOBEPXHOCTLIO KOMNMEKTOPA HE MOXET CHATATLCA HAXOAALLENCA B
XXKNOKOM COCTOAHUN.

Onpepenexve TepMuHa «nactoBas HePTb», B KOTOPOM YYTeHbI
OTMEYEHHbIE BbilLE HEAOCTATKM M3BECTHbIX OMNpeaesieHuUi, no Halemy
MHEHUIO, AOMKHO 3By4aTb B crieaytoLein hopMyMpoBKe: «MniacToBan
HehTb — COBOKYMHOCTb YrIeBOAOPOAHbIX COEANHEHWI N PACTBOPEHHbIX
B HWX HeyrNeBoAOPOAHbIX COEANHEHMWIA MPUPOAHOMO NPOUCXOXAEHMA

B NPMPOAHOM COOTHOLLEHWUW (KPOME BOAbI), HAXOAALAACA B
TepMOAMHAMNYECKOM PABHOBECUM MPU XapaKTePHbIX AABNEHNAX

1 Temnepatypax nnacra Ao NpUIoXKeHNA rapoaMHaMnyYeckoro
BO34ENCTBUA.

[MoaTomy, NpMHMManA BO BHUMaHWE BbilLENPUBEAEHHbIE PACCY>XXAESHNA,
HeobxoaMMo chOPMYNMPOBaTb OCHOBHbIE MOHATUA OTHOCALLMECA

K MPOLIeCCy M3y4eHWA MacToBbIX YINEeBOAOPOAHbIX CUCTEM U
cchopmmpoBaThb MHPOPMALIMOHHYIO CTPYKTYPY MiacToBon HedpT,
OCHOBaHHYIO Ha pPasnnM4nAX B CBONCTBAX ee CocTaBnAtoLwmx. B

nepByto 04epeab, MOXHO BblAEUTL ABE OCHOBHbIE COCTaBAIOWLME
NNacToBon HepTU: NOABWMXXHYIO HE(PTb, KOTOpaA rMAPOANHAMNYECKNM
BO3/[EMNCTBMEM NepemMeLLaeTcA No nnacTy, YacTb ee MOXeT ObITb fobbITa
C MPUMEHEHMEM WCTIONb3YEMbIX TEXHOMOMMI, N OCTATOYHYIO HeddTb,
KOTOpaA KO BPEMEHN OKOHYaHUA pa3paboTku OCTaHEeTCA B TEX MU UHbIX
30Hax nnacrta (puc.1).

and definitions, contributing to a better understanding of the subject under
examination. Despite many years of research into the physico-chemical
properties of in-situ oil, we believe that the current system of terms and
definitions in this field of petroleum geoscience appears to be lacking
elaboration.

A major obstacle in this respect is that the term “in-situ oil” has no clear-
cut and unambiguous definition and there are no definitions for “residual
oil” and “mobile oil” There is a strong need for a precise definition of
these terms in order to be able to calculate more objectively hydrocarbon
reserves and to carry out more effective simulation of the process of oil
displacement.

A regulatory document [4] gives this definition of the term “in-situ oil”: “in-
situ oil is oil which is trapped in a reservoir under conditions characteristic
for it pressure and temperature’

According to our understanding, this definition has the following
disadvantages: first, it is tautological -“oil is oil” Secondly, it does not
embody constraints on the phase state of oil in the reservoir and thirdly,

it is not clear what relates to in-situ oil under this definition because the
reservoir pore space contains, in addition to liquid hydrocarbons and non-
hydrocarbon compounds dissolved in them, mineralized and gas-saturated
water. The downside of this definition of the basic term is that it serves to
perpetuate negative phenomena: petroleum science is not focused on
the study of the subject; errors in the estimate of geological oil and gas
reserves; generation of erroneous results in the study of composition

and properties of in-situ oil, and, consequently, the validity of conclusions
based on the knowledge of in-situ oil properties, requires supportive
evidence, etc.

The most appropriate definition of in-situ oil known to authors is one
given in “The manual on valuation of process losses of oil at oil and gas
production enterprises of Russian oil companies ” (RD 153-39-018-97),
Ufa -1997: “in-situ oil — a natural mixture of hydrocarbons of different
groups, existing in a liquid state, with the admixture of other compounds
(sulphur, nitrogen, oxygen), located deep below the earth’s surface’
The trouble with this definition is that a certain portion of hydrocarbon
compounds is absorbed by the reservoir surface and cannot be
considered as being in the liquid state.

We are of the opinion that the definition of the term “in-situ oil’; which takes
into account the above drawbacks of common definitions, should have the
following wording: “In-situ oil — the sum total of hydrocarbon compounds
and non-hydrocarbon compounds of natural origin dissolved in the former
in a naturally occurring ratio (except water), assuming thermodynamic
equilibrium at natural reservoir pressure and temperature before being
subjected to hydrodynamic treatment”

Therefore, bearing in mind the above line of reasoning, it is necessary

to formulate the basic concepts relating to the process of studying the
hydrocarbon reservoir systems and to form the information structure of in-
situ oil, based on differences in the properties of its components.

First, it is possible to single out two fundamental components of in-situ
oil: mobile oil, which travels through the formation due to hydrodynamic
effects, a portion of which can be obtained using currently available
technologies, and residual oil that will remain in different zones of the
reservoir after completion of the development (Fig.1).

In-situ oil

Mobile oil Residual oil

Fig.1. Basic components of in-situ oil
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MnactoBaA He(pTb

OcTaToyHan
HeddTb

[NMopBu>xHanA
HeddTb

Puc.1. OcHoBHble cocTaBnAOLLME NNACTOBOW HEPTH

OnpepenexHnsa NOABMKHOW Y OCTaTO4MHOW HEDTW MNP YCIOBUAX
pa3paboTKy 3aexm TakxXe He UMEIOT YeTKUX (DOPMYSIMPOBOK, YTO
caepxxmsaeT paboTbl MO UCCNEA0BaHMIO (OU3NKO-XMMUHECKMX CBONCTB
COCTaBAOLLMX MN1ACTOBOW HEDTU, NCKMIOHAET pa3aernbHbIN yHeT 1
MCMONb30BaHNe Kak 06beMoB, Tak 1 CBONCTB BCEX COCTaBAOLLMX
nnacToBon HedbT B MeToAnKe noacyeTa 6anaHcoBbIX 3anacos, npu
MOZENMPOBaHNM NpoLiecca HePTEeBbITECHEHNA.

