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Beepenue

[Mpur BypPEeHU FOPUSOHTASTBbHBIX CKBaXKH OCOBbIE
TpeboBaHWs MPedbABNAOTCA K Ka4eCTBY MPOrHO3a
CTRYKTYPb! 1 UNbTPALMOHHO-EMKOCTHbBIX CBOVCTB
nacTa Ha 3Ha4YMTENbHOM yaaneHun ot cteona. OgHako
VIMEIOLLIMECH B HACTOSILLIEE BPEMS B PACMOPSIKEHNN
reosioroB NHCTPYMEHTbI MPOrHO3a NapaMeTPOB nnacTa
obnaparoT TOW UM MHOW MOTPELLHOCTBIO UBMEPEHII.
3TO HEN36e>XKHO BHOCUT HEOMNPEAENEHHOCTN B MOOENM
1 YBENMNHYMBAET PUCKM, CBS3aHHbIE C MPOBOOKOM
ropuaoHTanbHoro cteosa. C y4eTOM BbICOKOWM CTOUMOCTU
MPOEKTOB 1 OMPEAENEHHOM HEOAHO3HAYHOCTM NOBON
MOAENM AaHHbI BOMPOC TpedyeT 0cob0ro BHUMAaHMS.
HekoppeKTHOe onncaHne pesepByapa MOXXET MPUBECTU
K YBEIMYEHWIO HEOKYMAaEMbIX U3AEPXKEK HA OCBOEHME
MECTOPOXAEHWA. [N TUNNYHON re0norM4ecKom
MOAENN MOXHO BbIOENNTb YEThIPE OCHOBHbIX
WNCTOYHVIKA HEeOMpeaeNeHHOCTeN: 1) Ka4eCTBO AaHHbIX W
VHTepNpeTaLus; 2) CTRYKTypHast 1 cTpaturpadunyeckas
Mogenu; 3) reonoro-cTatncTnyieckas Moaesnb 1 ee
napameTpbl; 4) HeONpPeaeNeHHOCTb, CBA3aHHasA C
PaBHOBEPOSATHOCTHbIMW peanusaumsami. B noeansHom
cly{ae HeonpeaeneHHOCTb Mo Mepe OCBOEHMIS
MECTOPOXAEHNST CHUKAETCS.

Ha BaHKOPCKOM MECTOPOXKAEHN, KOTOPOE HaXOANTCS
Ha aTane paspaboTkm, OCHOBHbIMI NPobiemamu,
CBA3aHHbIMW C y4HETOM HeOI'Ipe}J,eJ'IeHHOCTeVI, ABNAKOTCA
crnenyroume: 1) CHKeHNe pUCKOB MpY MPOBOOKE
FOPU30OHTasbHBIX CTBOJIOB; 2) COCTaBMEHNE MPOrPaMMbl
[0pa3BenKk MECTOPOXAEHUS; 3) YTOYHEHME CXEMbI
pasbyprBaHNs.

B cTaTbe npennaraeTcs METOAVKa aHanmsa
HeonpeaeNeHHOCTEN reoNIorM4ecKon Moaesi.
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Introduction

Drilling of horizontal holes imposes special requirements
on reliability when predicting of reservoir structure

and quality within a large radius from the borehole.
However, the reservoir prediction tools currently available
to geologists suffer, to some extent or another, from
measurement errors, which inevitably leads to modeling
uncertainty and increases risks associated with drilling
of horizontal holes. In view of the high costs involved

in horizontal drilling projects and uncertainties inherent
in any model, it has become imperative to address

this issue. Incorrect reservoir description may result in
large irrecoverable field development costs. In a typical
geological model, four major sources of uncertainty
may be identified: (1) data quality and interpretation;

(2) structural and stratigraphic models; (3) geological-
statistical model and its parameters; and (4) uncertainty
related to equiprobable realizations. In an ideal case,
uncertainty decreases as the field becomes more
developed.

As regards the Vankor field, which is currently under
development, the most challenging tasks from the
uncertainty standpoint are as follows: (1) reducing risks
associated with horizontal drilling; (2) putting together a
program for detailed exploration; and (3) refining the
drilling program.

This article proposes a method for analyzing
uncertainties inherent in geological models. Modeling
based on this method will yield data (in the form of maps)
representing the quantitative distribution of uncertainties
in determining the presence of a reservoir and its
properties, which must be used to evaluate potential
drilling risks.
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PesynsTatoMm MoaenMpoBaHns C MPUMEHEHNEM
[aHHOM METOOVIKM SBMAETCS MHOopMaLVa (B B1ae
KapT), OTpaxKaroLLas KOMYeCTBEHHOE pacrnpeneneHe
HeonpeaeneHHOCTEN HaMM4YNA U CBOWCTB KONEKTOPA,
KOTOPbIE OO/KHbI NCMONBb30BATLCA ANA OLIEHKMN
BO3MOXKHbIX PUCKOB MpU BYPEHUN CKBaDKMH.

