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NPEANOCBLIUTKN AN MAPKEPHbIX
NCCITEJOBAHUN

OCHOBHBIMH 33Ja9dMHU UCCIJIEJOBAHNUSA TOPUZOHTAIBHBIX
HEPTAHBIX CKBAKUH ABJIAIOTCA MOJIyYEHUE OOBEKTUBHBIX
JAHHBIX O (PUIBTPALMOHHO-EMKOCTHBIX CBOMCTBAX
Pa3pabaThIBAEMOIO YYACTKA MECTOPOXIECHUA 1
TUJAPOJIUHAMUYECKUX 3AaBUCUMOCTSIX, 4 TAKIKE
OIIPEJIENIEHNE 3AKOHOMEPHOCTH PACIIPEACTIECHUSA JABICHUA
U OLIEHKA CKOPOCTH BBIPAOOTKHU 34IT1ACOB.

AKTYaJIbHOCTB BOIIPOCOB IMOAO60PA ONTUMAJIBHOI
KOHCTPYKIIMM CKBA’KHUHBI, pacTionoxenus Myt ['PIT,
PEKMMOB PaOOTBI, YBEJIMYCHUS IOOBIYH YIVIEBOIOPOIOB
MYTEM 3a4€P’KKH IIPOPBIBOB BO/IBL, YPABHUBAHHA IIPUTOKA
B TOPU3OHTAIBHBIX CTBOJIAX YCUJIUBAETCA TEM (PAKTOM,
4TO I'€OJIOTMYECKHE YCJIOBUSA HA OJJHOM MECTOPOXKACHUN
CXOJHEI, B CBA3U C Y€M KOHCTPYKIIUA IIPOEKTUPYEMBIX
CKBAKWH UJICHTUYHA [MTHJIOTHOM.

Ha cerogHanHui feHs B Poccum 60IBITMHCTBO
TOPU3OHTAJIBHBIX CKBAKUH OOOPYIOBAHBI KOMIIOHOBKAMU
C HEYTIPABIAEMBIMHU IIOPTAMU U TOJIBKO 12% CKBAXKMH
060pYIOBAHBI YCTPOMCTBAMH /11 KOHTPOJIA IIPUTOKA
HEperyaupyemMoro u perynupyemoro Tunos (ICD-inflow
control device). OxxugaeTcs, 9To K 2026 Tofiy 3TOT MapaMeTp
BO3PACTET IPUMEPHO A0 50% ciyyaes [1]. YerporicTsa
KOHTPOJISI IPHUTOKOB MO3BOJIAIOT OITUMHU3HPOBATH PA6OTY
CKBA’KUHBI, KOPPEKTUPOBATD PAOOTY IUIACTA ITyTEM
ONPEJENEHUS OIITUMAJIBHOI'O PACIPEE/IEHNA ITA/ICHUA
JIABJIEHUS U ONTUMHU3ALIMHU JOOBIYU 1IETIEBOI'O (PIIIOH/1A.

Ha cerogHAIHNH IeHb 3TO Haubosee 3(HEKTUBHAS
TEXHOJIOI'HSI OOPHOBI C IPOPHIBAMU BO/IBI UJIH T34,

ITpu NCIONB30BAHUU YCTPOHCTB KOHTPOJIA
NPUTOKA HA IIEPBOE MECTO BLIXOAUT ONEPATUBHOCTD
MOJTy4YEHH I MH(POPMALIMH O IPHUTOKAX C PA3JTUYHBIX
UHTEPBAJIOB CKBAXXUHBL. MICCIIEZI0BAHME C TTOMOIIBIO
IITY Ha THKT He Bcerja MOXKET ObITh OPTaHU30BAHO
JOCTATOYHO ONEPATUBHO. HEMAJIOBAXKHO, YTO CTOUMOCTD
TPAIULIMOHHBIX METOOB MTOTYYEHUS JAHHDBIX C 32605
CKBAXXUHBI TAKXKE HEPEJIKO HE COOTBETCTBYET NOTYYEHHOMY
Ka4yeCTBY. OUEHb XaPaKTEPEH IIPUMED IKCIIEPHUMEHTA,
MPOBEAECHHOI'O HECKOJIBKO JIET HA33/[] CIICLIUATUCTAMU
KOMIAHUH «['a31pOM HE(PTh», I7IE€ B OJTHY CKBAXKUHY
IIOOYEPESHO CIIYCKAINUCH PA3IMYHbBIE KOMIUIEKCHI [TT'H [2].
TTocneayonas UHTEPIPETAINS BBISIBUIIA CIOKHOCTHU
CO CXOAMMOCTBIO IAHHBIX. DTO OOYCIABINBAETCA KAK
CJIOKHOCTSIMH CO CHATHEM JaHHBIX 11O (pa3am uronga
10 BCEMY CEYEHHIO CTBOJIA CKBA’KMHBIL, TAK U BJITUSIHUEM
T'HKT Ha TOYHOCTb U3MEPEHUS [IABJICHUS U PACXOOB.
3a49aCTYIO B YCJIOBUSAX TOPU3OHTAJIBHBIX CKBAKHUH
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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.



