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Bctynnenue

B cBa3n ¢ Tem, yto TexHonorna ACITT ocHoBaHa Ha
MPUMEHEHNM OOPOMMX XUMNYECKNX PEAreHTOB, KOMMAHMEN
«Canbim MNeTtponeym OesenonmverT» (CIMN) npumeHsaeTcs
KOMMIEKCHbBIM NOAXOM, K BHEOPEHMIO TEXHOIOMM C
MOCTEeneHHbIM CHATVIEM PUCKOB. PasBuTie NpoekTa

ACTT ong 3anagHo-CanbIMCKOro MECTOPOXXAEHVIS
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~ PETROLEUM

Laboratory and Field
Tests for an ASP
Flooding Project

Y.E. Volokitin, M.Y. Shuster, V.M. Karpan,
I.N. Koltsov (Salym Petroleum Development N.V.), A.G. Skripkin

Introduction

ASP projects involve the use of expensive chemicals,
so Salym Petroleum Development (SPD) has taken a
holistic approach to gradually de-risk the technology.
The evolution of the ASP project at the West Salym
field is shown in Figure 1. The first stages relied on
extensive laboratory tests to select the right surfactant
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rnokasaHo Ha PuicyHke 1. [epBble Tpy aTana, CoCTOosLLME
13 nabopaTopHbIX UcceaoBaHun - nogbopa MNAB,
9KCMNEPUMEHTOB Ha KEPHE 1 NMONEBOIO UCMbITaHWS C
MapKepami, - HanpaB/eHbl Ha MOAOOP OMTUMATTBHOM
peuenTypbl 3aBoaHeHst ACITT A9 MMNOTHOMO MPoeKTa. 3Tn
TpW aTana y>ke NpoaeHsbl, 1 komnaHna Gl npucTtynnna K
BbIMOJSIHEHWIO MNOTHOMO NMpoekTa ACT 1.

Mon6op NMAB

Ha HavanbHOM 3Tane NpoeKTa MPOBOAWIICS LiEMbIA HABOoP
NabopaTopHbIX UCTbITaHUA 415 ONpeaeneHns coctaBa
pacTteopa ACIT, athhekTHO paboTaroLLEro B YCAOBUSIX
3anagHo-CanbIMCKOro MECTOPOXKAEHVS. B oaHHOM cTaThe
Mbl MPUBOOVIM KpaTKOe OnMcaHne NpoLeayp NpoBeaeH s
Takux TecToB. bonee aeTanbHyto MHHOPMAaLMIO MOXKHO
HanTV B APYrX UCTOYHMKaX [1-4].

Ha nepBom aTane vcnbitaHuin otéupatoted MNAB

1 NONMeEpPBbI, NPOAEMOHCTPUPOBABLLME XUMUKO-
dur3nyeckyto cTabuibHOCTb MPY MIACTOBbLIX YC/TOBUSIX.
Ons HedhTAHbIX MECTOPOXKAEHNA 3anagHomn Crbunpu
XapakTepHbIMU SBIAKOTCS CPaBHUTENBHO BbICOKME
TemMnepaTtypbl N HU3Kas CONEHOCTb BOAbI. [T03TOMY
Hambonee BaXKHbIMU SBASKOTCS ASIUTENbHbIE

MonHoMacLUTabHble NPoekTbl B 3anaaHon Crnbupn
Full-field projects in Western Siberia

MonHomMacLTabHbIn NpoekT ACT]
ASP full-field project

and perform core experiments to find the best ASP
formulation. These were followed by a field tracer test.
These three stages completed, SPD has started a field
pilot test of the ASP technology.

Selection of Surfactant

The initial stage of the project involved extensive laboratory
tests to define the composition of the ASP solution that
would work efficiently in the conditions of the West Salym
field. This article will only focus on the key processes used
in the tests, with more detailed information available in
other sources [1-4].

The first stage focused on the selection of the surfactant
and polymers that would have chemical and physical
stability in the reservoir conditions. West Siberian oil fields
are characterized by relatively high temperatures and

low water salinity, which emphasizes the need for long
laboratory tests of temperature stability of the surfactant
and polymer. In such experiments, test tubes with a water
solution of the chemical (surfactant, polymer and others)
were put in a heater for a period of from several weeks

to several months, after which the chemicals were tested
for the stability of their physical and chemical properties.

