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Managing Exploration Risks & Uncertainties
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The concepts of ‘exploration risk’, ‘uncertainty’ and
‘probabilistic evaluation’ play a key part throughout the
exploration process. These are critical factors that provide
the basis for planning, assessment of exploration and
appraisal (E&A) success rate, screening of new license
blocks and regions, selecting E&A well locations, prospect
and license ranking. Appropriate methodologies are the key
to credible definition of uncertain parameters.

I\/I HOrOYMCNEHHbIE (DAKTOPbI PUCKOB, BIVSAIOLLME
Ha yCrex 1 KOMMEPHYECKYHO MPUBEKATENBHOCTb
HeTEerazoBoro NPOeKTa, MOXKHO YCITOBHO Pa3feinTs
Ha YEeTbIPE MPYMMbl: TEXHUYECKME, KOMMEPHECKNE,
OpPraH13auUVoHHbIE 1 MONM-TUYeCKme. [ eonorndeckmne

PUCKN OTHOCATCA K I'IepBOI7I rpynne — TeEXHN4eCKMM pruckam.

OHM Orn1CbIBaIOT BEPOSITHOCTb HANMHNS U OTCYTCTBIS
3anexen HehTv 1 rasa Npw NpoexkTUpoBaHun PP,
BO3MOXKHbI 06 bEM 3aMacoB 1 Ka4ecTBO YriieBoA0pOa0B.

[Mpu NpoexkTpoBaHun PP nCrnonb3yroT Takne

B3aVIMOCBSI3aHHbIE MOHATUSI KaK «BEPOSITHOCTb», «PUCK»,
«HEeoMNPeaeNIeHHOCTb». TePMUHbI «BEPOATHOCTb» 1 «PUCK>
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I\/I ultiple risk factors that control the technical and
commercial success of an oil and gas project can be
roughly grouped into technical, commercial, organizational,
and political risks. The technical category includes
subsurface risks that are used to describe the probability
of presence or absence of hydrocarbon accumulations for
E&A planning as well as potential quantity and quality of
hydrocarbons.

Subsurface analysis and E&A planning are based on such
interrelated concepts as ‘probability’, ‘risk’ and ‘uncertainty’.
Probability and risk describe the likelihood of something
happening or not happening, or of a factor being present or
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EXPLORATION M

0O3Ha4at0T BO3MOXKHOCTb HACTYMEHNS U HEHACTYMNEHNS
KaKMX-NMbo cobbITUI. DTU BENMUHMHDBI ABIAKOTCA
B3a/MOOOPATHBIMU 1 UBMEPSAKOTCS B AOSISX €AMHNLbI
(BeposatHocTb = 1 — Puck). NoHaTne «HeonpeaeneHHOCTb»
OMUCbIBAET CUTYaLIMIO, MPY KOTOPOW OXNOAEMbIV PE3YbTaT
HE MOXET ObITb MPeackadaH TOHHO, MOTOMY YTO CYLLECTBYET
LeNbI psig, BO3MOXXHbBIX Pe3yNbTaToB.

["e0NOrM4ecKmin PUCK M obpaTHas eMy BemyHa

— BEPOSATHOCTb HAXOXKAEHNS 3aNeXXi — 0OYCNOBMEHDI
HEONPEAENTEHHOCTAMM rEQNIOrMHECKOrO CTPOEHMS
nceneayemMon TEPPUTOPN N UCTOPM e€ (DOPMNPOBaHNS.
YeM CnoxxHee reonorisi U MeHbLLIE N3Y4YEHHOCTb,

Tem B0sIbLIE HEOMPEOENEHHOCTU 1, COOTBETCTBEHHO,

Tem DosbLLUE reonorn4eckmne pucku. INovnck mn

pasBeOKa yrieBOAOPOAOB BKIOHAIOT B CeOsT aHa N3
pPa3HOOBPa3HOM MO OOBLEMY U KA4eCTBY MHMDOPMALINN.
MpaBWIbHOCTb OLIEHKW PUCKOB 3aBMCUT OT HaIIM4AS,
MOJTHOTBI 1 AIOCTOBEPHOCTU AaHHbIX, HA OCHOBE KOTOPbIX
BbINOSIHSETCA 9TOT aHam3.JTlobo HedhTerasoBbI NPOEKT B
3HAYNTENBHOM CTEMEHN 3aBUCUT OT MEOSIOMHECKIX PUCKOB,
MO3TOMY WX OLIEHKA SBSAETCA MPUOPUTETHON 3a0a4e B
reo/1IoropasBefoYHOM MPoLECCe.

MeTtoanyeckue
noaxoAbl THK-BP

[Npr 060CHOBaHUN
LIEHHOCTY MOWUCKOBbIX
ODOBEKTOB 3KCMEPTHI
peLLaroT ABe KIKoYeBble

rpoLjecce

66 OLeHKa reo/IorM4ecknX PUCKOB SIBJISIETCS
MPUOPUTETHOM 384a4er B reo/1oropasBeio4HOM

Evaluation of subsurface risks is a key element of

absent. These parameters are reciprocal and are expressed
in fractions of a unit (Probability = 1 — Risk).

Uncertainty describes a situation where the expected
outcome cannot be definitely predicted because there

is a range of possible outcomes. Subsurface risk and its
inverse parameter, probability of hydrocarbon discovery
(chance of success), stem from the uncertainty in the
geological structure and in the history of an area under
evaluation. Greater geological complexity and lack of data
translate into increased exploration uncertainty and risks.
Hydrocarbon exploration and appraisal are based on the
analysis of subsurface information of broadly varying quantity
and quality. So the accuracy of risk assessment depends

on the availability of comprehensive and reliable data. Any
hydrocarbon development project is largely constrained by
subsurface risks, which makes their evaluation a key element
of the exploration process.

