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|_| OBbILLEHME OTAA4M BCEr0 Ha OOMH MPOLEHT MOXET
006aBuTb 0kO10 80 MUANMapAoB 6appenen HedTw

B MMPOBbIX MacluTabax. HedTsaHble KOMMaHW OCO3HaM
3TOT NOTEHLMAan 1 NocTaBuv 3aaa4vy MoBbILLEHNS
KoathpuumeHTa HepTeOTAA N CBOUX MECTOPOXKAEHU He
MeHee YeM 00 70%. BaxkHyto ponb B peanmsaummn 3Tom
Lenv ByayT urpaTe COBPEMEHHbIE pa3paboTky B 061acTu
TEXHONOIMIN BYPEHNS 1 OCBOEHWNSI CKBaXKWH, a TakKe
HOBble METOAVKW NOBbILLIEHMST HedhTeoTaa4qm (IOR). He
MEHEE CYLLIECTBEHHbIN BKad OXKNOAETCS OT BHEAPEHNS
yCOBEPLLUEHCTBOBAHHbIX KOHLIENUMI pa3paboTKu
MECTOPOXOEHUIN.

TunnyHas cerogHALIHAS NPOMbILLEHHASA NpaKTKa
3aK/t0HaeTCst B TOM, YTO PeLLEHMS Mo NpeaCTosILLEN
pa3paboTke MeCTOPOXKAEHMS 6a3npytoTCs Ha
MOAEMPOBaHNM CLEHAPVEB paspaboTky Ha MOAeN
OAMHOYHOIO MnacTa, KOTopas CornacyeTcs ¢ AaHHbIMU Mo
006bl4e NyTeM ANUTENbHOro Noadopa BpyyHYHO BeCbMa
orpaHn4eHHoro Habopa rnapameTPOB MECTOPOXKAEHWS.
B nocnengHme rogpbl BblpOCO NOHMMaHWe Toro,

YTO CLEeHapUM NPEACTOSLLMX pa3paboToK cneayeT
MpoBepPATb Ha MHOIMX reoiorm4eCKnX peann3aumdax
MOENM MECTOPOXKAEHUS C LIENBIO yHeTa HEN3OEXKHO
HeonpeaeneHHOCTU Halnx CBedeHNn O CBOMCTBax
nnacTta B MacluTabax, MeHbLUMX PACCTOAHUA MeEXOY
CKBaXXNHaMW. COOTBETCTBEHHO, MHOME MPON3BOANTENN
nporpaMMHoro obecrneveHns Havanu npeanaratb
hyHKLUMIO (NapannenbHOro) MoAeMpoOBaHUS,
MO3BOSISAOLLYHO MHXXEHEPaM MO paspadoTke
MECTOPOXAEHWI OAHOBPEMEHHO MOAENMPOBaTb
HECKOJIbKO reoflorn4eckmnx cueHapmnes. OHako, noka

B 3HAYMTENBHON MEPE He XBaTaeT BOSMOXHOCT
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ncreasing recovery by just one percent could add

about 80 billion barrels of oil to global reserves. Oil
companies have realized this potential and in response
have expressed the goal to raise the recovery factor
for their fields to as high as 70%. New developments in
drilling and completion technology, as well as novel IOR
techniques, will play an important part in realizing this
goal. An equally important contribution will be delivered
by the introduction of improved reservoir management
concepts.

The typical current industry practice is that decisions on
future field development are based on simulating future
development scenarios on a single reservoir model,
which has been matched to production data by time-
consuming manual adjustment of a very limited number
of reservoir parameters. In recent years, the realization
has grown that future production scenarios should be
tested on many geological realizations of the reservoir
model in order to account for the inherent uncertainty
in our knowledge of the reservoir properties on scales
smaller than the inter-well spacing. Accordingly, many
software providers have started to offer (parallel)
simulation functionality that enables the reservoir
engineer to simulate multiple geological scenarios.
However, what has been lacking to a large extent is
the possibility to adjust not just a select few, but all
parameters and properties of the reservoir model, and
to incorporate all available types of measurements in

a more-or-less automated and consistent manner. For
example, it is generally not possible to incorporate data
from repeated seismic surveys by manual processess
in a (geo-)statistically correct way. The development
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PucyHok 1: SamkHyTbin Lnkn ISAPP
Figure 1: The ISAPP closed-loop