CTAH/IAPTHASA MEXAHUYECKAS PACXOJIOMETPUSA CTAHOBUTCA
HEUH(POPMATUBHOMU, IIPH 3TOM NOKA3aHUSA METOAOB
ONpeJENEHN COCTABA (PIIIONIOB OTPAKAIOT B IIEPBYIO
odepenb HE PA0OTY IJIACTOB, 4 XAPAKTED 3aNIOJTHEHUA
CTBOJIA CKBAXKUH (3, 4]. B nocieiHue roapl B kKomiekc [T
BBOJATCA GJIOKH U3MEPEHUS CIIEKTPAJIBHOM IITyMOMETPHH,
C IOMOMIBIO KOTOPBIX MOXKHO MOJIYYUTDb BOJTHOBYIO
KAPTHUHY 4KyCTUYECKOU 3MHUCCUH U BBIJIETTATD CPEHE- U
BBICOKOYACTOTHBIE AaHOMAJINH, CBA3AHHBIE C (DUIBTPALIEA
¢uon1a B TPEMMUHAX U ITOPAX KOJUIEKTOPA. BmMecTe ¢ TeM
YCIOKHEHHE KOHCTPYKIUH KOMIUIEKCOB ITI'Y Hen36€XHO
CKa3bIBA€TCA HA CTOMMOCTU BHYTPHUCKBA’KUHHBIX PA6OT.

TUNOBBIE NMPOBJIEMbl MAPKEPHbIX
NCCNEOOBAHNN

B nocsieiHME rofpl B MUPE HAOGIIOAAETCS Oy TUMBIH
HHTEPEC K MAPKEPHBIM (TPACCEPHBIM) UCCIEJOBAHUAM,
OJHAKO MYOIHUKYETCA KPAMTHE MAJIO MATEPHUAJIOB IO
UCIIBITAHUAM MAPKEPHBIX METO/OB, TIO3BOJISIONUX
MHOATBEPAUTD UJIU OIIPOBEPIHY T 3a5BJICHHBIE
NPEUMYIIECTBA ITUX TEXHOJIOTUA.

B nepBy10 o4epeib, BOPOCHL K MAPKEPHBIM
UCCIEAOBAHUAM KACAIOTCA KOPPEKTHOCTH METOAA U
TOYHOCTHU OOOPYAOBAHM A, KOTOPBIM ONPENENAIOTCA
MapKepbl. OTMETHM, YTO Ha PBIHKE CYIIECTBYET LIEJIOE
nopT(OINO NOAOOHBIX TEXHOJIOTU. B KauecTBe OYeHb
HEIOPOroro METOAA IIPEIATAETCA UCIIONIb30OBAHNUE
HU3MEJIbYEHHBIX JIO [IOPOIIKOBOX CyOCTAHIIMNA
HATYPaIbHBIX (PIyOPO(POPOB. DTA IPOCTEHIAA
TEXHOJIOT'UA MTO3BOJIAET AABATH OTBETHI HCKIIOUUTEIBHO
Ka4E€CTBEHHOI'O CBOUCTBA, OJJHAKO KOJIMYECTBEHHDIN
aHIN3 He OyJeT 001aaTh CKOIb-JIMOO IIPHUEMIIEMOH
TOYHOCTBIO. [IpUYnHA — HU3KAs1 MOHO/IMCIIEPCHOCTD
yactul, Pazépoc 4acTul 110 pa3zMepam MOXKET JOXOAUTD
Z10 1000%, ot 2 1o 20 MxM u 601ee. [lanee, MapKepbl
PA3IUYAIOTCS CIIOCOOHOCTBIO IIEPEMEIATHCS C
(IIIOUOM 11O CTBOJIY CKBAKUHBI, TAK KAK CKOPOCTb
OCAXK/ICHUS MAPKEPOB 3dBUCHUT B TOM YHCJIE OT PA3MeEPA.
Heo6x0uMO NIOJUEPKHYTh, YTO ITOJOOHBIE METO/bI HE
MIPHUMEHSIOTCS IIEPEIOBBIMU 32PyOECKHBIMH KOMITAHUSMU,
JIECATIIETHHE HA33]] COBEPIIMBITNMU KA4€CTBECHHBIH
PBIBOK B O6JIACTH TEXHOJIOIUH MAPKUPOBAHMS, IPUMEHSIA
BBICOKOTEXHOJIOTMYHBIE MAPKEPBI, OCHOBAHHBIE HA JTHK-
KOJIMPOBAHUN. HECOMHEHHO, YTO BMECTE C 345IBJICHHOHN
TOYHOCTBIO 3TUX TEXHOJIOIUM UX IIPUMEHEHUE BIICUET 32
CO60¥ BECbMa BBICOKYIO CTOMMOCTb, OTPAaHUYUBAIONIYIO
MAaCCOBOE IIPUMEHEHHUE.

