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MeToab!l YBennyeHus
HepTeoToaum
TexHonorua ACIT

4. E. BonokutuH, MLKO. LLycTep, B.M. KapnaH,
“Canbim MeTponeym LesenonmeHT H.B.”

y CTOVYMBOE Pa3BUTVE MNPOBOMO MPOM3BOACTBA
3HEPropecypCcoB TPEDBYET HBonee ahHEKTUBHOMO
CNOJIb30BaHNS TPAAMLUMOHHBIX 3anacoB HeddTu. OaHUM
13 cnocob0B peLLeHNs STOM NPOBNeEMbI SBASKOTCA
pPa3HOro poaa yCOBEPLUEHCTBOBAHHbIE METOAP!
paspaboTkn (YMP), HanpaBfieHHbIE Kak Ha yy4LIEeHNE
TPaOMLUMOHHBLIX METOAOB (Hanpumep, 3aBoaHerve M)
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Enhanced Oil Recovery
Methods and ASP
Technology

Yakov Volokitin, Mikhail Shuster, Volodimir Karpan,
Salym Petroleum Development N.V.

Asteady growth in global energy demand requires more
efficient production of traditional reserves. One way to
address this challenge is to employ improved oil recovery
(IOR) methods, which improve the existing recovery
technigues (e.g. waterflooding) and apply new oil recovery
methods. The latter are referred to as enhanced oil recovery
(EOR) methods and are the focus of this article.
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PRODUCTION

TaK 1 Ha NPUMEHEHE HOBbIX TEXHOIOMIN BO3OENCTBIS Ha
nnact. Hanbonee TexHonorndHowm Yacteto YMP asnstoTcs
MeToAb! yBenmyeHnst Hedpteogaum (MYH) asnstoLLmecs
OCHOBHbIM NPeOMETOM 0DCY>KAEHWS OAHHOW CTaTbu.

3HaueHre YMP/MYH cnoxxHO nepeoLeHnTb, 0CODEHHO
€CNN NMPUHSTb BO BHUMaHNE TO, YTO CYLLECTBEHHas YacTb
OOMbLUMX MECTOPOXOEHNIA, OTBETCTBEHHbLIX 32 POCT 400bI4M
B MPOLLIOM, HAXOOUTCH Ha MO3OHNX CTaaysix pas3paboTKm
C nageHnem 0obblum B cpeaHeM okono 5% B rog [1]. K
TOMY >Ke MEePCMNEKTVBHbIX PaOHOB A5 Fe0IOMAYECKOM
pasBeaKM CTaHOBUTLCH BCE MEHbLLIE, YTO 3aCTaB/IseT
KOMMaH1 BECTW pa3BeaKy 6onee TpYyaAHOOOCTYMHbIX 1/
nnm rnybokoBoOHbIX 3anexen. B mocneaHee Bpemst pocT
13BieKaeMbIxX 3aMacoB Takoke noaaepxmeasncs 6aarogapst
MpPOopPbIBaM B TEXHO/IOMUAX CTPOUTEbCTBA I OCBOEHS
CKBaXKVIH, MO3BOSIBLLMM 3KOHOMUYECKYIO Pa3paboTKy
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The importance of IOR/EOR can hardly be overestimated
considering that a large proportion of major fields

are in the mature stage of development, showing an
annual average production decline of 5% per year [1].
Besides, the task of finding new reserves becomes more
challenging, pushing exploration activities into hard-
to-access and/or deepwater areas. Recent increase of
recoverable reserves has been driven by technological
breakthroughs in well drilling and completion enabling
commercial production of unconventional oil, including
shale oil and heavy oil (bitumen). However, the
development of hard-to-recover and unconventional
reserves entails additional risks, which considerably
increase unit production costs (See Figure 1).

Currently, most of the oil is produced from the fields
discovered around a quarter of a century ago.

Hannune HedTn, TpynnnoHoB 6appenent - Available oil in trillion barrels

PucyHok 1. 'padmk cebectommocTn gobblun HedTw [1]  Figure 1. Production cost of oil [1]

HETPaOULIMOHHbBIX 3aNEXeNn HedTU, TakMX Kak, HePTSHbIe
CNaHLpbl 1 3aNexXm TsHxenon HedTn (BUTymoB). PagpaboTka
KaK TPYAHOAOCTYMHbIX Tak 1 HETPaOVUMOHHBIX 3aUIEXEN
COMpsPKEHa C AOMOMHUTENBHBIMU PUCKaMM, 3HAUYUTENBHO
YBENMNUMBAOLLIMMY CEDECTOUMOCTL Takown HedbT (CMOTPKU
PucyHok 1).

Ha gaHHbIN MOMEHT 60/blLLas YacTb A0ObIBAEMON HEDTU,

VI3BNIEKAETCA 13 MECTOPOXXOEHNA OTKPbITbIX YETBEPTb
Beka Hasan. OXuaaembi CpeaHnin KOSMMULNEHT

www.rogtecmagazine.com

The estimated averaged ultimate recovery from these fields
is about 35% which means that almost 2/3 of oil will be

left behind. Studies indicate that that just a 1% increase

in global recovery would raise recoverable reserves by

88 billion barrels, which is equivalent to three years of

annual production at today’s level [2]. Another important
consideration is that these mature fields are well studied
from the geological perspective and have well-developed
infrastructure, which reduces the risks associated with the
production of additional reserves through the implementation
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naBnedeHnst Hedptn (KH) Takmx MeECTOPOXAEHWIN He
npeBbIcUT 35%), 4TO O3HAYAET, YTO NoYTK 2/3 HedhTV B
naacTe MOryT OCTaTbCs He U3BAe4éHHbIMU. CornacHo
naHHbIM, pocT KIH Bcero Ha 1% no3BoauT yBENUYNTL
MUPOBbIE V3BJIEKaeMble 3anachl Ha 88 MUnapaoB
Bappenen, 4To SKBUBASIEHTHO TPEXSIETHEN MMPOBOW
[00bl4e Npy TekyLLEeM YpoBHe 0Toopa [2]. Takxe BaXKHO
OTMETUTb, YTO YBENNYEHME U3BIEKAEMbIX 3aMacoB
Yyepes BHedpeHune TexHonorun YMP/MYH He conpsikeHo
CO 3Ha4YUTENbHBIMU PUCKaMU, Tak Kak reosiorus

3PEeSIbIX MECTOPOXAEHUIN Y>KEe XOPOLLO U3ydeHa 1 K
TOMY >Ke 3pesible MECTOPOXOEHNS MEKOT Pas3BUTYHO

NHPaCTPYKTYPY.

