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AUATHOCTUKA N MOHUTOPUHI
NMPUTOKOB CKBAXXVH C NOMOLLbIO
TPACCEPOB HA KBAHTOBbIX TOYKAX®

PRODUCTION LOGGING USING
QUANTUM DOTS TRACERS®

Angper T'YPBAHOB, Anexkcanap KATAIIIOB, Kupuan OBYMHHHUKOB

Andrey GURIANOYV, Alexander KATASHOYV, Kirill OVCHINNIKOV

BBEAEHUE

B nocnegnue roasl B MUPE IPOUCXOLUT
YBEJIUYEHHUE JOOBIYU HE(PTHU U I'a3a U3
TOPU3OHTAJIBbHBIX CKBA’KUH, CTUMY/INPOBAHHBIX
C IIOMOIIIBIO MHOT'OCTAIUIHOTO T'H/IPOPA3PhIBA
nnacta (MI'PIT). ITpu ob1em pocte o6beMa OypEHUS
TOPU3OHTAJIBbHbBIX CKBA’KWH YBCIMYCHUC ,HO6I)I‘{I/I
HEMTU YACTO HE COOTBETCTBYET IPOEKTHOMY
YPOBHIO, M OJHOH U3 BAKHEUIINX 33/1a4 Pa3pabOTKHU
MECTOPOXKAEHUS CTAHOBUTCS OJYYEHHE HAUO0IEE

MOJTHOM MH(POPMAITNHU IO TPUTOKAM IIPOAYKTHBHBIX

WHTEPBAJIOB CKBAKHH.

IIpoBEIEHUE U UHTEPIPETALIUS PE3YIBTATOB
reo(pU3NIECKUX UCCIEJOBAHUI, XOPOIIO
34PEKOMEHJIOBABIINX C€6S1 B BEDTUKAJIBHBIX
CTBOJIAX, B TOPU3OHTATIBHBIX CKBAKMHAX
OCJIO’KHEHBI MHOT'O(DA3HOCTBIO ITOTOKA,
M3MEHEHUSAMU CKOPOCTH TEYEHUA (PIION]1A B
CTBOJIE, HAJIMYUEM BOCXOASAIMMNX M HUCXOAAIINUX
YYACTKOB TPAEKTOPUU TOPU3OHTAIBHOTO YIACTKA
cTBONA. [Ipn UCCIEJOBAHUH TOPHU3OHTA MIPOBOJAUTCS
YCTAHOBJIEHUE OTAAIOIINX HMHTEPBAJIOB, COCTAB
HOCTYHAIOMMNX (PJIIOUIOB U UX JEOUTHI.

Omnpegenenue NpoduIe IPUTOKA B
IKCILTyaTAIIMOHHBIX CKBAKUHAX ABJISAECTCA
OCHOBOM JJI1 IPUHATHA TEXHUYECKUX PEIICHUI
O MAKCUMAJIBHO 3(P(PEKTUBHON Pa3pabOTKE
MECTOPOXAECHUN HEPTU U I'a34, ONTUMHU3ALITUHA
PEMIEHNT 10 3AKAHYHUBAHUIO CKBAXKUHBI MJIN
MPOBEJEHUIO PAOOT IO KANMUTAJIbHOMY PEMOHTY.

J10 HETABHET'O BDEMEHU B OTPACIIN HE
CYIIECTBOBAJIO AJIBTEPHATHUBBI BHYTPUCKBA>KUHHBIM
KAPOTAXXHBIM OIIEPALUAM /I ONIPENETIEHUA MECT
IPUTOKA BOABI B CKBAXKHHY; ITO0)KeHnsa BHK n
KOHTPOJIA 34 €r0 NEPEMENEHUEM; BbIJE/ICHUA
O6GBOAHEHHBIX ITPOAYKTHBHBIX IUIACTOB U OLIEHKH
MPOBEJEHHBIX MEPONPUATUM ITO IOBBIIIEHUIO
HEPTEOTAAYHN IIJIACTA, TAKMX KAK CONAHOKUCIOTHAA
06pabOTKA MJIM MHOT'OCTAJMHHBIN I'HJPOPA3PHIB
M1aCTA.

ORHAKO KAPOTAXKHAS OIEPALIHSA B TOPU30HTAIBHOL

CKBa’KHHE ABJIAETCA OTHOCHUTEIBHO JJOPOIOCTOAIIEH
IPOLIEYy PO, TPEOYIOIEH IPUMEHEHM I CEPBUCA
T'MOKHUX HACOCHO-KOMITpecCOpHBIX TPpy6 (THKT)
WUJIA TPAKTOPOB. OCYIIECTBUMOCTD U YCIIEMTHOCTD
OIEPAINI 3AaBUCUT OT CE30HHOI JJOCTYITHOCTH
CAMOW CKBAKMHBI, CJIO)KHOCTH (DOPMBI U
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INTRODUCTION

For the last decade, the global trend in the oilfield
industry is to improve the oil and gas production
by drilling as well as by completing horizontal well
sand later on improving the process using multistage
fracturing. Though the number of horizontal wells is
rapidly increasing, the production of hydrocarbons
is not always up to the designed volume. In
this regard, acquiring the knowledge on the
performance of producing intervals is an important
task for operating companies to fully optimize the
productivity and maximize the recovery as well.
Production logging solutions proved to be efficient
in vertical or slightly deviated wells, however, face
many challenges in horizontal laterals as the logged
section is often more than 20 times longer compared
to vertical wells. Common factors that complicate
the production logging are layered flow of formation
fluid, deviation and accessibility of wellbore, and
changes in fluid velocity moving past or through the
tools.

Meanwhile, the quality of well completion and
reservoir management decisions for production
wells largely depends on production logging data
such as mechanical flow meter and fluid capacitance
surveys.

Until recently, there is no alternative to wire line
downhole tools used to evaluate the placement of
fracturing proppant or acids, production rate and
zonal water breakthrough. These tools also monitor
oil water contact.

In practice, well intervention in horizontal wells
requires implication of coiled tubing or tractor
services to deploy logging tools downhole. The
success of well intervention depends on many
factors and among of these factors are the following:
well accessibility, completion IDs and length of the
horizontal lateral, etc. There are also key aspects to
be considered such as the significant cost of well
intervention and the availability of wire line and
coiled tubing equipment.

More importantly, production logging downhole
tools are designed to provide production data during
well intervention only and does not give a dynamic
picture extended in time.

The specifications of horizontal laterals demand
further sophistication of downhole tools such as



MHTEHCUBHOCTHU HA00OPA KPUBU3HBI HA YIACTKAX U
MECT U3MEHEHU BHYTPEHHUX IMAMETPOB OOCAJHOM
KOJIOHHBL

CIyCKa€MBIE B CKBAXKUHY UHCTPYMEHTHI 15
MIPOMBICJIOBO-TE€OJIOT'HYECKUX UCCIIETOBAHUI
(IIT'M) O3BOJIAIOT NIOJNIYYATh €AMHOBPEMEHHYIO
KAPTUHY IPUTOKOB B CKBA’KMUHE, HO OHU HE
HO3BOJIAIOT BBIIOIHATE MOHUTOPUHT B TEUEHHNE
OPOJO/IKUTENIBHOIO BpeMeHH. Cnenuduka
TOPU3OHTANBHBIX CKBAXKHUH TPEOYET TAKKE
pENIEHUS TAKUX BOIIPOCOB, KAK CHATHE JJAHHBIX
1o (pazam paroua 10 BCEMY CEYCHUIO CTBOJIA
CKBa’KHMHBI yCTAHOBKOY HECKOIBKUX CIIMHHEPOB
Ha npu6bop INI'", snuaaue 'HKT Ha TOYHOCTD
U3MEPEHUS JABIEHUA U PACXOA0B. Kpome Toro,
PU BHYTPUCKBAKUHHBIX ONIEPALUAX CYIIECTBYIOT
PHCKH IPUXBATA UJIN IOTEPHU 3260 HBIX
UHCTPYMEHTOB, TPEOYIOMHE JIUTEIBHBIX U
JOPOTrOCTOAIINX JIOBUJIBHBIX PA6OT.

