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TPACCEPOB HA KBAHTOBbIX TOYKAX®

PRODUCTION LOGGING USING
QUANTUM DOTS TRACERS®

Angpei I'YPBAHOB, Anexkcanap KATAIIIOB, Kupuin OBYMHHHUKOB

Andrey GURIANOV, Alexander KATASHOYV, Kirill OVCHINNIKOV

BBEAEHUE

B nocneiHue rofbl B MUPE IPOUCXOIUT
yYBEJIMYEHHNE JOOBIYN HEPTH U Ia3a U3
TOPU3OHTAIBHBIX CKBAKHH, CTUMYJIUPOBAHHBIX
C TIOMOIIIBIO MHOT'OCTAIMMHOTO T'H/IPOPA3PhIBA
mnacta (MIPIT). ITpu obmem pocte 06beMa OypEHUS
TOPU3OHTANBHBIX CKBA’KHUH YBEJIMYEHHUE TOOBIYU
HEPTU YACTO HE COOTBETCTBYET IPOEKTHOMY
YPOBHIO, M OJJHOM U3 BAKHEHUIINX 33/1a4 PA3pabOTKHU
MECTOPOXKAEHUA CTAHOBUTCS NOJTYYEHHE HAUO0IEE
MOJIHOM MH(POPMAITUHU IO TPUTOKAM ITPOAYKTHBHBIX
UHTEPBAJIOB CKBAKHH.

IIpoBeIEHUE U UHTEPIIPETALIUSA PESYIBTATOB
reo(pU3NIECKUX UCCIEJOBAHUI, XOPOIIO
34PEKOMEHJIOBABIINX C€OS B BEDTUKAJIBHBIX
CTBOJIAX, B TOPU3OHTATIBHBIX CKBAKMHAX
OCJIOKHEHBI MHOI'O(DA3HOCTBIO TTOTOKA,
M3MEHEHUSAMU CKOPOCTH TEYEHUA (PIION]1A B
CTBOJIE, HAJIMYUEM BOCXOAAIMINX M HUCXOAIINX
YYACTKOB TPAEKTOPUU TOPU3OHTAIBHOTO YUACTKA
cTBOA. [Ipn UCCIEJOBAHUH TOPHU3OHTA IPOBOJIUTCS
YCTAHOBJIEHUE OTAIONINX MHTEPBAJIOB, COCTAB
HOCTYHAIOMNX (PJIIOUJIOB U UX JJEOUTHI.

Omnpegenenne npoduIe IPUTOKA B
SKCILTyaTAIIMOHHBIX CKBAKUHAX ABJISACTCA
OCHOBOM /I HPUHATHA TEXHUYECKUX PEILICHNI
O MAKCUMAJIBHO 3(P(PEKTUBHON pa3paboOTKe
MECTOPOXKJACHUM HE(PTH U Ira3a, ONTUMHU3ALUNA
pEMIEHNT IO 3AKAHYUBAHUIO CKBAXKUHBI MJIN
MPOBEJEHUIO PAOOT IO KAMHUTAIbHOMY PEMOHTY.

J10 HETABHET'O BDEMEHU B OTPAC/IH HE
CYIIECTBOBAJIO AJIBTEPHATHUBBI BHYTPUCKBAKUHHBIM
KAPOTAXKHBIM OIIEPALUAM JJ1 ONIPENEICHUA MECT
IPUTOKA BOJBI B CKBAKHUHY; ITOs0)KeHnsa BHK n
KOHTPOJIA 34 €r0 NEPEMENEHUEM; BbIJE/ICHUSA
O6BOAHEHHBIX ITPOAYKTHBHBIX IUIACTOB U OLICHKH
NPOBEJEHHBIX MEPOIPUATUM ITO ITOBBIIIEHUIO
HEPTEOTAAYHN ITJIACTA, TAKMUX KAK CONAHOKUCIOTHAA
006pabOTKA MJIM MHOT'OCTAIMHHBIN I'HIPOPA3PHIB
M1aCTa.