MeTtoobl YBenunueHus Hedpteotpaun

B aTon ctatke nog MYH nogpasymesaroT NpoLEece
0006bI4 HEPTY NOCPEACTBOM 3aKauKM B KOSIEKTOP
CYLLIECTBEHHOIO KOMN4YecTBa (MPOLEHTbI OT MOPOBOIroO
obbemMa KOMMeKTopa) BELLIECTB, KOTOpble TaM He

of the IOR/EOR technologies.

Enhanced Oil Recovery

In this article we qualify the EOR method as an oil recovery
process that involves the injection into the formation of a
considerable amount of fluid (in proportion to the porous
volume of a reservoir) that was not present in the reservoir
originally [3]. This implies changing the whole development
process. Such activities as near wellbore treatment (i.e. gel
injection to isolate the high permeability interval) would not
qualify as EOR, because of the small quantities of the fluid
involved in the operation. The EOR methods are often referred
to as tertiary recovery methods, although, by definition,

they may actually be used at any point in the life of a field
development. EOR methods are much more likely to be
applied at later stages of field development, when traditional
recovery methods no longer perform and most geological risks
have been removed, which explains association of EOR with

tertiary recovery.
E

3akauka Terna B KONIEKTop Kak

npaeusIo B BLAOE Nnapa.

© Tenno yMeHbLLIAET BA3SKOCTb HEDTU
roBbliLLIast ee MOBUIbHOCTb

© OCHOBHbIE METObI:
Livknnyeckas 3akadka napa;
3akayka napa B S4eKe;
["paBUTaLMHHOE OPEHNPOBaHVE M
rnomoLm napa (SAGD).

Heating up the reservoir, usually by

injecting steam

* Heat reduces the viscosity of oil and
increases its mobility

e Common methods:
Cyclic steam stimulation
Steam flooding
Steam assisted gravity drainage (SAGD)

LOpyrve

3kauka raga (mpupopHoro, CO2, asoTa)

B KOJIIEKTOP.

© Y/yyLIaeT MPOLECC BbITECHEHNST HE(TI
Mpv onpeneneHHbIX YCIoBMSX rad
CMELLMBAETCS C HedITbIO Aenas
ee bonee MOBUBHON.

° [loOaepK1BaET 3HEPIKO M1acTa,
HanpPUMeP rpaumTaLmoHHbIM
[OPEHNPOBaHNEM MPU MOMOLLIM rasa
(GOGD).

Injecting gas into the reservoir (natural

gas, CO, or nitrogen)

e Improves the oil sweep. In certain
conditions, gas will mix with oil, making it
more mobile.

e Maintains the resevoir energy, eg. gas oll
gravity drainage (GOGD)

3akayka B KOIIEKTOP BOAHOMO

pPacTBOPa XUMUHECKNX PeareHTOB

(mommmep, MAB, coga v 1x KoMerHauuin).

® YNy4LLIa€ET BbITECTEHME HEPTM 3a CHET
YBESMHEHVISI BA3KOCTU BbITECHSIOLLIEN
XKUOKOCTU (MOMMED) W/ MOHKEHNS
MOBEPXHOCTHOIO HaTshkeHus (MAB 1/
nnm coga). (GOGD).

Injecting of water-based chemical solution

into the reservaoir (polymer, surfactant,

alkali, or a combination thereof).

e Improves oil sweep by increasing the
viscosity of the injected fluid (polymer)
and/or reducing interfacial tension
(surfactant and/or alkali)

® 3aBOOHEHVE HN3KO-MUHEPATN30BAHHOM BOAOWV A1 MOBbILLEHUS HEDTEOTAAYUN.

° MUKPOBMOOrMHYECKOE: 3aKadka B KOMIEKTOP MUKPOOPTaHU3MOB N NUTATENbHbIX BELLECTB 415
MVKPOOPIaHN3MOB, Y>Ke HaXOOALLUMXCS B KOSIEKTOPE A1 CHDKEHWS) MOBEPXHOCTHOMO HATSXKEHNS.

¢ Flooding with low-salinity water to enhance oil recovery.

¢ Microbiological: injecting microorganisms or nutrients to stimulate indigenous microorganisms, which help reduce
interfacial tension.

Other

PucyHok 2. Tunel MYH - Figure 2. EOR types
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MockoBckue HepTerazoBblie KOHcpepeHLUn
ExxerogHble BCTpeun HEPTAHUKOB U ra30BMKOB
---- B otene InterContinental Moscow Tverskaya

14 okTA6pAa 2015 HE®TErA3CEPBUC
HedTerasoBbiil cepBuc B Poccun

TpaguuvoHHaa niowaAKka AN BCTped pykoBoauTesein reodusmueckux,
OypOBbIX MPeAnPUATUN, a TakKe KOMMAHWUIA, 3aHATbIX PEMOHTOM CKBaXWH.
MoapaaUYnKY B HedpopMasibHOM 06CTaHOBKE 0OCY»KAAIOT akTyasibHble BOMPOCHI
CO CBOVIMM 3aKa3umMKamuy — HedpTerazoBbiMyi KOMMaHVAMM