TNK-BP Risking Methodologies

Prospect analysis aims to achieve two principal objectives:
assess the probability of a hydrocarbon discovery and
evaluate its potential resources. Petroleum industry
worldwide uses a range of approaches, most of which

are part of the
exploration
workflow in TNK-
BP.

Regardless of

3a0a4v — aHaIM3nPYoT ) the specific
BEPOSTTHOCTb OTKPbITVS the exploration process ’ ’ methodology,
HeTEra30BbIX 3a/IEXKEN each approach is

N OLIEHVBAIOT VX MPOMHO3HbIE 3aMachk| MpearonaraeMbIX
3anexen. [1na peLleHms Kaxkaon 13 3TVX 3a4ad B MYPOBO
MPaKTVKE CYLLIECTBYET Psif, METOAMHECKVX MOAXOO0B,
BOMBLLMHCTBO M3 KOTOPbLIX MpMeHsieTcs 1 B THK-BP.

HezaBncMMO OT METOLOSIOMN B OCHOBE KabKAOMO
rnoaxona NexxuT NPeaBapuTesIbHbI CUCTEMHbBIV aHaN3
re0IOM4YECKIX MPEANOCHINTOK HAXOXKAEHNSA 3anexXen
yrnesoaopoaoB. OueHKa reonorM4eckiX PUCKOB
ABIAETCA NLLIb 3aKSTFOHUTENBHOM (ha3o CIOXHOrO
TPYO0EMKOro 1 06 bEMHOMO MPOLIECCA Me0NIorMHeCKoro
N3yHEHNS UCCNEAYEMON TEPPUTOPUM C LIESTBHO MOMCKOB
MECTOPOXKAEHNA HEPTW U ra3a.

KOMIMMEKC Mre0normHecKmX 1 reopU3NHECKNX U3bICKaHM

OOJDKEH OXapaKTepm3oBaThb

crnefytoLLne KItoYeBble (PakTopbl, ONChIBatOLLE

BEPOSTHOCTb HAXOXKAEHWS 3aNEXKel:

» HaNM4Me BO3MOXKHOW JTOBYLLIKW YIIEBOA0POOOB;

» Ha/MHMe KOMeKTopa, CNOCOBHOro BMELLATh
Yrnesomopoab!;

» HanM4Me NOKPbILLKA (3KpaHa), yaepKMBaroLLEN
yrneBomopoab!;

» BOSMOXXHOCTb 3arOSIHEHVA NIOBYLLIEK YITIEBOAOPOLAAMN.

www.rogtecmagazine.com

based on a structured subsurface analysis of hydrocarbon
play elements that control hydrocarbon presence. The risk
analysis is the closing phase of a comprehensive study of
geological data.

Geological and geophysical investigations should be
designed to define the following prospect risk factors:
» Container (trap) presence risk

» Reservoir presence and effectiveness risk

» Seal presence and effectiveness risk

» Hydrocarbon charge access risk

A number of methodologies are used to quantify and
visualize each risk factor.

Standard Risking Process

Prospect risk analysis based on critical risk elements
measured as coefficients is the most common technique,
which is an integral part of the E&A planning process in TNK-
BP. For an exploration prospect (i.e. a potential hydrocarbon
accumulation contained in a reservoir formation, which is
expected to be productive), each risk factor is quantified (in
unit fractions) and then all the individual risks are multiplied to
produce a composite prospect risk (Table 1, on next page).
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B PA3BEJKA

KntoueBble pucku / Key Risk Elements

MpoAyKTUBHBIWA NnacT
Reservoir

B2 /B2

Hanuuue nosywku

Trap Presence

Hanuuune konnekTopa| Hanuune nokpbIWKKU
Reservoir Presence

BepoAaTHOCTb
OTKPbITUA (UTOr)
Prospect Risk

Bo3moxHoCTb
3anosiHeHuA
NOBYLLKU
Charge Access

Seal Presence

NCTO4YHWK: TNK-BP / SOURCE: TNK-BP

Tabn. 1 OueHka BEpOATHOCTM OTKPbITUA 3anexen HeddTu 1 rasa B Buae KosgunMeHTHOro aHanmsa
Table 1 Prospect Risk Analysis Based on Individual Subsurface Risk Elements

MeToam4eckue npueMbl Mo OLIEHKE pUCKa UCMONb3YHTCS
151 YYCNEHHOWM OLIEHKN 1 BM3yasibHOrO MPeacTaBeHns
BEPOSTHOCTEN, OOYCNOBMEHHbIX K&XKAbIM U3 3TWX
haxkTopoB.

CraHaapTU3auuna npoLecca oLeHKN

OueHKa BepOsTHOCTU OTKPLITUSA 3anexken HedT 1 rasa

B BMAE KO3PDULIMEHTHOrO aHanmsa — Hanbornee 4acto
MICMONb3yeMast TEXHVKA, KOTopas SBMSETCSA 06s13aTeIbHOM
MPOLIEYPOV MPY MPOEKTUPOBaHWN reoioropasBeqoyHbIX
paboT B THK-BP. [nsa kaxknoro o6bekTa (MoTeHUManbHOM
3anexy B NpeanosiaraeMomM NMpoayKTVBHOM MacTe)
BbIMOJIHAETCS KONMMYECTBEHHASA OLEHKA (B OOMSAX €AMHULIbI)
MO KaKOOMY U3 KITKOHEBbBIX (DaKTOPOB. /ITOroBoe 3HaveHvie
BEPOSTHOCTU OTKPbITUS ABNSETCS MPOV3BEASHNEM 3TUX
COCTaBHbIX BeposATHOCTEN (Tabn. 1).