OJHAKO KAPOTAKHAA OIEPAIUA B TOPU3OHTAIBHON
CKBAKHHE ABJIAETCA OTHOCHUTEIBHO JJOPOIOCTOAIIEH
POLIEY PO, TPEOYIONIEH IIPUMEHEHMSI CEPBUCA
I'MOKUX HACOCHO-KOMITpeCcCOpHBIX TPpy6 (THKT)
WUJIA TPAKTOPOB. OCYIIECTBUMOCTD U YCIIEMTHOCTD
OIEPAINI 3ABUCUT OT CE30HHOI JJOCTYITHOCTH
CAMOM CKBAKMHBI, CJIOKHOCTH (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



MHTEHCUBHOCTU HAOOPA KPUBU3HDBI HA YIACTKAX U
MECT U3MEHEHUS BHYTPEHHHUX INAMETPOB 06CAJHOM
KOJIOHHBL

CIYCKa€MBIE B CKBAXKUHY UHCTPYMEHTBI 15
MIPOMBICJIOBO-TE€OJIOT'HYECKUX UCCIIETOBAHUI
(IIT'M) 1IO3BOJIAIOT IIOJIYYATh €AMHOBPEMEHHYIO
KAPTUHY IPUTOKOB B CKBAKMUHE, HO OHU HE
HO3BOJIAIOT BBIIOIHATE MOHUTOPUHT B TEUEHHE
OPOJO/IKUTENBHOIO BpeMeHH. Cnenuduka
TOPU3OHTANBHBIX CKBAKHUH TPEOYET TAKKE
pELIEHUS TAKUX BOIIPOCOB, KAK CHATHE JJAHHBIX
10 (pazam paroua 10 BCEMY CEYCHUIO CTBOJIA
CKBa’KHMHBI yCTAHOBKOY HECKOJIBKUX CIIMHHEPOB
Ha npu6bop INI'", snuanue 'HKT Ha TOYHOCTD
U3MEPEHUS JABIEHUA U PACXOA0B. Kpome Toro,
IPU BHYTPUCKBAKHMHHBIX ONIEPALUAX CYIIECTBYIOT
PHCKH IPUXBATA UJIN IOTEPHU 3460MHBIX
UHCTPYMEHTOB, TPEOYIOMHE JIUTEIBHBIX U
JIOPOrOCTOSAIINX JIOBUJIBHBIX PA6OT.

TEXHOJTIOTA NNACTOBbLIX TPACCEPOB
HA KBAHTOBbIX TO4YKAX

TpaccepHble UCCIIENOBAHUS C IPUMEHEHUEM
MAapKHUPOBAHHOI'O IIPOIIAHTA HE UMEIOT
BBILIEIIPUBECHHDBIX OI' DAHUYEHU U IIO3BOJIAIOT
HOBBICUTH 3(P(PEKTUBHOCTD AUATHOCTUKU
IIPUTOKOB B CKBAXKMHAX I1OCJIE MHOI'OCTAJUUHOI'O
TUAPOPA3PEIBA IIACTA IPU PA3PAOOTKE
MECTOPOXACHUN HEPTU. [IPUHITUITHATIBHOE
OTIIMYME JAHHOU TEXHOJIOI'MH OT TPAJAUIIMOHHBIX
METOJIOB reopusndeckux uccnegopanuil (I'MC)
3aK/II094€TCA B BOSMOKHOCTHU BECTU MOHUTOPUHT
PabOTHI IOPTOB B CKBAKUHE HA IPOTAKEHUHU
JUIMTEIBHOIO IIEPHUOAA BDEMEHMU I1PU PAJANKAJIbBHOM
YMEHBIIECHUU 33JEUCTBOBAHHBIX PECYPCOB 110
060PYIOBAHUIO U IEPCOHAITY, COKPAIIEHUU PACXO/IOB
U MOBBIIIEHHUH O€30ITACHOCTH IPOU3BOJICTBA.

PaszmenieHue TpaccepoB B HEPTIHOM IIJIACTE HA
JIOATOCPOYHBIH ITEPHO/L U ITOCTEAYIONUN AHATINS
MapKEPOB-PENOPTEPOB® HA IOBEPXHOCTHU ITOCIIE
BBIHOCA IIOTOKOM CKBA>KMHHOT'O (DJIION/]A IO3BOJIAET
BBIBECTHU YIIPABICHUE PAOOTON CKBA’KUHBI HA
Ka4€CTBEHHO HOBBIHA YPOBCHD.