061aa uHthopmayua 0 MecTopoXXAeHUN

BaHkopckoe razoHedTaHOE MECTOPOXAEHME
PACMONOXXEHO Ha TEpPPUTOPUM KpacHOAPCKOro kpas. B
cTatbe ByOeT PacCMOTPEH OAVH U3 MATY NPOOYKTUBHBLIX
FOPU3OHTOB MECTOPOXAEHNSA C HAYa IbHbIMM
reosIorMyYeCKMN 3anacamm okosio 390 MIH. T.
MecTopoxxaeHne oTKpbITO B 1988 1., B MPOMBILLNEHHYHO
aKcnayaTaumio He BBEAEHO. Ha MOMEHT BbIMOHEHWA
PabOoTbl YACNO CKBAXKMH, BCKPbIBLLMX UCCNEAYEMbIN
FOPW30HT, cocTaBuno 27. o Tuny 3anexxb OTHOCUTCS K
NNacToBbIM, CBOAOBbLIM. KOSINIEKTOP — TEPPUrEHHBIN.

BaHkopckoe nogHsaTe NpeacTaBnseT cobom
N30OMETPUHHYHO CTPYKTYPY, BbITSHYTYHO C tora Ha CeBep.
LoMuHMpytoLLaa 06CTaHOBKa OCaAKOHAKOMNEHMS HUSA
— MenkoBoape (6apoBbIN KOMIMEKC).

MeTtoauka pa6oTbl

[Nt OLEHKI KOMMIEKCHOM HEOOHO3HAYHOCTU,
OTpaXKarOLLEN TOHHOCTb BCEX NAPaMETPOB re0NOrMHECKON
MOJENM, XOPOLLIO NOAXOOUT NapamMeTp «AOCTOBEPHOCTb
NoACHETa re0IOMMHECKNX 3anacoB HeTW». [aHHbIN
napameTp 3aB1CUT OT OCHOBHbIX XapaKTEPUCTUK 3aNIEXM
1N MOSTOMY MOXXET CIY>KUTb MEPON TOHYHOCTU MOCTPOEHNS
mMoaenu. [nsa oueHkn OOCTOBEPHOCTM pacyeTa obbema
3anacoB HeobXxoOMMO OLIEHUTL MOrPELLHOCTL pacyeTa
KaKOro NapamMeTpa, BXOOALLErO B MPUMEHAEMYHO
pacHeTHYO hopMyy

STOIIP=GRV*N/G*@* Sy*Po 6o,

roe STOIIP — reonormdeckume 3anacsl Hedptn; GRVY —
o6 obbem nopogbl; N/G — necqaHncTocTs; P —
MOPUCTOCTb; S,— HedhTeHaChILLEHHOCTL; Po — MNOTHOCTL
HedTW; Bo — KO3 DULIMEHT yCaakn HeDTU.

[nsa aToro 6bina papabdoTtaHa obLLasa MeTogmka ong

pPaboTbl C KaXKApIM MNaPaMeTPOM:

1) oueHKa BO3MOXXHOMO U3MEHEHNS 3HAYEHVIS KabKA0ro
BXOOHOrO NMapameTpa;

2) 3afaHvie cpeaHeKBaOPaTNHHOMO OTKIIOHEHWS;

3) NOCTPOEHME KaPT CPEAHMX 3HA4YEHWIN MapamMeTpa C
PUKCUPOBaHHBIMY 3HAYEHNSIMI B TOHKAX CKBAXKWH W
YHETOM CpEeAHEKBAAPATNHHOIO OTKIIOHEHWS B
MEXKCKBaPKMHHOM MPOCTPAHCTBE;

4) ougeHKa gucnepcun NapameTPa;

5) MOCTPOEHME KapTbl AMCNEPCUM FEOIOTMHECKNX 3aracoB
MEePeEMHOXXEHVIEM KapT AMCNEPCUN MO BCEM
napameTpam npu yCnoBum Nx He3aBNCUMOCTU (YCNOBUE
BBEOEHO OJ151 YNPOLLEHMS OLIEHKN).

www.rogtecmagazine.com

General Information about the Field

The Vankor gas and oil field is located in the Krasnoyarsk
Krai. This article deals with one of five productive
reservoirs with about 390 million tonnes of original oil in
place. The field was discovered in 1988 and is yet to be
put into commercial production. As of this study, there
were 27 wells already drilled into the reservoir of interest.
The deposit is a layer-uplifted pool, and the reservoir is
terrigenous.

The Vankor uplift is an isometric structure extending
from the south northward. The predominant depositional
environment was shallow-water (barrier-bar complex).

Method

The best criterion for assessing the overall ambiguity
determining the accuracy of geological model parameters
is the “validity of the oil-in-place estimate”. This criterion is
dependent upon the basic characteristics of the reservoir
and, therefore, may serve as a measure of accuracy in
constructing the model. To evaluate the validity of the
reserve estimate, one must evaluate the calculation
accuracy of every parameter in the calculation formula

STOIIP=GRV*N/G*@* Sy*Po 6o,

where STOIIP stands for “stock tank oil initially in place”,
GRV stands for “gross rock volume”, N/G stands for “net-
to-gross”, @ is porosity, S, is oil saturation, Po is oil density,
and 6o is the oil shrinkage factor.

To this end, a general procedure was established for

handling each parameter, namely:

(1) estimating possible variations in the value of each input
parameter;

(2) defining the RMS deviation;

(38) mapping mean values of the parameter, with fixed
values assigned to individual wells and taking into
account the RMS deviation in the crosshole space;

(4) estimating parameter variance; and

(5) mapping oil-in-place variance by multiplying out
variance maps for all parameters, provided that they are
independent (this condition has been introduced to
simplify the estimation process).