TEXHOJTIOIMA NNACTOBbLIX TPACCEPOB
HA KBAHTOBbIX TO4YKAX

TpaccepHble UCCIENOBAHUS C IPUMEHEHUEM
MAapPKHUPOBAHHOI'O IIPOIIIAHTA HE UMEIOT
BBIIIEIIPUBEJCHHDBIX OI'DAHUYEHUN U IIO3BOJIAIOT
HOBBICUTH 3(P(PEKTUBHOCTD AUATHOCTUKU
IIPUTOKOB B CKBAXKMHAX I10CJIE MHOI'OCTAJUUHOI'O
TUAPOPA3PEIBA IIACTA IPU PA3PAOOTKE
MECTOPOXACHUN HEPTU. [IPUHIITUITHATIBHOE
OTIIMYME JAHHOU TEXHOJIOI'UH OT TPAJAUIIMOHHBIX
METOJOB reopusndeckux uccnegopanuil (I'MC)
3aKJ/II094€TCA B BOSMOKHOCTH BECTU MOHUTOPUHT
PabOTHI IOPTOB B CKBAKUHE HA IPOTAKEHNUHU
JUIMTEJIBHOIO IIEPHOAA BDEMEHHU I1PU PAJAUKAIbBHOM
YMEHBIIECHUH 33JEUCTBOBAHHBIX PECYPCOB 110
060PYIOBAHUIO U IEPCOHAITY, COKPAIIEHUU PACXOI0B
U MOBBIIIEHHUH O€30ITACHOCTH IPOU3BOJICTBA.

PazMmenieHue TpaccepoB B HEPTSIHOM IIJIACTE HA
JOATOCPOYHBIH ITIEPUO/, U ITOCTAEAYIONUN AHAINS
MapKEPOB-PENOPTEPOB® HA MOBEPXHOCTHU IIOCIIE
BBIHOCA IOTOKOM CKBA>KMHHOT'O (DJIION/]A IO3BOJISAET
BBIBECTHU YIIPABICHUE PAOOTON CKBA’KHUHBI HA
Ka4€CTBEHHO HOBBIHM YPOBCHD.

BaxHOM 4aCTBIO TEXHOJIOI'MH TPACCUPOBAHUA
ABJISIETCS CUHTE3 KOMOUHAIIUI MAPKEPOB U3
KBAHTOBBIX TOYEK, KOTOPBIA IIPOBOAUTCS Ha
OCHOBE KOMITO3UTHBIX ITIOJIMMEPOB. KBAHTOBBIE
TOYKH — 3TO HAHOKPHUCTAJLIBL, IIOJIYy4EHHBIE IIPH
IIOMOIIY KOJIJIOUJHOI'O CUHTE3A U IIOKPBITHIE CJIOEM
4JICOPOUPOBAHHBIX NOBEPXHOCTHO-AKTUBHBIX
MOJIEKYJI, COCTOAINE U3 COTEH ATOMOB 1 UMEIOIINE
pasmepel 2—10 MUKPOH. KBAHTOBBIE TOYKH,
[OJIy9aeMbIE METOAOM KOJUIOUAHOI'O CUHTE3A HA
OCHOBE XAJIBKOT'€HUZIOB KaJMU s, (PIIyOPECLTUPYIOT
PAa3HBIMHU LIBETAMHU B 3aBUCUMOCTH OT CBOETO
pasMepa. MapKepbl-penopTepsl, CO34aHHbIE
U3 KBAHTOBBIX TOYEK, OOJIAAIOT YHUKAIBHOM
CITOCOGHOCTBIO MOIVIOIIATh SHEPTHIO B MU POKOM
JHAIIa30HE CIIEKTPA U UCITYCKATD Y3KUU CIIEKTD
CBETOBBIX BOJIH, KOTOPBIM MOXET PETUCTPHUPOBATHCS
METOAAMH IIPOTOYHOU U TOMETPUU. MICIIO/Ib30BAHHE
KBAHTOBBIX TOYEK B TEXHOJIOI'MH TPACCUPOBAHUS

increasing the number of spinners to cover wellbore
cross section area. Also, when coiled tubing deploys
logging tools in a wellbore, it may cause a choking
effect resulting to the distortion of the downhole
production rates data. Well intervention has some
risk of coiled tubing stuck or loss of downhole tools
in a well with a subsequent costly fishing operation.

THE TECHNOLOGY OF QUANTUM DOT TRACERS

However, production logging data can be obtained
in an alternative way using tracers embedded in
proppant which are pumped downhole during
fracturing. The main advantage of quantum dots
tracer® technology is its ability to monitor formation
fluid production per zone at any time during a year
after fracturing. Implementation of the technology is
time efficient and does not require field equipment
aswell as crew for operation, which reflects on
operating costs carried by customers. Indeed, the
placement of tracers into the oil reservoir for a long-
term period and the subsequent analysis of marker-
reporters® carried throughout the well and into the
surface brings well management on a qualitatively
new level.

The “Geosplit” technology features a synthesis
of a combination of marker-reporters made of a
few quantum dots and a mixture of the polymer-
based chemical composition. Quantum dots
are nanocrystals produced using the process
called colloidal synthesis. A single quantum dot is
compounded of few hundred atoms and as small as
2—-10 microns in diameter.

Colloidal quantum dots irradiated with a laser
emit light of different colours due to quantum
confinement. The emittance of a particular spectre
of light can be detected using flow cytometry
method. Several quantum dots joined together
creates a unique and traceable marker-reporters
element. There could be a large number of possible
tracer signatures (up to 50) that exclude the
chance of misinterpretation during the lab analysis.
This distinctive feature of Geosplit’s technology
is essential in multistage fracturing of 30 plus
production intervals in a single well.

The polymer coating of fracturing proppant
contains millions of marker-reporters and is
designed to degrade gradually when in contact with
hydrocarbons and water. During the fracturing
operation, some proppant with tracers follow
the mass of a conventional proppant. After the
introduction of proppant into the formation, the
coating gradually releases markers to formation fluid
and further carried out into the surface. The marker-
reporters can be captured either in oil or water phase
of formation fluid. Due to the nanosize of markers,
these materials do not have enough energy to make
a transition from one phase to the other. Hence, each
phase of formation fluid has its own indicators. The
process continues and is non-stop for at least a year.
On demand, samples of formation fluid are taken
from sample point located in the production line
and studied in the laboratory. The analysis of samples
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TEXHOJIOI'MI

OGYCJIOBIEHO 6OIBIIHM KOJIMYECTBOM BO3MOXKHBIX
KOMOHHAIINHI IPU CUHTE3€ MAPKEPOB-PEOPTEPOB
(70 50), 9TO NO3BOJISIET UCKJIIOUNTD OIITUOKH

IPU UHTEPIPETAIUN U OTBEUAET COBPEMECHHBIM
TpeboBaHusIM MI'PIT, BKJIIOUAIOmEM
30 u 6o€ee CTAgUMN.