BasxHOM 4aCTBIO TEXHOJIOI'MH TPACCUPOBAHMA
ABJISIETCS CHHTE3 KOMOUHAIIUIT MAPKEPOB U3
KBAHTOBBIX TOYEK, KOTOPBIXA IIPOBOAUTCS HA
OCHOBE KOMITO3UTHBIX ITIOJIMMEPOB. KBAHTOBBIE
TOYKH — 3TO HAHOKPHUCTAJLJIBL, IIOJIY4EHHBIE IIPH
IIOMOIIY KOJIJIOUJIHOI'O CUHTE3A U IIOKPBITHIE CJIOEM
4JICOPOUPOBAHHBIX TOBEPXHOCTHO-AKTUBHBIX
MOJIEKYJI, COCTOALIME U3 COTEH ATOMOB M UMEIOIINE
pasmepel 2—10 MUKPOH. KBAHTOBBIE TOYKH,
IOJIy9deMbIE METOAOM KOJUIOUAHOI'O CUHTE3A HA
OCHOBE XAJIBKOI'€HUZIOB KaJMU S, (DJIyOPECLITUPYIOT
PAa3HBIMU LIBETAMHU B 3aBUCUMOCTH OT CBOETO
pasMepa. MapKepbl-penopTepsl, CO34aHHbIE
U3 KBAHTOBBIX TOYEK, OOJIANAIOT YHUKAIBHOM
CIOCOOHOCTBIO MOIJIOMATH S3HEPTUIO B MIUPOKOM
JHMAIIA30HE CIIEKTPA U UCITYCKATD Y3KUU CIIEKTD
CBETOBbBIX BOJIH, KOTOPBIA MOKET PETUCTPUPOBATHCS
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
as well 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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OBYCJIOBJIEHO 6OIBITUM KOJIMYECTBOM BO3MOXKHBIX
KOMOHMHAIINH IPU CUHTE3€ MAPKEPOB-PEIOPTEPOB
(710 50), 4TO NO3BOJISIET UCKJIIOUNTD OIITUOKH

[IPU UHTEPIIPETAINN U OTBEUYAET COBPEMEHHbBIM
TpeboBaHusaM MI'PIT, BKJIIOUaIomeM
30 u 6onee cTagui.

Pa3nuyHbIC TUIIBI U KOMOMHAIIUHN
MapKEPOB-PEHIOPTEPOB
Pa3MepPOM B HECKOJIBKO MUKPOH
BBOJATCS B IOJTUMEPHOE
MOKPBITHE IPOIIIAHTA,
[MOCTENEHHO PA3PYyIIAIONICECs
IIPU KOHTAKTE C HE(PTHIO U
BOJIOM. TpacCUpPOBAHHBIN
OPOIIAHT JOOABISIOT K
OCHOBHOH M4CC€ OOBIYHOI'O
OPOMNIIAHTA U 3aKAYHUBAIOT KAK
PACKJIMHUBAIOMI U MaTEPUAJL
B IIACT IIPU U POPA3PBIBE
1aCTa.

B mocneayomui 4uTenbHbIN,

HE MEHEE I'oj1d, IEPHO/]

BPEMEHU IIPOUCXO/IUT ITIOCTEIIEHHOE BBIMBIBAHUE
MapKEPOB-PENOPTEPOB BOJION M HEPTHIO U UX
TPAHCHOPTHPOBAHUE ITIOTOKOM IJIACTOBOT'O
¢ron1a HA HOBEPXHOCTb. MapKEpPbI-PENOPTEPHI
BBIICJISIIOTCS U B HEPTAHYIO, U B BOJHYIO (DA3bI
MJ1IACTOBOT'O (PJIIOU/1d. DHEPTHUU MAPKEPOB
HEJJOCTATOYHO /151 IOCJIEAYIOMIErO IIEPEX0/1a

13 OJJHOU (pa3bl B IPYT'YIO IAKE IIPU YCIOBUSIX
JUIUTEJIBHOI'O HEHTPUPYTUPOBAHUS. 3AXBAYCHHBIC
OJJHOU U3 (pa3 JKHUJIKOCTHU MAPKEPBI
OCTAIOTCsI B HEH HABCEIVIA.

Taxum 06pa3zoMm, Kaxas u3 pas
IJIACTOBOT'O (PIIONA HAJIEKHO
06€CIIEYnBAETCS CBOCH ITOPLIIEH
UHJUKATOPOB.

ITpO6BI CKBAXKMHHOTI'O (QJIION/14,
B3SIThIE HA YCThE CKBAJKUHBI,

I1I0CJIE ATAIA IIPOOONOAIOTOBKH
IIPOXO/ISIT AHAIU3BI B
ABTOMATUYECKOM PEKUME
METO/IOM IIPOTOYHOM IUTOMETPUU
C IOMOIIBIO TPOTPAMMHO-
ANIapPaTHOTO KOMIIJIEKCA
JeocTinT.