Uncertainty Calculation Approach

The principle of accounting for uncertainties is as follows:
At first, one should estimate the possible error of the
measurements determining the RMS deviation. Then,
this error is multiplied by a random surface whose spread
of values follows a Gaussian curve with mathematical
expectation equal to zero and a variance equal to unity.
Finally, the result is added to the reference surface:

Sr+ Sbc+ U 10° Usgs,

where §; is one of the surface realizations, Sy, is
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MeToza pacyeTa HeonpeeneHHocTein

[MpuHUMN y4eTa HeonpeneneHHOCTEN 3aK/ItoHaeTCs B
cnepytoemM. CHavana onpenenseTcs BO3MOXKHas
MOrpPeLUHOCTb U3MEPEHNI, 3adatoLLas
cpedHeKBagpaTNiHOe OTKIIOHEHME. 3aTem aTa
MOrPELUHOCTb MEPEMHOXKAETCHA CO CTOXaCTNHECKOM
MOBEPXHOCTHIO, Pas3bpOoC 3HAYEHWIN KOTOPOW ceayeT
HOPMasTbHOMY pacrnpedeeHNIO C MaTeEMaTUHECKM
OXXMAaHVeM, paBHbIM HYJTtO, 1 OUCTEPCUEN, PaBHOM
eovHuLEe. [anee peadynbTart ckia OblBaeTcs ¢ 6a30BoM
MOBEPXHOCTBHO:

Sr+ Sbc+ U 10° U sgs:

roe S, — ofHa U3 peanusaumii NOBEPXHOCTU; Spe— Ha3oBas
MOBEPXHOCTb; (J14 — MOBEPXHOCTb, JIMOO KOHCTaHTa,
3a0aroLlas oLMOKY CpeaHeKBaapaTUYHOrO OTKITOHEHNS;
Usgs — cTOXacTuHeckas noBepXHOCTb OLLMOOK CO
3HAYEHVSAMN BOKPYT HYNA (+ U -).

XapaKTepnCcTUHECKMN OCOBEHHOCTAMM NMOBEPXHOCTY
OLLNBOK ABNSIETCA TO, YTO B TOYKAX CKBaXKMH OLLIMOKM
NMPVHYMAaOT Hy/IeBOE 3HaYeHne, C yaaneHmem ot

CKBa »XMH OLUMD Ka MnaB HO pac TeT. Taknum obpasom,
cpenHeKBaapaTU4HOe OTKIIOHEHME 3aBUCUT OT KadecTBa
[JAHHbIX 1 PACCTOSIHNSE OT CKBaXKMH.

HenocTtaTkoM OaHHOro noaxoda sSBAsSeTcs TO, YTO paanyc
BapuorpamMmMbl OLLIMOGOK HeM3BeCTeH. OH HE MOXKET

ObITb MPUHAT paBHbIM PaaUYCy BaprorpaMm npu
MOZEMPOBaHNN OLEHMBAEMOrO CBOMCTBA 13-3a

MX «pasHoHaLeNneHHoCTW». Kpome Toro, CilyHanHo
MOZEMPYEMBIE OLLMOKM OOMKHbI MPUHUMATL Kak
MONIOXXUTENBHBIE, TaK 1 OTPULATESNBbHbIE 3HAYEHWS, TaK Kak
BO3MOXKHbIE CLIEHaPUM NeXXaT Mo 06e CTOPOHbI OT 6Ha30BOM
nHTepnpeTaumn. Pagnyc BeIONpaeT MHTEpPNpeTaTop Ha
OCHOBE CYOBEKTUBHBIX OLIEHOK MPOTAXEHHOCTU BapuiaLym
oLMBOK. CRAMLLIKOM 6OMbLLOW paamnyc MPUBOOUT K TOMY,
YTO KOHEYHAs KapTa HEOMPEOENEHHOCTEN CraKMBaETCH,
1N MHhOPMaLNS HaCTUHHO WM MOSTHOCTHLIO TEPSIETCS.
BbI6op CNMLLKOM ManeHbKoro paanyca NpuBeaeT K
CIMLLIKOM «3aLLyMITIEHHOM» KapTUHE.

CTPYKTYpHaA HeonpeaeneHHoCcTb: Hanuyue KonneKTopa

Ha Ha4ansHOM aTane paspaboTKn MeCTOPOXKOEHVS
OfHVM 13 NepBOOHepPedHbIX SBASETCH BOMPOC O Ha/INHMN
KOJIIEKTOPA B HE OXBaYEHHbIX Pa3Be0qHbIM OypeHeM
HacTSX MECTOPOXOEHNSA. AHaIN3 HEONPEAeIEHHOCTEN
MOXET faTb MHPOOPMaLWIO O CTENEHN HEOOHO3HAYHOCTU
BbleNeHnsa kKonnekTopa. B kadecTBe napameTpa ons
aHanmM3a MOXXHO PacCMOTPETb MOJSTOXKEHNE BHELLIHErO
KOHTYpa BoaoHedTaHOro KoHTakTa (BHK). Cxema paboTbl
cnepnytowas: 1) nosyymTb NOBEPXHOCTL MO KPOBIE
KONnekTopa (cpeaHee 3Ha4eHne); 2) BHECTU OLUMOKY B
cpefHee 3HadeHue; 3) NoNyYnTb KOHTYPbI NepeceYeHnin
0719 MHO>XXKECTBEHHOW peann3aummn KPOBM KONIEKTopa C
MHOXXECTBEHHOW peannaaupen nosepxHocTen BHK.
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the reference surface, Uyq is a surface or a constant
determining the RMS deviation error, and Usgs is a random
surface of errors with + and - values around zero.

