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NPEANOCBITKU ANA MAPKEPHbIX
NCCNEQOBAHUN

OCHOBHBIMH 32/1a9aMHU UCCJIEJOBAHUS TOPU3OHTAIBHBIX
HEPTAHBIX CKBAXKUH SBJIAIOTCA IOJTYICHHUE OOBEKTUBHBIX
JIAHHBIX O (DHJIBTPALIMOHHO-EMKOCTHBIX CBOMCTBAX
Pa3padaTBIBAEMOT'O YIACTKA MECTOPOXKIECHUA U
TUIPOJUHAMUYECKUX 3ABUCUMOCTSIX, 4 TAKXKE
Ompee/IEHUE 3aKOHOMEPHOCTH PACIIPENETIEHNA NABICHH A
U OLIEHKA CKOPOCTH BBIPAOOTKH 3a114COB.

AKTYaJIbBHOCTB BOIIPOCOB NOAOOPA ONTHMAJIbHOHN
KOHCTPYKIIMH CKBA’KMHBI, PACNIONOXeHUs MydT I'PT],
PEXKUMOB PAOOTHIL, YBEIMUEHH S TJOOBIYU YITIEBOAOPOAOB
IYTEM 32/IEP>KKU IIPOPBIBOB BOJbL, YPABHUBAHUS IPUTOKA
B T'OPU3OHTAIBHBIX CTBOIAX YCUJIUBAETCA TEM (PAKTOM,
4TO I'€OJIOT'HYECKHE YCIOBU HA OTHOM MECTOPOXK/IEHNH
CXOJJHBI, B CBSI3H C Y€M KOHCTPYKIIUS MPOEKTUPYEMBIX
CKBAKUH UIEHTUYHA TUJIOTHOM.

Ha cerogHsanrHu 1eHb B Poccry OOJIBITMHCTBO
TOPU3OHTAJIBHBIX CKBAKHH OOOPYJOBAHBI KOMIIOHOBKAMU
C HEYNIPABISAEMBIMH HOPTAMHU U TONBKO 12% CKBa’KWUH
060pYIOBAHBI YCTPOMCTBAMU JJ11 KOHTPOJISA IPUTOKA
HEPETYINPYEMOTO U perynupyeMoro Tunos (ICD-inflow
control device). OsxumaeTcst, 9To K 2026 rofy STOT IIapamMeTp
BO3PACTET IPUMEPHO /10 50% ciry4aes [1]. YCTpoucTBa
KOHTPOJIS IPUTOKOB IMO3BOJIAIOT OIITUMU3UPOBATH PAO6OTY
CKBAKUHBIL, KOPPEKTUPOBATD PAOOTY IJIACTA TIYTEM
ONpeJENEHN ONITUMAIBHOIO PACTIPEAETICHUA TAACHUSA
JABJIEHUS U OIITUMU3ALIUU JJOOBIYU LIEJIEBOTO (PIIIOU/IA.

Ha ceropHamHn JeHp 3T0 Hanoosee appeKTuBHAS
TEXHOJIOTUS OOPBOBI C TPOPBIBAMM BOJBI MJIA I'A34.

IIpH1 UCIIOJIB30BAHUU YCTPOUCTB KOHTPOJIA
NPUTOKA HA IIEPBOE MECTO BBIXOAUT OIEPATUBHOCTD
MOJIyYEHH MH(POPMALINU O IIPUTOKAX C PA3JIUYHBIX
WHTEPBAJIOB CKBAXXUHBL MCCIe0BaHME C IOMOIIIBIO
IITH ma T'HKT He Bcerna MOXeT ObITh OPIaHHU30BAHO
JIOCTATOYHO OIEPATUBHO. HEMAIOBAKHO, YTO CTOUMOCTD
TPaJULIMOHHBIX METOMOB IIOJIYYEHHUA JAHHBIX C 326051
CKBA’KUHBI TAKXXE HEPEAKO HE COOTBETCTBYET ITOJIyYEHHOMY
Ka4deCTBy. OU€Hb XaPAKTEPEH IIPUMEDP IKCIIEPUMEHTA,
NPOBEJIEHHOI'O HECKOJIBKO JIET HA34/] CIIELIUATACTAMU
KOMITAaHUH «['a31IPOM HE(PTD», I7IE€ B OAHY CKBAXKHUHY
MOOYEPESHO CITYyCKAJIUCDH PA3JIMYHBIE KOMIUIEKCHI TTT'H [2].
IMocneayomas MHTEPIPETALMA BBIABHIIA CJIOKHOCTHU
CO CXOJUMOCTBIO JJAHHBIX. DTO O6YCIABIMBAECTCA KAK
CJIOKHOCTSAMHU CO CHATHEM JAHHBIX 110 (pa3aM Irron1a
10 BCEMY CEYEHMIO CTBOJIA CKBAKUHBI, TAK U BIMSHUEM
I'HKT Ha TOYHOCTb U3MEPEHUSI /1ABJICHUS U PACXOJIOB.
3a4aCTYIO B YCJIOBUAX TOPU3OHTAIBHBIX CKBAXXUH
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DRIVERS TO USE TRACERSFOR
PRODUCTION LOGGING