Pa3nuyHble TUIBI U KOMOUMHAIIUHN
MapKEPOB-PEHIOPTEPOB
Pa3MeEPOM B HECKOJIBKO MUKPOH
BBO/ISITCSI B IOJIMMEPHOE
THOKPBITUE POIITAHTA,
MOCTENEHHO PA3PYyIIAIONIECECs
MPU KOHTAKTE C HEPTHIO U
BOAOU. TpacCupOBaAHHBIN
IPOMNIAHT JOOABISAIOT K
OCHOBHOH MaCC€ OOBIYHOI'O
IPOMNIIAHTA U 3aKAYHUBAIOT KAK
PACKJIMHUBAIOIUI MaTEPUAIL
B IIACT IIPU U POPA3PBIBE
1acTa.

B nocneayomui g TenbHbIN,

HE MEHEE Ir'ojid, IEPHO/]

BPEMEHU IIPOUCXOIUT IIOCTEIIEHHOE BBIMBIBAHUE
MapKEPOB-PENOPTEPOB BOJIOH U HEPTHIO U UX
TPAHCHOPTHPOBAHUE ITIOTOKOM IJIACTOBOT'O
¢ron1a Ha IOBEPXHOCTb. MapKEPbI-PENOPTEPHI
BBIJIEJIAIOTCA U B HE(PTAHYIO, U B BOAHYIO (DA3BI
MJ1IACTOBOT'O (PJIIOU/1d. DHEPTUU MAPKEPOB
HEJIOCTATOYHO JIJISI HOCIEYIOUIETO IIEPEXO/A

U3 OJTHOM (DA3BI B IPYI'YIO JAXKE IIPU YCIIOBUSIX
JUINTEJIBHOI'O EHTPUPYTUPOBAHU . 3aXBAYCHHBIC
OJJHOM U3 (pa3 JKHUJIKOCTHU MAPKEPBI
OCTAIOTCsI B HEH HABCEI/IA.

Taxum 06pa3oM, Kaxxas u3 pas
MJIACTOBOT'O (PJIFOU]1A HAJICKHO
06€CIIeYnBAETCS CBOCH ITOpLIEH
UHJUKATOPOB.

ITpO6BI CKBAXKUHHOT'O (QIIION/]14,
B3SIThIE HA YCThE CKBA’KUHBI,

IIOCJIE 3TAIA IIPOOONOAIOTOBKH
IIPOXO/ST AHAJIU3BI B
ABTOMATUYECKOM PEXKHME
METOJOM IIPOTOYHON [UTOMETPUUN
C IIOMOUIBIO IIPOI'PAMMHO-
ANIAaPaTHOTO KOMIIJIEKCA
«JeoCTnT.

MeTOom OCHOBAaH Ha UCCAEOBAHUH JUCIIEPCHBIX
CpeJ B pEXKUME MTOMTYYHOI'O AaHAJIN34 3JIEMEHTOB
JIUCIIEPCHOM (ha3bl IO CUTHAJIAM CBETOPACCESIHUSA
U (pIIyOpECIIEHI UL

IlepBOHAYAIBHO UCIIONb3YETCS CUCTEMA
I'UAPOAUHAMUYECKON (POKYCUPOBKH B
MHKPOKAITHJUIAPHOI CUCTEME, I7IE€ 32 CYET PA3HOCTHU
JaBJICHUI MEXy OOpa3liOM U OOTEKAIOIEN
JKHJIKOCTBIO O6ECTIEYUBAECTCS TPOXOXK/ICHUE
MapKEPOB B IAMUHAPHOM IOTOKE KHU/IKOCTHU
OOJAMHOYKE IO IIPOTOYHOM AYeriKe. [laiee
MIPOUCXOUT O6JIYIEHUE YACTUI] B )KUJIKOCTHU
JIA3€PHBIM HU3JTyYCHUEM U C PETUCTPAIIUEN CUTHATIOB
CBETOPACCETHUS U (PIYOPECUEHITUN OT KK 0N
KBAHTOBOM TOYKH B KOMOWHAIIMU MapKePA.

IIpu IOMOIU IPOTOYHOI'O ITUTOMETPA
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happens in automatic mode and real time using a
flow cytometer and computer equipment designed
by “Geosplit” company.

The flow cytometer suspends micro-particles in

Pucynox 1 - Keanmoeuste mouxu, ipryopecyupyrousue npu
NA3ePHOM 00yueHuu

Figure 1 — Colloidal quantum dots irradiated with a laser light.
Different-sized quantum dots emit light of different colours due to
quantum confinement

a stream of fluid and pass them by an electronic
detection apparatus. The process allows
simultaneous multiparametric analysis of the
physical and chemical characteristics of particles
including fluorescently labelled marker-reporters.
Initially, a hydrodynamic focusing system is used in
the microcapillary system, where due to the pressure
difference between the sample and the flowing
fluid, the marker-reporters are passed through the

Pucynox 2 - IIpamoe u 60K060e ceemopacceanue uacmuubl
Figure 2 — Direct and lateral light scattering

laminar flow of liquid one by one via the flow cell.
Then, the particles are irradiated in the liquid with
laser radiation and subsequently light scattering
and fluorescence signals were recorded from each
quantum dot in the marker-reporters.

With the aid of a flow cytometer, the parameters of
particles in the liquid being analysed are recorded in
order to determine the qualitative and quantitative
compositions of the marker-reporters. The flow
cytometer records two (2) types of light scattering:
direct (small-angle) and lateral.

The direct light scattering detector is located along
the laser beam behind the flow cell and records the
laser radiation, which is scattered at angles of 2—19
degrees. The intensity of light scattered at a small
angle is proportional to the size of the particle. Larger



PETrUCTPUPYIOTCS ITAPAMETPBI

4aCTHULL B UCCIIEAYEMOX 'J}

JKUJKOCTH C LIEJIBIO
BBIICJICHU A KAYECTBEHHOI'O

U KOJIMYECTBEHHOI'O COCTABA
MapKepoB. [IpoTOUHBIN
LUTOMETP PETUCTPHUPYET IBA
TUIIA CBETOPACCEAHUS: IIPAMOE
(MaJIOYTTIOBOE) K GOKOBOE.

JeTexTop npsaMoro
CBETOPACCEAHUS PACIIOIATAETCS
10 XO[Y JIA3EPHOI'0 J1y4a
34 IPOTOYHOU AYENKOUN U
PETUCTPUPYET U3JTyUYECHHE
J1a3epa, KOTOPOE PACCEUBACTCA
noJ yriamu 2—19 rpagycos.
NHTEHCUBHOCTD PACCEAHHOTO
[0, MAJIBIM YIJIOM CBETA
IIPONOPLUOHAIBHA PA3MEPY
JacTuubl bojee KpynHblie
YACTHULIBI PACCEUBAIOT CBET
CUJIbBHEE MEJIKUX.

Bryrpennee cogepxxumoe
4aCTHUL, OIITUYECKH HEOAHOPOAHO.
Jly4 1a3epa, IpOXOoAsi CKBO3b YACTULLY, MHOI'OKPATHO
MPEJIOMJIAETCA U PACCEUBAETCS BO BCE CTOPOHBI.
Perucrpanus 3Toro u3ay4eHus o3BONAET CyAUTh
0 (popme, pasMepax U BHYTPEHHEM CTPOEHUH
YACTHULIBIL.

ITosrydeHnHble JaHHBIE MHTEPIIPETUPYIOTCS
C IIOMOIIIBIO IIPOI'PAMMHOTIO OOECIIEYEHNA U
BU3YAJTU3UPYIOTCA B BUJIE TPA(PUKOB IIPUTOKA IO
cryneHsaM I'PIT BO BpEMEHU M HAKOIJIEHHBIX JJeOUTAX
10 HE(PTU U BOJIE B KAXK/IOM M3 CTYIICHEH.