2018+

-
[MnnoTHbIM NpoekT ACT]

ASP pilot project
2012 - 2017

2009

[Mop6op NMAB
Surfactant selection
2008

Core experiments

2013 [y3aiiH 1 JoKymeHTauus /
Design and documentation

2014-2015 CrpoutenscTso / Construction
2015-2016 Skcnnyataums / Operation

2016-2017 [dononHuTenbHas fodblya /
Incremental production

[loneBoe nchbITaHE C MapKepamm
Field tracer test
2009

PucyHok 1. Bexu passutig npoekta ACITT oisg 3anagHo-CanbIMCKOro MECTOROXAEHNS

Figure 1. West Salym ASP project milestones
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nabopaTopHble NCCe00BaHVA HA TEMNEPATYPHYHO
cTabunbHocTb MNAB 1 nonnmepa. B Takmx
3aKCNepUMEHTaxX MPOBUPKN C BOAHBLIM PaCTBOPOM
xnmmdeckoro pearenta (NAB, nonmvepa v T.4.)
MOMELLAIOTCS B MEYKY Ha Nepuomn, OT HECKOJIbKX HEAENb
00 HECKOJIbKUX MECSLIEB, MO UCTEYEHUIO KOTOPOrO
peareHTbl TECTURYHOTCH Ha U3MEHEHME X (DUSMKO-
XVMNYECKNX CBOMCTB. B HEKOTOPbLIX CyyYasix KOMMaHum-
MPOV3BOOUTENN Y>KE MOMYT MPEedOCTaBUTb MHOPMALMIO O
CTabUNBbHOCTU XUMUYECKMX PEArEHTOB, HYTO 3HAYNTENBHO
YCKOPSIET 3Tan NpeagapuTenbHoOro otéopa.

Hanblue NpoBOasTCs TECThbI HA BOAOPACTBOPUMOCTb
komnoHeHToB ACIT (B ocHoBHOM [TAB) 1 Ha dhazoBoe
noBeaeHne A1s onpenesneHns CnocobHOCTY pacTBopa
ACT1 06pa3oBbIBaTb MUKPOIMYbCUN C HEPTHIO. B Takmx
TECTaxX XVIMUYECKME PeareHTbl CMELLIMBAKOTCS C PaCTBOPOM
COSIN B VICMbITATENBHOM MPOBUPKE Y BbIAEPXKNBAIOTCS
npw NacToBOM Temneparype. B ciydae ¢ Tectom Ha
dhazoBoe noBedeHMe B MPOBOUPKY 400aBMSOT Chipyto
[erasmpoBaHHyo HEPTb C MECTOPOXOEHNS. TUMUYHBIE
pesybTaTbl 3TUX OBYX SKCMEPUMEHTOB A7 YC/IOBUM
3anagHo-CanbIMCKOro MeCTOPOXXAEHNS MOKa3aHbl Ha
PucyHke 2. B TecTax Ha ha3oBOe NOBEAEHMNE HAWTYULLIYHO
AKTUBHOCTb C HalLen HeTbO MPOAEMOHCTPUPOBATU
[MAB 13 psiga BHYTPEHHMX 0niednH CybdoHaToB

(BOC), nmetoLLyx 6obLLION MONEKYAPHBIN BeC [5-7].
CepbesHbIM HegocTatkoM Takux [MAB aBngeTcs ux
Moxas pacTBOPYMOCTb B BOAE, KaK 3TO M MOKa3aHOo Ha
PrcyHke 1, rae BUOHO paccnoeHme 1 06pa30BaHNE MIEHKN
HepacTBopuBLLerocs MNAB. MNoaToMy ang ynyyileHns
BOOOPACTBOPUMOCTU B pacTBop ACI 611 gobasneH
pacTBOPUTESTb — U30DYTaHO/.