8 nekabps 2015 HE®TEFA3LWENbO®
Mogpnapbl Ha HepTerasoBom Wwenbde

3aka3sumkamu obopypoBaHuA BbicTynatloT «lasnpom HedTb», «PocHedTb»,
JIYKOWI», «Ta3dnot» n gpyrve KpynHble KOMNaHWU. B ycnosuax BeegeHus
SKOHOMMWYECKMX CaHKLUUA HeobxoAMMO ObICTPO OCBOWUTb MPOU3BOACTBO
MMN3HEHHO BaXHOro 060pyAoBaHUA, B MEPBYI0 OUepeb 3anacHblx YacTel

17 mapTa 2016 HEOTEFA3CHAB
CHabkeHue B HedpTerasoBom Komrekce

KoHdepeHuus cobupaet pykoBoautenein ciyxb maTepuanbHO-TEXHNYECKOrO
obecneyeHna HedTerasoBbix KomnaHun. OBCYyKAaeTca opraHM3auma 3aKynou-
HOWl feATeNbHOCTY, NPaKTMKA MMMNOPTO3aMeLLEeHUS, OMJlaTa 1 NpreMKa NnocTas-
NEHHOW NpoayKuunn, HGopMaLnMoHHoe obecrneyeHrie pbiHKa

24 man 2016 HE®TEFA3CTPON
CTpouTtenbcTBO B HepTerasoBom Kommniekce

QopmrpoBaHMe LMBUIN30BAaHHOIO PbiHKA B HedTerasoBoM CTPOMUTENbCTBE,
NnpakTuKa Bbl6Opa CTPOMUTENbHbBIX MOAPALYMKOB, CO3AaHME POCCUNCKUX
EPC-dpupm, yBennyeHve fonm poccUncKkx KOMnaHuin Ha HedTerazoctponTesib-
HOM pbIHKe, pacLeHKM 1 NOPAAOK OrnniaThl MPOBOANMbIX paboT

CeHTAbOpPbL 2016 HE®OTEFA3ONEPEPABOTKA
MopepHusayua nepepaborTku HepTn 1 rasa

Bonpocbl momepHuzaumn HedTenepepabaTbiBaOWNX 1 HeDTEXMMUUYECKUX
MOLLHOCTEN, MPOo6/ieMbl B3aUMOLENCTBMA C NINLIEH3MApaMi, MPaKTKa UMMop-
TO3aMeLLeHUs, COBPEMEHHbIE MOLENU YrpaBieHna UHBECTULMOHHbBIMY MPOeK-
Tamu, CTaHZapTbl M TpeboBaHKA 6e30MacHOCTY

HoBble BCTpeun — HOBble BO3MOXHOCTM!
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NPUCYTCTBOBa/IM A0 Hadana paspadoTku [3]. BaxxHO
TaKKe YTOUHUTb, YTO pedb NAET 06 N3MEHEHUN
cuUCTeMbI pa3paboTkn. Takmm obpasom, obpaboTka
NPV3aboNHOM 30HbI CKBAXKMH (HaNMpUMep, 3akadka
rens Ans n3oasumm BbICOKOMPOHMLAEMOrO NHTEpBaa)
He npedycMaTpyBaroLLlas 3akadky 3Ha4YUTESTbHOro
KOJIN4eCTBa TakKX BELLECTB, He cumnTaeTca MYH.

MYH Takxe 4acTo HadbIBatOT TPETUYHBbIM METO4AMM
HedTeqobbIuM, XOTS, MO ONPEAENEHNIO, MPUMEHEHME
MYH BO3MOXHO Ha NtoboM 13 3TanoB pas3paboTku
MECTOPOXAeHNs. HacTo BCTpevaemMast accoLmaums
MYH ¢ TpeTuyHbIMK MeTogaMn HedhTedobbIuM Bbi3BaHa
Hanboiee BbICOKOW BEPOATHOCTBIO BHEAPEHNS TAKUX
TexHonornn Ha 6onee
NO3aHMX CTaansX
paspaboTkuK, kKoroa
TPaAVLUMOHHbIE METOBI
cebs y>xe ncHepnam

1 6ONBLLUMHCTBO
reosIornN4ecKmX PUCKOB
CHSITO.

BonbLLMHCTBO TEXHOOMMN
MYH moryT 6bITb
pasneneHsl Ha Tpu
KaTeropum: TeMIoBble,
XUMUYECKME UM Fra30Bble
(cmoTpuTe PrcyHok 2).
HekoTopble 13 METOAOB,
Take Kak TepMO-ra30BblIl
METO[, U 3aKayka MeHbl,
MOryT BbITb OTHECEHI
Cpasy K HECKOJTbKIM
kaTeropusiM. TerioBble
MeToAb! MpedycMaTpuBatoT
BBOQ, B NJ1ACT 3HEPrm B
BMOE Tera (B OCHOBHOM

B BUOe Napa) 414
YMEHbILLIEHNS BA3KOCTU
Hed TV YTO COOENCTBYET
ee nepenBYPKEHIo

B HanpaBeH
J00bIBatOLLEN CKBKUHBI.
B cnyyae »e ¢ razosbiMn
MeTodamK, B M/1acT 3akaqmBaeTcs rad (MpypodHbIa, asoT
nnn CO2) ons yBenmyeHns apeKTMBHOCTY BbITECHEHWS
HedTW. B 3aBMCMOCTY OT YCMOBUIN B3aMOOENCTBISA
3aKa4YmBaeMOro rada ¢ HedhTbto TakoM MPOLIECC MOXKET
MPUBECTU Kak K CMELLMBaHMIO rasa ¢ HehThto, TaK 1

K COCYLLIECTBOBaHUIO BYX HECMELLIMBAKOLLMXCS (ha3
(HedhbTV 1 rasa) B nnacte. OhHeKTVBHOCTb MpoLIECCa
BbITECHEHUS! B CJlydae CMeLLVBatOLLIErOCS ra3a BblLLE.
CmelBaHve rada ¢ HedTbto MAEHTVYHO CMELLUVMBAHIO
YKNOKVX PacTBOpUTENEN C HEPTBLIO. 3aKadKy MUOKNX
pPacTBOPUTENEN MOXKHO BbIENTbL B HOBbI KSACC C
LUMPOKOM 0BMacThio MPUMEHEHUS (CMOTpUTe PrcyHOK 3).
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KomnaHug «CanbiM Netponeym [eBeonMeHT»
(CId) — coBMECTHOE MPEANPUATUE, aKLIMOHEPaMM
KOTOPOr0 Ha MapUTETHBIX HaYanax sBAStTCS
komMnaHuu «LLlenn» n «fasnpom HedTb». C