nogbopa He TOIbKO HECKOSbKMX BblIGpaHHbIX, HO 1 BCEX
rnapameTpOB M CBOMCTB MOLEN MECTOPOXKAEHNS, a
Takxe 06beANHEHNS BCEX AOCTYMHbIX BUOOB U3MEPEHUI
fonee nnm MeHee aBTOMaTUHECKMM 1 COrNacoBaHHbIM
obpazoM. Hanpumep, 0BbIHHO HEBO3MOXXHO BPYHYHYIO
COBMECTUTb [AaHHble MOBTOPHbIX CENCMOPa3BEa0K
reoCTaTUCTUYECKM MpaBuIibHbIM CrocoboM. PaspaboTka
HOBbIX METOOB M3MEPEHWI, CO3AAOLLIMX OHEHb BOSbLLME
0OBbEMBI AaHHbIX, B TOM YMCAE, «UHTENNEKTyalbHOe
OypeHme» C UCMONb30BaHNEM CKBEXKMHHBIX JATHMKOB,
BpocaeT CepbeaHbIV BbI3OB CErOAHSILLHUM MpOoLIECCam
aBTOMaTM3aLMN C TOHKM 3PEHNS COrTacoBaHHOCTU
Mogenen. Hagnexkalias ontuMmndagms ctparerumn
NPEACTOSALLErO OCBOEHWS 1 A0ObIHN TaKXe

TPebyeT NPUMEHEHNSA MOOXOA0B, YCTOMHMBBIX K
HeoMNpPeAeNeHHOCTSAM U CMOCOBHbIX KOHTPONMPOBATb
COTHM TbiCAY NapamMeTpoB (Hanp. Leeuwenburgh n

ap., 2010). 310 6yaeT 0COBEHHO BaXXHO ANs, Tak
Ha3bIBaEMbIX, «MHTENNEKTYaNbHbIX» WX «PasdyMHbIX»
pa3paboToK, MO3BONAKOLLMX 06ECNeYnTb ropa3no
NYSLLIMIA MOHUTOPWHI W NPefoCTaBAStOLLMX HAMHOIO
BonbLUEe BO3MOXHOCTEN KOHTPOSA, YEM MECTOPOXAEHUS,
paspabaTbiBaeMble TPaANLMOHHbLIMI Criocobamu.

SaMKHYTbLIN UMKN Pa3paboTKu MecTopoXaeHua
ViccnepoBatensckuii MHCTUTYT TNO, TEXHONOMNYECKIM
yHuBepcuTeT 1. JendT n komnanusa Shell International
Exploration and Production B 2005 B354 Ha cebs
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of new measurement techniques which generate very
large numbers of data, including smart-well completions
equipped with down-hole sensors, will pose serious
challenges to existing company workflows for model
history matching. Similarly, proper optimization of
future production and development strategies requires
approaches which are both robust to uncertainty and
which can handle hundreds to thousands of controls
(e.g. Leeuwenburgh et al., 2010). This will especially
be important for so-called ‘smart’ or ‘intelligent’

fields, which enable much improved monitoring and
provide many more control options than conventionally
developed fields.

Closed-loop reservoir management

Research institution TNO, Delft University of Technology,
and Shell International Exploration and Production in
2005 took the initiative, with the start of the ISAPP
(Systems Approach to Petroleum Production) research
program, to develop improved algorithms that will enable
new reservoir management workflow concepts. Many
methods for incorporating measured data with simulation
models were explored and tested, and new concepts for
integrating different elements of the complete workflow
were pioneered, resulting in what has been called
‘closed-loop reservoir management’ (Jansen et al., 2009,
see Fig.1). This concept introduces intelligence and
integration to the standard company workflow, enabling
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VHULIMATWBY, Ha4aB UCCNeoBaTelbCKy Nporpammy
ISAPP (CucTemHbIi moaxon K HedhTeqobbide) ¢ Lenbo
pa3paboTKX YCOBEPLLEHCTBOBAHHbBIX aJTTOPUTMOB,
MCMONb3YHOLLMX HOBbIE KOHLIEMLIMN TEXHOIOM M
pa3paboTKN MECTOPOXXOEHWUN. Bbinn paspadoTaHbl
1cenenoBaHbl MHOMO4CIEHHbIE METObl CoHeTaHNs!
[OaHHbIX U3MEPEHUI C pacHeTHbIMX MOOENAMM, a