K HacToAwemy BpemeHn bonee unu MeHee cchopMMpOBaHO MOHATUE
«OCTaTO4HaA HeddTb», OCHOBAHHOE Ha BPEMEHHOM W 30HANTbHOM
noHnmaxum [3, 5]. 3HayeHnA HUINKO-XUMUHECKUX CBONCTB

0CTaTO4HOW He(pTV B TOW ee TPaKTOBKE He 3a4elCTBOBaHbI. Tak Kak
ocTaToyHaA HedpTb COAEPXKMTCA Kak B Lie/IMKaXx rnnacta HeOXBaYeHHbIX
rmapoaMHaMMYeCKnM BO3AENCTBMEM, TaK U B 30HE APEHNPOBaHMA
nnacra no NPOLLIECTBUN KaKoro-TO BPEMEHW pa3paboTKu 3anexu,

TO M 3HAYEHNA (PUBNKO-XMMUYECKNX CBONCTB COCTaBIIAIOLLIMX
OCTaTo4HON HedpTV pa3nnyHbIX 30H ByayT oTnnyaTbeAa apyr ot apyra [1].
CnepoBarenbHo, ANA NPeACTaBNeHNA KakuMW 3HaYeHNAMN (OM3NKO-
XUMUYECKUX CBOWCTB, ByneT obnaaarb octatodHaA HedTb, HEO6X0AMMO
NPON3BOANTL YTOHHEHUE 30HbI MNAacTa, [Ae OHa B KOHKPETHbIN MOMEHT
HaxoauTcA.

B cBoto o4epenb, NoasmKHaA 1 ocTaTodHaA HepTb AOMKHbI ObITb
pasfeneHbl eLe Ha pAL COCTaBMAIOLLMX MO MPUHLMMNY Pa3nnynA CPeaHNX
3Ha4YEHNN NX PUSNKO-XMUHECKMX CBOWNCTB (PUC.2).

B nepsom npubnmnxeHun 3anacol nnactoBov HedhTn M3 1 macchbl Bcex ee
COCTaBNAOLLMX CBA3aHbI MeX Ay COO0V CreayoLyMmM COOTHOLLEHUAMM:

Ma=Mo+Mys
Ma=Myg+Mys ,
mys=M3-KUH ,
m, =M3(1-KVH),
Mo=Myz+Mc+My,
_ m,(1-w)

1+m

mu=M3(1'KoxB):

L

MnacToBana

l OcTarto4Han HedTb ‘

HenoaswxHaA He(pTb

A

3. CopbupoBaHHas n 4. HedpTb,
CTPYKTYypypOBaHHaA ocCTaBLUAACA B
HedpTb uenukax

’ MoaswxHaa HedpTb ‘

/ - \

1. U3BneyenHan
noasuXxHaA HedbTb

2. HenssneueHHan
noasuxHaA HeTb

Puc.2. CocTaBnAtowme niacToBo HedoTu, MetoLLMe pasinyHble
cpenHue 3HaveHna OM3NKO-XUMUYECKMX CBOWCTB
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Definitions of mobile and residual oil under the conditions of field
development are again not laid out in clear terms, which tends to hold
back work for investigation of the physico-chemical properties of in-situ oil
components. It also rules out the possibility of separate accounting and
the use of both volumes and properties of all in-situ oil components when
calculating volumes in-place, and during simulation of the oil displacement
process. To date, the concept of “residual oil” appears to be more or less
formulated, based on temporal and zonal understanding of variations

in reservoir properties [3, 5]. This interpretation of the term “residual oil”
leaves out of account the values of its physico-chemical properties.

Since residual oil is contained both in the pillars of the reservoir not
exposed to hydrodynamic stimulation and in the drainage area after

the field has been under development for some time, the values of the
physico- chemical properties of residual oil components of different zones
will tend to differ from each other [1].Consequently, to get an idea of
what the values of physico-chemical properties of residual oil will be, it

is essential to define a more exact understanding of the formation zone,
where this oil is located at any specific moment in time. In turn, mobile
and residual oil must be further divided into a number of components
according to the principle of difference in average values of their physico-
chemical properties (Fig2).

In the first approximation, the reserves of in-situ oil Mres and the mass of
all its components are related to each other by the following relationships:

Mies=mo+m; ,
Mm=M+Myn ,
mM=MsORF ,
m, =Mes(1-ORF) ,
Mo=Myn+Ms+Myet ,

m, (1-m
Myn = ML= @)

1+m

mret=Mres(1'sz) )

\

| Residual oil |

Immobile oil

P

3. Absorbed & 4. Retained oil
recovered oil

] Mobile oil \

/ o \

1. Mobile 2. Mobile
recovered oil unrecovered oil

Fig.2. Components of in-situ oil having various average values of physico-
chemical properties

where M,s - oil in place, reserves under reservoir conditions, t;
m, —mass of mobile oil, t;

m, —mass of recovered oil, t;

my,  — mass of mobile unrecovered oil, t;

ms —mass of absorbed and structured oil, t;
m, —mass of retained oil,t;

m, —mass of water in the drained zone of the reservoir at a
particular moment of development, t;

() - water cut at a given moment of development, fraction;

K —reserves hydrodynamic sweep efficiency;

ORF - oil recovery factor at a given moment of development.