IIpu OCYIIECTBIEHUH KOHTPAKTOBAHUS, B YACTHOCTH,
MIPY CO3/JAHUHM TEXHUYECKUX 33JJaHHUH Ha MAPKEPHBIE

HCCIICIOBAHMS, HCAPOIIO/Ib30BATC/IIN HA pOCCHﬁCKOM PBIHKC

HE 3a5BJIAIOT TPEOOBAHNH 110 UCIIBITAHUIO MAPKEPHBIX
(TpacCEpPHBIX) TEXHOJIOIUH HA TOYHOCTb. OTYACTHU 3TO
MOKHO OO'BSICHUTB HEOIIPE/IEIEHHOCTBIO METOJUK
UCIIBITAHUNA U OTCYTCTBHEM Y 3aKA3YHUKOB OIIbITA PA6OTHI
C MAPKEPHBIMU TEXHOJIOTUAMU. OJJHAKO ABTOPBI CYUTAIOT,
YTO B TAKOM CJIy4ae MOAPAIYHK JO/DKEH OCYILIECTBUTD
HOAJEPXKKY B OIIPEAEICHUH IIPOI'PAMM HUCIIBITAHUM,

JIENIAIONMIYIO PABOTY O MAPKEPHOM AMATHOCTUKE TPOdUIIEH

MIPUTOKOB KaK MUHHUMYM OOOCHOBAHHOM.

B 3T011 CBA3M XOTEIOCH ObI ITOAETUTHCS OITBITOM
OPOrPAMMBbI UCHBITAHUU TEXHOJIOTUU PACTIO3HABAHUS
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.

Over 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
pricised 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 pm 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 algorithmes.

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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IPOBEAEHHON CIIEITUATMCTAMY OJHONU N3 KPYITHENIITNX
POCCHICKUX JJOOBIBAIOIINX KOMITAHUI.

NCMNbITAHNA HA TOYHOCTb ONMPEAENEHNSA

Ilepseie ABA 3TAIA UCITBITAHWI IIPOBOJUINUCH C
LEBIO YCTAHOBIEHUA KOPPEKTHOCTH PACIIO3HABAHUA
WHAWUBUAYAJIBHBIX CUTHATYD U PA0OTHI AHAJTUTUYECKOTO
ANIAPATHO-IIPOrPaMMHOI0 KoMiuiekca «GEOSPLIT>.
Kommuccus 3aKa3urKa npoussesna mudpoBaHue npood
MOJIMMEPHBIX MATPUILL OYKBEHHO-YHCJIEHHBIM KOZIOM
(6€e3 yuactus npejcrasurens komnanuu GEOSPLIT),
JOKYMEHT C PaCIIU(PPOBKON KOZ]A OCTAJICA B PACTIOPAKEHNUN
3akazuuka. [Tpeacrasurento GEOSPLIT 6b11y niepejaHbl
3aMM@PPOBAHHBIE IIPOOBI C PA3JIMYHBIM COOTHOIIIEHHUEM
MAapPKHPOBAHHOI'O MAaTEPHUA/IA B KOIMYECTBE 30 MTYK.

B Teyenye HECKOIBKUX JIHEN C MOMEHTA IIOy4EHU
po6 B UCCIEJOBATENBCKON 1adoparopun GEOSPLIT
OBUIM IPOBEJIEHBI UCCJIEJOBAHUSA 10 OIIPEIEJIEHHIO
CUT'HATYP B IIPOOAX MOJIMMEPHBIX MATPHUILL C MAPKEPAMH.
[Moceayromue ABa 3Tara BKIOYaIN O TBEPKICHNE
BO3MOXHOCTEN PACIIO3HABAHWA UHIUBUAYAIbHBIX
CHUTHATYP MaPKEPOB, 4 TAKXXE YHUKAJIBHBIN TECT,
KACAIONIUICS ONPE/IETICHUSI ITPOLIEHTHOI'O COICPKAHUS
CUTHATYP B CMECAX C MATIBIMU OObEMAMH ITOJIUMEPOB.