A characteristic feature of the error surface is the fact

that errors at well points acquire zero value, to increase
gradually as one moves away from the wells. Thus, the
RMS deviation depends on data quality and distance to

the well. This approach suffers from the drawback that the
range of the error variogram is unknown. It cannot be taken
as equal to the variogram ranges used in the modeling of a
property of interest because of their heterogeneity. Besides,
randomly modeled errors may acquire positive as well as
negative values because possible scenarios lie on either
side of the baseline interpretation. The variogram range is
selected by the interpreter based on subjective estimates of
the error variance length. If the range is excessive, the final
uncertainty map is smoothed out with partial or complete
loss of information. If the range is too small, one will end up
with a heavily “noisy” picture.

Uncertainties in Reservoir Structure

One of the burning questions during the early phases of
field development is whether ail is present in field areas not
covered by exploratory drilling. Analyzing uncertainties may
give a feel about the degree of uncertainty in identifying the
presence of oil. One of the criteria for such analysis is the
position of the top of the OWC. Analysis should proceed
along the following lines: (1) delineate a surface over the
top of a reservoir (average value); (2) introduce an error into
the average value; and (3) derive intersection contours for
multiple realizations of the top of reservoir and

OWC surfaces.

CEaiRes PHaeue

Average value

00 00 8000 0 10000 m
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e

Puc. 1. MHO>XeCTBEHHas peanmsaLs BHELLHErO
KoHTypa BHK

Figure 1: Multiple realization of OWC top
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[nst BaHKOPCKOro MecTopoykaeHust Obl noslyseH Habop
13 200 KOHTYPOB NEPECEYEHUIN KPOBM KOJINIEKTOPA C
noBepxHOCTLIO BHK. KpaHne sHaveHnsa npeacTaBneHbl
Ha puc. 1. 3 Hero B1uaHo, Y4To HeonpeneneHHOCTb
MONOXXEHNS BHELLIHEro KoHTypa BHK, koTtopas
CK1afbIBAETCS U3 HEOMPEAENEHHOCTU MONOXKEHWS

KPOBW KOMNeKTopa 1 noBepxHoCcTV BHK, moxxeT
MPUBECTU K CYLLECTBEHHOM MOrpeLIHOCTY B onpeagneHun
reonorn4eckx 3anacoB. Ha BaHKOpCKOM MECTOPOXKAEHNM
B 23 % cnydaeB 13 Habopa MHOXECTBEHHOM peannaaLiym
KONNEKTOP Ha y4acTKe, He OXBAYEHHOM Pa3Bea0YHbIM
OypeHnem (CNopHbI 0O LEKT 0OBEAEH YepPHOW CrIOLLIHON
JIMHNER), OTCYTCTBOBAS1. Y>KE MOCIE BbINOMHEHWS AAaHHOW
pPabOoTbl HAa CNOPHOM 0OBbEKTE OblNa NPODYPEHa CKBaXKNHA,
KOTOpAas He BbisiBUNa HE(hTEHACHILLIEHHOMO KONEKTOPa Ha
yKazaHHOW TeEpPUTOPUM B Npeaeiax paccMaTpriBaeMoro
nnacrta. Takim 0bpa3oM, BbICOKast BEPOSTHOCTb
OTCYTCTBMS KOJINIEKTOPA, NMoKasaHHas Ha Moadesnu,
noATBepamnack Ha NPaKTVKe.

B xone paboTbl 6bInn BbISIBEHDI ELLIE [Ba 0ObEKTA,
XapaKTepUsyoLLMecs BObLLON HEOMPEOENEHHOCTLIO B
BOMPOCE HanM4mst KonnekTopa (06BeAeHb! LLTPUXOBOW
JIMHVEN).

CTPYKTYPHAA Heonpe/eneHHOCTb: 06bem NopoAbl
MorpeLLHoCTs noacHeTa obLLero oGbema rnopoab!
CKNAObIBACTCA U3 HEOMPEOENIEHHOCTU MOSIOKEHNS MPaHNL,

pacronaraert B r.
PUHNAHONA HOBbIM
cpencts
| ‘Mope/bt

Aker Arctic

Akep ApKTUK TpeanaraeT pa3paboTky
TTpOeKTa TTOJIHOCTbIO U TIPOEKTHYHO
TTOALEePXKY CypoBnagensuam, sepham u
APpYyrnm orepatopaM. HauaTto CTpouTenbCTBO
APKTUYECKUX CYAOB HOBbIX CEPUN, BKIHOYAS
TTepBble B MUPe YesTHOUYHbIe TaHKepa Ans
3KCTTopTa A06bIBaeMOM B ApKTUKE HEDTW.

A set of 200 contours of the top of reservoir-OWC
intersection contours has been obtained for the Vankor
field. The extreme values are shown in Figure 1. It can be
seen that uncertainty in the position of the OWC top, which
is essentially the sum total of uncertainties in the positions
of the top of reservoir and the OWC, may give rise to a
serious error in oil-in-place estimates. In the Vankor field,
no reservoir was present within the area marked by the
solid black line in 23% of cases out of the set of multiple
realizations. A well drilled into the questionable target after
this work had been completed failed to reveal any presence
of ail. Thus, the high likelihood of absence of oil, predicted
by modeling, was corroborated by real evidence. In the
course of this work, two other areas characterized by
great uncertainty as regards presence of oil were identified
(marked by broken lines).