HecmoTps Ha To, 4To ¢ gobaBneHnem n3obytaHona
cTabunbHOCTL pacTteopa ACIT npu TemnepaTtype
KOJ1IeKTOpa 3HAYNTENBHO Yiy4llWIach, pasaeneHne
a3 MoOXXeT NPoU3oNTY NpK BONee HUSKNX
TeMnepartypax, XapakTepHbIX /19 MOBEPXHOCTHOIO
obopynosaHus No NoarotoBke pactaeopa ACT.
[MoaTOMy CTOUT TakXKe NPOBEPUTL BOLOPACTBOPUMOCTb
koMmMoHeHTOB ACTT HKe NNacToBOM TemnepaTypsb! [8].

OKCNepuMeHTbI Ha KepHe

CneayrolwpmmM 1 caMbiM BaXKHbIM 3Tarnom S1labopaTopHbIX
nccnenoBaHun 9BNStOTCA (PUNBTPALMOHHBbIE
3KCMEPUMEHTbI Ha KEPHE, OTOBPAHHOM 13 CKBaXKMH
MECTOPOXAEHWS. B CBA3N C MCMOMb30BaHNEM
3HAYNTENBHOIO KOJIMYECTBA XMMUYECKUX PEAreHTOB
TaKMNe 3KCMEPUMEHTBI ABNSOTCS 601€€ CIOXKHBIMU

no CPaBHEHWIO C TPAOMLMOHHBIMW 3KCNEPVMEHTaMM

Mo 3aBOOHEHUIO KEPHA, & TakKe TPeOYIOT OMbITHOrO
rnepcoHana ons nx BbinosHeHns. Komnanns Cl/
coBMeCTHO ¢ “ToMckHUTMN-HedTb” npoBena HeECKONBKO
0ECHATKOB KEPHOBbIX 9KCMEPUMEHTOB /19 ONTUMU3aLMA
dopmynbl ACIT. OCHOBHbIE NapaMeTpbl U pe3ynbTaThbl
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In certain cases, the manufacturer provides information
on the stability of the chemicals they produce, which
considerably accelerates the initial selection process.

The first stage of the tests was followed by solubility tests
of various ASP components (especially the surfactant)
and phase behavior experiments to determine whether
the ASP solution would be capable of forming micro
emulsions with oil. In the first type of tests, the chemicals
were mixed with a salt solution and held at the reservoir
temperature. In the phase behavior tests, degassed crude
from the field was added to the test tube. The typical
results of these tests are shown in Figure 2. Internal olefin
sulfonates (I0S) with high molecular weight were the best
surfactant performers in the phase behavior tests [5-7].
However, they have a major disadvantage of low water
solubility, which is shown in left-hand picture in Figure 2,
where a layer of undissolved surfactant is clearly visible.
Solvent isobutanol was added to the surfactant solution to
improve solubility.

il

| lr' !‘ Idll:

BOAOPACTBOPUMOCTb
High water solubility

PucyHok 2. PesynbTarsl TECTOB Ha BOOOPaCTBOPUMOCTb
(cneBa) 1 hazoBoe NoBeagHVe (Crpaga) A7 YCI0BUM
3anaaHo-CanbIMCKOro MeCTOPOXOEHNS

Figure 2. Tests of water solubility (left) and phase behavior
(right) for West Salym

The addition of isobutanol considerably improved the
stability of the ASP solution at the reservoir temperature.
However, phase separation can take place earlier, in

the surface equipment used to prepare the ASP mix,

www.rogtecmagazine.com



y, POCCUNCKUA HESTETA3OBbLIM CAMMUT
// TPAHCI'IOPTMPQBKA,
// XPAHEHWUE, TPEUAUHT

13 Hosbpg, MockBa, Lotte Hotel

OpraHuszatop: Mpun nopgnep>xke

HauuoHanbHas ‘ @
Accoumauma ‘\

HedTerasoBsoro -
di:epwca #,,< (611ecTBo

g 2 - F :
b - - ST R " e =S
e R 3 , e ' Ten.: +7 812 389 2584
b T ; n . . -'--?'. = e v - p— -

Ten.: +7 499 346 6967

E-mail: info@bamics.com
W e Bl

ww.midstreamsummit.ru -



B [JOBbl4A

[MPOHMLIAEMOCTb KOMOHKM

50 I,

KoHLeHTpaLwmm KOMMoHeHTOB pacteopa ACTT]