Now that we have suggested a new structure of in-situ oil, the missing
terminology should read as follows:

Mobile oil - a portion of in-situ oil, travelling along the reservoir under the
action of external force.
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rae M3 — 6anaHcoBsble 3anachl NacToBon HePTN B MNACTOBbIX
ycnoswusx, T;
m, - wmacca NnoABWKHON HehTH, T;

m,, — Macca U3Bfie4eHHON HedpTw, T;

Mys — Macca HEN3BNEYEHHOWN NOABUXKHON HeddTw, T;

m, —macca copbupoBaHHOW 1 CTPYKTYpPUPOBaHHOW HETH, T;

m, —wmacca HedpTu, ocTaBLUEeNCA B LennKax, T;

ms; —Macca Bofbl B APEHNPYEMOI 30HE MnacTa Ha AaHHbIA MOMEHT
paspaboTku, T;

(1) —06BOAHEHHOCTb NPOAYKLMM Ha AaHHbIA MOMEHT pa3paboTku,
nonv en,;

Koxs — KO3hULMEHT OxBaTa 3anacoB rmapoaANHaAMUYECKUM
BO34€ENCTBUEM;

KNH - koadhchuumeHT n3sneyveHna HedTv Ha AaHHbIA MOMEHT
paspaboTkm.

B cBA3M C NpeanoxXeHHO CTPYKTYpOA NNacToBoi HEPTH HEAOCTAIOLLYIO
TEPMVUHOMOIVIO Mbl NPeAsiaraeM B CrefytoLLen pefakLym.

MoaBwkHaA HedTb — YaCTb NNACTOBOW HE(YTYW, ABUXKYLLAACA MO NNAcTy
B pesynbTarte BMAHNA BHELLUHUX BO3OEVNCTBUN.

N3BneyeHHanA noaBwXHaA HehTb — onpeaeneHHan YacTb NOABVKHOM
HedpTH, KoTopanA AobbiTa M3 NracTa B pesynbTaTte NPOoM3BOACTBEHHON
AEeATeNIbHOCTU C yH4ETOM S9KOHOMUYECKNUX N TEXHONMOIM4YeCKnX
OrpaHyY4eHNi.

Heunssne4yeHHana noasmkHaaA HehTb — YacTb NOABMKHON HehTH,
KoTopaA He AobbiTa U3 NnacTa ¢ NPUMEHeHeM UCNOoMb3yeMblX
TEXHONOrvin B pesynbTaTe NPON3BOACTBEHHON AEATENbHOCTU MO
3KOHOMUYECKUM N TEXHONOTUYECKUM OrpaHUyeHNAM.

OcTaro4HanA Hed)Tb — 4acTb NIACTOBON HE(PTHN HAXOAALLAACA B NiacTe
Ha MOMEHT OKOH4YaHWA npouecca BbITECHEHUA.

HenopaswkHaA HedhTb — YacTb NNACTOBON HE(YTH, He ABMXKYLIAACA MO
nnacrty B pesy/nbTare 0Ka3biBaeMoro Ha Hee BHELLHero Bo3aeicTeusA.

CopbupoBaHHasA U CTPYKTYpUpoBaHHaA HE(Tb — YaCTb HEMOABVXKHON
HedpTH, yaep>kxmBaemasa B6/IM3M NOBEPXHOCTY KOMMEKTopa cunamm
MEXXMOJEKYNAPHOIO B3aMOAENCTBUA.

HedyTb, ocTaBluaACA B LieSIMKax — 4acTb HEMOABMKHON HEPTU He
BOB/IEYEHHAA B MPOLIECC APEHNPOBAHWA.

C Haluel To4KM 3peHna, BbipaboTKa YeTKUX onpeaeneHnii AnA
HegocTaroLe TEPMUHOMOMUM NOMOXET KOHKPETU3UPOBATb CTPYKTYPY
3anacoB MNacToBon HedhTH, 3HAYEHNA DUNKO-XMMUYECKNX

CBOWCTB BCEX COCTaBNAOLMX NIACTOBON HE(PTK, ONpeaenuTb Kpyr
METOAOB UCCNefoBaHVA U OpraHU30BaTh UCCIef0BaHNA CBONCTB ee
COCTaB/ALWMX. ATO NO3BOMT NEPENTH OT pacHeTa MaTepuasnbHoro
6anaHca, OCHOBAHHOTO Ha YMCTO 06bEMHOM MeTode (06beM nnacTa,
3aHUMaeMbI HedbTbto, CBOVCTBA A06bIBaEMO HeHTU B HaYambHbIN
nepvopg pa3paboTku 3anexu) 6e3 yyeta COOTHOLLUEHNA Macc U
CBOWCTB OTAESIbHbIX COCTaBAIOWMX MNacTOBOM HE(PTH, K pacyeTy
mMaTepuanbHoro 6anaHca, OCHOBAHHOIO Ha y4eTE KOMMOHEHTHO-
PPaKUMOHHBIX COCTABOB U COOTBETCTBYHIOLLMX MAcC BCEX COCTaBMAOLLMX
nnacToBomn HedpTw.

MoacyeT 6anaHcoBbIX 3anacoB NIACTOBON HEHTM NPOU3BOAUTCA

C y4eTOM Bcero obbema nniacta 3aHATOro HedpTbio. Ha 3Tom aTane
OTCYTCTBYeT [AEeNEHNE NNacTOBOW HE(OTU Ha ee COCTaBNAIOLLME:
NOABVIKHYIO U HeMoaBWKHYH0. O6BbEKTOM noacHeTa banaHcoBbIX
3anacoB ABNAETCA «NnacToBaA HehTb», HAXOAALLAACA B MOPOBOM
NPOCTPaHCTBE 3a/ieXu J0 Havana ee pa3paboTku. O6bekToM
BbITECHEHWA ABMAETCA TONbKO HEKOTOPaA YacTb MIacToBoW HedTH
(noaswxHaA HedTb), KOTOPAA MOXET bbITb BOBNEYEHa B MPOLIECC
OpeHVpoBaHMA AnA nocneayroLen Aobblum CKBaXKnHamm (CM.purc.2).
Vcxona ns aToro cpefHee 3HayeHve CBOMCTBA «MacToBoW HedhbTu»
AnA noacyeTa 6anaHcoBbIX 3aMacoB MOXET ObITb HE PaBHO cpeaHeMy
3HaYeHWUIO CBOMCTBA «MOABUXKHOWN HEdOTW», UCMONb3yeMoro AsA
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Recovered mobile oil — a certain portion of mobile oil extracted from the
reservoir as a result of production activity with due regard for economic
and technological constraints.

Unrecovered mobile oil — that portion of mobile oil that is not extracted
from the reservoir with the use of currently available technologies as a
result of production activity due to economic and processing limits.