Structural Uncertainty: Rock Volume

Uncertainty in the position of reservoir boundaries and
contact determination contribute the error in the gross rock
volume measurement. As regards the structural modeling
error, its major source is the ambiguity of structural surfaces
in the crosshole space. The error grows with distance from
the wells and is zero in their immediate vicinity.

The error in determining the position of reservoir boundaries
was selected based on the quality of seismic data. For the
Vankor field, it was assigned as +15 m.

Aker Arctic Technology Inc.
Merenkulkijankatu 6
F1- 00980 HELSINKI, Finland
Tel.: +358 10 670 2477

Fax: +358 10 670 2527
Info@akerarctic.fi

www.akerarctic.fi
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nnacTa 1 TOYHOCTU NOKANM3aLMM KOHTAKTOB. /ICTOYHUKOM
MOMPELLUHOCTU B CTPYKTYPHOM MOAENMPOBaHNN

ABNAETCA HEOAHO3HAYHOCTb MOCTPOEHMWSI CTPYKTYPHbIX
MOBEPXHOCTEN B MEXXCKBaKVHOM MPOCTPaHCTBE.
MorpeLLHOCTb YBEMYMBAETCS C YAANEHUEM OT CKBAXKMH U
paBHa HyJto B HEMOCPEOCTBEHHOM 6/IM30CTU OT HUX.

Owmbka B onpeaeneH NonoXeHns rpaHnL, nnacta
BblOupanack MCXOAs 13 MOrPELLHOCTY CENCMNYECKIMX
OanHbIX. [nsg BaHKOpPCKOro MeCTOpOXXAeHNst oHa
COCTaB/IAeT + 15 M.

[ns OLUEHKM BOSMOXXHOIO pasbpoca 3Ha4EHNA MONOXKEHNS
BHK B ckBavkumHax Obl UCMOb30BaHbI Pe3ybTaThl
onpoboBaHUl LieneBoro nnacta. Pasdbpoc 3Ha4eHuin
ONpPEeOenancs Kak pasHuLa Mexxay HavbonbLLEN

1 HaMMeHbLLIEN oTMeTKamm noftoxxeHnst BHK. Ons
BaHkopckoro MectopoxxaeHust pasdpoc B 3HadeHusx BHK
coctasun 15 m.

Paguycbl BaprorpaMmMbl B aHHOM Cllydae Bblovpaninch
MCXOOs1 N3 CENCMNYECKOM MHDOPpMaLMKM O MnacTe n
PACCTOSIHUST MEXXY CKBaXKMHAMM.

B pesynbTate Obinv MOCTPOEHb! KapTbl BOSMOXKHbIX
OWMBOK ONpeaeneHns MONOXKEHNS MOAOLLBbI, KPOBI
nnacta n BHK. o KOHTYpY MECTOPOXOEHNS CPEaHNI
pPasbpOC B MOTOXKEHMSAX MOAOLLBbI M KPOB/W MacTa
COCTaBfIAET OKOJO 5-6 M. HeonpeaeneHHOCTb NoNoXKeHNs
BHK B cpegHem cocTtasnsaeT 6-10 M. HanbonbLumx
3Ha4YeHU HeoNpPeaeneHHOCTb AOCTUMAET K KpasiM KOHTypa
1N Mexay AByMs HiokaMmi BaHKOpCKOro MECTOPOXXAEHVS.

ObbeM Nopodb! PacCHNTLIBAICSA Kak NMpov3BeaeHNe
0OLLEN TONLLMHBI MOPOAp! B SHENKe W MoLLaau SHENKM.
Ha puc. 2 npeacraBneHa kapTa BO3MOXHbLIXM OTKIIOHEHUI
06Lero o6bema Nopoabl OT CPEAHNX 3HAYEHUI.

Ha ocHOoBe pe3ynbTaToB aHam3a CTPYKTYPHbIX
HeonpeaeneHHOCTeN MOXXHO caefNaTb BbIBOAbI O HANN4MN
KOJIIEKTOPA B HE OXBaYeHHbIX pasBeo4HbIM OypeHnemM
4aCTSX MECTOPOXAEHWA. ITa MHpopMaLWs nose3Ha Ha
aTane NpUHATUSA PeLLeHWA O fopasBeaKke MECTOPOXKAEHMS.
VIHdopMaLMst 0 BO3MOXKHBIX OTKITIOHEHMSIX B MOSIOXKEHWN
rPaHKLL MnacTa U KOHTaKTOB MPW HaIMHMM KOSIEKTopa
HeobxoayMa MpW MPUHATUN PELLIEHNIA MPW pa3paboTke
MECTOPOXAEHWNI, OCOBEHHO MPW pacHeTe BypeHns
FOPU30HTATbHBIX CKBKUH.

