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Definition OnpepeneHve

B
Uncertainty

Variability of possible outcomes
(physical parameters, events,

decisions) | Prob.
BepoaTHOCTb

HeonpepeneHHOCTb

N3MeHUYNBOCTb BO3MOXHbIX NCXO0B
(dbm3nyeckmnx napameTpoBs, CObbITUN,
peLIeHnn)

NPV
(HA0)



Definition

OnpepeneHune

EEE—
Risk
The potential loss associated with a
particular outcome

(negative NPV of the project)

Puck

[MoTeHumanbHble YObITKN, CBSI3aHHbIE C
KOHKPETHbIM MCXO0M
(oTpmuarensHbin YOO no npoekTy)

[ Prob.
BepoaTHOCTb




Definition

Onpepenexne

EEE—
Risk mitigation
Shifting the distribution to the right

CHMXXeHune pUCKoB
CmeLlleHue pacnpegeneHnst Bnpaso

[ Prob.
BepoaTHOCTb




Definition OnpepeneHve

EEE——
Challenged / marginal field
High probability of negative project

NPV
1 Prob.

BepoaTHOCTb

CnopHoe/ manopeHTabenbHoe
MeCcTopoXaeHue

Bbicokasg BEpOATHOCTb
oTpuuarenbHoro Y/ no npoekrty




Workflow OpraHunsauyua paboyero npouecca

Definition of parameters
OnpepgeneHne napameTpoB

Parameter Adjustment (History-match)

KoppekTupoBka napameTpoB
(HacTporika Ha nctoputo paspaboTku)

Definition of options (prediction)

OnpeneneHne anbTepHaTUBHbIX
BapunaHToOB (MpOrHo3s)

Optimization
OnTummsauus




Stochastic production profile CToxacTtnyeckuin npopuie A00bINM

!orecast o! existing we” Forecast of new well
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Example 1
Logging and coring justification
for fractured reservoir

[Mpumep Neft
Ob6ocHOoBaHME KapoTaXHbIX
nccnegoBaHU M 0Tbopa KepHa B

B
The problem

Well performance major factor for success
Initial oil rates > 1200 bpd

Deviated to pickup fractures
Large fracture uncertainty

Fractures present ?

If present, conductive ?
When to abandon and side-track?

.

Tppl HAHORATHIX NNACTAX

3agava

[‘naBHbIN 3arnor ycnexa — 3ppeKTUBHOCTb
aKcnnyaTaunm CKBaXKmH

[MyckoBble ebuTbl No HedpTN BonbLue
190 m3/cyT

HaknoHHble cTBOMbI N5 BCKPbITUS
TPEeLUUH

bonblias HeonpeaeneHHOCTb
OTHOCUTESIbHO TPELLUUH

Ectb nn TpewmHbl ?

> Ecnu ecTb, kKakoBa X NPOBOAUMOCTb?

Korga ctaBuTb LLEMEHTHBIN MOCT U BYypUTb
BIrc?



Initial oil production distribution =~ Pacnpeaenexue nyckoBbix AebuTtos

with binary fracture permeability MP¥ G1HapHOM pacnpenenexi
distribution MPOHNLIAEMOCTM TPELLINH
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Initial oil production distribution = PacnpeaeneHune nyckosbix 4ebuUTOB,
Impact of OBMI DSI when Bnnanmne OBMI n DSI B nnactax c
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Initial oil production distribution =~ Pacnpeaenexue nyckoBbix AebuTtos
- fractures are conductive MPV NPOBOASLLMX TPELLMHAxX
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Initial oil production distribution = PacnpeaeneHune nyckosbix 4ebuUTOB,

Impact of OBMI. DSI - fractures BrnunaHne 0BMI n DSI B nnactax c
are conductive NPOBOASALLMMUN TPELLMHAMMN
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Initial oil production distribution
Impact of coring - fractures are

PacnpeneneHune nyckoBbIX 4eO6UTOB,
BnvsaHue otbopa kepHa B nnactax c
NpoBOAALLMMN TPELLUMHAMM
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Decision making process on
logging and coring program