2003 ropga Cl1 Benet ocBoeHne CanbIMCKOM
rpynnbl HETAHBIX MECTOPOXAEHWI (BanagHo-
CanbiMckoe, BepxHecanbiMckoe 1 Bagenbinckoe)
B 3anagHon Cubupn. 3a rogpl peanvsawmm
Canbimckoro npoekta Cl1 npobypuna 6onee
1000 ckBaXkvH 1 gobbina 6onee 60 MAH

TOHH HedbT. CanbIMCKUIA MPOEKT BXOAMUT B

YMCJIIO CaMbIX KPYMHbIX MPOEKTOB C y4aCTMEM
MHOCTPaHHOro Kanutasaa B HepTeAoObIBatoLLEN
oTpacav Poccun. CyMmapHbIi 06beM MHBECTULII

B CabIMCKUIN NPOEKT cocTaBaseT bonee 1,5 mnpa
[0NNapoB..

Most of the EOR methods may be classified into three
types: thermal, chemical and gas (See Fig. 2). Some
methods, such as the High Pressure Air Injection and
foam injection, may fall within several categories at the
same time. Thermal methods involve the introduction

of energy into the formation (most commonly, in the
form of steam) to reduce oil viscosity and facilitating its
production. Gas methods involve the injection of gas
(natural gas, nitrogen or CO2) to improve the oil sweep.
Depending on the interaction between injected gas and
oil, the process may result in an oil/gas mix (miscible
condition) or coexistence of two distinct phases (oil

and gas) in the formation (immiscible condition). The
efficiency of the sweep
process in case of miscible
gas injection is higher than
that of immiscible gas
injection. Miscibility of gas
with oil is identical to that
of liquid solvents. Liquid
solvent injection qualifies
as a separate EOR type
and can be applied in a
broad range of conditions
(See Fig. 3). Chemical EOR
methods (CEOR) involve
the injection of a water-
based solution of chemicals
into the formation: a
surfactant, polymer, alkali
or their combination.
Currently the most
commonly implemented
EOR technology is polymer
flooding [4]. At the same
time it is recognized that
ASP flooding - injection of
all three components: alkali,
surfactant, and polymer
(ASP) is the most promising
cEOR technology. Injection
of the ASP mixture
improves the sweep
efficiency, and mobilizes
the oil trapped after the initial flood by reducing the
interfacial tension between oil and water. The synergetic
effect of these chemical and physical processes helps
achieving a doubling of the oil recovery in comparison
with that of polymer flooding. However, the technological
complexity and the high surfactant costs have held back
the implementation of the ASP technology.

EOR Screening

Screening is the starting stage in the selection of the right
EOR technology for a field. In this article we will focus

on high-level screening, whereby average formation

www.rogtecmagazine.com
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Xumndecke MYH (xMYH) npegycmaTprBaroT 3akaudky B
naacT BOAHOIO PacTBOPa XVMUHECKVIX DEAreHTOB, TakuX
KaK: MOBEPXHOCTHO akTUBHOO BelliecTBa (TTAB), monmmepa,
cofbl U X KOMBUHaLWIA. Ha gaHHbIN MOMEHT Hambonee
4aCcTO peasM3dyemon TexHoorven xXMYH asnsetcs
NosMMEPHOe 3aBodHeHVE [4]. B To e Bpems Hanbonee
NepCneKTVBHbIM MeToAOM XMYH aBnseTca MeTop, 3akaqkm
B MAacT BOAHOIrO pacTBOpa BCEX TPEX KOMMOHEHTOB
(ArmonHoro MAB, Cogpl, 1 MNonvmepa) — 3aBogHEHME
ACT1. 3akauka pacteopa ACI1 No3BOSET a) yNyuLLUTb
BbITECHSIFOLLIYHO CMIOCOBHOCTb 3aKaqnMBaeMON XUAKOCTH,

1 6) MOBUM3NPOBATL OCTaBLLIYIOCS MOC/IE 3aBOAHEHMIS
HedTb 6/1arogaps YMEHbLLEHWIO MOBEPXHOCTHOrO
HaTsDKEHNS MeXXay HEDTHIO 1 BOAOW. CUHEPreTUHECKUN
3PDEKT TaKMX DPUINKO-XUMUNHECKIX

properties are compared against the limits, within which
a particular EOR technology works. There is broad
coverage of various screening approaches available in
literature, and there are commercial products to perform
this kind of work [5]. Final decision on EOR technology
selection depends on the properties of the field that
company operates, and the operator’s experience with
a particular technology. Figure 3 illustrates the approach
used by Shell to screen EOR technologies [2]. In this
particular case the screening focuses on the depth of
the reservoir and oil viscosity. In addition to these basic
properties, many other parameters have to be analyzed
in the selection process. In particular, in the case of gas
EOR, the design formation pressure is an important

MPOLECCOB MO3BOJISAET YABOUTH OO BbEMBI
OOMOSHUTENBHOW A0DbMM HEPTU MO
CPaBHEHMIO C NOSIVIMEPHBIM 3aBOOHEHVIEM.
LLInpokomy pacnpOCTpaHEHMIO
TEXHOIOMN MPENATCTBYET OTHOCUTENbHASA
TEXHOSIOTNYECKAS CITOXKHOCTb peasin3aLym
3aBoaHeHust ACT 11 BbiCOKast CTOMMOCTb
cneumanmanpoBaHHbix MAB.