DoOpCYHEA ¢ BEOUOTHEM
araMeTpos 100 aEm

Maprep

TECTUPOBAHUWE TEXHONIOTUN
B 2016 roay B ma6oparopuu «<HTL] FaznipomuedTh>

ObLIa IPOBEJEHA IPOBEPKA METOAOIOTUUECKOM

TOTOBHOCTH TEXHOJIOTUU K IPOBEIEHUIO

UCCJIETOBAHUI HA TOPU3OHTAJIBHBIX CKBAXKUHAX C

MHOTOCTYIEHYATBIM I'HPOPA3PIBOM IIACTA.
JIabopaTOPHBIE UCHBITAHUS TPACCEPHOM

TEXHOJIOTUH 3aKJIIOYATINUCH B ONIPENEICHUN

MEPBOHAYAIBHBIX KOHIIECHTPALWUHI IPONIIAHTA ITyTEM

AHAJIN3a MAPKEPOB-PEIIOPTEPOB U COAEPKAIU

CIELYIOLIUE ITAIDL:

* IOAI'OTOBKA U JOCTABKA IPO6 HEPTU U
MapKUPOBAHHOTI'O IMPOMITAHTA JJBYX BU/IOB;

* CMEMNIEHUE ABYX NPOO NPONMIAHTA,
MapKUPOBAHHOI'O PA3JIMYHBIMUA KOJUPOBKAMHU
KBAHTOBBIX TPACCEPOB C HEPTHIO;

* OKM/JaHME BBIIEJIEHUS MADKEPOB-PENOPTEPOB
MIPONITAHTOM B HE(PTH;

* IPOGONOAIOTOBKA HEPTHU C MAPKEPAMHU JJId
PaboThI C HPOTOYHBIM IIUTOMETPOM,;

* OIpesETIEHHE IEPBOHAYAIBHOM KOHIIEHTPALIUHA
JBYX BUJIOB IIPOMITAHTA C IIOMOIIIBIO
LUTOMETPHUYECKOI'O aHAJIN3A.

71 IpOBEAEHN A TA00PATOPHBIX UCITBITAHU
KOMITAaHHUEHN «[eOCIIUT>» OBUIN ITOJIOTOBJICHBI TIPOODI
TPACCUPOBAHHOTO IpomnnanTa ppaxuuet 16/20 ¢
JBYMs TUIIAMU KOOMPOBOK KBAHTOBBIX TO4YeK (I'C-1 1 }

Maprepst

DoToyMHEKIITETI

JlpvxuBeTHER 3epEaTa / sse

|
\ I FL-2
I e

L= HIBTPE

Fac0HKa 18 Aaepa

o
OfpaboTis pesyIsTaToE
BN EOMMTLOTEpe

Pucynox 3 - Cxema padbomust npomounozo yumomempa
Figure 3 — Flow chart of the flow cytometer

particles scatter light more strongly than small ones.

The internal contents of the particles are optically
non-uniform. The laser beam, passing through the
particle, is repeatedly refracted and scattered in all
directions. Registration of this radiation allows us
to judge the shape, size and internal structure of the
particle.

The data obtained is interpreted by a software and
is visualized in the form of zones inflow charts along
the stages of the fracturing which shows accumulated
oil and water production in each interval.

THE TECHNOLOGY VALIDATION
In 2016, the technology was tested in the laboratory

of “STC Gazpromneft” to conduct research on the

methodological readiness used in horizontal wells
with multi-stage hydraulic fracturing.

Laboratory tests performed on traced proppant
technology focused on determining the initial
concentrations of proppant by analysing quantum
dot marker-reporters and included five major steps as
follows:

e preparation and delivery of oil samples and
proppant with two different signatures of quantum
dot tracers;

» mixing traced proppant with the formation fluid
(a mixture of oil and water);

» waiting until traced proppant releases marker-
reporters into the formation fluid;

e treatment and preparation of formation fluid to
suit working condition of the flow cytometer;

» determination of the initial concentration of two
types of proppant using cytometric analysis.

To carry out the laboratory tests, the company
“Geosplit” prepared samples of proppant fraction
16/20 marked with two signatures of tracer(GS-1
and GS-2). The experiment was conducted using the
crude oil samples taken from the Priobskoye field.
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I'C-2). DKCneEpUMEHT IIPOBOINIICA C UCITOIB30BAHUEM
IJIACTOBOY HE(PTH, OTOOPAHHOM C y4aCTKA
ITprOOCKOro MECTOPOXKAECHUSL. [IJ151 NCCIETOBAHUS
OBLJIN IOATOTOBJICHBI 3 TPOOBHI, KAXK1a51 Maccor 300 T.
[TponmnaHT ¢ AByMs KOJUPOBKAMU TPACCEPOB OBLI
CMEMIAH B COOTHOUIEHUH, IPEACTABIEHHOM B TA0IL. 1.

IToce cMeneHus IBYX TUIIOB TPACCUPOBAHHOTO
MNPOMNIIAHTA B JIAOOPATOPHBIE EMKOCTH OBLIA
JI06aBIEHA HEPTh B OAUHAKOBOU MPONOPLIUU
C IPOMMNAaHTOM IO Macce. /1714 BbIAEIEHUA
MapKEPOB-PENOPTEPOB U3 OOOJIOYKU IPOIMAHTA
JIaBOPATOPHBIE EMKOCTH C HEMPTHIO U IPOMIIAHTOM
OBL/IN BBIZIEP’KAHBL B TEYEHUE 1,5 yaca Ipu
TEMIIEPATYPE, MAKCUMAJIIBHO NPUOIHKEHHONU
K m1acToBoi — 80 °C. ITocyie nepemMenuBaHuA
JKUJKOCTDb C PACTBOPEHHBIMHY B HEX MapKEPAMHU-
penoprepaMu 66114 TOMEMEHA B OTAEIBHYIO
€MKOCTB. 32T€M ObLIA IPOU3BEAEHA IPOLIEAYPA
NPOOONOATOTOBKHY — 3aMEHA (PA3bl UCCIEAYEMON
JKUJIKOCTHU, B KOTOPOU HAXOAUIUCh KOMOUHAIITUHN
KBAHTOBBIX MAPKEPOB. laHHA ONlepPaIns
BBIIIOJIHSIJIACh HECKOJIBKUMU IMOBTOPSAIOMUMUCH
IUKJIAMHU /10 ITOJTHOU 3aMEHBI (PA3bl IJIACTOBOU
JKUJKOCTU HA JTUCTHUJUIMPOBAHHYIO BOAY.

Ka>xbli1 UKJI IPOOONOATIOTOBKH COIEPKUT B
cebe cieayIoU e IPOILECCHI:

* KOHBepcud das;

* HEHTPUPYTUPOBAHUE NI OCAKAECHUA TPACCEPOB;
* puMeHenue [1AB u pactBopureney;

* IIPONYCK (QIIONAA C TPACCEPAMHU YEPES

MeMOpaHHBIE (PUIIBTPBHL.

Jajee ¢ mOMONIBIO ANIIIAPaTa IPOTOYHOM
UTOMETPUHU OBLIIO BBIIIOJIHEHO ONIPEJETIEHHOE
KOJIMYECTBO 3AMEPOB OTHOCUTEIBHOM
KOHIEHTPAILIUU TPACCEPOB B IIPOOE.

C IpUMEHEHHEM IIPOrPAMMHO-AIIAPATHOIO
KOMIUIEKCA «[€OCTIINT> OBLIIN BU3YAJIU3UPOBAHBI
PE3YNABTATHI UCCIENOBAHNSA KAXKAO0M IIPOOLI B BUJIE
«OBJIAKA PETUCTPALUH COOBITUMN», IPECTABICHHOM
Ha PUC. 4, U TPOU3BEAEHO OCPESHEHNE JAHHBIX.