Drilling and completing horizontal wells is a key
technical solution to improve hydrocarbon production.
The objectives of production logging in horizontal
wells are the following: to obtain data about petroleum
reservoir, to evaluate its properties and to forecast the
dynamics of hydrocarbon extraction. In this regard,
the contribution of wellbore intervals to the total well
production is an essential knowledge for operating
companies. The main goal is enhancing hydrocarbon
recovery. It is important to have an adequate well design
and optimal location of fracturing well completion
tools along the wellbore. A good well management
engages the maximum length of a horizontal section
into production. Today, most horizontal wells in Russia
employ uncontrolled well completion equipment,
and only 12% of wells are equipped with IDC (Inflow
Control Device). Changes are expected in the future.
By 2026, up to 50% of wells may be completed using
ICDs [1]. ICDs allow to optimize well production and
to deal with the breakthrough of water or gas. With the
use of ICD, timely information on the performance of
various intervals across wellbore becomes significant.
In many cases, it takes time to organize conventional
production logging with coiled tubing services. Also,
the cost of standard production logging operation
does not always correspond to the quality of obtained
data. Few years ago, engineers of «Gazprom Neft»
company did an interesting field experiment. They
mobilized two wireline service providers for a
repetitive PLT run into the same horizontal well [2].
The subsequent interpretation revealed difficulties
with the convergence of the logging data. Indeed,
the use of standard production logging downhole
tools with single flowmetry spinner is not adequate
for horizontal well and leads to interpretation errors.
There is a need for an advanced downhole tool capable
of dealing with the multi-phase and stratified flow
[3,4]. Wireline service companies offer PLT allowing
spectral noise measurements. Those tools identify
medium and high frequency anomalies associated
with fluid filtration in cracks and pores of the collector.
Joined implementation of acoustic sensors and
thermometry, coupled with sophisticated software,
improved the quality of downhole data. At the same
time, the increasing complexity of production logging
tools inevitably affects the cost of well intervention.



CTAHJAPTHAS MEXAHUYECKAA PACXOAOMETPUA CTAHOBUTCS
HEUH(MOPMATHUBHOM, IIPU 3TOM IIOKA3AHUA METOLOB
ONPEJENIEHNS COCTABA (PIIOUJIOB OTPAXKAIOT B IEPBYIO
ouepenb He paboTy IUIACTOB, 4 XAPAKTED 3ANIOTHEHUS
CTBOJIA CKBAXKUH [3, 4]. B mocneaHue rogsl B Komiuiekc I
BBOJATCS 6JIOKH U3BMEPEHUS CIIEKTPATIBHON IITYMOMETPUH,
C HOMOIIIBIO KOTOPBIX MOKHO MTOJTYYHUTh BOJTHOBYIO
KapTHUHY AKyCTHUYECKOU SMUCCHUH U BBIJIEJIUTb CPEAHE- U
BBICOKOYACTOTHBIE QaHOMAJIUH, CBA3AHHBIE C (PUIIBTPALIUEN
¢ion/1a B TPENUHAX U [TOPAX KOJIJIEKTOPA. BMmecTe ¢ TeM
YCJIOKHEHUE KOHCTPYKIIMYU KOMILIEKCOB [1TH HEn36€eKHO
CKa3bIBAETCSI HA CTOUMOCTH BHYTPUCKBAXKUHHBIX PAOOT.

TNMOBbIE MPOBJIEMbl MAPKEPHbIX
NCCNEOOBAHUN

B nnocneiHuE rofel B MUPE HAGIONAETCS Oy TUMBIH
UHTEPEC K MAPKEPHBIM (TPACCEPHBIM) UCCIIEAOBAHUAM,
OJJHAKO ITYOIMKYETCSI KPAMHE MaJIO MATEPHUAJIOB IO
UCHBITAHUAM MAPKEPHBIX METOAOB, TO3BOJISAIONUX
HOATBEPAUTD UJIU OIIPOBEPIHYTD 3ABJIEHHBIE
IIPEUMYIIECTBA TUX TEXHOJIOI V.

B nepBy1o ouepeib, BOIIPOCH K MAPKEPHBIM
UCCIENOBAHUAM KACAIOTCA KOPPEKTHOCTU METOAA U
TOYHOCTH OOOPYIOBAHUSL, KOTOPBIM OIPEJECIISIIOTCS
MapKepbl. OTMETHUM, YTO HA PBIHKE CYIECTBYET LIETIOE
HOPT@HOINO NOAOOHBIX TEXHOIOTUI. B Ka4eCTBE O4EHD
HEJIOPOTOI0O METO/A IMIPEAJIATAETCA UCIIOIBb30BAHUE
U3MEJIBYCHHBIX /IO IOPOIIKOBOM CYOCTAHITUN
HATyPaJIbHBIX (PIyOPOMOPOB. DTa NPOCTEUIIAA
TEXHOJIOTUSI TO3BOJISIET IABATh OTBETHI UCKIIOUYHUTEIBHO
KAQYECTBEHHOTI'O CBOMCTBA, OTHAKO KOJTUYECTBECHHBIN
AHAJIN3 HE OYZEeT 06/1aaTh CKOJIb-TUOO MPUEMIIEMO
TOYHOCTBIO. [ IprYrHa — HU3Kas MOHOAWUCIIEPCHOCTD
yacTul, Pazdpoc 9acTull o pazMepam MOXKET JOXOANUTD
J10 1000%, ot 2 go 20 MKM u 60or1ee. [lanee, MapKepbl
PA3INYAIOTCS CHOCOOHOCTBIO IEPEMEIATHCS C
(IIONIOM IO CTBOJIY CKBA’KHUHBI, TAK KAK CKOPOCTbh
OCAXK/JIEHHUA MAPKEPOB 3ABUCHUT B TOM YUCJIE OT Pa3Mepa.
Heo6xoquMo NOAYEPKHYTh, 4YTO OIOOHBIE METO/IbI HE
TIIPUMEHSIOTCS IIEPEIOBBIMU 3APYOCKHBIMU KOMITAHUSIMU,
JECATUJIETHUE HA34/T COBEPIIHMBIINMHY KAYECTBEHHBIHN
PBIBOK B O0JIACTU TEXHOJIOTUI MAPKUPOBAHUSL, IPHUMEH SIS
BBICOKOTEXHOJIOI'MYHBIE MAPKEPDBI, OCHOBAHHbBIE HA JTHK-
KOAUPOBAHNN. HECOMHEHHO, YTO BMECTE C 3ABJIEHHOI
TOYHOCTBIO 3TUX TEXHOJIOTU UX IPUMEHECHUE BJICYET 34
CO60¥1 BECbMa BBICOKYIO CTOMMOCTD, OT PAHUYHUBAIOUTYIO
MaCCOBOE IIPUMEHEHUE.