Bonblias - Deep

CKpyHUHIr MYH

HauanbHbIn 3Tan Beibopa TexHonormn MyH
01159 MECTOPOXOEHUSA HA3bIBAKOT CKPUHUHIOM.
B naHHoOM cTaTtbe paccMmaTpuBaeTcs
TOJIbKO BbICOKOYPOBHEBbI CKPUHMHI
npenycMaTprBatoLLMIA CONOCTaBeHNe
YCPEOHEHHbIX XapaKTEPUCTUK nnacTa ¢
3apaHee yCTaHOBIEHHbIMW MPeaeamm
MPUMEHNMOCTU TOW UM NHOW TEXHOTOMAM
MYH. KpuTepum BbiGopa LLUMPOKO OnCaHbI
B JMTEPATYPE, a TaKKEe CYLLECTBYIOT
KOMMEPYECKME MPOAYKTbI A9 MPOBEAEHNS

nybuHa 3aneraHust - Reservoir depth
Hunsko-mnHepanMsoBaHHas Boga
Low salinity water

Manas - Shallow

CwmelumBaoLLuUncs ras

HecwmelumnBatoLumncs ras
Miscible gas

PactBoputenu - Solvents

Xumnuecvie MeTofbl
Chemical methods

TennoBble MeTOAbI
Thermal methods

Immiscible gas

Takmx padoT [5]. OkoHYaTeNbHOE peLLEHVE
3aBVICUT OT YCSIOBUM MECTOPOXAEHUS 1
OMbITa KOMMaHWN B MPUMEHEHWI TEXHOSTOMAN

Huskas - Low

Bbicokas - Deep
BsaiskocTtb HedhTH - Oil viscosity

MYH. Ha PucyHke 3 npounniocTpmpoBaH
noaxop, K CKpUHMHNY MYH npoBoaymblin
B komMnaHum LLlenn [2]. B gaHHOM crnydae

PucyHok 3. MNpenensl npyumeHnmMocTn TexHonoruin MYH
Figure 3. Applicable ranges for various EOR technologies

npu Bbibope MYH BaxkHas posib oTBeaeHa

rNybuHE 3aUieraHns KONeKTopa 1 BA3KOCTU HedhTU.
CyLLeCTBYET TaKkke 6OBbLLIOE KONMYECTBO AOMOHUTENBHBIX
NapameTPOB, KOTOPbIE HEOOXOAMMO YHECTL MU

CKpUHUHIe. Tak, HanpuMep, B Cnyyae ¢ rasosbiMy MYH
Ha[o y4eCTb MPOEKTHOE MNACTOBOE AABMEHME, a B ClyHae
»KE C XMWYECKMMI - CBOVICTBA MIaCTOBOW BOAb! 1 TUM
KonekTopa (kapboHaTbl UM MECHAHVIKN).

OCHOBHbIE CBOMCTBA HEOOXOOVMbIE AN CKPUHUHIRA MYH
Ha 3anagHo-CabIMCKOM MECTOPOXXAEHUM MPUBEOEHDI

B Tabnumue 1. BaskocTb 3anagHo-CanbIMckomn HedhTw
Mana, YTo JenaeT NpUMEHeHME TernoBbIX METOO0B
HeLlenecoobpasHbiM. 3akadka rasa, Oyab To a3oTa,
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factor, and for chemical methods, the properties of
formation water and type reservoir rock (carbonate or
sandstone) play a major role.

The main properties of the West Salym field used in EOR
screening are shown in Table 1. The viscosity of the oil in
the field is low, which makes application of thermal EOR
methods inefficient. The injection of gas, be it nitrogen,
CQO, or flue gas, should not results in large incremental
oil production due to the immiscible gas-oil conditions.
The injection of hydrocarbon gas, which is miscible with
the oil at reservoir conditions is not possible due to the
insufficient amount of associated gas. Moreover SPD
monetizes almost 100% of it’s associated gas.
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CQO2 vnn apIMOBbIX Fa30B Takke HeahheKTVBHA 13-3a
HEBO3MOXKHOCTV AOCTVDKEHUS YCIIOBUIA CMELLIMBAHS

rasa ¢ HedThio MPY NIACTOBOM OaBAEHNM N HUSKOW

3P DHEKTVBHOCTU OT 3aKaYKV rasa B HECMELLIMBAIOLLIMXCS
YCNOBUSX. 3aKayka yriieBOOOPOAHOrO rasa,
CMELLVBAIOLLIErOCs C HeDTLIO MPW MIaCTOBbIX YCSIOBUSIX,
Hepeanmayema 13-3a OTCYTCTBUSA OCTATOYHOIrO KOIMHECTBa
NOMyTHOrO rasa. Kpome Toro AotbiBaeMbI MOMYTHbIN rad
MPaKTUYECKM MOSTHOCTHIO MOHETUBUPYETCSI.

CeowcTtBa 3Ha4yeHus

Temnepatypa KonnekTopa 83°C
["nyburHa 3aneraHns 2200 m
HavanbHoe gjaBneHve 225 6ap
KncnoTHoe umcnio Hedbtn 0.04 Mr(KOH)/r
BsskocTb HetbT (B MIaCTOBbIX YCIOBYSIX) 2 MlMa*c
MwnHepanmsaumsa Bodbl KOIeKTopa 15-19 r/n

Tabnmua 1. Ceonctea 3anagHo-CanbIMCKOro
MECTOPOXXOEHVIS, NCMNOb3YEMblE O/15 CKPUHMHMA MYH

3akaudka H13KO-MUHepann3oBaHHoW Boabl (HMB)
MOXET ObITb NpUMeHeHa Ha 3anaaHo-CalbIMCKOM
MECTOPOXAEHWM (CMOTPU PUCYHOK 2). M3ydeHne
3TOr0 METOAA A5 TEKYLLIErO COCTOSAHMS Pa3pabdoTKy
MECTOPOXXOEHNST MOKA3as10, YTO peasin3aLs Takom
TEXHOMOMM Ha NO3OHVX CTaaMsX pas3padoTKM
ABSISETCS SKOHOMUYECKN HELLeecoobpasHom 1n3-3a
HE3HAYUTENBHOM OOMNOHUTENBHOM A00LIMK HEDTK