Pe3ynbTaTel TUTOMETPHUYECKOI'O AHAIN3A
PEICTABJICHBI B TA0IL 2.

PazHuia Mexay COOTHOIEHUSAMH [IBYX THUIIOB
MPOIIIAHTA, B3BEMIEHHOT'O IIEPe UCCIESOBAHUEM
U BBIYUCJIEHHOI'O TI0 PE3YJIbTATAM IPOTOYHON
ITUTOMETPHUH, HE TPEBBICUIA (%, YTO TTOCTYKUIO
OCHOBAaHMEM JIJI1 3aAKJTI0YEHH S O BECbMA BBICOKOM
TOYHOCTHU METO/IA.

B ma6oparopun «f'eocrint» B CKOJIKOBO ObLI
MIPOU3BE/ICH Psif] TAOOPATOPHBIX IKCIIEPUMEHTOB,
MOJITBEPSKAAIOINX BO3MOKHOCTh MOHUTOPHUHTA
IIPUTOKOB PA3JINYHBIX UHTEPBAJIOB B
TOPU30HTAIBHBIX CTBOJIAX CKBAKHH. C IOMOIIBIO
J1a60PATOPHOTO CTEH/IA OBITIO CUMYIUPOBAHO
pa3MelieHUE NPONMNAHTAa, TPACCUPOBAHHOTO
Pa3IUYHBIMH KOMOMHAITUSMU KBAHTOBBIX TOYEK
B CEMH 30HAX FTOPU3OHTAIBHO PACIIONIOKEHHOIO
TPyHONPOBO/IA C UBMEHEHHEM PACXO/IOB 3aKaAYKHU
CcMeCcH HE(DTU U BOJIBI, 4 TAKXKE €€ IIPOLIEHTHOT'O
COOTHOIIECHUSL.

HccnepoBaHue ObII0 IPOBEJEHO HA OCHOBAHUU
JIBEHAI1ATU OOPA3110B, OTOOPAHHBIX B TEUYCHUE
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Rt Flucrescancs

Taonruya 1 - Coomnowenue nponnanma
c Koouposxamu mpaccepos I'C-1 ulC-2

Table 1 - Ratio proppant GS-1 and GS-2

mpoom  Tobr rozr GO
Ng::::;fe()f gramtile gramt;le 1 ;:?:(?S- 2.%
1 29 271 9,7 /90,3
2 170 130 57 /43
3 291 9 97/3

In this study, three 300 g samples were prepared and
each sample had a different ratio of GS-1 and GS-2
proppant as shown in Table 1.

Crude oil was then added to the laboratory tanks
in equal proportions with the proppant by weight.

G5-1/G5-2 GS=-1/G5-2

g

]
" 150 |
e .
wt

y N |
\ l'i L
i | &t i v

i \ e i ."1 I.- “"'1.' ) I
VT, P .. . TV
50 100 150 1] &0 100 150 200 o)
e Light Scaflenng

Pucynox 4 — Oonaxo pecucmpavuu coovimuii

Figure 4 — Events registration cloud shown by the
Jlow cytometer

To release markers from the proppant to the liquid,
samples were allowed to stand by for 1.5 hours

at a temperature of 80 °C to simulate downhole
conditions. After mixing, the liquid with marker-
reporters was drained into a separate container.
Thereafter, samples treatment procedure was carried
out to suit the requirements of flow cytometer
apparatus.

Each sample treatment cycle consisted of the
following:
 formation fluid samples phase conversion;

* centrifugation to sediment markers-reporters in
the lower part of the sample;

* use of surfactants and solvents to remove
hydrocarbons;

* use of membrane filters for transferring of all
marker-reporters to the distilled water.

Then, the flow cytometry apparatus identified
concentration of marker-reporters in each of three
samples and visualized results in the form of an
"event registration cloud".



OHO¥ Heyiesu, T10 pe3ynbraraM AMarHOCTHKY, B
COOTBETCTBUU C UBMEHEHUSMU B PACXO/IAX 3AKAYKH,
6BLIO OIIPECIICHO MOCEI0BATEIBLHOE

MajIeHUE MPUTOKA HeTU B UHTEPBAIAX 7 U 6.

B TO ke BpeMst 064 MHTEPBAJIA OTPA3UIIU TUIABHOE
YBEJIMYEHUE JIOJIU BOJIBI BO (pirrounjie. iccnegoBanue
[IPOUJUTIOCTPUPOBATIO, YTO CHHUKAIOIASICSE
IUHAMEKA rpaduKa O6IIEro PACXO/d IO BOJE,
[MOKA3aHHAS HA PUC. 5, CKPbLIA YBEJIUUEHUE BOJHON
(a3l B uHTEpBAIAX 7 U 6.

MNOJIEBOE NMPUMEHEHUE

MHOTOCTaAUHHBINA YETBIPEXUHTEPBAIbHBIN
MT'PII 66111 1POM3BEAEH B aBrycte 2014 roga Ha
T'OPU3OHTAIbHOMN CKBAKHMHE OJHOI'O U3 KPYIIHBIX
MECTOPOXAEHUI XaHTbI-MaHCUUCKOTO AO B OHOM
U3 BEIYIIUX JOOBIBAIOIIUX KOMITAHUH. B KaXXAyIO0
CTYIEHDb OBUIO YCIEITHO 3aKAYaHO 35 T OOBIYHOTO
IPOIIIAHTA U 15 T IpONIIaHTa C TPACCEPAMU
Ha KBAHTOBBIX TOUKaX. Ha 0CHOBE 06paboTKHU
JaHHBIX MUKPOCEUCMUYECKOI'O MOHUTOPUHTIA
MTPIT 661111 3aPETUCTPUPOBAHBI UCTOYHUKH
MHUKPOCEHCMUYECKHUX COOBITHI U OIIPEIETIEHBI UX

AEENT HEDTH N0

PACTPEAENEHHE OGUEND O5REMA OOBLYH HESTH MO CTYNEHAM,

-

Taoauua 2 — CoomuouieHue nponnanma
I'C-1 uIC-2 é mpex npooax, usmepennoe
00 uccareooeanus u no Pe3yromamam
NnPOMOUHOU yumomempuu

Table 2 — The ratio of proppant GS-1 and GS-2
in three samples, measured before the conduct
of the study and according to the results of flow
cytometry

TOYHOE COOTHONIICHHE

COOTHONIEHHE IPOIIIIAHTA

I}:Oggg nponnantaI'C-1u I'C-1uTIC-2 110 JaHHBIM
P TC-2,% muToMeTpa, %
Sal;llople Measured ratio of Ratio of proppant GS-1 and
= proppant GS-1 uGS-2,% GS-2 using flow cytometry, %
1 9,7/90,3 10,2/89,8
2 57/43 62,6/37,4
3 97/3 96,4/3,6

The results of the cytometric analysis are presented
in Table 2.