IIpu OCYIIECTBAEHNH KOHTPAKTOBAHM S, B YACTHOCTH,
IIPU CO3JAHUHN TEXHUYECKUX 34/IAHNI HA MAPKEPHBIE

HCCIIEIOBAHIIS, HE/IPOIIOIB30BATEIN HA POCCUIICKOM PBIHKE

HE 324BJIAIOT TPEOOBAHNI ITO UCTIBITAHUIO MAPKEPHBIX
(TpacCeEpHBIX) TEXHOJIOTUH HA TOYHOCTb. OTYACTHU 3TO
MOYXHO OO'BACHUTD HEOITPEAETIEHHOCTBIO METOIUK
UCIIBITAHUI K OTCYTCTBHUEM Y 3a4KA3YUKOB OIBbITA PAOOTEI
C MAPKEPHBIMU TEXHONOTUAMU. OJJHAKO ABTOPBI CYUTAIOT,
YTO B TAKOM CJIy4dd€e NOAPALYHUK JOJIKEH OCYIIECTBUTD
NOAAEPKKY B OIIPEAEIEHUM ITPOI'PAMM UCIIBITAHNH,

JIEJIAIOILYIO PA6OTY IO MAPKEPHOM IMATHOCTUKE NTPOPUIIEH

IIPUTOKOB KAK MUHUMYM OOOCHOBAHHOI.

B 3T0711 CBA3U XOTEIOCH OBI TOAEINTHCS OITBITOM
[IPOI'PAMMBI UCIIBITAHUH TEXHOJIOTUU PACIIO3HABAHUA
MapkepoB Quantum PLT ot komnanuu GEOSPLIT,

The conventional downhole tools are designed to
receive production data during well intervention only.
Conventional PLT are unable to give a dynamic and
extended in time downhole data. Thus, there is a strong
market demand for more accessible production logging
technologies to be used in horizontal wells. In this
regard, tracer technologies can reinforce the portfolio of
existing production logging technologies.

Opver the last decade, many countries expressed an
interest to marker (tracer) technologies. However, only
few publications could confirm or deny the advantages
claimed by these technologies. The accuracy and
correctness of tracing technologies are subject for
discussion. Today, there are several tracer technologies
available in the market. It starts from natural
fluorophores crushed to a powdery substance which is
inexpensive and simplistic technology. This technology
is suitable for qualitative answers, but not for the
pr cised quantitative analysis. Small parts of natural
fluorophore serve as tracers. Those small parts vary in
size as much as 1,000%, from 2 to 20 um or more.

Depending on its size, such tracers settle at various
rates in the fluid. Hence, tracers are not distributed in
formation fluid uniformly. Such methods were not
used by leading companies for some time. For instance,
some of the advanced tracer technologies use high-
tech markers based on DNA coding. Undoubtedly, an
outstanding accuracy of these technologies implies
high cost, limiting the mass application.

When producing companies in Russia choose tracer
technology provider, they do not usually include any
qualification procedure in technical criteria of tenders.
In part, this can be explained by the uncertainty of test
methods and the lack of experience. In this regard,
both parties should jointly develop comprehensive
test programs, which justify the use of tracers for
production logging and prevent unwelcomed
"surprises".

In this article, authors would like to share part of the
testing program for Quantum PLT technology from
GEOSPLIT LLC.

At first, the customer requested to confirm that
GEOSPLIT equipment and software is capable of
identifying signatures (codes) of markers. The customer
then required to perform laboratory tests using a
critically small amount of tracer-carrier material soaked
in only one liter of fluid. At the start, the software
could recognize markers in large concentration only.
However, the implementation of machine learning
algorithms helped to improve the accuracy. GEOSPLIT
software "Marker Tracker" analyses samples of fluid
with markers based on automatic classification of
points described by multivariate Gaussian mixture
model and Random Forest vectors and algorithms.

Based on test results, unambiguous identification of
signatures and high measurement accuracy (with an
average error of 1-2%) has been confirmed (Table 1).
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IIPOBEJAEHHOM CIICLIUAIUCTAMU OJHOM U3 KPYITHEHUIITNX
POCCHICKUX JJOOBIBAIOIINX KOMITAHHH.

NCTbITAHUA HA TOYHOCTb ONPEAENEHNA

IlepBbl€ ABA 3TAIA UCTIBITAHU TPOBOJUIIHCH C
LEJIBIO YCTAHOBJIEHUSI KOPPEKTHOCTU PACIIO3HABAHUS
WH/AUBUYAJIBHBIX CUTHATYP U pa60OTHI AHAJIMTUYECKOTO
ANMAapPaTHO-MIPOrPaMMHOrO KoMIiekca «GEOSPLIT.
Komuccus 3akazdamrka Iponssesia MUpPOBAHUE TPO6
MOJIMMEPHBIX MATPHUI] OYKBEHHO-YUCJIEHHBIM KOJIOM
(6e3 yuactus npeacrasutesist kKomrmanuu GEOSPLIT),
JOKYMEHT C PACIIN(PPOBKOI KO/IA OCTAJICA B PACIIOPSIKEHNU
3aka3uuka. [Ipeacrasurenio GEOSPLIT 6bpu1m iepeiaHbl
3aMMr@PPOBAHHBIC IPOOBI C PA3JIMYHBIM COOTHOIIEHHUEM
MAaPKUPOBAHHOI'O MATEPUAJIA B KOJIMYECTBE 30 IITYK.