MeTo OCHOBAaH HA UCCAEJOBAHUH JIUCIIEPCHBIX
CpEJl B PEKUME MTOMITYYHOI'O AaHAJIN34 SJIEMEHTOB
JIUCTIEPCHOM (ha3bl IO CUTHAJIAM CBETOPACCEAHUSA
1 (pIIyOpeCIIEHI U

IlepBOHAYAIBHO UCIIOIb3YETCS CUCTEMA
T'U/IPOUMHAMHYECKOI (DOKYCUPOBKHU B
MHKPOKAITHJUIAPHOI CHCTEME, I7IE€ 32 CYET PA3HOCTHU
JABJICHUI MEXy OOpa3liOM 1 OOTEKAIOIIE
JKHJIKOCTBIO OOECTIEYUBACTCS TPOXOK/ICHUE
MapKEPOB B IAMUHAPHOM ITOTOKE KUJIKOCTH
OOJMHOYKE 10 IIPOTOYHOM AYeHKe. [laiee
MIPOUCXOAUT OOJIYIEHUE YACTUI B )KUJIKOCTH
JIA3€PHBIM HU3JTyYCHUEM U C PETUCTPAIIUEN CUTHATIOB
CBETOPACCETHUS U (PIYOPECIEHITUN OT KAXK 0N
KBAHTOBOM TOYKH B KOMOMHAIIMU MapKePa.

IIpu HOMOIU IPOTOYHOI'O ITUTOMETPA
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Forward scatter

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, gpryopecyupyrousue 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 c6emopacceanue 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



PEruCTPUPYIOTCA HAPAMETPDI
4aCTHULL B UCCIIEAYEMOX

JKUJKOCTH C LIEJIbIO

BBIZICJICHU A KAYECTBEHHOI'O

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

JeTexTop npsaMoro
CBETOPACCEAHUS PACIIOIATACTCA
10 XO[Y JIA3€PHOI'0 J1y4d
34 IPOTOYHOU AYENKOUN U
PErUCTPUPYET U3JTYyUYCHHE
Jla3epa, KOTOPOE PACCEUBACTCA
noJ yriamu 2—19 rpaaycos.
MHTEHCUBHOCTD PACCEAHHOTO
IO/, MAJIBIM YIJIOM CBETA
IIPONOPLHUOHAIbHA PA3MEPY
yacTuLbl bojee KpynHbie
YACTHULIBI PACCEUBAIOT CBET
CHUJIBHEE MEJIKUX.

Bryrpennee cogepxxumoe
YACTHUL, OIITUYECKH HEOAHOPOAHO.
Jly4 1asepa, IpoXos CKBO3b YAdCTULLY, MHOI'OKPATHO
MPEJIOMJIAETCA U PACCEUBAECTCH BO BCE CTOPOHBI.
Perucrpanus 3Toro u3ay4eHus o3BONACT CyAUThb
0 (popme, pasMepax U BHYTPEHHEM CTPOEHHUH
YACTUIIBL.

ITosryyeHHbIE JAHHBIE UHTEPIIPETUPYIOTCA
C TIOMOIIIBIO IIPOI'PAMMHOTIO OOECIIEYEHNA U
BU3YAJTU3UPYIOTCA B BU/JIE TPA(PUKOB IIPUTOKA IO
crynensaMm I'PIT BO BpEMEHU M HAKOIJIEHHBIX JIEOUTAX
IO HE(PTU U BOJIE B KAXK/IOHM M3 CTYIICHEH.

DopCyHKa ¢ BEIXOTHBIM
nuaMeTpoM 100 MKM

Mapkep

TECTUPOBAHWE TEXHOJNIOTUN
B 2016 roay B ma6oparopuu «HTL] 'aznipomued b

ObLIa IPOBEJIEHA IPOBEPKA METOAOIOTUUECKOM

TOTOBHOCTHU TEXHOJIOTUU K IIPOBEJIEHUIO

UCCJIEIOBAHUI HA TOPU3OHTAJIBHBIX CKBAXKUHAX C

MHOTOCTYIEHYATBIM I'IIPOPA3PIBOM IJIACTA.
JIabopaTOPHBIE UCHBITAHUS TPACCEPHOM

TEXHOJIOTUH 3AKJIIOYAINCH B ONIPEAEICHUN

MEPBOHAYAIBHBIX KOHIIECHTPALIWUH IPONIIAHTA ITyTEM

AHAJIN3a MAPKEPOB-PEIIOPTEPOB U COACPIKAIU

CIELYIOLUUE ITAIIDL:

* OJII'OTOBKA U JJOCTABKA IPO6 HEPTHU U
MapKUPOBAHHOI'O IMIPOMITAHTA JIBYX BU/IOB;

* CMEMIEHUE ABYX NNPOO NPOMNMIAHTA,
MapKUPOBAHHOI'O PA3JIMYHBIMUA KOJUPOBKAMH
KBAHTOBBIX TPACCEPOB C HEPTHIO;

* OKM/JAHUE BBIJIEJIEHUS MAPKEPOB-PENTOPTEPOB
MIPONITAHTOM B HE(PTH;

* IPOGONOAIOTOBKA HEPTU C MAPKEPAMHU JJIA
PaboThI C HPOTOYHBIM IIUTOMETPOM,;

* OIpEETIEHHE TIEPBOHAYAIBHON KOHIIEHTPALIUHA
JIBYX BHJIOB IIPOMITAHTA C IIOMOIIIBIO
LUTOMETPHUYECKOI'O AHAJIN3A.