OCcobEeHHOCTHIO TakKoro aHaM3a aBnseTcst 6osbLUas
00ns cyObeKTVBM3MA MPK €ro BbINONHEHWN. BenndmHy
KIKOYEBBIX PUCKOB, KaK MpaBuio, ONpeaensioT Ha
Ka4eCTBEHHOM YPOBHE, Hallle BCero OCHOBbIBAsSICb

Ha CPaBHEHW reONOMHECKX OCOBEHHOCTEN OOHMX
0B6BEKTOB C APYVIMM Ha OrPaHNHEHHON TEPPUTOPN.
[Npw 3TOM reosIor UCMONb3YHOT CBOW OMbIT U 3HAHNS
reoniorm4eckon 06CTaHOBKW B UCCEayeMoM parioHe, U
KavK bl aBTOP NPOBOAUT OLIEHKY MO-CBOEMY, NOSTOMY
HEepPeOKo UTOrOBbIN PUCK MO OOHOMY 1 TOMY >KE ODBbEKTY Y
PasHbIX UCTONHUTENEN MOXET 3HAYUTENBHO OTINHAaTLCS.
CoOTBETCTBEHHO, PasHULIA B OLIEHKaX PUCKOB Mo
obbeKTaM-aHanoram 13 pasHbIX PErvioHoB eLLe 6onbLLE.

CTouUT OTMETUTb, YTO 3Ta NPobieMa CyLLIeCTBYET B
OOMBLUMHCTBE HEDTAHBIX KOMMaHWMA, MPOEKTUPRYHOLLMX
reosioropaseefoyHble PaboThl. VITorosbie BEMMHMHDI
PUCKOB 1CMOJIb3YHOTCH Ha PasHbIX CTaOusAX NaHNPOBaHUSA K
060CHOBaHWS MpoBe- AeHns ['PP 1 BAUSIKOT Ha MosnoXeHne
MEePCNeKTVBHBIX OOBEKTOB B CMICKaX paHXunpoBaHis. B
CBS31 C 3TUM 3aa4a reosioros npy 060CHOBaHWM PUCKOB

— obecrne- YTb MaKCUMasTbHO BO3MOXKHYHD OO EKTUBHOCTD.

B kavecTtBe akcneprmeHTa cneLmanicTbl YnpaeneHus PP
pagpaboTany eauHbIN LLIAGIOH 419 OLIEHKM Fe0IorM4eCcKIX
PVCKOB, KOTOPbIN MO3BOSIAET CTaHAAPTU30BATb MPOLIECC
060CHOBaHNS Y MUHMN3MPOBATL BVSIHNE CYOBEKTUBHBIX
nopxopoB. LLIabnoH BeINonHeH B BUAE MaTpuUpl, rae B
Ka4eCTBe KIMKOHEBBIX MEONOMMHYECKMX (DaKTOPOB BblOpaHb!
TPaAMLUMOHHO MCTONb3yeMble BEPOSTHOCTU: Han4me
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To a considerable extent, such analysis relies on expert
judgement as the evaluation of key risks is generally
qualitative and based on comparisons of geological
parameters between similar prospects within a limited area.
Geologists largely draw on their expertise in the area of study
and each may come up with their own view of the summary
risk for a particular prospect that could be vastly at variance
with other estimates. Logically, the discrepancy is likely to be
yet bigger between prospect analogues in different regions.

Note that most oil and gas companies that run their own
exploration business face this dilemma. Composite risks
provide valuable inputs at different stages of E&A planning
and impact prospect ranking, and subsurface teams should
make sure that their risk analysis is as comprehensive and
objective as possible.

Exploration Division has developed a subsurface risk
template to standardize the prospect evaluation process and
minimize subjective influence. It is a matrix containing key
prospect risk factors: the presence of trap, reservoir, seal
and charge access. Each factor is defined by seven to ten
critical parameters with possible variation and values in unit
fractions. These numbers are multiplied to estimate key risks
and overall prospect risk.

As an example, we can look at eight controls of trap
presence divided into three groups. The first group includes
parameters related to data used for the subsurface analysis
and its quality: seismic data, the number of wells around
the prospect, and vertical seismic profiling (VSP) data. The
second group comprises parameters that describe the
type of trap and confidence in the trap closure. The third
includes the parameters, on which the credibility of structural
mapping depends, such as vertical closure versus the error
margin of structural interpretation, the quality of seismic
data, uncertainties of time-to-depth conversion, and the
accuracy of ties between seismic reflecting horizons and
known stratigraphy (based on well data). Each of the eight
parameters has a specific range of variation.

In the course of the analysis, each parameter should be
assigned an appropriate value that reflects the characteristics
of the evaluated prospect. The product of multiplied individual
risks is the composite prospect risk. This approach will help
narrow down the variation between risk assessments made
by different specialists.

www.rogtecmagazine.com



B PA3BEOKA

NOBYLU- KN, KOJIIEKTOPA, MOKPbLILKNA, BEPOATHOCTb
3aroJIHeHWA yrnesogopoaamMun.

[ns kaxxaoro hakTopa NojodpaHo Ot Cemn 40 AeCATU
Hambosiee BINSIOLLIMX NapaMeTpOB, ornpeaesieHs!
BO3MOXKHbBIE BAPUAHTbI UX UBMEHEHUS 1 YACTIEHHbIS
3HAYEHUS B JONSAX eAVHULIBI. YNCTIEHHbIE 3HAYEHNS
ABNAKOTCH COCTABNAOLLMMU MHOXKUTESNSIMUN B OLIEHKE
KITIO4EBbIX PUCKOB 1 OBLLErO re0norM4eCcKOoro prcka.