HeonpeaeneHHocTb B KOMNEKTOPCKUX CBOMCTBAXM NnacTa
KapTbl OMcnepcuin KONIEKTOPCKNX CBONCTB niacTa
CTPOSAT cnedyroLpmmM obpasoM. Ha Bxoa mogatoTca

TOYKM CHYNIEBOW OMNCTIEPCUEN — OTMETKIN KOPPENSLMM

Mo CKBavKMHaM. Ha ocHOBe anroputMa ¢ MpUMeHeHeEM
HeMpPepPbIBHOrO pacnpeneneHns aycca 1 3aaaHHbIX
napameTPOB BapuorpaMm CTROST MOBEPXHOCTI OLLIMOOK
NSt CBOVICTBA C HEKOTOPbIM 33daHHbIM OTKITOHEHNEM OT
cpenHero 3HadeHus. MNapamMeTpbl BApUorpamMbl 3a0ar0TCs
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Estimation of the spread of OWC values was based on the
results of well tests in target sands. The spread of values
was defined as the difference between the highest and
lowest OWC levels. In the case of the Vankor field, the
spread of OWC values was 15 m.

In this case, selection of variogram ranges was based on
seismic data pertaining to the reservoir and well spacing.
As a result, maps of potential errors in determination of
the top and bottom of the reservoirs as well as OWC were
produced. Within the boundaries of the field, the average
spread of reservoir top and bottom positions is about 5 to
6 m. Uncertainty in OWC position approaches maximum
toward the field boundary and between the two blocks of
the Vankor field. The rock volume was calculated as the
product of gross thickness within a cell times the cell area.
Figure 2 is a map showing possible deviations of the gross
rock volume from average values.

Puc. 2. KapTa BOSMO>XHbIX OTKITOHEHNIN OBLLLErO
obbema Nopodb! OT CPEOHNX 3HAYEHNIA

Figure 2: Map of possible deviations of gross rock
volume from its average values

Proceeding from the results of analysis of structural
uncertainties, one can draw conclusions as to the presence
of oil in field areas yet to be covered by exploratory drilling.
This information is useful in deciding whether additional
exploration of the field is needed. Information about
possible variations in reservoir boundaries and OWC levels
in the presence of ail is instrumental in decision-making
processes as part of the field development strategy,
especially when it comes to drilling of the horizontal holes.
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NCXOOs 13 YCNOBUIA OCAOKOHAKOMNEHNs (bapoBble

Tena, 4OCTaTo4HO B0oblUas BbiAEPXAHHOCTb CBOMCTB

no natepanu) 1 pacCTosHUSA Mexay CKBaxKMHamun. Bce
peann3aumn NOBEPXHOCTEN OLLMOOK CBONCTBA CBOAATCS
K OHOW KapTe OMCnepcum 3TOro CBOMCTBA MPpW 3a4aHHOM
YPOBHE OTKIOHEHNS OT CPEOHErO.

KoaththnuneHT necyaHmcTocTu

OCHOBHbIMW MPUHMHaMU MOrPELLHOCTY BblAeNeHNs
NPOAYKTUBHBIX MHTEPBAJIOB B CKBaXKMHAX ABMSKOTCS
paspeLlaroLLasi CnoCobHOCTb METOO0B MreOU3NHECKINX
ncenenoBaHuii ckBaxkH (MGC), TOYHOCTb onpeaeneHns
PUNBTPaLMOHHO-EMKOCTHBIX CBOMCTB MeTodamu G,
MOrPELUHOCTb MPUMEHEHUSI KDUTUYECKMX 3HAYEHWIA ANS
BbleneHns konnekTopa. [ns oLUeHKm HeonpeneneHHOCTH
B KOJNIEKTOPCKIMX CBOMCTBAxX Miacta Npexxae BCero
cnenyeT 33aTb OTKIIOHEHWE OT CPEAHErO 3HAYEHS.
OTKNOHEHME KO3(DMLIMEHTA MECHAHNCTOCTU NpeanarasTcsa
BbIOVPATH MO MMCTOrpaMMe pacnpeneneHns 13 Mofenm (Ha
OCHOBE KEPHOBbBIX aHHbIX), MOCKOSBKY OLIEHBAETCA
HeonpeaeneHHOCTb NOACHETHBIX MapPaMETPOB MOOENN.

V13 puc. 3, | BOHO, 4T0 HambosbLLIasA NIOTHOCTb
pacnpeneneHnsa KoadunumeHTa NecHaHUCTOCTU B
COOTBETCTBUM C MOAENbIO 6/mn3ka K nHtepsany 15 %-
HOrO OTKJIOHEHWS OT cpeaHero 3HaqeHnst. OTKIIOHEHWE
KOS ULMEHTA NECHAHNCTOCTN OT CPEeOHEro 3Ha4eHs B
MEXXCKBaXKMHHOM MPOCTPaHCTBE AOCTUraeT 4-5 %.

Ko3ththmumeHT nopucTocT!