TaKkke OblIM BrepBble MPeaioxXKeHbl HOBbIe KOHLEML
00bEeONHEHNST PA3MINYHBIX 3/IEMEHTOB MOJIHOMO Paboyero
LUMKna, pesynbTaToM Yero nosiBUiach KOHLIENLMS,

Tak Ha3blBAEMOI0, «3aMKHYTOrO LInKIa paspaboTKiu
MecTopoxaeHuns» (Jansen u gp., 2009). Sta KoHLenuus
BBOAUT aHanM3 1 MHTErpaumio B CTaHOAPTHYHO
TEXHOJIOMMIO Pa3pPaboTKM, MO3BOSIAS BbIMNOIHATL
ONTUMM3ALINIO MNPOLIECCA «B HY>XXHOE BPeMsi» 1 C B60MbLLEN
4aCTOTON.

371 noewn GbiNn NpoaHanM3npPoBaHbl Ha ceMuHape SPE
Mo 3aMKHYTOMY LIMKITY pa3paboTKy MECTOPOXXOEHWI,
npoBeaeHHoM B 2008 1., 4ns KoToporo bbina
paspaboTaHa KOHTPOSbHAaA MOLENb MECTOPOXAEHVA B T
Bptorre. Pe3ynbTtathl cemmHapa, npueBeaeHHbIE B paboTe
Peters 1 gp. (2010), a Takke B NocnenyoLLmx ctaTbsx,
noaTBepaVIN UAEW, NEXKaLLME B OCHOBE KOHLIEMNLMN
3aMKHYTOrO LMKNA, YTO CBUOETENBCTBYET O TOM, HYTO
TakoW NOOXOA, MPVBOANT K JyHLUMM NOKa3aTensMm,
Hanmpumep, No namepeHnsaM NPV, nnm K nyywen
cyMmMapHon HedpTeoTaadve. MOXKHO caienaTb HECKOBbKO
04eBMOHbIX BbIBOLOB:

1. ”pMMeHeHMe yCOBEPLLIEHCTBOBAHHbIX KOMIMNMbKOTEPHbLIX
asiropuTMoB agarnrtaumn MCTopuin obecrieyBaeT JiyHLiee
COOTBETCTBVE Kak C reo/iorm4eCknumMmn ceeeHsMm

O MEeCTopOXXAeH 4O aharitalyn MCTOPUN, TakK 1 C
AnHaMmu4eCckrmu JaHHbIMU.

2. [NpuymMeHeHne A0MOSHUTE IbHBIX BULOB U3MEREHU,
TakuX Kak rnepuoan4ecKkni CeNCcMmYeCcKmi
MOHUTOPUHTI, rpu agaritayvn NCTtopun CHOCO6CTByeT
COBEPLLIEHCTBOBaHWIO MOAEIN MECTOPOXKAEHMS.

3. YcoBeplLeHCTBOBaHHbIN HAbOP MoAenem
MECTOPOXAEHNSI 0becrieymBacT 60/ee HaaeXHbIV
(yCcTOMMBBIVI K HEOMPEAENEHHOCTSIM) MPOrHO3 06bema
MECTOPOXKLEHWSI.

4. [pyMeHeHne pasBUTbIX TEXHOIOM ONTUMU3aLIN
cTpateryy OCBOEHUS MECTOPOXAEHMS (M/1aHUPOBaHME)
npuBoanT K BOJIbLLEN HebTeoTaaqe.

5. loBbilleHHas HaCcToTa MPOXOL0B 3aMKHYTOro LKA
(T.e., aganTauym UCTOPWUM v OMTUMU3ALIMA OCEAYIOLLIEN
cTpaternm pa3paboTKu n/v OCBOEHMS) obecrneYymBaeT
60/bLLYHO HEDTEOTAAYY.

Tenepb 04eBMAHO, YTO tOObIE CEPbE3HbIE MOMbITKA
MOBbICUTb CYMMAapPHYO HeEhTEOTAaqY OOKHbI
COMPOBOXOATbCA N3MEHEHMSIMI B MOAX04aX K
paspaboTKe MECTOPOXOEHWN B COOTBETCTBUN C 3TUMM
peKOMEHOAUMNAMM.
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the optimization process to be run at the ‘right time’, and
with higher frequency.