15 mpoBeeHN A TA60PATOPHBIX UCITBITAHUH
KOMITaHHUEN «[eOCIIUT» OBIN ITOJIIOTOBJICHBI IIPOODI
TPACCUPOBAHHOTO IpomnanTa ppaximent 16/20 ¢
JBYMs TUIIAMU KOIMPOBOK KBAHTOBBIX TOYEK (I'C-1 1

o

ook xamocTs ——— |

Mapxkepst

(DOTOyMHO)](HTeJIPI

JIBYXIBETHEIE 3epKana

AN

FL-2

FL-1 AT
I

I FL-3

CeetoHIBTPEL

3acoHKa J1s J1asepa

e
.

O6paboTka pe3yIbTaToB
Ha KOMITBIOTepe

Pucynox 3 — Cxema padbomst nPpomounozo 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;

e 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 IIPOBOIHIICA C UCITOIB30BAHUEM
IJIACTOBOY HE(PTH, OTOOPAHHOM C y4aCTKA
ITprUOOCKOro MECTOPOXKAECHUSL. [1J151 NCCIIETOBAHUSA
OBLJIN OATOTOBJICHBI 3 TPOOBI, KAXK/1a51 Maccor 300 T.
[TponmnaHT ¢ AByMs KOJUPOBKAMU TPACCEPOB OBbLIT
CMENIAaH B COOTHOUIEHUH, IPEACTABIECHHOM B TA0IL. 1.

ITocie cMemeHus IBYX TUIIOB TPACCUPOBAHHOTO
MNPOMNIIAHTA B JIAOOPATOPHBIE EMKOCTH OBLIA
JI06aBIEeHA HEPTD B OAUHAKOBOU MPOMOPLIUU
C IPOIMNAaHTOM IO Macce. /114 BeIAEIEHU A
MapKEPOB-PENOPTEPOB U3 OOOJIOYKU IPOITAHTA
JIaBOPATOPHBIE EMKOCTH C HE(MPTHIO U IPOMITAHTOM
OBLIIN BBIZIEP’KAHEL B TEYEHHUE 1,5 yaca npu
TEMIIEPATYPE, MAKCUMAJIBHO NPUOIHKEHHON
K macToBoi — 80 °C. ITocyie nepememuBaHusAa
JKUJIKOCTDb C PACTBOPEHHBIMHY B HEX MapKEPAMHU-
penopTrepamMu 66114 TIOMENMEHA B OTAEIBHYIO
€MKOCTB. 3aT€M ObLIA IPOU3BEAEHA IPOLIEAYPA
NPOOONOATOTOBKU — 3aMe€HA (PA3bl UCCIEAYEMON
JKHUJIKOCTHU, B KOTOPOU HAXOAUIUCh KOMOMHAIITUHN
KBAHTOBBIX MAPKEPOB. JlaHHA OIEPAIUs
BBIITOJIHSIJIACh HECKOJIBKUMU IMIOBTOPSAIOMUMUCH
IUKJIAMHU /10 TOJTHOU 3aMEHBI (Pa3bl IJIACTOBOMU
JKHUJKOCTU HA TUCTHUJUIUPOBAHHYIO BOLY.

KasxbIi IIUKJI IPOOONOATIOTOBKH COJIEPKUT B
cebe CIeyIoUHUE IPOIECCHI:

* KOHBepcud das;

* HEHTPUPYTUPOBAHUE IS OCAKAECHUA TPACCEPOB;
* puMeHenue [1AB u pacTsopureney;

* IIPONYCK (PIION/A C TPACCEPAMHU YEPES

MeMOpaHHBIE (PUIIBTPBHL

Janee ¢ nOMONIBIO ANIIIAPaTa IPOTOYHOM
LUTOMETPUHU OBLJIO BBIIIOJIHEHO O PEJEIEHHOE
KOJIMYECTBO 3AMEPOB OTHOCUTEIbHOM
KOHIEHTPALIUU TPACCEPOB B IIPOOE.

C IpUMEHEHHEM IIPOTPAMMHO-ATIIAPATHOIO
KOMILIEKCA «[€OCTINT> OBLIIN BU3YAJIM3UPOBAHBI
PE3YNABTATHI UCCIEOBAHNSA KAXKI0M IIPOOLI B BU/IE
«OBJIAKA PETUCTPALUH COOBITUM», IIPEJCTABICHHOM
Ha PUC. 4, U TPOU3BEAEHO OCPEJHEHNE JAHHBIX.