M3Ha4YaJIbHO TEXHOJIOT U PACIIO3HABAHUS MAPKEPOB
ObL1a pa3paboTaHa I PAOOTHI B IOJIEBBIX YCIIOBUAX C
GOJIBIINM KOJTHYECTBOM MaPKUPOBAHHOI'O IIOJIMMEPHOI'O
Marepuana. TpeboBaHHE IO MPOBEJEHHUIO JTA60PATOPHBIX
HUCTIBITAHUI C KPUTUYECKU MaJIBIMU OObEMAMU
NOTPEGOBAJIO TOUCKA HOBBIX MOAXOOB K 32/1a4€ C
33/ICICTBOBAHUEM AJITOPUTMOB MAMTHHHOIO OOYYECHUSL
Ananu3 npo6 NpoBOAUIICA C TOMOLIBIO ITO Ha OCHOBE
ABTOMATUYECKOH KJIACCU(PUKAITUU TOUYEK, OITHUCHIBAEMBIX
MHOTI'OMEPHBIMU BEKTOPAMU U AIrOpUTMamMu Gaussian
mixtrure model u Random Forest.

1o pe3ynbTaTaM UCTIBITAHU 6b11a O TBEPK/ICHA
OJJHO3HAYHOCTB OIPEJEICHUS CUTHATYP U BBICOKAS
TOYHOCTDb U3MEPEHHA (CO CPEJHEN IO PEMTHOCTLIO 1-29%)
(Tabm. 1).

MNOJIEBOE NMPUMEHEHWE —
NMPOMEXKYTOYHbIE PE3YJIbTATbI

TONBKO MOCIE IPOBEEHNA UCTIBITAHUI TEXHOJIOT U
GEOSPLIT 65112 IPUMEHEHA HA OHOM U3 MECTOPOXKICHUT
3anaiHo CHOUPHU JJ1s ITOJIYyYEeHU ST MH(POPMAIIUH O BKJIAJIE
CTYyIICHEN B OOIMIUI IeOUT CKBAKHUHEL [IpO6BI OTONPAINCh
20 guen nocne nposeaenua 10-cragurinoro MI'PIT B
TedeHue 5 qHen (Bcero 30 mpob) (puc. 1).

Ilo pesynbraTaM IPOMEKYTOYHBIX NCCIIEAOBAHUI
MO’KHO CZEIATh BBIBOJ (pUC. 2), 4TO Haubonee 3pPEKTUBHO
o HedTU padoraeT 10-4 cTagusa 1 5-a CTaAus, CYMMAPHO
BHOCS 97% B 1€OUT CKBAKUHBL [IpUBEJEHHBIC JJAHHBIC 1O
pacrpeneseHUIO IPUTOKOB ABJIAIOTCA IIPOMEXKYTOYHBIMH,
Cc60p IPOO U OTCIEKUBAHUE IMHAMUKU PAOOTHI IIOPTOB
OyZeT IPOAOKATHCS JO KoHLIA 2018 roja.

SBOJTIOUNA TEXHOJTOTNN

TexXHONOrusA AKTUBHO 3BOJIOLIMOHUPYET C
cepeaunbl 2017 roga. MisHadajibHO IIOAPA3YyMEBAJIOCH
HCIIOIb30BAHUE ITOJTMMEPHBIX MATPHLL, PEATUPYIOMUX
KAaK H4 YITIEBOJOPOAHYIO, TAK M HA BOJHYIO (Pa3bl. CaMmu
K€ MApKEPBI ObIM HEUTPAJIbHBIMU. HECMOTPSI HA TO UTO
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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 — Cpasenenue Pe3yavmamos uCnbimanuil, onpeoenenue nPoOUeHmH0O20 COOmMHOUEHUS
MapKuPoeannozo mamepuana Cc pasnsinu cuznamypamnu

Table 1 - Test for Quantum PLT® technology accuracy

Pe3ynabrarel GEOSPLIT / GEOSPLIT interpretation PdakTHYIECKHE JaHHbIE 3aKa3unKa / Actual data from Customer
CMmech Ingp Kopn % Cmech udpp Kopn % Macca
Mixture Cipher Code Mixture Cipher Code Weight
wWT 1 24 wWT 1 24,99 24995
WG 2 25 WG 2 25,34 253,35
WR 3 16 WR 3 14,99 149,98
1 WU 4 0 ! WU 4 0 0
WP 5 35 WP 5 34,68 346,88
I/E)T;) 100 1000,16
AR 6 29 AR 6 26,78 273,76
AQ 7 18 AQ 7 18,16 185,62
AT 8 11 AT 8 12,37 126,47
2 AY 0 13 2 AY 0 12,32 12595
AW 10 29 AW 10 30,37 310,5
Hroro
Total 100 1022,3