These ideas were tested in an SPE workshop on Closed-
loop Reservoir Management, held in 2008, for which

the benchmark Brugge reservoir model was developed
(Fig.2). The workshop results, documented in Peters et
al. (2010), as well as subsequent studies, have validated
the ideas behind the closed-loop concept, indicating that
such an approach will result in more value, as measured
for example by NPV or total recovery (Fig.3). Several
clear conclusions could be drawn:

1. The use of advanced computer-assisted history
matching approaches provides improved consistency
with both geological reservoir knowledge prior to history
matching and with dynamic data.

2. The incorporation of additional types of measurements,
such as time-lapse seismic, in the history match improves
the reservoir model.

3. An improved set of reservoir models enables a more
reliable (robust to uncertainty) forecast of reservoir value.

4. The use of advances techniques for optimization of
production strategy (scheduling) leads to higher value.

5. An increased frequency of runs through the closed-loop
(i.e. history matching and future production strategy or
development optimization) provides higher value.

PUCYHOK 2: STasioHHas 2-thasHast MoAes b 3aMKHYTOrO
LMKIa MecTopoxxaeHust. [peactaBneHo ncxogHoe
pacnpeneneHe HebTb-BOOA.

Figure 2: The Brugge 2-phase benchmark model for
closed-loop water-flooding optimization.

It has become clear than any serious effort to increase
ultimate recovery will have to involve a change in reservoir
management thinking along these lines.

An important element of the closed loop is generating
a set of model realizations which are consistent with all
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CyLLEeCTBEHHBIM 31EMEHTOM 3aMKHYTOrO LinKsa
ABNSIETCS reHepaumst Habopa MOAENbHbIX peanusaLnii,
COOTBETCTBYHOLLIMX BCEM UMEIOLLMMCS JaHHbIM
N3MEPEHNIA, a TaKXKe YETKO OTParKarOLLIMX OCTaTOHHYIO
HeoMnpPeAeNeHHOCTb NapamMeTPOB MECTOPOXKAEHVS.
KomnaHum cTpemsaTcsa co3naBath Bce 60ee KpyrHble 1
CNOXKHbIE MOAENW, YTO MPUBOONT K COOTBETCTBYHOLLIEMY
YBESIMYEHWIO BbIYUCTINTENBHBIX MOLLHOCTEN. STUMM
MOZENSMN HEBOSMOXKHO YNPaBsTb BRYHHYIO CriaMm
NH>XXeHepa No paspaboTke MecTopoxaeHs. BBenerne
B 9T MoAeM 60MbLLIOro o6bema AaHHbIX, MOyHYEHHbIX
B pesyfbTare NpoBedeHUst CENCMOPa3BEeaOkK,

NN OT CKBaXKMHHBIX N3MEPUTENBHBIX AAaTHUKOB,
BO3MOXXHO N1LLIb MPW MCMOb30BaHNN METOAOB
KOMMBIOTEPHOM aBToMaTm3aLmmn. [na sToro Heo6Xxoanm
KBaIMUUMPOBaHHbBIV MEPCOHA, a Takke yaoOHbIe
NSt UCNOJIb30BaHNS MPOrPaMMHbIE UHCTPYMEHTbI, YTO
OTHUMAET NINLLIHEE BPEMS Y NHXEHEPA BMECTO MPUHSATUS
JIYHLIWX PELLEHVI.

iccnenoBaHys NMoKasbiBakoT, YTO TOBKO ONpPeaesieHHbIe
pasMepbl, 061aCTV UMK acneKTbl MOAESNN ABAAKOTCH
CYLLIECTBEHHbIMM 419 adanTaumi MOgenu K JaHHbIM,

VW N5 KOHTPOJIA PE3y/bTAaTOB YMCTIEHHbBIX PacHeToB
clieHapues npeacTosLen paspaboTki. ITo JaeT
MOTEHLMa NMPUMEHEHVSA PALIMOHASIBHOTO CHUMEHS
MacLuTaba MoJesn, U METOLOB 86 COKPALLESHNS, YTO
MOXKET 3HAYUTENBHO CHNBUTL BPEMSI BbIYVCTIEHNN U,
CNefoBaTesibHO, X CTOMMOCTb, & TakXKe NO3BONT Yalle
MPOBOAMTL LIMKIINHECKME BbIMUCTEHNS, YTO NMPUBEOET K
NYYLWWM pesysibTaTam.