Pe3ynbTaTel TUTOMETPHUYECKOTI'O AHAIN3A
PEICTABJICHBI B TA0L 2.

Paznuia Mexy COOTHOIEHUSAMH [IBYX THUIIOB
MPOIIIAHTA, B3BEMIEHHOT'O IIEPe UCCIEJOBAHUEM
1 BBIYUCJIEHHOTO MO PE3YALTATAM IIPOTOYHON
IIUTOMETPHUH, HE TPEBBICUIA 6%, YTO TTOCTYKUIIO
OCHOBAaHMEM JIJI1 3aAKTI0YECHU S O BECbMA BBICOKOM
TOYHOCTHU METO/IA.

B ma6oparopun «'eocrint» B CKOJIKOBO ObLI
IIPOU3BE/ICH PsIJ] TAO0PATOPHBIX AKCIIEPUMEHTOB,
MO/ITBEPSKAAIOITNX BO3MOKHOCTb MOHUTOPHUHTA
MIPUTOKOB PA3JIMYHBIX UHTEPBAJIOB B
FOPU3OHTAIBHBIX CTBOJIAX CKBAKUH. C IIOMOIIBIO
J1a6OPATOPHOTO CTEH/IA OBITIO CUMYIUPOBAHO
pasMelieHuE TPONNAHTA, TPACCUPOBAHHOTO
Pa3IUYHBIMH KOMOMHAITUSAMU KBAHTOBBIX TOYEK
B CEMH 30HAX FTOPU3OHTAIBHO PACTIONIOKEHHOI'O
TPyOOIPOBO/IA C UBMEHEHHUEM PACXO/IOB 3aKAYKHU
CMeCH HE(PTU U BOJIBI, 4 TAKXKE €€ IIPOLIEHTHOI'O
COOTHOIIECHUSL.

HccnepoBaHue G610 IPOBEICHO HA OCHOBAHUU
JIBEHA/II1ATU OOPA3110B, OTOOPAHHBIX B TEUCHUE
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Taonruya 1 — Coomnowenue nponnanma
c Koouposxamu mpaccepos I'C-1 ulC-2

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

Homep . . CooTHOlIEHHE
IPOGE LGS OIS rc-1urc-2,%
Number of rsa-rclﬂ;le rgflﬁ;le Ratio
sample 8 g GS-1andGS-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.

GS-1/GS-2 GS-1/GS-2

250

200

150

100

50

50 100 150 0 50 100 150 200 250
Side Light Scattering Side Light Scattering

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".



ojgHou Hegenu. I1o pe3ynbraraM JIUarHOCTUKHY, B
COOTBETCTBUU C UBMEHECHUAMH B PACXOAAX 3AKAYKU,
OBLJIO OIIPEJIEJIEHO ITOCIEIOBATETBHOE

I1aJICHUC IPUTOKA HE(PTHU B UHTECPBAIAX 7 U 6.

B TO ke BpeMs 064 UHTEPBAJIA OTPA3HUIIH [ITIABHOE
YBEIUYEHUE JIOJIN BOABI BO (huronsie. MiccienoBanue
I POUJIIIOCTPUPOBAJIO, YTO CHUKAIOIIASACS
JAUHAMHUKA TPA(PUKA OOIIETO pacxo/a O BOAE,
IIOKA43aHHAA HA PUC. 5, CKPBL/IA YBEJIMYEHUE BOAHOM
(basel B uHTEpBAIAX 7 U 6.

MNOJIEBOE NMPUMEHEHWE

MHOIOCTaAUHHBINA YETBIPEXUHTEPBAIbHDBII
MT'PIT 66111 1POM3BEAEH B aBrycre 2014 roga Ha
T'OPU3OHTAIBHOM CKBAKHMHE OJHOI'O U3 KPYIIHBIX
MECTOPOXKAEHUI XaHTbI-MaHCUUCKOTO AO B OJHOM
U3 BEIYIIUX JOOBIBAIOIINX KOMITAHUH. B KaXXAyIO0
CTYIEHB ObIO YCIIEITHO 3aKAYaHO 35 T OOBIYHOT'O
IPOIIIAHTA U 15 T IPONIIAHTA C TPACCEPAMU
Ha KBAHTOBBIX TOUKAX. Ha oCHOBE 06paboTKHU
JaHHBIX MUKPOCEUCMHUYECKOI'O MOHUTOPUHTI'A
MTI'PIT 6bL11M 3aPETUCTPUPOBAHBI UCTOYHHUKHU
MHUKPOCEHCMUYECKHUX COOBITHI U OIIPEIETIEHBI UX