Residual oil — a portion of in-situ oil residing in the reservoir by the time
the process of displacement is completed.

Immobile oil - a portion of in-situ oil that doesn’t travel through the
reservoir due to external effects exerted on it.

Absorbed and structured oil —a portion of immobile oil retained near the
surface of the reservoir due to intermolecular force interactions.

Retained oil is that portion of immobile oil that was not involved in
the drainage process

In our view, working out clear definitions for missing terms may help to
define concretely and precisely the structure of in-situ oil reserves, the
values of physico-chemical properties of all in-situ oil components, and
identify the scope of exploration tools in order to organize studies of the
properties of its components. This will make it feasible to change from
calculating the material balance based on purely volumetric methods (oil
volume in the reservoir, the properties of extracted oil in the early stage of
field development) less regard to the mass-ratio and properties of separate
components of in-situ oil, to computing the material balance based on the
account of component- fractional compositions and corresponding masses
of all in-situ oil components.

When calculating the balance reserves of in-situ oil, you must take in to
account the entire reservoir volume occupied by the oil. At this stage there
is no division of in-situ oil into its components: mobile and immobile.

The calculation of the balance of reserves is “in —situ oil’; located in the
reservoir pore space before the onset of its development. With regard

to oil displacement, only a certain portion of oil is displaced (so-called
mobile oil) which can be involved in the drainage process for subsequent
well production (Fig.2).This being so, the average value of “in-situ” oil for
computing the balance of reserves may not be equal to that of “mobile oil’;
which is used for calculating the process of oil displacement due to their
inherently different volumes and properties.

Therefore, for the purpose of computing the balance of reserves we
should obtain and use the values of physico-chemical properties of in-situ
oil, while the physico-chemical properties of mobile oil should be utilized in
modeling the process of oil displacement.

Based on the proposed division of reservoir oil into separate components,
the average integral value of the physico-chemical property of in-situ oil
Ores for calculating the balance reserves can be found from the following
equation:

N T - (O-m.+ O m, + Ocm.+ Ou-m)

res

Ires
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where (j d (j O. - average integral value of the property of
corresponding in-situ oil component (Fig.2);

d-,dw_, d.(, dm —mass fraction of the corresponding in-situ oil component
m
d =,

e

where m; — mass of the i-th component of in-situ oil.

Formulas (1) and (3) allow for calculation of the average value of the



pacyeTa npouecca HehTeBbITECHEHUA, U3-3a COBCTBEHHO PasfinyHbIX
nx 06BEMOB 1 CBOMCTB. [MoaToMy AnA Lenein noacyeTa 6anaHcoBbIX
3anacoB AO/MKHbI 6bITb NOMyHeHbI N UCTIONb30BaHbI 3HAYEHWA
PMINKO-XMMUHECKNX CBOMCTB N1acTOBON HE(PTH, a NPUMEHATLCA NpK
MoZEenMpoBaHnn npoLiecca HedTEBbITECHEHNA — 3HAYEHWA N3NKO-
XVIMMYECKMX CBOMCTB MOABWKHON HEITU.

Vcxona 3 npegnaraeMoro pasgeneHus nnacToBor HehT Ha
OTAenbHble COCTABNAOLINE, CPEAHEE NHTErparnbHOe 3HaYeHme
PU3MKO-XMMNYECKOrO CBONCTBA NNacToBON HehTH (): ANA noacyeTa
6araHCOoBbIX 3aMacoB [OMKHO HAXOAUTLCA U3 BbIPaXKEHNA:

) ?.)‘—‘ _ ((}M_ T+ ()J.\_ -.Jn,.f_ + (“)',., M+ :’)” wm,) :
T

2 C= M A M

g

@ O.=0d +0,d
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me Oy 0. 050, - cpeaHee NHTerpanbHoe 3HaYeHne CBOMCTBA
COOTBETCTBYIOLLEN COCTABMAIOLLEN NNacToBow HehTH (CM. puUc.2);
d,.d, .d, d, —wmaccoBas [onA COOTBETCTBYIOLIEH COCTABNAIOLLEN
nnacToBo HehT! ¢ = ﬂ rae m; — macca i-Tov cocTaBnAtoLen
nnactoeoit Heptn. 1 ¢

®dopmynbl (1) 1 (3) NO3BONAIOT MPOBECTU pacHeT CPeAHEero 3HaYeHmA
(PM3NKO-XMMUYECKOTO CBOMCTBA NNACTOBON HE(YTH MPU UCMONL30BaHWN
pPasnMYHON NCXOOHOM MHCbopMaLmK (OTHOCUTESTIbHOM U aBCOMNOTHON).
CpenHee 3HayeHNe hr3nKO-XMMUHECKOrO CBOVCTBA NMOABUXKHON
HedhTK (CM. p1C.2) ANA UCMONMb30BAHWNA B pacyeTax NpoLeccoB
HepTEBLITECHEHWA [OMMKHO HAXOAUTLCA U3 BbIPKEHUA:

(4) O = O, m,, N O, m,
' m, m,

nm

(5) O, =07, + 0,7,
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I
N3BJIEYEHHOMN YaCTW NOABWXXHOM HEYTU, COOTBETCTBEHHO;
~ m,
Of.; , Y ?r'g = - 3HaYeHWe CBOVCTBA U MaccoBan A0MA COCTaBMAOLLEN
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HEN3BMNEYEHHOWN YacTu NOABMKHON He(*)TVI, COOTBETCTBEHHO.

ELle ofHMM NpYHUMNMaSbHBIM MOMEHTOM, HE OTPaXKEHHbIM Kak B
MeTOAVKE NoACHETA 3aMacoB, Tak U B METOAMKE pacyeTa NpoLeccoB
HedpTeBbITECHEHVA ABNAETCA OTCYTCTBME y4eTa 3HaYEeHNA OU3NKO-
XMMUYECKUX CBOMCTB OCTATOYHOM HedhTW. OLeHKa 3HauYeHuiA n3nKo-
XMMUYECKUX CBOMCTB OCTATOYHOW HE(DTM KaK Ha Ka4eCTBEHHOM, TaK U
Ha KOJTMYECTBEHHOM YPOBHSAX JaHa B paboTax AOCTATOYHO LUMPOKOro
Kpyra y4eHbiX.