B TedyeHure HECKOJIbKUX JHEX C MOMEHTA IIOTy4EHH
npo6 B UCCIEAOBATENBCKOI TabopaTopun GEOSPLIT
OBUIH IPOBEIEHBI UCCIIEAOBAHUS IO ONPEEIIEHUIO
CUTHATYP B IPOOAX MOJTUMEPHBIX MATPULL C MAPKEPAMH.
[Tocnenyroomue ABa 3Tara BKIIOYAIN IOATBEPKIECHNE
BO3MOKHOCTEN PACTIO3HABAHUSA UHANBUYAJIBHBIX
CUT'HATYP MaPKEPOB, 4 TAK)KE YHUKAJIBHBIN TECT,
KaCaIOIINICA ONPEIE/IEHUS IIPOLIEHTHOI'O COAECPKAHUSA
CUT'HATYP B CMECAX C MAJIBIMH OO'bEMAMHU ITOJIMMEPOB.

W3HA4JIBHO TEXHOJIOTUA PACIIO3HABAHUA MAPKEPOB
ObLIA pa3padoTaHa 1 PA6OTHI B ITOJIEBLIX YCIIOBUAX C
OONMBITUM KOJTUYECTBOM MAPKUPOBAHHOI'O IOJIMMEPHOTO
Marepuana. TpeboBaHME MO MPOBEJECHHUIO JTA60OPATOPHBIX
HUCIIBITAHUI C KPUTUYECKU MAJIBIMH OObEMAMHU
NOTPe6OBAJIO ITOUCKA HOBBIX ITOAXO/OB K 33/1a4€ C
3aJIEMCTBOBAHUEM AJITOPUTMOB MAIITMHHOT'O OOY4EHUS.
Ananns npo6 NpoBOAMIICA ¢ ToMOMbIO I1O Ha OCHOBE
ABTOMATUYECKOH KIACCU(PUKALTUHN TOYEK, ONTUCHIBAEMBIX
MHOI'OMEPHBIMHU BEKTOPAMM U AJITOPUTMAMH Gaussian
mixtrure model u Random Forest.

1o pe3ynbTraTaM UCIIBITAHWE Obl1a IOATBEPKIEHA
OJHO3HAYHOCTbD OINPEAENEHUA CUTHATYP M BBICOKAS
TOYHOCTb U3MEPEHMA (CO CPEIHEN IOIPENTHOCTBIO 1-2%)
(Tabmn. 1).

MONEBOE NMPUMEHEHWE —
MPOMEXYTOYHDbIE PE3YJIbTATDI

TOJIBKO IOCJIE TPOBE/ICHUSI UICHIBITAHUHI TEXHOJIOTUSI
GEOSPLIT 6b171a IPUMEHEHA HA OJJTHOM U3 MECTOPOXKICHU
3amaanor CUOHPHU JIs1 TOTYYEHU S TH(POPMAIIUH O BKJIAJIE
CTYHNEHEN B OOHIUI AEOUT CKBAKUHBL [IpOOBI OTOUPAINCh
20 puen nocne nposenenus 10-craauitnoro MI'PIT B
TedeHue 5 AHen (Bcero 30 mpo6b) (puc. 1).

ITo pe3yabTaTaM NPOMEKYTOYHBIX UCCAEHOBAHUN
MOJKHO CIENATh BBIBOJ, (PUC. 2), 9TO Haubonee 3(pHEKTUBHO
0 He(pTH paboTaeT 10-51 CTaAuA U 5-51 CTAIUsL, CYMMAapHO
BHOCS 97% B IEOUT CKBA>KUHBL [I[pHBEJICHHBIC IAHHBIC 1O
PACIIPEIECICHUIO IIPUTOKOB SIBISIIOTCS IPOMEKYTOYHBIMU,
c60p IPO6 M OTCNIEKUBAHUE JUHAMUKU PA6OTHI IOPTOB
OyZeT IpOIO/IKATHCA O KOHI1a 2018 roza.

IBONMIOUNA TEXHOJTOTNN

TexHOIOrvst AKTUBHO SBOJI}OL[I/IOHI/I[)YCT C
cepenunbl 2017 roga. M3Ha4a1bHO NIOAPA3YMEBAJIOCH
HCITOJIb30BAHME IMOJMMEPHBIX MATPUL], PEATUPYIOITHNX
KAaK Ha yITIEBOAOPOAHYIO, TAK M HA BOAHYIO (pa3el. CaMu
K€ MAPKEPBI ObLJIN HEUTPAIbHBIMU. HECMOTPS HA TO YTO
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Only after successful completion of the testing
program that the GEOSPLIT technology was
implemented in one of the Western Siberia oilfields.
The objective was to obtain data on the contribution
of production intervals (fracturing stages) to the total
production rate of the well. The well was stimulated
with 10-stage hydraulic fracturing. Thirty (30) samples
of formation fluid has been collected within 5 days and
taken to the GEOSPLIT lab for evaluation (Figure 1).

The results of preliminary studies concluded stages
10 and 5 contribute as much as 97% of the total well
production (Figure 2). The production logging data
given is intermediate; the collection of samples and
production monitoring by fracturing stages will
continue until the end of 2018.

The technology has been actively evolving since the
middle of 2017. Initially, it involved the use of a polymer
material that reacts with both hydrocarbon and aqueous
phases. Also, the first version of markers themselves
designed to be "neutral", without orientation to
hydrocarbon or aqueous phase. Marker-reporters were
not expected to transfer from aqueous to hydrocarbon
phases and vice versa. Extensive lab testing has
confirmed this result. However, the practical experience
showed the dramatic drawback of a unified solution for
water and oil. Many samples of reservoir fluid arrived
in GEOSPLIT lab with emulsion, often up to 40% of the
sample volume. Identified that "neutral" markers, under
certain conditions, could migrate from one phase to
another. Further simulation in the lab revealed that the
emulsion likely formed in the reservoir rather than in
wellbore. Markers could be taken by water and initially
could transfer to hydrocarbon phase during emulsion
breaking process. The production logging interpretation
is based on the counting quantity of markers in the
sample volume. Thus, the presence of an inverse
emulsion in samples raised the question for accuracy of
the production logging interpretation.