Concentrations of ASP solution components

Obbem otopoykn ACTT

Injected volume of the ASP slug

KOHLEHTpaLMS KOMAOHEHTOB MOMIMMEPHOM OTOPOYKM
Concentration of components in the polymer drive
ObbeM NONMMEPHOM OTOPOYKM

Injected volume of the polymer drive

OcTtaTo4yHas HepTEHACBILLEHHOCTb MOCE 3aBOAHEHNS
Residual oil saturation after the waterflood

OcTtaTo4yHas HedpTeHaChILLEHHOCTb noce 3aBoaHeHns ACH]
Residual oil saturation after the ASP flood
HononHutensHbin K/H

Incremental recovery

MoTepun MNAB

Surfactant retention

[MoTepwu coppl

Sodium consumption

0.7% lNAB, 2% kanbL,. coapl, 0.3% noavmepa
0.7% surfactant, 2% sodium carbonate, 0.3% polymer
40% MOpPOBOro 06beMa KOTOHKN

40% of the pore volume

0.3% noavmepa

0.3% polymer

40% nopoBOro 0obeMa KOMTOHKMN

40% of the pore volume

33%

8-9%

40%

0.3 Mr/r kepHa

0.3 mg per gram of core

0.4 Mr/r kepHa

0.4 mg per gram of core

Tabnuua 1. OCHOBHbIE MapamMeTPbl U PE3YbTaTbl (OUNBTPALMOHHOIO 3kcnepymMeHTa ACT]
Table 1. Key parameters and results of the ASP flow experiment

O[HOMO N3 TaKMX SKCMEPUMEHTOB MokasaHbl B Tabie 1

n

[Nocne co3paHus Ha4anbHOM HEPTEHACHILLIEHHOCTU

B

criedytoLVX aTarnos:

»

»

»

4

PucyHke 3.

KepHe nocsiegoBaTesIbHOCTb 3aKayk COCTOUT N3

TpaanUMOHHOIO 3aBOAHEHVIS, KOTOPOE MPOBOAUTCA
3aKa4ykom ModeNIbHOW NacToBOW BOAOWN. OTOT
aTan NPOOO/MKAETCA 00 BbITECHEHVST MaKCUMaUTbHO
BO3MO>KHOIO KOIMYeCTBa MOBUIBHOM HedhTI

13 KepHa. B jaHHOM aKcneprmeHTe ocTaToqHas
HedhTeHaCbILLEHHOCTb Mocie 3aBoAHEHS
cocTaBwnia 33%;

3aBogHeHns ACTT B obbeme 40% OT NopoBoro obbema
KOMOHKM. [Mpun 3akadke pacteopa ACI1 B kepH
MPOVCXOANT MOBMNN3aLMS 3aLLEMNEHHON HEXDTH,
KOTOpas 0bpasyeT HebTaHOM Ban. Ha Bbixoae 13
KOJTOHKM CofigprKaHme HedbTh B TakOM Basie COCTaB/IseT
30-40% (cMm. PricyHok 3a);

3aBogHeHnst nonMMepom B obbeme 40% nopoBOro
obbemMa KEPHOBOW KOJSTOHKM /151 BbITECHEHS
MOBUANBNPOBAHHOM HETU 1 oTopoYkK ACTT N3 KepHa.
B Havane 3akayky nonmmepa HabmogaeTcs obbiHa
4YNCTOM HeDTN 13 HePTAHOrO Basa. B KoHLUE aTana

0| ROGTEC

which operates at lower temperatures. Therefore, an
additional test was taken to check the water solubility of
the ASP components at temperatures below the reservoir
temperature [8].

Core Experiments

Flow experiments on the cores taken from the field formed
the next and extremely important stage in the whole
process. This stage required a lot of specialized chemicals
and highly qualified personnel, which made the process
more complicated as compared with the traditional core
flooding experiments. SPD together with the Tomsk-based
research company TomskNIPI-Neft performed several
dozen core experiments to optimize the ASP formulation.
The main parameters and results of such experiments are
shown in Table 1 and Figure 3.