MpumMepbl 06LLMX OLIEHOK 3HAYEHMI HU3UKO-XUMUYECKUX

CBOWCTB OCTaTOYHOW HEHTU MOXHO HanTu B paboTax [3, 5], a ¢
Y4€TOM 30HalNbHO-BPEMEHHOTO AeneHnA B paboTe [1]. ABTOpbI
BblLUEHA3BaHHbIX paboT cnpaBeA/IMBO OTMEYAIOT, YTO 3HaYEHNA
HM3NKO-XMMUYECKUX CBOMCTB OCTATOYHON HEITN AOCTATOHHO
CWNBbHO OT/IMYAIOTCA OT 3HAYEHUI CBOMCTB Kak AobbiBaeMow (Mnu
NOABWXHOWN) HE(PTU B TEKYLUMIN MOMEHT, Tak 1 NNacToBON HepTn B
Hayane pa3paboTKu 3anexw.

CpepHue 3Ha4eHnA HPU3NKO-XMMUHECKNX CBOMCTB OCTaTO4HOM HedhTH
POpMMPYIOTCA, B OCHOBHOM, COOTHOLLEHWEM [OMEN U 3HAYEHWIA CBONCTB
TPeX COCTaBNAOLLUX:

- COp6YPOBaHHOM U CTPYKTYPUPOBaHHON He(TY, HaxoasALlencA Ha
NOBEPXHOCTM KOMIEKTOPa B 30He OXBarTa nnacra
rMAPOAYHAMUYECKUM BO3AEUCTBUEM,;

physico-chemical property of in-situ oil using different source data (relative
or absolute).

The average value of the physico- chemical property of mobile oil (Fig.2)
for use in calculations of the oil displacement process is obtained from the
following equation:

B O.-m O, -m

(4) Fm § —m .
,'NJ'N ”Im
or
6 0,=07+0,7,;
~ - 1. . .
where ( )r , Ai, = — -is the value of property and mass fraction of the
'an
component of the recovered portion of mobile oil, respectively;
H e "”m: .
(),,,, , 1, =— -the value of property and mass fraction of the
n

i

component the unrecovered portion of movable oil, respectively.

There remains yet another principal issue that is not reflected both in the
procedure for computing oil reserves and in the technique for calculating
the displacement process. The point is that there is no proper accounting
for values of residual oil physico-chemical properties

A qualitative as well as quantitative evaluation of the physico-chemical
properties of residual oil is given in the works of a broad circle of research.
Examples of a general evaluation of the values of residual oil physico-
chemical properties are cited in the literature [3, 5], and with regard to
zonal —temporal division in the study by Sorokin et al. [1].

The authors of the above papers note with good reason that the values of
physico-chemical properties of residual oil differ dramatically from those of
both produced (or mobile) oil at a given moment and the oil in place in the
early stage of field development.

The average values of the physico-chemical properties of residual oil are
formed primarily by the relationship between fractions and values of the
properties of three components:

- Absorbed and structured oil present on the reservoir surface

in the zone of hydrodynamic coverage of the reservoir;
- unrecovered portions of mobile oil in the reservoir drainage area;
- retained oil.

The values of the physico-chemical properties of all components of
residual oil will tend to differ. As to the values of properties of absorbed and
structured oil located in the fine-pored pool of the reservoir coverage zone,
they will be defined first and foremost by the force of selective interaction
between separate oil molecules and those on the reservoir surface[2].
Also there will be a mass transfer process involving oil and water traveling
through the coarsely porous reservoir.

Values of the physico-chemical properties of unrecovered mobile oil
present in the coarsely porous reservoir will be determined by the outcome
of the technogenic impact on oil in-place, which is due to a great number
of factors [1, 6], including mass transfer with oil contained in a fine-pored
reservoir. Values of the properties of retained oil will closely match the
values of the physico-chemical properties of in-situ oil before the onset of
hydrodynamic effects. Changes in the property of oil in these accumulation
zones will be influenced by the diffusion process of mass transfer by light
components (nonhydrocarbon gases, methane, ethane, propane) with
mobile oil through the coverage zone boundary.

In the procedure currently employed for computing the balance reserves
of hydrocarbons, the in-situ oil is accounted for as having the properties
of mobile recovered oil, rather than the average values of the physico-
chemical properties of reservoir oil.

Consequently, we are faced with a seemingly paradoxical situation:
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- Hen3BneYeHHOW YacTu NOABUXKHON HeddTW, HAXOAALLENCA B 30He
[PEeHNpOBaHNA NnacTa;
- HedTW, OCTaBLLENCA B LIE/MKaX.

3HayeHnA (PU3MKO-XUMNYECKNX CBONCTB BCEX COCTABMAOLNX
ocTaTo4HOW HedpTy 6yayT pasnnyHbIMK. 3Ha4YeHNA CBONCTB
COpOMPOBAHHON N CTPYKTYpPUPOBAHHOM HedhTUn, HaxoaALwenca
B MENKOMOPUCTOM KOMEKTOpE 30Hbl 0xBaTa nnacta byayt
onpenenATbCA, B OCHOBHOM, AEACTBMEM cun n3bvpartenbHoro
B3auMO4encTBMA OTAEeNbHbIX MOSIEKYN HEPTU C MONeKynamu
NOBEPXHOCTU KONNeKTopa [2], a Tak Xe pe3ynbTaTtom
MacCo0bMeHHbIX MPOLECCOB C NOABMXKHOW HEPTHIO U BOAOW,
ABWXYLIMMUCA MO KPYMHOMOPUCTOMY KOMNIEKTOPY.

3HavyeHnA PUINKO-XMMUYECKNX CBOMCTB HEUI3BIIEYEHHOW YacTu
NoABMXHOW HepTU, HAXOAALENCA B KPYMHOMOPUCTOM KOMSeKTope,
6ynyT onpenenATbCA pe3ynbTaToOM TEXHOTEHHOr0 BO3AENCTBUA

Ha NnacToBylo HEPTb 06YCNOBIEHHOIO BIMAHNEM 3HAYUTENBHOTO
konu4yecTBa hakTopos [1, 6], B TOM 4ncne n pe3ynbLtatomMm
MaccoobMeHa ¢ He(YTblO, CoaepXKaLlenca B MENKOMOPUCTOM
KONNeKTope.