The correction of the technology required the
development and early application of different polymer
matrices, with the change in polymeric shells of markers
from neutral to phase-oriented.

In this case, the correctness of the marker diagnostic
data on water and oil is guaranteed. The change in
technology led to the need for repeated testing of
the model for the degradation of polymeric material
releasing markers into the formation fluid and
adjusting the technique of recognition of markers. In
the laboratory, tests were conducted to determine the
regularities of the release of markers into the formation
fluid; depending on the fluid flow rate and temperature.

As can be seen in Figure 3, the number of allocated
markers naturally increases with increasing fluid
flow rate while maintaining all other experimental
parameters such as temperature and mass of the
polymer matrix.

Figure 4 shows the dependence of the amount of
markers released from the hydrophilic and oleophilic



Taoauya 1 — Cpaénenue pPe3ynismamos uCnsimanuii, onpeoenenue nPoUueHmHoz0 COOMHOUICHU

MaAPKUPOBAHHOZ0 MamePuana c PA3Hoimu CuzHamypamu

Table 1 - Test for Quantum PLT® technology accuracy

Pesynbrarel GEOSPLIT / GEOSPLIT interpretation PdakTUYECKHE JAHHbIE 3aKa3auka / Actual data from Customer
Cmech Iudp Kon % Cmech Iudp Kon % Macca
Mixture Cipher Code ’ Mixture Cipher Code ’ Weight
wT 1 24 wT 1 24,99 249,95
WG 2 25 WG 2 25,34 253,35
WR 3 16 WR 3 14,99 149,98
1 WU 4 0 1 WU 4 0 0
WP 5 35 WP 5 34,68 346,88
Hroro
100 1000,16
Total
AR 6 29 AR 6 26,78 27376
AQ 7 18 AQ 7 18,16 185,62
AT 8 11 AT 8 12,37 126,47
2 AY 9 13 2 AY 9 12,32 12595
AW 10 29 AW 10 30,37 310,5
Hroro
100 10223
Total

B JIAOOPATOPHBIX YCJIOBUSAX OBLIO IOKA32HO OTCYTCTBHE
BO3MOXHOCTH IIEPEXO/IA MAPKEPOB M3 OAHOMH (Da3bl B
JPYTYIO 1 OOPATHO, IPAKTUYECKHH ONBIT IPHMEHECHU S

MOKa3aJ1 HEJJOCTATKU NOJJOOHOTO petnieHus. [Tpu 06paboTke

po6 11aCTOBOTO (hrron1a crieriuaanuctel GEOSPLIT
WHOT/IA HAGJTIO/IATH OOPATHYIO AMYIIBCHIO, B HEKOTOPBIX
06pa31axX COCTABIABIIYIO 0 40% OT 06'beMa Ipoo6. [1pu
JACTAJIBHOM N3YYCHUH dMYJIbCHUH BCTAJI BOIIPOC, KaKOM
ke (pa30rt CHUMAIOTCST MapKepsl? [1pu mpoBeeHNH
UCIIBITAHUN 6BUIO TIOJTyYEHO MO TBEPKICHUE, UTO
3MYJIBCHS HE MOIJIA OOPA30BATHCS B CKBAKMHHBIX

ycnoBuAx. Hammnaue orpoMHOrO KOJMYECTBA MULIEILT BOAB,
MEHBIINX WM PABHBIX IO PA3MEPY MAPKEPAM, ITIOCTABUIIO

BOIIPOC O TOYHOCTU UHTEepHpeTaunu. CLeHapuH, Ipu
KOTOPOM MapKEPbl CHUMAJIMCh BOAHOH (Da301 B IIACTE
U IAJIEE BBIIABINBAINCH B YITIEBOAOPOAHYIO (Da3y IO
IIPUYNHE CBOEU HEMTPAJIBHOCTH, OKA34JICS BECbMA
BEPOATHBIM. TAKMM 06PA30M, HAJTUYHE OOPATHONU
3MYIBCUU B IPOOAX CTABUJIO BOIIPOC O PENIEBAHTHOCTHU
MOJIYYEHHBIX JAHHBIX.

HcripaBiieHHE TEXHOJIOIUH TOTPEOOBANIO PA3PAOOTKHA
U CKOPENIIEro IPUMEHEHU L
OTJIMYAIOIINXCA TTOTUMEPHBIX MATPHIL
— O1€O(PUIBHBIX U TUAPOPUIBHBIX, C
MU3MEHEHUEM ITOJIMMEPHBIX OO0IOUEK
MAapPKEPOB OT HEMTPAJIBHBIX K
OPHEHTHUPOBAHHBIM Ha ONIPEICIEHHYIO
Cpeay.

B TakoM ciry4ae rapaHTUPyeTC
AKKYPAaTHOCTb JJAHHBIX MAPKEPHOMU

Pucynoxk 2 — Paboma cmyneneti
CKBaNCUHDBL

1o Hegmu u 600e cnycms

20 oneii nocae MI'PIT

Figure 2 — Performance of
Jracturing stages by formation
w. and crude oil. 20 days after
Jracturing operation

Pucynox 1 — Cneyuaausuposannas mapa

011 omooPa nPoo NAACMOB8020 P.1rouda

Figure 1 - Specialized packaging for
sampling
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TEXHOJIOI'MU
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Pucynox 3 -
3asucumocmo
Koauuecmeamaprxepos,
BBLOCUBMIUXCA U3
sudpogunvnoii (HF)

u oaeogpunwvtaii (OF)
noaumepuoumampunbe
om cKxopocmu nomoKa
Parouoa

Figure 3 — Markers
released from oleophilic
(OF) and bydrophilic
(HF) polymer matrix at
various velocity of the
Jluid
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Figure 4 — Markers
released from
bydropbilic (HF) and
oleophilic (OF) polymer
matrix at various flow
velocity
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JUATHOCTHUKHU IO BOJIE U 1O He(PTU. FI3MeHeHue
TEXHOJIOTUH MIPUBEJIO K HEOOXOAUMOCTH TOBTOPHBIX
UCHBITAHUN MOJIEIU IETPAIAII U TOJIMMEPHBIX MATPHI],
BBIITYCKAIOIINX MAPKEPHI B IJIACTOBBIN (DIIIOU], U
HACTPOMKU METOLUKHU PACIIO3HABAHUS MAPKEPOB.