[Tpouecc NPUHATUA peLLeHnn no

nporpamMme KapoTaXKHbIX
nccregoBaHuin n oTbopa KepHa

Decisions to be made

Run enhanced logging suite for all wells
drilled in dolomite environment

Production test

No conductive fractures

— Abandon and side track

Conductive fractures

— Take core to narrow down the
stochastic profile

— Produce at around 1800 bpd

MpuHATL cneayloline peLueHus

[MpoBecTn paclumpeHHbin komnnekc NC Bo
BCEX CKBaXXMHaX, NPOBYPEHHbIX B

aonomMmTax

OnpoboBaHne CKBaXWH

[Mpn OTCYTCTBMM NPOBOAALLNX TPELLMH
— UemeHTHbIn mocT n BIC

[MpoBoasLne TpEeLWMHDI
— CyauTb cToxacTmyeckum npounb

MOMOLLLIO KEPHOBbLIX AAaHHbIX
— [lonyuntb 290 m3/cyT

:
o © O &,r
o (o)) cn'cg, ST = :.
il oil productionrate] £ € | 5 | &S Myckosoripebut| 2 2 | o |0 8
< (o)) D O Q o AN S kF
s)l t®@| S | S5 no Heptn, M3 Fc| C |EOo
Mean 1663.7 | 1788.9 | 1763.6 CpenHee 2645 | 2844 | 2804
Standard Deviation 303.3 | 2625 | 1444 CpepaHekBagp. oTknoHeHfie48,2 41,7 23,0




Example 2
Water injection installation

[Mpnmep Ne2
[logaepxkaHne NnacTtoBOro
[aBneHus

B
The problem

Reservoir
Sandwiched oil rim of 70 m thickness

Volumetric reservoir behaviour, no
aquifer present

Likely to be areally heterogeneous

Possibly highly stratified, which could
protect wells against coning (gas and
water)

Operational
Facilities and space
for water injection facilities

3agava
[lnacm

HedtaHaa otopoyka MOLHOCTBEO 70 M

3aMKHYTbIN KONSekTop 6e3 3akKOHTYpHOM
BOAbI

Ckopee BCcero AenucTBUTENbHO
HeO4HOPOAHLIN nnacT

Bo3amoXXHa cunbHasi CrIoONCTOCTb, YTO
MOXET npeaoTBpaTtnTb NnoaoTArmBaHmne
KOHYCOB ra3a " BoAbl

OnepamueHbie 80r1pOoChl

HaseMHble coopyXeHna v nnowaan angd
3MmeLleHuna yctaHosok ang MNrij



Oil production profile — without ~ Tpodunb AoBbIUM HedTM C
and with water injection nogaepxaHnem n 6e3 nogaepxaHus

NM1acTtoBOro gaBrieHn4A
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Cumulative oil production — HakonneHHas fobblya HedpTn — ¢
without and with water injection A1 6es M4
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Cumulative oil production — HakonneHHas Aobbl4a HedpTU — C
without and with water injection HHD- 1 6e3 ML v oTcpouyka Havana

and delayed injection
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Decision making process —
Real Options

[1pouecc NPUHATUSA peLleHnn —
peanbHble anbTepHaTUBbLI

B
Real option
Includes the effect of uncertainty along the
time
Wait — See — Learn (before investing)

Water injection?

N nﬂ.? Interference KCNs. noKasartenu
testing

PeanbHas anbTepHaTUBa

YUnTbIBAET BINSHME HEONPEOAENEHHOCTH
BO BPEMEHU

Xaun — Cmotpu — Yunck (npexae, yem
BKNaablBaTb CpeacTaa)