3HadveHnA cBOWCTB HeddTU, HaxoA4ALENCA B Lenukax, byayT
6NN3KNMU K 3HAYEHNAM PU3NKO-XNMNYECKNX CBOWCTB
nnacToBoi HepTU A0 Ha4Yana rmapoANHaAMNYECKOro
Bo34encTBnA. Ha nameHeHne CBOUCTB HE(TH 3TUX 30H
3anexwu 6yayT okasbiBaTb BmAHME AN dy3MoHHbIE NpoLecehl
MaccoobmeHa NerkMMmm KOMnoHeHTamun (Heyrneso40pOAHbIMU
rasamu, MeTaHoMm, 3TaHOM, NPONaHOM) C NOABUXHON HETbIO
Yyepes rpaHnLly 30HbI oxBarTa.

B HacToAWMA MOMEHT B NPUMEHAEMON MeTOAUKE noacyeTa
6anaHCcoBbIX 3anacoB yrneBoAopoAoB nnacToBaA HePTb
yuYuTbiBaeTCA CO CBOMCTBaAMU NOABUXHOMN N3BEYEHHOMN

Hed T, a He CO CPeAHNMY 3HAYEHNAMU PU3UKO-XUMUYECKNX
CBOMCTB nnacToBon HedpTn. CnepoBaTesibHO, HANMLO MMeeTCA
napanokc: octaTto4HanA HerTb Npu U3BECTHbIX KoNn4yecTBax un
3Ha4YeHNAX PUINKO-XMMUYECKUX CBOWCTB CBOUM KONMYECTBOM
3a[encTBOBaHa U y4TeHa B YyrNeBOAOPOAHOM MaTepmanbHOM
6anaHce 3anexu, a ee MPU3NKO-XUMUYECKME CBOMCTBA B
maTepuanbHoM H6anaHce He yUNTbIBAOTCA U HE BNUAIOT

Ha yCpeAHEeHHble 3Ha4YeHNA PU3NKO-XMMNYECKNX CBONCTB
nnacToBon HedTK.

OnAa nukBnaaumm o4eBUAHbLIX NPOTUBOPEYUIA UMEIOLNX MECTO

B AENCTBYOLWNX MeToanKax nogcyerta 6anaHcoBbIX 3anacoB
HedTK 1 NonyTHOro ra3a Heob6xoamMmo nNnbo AaBaTb pasaesbHyo
OoLeHKy obbemaM 1 3Ha4YeHNAM PU3NKO-XMMUYECKNX CBONCTB
NOABWMXHOW HEPTU M OCTATOYHOW HedTH, NMOO NONY4YNTb
MHTErpanbHble 3Ha4YeHna PU3nNKo-XMMN4eCKNX CBOUCTB
nnacTtoBon HeTM N HA OCHOBE 3TOW MHOPMaLMM NPOU3BOAUTL
noacYeT ee 3anacos.

[nA nemMoHcTpauun pe3ynbTaToB y4eTa CBOMCTB BCEX
COCTaBNALWMX NNacTOBOW HEPTN HA BENNYMHY NOACHETHbIX
napameTpoB NpuBeAeHbl OLEHOYHbIE BENMNYMHBI (hU3nKo-
XUMUYECKNX CBONCTB NacToBon HedbTn MNOBXOBCKOro
MecTopoxaeHuna (nnactel 6Bg 1 IOB+), nony4eHHble B pe3ynbTaTe
pacyeTa C y4eTOM 3HAa4YEHWU CBOMNCTB BCEX COCTaBMAIOLMX
nnacTtoBon HedpTu (Tabn.). 3Ha4YeHnA HUINKO-XMMUYECKUX
CBOMNCTB OTAENbHbIX COCTaBNAIOWNX NNaCcTOBON HEPTU NONy4YeEHbI
no Metogam, npuBefeHHblM B paboTte [1]. 3HayeHuA dusmnko-
XMIMUYECKNX CBONCTB HEPTU, HA OCHOBE KOTOPbIX NPOBEAEH
noAcyeT 3anacos, B3ATbl U3 MaTepunanos No NoAcCHeTy 3anacos
yrneBoAopoAoB. Pe3ynbTaThl pacyeTHOro npuMepa no3BonAlT
caenartb BbiBOJA, O TOM, 4TO Mpu noacyeTe 3anacos HedTu nnacta
BB8 MoBX0OBCKOro MECTOPOXAEHUA ee 3anachl 6bI/IM 3aHUXKEHbI B
1,09 pasa, 3anacsl HeTAHOro rasa 3aBbllleHbl B 2,8 pasa, nnacta
IOB; - 3anacbl HepTn 3aHuxeHbl B 1,15 pasa, 3anacbl HeTAHOIO
rasa 3aBbllleHbl B 3,6 pasa.
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the residual oil with known quantities and values of physico-chemical
properties is quantified and taken care of in the hydrocarbon material
balance of the reservoir, while its physico-chemical properties are not
included in the material balance and have no effect on the average values
of physico-chemical properties of in-situ oil.

To remove the obvious discrepancies existing in the current methods

of computing the original oil in place and casing-head gas reserves, it

is essential either to make a separate assessment of the volumes and
values of the physico-chemical properties of mobile and residual oil, or to
obtain the integral values of the physico-chemical properties of in-situ oil.
Using this information as the base, it is possible to calculate its reserves.

As an illustration of how the results of accounting for the properties of all
in-situ oil components impact on volumetric data, below are the appraised
values of the physico-chemical properties of in-situ oil of the Povhovskoye
oil field (beds BBg 1 OB;), derived from calculations taking into account
the values of properties of all in-situ oil components (table).

The values of the physico-chemical properties of separate components

of in-situ oil are obtained according to procedures given in the work by
Sorokin et al.[1].