Kak BUTHO U3 PUC. 3, KOJIMYECTBO BbIIC/INUBIINXCS
MAapPKEPOB 3aKOHOMEPHO BO3PACTAET C YBEJIMYCHUEM
CKOPOCTH NOTOKA (PIIIOUA IPU COXPAHEHUH BCEX TPOYUX
[IAPAMETPOB 3KCIIEPUMEHTA, TAKHUX KAK TEMIIEPATYPA U
Macca.

Ha pucyHke 4 IpuBeIeHA 3dBUCUMOCTD KOJIMYECTBA
BBIJIEJIUBIINXCA MapKEPOB U3 oneodunsHon (HF)
ruapoduibHON (OF) NOMMMEPHON MaTPHULILI TPU
(PUKCHPOBAHHOM IOTOKE U PA3JIMYHBIX TEMIIEPATYPAX.

B pesynbrare akcriepumMenTa (puc. 5—7) NOATBEPKICHO,
YTO KOJIMYECTBO BbIIC/IMBIINXCS MAPKEPOB 3aKOHOMEPHO
pacTeT C yBEJITNYEHNEM TEMIIEPATYPDI [IPU COXPAHEHUH
BCEX IPOYMX [TAPAMETPOB AKCIIEPUMEHTA, TAKUX KAK
CKOPOCTB IMOTOKA, PACXOZ, (PJIION/1A U MACCA TOJIMMEPHOM
MaTPHULIBL

MapKupOBaHHE MOXET IIPOBOAUTHCS C IIOMOLLIBIO
pa3MeleHUs ITIOJIMMEPHBIX ITOJIOCOK MJIU I'PAHYJL B
CKBAKMHHOM (PUIIBTPE. B TO 7ke BpeMA BHECEHHE MAPKEPOB-
PEMOPTEPOB B HOJIMMEPHYIO OOOJIOUKY PACKIMHHUBAIOMIETO
marepuana I'PIT 6osee JOCTYIHO 110 CTOMMOCTH (PUC. 8).
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polymer matrix at a fixed flux and various temperatures.
As a result of the experiment, it was confirmed

(Fig. 5-7) that the number of the released markers

grows together with temperature increase while

fluid flow rate and mass of the polymer matrix never

changed There are two perspective directions for

Quantum PLT® technology: markers deployed with well

completion equipment and polymer coated proppant

with markers for multistage hydraulic fracturing

(Figure 8).

One of the most interesting questions from customers
was the influence of crushed proppant on number of
markers in the formation fluid. Standards allow the
crushing of a small amount of ceramic proppant in
fracture under the rock stress. However, in the case of
polymer coated proppant with markers, it may lead to
extra markers capable to "illuminate" the production
from certain fracturing stage. In response, GEOSPLIT
laboratory conducted tests to determine the release
of markers-reporters, depending on the mechanical
destruction of polymer coating of the proppant
(Figure 9).

The following weights were prepared from the
crushed proppant and proppant with non-damaged
coating. (Table 2, Figure 10).



O}IHI/IM N3 BCCbMd UHTCPCCHBIX BOIIPOCOB, IIOAHATBIM
3aKA34YHKOM, ObIJIO ONIPEAEIEHNE BIUAHUA PA3PYIIEHHOI'O
NOJIMMEPHOT'O MTOKPBITHS, HAIHECEHHOT'O Ha IIPOIIIAHT,

Ha CKOPOCTbD BBIZIEJIEHH S MAPKEPOB-PENOPTEPOB BO
mrong. CTaHIAPTAMH JOIYCKAETCA PA3PYIIEHHE
HE3HAYUTEIBHOI'O KOJIMYECTBA MPONIAHTA O AEUCTBUEM
CTPEeCCa, B IPOLECCE CEPTUMUKAIIUH ITPOMIIAHTA
OIIPEACIACTCA MAKCUMAJIBHO ,[IOHYCTHMI)IIZ TIPOIICHT.
OIHAKO B CJIy49a€ C MAPKHPOBAHHBIM ITPOMITAHTOM ObLIO
NPEJIOKEHHE, YTO PACKPOIIEHHOE ITOJTMMEPHOE ITOKPBITUE
Pa3pyIIEHHOT'O NPONITAHTA MOXKET JaBaTh IIOBLIIIEHHOE
BBI/IEJIEHME MAPKEPOB U CO37aBATh HCKYCCTBEHHBII (DOH,
«33CBEYHBAIONINNI»> PEATIBHYIO PA0OOTY CTYIIEHH.

CaToii 1ienbio B 1aboparopun GEOSPLIT 6putn
TIPOBCACHDBI UCITBITAHWA 1151 OIIPCACICHUA JUHAMUKN
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BBIXO/1d MAPKEPOB-PEIIOPTEPOB B BOAY B 3aBUCHMOCTH OT Pucynox 5 - Ja6opamopnasn ycmanoska
CTEIICHU PA3PYIICHUS ITIOJIMMEPHOI'O HOKPBITU ITIPOIIAHTA Q158 UCRbIMAHULL 2u0p0¢wzbuux ( HF)
(puc.9). noaumepHsLx mampuuy,

W3 nporanTa ¢ HEPaspymeHHbIM M Pa3PYyITEHHbIM Figure 5 — Laboratory unit for testing the
IOKPBITUEM ObLIIU IIPUTOTOBJIEHBI CJIEAYIONUE HABECKU hydrophih'c polymer maitrix

(Tabmn. 2, puc. 10).