Ha MPOTSPKEHNN OJINTESNIBHOMO Neproaa BbICOKOM
06BoAHeHHOCTM [B]. KomnaHua CIM4 naydvaet
BO3MO>XHOCTb NpuMeHeHs HMB Ha yyacTkax,
HaxoOsaLLMXCS Ha Bonee paHHWX CTaausX PaspaboTKu.
TakM 06pa3om, OCTarTCs TOSbKO XUMndeckmne MYH.
YcnoBust KoanekTopa (TeMneparypa n cocTaB BoApl)
HaxoOdaTCs B Npeaenax NpUMEHNMOCTU TakKMX MeTOOOB.
B 10 e Bpems BHegpEHME YNCTOrO NOIMMEPHOrO
3aBOAHEHMS Ha 3anaaHo-CaslbIMCKOM MECTOPOXAEHNN
HeL,enecoobpasHo 13-3a HN3KOW ahHEKTUBHOCTN
Takoro 3aBOOHEHMS HA NO3OHEN cTaauy paspaboTKy
N CPaBHUTEBbHO HN3KOW BA3KOCTU HEPTU. TakMm
06pa3oM, Mbl MPUXOANM K 3aKJIHOHEHNIO, YTO
3aBogHeHue ACIT aBnseTca Hanbonee onTMaibHON
TexHonorven MYH gna 3anagHo-CanbiMckoro
MECTOPOXXOEHMS.

TexHonorus ACI1 saBogHeHUs

TexHonorva ACI1 3aBogHeHUs Oblna paspaboTaHa B
Hadasie 80-x B HAy4YHO-UCCEOOBATENTbCKOM LEHTPE
Bennenp (Bellaire Research Center) komnanuen Llenn
B XbtOCTOHE [7]. Kak y>ke ynoMmHanoch BbilLie, B
OCHOBE TEXHOJIOMUM CTOUT 3aKadyka BOAHOMO pacTeopa
TPEex KOMMOHEHTOB: AHMOHHOrO MAB, Coabl
Monmepa. AHMOHHBIN MTAB CHYKaeT NOBEPXHOCTHOE
HaTshKeHVe Mexxay HedTbio 1 BOAOW, YTO NO3BONSET
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Property Value

Reservoir temperature 83°C
Depth 2200 m
Initial pressure 225 bars
Acid number of oil 0.04 mg (KOH)/g
Oil viscosity (in reservoir conditions) 2 mPa*s
Salinity of reservoir water 15-19 9/l

Table 1. Properties of the West Salym field used for EOR
screening purposes

The injection of low salinity water can potentially be
applied in the West Salym field (see Figure 2). However,
analysis has showed that the use of this technology

in a mature field has marginal effect, with insignificant
incremental oil production over a long period of time
with high watercut [6]. SPD continues to consider this
technology as an option for the reserves at early stages
of development. Chemical EOR methods remain the
only other possibility that complies with the reservoir
properties (in particular, temperature and water
composition). However, pure polymer flooding at West
Salym would be less efficient, considering the maturity of
the field and the relatively low oil viscosity. The screening
process has resulted in the conclusion that ASP flooding
would be the optimal EOR technology for West Salym.

ASP Flooding Technology
The ASP technique was developed in the early 1980’s at
Shell’s Bellaire Research Center in Houston [7]. As stated
earlier, it involves the injection of a water-based solution
of three components: Alkali, Surfactant, and Polymer. The
surfactant reduces the interfacial tension between oil and
water, which helps mobilizing oil that would normally remain
trapped in the formation rock. Alkali serves two purposes.
The first one is to reduce the adsorption (or loss) of the
expensive surfactant in the formation. After injection into the
formation, alkali reacts with the reservoir rock and increases
its negative charge that leads to reduction of surfactant
adsorption. The second function of alkali is the hydrolysis of
naturally-occurring acids in the crude oil to form additional
volumes of surfactant in the reservoir. However, West Salym
crude has insignificant amount of acids (See Table 1), which
means that alkaline is used to prevent the adsorption of
the surfactant. Polymer is added to the injected chemical
mixture to increase its viscosity, which improves the sweep
of crude mobilized by the surfactant. The traditional ASP
flooding process consists of the following stages
(See Figure 4):
» Pre-flush. Water of specified salinity is injected into the
reservoir to influence the salinity of reservoir water,
which would minimize the loss of surfactant during
the ASP flooding and/or reduce the risk of salt
precipitation when the formation water reacts with
the ASP solution;
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OcraBlLasics HedTb Nocne
3aBOAHEHS
g in the formation after a

ACT: cospaHvie HethTsHOro Basia
ASP: formation of an oil bank

ACT: pobblva 3aLLemneHHo HedhTn
ASP: production of trapped ol

PucyHok 4. 3aBogHeHue ACIT Ha MeCTOpPOXXAeHUN
Figure 4. ASP flooding process

MOBUMM3NPOBAaTL 3alleMIeHHyo HedbTb. Cona
BbINO/IHAET cpasy ABe PyHKUMI. NepBuYHas yHKLMS
- YMEHbLUUTb aacopbumio (MoTepto) 4OPOrOCTOSLLErO
MAB B nnacte. lNocne 3akayku pacTeopa B nnacT,
coja B3aMMOAENCTBYET C NOPOOOV yBENMYMBad ee
oTpULATESbHbBIN SNEKTPUYECKUI 3apsad, NprBOaS K
yMeHbLUeHUo agcopbunn MAB. BTopryHaa dyHKLmS
cofpl — LLENOYHOM MMAPONG KNCSIbIX KOMMOHEHTOB
HeddTW, B pe3yNbTaTte KOTOPOro NPONCXOONT
0bpasoBaHme SOMOSTHUTEbHBIX MOBEPXHOCTHO-
aKTMBHbIX BELLECTB B KonnekTope. HedpTb 3anagHo-
CasbIMCKOro MECTOPOXKAEHNS COAEPXXNT NNLLb
HE3HAYNTE/IbHOE KOJIMYECTBO KUCIbIX (PpaKkLnii
(cmoTpuTe Tabavuy 1), n coa BbIMOAHSAET TONbKO
dyHkumto 3awmTel MAB oT agcopbumu. MNonnvep
006aBMAT B BOOY A1 YBESIMYEHNS BA3KOCTU
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»

»

»

Injection of the ASP slug. The maximum size of the slug
used in commercial projects amounts to approximately
30% of the reservoir’s pore volume. Once injected into
the formation, the ASP solution starts to mobilize
trapped oil, forming an oil bank;

Injection of the polymer slug. This solution is injected
to displace the ASP slug and push oil in the direction of
production wells.