The difference between the mixed ratios of
proppant weighed before the conduct of study and

PACMPEAEAEHHE HAHRGNMAEHHOIO OELEMA B

I
25.7%
31.1%)

50.6%

Mo CTYTMEHAM, 3

Pucynox 5 — Ilocaedogamensvhoe nadenue npumoxa negmu 6 cmynenax 7 u 6
Figure 5 — Consecutive decreases in oil inflow at intervals 7 and 6

KOOP/JIUHATBL, BPEMSI BO36Y K/ICHHU S, [TAPAMETPHI
JIOCTOBEPHOCTH, SHEPTUS KAKIOI'O UCTOYHHKA,
3HAYEHHUS CPEHUX CKOPOCTEH PACIIPOCTPAHEHU S
CEMCMHUYECKUX BOJIH OT BbI/IEJIEHHBIX HCTOYHHKOB
JIO IOBEPXHOCTH. JJAHHBIE MUKPOCEHCMUYECKOTO

AHAJIN32 TIO/ITBEPIK/IAIOT PA3BUTHE OBJIACTH }

the difference calculated from the results of flow
cytometry did not exceed 6%. Based on test results,
a conclusion was reached on the high accuracy of the
method.

The process of monitoring changes in inflow of
several production intervals in horizontal bore
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MUKPOCENCMUYECKON AaKTUBHOCTHU B IIPOIECCE
onepanymu I'PIT Ha Ka’KAOM U3 YETBIPEX UHTEPBAJIOB.

JlaHHBIE, TIOJIYYEHHBIE B PE3YIBTATE
MHUKPOCEHCMUYECKOTO UCCIEAOBAHUS,
HOATBEPAKIAIOT (DAKT T POPA3PEIBA BO BCEX
3a5BJIEHHBIX 30HAX. OJJHAKO MOCJIEYIOIMINU
PAa30BbIN CITYCK UHCTPYyMeHTOB I1I'M 1tokasait
OTCYTCTBHE JJAHHBIX OTHOCUTEIBHO UHTEPBAIA
4 11O IPUYMHE ICOUTA HHUKE IOPOT'd AKTUBAIIUHU
TypO6HHBI pacxojoMepa. TpacCepHbIE UCCIEAOBAHUS,
[IPOBEJCHHBIC TyTEM OTGOPa 16 Ipo6 Ha
OPOTSKEHUU MECSALA TTIOKA3AIH KAPTHUHY IIPUTOKOB
CKBa’KHHBI B IMHAMUKE, 3A(PUKCUPOBAB CTAOUIBHYIO
paboTy MHTEPBAIA 4 B KAKJIOM U3 16 MCCIeJOBAHUH.
1O JaHHBIM IMATHOCTUKH BBISICHUJIOCH, UTO B
MEPUOJ, UCCIAEAOBAHUNI HANOOIEE TPOAYKTHBHO
paboTaeT CTyINEHD 1, BBIZABAsI CAMBIN BBICOKUI 1€OUT
O HE(PTU ITPU HAMMEHBIIIEH OOBOJHEHHOCTH —

47% n 22% OT 001IETo AeOUTA 1O HEPTHU U BOJIE
COOTBETCTBEHHO.

Kaxk cinenyer u3 puc. 6, HHTEPBAI 4 IOKa3a/1
XOPOHIYIO IPOAYKTUBHOCTD ITO BOJIE, BBIPA3UBIIYIOCS
B 22% OT HAKOIVIEHHOI'O J1e61Ta 110 HePTU. OFHAKO
ITOT K€ UHTEPBAJI CTPAAAET CAMOM BBICOKOM
06BOTHEHHOCTHIO — 31% OT 0O1IEro HaKOIIJIEHHOT'O
1ebuTa 110 BOJIE.

B ganHOM Ciy4dae, CpaBHUBAA PE3YIBTATEI
HUCCJIENOBAHUA C JAaHHBIMU NTpub6opa I ¢
OJTHOM TyPOHMHKON CKBAXKMHHOTI'O PACXOIOMEPA,
IPEUMYIECTBO TEXHOJIOIUH B BU/IE BO3SMOKHOCTU
YBEPEHHOU pabOThl HE3ABUCUMO OT PEKHUMA U
npoduiis TedeHust PJAoU]a B CTBOJIE CKBAKIHBI.

Tabauua 3 - Humepeaisl CKEaNCUHbBL
u napamempot mpeuwjunot MI'PI1,
onpeoenennsvie muKpoceicmuueckum
uccneoosanuem

Table 3 — Well intervals and fracture
parameters

HHTEepBaIBI CKBAa>XKHHEI / Production intervals
1 2 3 4

T'ny6una no
UHCTPYMEHTY, M 3134,3— | 3245,7— | 3343,3— | 3438,7—
31356 | 32469 | 3344,5 | 34398

Measured Depth, m

VIcTUHHAS TTTyOMHA, M

2810,88 | 2811,46 | 2813,08 | 2813,96
True Vertical Depth, m 3 39

TeMII 3aKa4KH, M>/MUH
Pumping rate, m?>/min

IIponmanT, T
Proppant, tonne

TpaccupOBAHHBIN
MpOMNIAHT, T 15 15 15 15
Traced proppant, T
IIapaMeTphl TPEUIHH THAPOPA3PHIBA
Parameters of fractures

3aKpeIUIeHHAs MUPUHA,
MM 2,57 2,94 4,21 29

Fracture width, mm

CpenHsis BBICOTA, M
pex : 34,1 46,7 34,5 42,7
Average fracture height, m

3aKperieHHa a
DEIVICHHAAAMAILM )10 | 1101 | 861 | 8625

Fracture length, m
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was simulated in the laboratory of "Geosplit"
in Skolkovo city.

The laboratory testing used a specially designed
laboratory bench with a horizontally located barrel
equipped with injection ports and performed at
seven (7) intervals. Each interval was loaded by
proppant having individual signatures of quantum
dot tracers. Small electric pumps were used to inject
a mixture of oil and water though the proppant
simulating water breakthrough in the horizontal
lateral. Injection rates and oil-water ratio were
gradually altered throughout the experiment. The
study was conducted based on 12 samples taken
in 7 days. According to diagnostic results, and in
accordance with the changes in injection rates,
sequential oil inflow drops were detected in intervals
7 and 6. At the same time, both intervals showed a
smooth increase in water inflow as detected by flow
cytometry. The study illustrated that the total rate of
water output as presented in Figure 5 revealed the
increase of water production in intervals 7 and 6.

Taoauua 4 — Cpagnenue 0aHHbLX
OUAZHOCMUKU C ROMOUWBIO YCMPOTICMEa
IITH u mpacceprozo uccaeoo6anusi
npumorxoe

Table 4 — Comparison of intervals inflow
data obtained using downbole tools and
quantum tracers diagnostics

HHTEepBaIBI CKBa XHHEI / Production intervals

| | 2 [ 3 [ 4 |

BHYTpPHCKBAaKHHHAA JHATHOCTHKA IITH

Production logging using downhole tools
Her
Pacxo;;[ no III'Y, I 16 16 NAHHBIX
M?/gac
No data
e | o | 0 [ w0 [ o
TpaccepHasi THATHOCTHKA B JHHAMHKE
Quantum dot tracers production logging
19,8 13,0 14,3 129
19,6 129 14,2 13,0
19,5 129 14,3 13,1
194 12,9 14,3 13,1
254 17,2 18,7 18,2
254 17,2 18,6 18,3
Pacxo, 25,1 17,0 18,5 18,8
M3/9ac 24,8 16,8 18,6 19,2
Interval flow rate, 23,6 16,6 18,3 19,0
m’/h 231 16,5 184 196
21,9 16,4 18,8 204
21,5 16,8 19,5 19,9
20,7 16,6 19,1 193
20,5 16,9 17,4 19,0
19,5 16,0 17,1 18,2
19,4 15,8 16,9 18,7
Bxaj crynenu B
o6 1e6uT”, %
sl 31% 24,6% 22,2% 22,4%
accumulated
production’, %