The experiment involved the following flooding sequence

to achieve maximum recovery:

» Traditional waterflood with the injection of model
formation water. This stage continued until a maximum
amount of mobile oil could be displaced from the
core. In this experiment, residual oil saturation post the
waterflood was 33%;

» Injection of ASP in the amount of 40% of pore volume

www.rogtecmagazine.com
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B [OBblHA

HebTb J0OLIBAETCS B OCHOBHOM B BUAE SMYJIbCUM;

» [NoCT3aBOAHEHWS — 3aKadKa MOLEsIbHOV MNacTOBOW
BOOb! A9 NMOOASPXKKN AaBNEHNS MPY BbITECHEHN
3aKa4aHHbIX XMIMNYECKIX PEareHTOB 13 KepHa 1
06pa30BaBLUMXCS BOAO-HEDTAHBIX SMYJTbCUIA.
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PucyHok 3. PesynbTarhl aKCnepumMeHTa no 3aBOAHEHNIO
ACITT Ha kepHe. PegynbTathl No Aobbliue HEPTY NOKa3aHb!
cne.a (a) n ocTatouHas HehTEHACILLEHHOCTb MOC/Ie
ACTT 3aBOAHEHUS 41 KaXKO0rO 13 00PpasLIoB KOTOHKN
nokasaHbl cnpasa (b).

B naHHOM SKcnepumeHTe B pesyibTare 3aBOOHEHMS
pacTtBopoM ACIT 6b110 AO6LITO CBbILLE 75% HedTn,
OCTaBLLenCcs Nocne 3aBogHEHVS, 1 JOMOSIHUTEbHbIN
KVH coctasun 40% OT HavasibHOW HePTEHACHILLIEHHOCTU.
CTounT Takke OTMETUTB, 4TO noTepn MNAB 1
KaTbLIMHUPOBaHHOW COMpbl HA KEPHE MECTOPOXOEHNS
3HaYNTENBHO MPEB3OLLN MOTEPU XUMUHECKIX PEAreHTOB
Ha KepHe OBHaKeHWs!, IBMEpPEHHbIe paHee. bonbLlume
notepw MNAB ¢ coabl 0OBACHAOT YBEMHEHNE OCTATOUHOM
HedbTeHaCbILLEHHOCTW nocne 3aBoaHeHust ACIT B
obpasLax, PacrnosIoXKeHHbIX 6JVPKE K KOHLY KOJTOHKM
(cmoTpu PucyHok 3b).

Ha ocHOBaHWMM pe3ynbTaToB TakMx 1abopaTopHbIX
1CCNenoBaHUin BbI10 PELLEHO MPUMEHUTL OaHHYHO
peuenTtypy ACIT o1a NpoBeaeHVst MOSIEBOrO UCMbITaHNS C
MapKepamm Ha OOHOM CKBEDKVHE.

42 | ROGTEC

of the column. When injected into the core, the ASP
solution mobilizes trapped oil, which forms an oil bank.
At exit from the column, oil in the oil bank accounts for
30-40% of the effluent volume (See Fig. 3a);

A
~

Polymer flooding in the amount of 40% of the pore
volume of the core column to displace mobilized oil and
ASP slug from the core. At the start of the polymer
drive, pure oil was produced from the oil bank. At the
end of this stage, oil was produced mostly in the form
of an emulsion;

A
~

After flooding — the injection of model formation water to
maintain pressure, after the injected chemicals and
water-oil emulsions were displaced from the core.
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== Sodium in effluent (in % to the initial concentration) ,R“E_._h+
70% -+ =@= Oil in effiuent (%) '.’ 9
= -~ Recovery of residual oil (%) / /\ \ (a)
E 60% =4 Surfactantin effiuent (n % to the initial concentration) A 8
5 b
g 50% = Effluent water pH / / \ 7
: J A
g 40% / \ 65
2 30% /” - / \ 5
S20% 4
* / N
10% 1/ N —t 3
af T e
0% L + — =2
0 0.5 1 1.5 2 25
Injected fluid volume (PV)
0.3
o}
0.25
: (b)
c
27 02
€3
2a
) & 0.15
3 <
- @
g £ 01
ie]
o
0. |

1 2 3 4 5 6 7 8 9
Number of sample along the coumn ———

Figure 3. The results of the ASP flood of core. The ol
production results are shown left (a), and the residual oil
saturation for each of the column samples is shown right (o).