Postflush — water injection for pressure support to
propagate injected ASP and polymer solutions in the
direction of production wells.

The current leaders in cEOR are China, Canada, and
Oman [7, 8]. In most cases, the ASP projects were
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pacTBOpa, HYTO MPUBOOUT K YTYULLIEHWIO MpoLecca
BbITECHEHMS MOBUNN3oBaHHOM NMABoM HedTwW.
TpagnumoHHasa cxema 3aBogHeHust ACIT (cmoTpuTte
PuncyHok 4) COCToUT 13 cnenytoLmx STanos:

» [NpeaapuTeNbHOE 3aBOAHEHVE. 3aKkaqka Bopl
ONPEAENEHHOMN CONEHOCTN 151 UBMEHEHMA
COJIEHOCTM BOAb! KOMNEKTOPA C LIESIbIO YMEHbLLIEHMS]
noTepb NAB npy NoCAeayroLLEN 3aKadke OTOPOYKM
ACTT /A YyMEHbLLEHWS PUCKa CONMEOTIOMEHNS MW
B3aMOAENCTBMW NNacTOBOM BoAb! C pacTBopom ACTT;

»  Bakadka oTopoykm ACTT. MakcrManbHbI 06bemM
OTOPOYKM, NCMOMb3YEMbI B KOMMEPHECKMX MPOEKTaX,
cocTaBnseT okoo 30% nopoBoro obbema
KonnekTopa. Nocne 3akadkm B nnact pacteop ACT]

www.rogtecmagazine.com

[Nonmmep: BbITECHEHME HEDTN
Poly ement of oil

BLLIasicst HedhTb nocne ACT]
smaining in the formation

OcrTaBLuascs HedTb nocne AC

The oil rer the fol

preceded by other activities, including the traditional
waterflood and the injection of a polymer solution
(See Figure 5). Fields with high oil viscosity like
Marmul in Oman and Pelican Lake in Canada
benefited from polymer flooding, because the
efficiency of a traditional waterflood in such fields

is low, and the injection of a polymer solution
generated an additional 5% to 10% of incremental
oil recovery. ASP flooding may result in higher
values of incremental production, ranging between
10% and 20%, because it enables the production

of both mobile and trapped oil. A polymer flood as
a preliminary stage before an ASP flood removes a
considerable proportion of technical and operational
risks and helps prepare for the more complicated
ASP process.

ROGTEC |33



B [OBblHA

Ha4VHaeT MOBUIN3MPOBATL 3aLLEMITEHHYIO HEPTb,
KoTOpast POPMUPYET HEPTSHOWN BaUT;

»  3akadka OTOPOYKM MONIMMEPHOIO pacTBopa. Takom
PacTBOP 3aKa4YMBaETCS C LESbIO BbITECHEHWS
oTopoukm ACTT 1 MoBMAM3MPOBaHHOM HeTU B
HanpaB/eHUM 0OObIBAIOLLMX CKBEDKUH.

» 3akadka Bofpl (MOXXHO 13 cuctembl MNMNO) ans
NOAAEPKKM MNACTOBOMO AaBNEHVSA NMPU AaSIbHENLLEM
BbITeCHeHUM pacTeopoB ACIT 1 nonmmepa K
[06ObIBAIOLLMM CKBaXKMHAM.

Ha gaHHbIN MOMEHT CTpaHaMu-nMaepamm nNo
npumMeHeHnio xXMYH asnatotca Kutan, KaHaga v

OmaH [7,8]. B 60MbLUMHCTBE C/yYaeB K peannsaumm
npoekToB ACIT NpuLLIIn Yepes peanmsaLmto HECKOJIbKIX
NMPOMEXYTOYHbBIX 3TAMNOB pPa3paboTKK, BKIOYaroLLe
Kak TpaauLMOHHOE 3aBOHEHNE, TaK U 3aKauKy
NOMVMMEPHOro pacTeopa (cMoTpuTe PricyHok 5). Ons
MECTOPOXOEHN C BbICOKOWM BA3KOCTbIO HETH,
Hanpumep ans Mapmyn (OmaH) n MNenvkax Jenk (KaHana)
nepexon K NoMMepPHOMY 3aBOAHEHNIO OMNpaBAaH 13-3a
HN3KOM 3DDEKTUBHOCTM TPAONLIMOHHOMO 3aBOAHEHMIS.
3akadka MosmMMepHOro pacTBopa NO3BONSET YBENNUYAUTL
KOS(PDULIMEHT n3BNeveHns Hedp Ha 5-10%. B To xe
Bpemsa 3aBoaHeHne ACIT No3BOMSET 4OCTUYL Bonee
BbICOKWX 3Ha4eHnn gononHutensHoro KIMH B 10-20%
3a cyeT JoOblUM KaK MOBUIBHOWM, Tak 1 3aLeMIeHHON
HedTW. [NpoBeaeHne NONMMEPHOO 3aBOAHEHNS KaK
npenBaputensHoro stana nepen ACI 3aBoaHeEHVEM
TakKe NO3BOJIFET CHATb 3HAUUTESIbHYIO YacTb
TEXHUYECKMX 1 3KCMyaTaUMOHHBIX PUCKOB U JlyuLLie
noaroToBUTLCS K BHEOPEHWIO 60Nee TEXHONOMMYHOro
3aBogHeHunsa ACIT.