*Ha ocrhosamuu yuxaa u3 16 uccaedosaruti
*Based on study of 16 samples



AEEMT HESTH NO IOHAM, T/CYTHM

FACTIPEACAEMME DEUEND ObbLEMA OOBLYH HWEDPTH NO CTYNEHAM, %

AEEWT BORES NC M, MIJCYTEH

_ B

PACNPEAENEHHE OB FELEMA BOfS N0 CTYNEHAM, %

Pucynox 6 —- Humepgaan 1 nauéonee npooyxkmueen. Camasn 8bLcokas 00600HEHHOCMb

3agpurxcuposana 6 unmepeane 4

Figure 6 — Interval 1 is the most productive while interval 4 is producing water at most

Ciieqyomun NpUBEAECHHBIA IIPUMED
YCIIELITHOT'O IIOJIEBOI'O IIPUMEHEHU A
TEXHOJIOTMU OCYILECTBIECH HA YPEHT OMCKOM
MECTOPOXKJECHUU HA I'A30KOHJCHCATHON CKBAXKUHE
c mecTucTyneH4aTsiM MI'PIL McciemoBanume
IIPOBEJECHO HA OCHOBAHUU PE3YJILTATOB
06paboTKH 15 IPO6, B3ATHIX B TeueHUE 200 THEN.
IMpu nposeaennu I'PIT Kaxxgas TpemnuHA 661
3antoysiHeHa 10 T TpacCUpPOBAHHOI'O IIPONIIAHTA
C MH/IMBU/IYaJIbHBIMU KBAHTOBBIMU MAPKEPAMH.
JanHas paboTa NO3BOINIA HAUOOJIEE TTOTHO
pP€eann3oBaTh (PYHKIIUIO MOHUTOPHUHTA, TAK KAK
IIPOOBI OBUIN 3HAYUTEIBHO PA3HECEHEI BO BDEMEHM.
IIpu aHATTU3E TOKA3ATEIEH HAKOIJIEHHBIX ICOUTOB
10 HE(PTU U BOJIE 34 BECh IIEPHO]] UCCIIENOBAHU,
MOKA3aHHBIX HA PUC. 7, HAOIIOJAETCS OTHOCUTEIBHO
paBHOMEPHAs pab0Ta BCEX CTYNEHEN, HECMOTPS HA
pOCT O6BOAHEHHOCTH B MHTEPBAJIAX 5 U 6 CITyCTs
3 mecana nocsue nposeaenus I'PIT

BbiBOAbI

KauecTBEHHBIA U KOJIMYECTBEHHbIN
AHAJIM3 COCTABA MAPKEPOB IIO3BOACT JIC/IATh
OO6OCHOBAHHBIE 3aKJIIOUEHUS O PA6OTE
IPOAYKTUBHBIX 30H CKBAKHHBIL. 151 KaXKJOU
crynenu I'PII ucronb3yeTcss yHUKAIbHAS
KOMOUHAIUA MAPKEPOB, UTO UCKJIIOYAET
BO3MOXXHOCTb OIIUOOK UHTEPIIPETAIUHU JAHHBIX.

[IpUMEHEHHE TEXHOIOTUH HA MECTOPOXKIEHHUIX }

FIELD IMPLEMENTATION

On August 2014, one of the oil & gas producing
companies implemented hydraulic fracturing in a
horizontal well located in one of the largest fields of
the Khanty-Mansiysk District in Russia. Each of the
four (4) fracturing intervals consumed 35 tons
of regular ceramic proppant and 15 tons of
proppant with quantum dot tracers. Microseismical
surveillance of fracturing operation recorded data on
the following: coordinates of microseismical events,
excitation time, parameters of reliability, energy
of each source, mean values of the propagation
velocities of seismic waves from sources of origin to
the surface.

Microseismical survey confirms the fact of
hydraulic fracturing in all declared zones. However,
the subsequent one-time well intervention with
production logging downhole tool showed zero
production in interval 4 due to a flow rate that is
below the activation threshold of the flow meter's
spinner and a distortion caused by fluid layering in
the wellbore. Simultaneous with the conventional
production logging is the customer implemented
quantum dot tracers’ technology. The study of
16 samples taken during one (1) month period
indicated a well inflow per interval in dynamics.
Unlike the conventional method, the “Geosplit”
technology detected stable inflow in interval
4 during each of 16 researches. }
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AEBAT HERTH MO JOHAM, T/CFTHW

MEEMT BOYIBl D SOMAM, MIFCFTER

Pucynox 7 — Je6umusi no nedpmu u 600e no wiecmu uHmePEanam 2a30K0oH0EeHCAMHO CK8ANCUNHL

Ha YPeHnzotickom mecmopoicoeHuu

Figure 7 — Intervals’ production rates and cumulative production

BEAYIIUX POCCUICKUX JOOBIBAIOMNX KOMITAHU
B 2016—2017 roiax moKasaJio, YTO IO CPABHEHUIO
CO CHYCKOM I/IHCTpYMCHTOB B CKBQ)KI/IHY C
MOMOIIBIO KAPOTAXKHOT0 060pyaoBanus u 'HKT
JUISL 3AIIUCU JAHHBIX 10 PACXO/IaM U TEYCHUIO (a3
MJIACTOBOTO (PJIIOUZIA IO BCEMY CTBOJTY CKBAXKUHBI
TPACCEPHBIN MOHUTOPHUHT OOIAJAET CAENYIOMNUMU
IPEUMYIIECTBAMM:

¢ paboTa B TEUYECHHE JJIUTEIBHOI'O BDEMEHHU C
(OPMUPOBAHHUEM TUHAMUYHON KAPTHUHBI
IIPOU3BOIUTECIBHOCTH KAXKJJOT'O U3 UHTEPBAJIOB
CKBAKMHBIL, B OTIIMYUE OT OJJHOPA30BOH
KapOTA>XHOM OllePALUH;

* MEHBIIIAsl PECYPCOEMKOCTD U, KAK CJIEJCTBHUE,
MCHBbBIIIASI CTOUMOCTD I/ICCJIC,HOBQHI/IfI;

* YBEPEHHAs pa60TA B yCIOBUSX, KOTJ1A
TPagUIINOHHBIC BHYTPHUCKBAKMTHHBIC
KapPOTAXXHBIC OIICPAITUH HCBO3MOXHBI 1IN
OCJIOKHEHBI.

TpaccepHas TEXHOIOI' UL, OCHOBAHHAS Ha
KBAHTOBBIX TOUKAX, [IO3BOJISIET PEIIATD P/
AKTYaJIbHBIX 32144, TAKHUX KAK:

* OLICHKA IPO(MUJIISI IPUTOKA CKBAXKUHBI ITIOCJIE
MIPIT;

* OLICHKA PabOTHI KAXK/IOM CTYIIEHU I10 BOJE U
HedTH;

® OIITUMMU3AIINA TEXHUYCCKUX pCHICHI/II7I 10
3dKAYMBAHWIO CKBAKMH HAd PAHHUX CTAJUAX
Pa3paboOTKU MECTOPOXKICHUS,

50 Ne 2 (060) Mions/June 2017

As shown in Figure 6, interval 4 contributed
as much as 22% of the total accumulated oil
production and 31% of the total accumulated water
production. In comparison with the data obtained
by conventional logging tool equipped with a single
spinner, the data provided by tracer technology was
more convincing for our customer.

Another case of tracers’ technology field
implementation is a horizontal well with a six-
stage fracturing located in Urengoy gas condensate
field. The study of production intervals inflow was
conducted based on15 samples of formation fluid
of which samples are taken within 200 days. Each
fractured interval was filled up with 10 tons of
Geosplit’s traced proppant. This case allowed the
most complete implementation of technologies’
monitoring function as it had a next ended sampling
schedule. As shown in Figure 7, all six intervals
initially showed a suitable gas condensate inflow.
Three months later, intervals 5 and 6 experienced
rapid increase in water production. However,
analysing the accumulated production during the
entire period of conducting the research study, it can
be concluded that all intervals contributed in the
total production of the well are relatively uniform.