BJIA60OPATOPHBIX YCIIOBUAX OBLIO IOKA34HO OTCYTCTBHE
BO3MOKHOCTH IIEPEXO/IA MAPKEPOB U3 OJHOI (DA3bI B
JAPYTYIO ¥ O6PATHO, IPAKTUYECKUI OIBIT IPUMEHEHUA
TI0KA3aJ1 HEJJOCTATKU NO0O6HOT0 pemenus. [1Ipu o6paboTke
IPO6 IIACTOBOrO (hironaa cnenuanncTsl GEOSPLIT
MUHOI/A HAOIOAI OOPATHYIO 3MYJIBCUIO, B HEKOTOPBIX
00pa3s1axX COCTABIABIIYIO 10 40% OT 06beMa poo. Ilpu
JETATBHOM U3Y4YEHUH SMYJIbCUU BCTAJ BOIIPOC, KAKOM
K€ (pa30¥ CHUMAIOTCS MapKepbl? [Ipu nposeeHuu
UCIIBITAHUI 6BLJIO MOJTy4EHO NOATBEPKACHUE, UTO
3MYIBCUA HE MOIIA OOPA30BATHCA B CKBA)KMHHBIX
ycoBUAX. Hamyu4gure orpoMHOrO KOJIMYECTBA MULIETT BOADI,
MEHBIINX MJIU PABHBIX 10 PA3MEPY MapKePaM, IIOCTABHJIO
BOIIPOC O TOYHOCTH UHTEPINPETANN. CLIEHAPUHA, TIPU
KOTOPOM MApKEPbI CHUMAJIUCh BOJHOM (PA30H B IVIACTE
U J1aJI€E BBIIABIHMBAINCD B YIJIEBOJOPOJAHYIO (Pa3y 1o
NPUYHHE CBOEH HENTPATBPHOCTH, OKA3aJICSI BECbMa
BEPOATHBIM. TAKUM 00pa30M, HAJIMUYKE OOPATHOM
3MYJIBCUHU B TPOOAX CTABHJIO BOIIPOC O PEJIEBAHTHOCTU
MOJIYYCHHBIX TAHHBIX.

Hcripasiienye TEXHOIO MU OTPEGOBAIIO PA3pabOTKH
Y CKOPEHIIIEro IIPUMEHEHHU
OTINYAIOIMXC S HOIII/IMCprIX ManI/IL[
— 051€OUIBHBIX U THJIPO(PUIIBHBIX, C
W3MEHEHHEM MOJIMMEPHBIX OO0JI0UYEK
MapKepPOB OT HEUTPAIBHBIX K
OPUEHTUPOBAHHBIM Ha ONPEJEICHHYIO
cpeny. 13.02.2018- 2

B TakOM Cily4ae rapaHTUpPyeTCs
AKKYPAaTHOCTB JJAHHBIX MaPKEPHOM

sampling

no L ITH, 8%

Pucynox 2 — Paboma cmyneneti
CKEaNCUHBL ;

no negpmu u 6ooe cnycms III‘:

20 oneii nocae MI'PIT o 17

Figure 2 — Performance of 10
Jracturing stages by formation ; : A
w. and crude oil. 20 days after
Jracturing operation

o
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CTAQHMH/FRACTURING STAGES

PACMPEAENEHHWE HAKONAEHHOTD OEBMTA CHEAMKMHEI

ACCUMULATED WATER AND OIL PRODUCTION, %

Pucynox 1 — Creuyuanusuposannas mapa
011 omooPa nPoo6 NAAcmo8ozo P.arouda

Figure 1 — Specialized packaging for
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Pucynox 3 —
3asucumocmo
Koauuecmea maprepos,
8BLOCUBHIUXCA U3
cuopogpunsroii (HF)

u oneogpunshaii (OF)
noaumepHo nampurbl
om cKkopocmu nomoKa
Parouoa

Figure 3 — Markers
released from oleopbilic
(OF) and bydropbhilic
(HF) polymer matrix at
various velocity of the
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Figure 4 — Markers
released from
bydropbilic (HF) and
oleophilic (OF) polymer
matrix at various flow
velocity
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JUATHOCTHUKH IO BOJIE U ITO He(PTH. FI3MeneHune
TEXHOJIOI'MH IIPHUBEIO K HEOOXOJIUMOCTH ITOBTOPHBIX
UCIIBITAHUI MOJIEJIN IET PAALIUH IIOJTMMEPHBIX MATPULI,
BBIITYCKAIOINX MAPKEPBHI B ITACTOBBIN (PIIIONU, U
HACTPOMKHU METOJUKH PACIIO3HABAHUA MAPKEPOB.