[MpUYMHBI MOrPELLHOCTY ONPeAeneHNs MOPUCTOCTH
METOAVKA U3MEPEHWI, MOMPELLHOCTb MPUO0oPOB,
cybbeKkTUBHbIE (PakTopbl. OTKIOHEHME BblbMpa OCb Ha
OCHOBE pacnpefeneHns NopucToCTA, MNOSTYHEHHOW Mon
OaHHeIM TIC 1 yBA3AHHOM C KEPHOBbLIMM AaHHBIMU (DVIC.
3, I). N3 puc. 3, Il B1aHoO, 4To HambonbLuas MIOTHOCTb
3HAYEHUM NOPUCTOCTIN COOTBETCTBYET MHTEPBany 0,18-
0,22. 310T pa3bpoc 3Ha4eHnn cooTBeTCTBYET 10 %-HOMY
OTKJTOHEHWNIO OT CPEaHEN MOPUCTOCTU. B MEXXCKBaXKMHHOM
MPOCTPAHCTBE OTKIIOHEHWE 3HAYEHNUI MOPUCTOCTU
pocturaet 0,6 %, No kpasim mecTopoxxaeHust — 0,8%.
[NpencraBneHHasn KapTa OaeT npencrasfieHve 0o
obnacTsx, TPebYHOLLIMX YTOYHEHNS OAaHHbIX.

KoadithnumnenT HediTeHachILEHHOCTH

Mpy4mMHaMM NOrPELLHOCTM ONPEAENeHs
HeDTeHaChILLIEHHOCTY ABMSIKOTCA KA4eCTBO MHTEpPNpeTaumm
OaHHbIX [VIC, TOYHOCTb ONpefeneHs CONMpPOTUBIEHNS
NIacTakoNIexkTopa, ypoeeHb Y3B, BbicoTa nogbema Haf,
Y3B, kannnnsipHble KpviBble 1 Ap.

CornacHo Modenn HambonbLLas NIOTHOCTb
pacnpeneneHnsa koaduumeHTa HedTeHaCbILLEHHOCTY
pocturaetca B nHTepsane 0,4-0,7, 4TO COOTBETCTBYET
PaCXOXOEHNIO COCPedHNM 3HadveHeM 25 % (Cm. puc.

3, 1ll). B MEXCKB2XXMHHOM MPOCTPAHCTBE OTK/IOHEHWE
HePTEHACHILLIEHHOCTW OT CPedHEro 3Ha4eHns JOCTUraeT
4-5 %.
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Uncertainty in Reservoir Properties

Variances of reservoir properties are mapped as follows.
The input data include zero-variance points or, in other
words, correlation marks by wells. An algorithm using

a continuous Gaussian distribution and predetermined
variogram parameters provide the basis for constructing
error surfaces for a property with a given deviation from
the mean. Variogram parameters are assigned based
on the depositional environment (barrier-bar features,
pronounced lateral consistency of properties) and

well spacing.

All realizations of error surfaces for a given property are
reduced to a single variance map of this property at the
assigned level of deviation from the mean.

Net-to-Gross Ratio

The primary sources of error in identification of pay
zones in wells include the resolution of logs, accuracy
when determining reservoir quality by logging, and
error in the use of critical values to identify a reservoir.
In order to assess uncertainty in reservoir properties,
one must first know the deviation from the mean. It is
recommended to select the deviation of the net-to-
gross ratio from the mean on a distribution bar chart

of the model (tied to log data), because we are dealing
essentially with assessment of the uncertainty inherent in
the model’s volumetrics. As can be inferred from Figure
3() the maximum net-to-gross ratio distribution density
in accordance with the model is close to the interval of
15% deviation from the mean. The deviation of the net-
to-gross ratio from the mean in the crosshole space is
close to 4-5%.

Porosity Ratio

The sources of porosity determination error include
measurement techniques, instrument error, and subjective
factors. The deviation was selected from porosity
distribution based on log data in correlation with core

data (Fig. 3(Il)). It can be seen from Figure 3(ll) that the
maximum density of porosity values coincides with the
0.18-0.22 interval. This spread of values corresponds to
10% deviation from mean porosity. In the crosshole space,
the deviation of porosity values is 0.6%, increasing to 0.8%
toward field boundaries. The map indicates areas requiring
updated data.

0il Saturation Factor

The error in determining the oil saturation factor stems from
the quality of interpretation of log data, reservoir resistivity
determination error, groundwater level, height above
groundwater level, capillary curve, etc.

According to the model, the distribution of the oil saturation
factor is at its maximum in the 0.4-0.7 interval, which
corresponds to a 25% deviation from the mean (Fig. 3(/ll)).
In the crosshole space, the deviation of oil saturation from
the mean is 4.5%.
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Figure 3: Map of deviations from the mean (a) and bar chart of net-to-gross ratio (),
porosity ratio (Il) and oil saturation factor (lll) distribution as per model (b)
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Uncertainty in 0il
Properties

The oil shrinkage factor
and density at the surface
were determined as the
average of a number of
analyzed samples. To
take the determination
error into account,
distribution functions
were created with due
account for the results

of analysis of all ail
samples in surface and
reservoir conditions. The
distributions provided the
basis for calculation of oil
parameter variances.

Uncertainty of Oil-in-place
Estimates

After mapping of
variances of each
parameter in the oil-in-
place estimation formula,
variances of oil-in-place
estimates are mapped by
multiplying out variance
maps for all parameters,
provided that they are
independent. A map of
uncertainties inherent in
the density of ail in place
is shown in Figure 4.
According to the map, the
overall uncertainty in field
reserves may amount to
about 10% of original oil in
place.