Kaskast HaBecka Obl1a 32JIMTA JUCTUUITHPOBAHHON BOJIOM
C TOM )K€ MACCOMU, YTO M MACCA HABECKU (pHUC. 11).

B pesynbrare skCnepuMeHTa 6bLUIO JOKA3aHO, YTO
(PpU3NUIECKOE PAZPYIIEHUE MAPKUPOBAHHOI'O IIPOIITAHTA
GEOSPLIT npuBOANAT K OBICTPOMY BEIMBIBAHHIO MAPKEPOB
U3 PA3PYLUIEHHBIX 3€PEH, BCJIEJCTBUE YETO OTMEYAETCA
KPaTKOCPOYHBIN CKAYOK COJIEPKAHNUA MAPKEPOB B IIPOOAX.
ITpn 5TOM ONUCAHHBINA A(PHEKT OBICTPO UCUE3AET U3-

32 BBIHOCA 3HAYUTEIBHOU YaCTU MAPKEPOB (DIIIOM]IOM.
TaxkuM 06pa30M, YACTUYHOE PA3PYIICHUE [IPOIIIAHTA
B IIACTOBBIX YCJIOBHUAX HA OJTHOM N3 CTYIIEHEN MOXKET
OBITb 3APETUCTPUPOBAHO B OJHOU M3 PA30BBIX IIPOO, HO
HE BINAET CYHECTBEHHO HA COAEPIKAHUE MAPKEPOB IIPU
JUIMTEIBHOM UCCJICIOBAHNH.

CXEMAaTUYHO PE3YIBTATHI IKCIIEPUMEHTOB MOXHO

NPEACTABUTD B BUJIE CJICAYIOIIET'O PACIIPEAC/ICHMST
(puc. 12). Pucynox 6 —Jlabopamopnan ycmanoexa

W3 aToro rpaduka ciaegyer, 4To Ipu 00601 ons ucnvimanuii oneoghunsnox (OF)
KOHIICHTPALIMHU IIPOIIAHTA C PA3PYIICHHBIM ITIOJIMIMEPHBIM noaumepHbLX mampuy,
MOKPBITUEM CKOPOCTb BBIXO/[d MAPKEPOB BBICTPO Figure 6 - L.qboratorjy equipme nt for testing
IEPEXOAUT B CTALIMOHAPHBIN PEXUM. PE3yIbTaThI the oleophilic polymer matrix
3KCIEPHUMEHTA IIPUBEIIN K HEME/IJIEHHOH KOPPEKTUPOBKE
rpacgpuka or6opa npood u i
HCKJTIOYHJIN BO3MOXHOCTD
MIPOBE/ICHHS UCCIIEJOBAHUHN

700
Ha OCHOBAHHWH O,E[HOI7[ NN 2
HCCKOJIBKHUX HpO6 I1JTACTOBOI'O uf [1]
(p.TIIOI/I,IIZl, HE PAa3HCCCHHBIX BO } E
= 500
Pucynox 7 — 3aeucumocmo % 400
Koauuecmeamaprepoes, = ~g=HF
6bLOCUBUUXCA U3 = 300 ——
cuopogpunsroii (HF) o
u onreopunvroii (OF) -
noaumepnoii mampuupl, a
om memnepamypuot 100
Figure 7 — Markers released §
Jrom the bydropbhilic = 0
(HF) and oleopbhilic (OF) 0 w 2 % 0 50 L b o L
Dbolymeric matrix at TR, [ TR }
various temperature
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Pucynox 8 - Cxema npumenenus
Mmaprxuposannozo nponnanma GEOSPLIT
Figure 8 — Polymer coated proppant with
markers GEOSPLIT for multistage bydraulic
Jracturing

BpeMeHU. [10 OGHOBIEHHBIM I'DA(PHKAM OTOOP NPOUCXOIUT
B TEYEHHE HECKOJIBKUX CYTOK. BbLIIM BHECEHBI U3MEHEHUS

B paboure NPOTrPAMMBI HCCIIEJOBAHNN CKBAKHH,
HA4YaBIINXCS JIETOM U OoceHbIo 2017 roja.

Taoauya 2 — Ilepeuens nPuU20mMOEAEHHBLX
018 UCCIe008AHUA 00PA3U08

Table 2 - List of samples prepared for testing

Maccanponmanra |\ T Dﬁ“»‘;ﬁzzx{ ﬁg.’;}l
CHEPa3PyIIEHHBIM P P!
Cpa3pylIEeHHBIM | pa3pylI€eHHBIM
HOKPBITHEM, T
Weight of proppant IIOKPBITHEM, I IOKPBITHEM
with non- damaged Weight of crushed | Mass fractlo? ﬁf
coating, g proppant, g proppant witl
’ destroyed coating
50,09 0,00 0%
47,42 2,60 5,2%
44,43 5,35 10.7%
43,15 7,54 14.9%
40,55 10,76 21,0%
3AKJTKOYEHUE

OmnbiT pazsutud TexHosnoruu GEOSPLIT noaTsepana
HEOO6XOIUMOCTD ITOJTBEPIK/ICHUS 345IBJICHHBIX
XAPAKTEPUCTUK TEXHOJIOTUU U IPOBEJIEHHU I BCECTOPOHHUX
J1a60PATOPHBIX UCCACJOBAHUH, B TOM UHCJIE B IJIACTOBBIX
TEPMOOAPUUECKUX YCIOBUAX. KpariHe BaXKHBIM SBJISETCS
KOMIUIEKCHBIN OAXO/, HOATBEPKAAIONINI KJIIOYEBbIE
NaPAMETPBI MAPKEPHBIX TEXHOJIOTUU: IJIUTENBHOCTD
PabOTBL, BIUSAHUE TEMIIEPATYPHL, COJIEHOCTH INIACTOBOH
BO/IBL, BSI3KOCTH HE(PTHU, BIIMSIHUE KHCJIOT U CEPOBOAOPO/IA,
BJIIUSTHUE PACIIONOXKEHU S MAPKUPOBAHHOI'O MATEPHATIA B
CTBOJIE U B IUIACTE, A ITTABHOE — TOYHOCTD O PEAEICHUA
CUTHATYP MAPKEPOB. C TOYKU 3PEHUA 3AKA3UUKA,