PucyHoOK 4: HoBas 3-thasHas HanpasneHHas
CpaBHUTENBHASA MOAENb /19 aaanTaLmn UCTOPUA 1
ontummsaLmn, paspadotaHHaa TNO. [NpeactasneHa
CKB2XXMHHOCTb. [lepBble pesynstatsl Obinm
npeacTaBneHbl Ha cemrHape SPE Applied Technology
Workshop, Vtons 2010, r. Mupwn, Mananaus.

Figure 4: The new 3-phase channelized benchmark
model for history matching and optimization developed
by TNO. Porosity is shown. The first results were
presented at the SPE Applied Technology Workshop,

held July 2010 in Miri, Malaysia.
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PucyHok 3: PesynbtaTsl cemmHapa no 3amMKHYTOMY
unkny bprorre. JInHMM Ha rpadmke MoKasbIBatoT,
YTO YJIyHLLIEHME Ka4eCTBA MCTOPUHECKOW adanTaLlym
MOLENM (HVXKHNE NOrPELLHOCTY) MPUBOAUT K
TEHAEHLM YCOBEPLLEHCTBOBAHNS CTpaTerun
pa3paboTKM MECTOPOXXAEHNS, KOTOPbIE, MPU

NX peannsaumm, MPUBOLAT K CYLLECTBEHHOMY
MOBbILLEHNIO HEPEATN30BaHHBIX aKTUBOB, KOTOPbIE
30ecb npeactasneHsl B Buae YlNC (Wmcton
NpMBaBOYHON CTOMMOCTH). KpacHbIMU ToHKamMm
npencTaBfieHa NCTOpPUYeCKas afnanTaums MOaen
3a 60s1ee OMTENbHBIN NEPUOL, BPEMEHW, KOTOPaS,
HECMOTPS Ha BOSIbLLYIO MOrPELLHOCTb, MPUBOANT K
nononHuTensHoMy nosbiLleHnio HINC. Hannyyiume
pesynbTaTbl HA STOM PUCYHKE (Masiast MorpeLIHOCTb,
BblCOKasa peanmaoBaHHas YlNC) nonyyeHbl ¢
NCNOE30BaHEM CTaTUCTUHECKOro hmnnsTpa
KanbmaHa (CTOK) (kpy»xoyky). CTaHOapTHbIE
METOAbI MPOAEMOHCTPUPOBAIM 3HAYUTENBHO XyALLME
pesynbTaThbl (KBaopaTuki).

Figure 3: Results from the Brugge workshop on
closed-loop reservoir management: improved history
match quality (low error) tends to enable improved field
development strategies and a considerable increase

in realized asset value (high NPV). The red points are
based on a history match over a longer time period than
the blue points. The best results were all obtained with
the Ensemble Kalman Filter (circles), while standard
methods (squares) were found to deliver significantly
poorer results.

available measured data, and which properly reflects
the remaining uncertainty in the reservoir parameters.
Companies tend to build ever larger and more complex
models, accompanied by similarly increasing computing
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HakoHeLl, MOXKHO YNyULLNTb OLEHKY HVDKHIAX
FOPW30HTOB, 3aeCTBOBaB AaHHble, KOTOPbIE 0ObIMHO
He MCMOMb3YTCA MPK paspaboTke MeECTOPOXKAeHWn. B
pamkax ISAPP (CuctemHoro nogxona kK Hedbtenoobiye)
HOBblE Pa3pPaboTKN B 3TOM 06/1aCTI CBA3aHbI C
MCMOMb30BaHMEM NEPUOOMNHECKOrO CENCMOMOHUTOPNHIA,
N3MEepPEHU MpoceaaHnis, MIOTHOCTU U CKBaXKWHHOM
paguonokauyn. ECTb Takoke TPYAHOCTY B paspaboTke
ceTel aT4MKOB BEPXHETO U HUXKHENO FOPU30OHTOB A/15
TaKMX MBKMX TUMOB JaHHbIX, & TAKXKE B MOMYHEHNM HY>XXHON
MHOPMaLIK 13 PESYNBTURYIOLLIMX HAOOPOB AaHHbBIX.