Kak BUHO U3 PUC. 3, KOTMYECTBO BBIIETUBIINXCS
MA4PKEPOB 3aKOHOMEPHO BO3PACTAET C YBETUIECHUEM
CKOPOCTH ITOTOKA (PIIIOM/1A IPH COXPAHEHUH BCEX IPOUYNX
MAPAMETPOB IKCIIEPUMEHTA, TAKUX KAK TEMIIEPATYPA U
Macca.

Ha pucyHke 4 IpuBeeHA 3aBUCHMOCTD KOJTUYECTBA
BBIJICJIMBIIINXCSI MAPKEPOB U3 oneodmibHoN (HF) 1
ruapoduiabHOI (OF) HONMMMEPHON MATPULLBI IIPH
(PUKCHPOBAHHOM ITOTOKE U PA3JIMYHBIX TEMIIEPATYPAX.

B pesynbrare akcnepuMeHTa (PUC. 5—7) IOATBEPKIEHO,
YTO KOJIMYECTBO BBIIEIMBIINXCSA MAPKEPOB 3aKOHOMEPHO
pacTeT C YBEJIMYEHHNEM TEMIIEPATYPHI IIPH COXPAHEHUHN
BCEX ITPOYMX NAPAMETPOB IKCIIEPUMEHTA, TAKUX KAK
CKOPOCTB OTOKA, PACXO, (PIIOUAA U MACCA ITOJIMMEPHOI
MATPHIIBL

MapKUPOBAHUE MOXKET HPOBOJUTHCA C IIOMOIIBIO
Pa3MEIIEHU OTUMEPHBIX IIOJIOCOK WIH I'PAHYJL B
CKBAKMHHOM (PUIBTPE. B TO JKe BpeMsA BHECEHHE MAPKEPOB-
PENOPTEPOB B IIOJIMMEPHYIO OOOIOUKY PACKIMHUBAIOIIETO
marepuasa I'PIT 6osiee JOCTYIIHO IO CTOMMOCTH (pHC. 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

changedThere 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).



OnHUM M3 BECbMA UHTEPECHBIX BOIIPOCOB, MOJHATBIM
3aK4349HKOM, ObLIO OIIPEAEIEHNUE BIUAHUA PA3PYIIEHHOTO
IIOJIMMEPHOT'O MOKPBITH S, HAHECEHHOI'O HA IIPOIITAHT,

Ha CKOPOCTb BBIIEJIEHUS MAPKEPOB-PENOPTEPOB BO
dmong. CTaHAapPTAMHA JOITYCKAETCA PA3PYIIEHHE
HE3HAYUTEIBHOI'O KOJIMYECTBA IPOIITAHTA MO/ JEHCTBUEM
CTpecca, B IPOLECCE CEPTUPHUKALTAN ITPOIIIAHTA
OIPEJIETACTCSI MAKCUMAJIBHO JIOITYCTUMBIH ITPOIICHT.
OJIHAKO B CJIy44€ C MAPKUPOBAHHBIM IIPONITAHTOM OBbLIIO
MPEJIOKEHHE, YTO PACKPOIICHHOE IOJIMMEPHOE ITOKPBITHE
Pa3pyIIEHHOTO IIPOMIAHTA MOXKET /1ABATh [IOBBIIIICHHOE
BBI/ICJIEHUE MAPKEPOB U CO3/JaBATh NCKYCCTBEHHBIN (DOH,
«33CBEYUBAIOIINI» PEATIBHYIO PA0OTY CTYIICHH.

C 3o nenblo B y1aboparoprun GEOSPLIT 6pu1n
MIPOBE/ICHBI UCIIBITAHUSA JJIS1 ONIPE/IECTICHUS IMHAMUKN
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BBIXO/1Id MAPKCPOB-PCIIOPTEPOB B BOAY B 3AaBUCHUMOCTHU OT Pucyuonj' _ﬂaﬁopamopnaﬂycmauoena
CTENEHU PA3PYMIEHUS MOJTMMEPHOTO MOKPBITHS NPONNAHTA g ucnoimanuii 2udpogunsivix (HF)
(puc. 9). noauUMePHbLX mampuu,

W3 mpornmanTa ¢ HEpa3pyMEHHbIM U Pa3PYIICHHbIM Figure 5 — Laboratory unit for testing the
IIOKPBITUEM ObLIN IIPUT'OTOBJIEHBI CIEAYIOIINE HABECKHU hydrophilic polymer mairix

(Tabm. 2, puc. 10).
Kaxgaa HaBecka OblIa 3a11Ta JUCTUIIMPOBAHHON BOJOM
C TOM »KE€ MACCOM, YTO U MACCA HABECKU (puc. 11).