In this experiment, the ASP flood recovered more than
75% of the oil left behind after the waterflood, and

the incremental recovery was 40% from the initial oil
saturation. Notably, the consumption of surfactant and
sodium carbonate in the core taken from the field was
much higher than the consumption of these chemicals
observed in previous experiments. The considerable loss
of the surfactant and sodium account for a marked increase
in residual oil saturation after the ASP flood in samples
located closer to the end of the column (See Fig. 3b).
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MoneBoe ucnbiTaHKe C MapKepamu

LlensgMu noneBoro UCnbITaHUs ¢ Mapkepamm SBISETCS
namepenne sdpdPexkTnBHOCTM 3aBoaHeHMst ACT]

1N NPUEMMUCTOCTU B MOJSIEBLIX YCAOBUSAX, a TaKXKE
nprobpeTeHne onbiTa padboTel ¢ TexHonornen ACTT.
Vameperne achdexkTnBHocTM ACTT npoBoanTCS

NyTeEM CPaBHEHNS OCTaTOYHOW HETEHACHILLEHHOCTH

[0 v nocne 3aBogHeHna ACI1 B 30He, OXBa4eHHOMN
TaKVM UCMbITaHNEM. VI3MepeHmne oCTaTo4HON
HedTEHaCbILLEHHOCT MPOBOAUTCS MPU MOMOLLIM XOPOLLIO
N3BECTHOM U LUMPOKO MPUMEHAEMOM TEXHOMOM N
3aKayky BOAHbIX PACTBOPOB, COAEPKaLLWX MapPKepPbI
[9]. B kavecTBa Mapkepa Mcnonb3oBasics aTunaueTar
(EtAc), kOTOpbIN B XOAE UCCNEA0OBaHNS pacnpeaensaeTcs
MEXOY HEMOABMXHOM ha3on (3allemneHHas HedTb

B NP13aboMHOM 30HE HarHeTaTEIbHOM CKBaXKVHbI,
oxBadeHHoM 3aBoaHeHneM ACTT) 1 MOBuIbHOM hasown
(cMecbto NacToBOW 1 3akadaHHOM BoA). ['1pu 3aKkadke
BOOHOIMO pacTBopa, CoAep Kallero aTunaueTar, Takoe
pacnpeneneHe Mapkepa B HepTb 3amMenIgeT CKOPOCTb
€ro NPOHVKHOBEHMS B M1acT. [locne 3akayku CTporo
OTMEPSIHHOrO 06beMa TakOW OTOPOYKN HarHETaTENbHYO
CKBaXKMHY 3aKpbIBaKOT HA HECKOJIbKO AHeN. B 370

BPEMSI MPONCXOONT AaNbHenLlee pacnpeaesieHme
Mapkepa Mexxay dasamu 1 NpeBpaLLeHe Mapkepa,
ocTaBLLUerocs B BogHow ase, B ataHoN (EtOH) B
pesynbTaTe rmaopoarsa. 9TaHos NMIoX0 PacTBOPSETCH

B HEPTU 1 OCTaETCS NPEUMYLLIECTBEHHO B BOAE.

[Mocne 3TOro B CKBaXKMHY CMyCKarOT HACOC U
OTKa4YMBatOT 3aKa4aHHY XXUAKOCTb. B gobbiron
YKNOKOCTM MPOBOAAT N3MEPEHUST KOHLUEHTpaumin EtAc

1 EtOH 1 no aT1M gaHHbIM BbIMUCASOT YCPEOHEHHYO
OCTaTO4HYIO HE(PTEHACHILLEHHOCTb 30HbI, OXBA4YEHHOWM
nccnefoBaHneM. B cBA3M C TeM, YTO 3TaHON He
pPacTBOPSAETCS B HEDTU, OH U3BJIEKAETCH pPaHbLLE
sTMnaueTarta, HaxoaaWerocs NPenMyLLIECTBEHHO B
HethTW. B noeanbHOM cnydae namepeHne KOHLEHTPALIMN
Kak PyHKUMSA obbema Jo6bITON XXNOKOCTA
npencTaBnseT cCobon COBUHYTbIE OTHOCUTENBHO APYr
apyra KoNIoko1oobpasHble KpUBbIE, Kak 3TO M MOKa3aHo
Ha PucyHke 4.
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PucyHok 4. Pe3ynbTaThl noeasibHOMO TeCcTa ¢ MapKepamm
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On the results of these lab tests, a decision was taken
to try out this ASP formulation in a field single well
tracer test.