3aBopgHeHne
ACI

MonumepHoe
3aBofgHeHve

3aBoHeHne ero
onTMMU3auns n
ynnoTHsiLee 6ypeHne

KoahdbuuneHT nasneveHns Heptu

PaspaboTtka Ha
€CTECTBEHHOM pexXume

3anaTbI N TEXHOJIorn4eckas Cno>XHOCTb

PucyHok 5. Bo3mMoxxHble aTanbl paspadoTkim
MecTopoXxaeHusi ¢ xMYH
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Figure 5. Potential stages of field development with CEOR

Due to low viscosity of West Salym crude injection of
polymer after a prolonged period of waterflooding is not
economic. Therefore it makes sense to start ASP flooding
immediately after the traditional waterflood.

The following are the main challenges and constraints in
implementing the ASP technology:

» Relatively high OPEX associated with the cost
of chemicals
e Surfactant (100% active) — 3-5 $/kg
e Solvent (e.g. isobutanol) —1-1.5 $/kg
e Polymer — 4-6 $/kg
e Sodium carbonate — 0.15-0.25 $/kg
All chemicals in an ASP solution — 50-80 $/m3

» Loss of chemicals that reduce efficiency of ASP flooding:
e Retention in the reservoir (adsorption in clays, loss of
surfactant in oil)
e |oss of chemicals in non-productive areas
e Chromatographic separation of ASP components
e Reduced activity of the solution caused by a reaction
with the reservoir fluids

» Reduced injectivity of injection wells, which may be

caused by the following:

e High viscosity of the solution due to polymer

e Scale precipitation due to reaction between chemicals
and reservoir water/rock

e Formation of viscous water-oil emulsions in
the reservoir

e Polymer plugging in the near wellbore area

» The operation of the ASP process equipment is more

challenging than during the traditional waterflood process
e The production of stable emulsions requires a more
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BeBuay HEBbICOKON BA3KOCTU HeEDTU 3anagHo-
CanbIMCKOro MECTOPOXAEHNS 3aKayka

pacTBopa nosimmepa nNocnae AAMTebHOro
nepuoaa 3aBOAHEHUS ABASETCH 3KOHOMUYECKN
HeuenecoobpasHol. Takum ob6pasom, UMeeT
CMbICn nepenTun K 3aBogHeHnto ACTT cpady nocne
TPaanUMOHHOIO 3aBOAHEHNS.

OCHOBHbIE BbI30BbI 1 OrpaHMYeHNs TexHoorm ACHT
chenytoLme:
» CPaBHUTESIbHO BbICOKME dKCMyaTaLMOHHbIE 3aTpaThl
N3-3a CTOUMOCTU XUMNYECKMX PeareHToB
e [1AB (100% axTnBHOro BellecTsa) — 3-58/kr
e PacTtBopuTenb (Hanpumep, nsobytaHon) — 1-1.5$/kr
e [onnmep — 4-6$/kr
e KanbuyHuposaHHas coga — 0.15-0.25%/kr
e CTOMMOCTb XMMMYECKNX PEareHTOB B PacTBOpPE
ACIT - 50-80%/m°

» MOTEPU XUMNHECKMX PEAreHTOB, MOHVKaKoLLNE

3 eKTMBHOCTL NpoLecca:

° yaep)XMBaHVe B KOIEKTOPE (aacopbums Ha
rnvHax, notepu MNAB B HedTi)

® MOTepst XMMNYECKOro pacTBopa NMpu 3aKaqke B
HEMPOAYKTUBHBIE 30HbI

e xpomarorpaduyeckas cenapaums KOMIOHEHTOB
pacTteopa ACI1

® CHVKEHNE aKTUBHOCTW pacTBopa npu
B3aMMOLENCTBUM C hironaamMmn KosekTopa

»  MOHWKEHWE NMPUEMUCTOCTN HarHETaTE TbHbIX CKBaXKMH

Mpn 3akadke X1MMpacTBopa Bbl3BaHHOE:

® 3akadkon 60s1ee BA3KOro pacTeopa noamepa

® Coe0bpazoBaHNg NPy pearnpoBaHN XUMUYECKIX
peareHTOB C BOAOW 1 MOPOAON KO/IIeKTopa

° 06pasoBaHye BA3KMX BOOOHEPTAHBIX 3MYIbCUIA
B KOJIJIEKTOpE

® 3aKyrnopvBaHne Nopoasl Npu3aboHOM 30HbI
CKBaXKMHbI MOSIMMEPOM

» 9KcnyaTaums 0bopyaoBaHMs NP 3aBOAHEHM

ACI 6onee cnoxxHasi o CPaBHEHWIO C TPaAVLMOHHBIM

3aBOHEHNEM

® 601Iee CNOXHBIN MPOLECC NOArOTOBKM HEDTV Npu
[006bl4e CTOMKNX 3MYTbCUI

® KEeCcTkue TpeboBaHa No NOArOTOBKe
3aKa4BaeMoro pacTBopa: BOAOMNOArOTOBKa U
[031POBKa XMPeareHTOB

° npobaema yTuanaaumm gobbITom XNOKOCTh
COMEPXKaLLIE XUMNYECKME peareHTb!

» MOTYT TakXXe BO3HUKHYTb JIOTMCTUYECKME
OrpaHNYeHnst B CBA3MN C 4OCTABKOWM 60bLIOIO
KOJIMYECTBA BELLECTB Ha MECTOPOXXAEHNS C
HenoaxoasLen NHPPaCTPYKTYPON.
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complex treatment process

e The make-up of the ASP solution should be
carefully managed, including water treatment and
dosing of chemicals

e The produced process liquid containing chemicals
creates a disposal challenge

» There may also be logistical challenges, if large
quantities of chemicals have to be delivered to fields
with unsuitable infrastructure.
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