[AEBUT HE®GTU MO 30HAM, T/CYTKU
OIL PRODUCTION PER ZONE, TON/DAY

LVIK/Ibl OTEOPA NIPOB

—1 T 2cr 3 CT a4 cT Scr 7 ct e o eBcero

PACMPEAE/EHVE OBLIEFO OBbEMA AOBbIYM HE®TU MO CTYMEHAM, %

'

4cr E5cT 6cr 7ct

mlcr 2cr 3cr

Taoauua 2 — CoomnouieHue nponnanma

I'C-1 uIC-2 6 mpex npooax, usmepennoe

00 UCCNe008aHUA U NO Pe3YAbmamam
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

TOoYHOE COOTHOIIEHHE
npormnanTa I'C-1 u

COOTHONIEHHE MPOIIIAHTA
I'C-1uTIC-2 110 JaHHBIM

TC-2,% muToMeTpa, %
Measured ratio of Ratio of proppant GS-1 and
proppant GS-1uGS-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

BOAbI, M3/CYTKM

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

JAEBUT BOAbl MO 30HAM, M3/CYTKU

LWK/bl OTBEOPA NPOB
1 T 2ct Slc 4T e==5 cT 6cr Ter Bcero

PACMPEAE/IEHUE HAKOMJIEHHOTO OBbEMA BOAbl MO CTYNEHAM, %

25.7%

31.1%

Hlcr m2cr 3cr m4cr

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

KOOP/JIMHATBL, BPEMsI BO36YK/IEHH S, [TAPAMETPBI
JIOCTOBEPHOCTH, SHEPTUS KAKIOT'O UCTOUYHHUKA,
3HAYEHHUS CPEJTHUX CKOPOCTEH PACIIPOCTPAHEHUSA
CEMCMHUYECKHUX BOJIH OT BbIJIEJIEHHBIX HCTOYHHKOB
JIO TIOBEPXHOCTH. JJAHHBIE MUKPOCEHCMUYIECKOTO
AHAIN3A TIOJITBEPIK/IAIOT PA3BUTHE OGIACTH

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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MUKPOCEMCMUYECKON AKTUBHOCTHU B IIPOIECCE
oniepanyu I'PIT Ha Ka’KAOM U3 YETBIPEX MHTEPBAJIOB.

JlaHHBIE, TIOJIYYEHHBIE B PE3YIBTATE
MHUKPOCEHCMUYECKOTO UCCIEAOBAHUS,
HOATBEPAKIAIOT (DAKT T POPA3PEIBA BO BCEX
3aSBJIEHHBIX 30HAX. OJJHAKO MOCJIEYIOIIHUI
PA30BbIN CITYCK UHCTPYMeHTOB I1I'M 1ToKasail
OTCYTCTBHE JJAHHBIX OTHOCHUTEBHO UHTEPBAIA
4 11O IPUYMHE JICOUTA HHUYKE IOPOT'd AKTUBAIIUH
TypOHHBI pacxo/joMepa. TpacCcepHbIE UCCIEAOBAHUS,
[IPOBEICHHBIC ITyTEM OTGOPa 16 Ipo6 Ha
OPOTSKEHUU MECSAIA TTIOKA3AIN KAPTHUHY IIPUTOKOB
CKBa’KHHBI B IMHAMUKE, 3A(PUKCUPOBAB CTAOUJIBHYIO
paboTy MHTEPBAIA 4 B KAKJIOM U3 16 MCCIIeJOBAHUI.
1O JAaHHBIM IMATHOCTUKH BBISICHUJIOCH, UTO B
HEPUOJ UCCIEAOBAHUN HANOOIEE TPOAYKTHBHO
paboTaeT CTyIEHb 1, BBIZJaBasi CAMBIN BBICOKUI 1€OUT
O HE(PTU ITPU HAMMEHBIIIEH OOBOJJHEHHOCTH —

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

Kaxk cienyer us puc. 6, HHTEPBAI 4 IOKa3a1
XOPOHIYIO IPOAYKTUBHOCTD ITO BOZIE, BBIPA3UBIIYIOCS
B 22% OT HAKOIVIEHHOI'O J1Ie61Ta 110 HePTU. OHAKO
ITOT JKE€ UHTEPBAJI CTPAJAET CAMOM BBICOKOM
06BOTHEHHOCTHIO — 31% OT OOIIEro HaKOIIJIECHHOT'O
n1ebuTa 110 BOJIE.

B ganHOM ciy4dae, CpaBHHBAA PEZYIBTATEI
MUCCJIETOBAHUSA C JaHHBIMU NTpubopa ITI' ¢
OJTHOM TyPOHMHKON CKBA’)KMHHOTI'O PACXOIOMEPA,
NPEUMYIIECTBO TEXHOJIOI'UH B BU/IE BO3BMOKHOCTU
YBEPEHHO! PA0OTHI HE3ABUCHUMO OT PEXKUMA U
npoduiist TedeHus PJAoU/1a B CTBOJIE CKBAKIHBI.