Mid term
production
Short term performance
production Akcnn. nokasatenu
performance CpeAHecpouHbIiA

nNporHo3

KpaTkocpou.nporHo3s

With ‘OponpocnylBaH
negative NPV?
Mpwu oTpuuatenbHO

4nn? \ S

20



Decision making process on
water injection strategy

[Tpouecc NPUHATUA peLLeHnn no
ctpaterun N4

Decisions to be made
Wait to make decision on water injection

Reserve space for Wl equipment on
platform
Prepare for decision in two years

—Define and implement data gathering
strategy to assess reservoir
connectivity

21

MpuHATb pelweHunn

Koem MoMeHTa, Korga HY>KHO MPUHATL
pelleHne o nepexoae Ha lMNAo

OTBecTu MecTo Ha nnatgopme A4
yctaHosok 1M1

[MoaroToBUTLCS K MPUHATUIO peLLeHnd
Yyepes 2 roga

—BbipaboTaTb 1 BHeOpUTb CTpaTeruio
cOopa AaHHbIX NS OLLEHKU CBS3HOCTU
OoTOEenbHbIX 30H NfacTa



Example 3
Appraisal strategy definition

[Mpnmep Ne3
OnpepgeneHune cTparerum
OLIeHO4YHOro bypeHus

The problem
Reservoir

20 m oil-rim sandwiched between gas
cap and aquifer

3 exploratory wells and, hence, large
amount and wide range of uncertainties

Operational
Define the appraisal strategy

22

3agava
lNnacm
HedgTaHas otopoyka MOLHOCTE0 20 M

MeXay ra3oBOW LLAMNKOM U 3aKOHTYPHOW
o0racTbio

Tpw pa3BeaoyHble CKBaXKMHbI, OTctoaa
oonbLwon 06bLEM M LUMPOKUA Ananas3oH
HeonpeaeneHHoCcTun

OnepamueHbie 80rpoChl

BblpaboTaTb cTpaTernto oLeHO4YHOro
BypeHus




Probabilistic net oil thickness Onpenenexne adheKTMBHON

(1000s of realizations) MOLLHOCTU HeTeHacChbILLEeHHOro
nracrta BepOATHOCTHbIM METOAOM
)

Exploration wells
Pa3BeqoyHble CKBaXKUHbI

23




Narrowing the oil-in-place
distribution

24

CyxeHune pacnpegeneHusd

reosyiorm4eCKkmnx 3arnacoB He(bTI/I

Uncertainty reduction of the OIIP
(Example 1)

Seismic acquisition / processing
Logging program

Coring program

Testing program

But where?

CHWXeHne HeonpeaeneHHoCTH
Ha4yanbHbIX re0NIOrM4YeCcKNX 3anacos
Hed T (Mpumep Nel)

[ToneBble paboTbl 1 0bpaboTka
CEeNCMUKM

[Mporpamma '1C
[Mporpamma oTbopa KepHa
[Mporpammbl [ANC

Ho roe?
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Fesarvaly |
Sw farmuis
i 3
b j—
B
1 4
Resereoir i
S ol
1 ]
_ -
[T ¥
PR
e M
(gl |
Reserr
Sw leerrda
el j—
5
L1 1457

| brmiahn ks b g |



Probabilistic net oil thickness OnpepneneHvie adeKTMBHOW
(1000s of realizations)

MOLUHOCTH HerTeHaCbILLI,eHHOI'O

nyiacta BepoATHOCTHbIM METOOOM
1)
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Standard deviation CpenHekBagpaTtmyeckoe
(1000s of realizations)

OTKMNOHEHMe (TbiCa4m peanusaunin)




Normalized net thickness * HopmunpoBaHHas apdekTmBHas

. . . *
normalized standard deviation =~ MOWHOCTb ™ HopmMipoBaHHoe
cpegHeKkBaapartn4eckoe OTKIIoOHEHUE

Appraisal well
OueHo4yHas CKBaXKMHa

27 o)
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Decision making process on [MpoLIeCC NPUHATUS PeLLeHui No
appraisal Strategy cTpaTternm oueHoO4YHOro bypeHms

B
Decisions to be made MpuHATL cneaylowme pelieHns
Drill appraisal well in the east of the [MpoOypnTb OLIEHOYHYHO CKBAXWHY K
structure BOCTOKY OT CTPYKTYpbl

[MooTBepXaaem CTPYKTypy
[MNooTBepaaem KOHTaKTbI
PacwupeHHbin komnnekc N'MC n otbop