Field Single Well Tracer Test

The objective of the field tracer test was to measure
injectivity and the efficiency of the ASP flood in field
conditions, and acquire practical experience of using
the ASP technology. The efficiency of the ASP flood

is measured by comparing the residual oil saturation
before and after the ASP flood over an area covered by
such a flood. A well-known and broadly used method of
injecting water solutions of tracer chemicals was used
to measure the residual oil saturation [9]. Ethyl acetate
(EtAc) is used as the tracer, which distributes between
the static phase (trapped oil around the ASP-flooded
bottomhole of an injection well) and mobile phase (a
mixture of connate and injected water). As the EtAc
water solution is injected, some of the tracer chemical
stays in oil, which lowers the velocity at which it travels
into the formation. After a strictly controlled volume

of such tracer bank is injected, the well is shut in for
several days. During this time, the tracer continues to
be distributed between the phases, and that part which
remains in water hydrolyzes to form ethanol (EtOH). For
all practical purposes, ethanol is not soluble in oil and
stays in water. After that, a pump is run in the well to
recover the previously injected liquid. EtAc and EtOH
concentrations are then measured in the recovered
fluid, and the data is used to calculate average residual
oil saturation in the area covered by the test. Since
ethanol does not dissolve in oil, it is recovered earlier
than the ethyl acetate, which stays mainly in oil. In an
ideal case, the change in concentrations as the function
of the volume of produced liquid would form 2 curves,
which follow one another as shown in Figure 4.
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Figure 4. The results of an ideal tracer test

The distance between the peaks in the concentration
profiles for ethanol and ethyl acetate is used to
determine the residual oil saturation: the bigger the
distance, the higher the residual oil saturation. In real
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Casur Mexxay MKamim KpUBbIX KOHLIEHTPALMIA STaHoa

1 STUNaLeTara NpeacTaBnseT cobom Mepy OCTaTO4HOM
HePTEHAChILLIEHHOCTU: YeM BOIbLLIE COBUM MEXY NMKaMIA
KPVBbIX, TEM B0SIbLLIE OCTATOUHAsA HedTEHACHILLIEHHOCTb.

B peasibHOM »xe Criydae Ha (hopMy KpMBbIX, MPVBEOEHHbIX
Ha PvicyHKe 4, BIMSET MHOXECTBO (DaKTOPOB, TakMX

KaK MepPETOKM MexKay nacTamn 1 nepepacnpenenenne
YKOKOCTEN MPY 3aKPbITAM CKBAaXKMHBI, MOCTOSHHBIA TOPONS
aTuaueTaTa, CMeLLEHME 3aKadaHHbIX OTOPOYEK M3-3a
B/MSHUS COCEAHNX CKBaXKWH [T, 11 T.4,, 4TO 3HAYMTENBHO
YCIIOXHSAET NHTEPMPETALMIO PE3Y/BTATOB VUCCNEN0BAHNS 1
YBENMHYMBAET MOMPELLHOCTb UHTEPNPETaUM. [1ns nyyiiero
OTCNEXMBaHNS STUNALETaTa B 3aKa4aHHYO >XXMOKOCTb

Obin Taroke nodasneH nponaHos (NPA), KoTopbili Bbin
MCMOMb30BaH Kak MapKep sTunaleTara ans nocienyroLen
VHTEPMPETaLMM AaHHBIX (CMOTpUTE PUCYHOK 5).
PesynbTarhl NoneBbIX MCMbITaHWA C MapKepaMmn Ha
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Figure 5. Results of the field tracer test before ASP
injection (a) and after ASP injection (b)

ckBavKMHE 3anaaHo-CanbIMCKOro MECTOPOXAEHMS
nnpencTaBneHbl PrcyHke 5. VIaMepeHe ocTaTtoqHom
HehTEHACHILLIEHHOCTY MPY MOMOLLIM MapKePOB ObU10
nposefeHo no (PricyHok 5a) n nocne 3akadku ACHT (PrcyHok
5b). IaMepeHHble KOHLEHTPALMM MAPKEPOB MCMONb30Ba/ M
07159 VIHTEPNPETALMN KaK B aHaJIMTUHECKIX, TaK 1
MAPOOMHAMUHECKIX MOAENSX. Pa3Hmua B rOpU30HTa TbHOM
MAIOCKOCTN MeXOY MKaMM KpVBbIX KOHLIEHTpaumin EtOH