B ka4ecTBe NprMepa MOXHO PacCMOTPETL BOCEMb
B/MSIFOLLIMX MapPaMETPOB, BbIGpaHHbIX 415t OQHOro 13
KIKOYEBBIX (DAKTOPOB — HaNMHKS TOBYLLKW. OHW pa3buTbl
Ha Tpw rpynnbl. B nepByto BXOOAT NapameTpbl, CBA3aHHbIE
C OaHHbIMK, UCTONb3YEMbIMM
LN1st aHanmaa, U UX Ka4ecTBOM,
— 3TO AaHHble CENCMOPAa3BEOKM,
KOJMHECTBO CKBEXKMH BOKPYI
N3y4aeMOro OObeKTa, a TakkKe
[JaHHble BEPTUKA/IbHOrO Pl
CENCMNYECKOrO NPOUNINPOBaHUA "
(BCr). Bropas rpynna Bkto4aeT

napameTpbl, OTHOCALLMECS

K TUMY 1N HAOEXXHOCTU [
3aMblKaHVIs NIOBYLLIKW, TPETHS '
— MapameTPbl HAOEXXHOCTA
CTPYKTYPHbBIX MOCTPOEHWIA,

TaKMe Kak amnmTyda foByLLKN

MO OTHOLLIEHMIO K TOYHOCTU
CTPYKTYPHbBIX MOCTPOEHWIA,
Ka4eCTBO CENCMNYECKNX AaHHBIX,
HeornpeaeneHHOCTI, BO3HUKaKOLLVE
npw NpeobpasoBaHNM «BPEMS

— rnybuHa», a Takxke NMpvBaska
OTPKEHWIA, PEMNCTRVPYEMBIX

Npw MPOBEAEHUN CENCMUHECKIX
ncenenoBaHu. [ng kavkaoro ns
BOCbMI MPUBEAEHHBIX MapaMeTpoB
nopobpaHs! BapuaHTbl M3MEHEHVS.

Gross Depositional Environment /
Maneoreorpacueckast kapra

-
K

-

Supporting Data
from Regional
Basin Analysis /
NakHHble
PerMoHansHoro
ananuaa Gacceiia

Pa6oTa ¢ wabnoHoM 3aktoHaeTcs B BbI6ope )19 BCEX
napamMeTPOB 3HA4YEHMIA, COOTBETCTBYIOLLIX UCCNEAYEMOMY
reoniorm4eckoMy 06beKTy. Pe3ynsTaTtoM YMHOXKEHNS
COCTaBHbIX J0NEN BEPOATHOCTM OyOeT OnpeaensemMoe
3Ha4eHVe reosIorM4eckoro prcka. lcnonb3oBaHmne Takoro
noaxoma NO3BOSMUT 3HAYMTENBHO CHU3UTL Pa3dpoc
OLIEHOK PUCKOB MW BbIMOTHEHNN aHaM3a pasHbiMU
crieLianmcTamm,

OyeBuHOE BepoATHOE

I3MeHeHme reonormyeckmx [PUCKOB MO MnoLLaan
pacnpOCTPaHEHNA UCCeoyeMbIX FTOPU3OHTOB
OTOBPAaKAETCS Ha Tak Ha3bIBAEMbIX BEPOATHOCTHBIX KapTax,
KOTOpPbIE COCTaBNAOTCA OJ159 pacrnpeneneHnd nopoa-
KOJIIEKTOPOB, MOKPbILLEK, HEPTEMATEPUHCKIX nopos,. B
3aBNCMOCTN OT U3MEHEHWA MNMapaMeTPOB Mpon3BOONTCA
packpacka Hambonee NepCneKTBHbIX N PUCKOBaHHbIX
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Depth Structure /
CrpyKkTypHas kapra
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Common Risk Segment Mapping

The lateral variation of geological risks across evaluated
horizons is visualized on common risk segment (CRS) maps
reflecting the distribution of reservoirs, seals and hydrocarbon
source rocks. Depending on the parameters, different areas
on CRS maps are colour-coded with red, yellow or green for
highest, medium and low risk respectively. Individual CRS
maps (of reservoir, seal risks, etc.) are multiplied to produce
a composite CRS map, which in combination with a relevant
structural map helps high-grade the most likely hydrocarbon
prospects. CRS mapping is based on gross depositional
environment (GDE) maps, seismic facies, geochemistry
data, and geographic information systems data. The CRS
mapping workflow is shown in Fig. 1.

Common Risk Segment
Map Suite /

Komnnext
BEPOATHOCTHBIX KapT

- =

— Reservoir Presence CRS /
. = 2] BepOATHOCTHaA KapTa HAMMuWs KonnekTopa
1 s

e

Reservoir Effectiveness CRS /
BeposTHOCTHAS KapTa KayecTsa Konnektopa
| Kapra tonuwn
Charge Access CRS /
BepOATHOCTHaR KapTa 3anonHeHus:
KonnekTopa yrnesoaopoaam

Seal Presence CRS /
BEPOSTHOCTHAS KapTa HAMMIUA OKPBILUKI

Seal Effectiveness CRS /
BeposTHoCTHas kapTa
3chheKTUBHOCTU MOKPBILLKY

;R
i N
Summary CRS Map /

CyMMapHas BepOATHOCTHas!
KapTa HehTerasoHoCHoCTM

Play Fairway Definition /
Oblasi kapTa 30Hb! HedhrerazoHakonneHms

Pwuc. 1 lNpuyHUMN NOCTPOEHNA BEPOATHOCTHbLIX KapT
Fig. 1 Generation of CRS Maps

The CRS approach has the benefit of providing a consistent
framework of subsurface risk analysis, which can be applied
across large areas to identify exploration prospects with the
highest chance of success.