Confirm structure
Confirm contacts

Log with enhanced suite and core KepHa
Confirm sedimentological environment MoaTeepxxgaem ycrosus
OCaKOHaKormJieHun4a

Confirm reservoir quality
[MNooTBepxgaem KadecTBO

KOJSTEKTOPCKMX CBOUCTB

28



Example 4 lNpnmep No4

Drilling strategy definition Onpenenexue ctpateru
pa3bypnBaHus

The problem 3apgava
Operational OnepamusHas
BypeHue ¢ npymeHeHnemM HOBEULLINX

Drilling at the edge of the technology TexXHONOril

Completing, producing those wells 3akaHuMBaHWe M 3KCNyaTauns Takmx

CKBa>Xu1H
Omxop, (M)
4 000 6 000 & 000 10 000 12 000
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Maersk, & Shaheen Field, Cgtar é Schlumbergsr
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& ad
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Visualization risk categories Busyanusauus pasnnyHbix
KaTeropumm puckos

-25t0 -0 BLAC K HOM OPERABLE: Evacuatethe zone and or areascountry
16 tor -0 INTOLERABLE: Do nottake this risk
Ha'-laanbIFI pMCK -Sta-5 UNDESIRABLE: Demaonstrate ALARFP before procesding
~dto -2 ACCERPTABLE:  Proceed carefully, wuith continuous imp rovernent
Prck GypeHust - MEGUGIBLE:  Safe to procesd
= mn r al
Pvck npoBoanmbix HITIGATION = % 2 B §
. HH Puck 3akaH4YuMB aHus ‘ =3 & =2 = o
dNPUATUIN HA CKB aKMHaxX Control z = = %
FEEHF Measures =
H 1 2 3 4 5
- i PREVENTION
FEHEPE Ei -t 4 LIKELIHOOD —=
2
Puck MTO 5 T 3KcnnyaTaLMoHHs Light -1
/m -
e Serious -2
I w
: 2
5 CK PacnonoXeHnst CTB QS M aj or 3 | m
"eonornyeckmn puck s
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-
Catastrophic -4
Puck ynpasneHuns
pa3spaboTkon
M ulti-Catast rophic -5 iﬁ?-
White arrony indicates decreasing sk
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Risk register creation
(Geological Risk)

Co3saaHune XXypHarna puCcKoB
(reonormnyeckmmn puck)

Causes

Consequence

Well type

Initial
Risk

Prevention (measures
to reduce Likelihood)

Mitigation (measures
to reduce Severity)

Residual
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Risk matrix for each well type Tabnumua p1ckoB No Kaxaomy Tumy
W|'|:h mitigation CKBa>XUH N NYTU CHNXXEHUA PNCKOB
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Risk matrix for each well type MaTtpuua prckoB no kaxgomy Tuny
with mitigation and production =~ CKBXVH, MyTH CHKEHWHA PUCKOB

profile

ANHaMmKa gooblumn

HavanbHbi puck  OCTaTOYHbIN pUCK

Havansesa prse
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Conclusion

BbiBOObI U
3aKkrnryeHune

Uncertainty management

Covering all potential scenarios

Definition of Value-of-Information
(VOl)

Risk management
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Allows testing innovative solutions
|s pro-active process

Gives brighter perspective for
economically challenged fields
(wait and see)

YnpaBneHue HeonpeaeneHHoCTbIo

YyeT BceX BO3MOXHbIX cueHapueB

OnpepgeneHne LEHHOCTU
nHdpopmauummn

YnpaBrneHue puckamm

OnpoboBaTb MHHOBALMOHHbIE
peLLeHns

Ynpexgarouwmm noaxon,

[Mo3BonsieT BbipaboTaTtb bornee
pagyXHble nepcnekTnBbl Ans
MarnopeHTabenbHbIX N CIOPHbIX
MECTOPOXAEHUN (BbXnaaTernbHas
nosmums)
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Cnacnbo 3a BHUMaHue!



Success of operators

Company

Criteria

Numerical analysis

DCF analysis

Holistic view

Monte Carlo

Risk/uncertainty

Portfolio theory

Options theory

Preference/utility

Qualitative/quantitative
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