1 NPA (1.e. EtAc), Habnogaemas oo 3axkadkm ACHT,
MPaKTUHECKM MCHE3a MOCTE Takoro 3aBoaHeHs. 113
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life, though, the curves shown in Fig. 4 will be affected
by many factors, including cross-flows between
formations, the dispersion of liquid during shut-in,
continuous hydrolysis of ethyl acetate, the movement
of injected slug under the influence of neighboring
injection wells, and others, which makes interpretation
much more challenging and contributes to interpretation
error. To better trace the ethyl acetate, propanol (NPA)
was also added to the injected liquid, which was used
as the ethyl acetate tracer for further data interpretation
(See Fig. 5).
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PucyHok 5. PesynbTarhl NoMeBOro NCMbITaHns C
Mapkepamm 0o 3axkadkm ACIT (a) n nocne 3akadkm ACIT (b)

Figure 5 shows the results of the field tracer test in a
West Salym field well. Tracers were used to measure
residual oil saturation before (Figure 5a) and after the
injection of ASP (Figure 5b). The measured tracer
concentrations were interpreted using both analytical
and hydrodynamic models. The horizontal distance
between the peaks of concentration profiles of EtOH
and NPA (i.e. EtAc), which was clearly visible before
the injection of ASP, almost totally disappeared after
the ASP flood. Detailed analysis of the data showed
that the residual oil saturation went down from 23%
before the ASP flood to 2% after the flood in the area
covered by the test. Considerable reduction of residual
oil saturation showed the efficiency of the selected ASP
formulation in field conditions.
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[OETa/IbHOMO aHa/mM3a 3TVIX AaHHbIX bl CAeaH BbIBOS,
yTO 3akadka ACI1 nprBena K yMEHbLLIEHNIO OCTaTOYHON
HedTeHacbILLEHHOCTU € 23% (0o ACIT) 0o 2% (nocne
ACI) B 30He, OXBaYEHHOW MCCNEA0BaHMEM. SHAYNTENBHOE
YMEHbLLIEHME OCTaTOYHON HEDTEHACHILLIEHHOCTU
MOATBEPANSIO BbICOKYHO ahEKTVBHOCTL PELIEMTYPbI
pacteopa ACIT B MOMEBLIX YCIOBUSIX.

Ha ocHOBaHWMM pe3ynbTaToB 3TOr0 UCCEeA0BaHMS Obl10
MPVHATO PELLIEHNE NCMOJb30BaTb AaHHYHO peLenTypy npu
NpPOBEOEHN NOHOLEHHOMO NUAOTHOrO NpoexkTa ACHT.

Takum obpasom, nogbop peareHToB ACITT ois
MECTOPOXOEHNS COCTOUT U3 4-X 3TanoB: 1) CKPUHUHT,
TEPMUYECKAS N XUMMYECKAs CTabNIbHOCTb, 2) Moabop
akTBHbIX [MAB oNnst OCTUMKEHUS HU3KOrO MOBEPXHOCTHOMO
HaTsPkeHus, 3) onTuMmn3aums peuenTypbl ACIT ¢
CMNOJ1b30BaHNEM (DUNbTPALMOHHBIX SKCMEPVMEHTOB Ha
KepHe, 1 4) NpoBepka paboTbl XMMMHECKOrO pacTBoOpa
ACT1 B nonesbix ycnosusx. CI ycneluHo npoeena
JaHHble aTanbl 3a 4 roga.
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The results of the test formed the basis for a decision
to use the formulation in a pattern pilot test of the ASP
technology.

Therefore, the process of selecting ASP components
consists of 4 stages: 1) screening, thermal and chemical
stability, 2) selection of active surfactant to achieve low
interfacial tension, 3) optimization of the ASP formulation
through flow experiments on core, and 4) test of the ASP
solution effectiveness in field conditions. It took SPD 4
years to successfully complete all these stages.
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