A set of structural maps
and maps of reservoir
parameters with whatever
errors they contained

was used to produce

a set of Vankor field
reserve density maps,
and estimation was

made of the probability
density and cumulative
frequency functions for
oil-in-place reserves
expressed in tonnes. Over
a set of one hundred
calculations, the spread
of oil-in-place estimates is
within £10% of the mean.
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HeonpepeneHHocTb B CBOMCTBAX HEthTH

[NepecyeTHbIN KO3MMULMEHT 1 MNOTHOCTL HEPTN B
MOBEPXHOCTHBIX YCMOBUAX ONPefensaInch Kak cpegHee
no aHannady Habopa Npob. Onsa y4eTa NorpeLlHoCTH
Ob1nn co3paHbl PyHKLMM pacnpeseneHms,
y4nUTbIBalOLME pe3ynbTaTbl aHanm3a Bcex npob

Hed TV B MOBEPXHOCTHbBIX 1 MACTOBbIX YCNOBUSAX. Ha
OCHOBe pacnpeneneHnin 6bian paccHnTaHbl AMCNepcum
napamMeTpoB HedTW.

HeonpeneneHHoCTb B reosIorMYECKNX 3anacax

[Nocne Toro, Kak Obln MOCTPOEHbI KapTbl ANCTEPCUN

0719 KaXKO0ro 13 BXogsLLmx B hopMysly nogcHeTa
FeONOrMYECKMX 3anacoB NapameTPOB, CTPOUTCS KapTa
OVCNEePCUM FeONOMNHECKMX 3aracoB NEPEMHOXKEHNEM
KapT OVCnepcuii Mo BCEM MapameTpaM npy JOMYLLEHNN NX
HE3aBMCHMOCTH.

KapTa HeonpeneneHHOCTen NNOTHOCTU Mreoorm4ecKmx
3arnacoB HedhTu NpeacTaBneHa Ha puc. 4. CornacHo
kapTe obLlasa HeonpeaeneHHOCTb Mo 3anacam
MECTOPOXOEHNST MOXXET COCTaBUTb 0KO10 10 %
fanaHCcoBbIX 3anacos.

Mo Habopy CTPYKTYPHbIX KapT 1 KapT napamMeTpoB
pe3epByapa C y4eTOM BOSMOXHOW OLUMOKM

Obl1 MOCTPOEH HAboPp KapT MIOTHOCTW 3anacoB
BaHKOpCKOro MectopoXxaeHust, oueHeHbl QyHKLMK
MAOTHOCTN BEPOATHOCTEN N HAKOMEHHOW YacTOTbl )15
reonorM4ecknx 3anacos B ToHHax. o Habopy 13 100
peanmsauuin pasbpoc 3HaYEHNN FrE0NOMMYECKIX 3anacoB
coctaBnseT + 10 % cpegHero sHadveHns. CornacHo
avarpamme HyBCTBUTEIbHOCTM 3anacOoB K OCHOBHbIM
pac4eTHbIM MapamMeTpamM HambosbLUee BVSHWE Ha
HeoMnpedeneHHOCTb B 3anacax HKHEro nnacrta
oKasblBaeT KO3MPUUMEHT HeEPTEHACHILLEHHOCTW, XOT4A
B OOMbLUMHCTBE Cy4YaeB — 0OLLMMA 06beM MOPOabI.

OTO MOXHO OOBACHUTL TEM, YTO HanborbLLas
HeonpeaeneHHOCTb B 06bemMe Nopoapl HabnaaeTcs

B KPaEeBbIX YaCTdaX U Mexxady AByMst Briokamm
MECTOPOXOEHNS, a 3TU YHaCTKN XapakTepusyroTCs
YXYOLUEHHBIMU KONIEKTOPCKMMM CBONCTBAMM

(cMm. puc. 3).

3aknmouyenue

[Npenno)xeHHast MeToaMKa OLEeHKN 0bLLEeln
HeonpeneneHHOCTN reosIOrMYeCKX 3anacos
NMO3BOJIIET NNaHMPOBaTh AallbHeNLLne NCCnefoBaHns
Ha MECTOPOXXAEHUUN, KOPPEKTUPOBATb CXEMY
paspadboTKK C LieNblo Hanbonee ahPeKTUBHOIO
CHW>KEHUS COBOKYMHbIX ME0IOMMYECKMX PUCKOB,

a cnefoBaTenbHO, 0aeT BO3MOXHOCTb MOBbICUTL
peHTabenbHOCTb NPOEKTA.
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According to the diagram of sensitivity of oil reserves to the
major estimation parameters, the most tangible impact on
uncertainty in oil reserves within the bottom portions of the
reservoir is produced by oil saturation, although in most
cases it is the gross rock volume. This can be explained by
the fact that most of the uncertainty is associated with the
edges of the field and the space between two of its blocks,
where rocks exhibit poorer reservoir properties (see Fig. 3).

Puc. 4. KapTta OTK/IOHEHWA OT CPEAHEro 3Ha4YEHMS
MIOTHOCTW FE0SIOTMHECKNX 3aracoB HEdTI

Figure 4: Map of deviations of oil-in-place density
from the mean

Conclusion

The proposed method for assessing the overall uncertainty
inherent in oil-in-place estimates makes it possible to plan
detailed exploration of the field and to refine the reservoir
management plan in order to reduce the combined
geological risks and, consequently, increase the profitability
of the project.

This article was published in the NK Rosneft Scientific
and Technical Newsletter (Nauchno-tekhnicheskiy Vestnik
OAO NK Rosneft, No. 3, 2008, pp. 6-10) and won the
third prize in the 2008 competition for the best publication
in the newsletter. Printed with permission from the
Editorial Board.
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