The CRS methodology is widely used in Tyumen Petroleum
Research Center (TNNC) for building risk maps based

on regional GDE maps to plan exploration and appraisal
drilling. Further on, these maps get increasingly detailed and
accurate as new seismic and well data become available.

Probabilistic method has become a standard practice in
TNK-BP for pre-drill resource evaluations for exploration
prospects and appraisal targets. It is used to generate a
probability distribution to support base case, upside and
downside resource estimates that are subsequently used as
a basis for commercial project scenarios.

Unlike the deterministic approach, this method recognizes
that there is uncertainty around the estimates of each of
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30H. CyMMI/IpOBaHI/Ie BEPOATHOCTHbLIX KaPT gaeT UTOroBytO
KapTy pyCKa, CPaBHEHME KOTOPOWM CO CTPRYKTYPHOM
OCHOBOW MO3BOMSIET AeNaTb BbIBOAbI O MEPCMNeKTUBaxX
HaxXOXKOEHWA 3a51eXKen YrineBoaopOa0B B U3yHaeMOM
paroHe. [MoCTpoeHe KapT prcka 6a3npyeTcs Ha KapTax
naneoreorpaum, KapTax N3MEHEHNST CBOMCTB MOPOL, MO
[OaHHbIM cericMopasBenKu 1 reOMHMOPMALIMOHHBIX CUCTEM,
[aHHbIX FEOXUMMNYECKIX 13bICKaHWA. [TOVHLMN MOCTPOEHUA
BEPOSATHOCTHbIX KapT Npea- CTaBneH Ha Puc. 1.

[MpenmyLLIECTBO METOAA BEPOATHOCTHBIX KAPT 3aK/THOHaETCs
B TOM, YTO OH OBECNeYMBasT CUCTEMATUHECKMNA aHaU3
Fe0NOMNYECKMX PUCKOB Ha 3HAYUTENBHBIX TEPPUTOPUSIX,

a TakKe NMO3BONSET BbISIBUTb 30HbI C HAMBO1EE BbICOKOMN
BEPOSATHOCTLIO HETErA3OHOCHOCTU.

[aHHbIN BUA aHaM3a akTUBHO NPUMEHSAETCS B
[enapTameHTax reonoropassenki TIOMEHCKOMO
HedTAHOrO Hay4Horo LieHTpa (THHLI). BepoatHocTHble
KapTbl, MOCTPOEHHbIE HAa Bade pervoHasnbHbIX KapT
naneoreorpadvin, NCNob3ytoT NPK MIaHMPOBaHN
MOVNCKOBOIO U
pa3BefoyHOro
OypeHrus. Hosble
OaHHble MO
peayrnbTaram
BbIMOSHEHHbIX
cercMopasBeaoUHbIX
paboT 1 NPOBYPEHHBIX
CKBaXKVH MO3BONAOT
NpOBOANTL
OeTanM3aumto

N YTOYHEHVE
CYLLIECTBYIOLLIMIX KapT.

be3 owunbok

[NpYIMEHEHNE BEPOATHOCTHON METOOVKI CTano OObIMHON
NPaKTUKOM MPY MPOrHO3HOM OLIEHKE 3arnacoB MOVCKOBbIX
pasdeenoUHbix 06bexkToB B THK-BP. OHa ncnonssyetcs ans
0B0CHOBaHVS: MUHUMAaTbHBIX, 6a30BbIX 11 MaKCHMaTbHbIX
OLIEHOK PECYPCOB, KOTOPbIE 3aTEM UCMOSB3YIOTCH B
Pa3NNYHbBIX CLIEHAPVISX PACHETOB MHBECTMPOEKTOB.

[MperMyLLIECTBO 3TOM METOAMKM Nepes OObIMHOM
OETEPMVHNCTCKOM OLIEHKOW 3aracoB 3ak/t0HaeTCA B TOM,
YTO OHa MO3BONSAET YHECTb BVSIHNE HEOMPEAENEHHOCTEMN
BCEX MNOACHETHbIX MapamMeTPOB, YHaCTBYHOLLINX

B oueHKe. [loacHeT 3anacoB BbINOSHASTCS MO
TpagLMOHHBIM (DOPMyNaMm, HO B KA4ECTBE NOACHETHbIX
napamMeTPOB UCMOJb3YOTCA HE CPEOHME BENNHMHBI,

a VX CTaTUCTUYECKME pacnpedeneHns. PacyeTsbl
NPON3BOOATCA B NporpamMmMax, MNO3BONAIOLLMX BbINOMHATb
CTOXacTU4ECKOE MOAENMPOBaHME METOAOM «MoHTe-
Kapno». PesynbTaT pacyeToB NPeacTaBiseTCa Takke B
BMAE pacnpeneneHsi MpOrHO3HbIX 3anacoB, rae KabKaon
BepoATHOCTN 0T 0% [0 100% COOTBETCTBYET CBOS
BEMNYMHA 3anacoB.
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‘6 Cnieumannctel Yripasnerus PP pa3pabotaim
eauHbIV 11abJI0H /15 OLEHKM re0JIOMMYECKNX
PUICKOB, KOTOPBbIV MO3BOJISET CTaHAapTU30BAaTh
ripoLiecc 060CHOBaHWS Y MUHUMN3MPOBATH
B/IMSIHWE CYOBEKTUBHBIX MNOAXOA0B

The Exploration Division has developed a
subsurface risk template to standardize the
prospect evaluation process and minimize
subjective influence ”

the input parameters. While using conventional reserves
equations, the input variables are assigned values from
statistical distributions rather than averaged parameters. The
estimate calculations are run with specialist software tools for
Monte Carlo stochastic modeling and their output is plotted
as a reserves distribution curve where each probability value
from O percent to 100 percent corresponds to a specific
volume of potential hydrocarbon resources.