CONCLUSION
Qualitative and quantitative analysis of quantum
dot marker-reporters in samples of formation fluid



* AHAJIN3 NTOTEHIIUAJIBHOI'O IOJITOCPOYHOTO
U3BJICUCHUS (PIIOU/A;

* pa3BepHyTas UH(POPMALIUA IS AHATIU3A
B3AMMHOTI'O BJIUSIHHUS COCEIHUX CKBAKUH.

3AKJTIOYEHUE

IIprMEHEHNE TEXHOJIOIUHU OCOOEHHO
3(P(PEKTUBHO NIPU PAHHEN JUATHOCTUKE
OOBOJJHEHHOCTHU CKBAKHUH, YTO TTO3BOJISIET
MPABUIBHO BBIOPATH NOAXOAAINIYIO TEXHOJIOTUIO
PEMOHTHO-BOJIOU3OJIALIMOHHBIX PA6OT,
ONEPATUBHO IPUMEHUTD €€ U ONNTUMU3UPOBATH
JeOUT CKBAXKUHBI 110 HePTU. [Ipobaema
OOBOJJHEHHOCTH BECHbMA AKTYaIbHA JUIS
POCCUUCKUX MECTOPOXKIEHUU, ITIE TOJIBKO /10
30% CKBAXUH JOCTUI'AIOT IPOECKTHBIX 3HAYCHUI
no HepTeoTnade. Takxke 3PPEKTUBHOCTD
BOJIOM3OJIAIIMOHHBIX U PEMOHTHBIX PA0OT HE
ripesbitmaeT 60%, U OJHOM U3 KITIOYEBBIX ITPUYUH
ABJISIETCS OTCYTCTBUE JOCTYITHBIX M TOYHBIX
METOIAOB JUATHOCTUKH.

TexXHONMOrnu TPACCUPOBAHHUS AKTUBHO
Pa3BUBAIOTCSA MHOCTPAHHBIMH KOMITAHUSMHU.
Hanpumep, OfH U3 aJIbTEPHATUBHBIX BADUAHTOB
TEXHOJIOTMH TPACCUPOBAHUSA IIOAPAZYMEBAET
NPUMEHEHNE TAK Ha3bIBaeMbIX JJHK-Tpaccepos,
PACIIONIOKEHHBIX HENOCPELCTBEHHO B CKBAKHHE,
B KOMIIOHOBKE OOCa/THOM KOJIOHHBL

Opnako npoussoacTsBo JJHK-Tpaccepos
TPeOYET CO3/JaHNA JIMHHBIX TOJTUMEPHBIX
MOJIEKYJI, COCTOAIINX U3 IIOBTOPAIOMUXCSA
OJIOKOB — HYKJICOTUIOB. TpebyeTcss CHHTE3
YHUKAJIbHBIX U HETOBTOPHUMBIX MAPKEPOB /1A
Ka>KJJOM OIEPALINH, YTO BJICUET YBETUYEHUE
BPEMEHU MOJT'OTOBKH U CTOUMOCTH
uccnenosanus. [Ipu pasMeneHn MapKepPOB B
CKBa’KHMHE, B KOMIIOHOBKE OOCAa/JHOM KOJIOHHHI,
TpeOyeTCsa MPOEKTUPOBAHNE U U3TOTOBJIEHUE €€
KOMIIOHEHTOB MO/ KAXK/YI0O KOHKPETHYIO 30HY
MNPUTOKA. TAKOE TEXHUUYECKOE PEIMEHUE JIEJTAET
KK YIO0 CKBAXXUHY MH/IUBH/IYAJIbHBIM IIPOEKTOM,
KOTOPBIXA OJAPA3YyMEBAET MHOTOKPATHOE
YBEJIMYEHUE BDEMEHU U CTOMMOCTH OIIEPALUML.

[ ob6ecriedeHns PyHKIIMOHUPOBAHU S
TPACCEPHOI TEXHOJIOTUU TPEOyETCA
3HAYUTETBHOE KOJIMYECTBO ITIOJIMMEPHOIO
BEIECTBA, COAEPKAIETO MHAUKATOPDL
HeJb3s HE OTMETHUTD, YTO IIPU PA3MEIIEHUN
MATEPHAJIOB C TPACCEPAMH B KOHCTPYKIIMUA
06CaTHOM KOJIOHHBI IUIOILA/Ib KOHTAKTA MEXY
IUIACTOM M CKBAKMHOM CHHUYKAETCH, YTO MOXET
OKA43bIBATh BJIMSHUE HA ICOUT CKBAXKUHBL 1O
CPAaBHEHUIO C CyHIECTBYIOIIMMHU TEXHOJIOIUSMU
[IPEUMYILECTBA PA3MEIIEHUS TPACCEPOB B
packiuHuBalonem marepuaue MI'PIT — aro
YHUBEPCAIBHOCTb U OTHOCHUTEIbHAS IIPOCTOTA
B IIPUMEHEHUH, HE TPEOYIONAs 3HAYUTEIbHBIX
OPraHU3AIMOHHBIX YCHUJINI CO CTOPOHBI
3dK4A34YHKaA 1 HHS.HI/IpOBHHI/IH Ha paHHI/IX Tamnax
JKU3HU CKBAXKUHBI, TAKUX KAK CITYCK OOCaJHOM
KOJIOHHBL

allows making informed conclusions about the

performance of productive intervals of horizontal

well. Application of the technology in the fields of the

leading Russian oil and gas companies in 2016—2017

showed the following benefits:

* the possibility of monitoring inflows for a long
time, in contrast to a one-time logging

operation;

» asignificantly lower resource intensity and cost;

« confidence in conditions when the traditional
downhole logging operations are complicated.

Quantum dot tracer technology allows solving a
number of problems, such as:

* post fracturing inflow profile evaluation extended
in time;

* assessment of each production interval in regards
to water and oil production;

* optimization of technical solutions for
well completions in the early stages of field
development, such as number of ports;

» analysis of hydrocarbons extraction ratio

* detailed information in the analysis of mutual
influence of neighbouring wells in the oilfield.
The application of the technology is particularly

effective in the early diagnosis of water breakthrough,

which allows enough time to choose the right
technology for water shut off operation. In Russia,
only about 30% of wells reach designed volumes of
oil production. Less than 60% of all water shut off
operations are successful as it lacks timely and cost-
effective diagnostic instruments. Ultimately, this fact
reflects in declining production rates and increasing
incurred costs.

Domain of tracer technologies is actively
developing and implemented in many countries
around the world. For example, one of the alternative
versions of the tracing technology involves the use
of the so-called DNA tracers located directly in well
casing.

However, the production of DNA tracers
requires the creation of long polymer molecules
consisting of repeating blocks - nucleotides. The
synthesis of unique and unique marker-reporters
for each operation is relatively a complex task,
which entails an increase in the preparation time
and cost of the study. When markers are loaded
to casing configuration, it is required to design
and manufacture well completion components
individually for each production interval. Such
technical solution makes each well an individual and
special project which implies a multiple increase in
the time and cost of the operation.

It is important to mention that as additional
materials are placed in the casing design, the contact
area between the formation and the wellbore is
reduced, which can affect the production rate of
the well. Compared with existing technologies, the
advantages of locating tracers in fracturing proppant
are versatility and relative ease of use, which do not
require long-term planning starting at early stages of
awell's lifecycle such as drilling and completion.
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