B pesynbrare akcrepuMeHTa ObLIO JOKA3AHO, YTO
puUsznYIeCKOe Pa3pyLUIEHUE MAPKHPOBAHHOTO IPOIIIAHTA
GEOSPLIT npuBOAUT K OLICTPOMY BBIMBIBAHHIO MAPKEPOB
U3 PA3PYLUIEHHBIX 3€PEH, BCJIEACTBUE YETO OTMEYACTCS
KPAaTKOCPOYHBIH CKa4YOK COJEPKAHUSI MAPKEPOB B ITPOOAX.
ITpu 3TOM OMUCAHHBIA 3(PPEKT OBICTPO UCUEZACT U3-

32 BBIHOCA 3HAYHTEJIBHON YaCTH MAPKEPOB (PITIOUJIOM.
TaxuM 06pa3oM, HACTUYHOE PA3PYIICHUE IPONIIAHTa
B IUTACTOBBIX YCJIOBUAX HA OJJHOHN U3 CTYIIEHEH MOXKET
OBITb 3aPETUCTPHUPOBAHO B OTHOM U3 PA30OBBIX IIPOG, HO
HE BJIMAET CYIIECTBEHHO HA COAEPKAHUE MAPKEPOB IIPH
JJTUTEJIBHOM HCCTIEJOBAHHIL.

CXEMATHUYHO PE3YJILTAThI SKCIIEPUMEHTOB MOXKHO

MIPE/ICTABUTD B BUJIC CJICIYIOIIETO PACIIPE/ICTICHUS
(puc. 12). Pucynok 6 —Jlabopamopnan ycmanoexa

U3 310r0 rpapuKa CIIEYET, 9TO IMPH JII060E ona ucnvimanuii oneogurvnolx (OF)
KOHICHTPANWHU ITPOIIIAHTA C PA3PYIICHHBIM ITOJIMMCPHBIM no‘”u}nepublxmampuu
HIOKPBITHEM CKOPOCTb BBIXO/[d MAPKEPOB GBICTPO Figure 6 — Laboratory equipment for testing
NEPEXOIUT B CTAIIMOHAPHbII PEKUM. Pe3ybrarhl the oleopbilic polymer matrix
SKCIIEPUMEHTA TIPUBEJTH K HEMEIEHHO!H KOPPEKTHUPOBKE
rpadrka oTéopa npooé u i
HVCKJIIOYMJIY BOSMOXXHOCTbH
IIPOBEAEHU A UCCJICAOBAHUN

700
Ha OCHOBAHWUH OJJHOU UJIN 2
HECKOJIBKUX IIPO6 IJIACTOBOI'O 4 so0
(mon/1a, HE PA3HECEHHBIX BO } E
=z 500
Pucynox 7 — 3asucumocms % 400
Koauuecmeamapxepos, = -a-HF
6bLOCTUCUIUXCA U3 = 300 M
cudpogpunsnoii (HF) o
u oneopunvroii (OF) 8 200
noaumepnoli mampuuwt, a
om memnepamypui 100
Figure 7 — Markers released §
Jrom the bydrophilic = 0
(HF) and oleopbhilic (OF) o 1o S 30 4 50 &0 m &0 E
polymeric matrix at s T T—— }
various temperature
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Pucynok 8 — Cxema npumenenus
mapruposannozo nponnanma GEOSPLIT
Figure 8 — Polymer coated proppant with
markers GEOSPLIT for multistage bydraulic
Jracturing

BpeMeHU. [10 0GHOBJIEHHBIM I'PA(PHUKAM OTOOP TPOUCXOAUT
B TEYEHHE HECKOJIBKUX CYTOK. BbLIIM BHECEHBI U3MEHEHU A

B pabOYHe IIPOTrPAMMBI UCCJIEAOBAHNUN CKBAXKHH,
HAYABIINXCS JIETOM 1 OCeHBIO 2017 ropa.

Taoauya 2 — Ilepeuens nPuzomoOEaeHHBLX
02151 UCCNe008aAHUA OOPAZUOE

Table 2 - List of samples prepared for testing

MaccoBasa 7oasa
cMHz::cc:snpi)ulzr:::; Macca nponmnaHTa IPONIIAHTA C
ngx I:I'rnem - CPa3pylIEHHBIM | pPa3pyUIEeHHBIM
X P > IOKPBITHEM, I' IOKPBITHEM
g;%g;?:g‘::ﬁgagé Weight of crushed | Mass fraction of
coatin: g proppant, g proppant with
& 8 destroyed coating
50,09 0,00 0%
4742 2,60 5,2%
44,43 5,35 10,7%
43,15 7,54 14,9%
40,55 10,76 21,0%
3AKJTFOYEHUE