The values of the physico-chemical properties of oil that were used as
the basis for computing the reserves are gleaned from records for the
computation of hydrocarbon reserves. The results of this computational
example allow one to infer that during calculation of oil reserves in bed
BBg at Povhovskoye oil field its reserves were underestimated by a factor
of 1.09, with reserves of petroleum gas overestimated by 2.8 times Oil
reserves in bed KOB1 were underestimated by 1.15 times, with reserves of
petroleum gas overestimated by 3.6 times.

Examples of computed values of the physico-chemical properties
and volumetric data of in-situ oil at Povhovskoye field with allowance
for all its component properties

Data Mobile oil Sorbed & | Retained | In-situ Oil properites
structured | Oil Oil used for
estimating
recovered | unrecovered reserves
layer 6Bg
Mass fraction 0.314 0.02 0.466 0.2 1 -
of oil reserves
Gas-oil ratio, 53 21 12 28 28 74
mg/t
Molar weight, 136.1 168.7 254.0 205.6 205.6 134
kgr/kmol
Reservoir 765.0 785.7 842.0 810.4 810.4 763
density of oil,
kg/m3
Dynamic 155 3.38 14.00 8.8 8.8 115
viscosity mPa*s
Volume factor 122 113 1.03 111 111 1215
bed 0B
Mass fraction 0.188 0.02 0.412 0.38 1 -
of oil reserves
Gas-oil ratio, 69 24 13 30 30 108
ma/t
Molar weight, 128.5 160.1 239.0 202.9 202.9 13
kgr/kmol
Reservoir 755.5 783.8 832.0 807.2 807.2 754
density of oil,
kg/m3
Dynamic 1.35 3.0 13.0 9.1 9.1 0.76
viscosity mPa*s
Volume factor 125 114 1.04 11 11 1276

The properties of retained oil check with the physico-chemical properties
of in-situ oil due to the absence of hydrodynamic stimulation of oil during
field development. Therefore, the properties of retained oil will change, but
only insignificantly, during the period that the field is under development.



Mpumepbl pacyeTa 3Ha4eHUN PU3MKO-XUMUYECKUX CBOUCTB
1 NOACYETHbIX NapameTpoB nnacTtoBoi Hed T NMoBxoBCckoro
MEeCTOPOXAEHMUA C Y4EeTOM CBOMCTB BCEX €€ OCTaBJIAIOLMNX

MapameTp MopswxHaA Copbupo- HectoB | lMnactoBas | CeoicTBa

HehTb BaHHaA uenukax HepTb HedpT,
1 CTPYKTYprp NPUHATbIE B

u3Bne- HensBne- | oBaHHaA noacuete
YeHHanA YeHHanA HedpTb 3anacos

nnact BBg

Maccosana gona 0.314 0.02 0.466 0.2 1 -

3anacos HedpTu

[asoconepxaxve, 53 21 12 28 28 74

ma/t

MonApHana macca, | 136.1 168.7 254.0 205.6 205.6 134

KI/KMOMb

MnoTHocTb HedbTn | 765.0 785.7 842.0 810.4 810.4 763

npy NNacToBbIX

YCNoBMAX, Kr/M3

[unHamnyeckan 155 3.38 14.00 8.8 8.8 115

BA3KOCTb, MIa*c

O6beMHbIn 122 113 1.03 11 11 1215

KO3(hPULMEHT

bed 0B

Maccosana gona 0.188 0.02 0.412 0.38 1 -

3anacos HedpTU

[asoconepxaxve, 69 24 13 30 30 108

M3/T

MonApHana macca, | 128.5 160.1 239.0 202.9 202.9 113

K/KMOMb

MnotHocTb HedTn | 755.5 783.8 832.0 8072 8072 754

npy NNacToBbIX

YCNOBUAX, KI/M3

[unHamnyeckan 3.0 13.0 9.1 9.1 0.76

BA3KOCTb, MIa*c

O6beMHbIn 125 114 1.04 11 11 1276

KO3(hPULMEHT

CBoicTBa HepTU B LIeIMKaxX COBNaAaloT ¢ IU3NKO-XMMUHECKUMU
CBOWCTBaMW NnacToBoW HehTW NO NPUYNHE OTCYTCTBUA
rMAPOAVHAMNYECKOrO BO3AEVCTBMA Ha HedpTb B NpoLiecce pa3paboTku
3anexu. NoaTomy cBoMCTBa HEITU B LieNIMKaxX HE3HAUYNTENbHO
M3MEHATCA Npy pa3paboTke 3anexu. BnmaHnem nameHeHuin comamnko-
XUMUHECKUX CBOWCTB HedhTU, 0BYCNOBAEHHBIX ANDEY3NOHHBIMA
npoLeccamm Yepes rpaHnLy 30Hbl OXxBaTa B AJaHHOM pacyeTe
npeHebperaem.

OTaenbHOro 06Cy>XAeHNA 3aCny>KMBaeT BOMPOC O 3HAYEHWAX U3NKO-
XMMUYECKUX CBOWCTB HEPTU, CMONb3YyeMbIX NPV MOAENPOBaHNN
npouecca HedhTeBbITECHEHUA. B HacToALLee BpemA B MeTOAMKax
pacyeTa npouecca HedTEBLITECHEHUA, B NMEPBOM NPUONVKEHNN,
UCMONB3YOTCA «CPeAHNEe» Mo 3anexu 3Ha4eHNA HU3NKO-XUMUYECKNX
CBOWCTB NoABMXXHON HedhTn 6e3 yyeTa M3MEHYNBOCTM WX B NpoLecce
pa3paboTku 3anexxu. MNpuynHbl, NPMBOAALLME K USMEHEHUIO 3HAYEHWIN
PUINKO-XMMUHECKNX CBOMCTB MOABMXHOM HEITU, MPMBEAEHbI B paboTe
[1], Tam >ke nokasaHbl MacLwTabbl ee U3MEHYUBOCTU 3aPMKCUPOBAHHBIE
B nepuop, pa3paboTku 3anexen MecTopoxaeHuin 3anagHon Cubupw,
npeanoXeHbl METOAVKM NPOrHO3a 3HAYEHWI ee CBOWCTB, AaHa OLEeHKa
BUAHUA U3MEHYUBOCTY CBOCTB Ha NapameTpbl pa3paboTku U T.4.