HoBble MHCTPYMEHTLI Pa3paboTKN MecTOPOXKACHWIA
Peannzauus 6bina Ha4aTa ¢ HEKOTOPbIX HOBbIX
KOHUENUMIA 1 METOA0B B pamMKax nporpamMmb

ISAPP B MHCTpyMeHTapun, KOTOPbIA MOXET
VMHTErppoBaTbCst B CTaHOAPTHbIN TEXHONOMMHYECKNI
npovlecc HebTenobbIBAOLLIMX KOMNaHW. B kadecTBe
npumMepa MOXXHO MPUBECTU CPEACTBO MCTOPUHECKOM
aganTtaumm MoOaenn, MHTerpupoBaHHoe B NnakeT
MoenpoBaHnsa JewelSuite®. 9TOT MHCTPYMEHT
COCTOUT N3 CTaTUCTUHECKOrO hunbTpa KanbmaHa,
WHTErpMpoBaHHOIro B Ka4ecTBe PyHKLIMM
MOJEMPOBAHNA MECTOPOXKAEHNA B JewelSuite® ¢
LIeNblO YMCEHHOrO pacyeTa peannsaLmin HECKObKUX
reonorn4eckux cueHapues. OH MO3BOMSET UHXEHEPY
no pa3paboTKe MEeCTOPOXAEHUI HACTPOUTL BCE
napameTpbl 6JIOKOB CETKM 1 NapaMeTpbl MOOENM
MECTOPOXOEHVS B MOSTyaBTOMATUYECKOM PEXNME,
obecreyrBaroLLEM NCTOPUHECKOE CornacoBaHune
Habopa peannaaunin Mogen MecTOPOXXAEHUS B
COOTBETCTBUN CO BCEMU OAHHbIMW A0ObIMU HEDTN.
STOT NHCTPYMEHT — NepBbIN B CBOEM poae, U

OH paboTaeT Nof ynpaBneHeM UMEIOLLIMXCS Ha
PbIHKE nporpamMmM 4YncrieHHoro MmogenmpoBaHNA
MecTopoxxaeHuin. OH NpeacTaBnseT cobo NepBbI
Liar Ha nyTun NOSIHOW peann3aunn BCEX 3IEMEHTOB
3aMKHYTOro LiKIa paspaboTkn MeCTOPOXKAEHWS B

nonéop
BPYYHYHO
400 P19 T T v P manually
{ matched
noabop co
200 - 4 CT1oK
&1 EnKF
matched
4—— peanbHble
0 A OaHHble
0 500 1000 1500 2000 truth

PucyHoK 6: CpaBHeHue NporHo3a HedteoTaaum
HOBOW CKBaXKMHbI C (DAKTUHECKUMN PE3YSbTaTtamm
MPOVSBOANTENBHOCTN.

Figure 6: Comparison between predictions of il
production and the realized production (truth) for a
new well.
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facilities. These models are becoming impossible to
manage manually by a single reservoir engineer.

The incorporation into such models of large numbers of
data, such as produced by seismic surveys or by wells
equipped with down-hole sensors, will only be possible
using computer-assisted methods. This will require

a) VICTVHHBIM nnacT
a) True reservoir

) I/chop,Haﬂ yCPEeOHeHHas MOdeNb
b) Initial mean model

Ll
H1M
a

B) VIcTopunyeckn aganTnpoBaHHas ycpeaHeHHas Moaesb
¢) History matched mean model

B

PucyHoK 5: Pesynbtarthl, MoslydeHHble B pe3ysibrare
TEXHOSIOMNN UHTEMPUPOBAHHOM UCTOPUHECKOM
apganTaumm anga 3-a3Hon HanpaBeHHON
CcpaBHUTENBHOW Moaenu. [NpeacTaBneHo Npom3BeneHe
koathrumeHTa npoHuuaemocT (K) 1 TonwmHb! (h)

a) VlctnHHOE 3HaveHme Kxh. 6) lcxoaHoe 3HaqeHmne
Kxh nepen NpoBeneHMEM MCTOPUHECKONW afanTaLm
Mogenu, B) PaccumtaHHoe 3HaveHre Kxh nocne
NCTOPUHECKON afanTaLyy MOAENN C NMPUMEHEHNEM
CTaTUCTUHECKOro hunnbTpa KasibMaHa

Figure 5: Results obtained with the integrated history
matching workflow for the 3-phase channelized
benchmark model. Shown is the product of permeability
(K) and thickness (h) a) True Kxh. b) Initial Kxh before
history matching, c) Estimated Kxh after history matching
with the Ensemble Kalman Filter
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eQNHOM MakeTe NporpaMMHOro moaenmposaHus. OH
OEMOHCTPUPYET CBOM BOSMOXXHOCTU M MOTEHLMan ons
HOBbIX OCHOBOMOArarLMX paspadoToK B 061acTu
yrnpaBneHns MeCTOPOXKAEHNEM 3a NpefenaMmu HayYHbIX
N UCCNefoBaTenbCKMX rpynn. Pe3ynbTartsl 4ns MOgenu,
npeacTaBneHHon Ha Puc. 4, nokasaHbl Ha Puc.5.