OmnblT pazsutus TexHonoruu GEOSPLIT noarsepau
HEOOXOJUMOCTD IO TBEPIK/ICHUS 3A51BJICHHBIX
XAPAKTEPUCTUK TEXHOJIOTUU U IIPOBENEHNA BCECTOPOHHUX
J1260PATOPHBIX UCCJICJOBAHNH, B TOM YHCJIE B IIJIACTOBBIX
TEPMOOAPUUECKUX YCIOBUAX. KpariHe BAKHBIM ABJIAETCA
KOMIUIEKCHBIN IOAXO/, TOATBEPIKAAIONTNI KITIOYEBBIE
apaMeTpPbl MAPKEPHBIX TEXHOJIOIUIH: JJINTEIBHOCTD
PabOTHI, BIUSHHUE TEMIICPATYPbL, COJICHOCTH ILJIACTOBOM
BO/IBL, BI3KOCTHU HE(PTH, BIUSHUE KHCJIOT U CEPOBOJOPO/IA,
BJIMSIHUE PACIIOJIOKEHNS MAPKUPOBAHHOI'O MATEPHAJIA B
CTBOJIE U B IVIACTE, 4 ITITABHOE — TOYHOCTD OIIPEIC/ICHUS
CUTHATYP MAapKEPOB. C TOUKHU 3PEHUS 3AKA3UHKA,

BAKHO HAOJIIOATH BOJIIOLIHIO TEXHOJIOI'UH, ObICTPOE

M KAYECTBEHHOE PEIICHUE BO3HUKAIOIINX BOIIPOCOB.
ITOCKOJIBKY TEMA MAPKEPHBIX UCCIEJOBAHUN IPOdUIICH
TIPUTOKOB I'OPHU3OHTANIBHBIX CKBAKHH SIBJISICTCS
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NpoMbiBaxe NPONNAHTA
AHCTHANHPOBIHHOR BOROH

PA3MON MaCTH NPONNAKTa
Ha Mewanke

OrcTavBanse B TeweHHe 1 Yyaca

Pucynok 9 — baok-cxema amanog
npoeeoenusn Ikcnepumenma

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 — Iloaryuenue nagecox
00pa3uoe6 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 - 3aauerxa oopa3yoe
nponnanma OUCMUIIUPOEAHHOTL 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.
m
* 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;
|
g g 40 5%
g Z u{1%
= =
£l u15%
§ % : Pucynox 12 -
g8 21% | Konuenmpauuu
§ “ Mmaprepoes 6 oopa3uyax
Ha pa3iuunbLx
L cmaouax
. — Figure 12 - Influence of
o LI = e R crushed proppant. Drop
BPEMA OTBOPA, YACK! / SELECTION TIME, HOURS i:litqhut‘;:gzty of markers

OTHOCUTEIBHO HOBOMH, PETYIAPHBIE U3MEHEHHA B
TEXHOJIOTUU AEMOHCTPUPYIOT BBICOKYIO IMHAMUKY
UCCJIEJOBAHNM U, KAK CJIEACTBUE, KAYECTBEHHBIM PE3Y/IBTAT.
IIpy OCYIMECTBIEHNN TEHAECPHBIX IIPOLIEAYDP TEXHUYECKOE
33/IaHME JJOJIKHO BKJIIOYATH B €651 TPEOOBAHUSA K
UCIIBITAHUAM MAPKEPHOU TEXHOJIOTUH, YTO ITO3BOJINT
OTOUPATH KAYECTBEHHOE TEXHUYECKOE PELICHUE 110
ONTUMAJIBHOM CTOUMOCTU.

MAAHbI N MEPCMNEKTWBbI
B AaHHBI MOMEHT BEYTCA PAOOTHI IO UCIIOJIB30BAHUIO
JaHHBIX MapKepHbIX [TT'H o Texnonornn GEOSPLIT,
MPOBOJUMBIX B TOPU3OHTAIBHBIX CKBAXKUHAX C
NEPHUOAUYHOCTBIO B 1-2 MeCAIa HA IPOTAKEHUN
1-2 net pyist:
*  OLEHKHU MEPONPHUATUHN YIUIOTHAIOMETO OyPEHUH,
C UCTIONb30BaHUEM JaHHBIX [TVIC;
*  Bri60pa OITUMAaIBHON AJIMHBI TOPU30HTAIBHOT'O CTBOJIA;
e OILIEHKH CTENEHU BEIPAOOTKHU 3aI1ACOB YYACTKA I1J1ACT4,;
*  BbIABIEHUSA 31BUCUMOCTH HIPOAYKTUBHOCTU TPEIIUHBI OT
IUIACTOBOTO AABJIEHUS, IETIPECCUU U TEMIIEPATYPHI,
e @opMHupOBaAHUA pekoMeHaanu no OIN3/PUP/pexumy
Pa0OTHI B HOBBIX CKBAXKUHAX.

 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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