BAKHO HAOJIIO/IATh 3BOIIOIUIO TEXHOJIOT U, OBICTPOE

M KA4ECTBEHHOE PENIEHNE BOZHUKAIOINUX BOIIPOCOB.
ITOCKOMIBKY TEMA MAPKEPHBIX UCCIIEJOBAHUI IPODUIEN
IPHUTOKOB TOPU3OHTAJIBHBIX CKBAXKUH ABJIACTCS
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NpoMbiBaxe NPOANAHTA
AHETHANHPOBIHHOR BOROH

Pazmon 4acTH NpoNnNaKsTa
Ha MEWanKS

I

HepaipyweHsesi NponnanT

OrcTavBanse B TeweHne 1 yaca

Pucynox 9 — baok-cxema amanog
npoeeoenun sxcnepumenma

Figure 9 — Block diagram of the stages
of the experiment

Each sample was filled with distilled water of the same
mass as the weight of proppant (Figure 11).

After the partial crushing of polymer coated proppant,
the equipment detected a significant increase in the
number of markers in the testing fluid. At the same time,
the described effect disappeared quickly in just an hour.
Thus, partial destruction of the proppant in reservoir
conditions at a fracturing stage can boost the number
of markers in a single sample but does not significantly

Pucynox 10 - Ilonryuenue Haéecor
0o0pa3u06 nponnanma

Figure 10 — GEOSPLIT proppant samples
preparation

affect the content of markers in long-term. The results
of experiments can be represented in the form of the
following distribution (Figure 12).

The results of the experiment led to an immediate
correction of the sampling schedule.

Updated sampling schedule includes taking 15
samples of formation fluid during five days.



Pucynox 11 — 3aruexa oopa3uoée
nponnanma OUCMUAIUPOBAHHOTL 60001

Figure 11 — Samples of polymer coated
proppant with markers used for testing

Experience in the development of Quantum
PLT technology highlighted the importance of
comprehensive laboratory studies to confirm the
following: the lifespan of tracers, temperature effect,
the influence of the water salinity, the viscosity of
crude oil, acids and hydrogen sulphide resistance and
finally, the overall accuracy of the method. From a
customer’s point of view, it is essential to monitor the
evolution of technology, understanding of how fast
technical queries and issues are resolved by a service
provider. The subject of production logging with
tracers in horizontal wells is new. Regular modification
of the technology shows to customers dynamics of
research and quality of the engineering team. When
carrying out tenders, comprehensive technical
evaluation criteria are a must to do for awarding
contracts to the most competent service provider at

the best price.
™
* At the moment, the dynamic
& production logging with
E tracers (duration — 1 year) is
g é 5 carried out by GEOSPLIT LLC
?_:’ 2 0% in about 30 horizontal wells;
3
g g 40 5%
. Z m11%
= =
3 u15%
§ % . Pucynox 12 -
g8 21% | Konuenmpauuu
§ “ Mmaprepoa 6 oopasuax
HA PASAUUHBLX
L cmaouax
. = Figure 12 — Influence of
o LI - e - crushed proppant. Drop
BPEMA OTEOPA, YACH! / SELECTION TIME, HOURS :,:)litqhuttzztgy of markers

OTHOCHTEIBLHO HOBOM, PEr'y/IsipHbIE U3MEHEHM A B
TEXHOJIOTUN IICMOHCTpI/IpYIOT BI)ICOKYIO [[I/IHQMI/IKY
UCCIEAOBAHUN 1, KAK CJIEICTBUE, KAYECTBEHHDBIN PE3Y/IBTAT.
IIpu OCYIMIECTBIEHUH TEHJEPHBIX IIPOLEAYP TEXHUUECKOE
3aJIaHME JJOJKHO BKJIIOYATD B CE6s1 TPEOOBAHUS K
UCIBITAHUAM MAPKEPHOM TEXHOJIOTUH, YTO HO3BOIUT
OTOUPATH KAYECTBEHHOE TEXHUYECKOE PEIICHUE IO
ONTUMAJIBHOM CTOUMOCTH.

MNAHbI U NMEPCNEKTUBbI
B faHHBIN MOMEHT BEAYTCS PAOOTHI IO UCMOIB30BAHUIO
JIaHHBIX MapKepHbIX [TT'Y o TexHonoruu GEOSPLIT,
NPOBOJIHMBIX B TOPU30OHTAIBHBIX CKBAXKUHAX C
NEPHUOIUYHOCTBIO B 1-2 MeCA11a HAa TPOTSXKEHUN
1-2 neT pjist:
*  OLIEHKN MEPONIPHUATHA YITIOTHAIOMETO OyPEHMS,
C UCTIONTb30BaHUEM JTaHHBIX [/ITUC;
¢ BpeIi60Opa ONTHMAIBHOH JVIMHBI TOPU3OHTAIBHOI'O CTBOJIY;
¢ OLIEHKH CTENEHU BbIPAOOTKHU 3AMACOB Y4aCTKA IIJIACT4;
e BpIABiIeHUA 3aBUCUMOCTHU NIPOAYKTUBHOCTH TPEIIUHBL OT
IUIACTOBOI'O JABJIEHUS, AETIPECCUU U TEMIIEPATY PHI,
e QopMupoBaHU peKoMeHaauu o OI3/PUP/pexumy
Pa6OThI B HOBBIX CKBAKUHAX.

* Helping customers in justifying the optimal length of
horizontal sections;

« Identification of the dependence of fracture
productivity on reservoir pressure, depression and
temperature;

* Making recommendations with regard to acid
stimulation techniques/water shut-off/optimal
drawdown conditions for upcoming wells.
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