Ha Puc. 6 npoLeMOHCTpUpOBaHb! NpenmyLLecTsa
KOMMBIOTEPHOIO NOAXO4A K afjanTauum MOLEeNn no
CPaBHEHWIO C PYYHbIM METOOM MPOrHO3UPOBaHWS
HOBbIX CKBaX>KVH.

A

PucyHok 7: OnTymMmn3aums pasMeLLEHNS CKBaXKMH

B MPOCTOM MPSIMOYTOSIbHOM MECTOPOXKAEHWN C
YHETOM YI/IOBOM MOMPELLHOCTI KOMNEKTOpa HEDTU.
a) [JobblHa HeddTu B pedynbTare HarHeTaHWUSA BOdp!

Y MPOW3BOAUTENBHOCTL MO NPEeaBapUTENBHO
NPEeanoXKeHHbIM MECTaM PACTOSIOXKEHNS CKB2VKMH.

6) JobblHa HedbTv B peaynbTarte pa3paboTkim
MECTOPOXXAEHWS C MOMOLLIBHO OMTUMM3ALIAN
PacnofioKeHNst CKBaxKMH. Cyneprnosnupmn
NpPeacTaBAOT BEKTOPbI CMELLEHVS CKBEXKMH
OTHOCUTESTBHO NX UCXOAHbIX MOSIOXKEHNI. Y IyHLLEHNE
S(PHEKTUBHOCTU BbITECHEHNSA HECDTW MPUBOANT
nNpnbansnTensHO K 10% MOBbILLEHWIO HEDTEOTAAYN.
Figure 7: Optimization of well placement in a simple
rectangular reservoir containing an L-shaped oil-trapping
fault. a) Oil sweep resulting from water injection and
production from initially proposed well locations. b)

QOil sweep resulting from production of the field using
optimized well locations. Super positioned are the
displacement vectors of the wells with respect to their
original positions. The improved sweep efficiency
represents 10% increased oil recovery.
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both trained personnel as well as user-friendly software
tools, enabling the reservoir engineer to spend his time
instead on making better decisions.

Research has suggested that only certain scales,
regions or aspects of the model may be relevant

in matching the model to data, or in controlling the
output of simulations of future development scenarios.
This offers the potential to use clever up-scaling or
model-reduction methods, which could significantly
reduce computing time and therefore cost, and enable
increasing the frequency of the loop, resulting in
better results.

Finally, the subsurface characterization may be
improved by incorporating data which is traditionally
not typically used in the same way as production data
are used. Within ISAPP new developments in this area
have been in the use of time-lapse seismic, subsidence,
gravity and bore-hole radar measurements. Challenges
also exist in the design of surface and subsurface
sensor networks for such soft-sensing data types, and
in extracting the relevant information from the resulting
data sets.

New reservoir management tools

Implementation has started of some of the new
concepts and methods coming out of the ISAPP
program into tools that can be integrated in the
workflows of oil companies. An example is the history
matching tool which has been integrated with the
JewelSuite® modeling package. The tool consists of

an Ensemble Kalman Filter which has been integrated
with JewelSuite® property modeling functionality, to
simulate multiple geological realizations. It enables the
reservoir engineer to adjust all grid block properties and
parameters of the reservoir model in a semi-automated
fashion in order to achieve a history matched set of
model realizations consistent with all production data.
This tool is the first of its kind and operates with a

host of commercially available reservoir simulators. It
represents the first step towards a full implementation
of all elements of the closed reservoir management
loop in a single modeling package. It demonstrates
both the feasibility and potential of a major new
development in reservoir management outside of
academia and research groups. Results obtained for
the model depicted in Fig. 4 are shown in Fig. 5. Figure
6 demonstrates the value of a computer—assisted
history match approach relative to a manual approach
on predictions for a new well.