Although the probabilistic method has been globally
applied as a proven tool, its application requires caution,
for instance, with deriving the overall probability for several
reservoir formations and combining probabilistic estimates
with subsurface risking. This is where typical mistakes are
frequently made by specialists in many companies.

Geologists who are new to the methodology have no
problem with using software like Crystal Ball for probabilistic
analysis. It takes about an hour to leamn the functionality, but
in order to make sure the generated results are meaningful, it
is important to follow some rules of handling both input and
output probabilistic
data.

Table 2 shows

an example of
probabilistic
resource estimate
for a prospect
containing three
reservoir units, with
volume predictions
made for each unit
and expressed

in probabilities
(percentiles): P10,
P20, ..., P90. In this example, the total prospect resource
represents the sum of volumes based on specific percentiles
for each target horizon, a mistake made by exploration teams
when this methodology was being introduced in TNK-BP.

This problem is described in a publication posted on the SPE
website (see E.C. Capen. “Probabilistic Reserves. Here at
Last?”, SPE, 2001), which discusses the rules of probabilistic
analysis and a proper way of estimating total resources of a
stacked pay prospect. In Crystal Ball, along with probabilistic
evaluation of individual reservoir horizons, it is necessary to
make a probabilistic estimate of the total amount in all the
horizons, which will be considerably different from a simple
addition of individual volumes. While oil resource probabilities
in separate horizons are independent of each other, the total
estimate will show a much narrower distribution range. This
can be easily explained by rules evaluating probabilities of
independent events. In our case, the probability P that at
least one of the three independent events with probabilities
of P1, P2, and P3, or that their combination will occur is

as follows: P=1-(1-P1)*(1-P2)*(1-P3). With this approach,
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EXPLORATION M

MopcyeTHble napameTpbl / Volumetric Parameters

Mnact
Reservoir
Unit Mnowaap,
TbIC. M2
Area ‘000
sg.m

Hadh, m
h (Net
Reservoir
Thickness) m

KH, a.en.
SO
(Oil Saturation)

Kn, a.ea.
@ (Porosity)

MnotHocTb
HedpTy, T/M3 Ko3hchuumeHT,

Qil Density,
t per cu. m

PesynbTatbl
BEPOATHOCTHOM OLIEHKMU|
B NepceHTenAx, Tbic. T
Probablistic Estimate
in Percentiles, ‘000 t

HayanbHble
reonorn4eckue
3anacbl
(neTepmeHucTCKanA
OLeHKa), TbiC. T
Deterministic Qil in
Place Estimate, ‘000 t

MepecyeTHbIN

Aa.en. 90% | 50% | 10%
FVF (Formation|

Volume Factor)

Tabn. 2 MNMpumep BEPOATHOCTHOM OLIEHKM 3anacoB Mo NonckoBomy 06bekTy. CpaBHeHme obwmx 3anacos P10, P50,
P90 no 06beKTY, NOMYYEHHbIX MyTEM NPOCTOro apuMEeTUHECKOrO CyMMUPOBaHKA MO niiactaM 1 pacyeTa B Nporpammve

Crystal Ball

Table 2 Probabilistic Oil-in-Place Evaluation. P10, P50, P90 Volumes Derived by Simply Adding up OIP Volumes vs.

Crystal Ball Estimate

BeposATHOoCTHas MeTOAVKA YoKe AaBHO OTpaboTaHa B
MMPOBOW MPaKTUKE, OOHAKO BCE ELLE CYLLECTBYET Psf
BOMPOCOB, CBA3aHHbIX C BEPHOCTbLIO NMPUMEHEHNA MeToada
B pPasnyHbIX CIyHasix, Kak HanpuMep, Npu onpeaeneHnm
CYMMaPHO BEPOATHOCTHOM OLEHKW MO HECKOSTBKMM
nnactam " COBMECTHOI O NnpnMeHeHna ¢ Benn4nHamMmn
reoiorMHeCKOro pycka. 31O TUMMYHbBIE OLLMOKKM, KOTOpbIE
COBEPLLAIOT CreLManMCTbl MHOMMX KOMMaHNIA.

Y HOBWHYKOB He BbI3bIBAET 3aTPYOHEHU MPUMEHEHMe
BEPOSTHOCTHOM OLIEHKM B MPOrpaMMHbIX CpeacTBax Tmna
Crystal Ball — ocBoeHwe Takoro nporpamMmHOro 0becreqeHNs
3aH1MaET He 6oree HYaca. OaHaKo MoSTyYeHNE KOPPEKTHBIX
pe3ynbTaToB TPEOYET COBNOAEHNS MPaBUT OBpaLLEHNS C
BEPOSTHOCTHbIMM BEMUHMHAMM — KaK C UCXOAHbIMM, TaK 1 C
PE3YNbTVPYIOLLIMI AaHHLIMU,

B Tabn. 2 npeactaBneH NpuMep BEPOSTHOCTHOM OLIEHKN MO
MOVICKOBOMY OOBEKTY, COAEPXKALLEMY TPV MEPCMEKTVBHBIX
rOpU30HTa, MO KaKOOMY 13 KOTOPbIX BbIMOSTHEH MPOrHO3

C pesynbTatami B BUOE BEPOSTHOCTEN (MepceHTUNeN)

P10, P20, ..., P90. B aTOM NpuMepe UTOroBoe 3HaveHne
MPOrHO3a 3anacoB N0 OOBLEKTY B LIENIOM NPEACTaB/eHo B
BMIE CYMM 3amacoB Mo COOTBETCTBYIOLLM NEPCEHTUNAM
Ka>K[Oro ropudoHTa. 3TO OLMGOYHOE AENCTBME MpK
MOBELAEHWN MPOrHO30B BbIMOMHANOCH NOAPAa3AENEHNSMM
['PP B Havane BHeOpeHst BEPOSTHOCTHOW OLIEHKM B paboTy.