[inA pacyeTa TEXHOMOMMYECKMX NapaMeTPOB NpoLiecca pa3paboTku
60rnee BaXKHbI (PUSNKO-XMMUYECKIE CBOUCTBA NOABUKHOW
cocTaBsAoLLeln NnacToBon HedhT. Ho 1 B 3TOM cnyyae NpucyTCTBYIOT
CBOMW OCOBEHHOCTU:

- He BCA NoaBuxHanA HehTb ByaeT A06bITa, TakK Kak 4acTb ee
6yneT BblgaBieHa HarHeTaeMon BOAOW 3a NepBOHaYaIbHbIN
KOHTYP HEe(pTEHOCHOCTH, YaCTb OCTAHETCA B MacTe B CBA3M C
HE3KOHOMUYHOCTBIO €€ farbHenLeln fo6blum;

- Npuv MogenupoBaHUK NpoLecca HerTeBbITeCHeHI/IFI He y4acTBYyIOT
obnacTu nnacTa ¢ 9KOHOMUYECKU HEBbIFOAHbIMM MOoKa3aTenAMu

The effect of changes in the physico-chemical properties of oil generated
by the diffusion process across the boundary of the coverage zone can be
neglected in this calculation. The values of the physico-chemical properties
of oil used for modeling of the process of oil displacement deserve
separate consideration. Currently , when computing the process of oil
displacement, use is made in the first approximation of field “average”
values of physico-chemical properties of mobile oil without regard to their
variability during the process of field development.

The underlying reasons for changes in the values of physico-chemical
properties of mobile oil are cited in the study (1), which also highlights

the magnitude of the variability recorded during the period of field
development in Western Siberia, suggesting methods for predicting values
of its properties and provides evaluation of the impact of the variability of
properties on oil field parameters etc.

The physico-chemical properties of the mobile component of in-situ oil
are far more important for calculating technological parameters of the field
development process. In this case, too, there are some specific features:

- not all mobile oil will be extracted as some portion of it will be pushed
out by injected water beyond the initial oil-water contact, and part
of it will remain in the reservoir, its further extraction being considered
uneconomical;

- when simulating the process of oil displacement, some areas of the
reservoir are excluded, such as those that are considered economically
unprofitable (for instance, outlying parts of the field, areas of reduced
oil-filled thickness of the reservoir, etc).

It would be wrong to identify the values of physico-chemical properties

of in-situ oil used to evaluate the original oil in place with those of the
physico-chemical properties of mobile oil employed to estimate oil
displacement processes, if only because their masses are unequal
(formulas[1] and [4]), but also because a part of the field is not exposed to
hydrodynamic stimulation. The latter is due to peculiarities in the planning
of the field development process and also to other causes such as
differences in reservoir properties, etc.

Il Conclusions

1. The information structure of in-situ oil is presented, based on
differences in the values of its components properties.

2. Definition of the term “in-situ oil” is formulated.

3. The terminology of the in-situ oil components is suggested and their
definitions are given.

4. Properties of in-situ oil should be used as the initial data for evaluating
hydrocarbon geological reserves rather than the property of the
recovered mobile oil, as is the case nowadays.

5. Information about the properties of mobile oil should be used in
simulation of oil displacement processes.

6. It is essential to develop methods for investigating the compositions
and properties of each in-situ oil component, including sampling.
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pa3paboTKu (HanpuMep, OKPauHHbIE YHaCTKU 3aN1eXu, 30HbI
MOHU>KEHHON HE(PTEHACHILLIEHHOW TOMLWMHBI NfacTa u T.4.).

OTOXAECTBNATL 3HAYEHWA N3NKO-XMMUYECKNX CBOCTB NIacToBON
HedTW, Mcnonb3yemblX ANA noacyeTa 6anaHCcoBbIX 3arnacoB U 3Ha4YeHA
PUBNKO-XMMUHECKMX CBOUCTB MOABUXHOW HE(ITU, UCTIONb3YEMbIX AN
pacyeTa npoLeccoB HehTEBLITECHEHWNA HEKOPPEKTHO, B TOM Yu1cre

1 13-3a HepaBeHCTBa X Macc (cM. chopmynbl (1) u (4)), noTomy 4TO
4acCTb 3a/1eXXn He oxXxBaveHa ruapoagnHamMny4ecKum BO3,U,eI7ICTBI/IeM
BCEACTBME 0COBEHHOCTE NNaHnpoBaHWA npoLiecca paspaboTku, a
Tak>Ke BCMeACTBYE AENCTBUA JPYIVX MPUYUH (Pas3nnymA KOMNEKTOPCKUX
CBOWCTB nnacra u T.4.).

Il BbiBOoabl.

1. MNpeacTaBneHa nHOpMaLUMOHHaA CTPYKTypa NnacToBon HedhTw,
OCHOBaHHaA Ha Pa3NYNAX 3HAYEHW CBOVICTB e COCTaB/MAIOLLMX.

2. CchopmynunpoBaHo onpeaeneHe TEPMUHA «nnacToBas HedThb».

3. lMpennoxeHa TePMUHOMOMMA COCTaBMAOLLMX NNIACTOBON HedhTU 1
[OaHbl UX ornpeaesnieHua.

4. B Ka4ecTBe UCXOOHbIX AAHHbIX 41A NoACHETa reoniorM4eckmx
3anacos YrneBoAopOA0B HY>KHO UCMOMb30BaTh CBOCTBA M1acTOBO
HedbTH, a He cBOWCTBA NOABWXHOM M3BNEKaeMon HedITH, Kak 3TO
[lenaeTcA B HAaCToOALLEee BPeMA.

5. TMpv MoaenupoBaHNM NPOLIECCOB HEDTEBLITECHEHNA HEOOXOANMO
MCnosb30BaTh MHEPOPMALIMIO O CBOWCTBAX MNOABUXKHON HE(DTH.

6. Heobxoanma pa3paboTka MeToAoB ANA UCCNEeA0BaHNA COCTaBOB U
CBOWCTB KaXK[0/ COCTaBMAOLLEN NnacToBOM HedTH, BKItoHaA 0T6op
npo6.
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