The workflow described above will be extended with
functionality for computer-assisted development
planning. The experience gained in the ISAPP program
has led to the development of a robust ensemble-
based optimization tool that can be used for automated
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B [JOBbIHA

OnucaHHas BblLLe TexHONorva GyaeT AononHeHa
PYHKLMSMN KOMMABbIOTEPHOIO MAaHNPOBaHWSA PaspadoTKm
MeCTopoXXaeHUs. OnbIT, MOSyYEHHbIN B paMKax
nporpammsbl ISAPP, npuBen K pa3paboTke Haae»xXHOro
CPEeACcTBa CTaTUCTUHECKON OMTUMN3ALIMN, KOTOPOE
MOXET UCMOMNb30BaThCA A1 aBTOMATN3NPOBAHHON
ONTUMMN3aLMM, KaK MnaHa gobblum, Tak 1 pa3MeLleHns
CKB&XKWH. Pe3ynbTaTbl OMTUMMU3aLMM PasMELLIEHNS
CKB2XXWH MpeacTaBneHbl Ha Puc. 7.

[anbHeiiwme pa3pa6oTKu

TNO 1 TexHonornyeckuin yHuBepcuTeT 1. JendT BHecm
CBOW BK/1af, B LIEHTP 3HaHW nporpammbl ISAPP,
NpUrAaLLakoT K y4acTUio HeTAHble KoMMaHi. OCHOBHOM
Lenbto nporpammbl ISAPP-2 6yaeT nepexon K HOBbIM
KOHLIENMUUAM, pagdpaboTaHHbIM B MEPBOV MporpaMMe
ISAPP, n BHeOpeHVe 1x B pearnbHyrO NpakTuky. B a1on
CB$I31 MporpamMma ULLET NapTHEPOB, 3aUHTEPECOBAHHbIX
BHECTW (pakTn4eckme PoHOp! C LEMNbo AEMOHCTPaLMN
0062aBOYHOM CTOMMOCTU STUX KOHLIENLMIA U NS BHEAPEHS
HEOOXOOVMBIX NHCTPYMEHTOB B UX TEXHOOMM,

OcTaeTcs eLle MHOro npotnem. Tem He MeHee,
nporpamma ISAPP-2 BygeT nocTOAHHO NpOoOo/»KaThb
dyHOaAMEHTalbHbIE U SKCNEPUMEHTaSbHbIE CCEA0BaHNA
KOHLEMLAIA 3aMKHYTOMO LMKIIA 1 KOMMbIOTEPHbIX
MEeTOoO0B. [TapTHEPbI NONy4YaT BOSMOXHOCTb y4acT/s B
NCCNeaoBaHNsaX B HEMOCPEACTBEHHOM COTPYOHNYECTBE
C NepcoHaioM opraHn3aumnin-y4acTHkoB. OCHOBHOM
Lenbto sBngaeTca obecnedeHne He meHee Yem 10%
MOBbILLEHNST HEhTEOTAauM 3a CHET NMPUMEHEHNS
YCOBEPLLUEHCTBOBAHHBIX METOAOB W KOHLIENLWA B
TEXHONOIMIO Pa3paboTKN MECTOPOXOEHWN KOMMAAHNNA.
Mbl yBEPEHDBI B TOM, YTO 3Ta LieSTb MOXET ObIThb
[OCTUrHyTa NyTEM TECHOIO COTPYOHMYECTBA MEXOY
Hay4HbIM NMEePCOHaNoOM 1 UHXeHepamm, KOTopble byayT
NCMONb30BaTb CBOW MOBCEOHEBHbIM OMbIT U Pe3yNbTaTbl
nccnegoBaHnin.
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optimization of both production scheduling and well
placement. An example for well placement optimization
is shown in Fig. 7.

Future developments

TNO and Delft University of Technology are continuing
the ISAPP knowledge centre and are currently inviting oil
companies to participate. The main aim of the ISAPP-2
program will be to transfer the new concepts developed
in the first ISAPP program to the world of real operations.
To this end the program is looking for partners who

are interested in bringing in actual assets in order to
demonstrate the added value of these concepts and to
incorporate the required tools within their workflows.

Many challenges still remain. Therefore, the ISAPP-2
program will additionally continue the fundamental and
exploratory research on closed-loop concepts and
computer-assisted methods. Partners will be able to
participate in this research by close cooperation with
staff members of the involved institutions. The ultimate
aim is to enable 10% or more increase in recovery by
introducing improved methods and concepts into the
reservoir management workflow of companies. We
believe that this goal can be achieved best by close
cooperation between those involved in R&D and the
engineers who will use the results in daily operations.
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