Ha cante SPE ecTb nybnvkaumsi, onmcbiBatoLLias 3Ty
TNn4HYo oLmbKy (cm. E.C. Capen. «Probabilistic Reserves.
Here at Last?», SPE, 2001). B ctatbe nanaratotcs

npaswna SENCTBIA C BEPOATHOCTHBIMW BENMHMHAMK, a
TaKKe NPaBUbHBIN MOAXOA, AN MOMYHEHUS CyMMAaPHOWM
MPOrHO3HOM OLEHKN. 151 BbINOJHEHWST KOPPEKTHOWM OLIEHKM

www.rogtecmagazine.com

the overall probability increases relative to P1, P2, and P3,
and the uncertainty range becomes narrower. If horizons
are dependent due to their geological characteristics,

the probabilistic evaluation has to take into account the
relationships between parameters that describe the
geological linkage, resulting in a wider distribution range of
the total hydrocarbon amount.

Probabilistic Reserves and Subsurface Risks

Also noteworthy is the method of calibrating probabilistic
evaluation against subsurface risking. Fig. 2 shows a
distribution of unrisked total oil-in-place (OIP) for a prospect.
It clearly illustrates the relationship between probabilistic
estimate and prospect risk (chance of a hydrocarbon
discovery); the subsurface risk is essentially a qualifying
coefficient for the probability axis, and not the OIP axis.

Risk factors are estimated and applied to forecast reserve
additions and describe the probability of hydrocarbon
discoveries. Correct risking of expected volumes minimizes
the variance between plan and actual reserves delivered by
subsequent E&A drilling. If reserves estimate is based on
the conventional deterministic method, the overall prospect
volume should be multiplied by the risk factor. With the
advent of probabilistic tools, exploration teams in TNK-BP
commonly fell into the pitfall of risking probabilistic outcomes
in the same manner.

Deterministic results are average values that give the right
answer when multiplied by risk. But applying risk factors

to resource volumes that correspond to P10, P20, ...,

P90 probabilities is a flawed methodology. This is where
Crystal Ball helps to get things right. At first, its output may
seem strange. For example, with a risk of 0.5, P50 or lower
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B PA3BEOKA

09 \ MporHos Ges yueTa pucka

\ Unrisked OIP Estimate

[ 1POTHO3 C YHETOM PUCKA | |
\ Risked OIP Estimate
0,7

0,6 \
05 o\
0 AV
N\
A\
AN

T T T
2000 3000 4000
3anachbl, Tbic.T / OIP, ‘000 t

0,8

BepoATHOCTb

03 OTKPbITUA 3anexu
yrnesopopopos - 0,6
0.2 1 Probability of a
Hydrocarbon Discovery
0,1+ 06

BepoAaTHoCTb, A.ea. / Risk, Fraction

T T
0 1000 5000 6000

Puc. 2 VIHTerpanbHble pacnpeneneHnsa BepOATHOCTHON
OLEHKM 3anacoB Mo NOMCKOBOMY 06beKTY 6e3 yveTa n ¢
Y4YEeTOM reofiormM4eckoro pucka

Fig. 2 Risked and Unrisked Probability Distributions of
Prospect Qil-in-Place Quantities

CyMMapHbIX 3amacoB Mo 06bekTy B nporpamme Crystal
Ball Hapsigy ¢ mporHosamm no OTAeNbHbIM FOPU30OHTaM
HEOBXOANMO BbIMNOMHUTL TaKXe MPOrHO3 MO CyMME
3arnacoB Mo BCeM ropusoHTaMm. Toroeas cymmapHast
OLIeHKa, BbINOSIHEHHAs MPOrpaMmMon, ByaeT 3HaUUTENIbHO
OT/IMHATBCA OT NPOCTON apPUPMETNHECKON CYyMMbI
OLIEHOK MO OTAENbHBIM MnacTam. Ecnv BepoaTHOCTH
cofep>aHns 3anacos HeT MO ropPU3OHTaM
He3aBMCKMbI APYr OT Apyra, TO Anana3oH NpaBuIbHOMo
pacnpeoeneHns CyMMapHoOm OLEHKM ByaeT ropasno
MeHbLLEe. OTO Nerko 06BACHAETCS NpaBuiamm 4eNCTBIN
C BEPOSATHOCTSAMM HE3ABUCUMbIX COBbITUIA. [Ns Hawlero
cllydas BepOsATHOCTb P HacTynneHmnst XoTb OOHOr0O U3 Tpex
HEe3aBMCUMbIX CODbITUI C BEposaTHOCTAMM P1, P2, P3
NN X COBMECTHOIO HacTynneHuns pasHa: P=1-(1-P1)*(1-
P2)*(1-P3).

VIToroBasi BEPOSTHOCTbL MO OTHOLLEHWO K P1, P2, P3

Mpw Takown onepaLmn yBenmymMBaeTcs, CneaoBaTesnbHO,
Omanas3oH HeonpeoeneHHOCTU yMeHbLuaeTcs. [pu
BEPOSTHOCTHOM OLIEHKE MO rOpPU30HTaM, 3aBUCUMbIM Py
OT Apyra no KaknM-nnbo reoniorm4eckuM 0COBEHHOCTSAM,
NPOBOOATCA KOPPENALUMOHHbIE CBA3M MO MapameTpaMm,
ONMUCbIBAIOLLIM 3TW 0COBEHHOCTW. [dmana3oH UTOroBOro
MPOrHO3a Mpu 3TOM YBENMYMBAETCS.

Kom6uHpoBaHne BepOATHOCTHON OLGHKK C
reonornyecKumMmn pucKamm

CtouT Takxke yoennTb BHMMaHne CoOBMeCTHOMY
NOMEHEHWIO BepOﬂTHOCTHOVI OUEeHKN 1 BENTMHNH
reosiormdeckoro pucka. Ha Puc. 2 nsobpaxeHb!
NHTEerpalibHble pacripegenieHna BepOFITHOCTHOI7| OUEeHKN
3arnacos Nno ogHoOMy U3 reosiorm4eCknx 00BbEKTOB

6e3 y4eTa 1 C y4eTOM reoIorm4eckoro pucka. 1ot
PUCYHOK XOPOLLO WUATKOCTPUPYET CYTb NPaBUIbHOIO
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probability volumes can be zero. But note that the
chance of success of 0.5 means that there is a 50-
percent risk of prospect failure.

Smart risk assessment helps companies avoid

direct economic and reputational losses, leading to
reduced market capitalization, so the application of
efficient risking workflows to all aspects of subsurface
management is a critical activity for any oil and gas
business.

B3aVMOOENCTBUNSA BEPOATHOCTHOW OLIEHKW V1 BHAYEHUI
purcKa (BEPOATHOCTU OTKPbITUS 3aNexy YyrieBoaopoaos).
OHa 3aKnto4aeTcs B TOM, YTO re0Norm4ecKknin puck, no
CYTW, ABNSETCSA MacCLLUTABUPYOLLM KO3 MULIMEHTOM OCK
BEPOATHOCTEN, & HE OCK 3aMnacoB.

Ha npakTike KoshpuLIMEHTbI prUCKa NCMONB3YHOTCS

NPV NNaHMpPOBaHUM MPOMHO3HbIX MPUPOCTOB 3anacoB

1 OMUCbIBAOT BO3MOXHOCTb HAXOXAEHWS 3anexken
yrneBogopo- AoB. [pu peanmsaumn nporpammbl PP
npaBusibHas OLIEHKa PUCKOB MO3BOSSET AOOUTHCA
3HaveHUn HaKTUHECKNX MPUPOCTOB 3anacoB, 6IM3KMX

K 3aniaHnpoBaHHbIM. [1py NPOrHO3e NPUPOCTOB C
NPUMEHEHNEM OBbIHHONM OETEPMUHNCTCKON OLIEHKN
NTOrOBbIE 3HAYEHWS 3aMacOB MO OOBbEKTAM YMHOXKAKOTCS
Ha 3Ha4eHnsa pUCKoB. 1o aHanorMm ¢ 3TUM, B Ha4ane
BHEOPEHNS BEPOSTHOCTHOW OLIEHKW B MPON3BOACTBEHHbIN
npouecc B nogpasneneHunax PP, pesynbtaTbl
BEPOSATHOCTHOM OLIEHKN TaKXXe YMHOXaINCh Ha 3HaYEeHNS
PUCKOB, YTO ABMSETCA HEBEPHbIM MOAXOAOM.

PesynbTatsbl AETEPMUHUCTCKON OLIEHKM NpeaCcTaB/eHb!
CPELHNMM 3HAYEHNAMU, U UX YMHOXKEHVE Ha BEPOATHOCTb
[AET KOPPEKTHbI pe3ynbtar. OaHaKo YMHOXaTb

BEMMHMHY PUCKa Ha 3HaYeHs 3aracoB, COOTBETCTBYHOLLME
BeposaTHocTam P10, P20, ..., P90, METOANYECKN HEBEPHO.
KOPPEKTHYIO OLIEHKY C YHETOM PUCKOB TakXKe MOXHO
BbINOSHUTL B Mporpamme Crystal Ball. PesynstaTb! OLeHKm
Ha MepBbI B3r184, MOMYT MOKa3aTbCst HEOObIMHbIMU. K
npuMepy, Npu 3HadeHn pucka 0,5 3HaveHnst 3anacos,
COOTBETCTBYHOLLME BEPOATHOCTSM P50 1 MeHbLLE, paBHbI O.
OpHako Hado METb B BUIY, YTO BEPOSITHOCTb yenexa 0,5
03Ha4aeT, 4To B 50% Criy4aeB MOXXET HACTYMUTL «HEYCMeX».

MNpaBubHas OLIEHKa PUCKOB MO3BONSET n3bexxaTtb
MPSAMBIX 3KOHOMUYECKMX U PeNyTaLMOHHBIX MOTepb, a
Takke yxyaLeHnsa pbIHOYHOM KanuTanmdaumn. [Mostomy
AN Moo HeTSIHOM KoMMarun 3dheEKTUBHAsS OLeHKa
PUCKOB MO BCEM acrekTaMm HeapOnoNb30BaHNs SABASETCSA
O[IHOW U3 KJTHOYEBbIX 3aad.

Criacvbo komMnaHm TNK-BP v xypHany «HosaTtop» 3a

rpenocTaB/IeHe MaTepmasios.
Published with thanks to TNK-BP and Innovator Magazine
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