Tabauua 3 - Humepeansl CKEaNCUHbBL
u napamempot mpeuwjunot MI'PI1,
onpeoenennvie muKpoceicmuueckum
uccneoosanuem

Table 3 — Well intervals and fracture
parameters

HHTepBaIBI CKBa>KHHEI / Production intervals
1 2 3 4

T'ny6una nmo
HHCTPYMEHTY, M 3134,3— | 3245,7— | 3343,3— | 3438,7—
31356 | 32469 | 3344,5 | 34398

Measured Depth, m

HIcTUHHAS ITTyOMHA, 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
MIPOIIAHT, T 15 15 15 15
Traced proppant, T
IIapaMeTphI TPEUIHH THAPOPA3PHIBA
Parameters of fractures

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

Fracture width, mm

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

3aKperieHHa a,
DETUICHHAA JUTHA, M 1419 110,1 86,1 86,25

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 OaHHbLX
OUAZHOCMUKU C ROMOULBIO YCMPOTICMEa
IITH u mpacceprozo uccaeoo8anusi
npumorxoe

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

HHTEepBaxbl CKBa:KUHEI / Production intervals

| | 2 | 5 [ 4 |

BHYTpHCKBAaKHHHAA JHATHOCTHKA IITH

Production logging using downhole tools
Her
Pacxo;;[ no III'Y, 3 16 16 NAHHBIX
M?/gac
No data
Dy | o | w0 | o [ 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 20,4
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
Bxkaj crynenu B
o61IuI 1e6UT”, %
sl 31% 24,6% 22,2% 22,4%
accumulated
production’, %

*Ha ocnosamuu yuraa u3 16 uccaedosaruti
*Based on study of 16 samples
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Pucynox 6 —- Humepgaan 1 nauéonee npooykmueen. Caman 8bLcoKas 00600HEHHOCMb

3agpurxcuposana 6 unmepeane 4

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

CiienyIomuil IPUBEACHHDBIN IIPUMED
YCIIELITHOI'O IIOJIEBOI'O IIPUMEHEHU A
TEXHOJIOT'MU OCYILECTBIEH HA YPEHI OMCKOM
MECTOPOXKJICHUU HA I'A30KOHJCHCATHON CKBAKUHE
c mecTucTyneH4aTeiM MI'PIL MccnemoBanme
IIPOBEJECHO HA OCHOBAHUU PE3YJILTATOB
06paboTKH 15 IPO6, B3ATHIX B TeueHUE 200 THEN.
ITpu nposeaennu I'PIT Kaxgas TpEmMuHA Obl1a
3antosHeHa 10 T TpacCupPOBAHHOI'O IIPOMIIIAHTA
C UH/IMBU/IYaJIbHBIMU KBAHTOBBIMU MAPKEPAMHU.
JanHas paboTa NO3BOINIA HAUOOJIEE TTOTHO
pPeann3oBaTh (PYHKIIUIO MOHUTOPUHTA, TAK KAK
IPO6BI OBUIN 3HAYUTEIBHO PA3HECEHDBI BO BDEMEHI.
IIpu aHATTU3E NTOKA3ATEIEH HAKOIJIEHHBIX ICOUTOB
10 HE(PTU U BOJIE 34 BECH IIEPHO]] UCCIIENOBAHUH,
MOKA3aHHBIX HA PUC. 7, HAOIIOJAETCS OTHOCUTEIBHO
paBHOMEPHAS PAab0TA BCEX CTYINEHEN, HECMOTPS HA
pOCT O6BOAHEHHOCTH B MHTEPBAIAX 5 U 6 CITyCTs
3 mecana nocsue nposeaenus I'PIT

BbIBObI
KauecTBEeHHBIA U KOJIMYECTBEHHbIN
AHAJIU3 COCTABA MAPKEPOB ITO3BOMACT JIC/IATh
OO6OCHOBAHHBIE 3aKJIIOUEHUS O PA6OTE
IPOAYKTUBHBIX 30H CKBAKMHBIL. JIJI5T KAXKJOU
crynenu I'PIT uCcrionb3yeTcst yHUKAIbHAS
KOMOUHAIUA MAPKEPOB, UTO UCKJIIOYAET
BO3MOXXHOCTb OIIUOOK UHTEPIPETAIUN JTAHHBIX.
[IprMeHEHUE TEXHOJIOI'UN Hd MECTOPOXKICHUAX

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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JEBUT HE®TU MO 30HAM, T/CYTKU
OIL PRODUCTION PER ZONE, TON/DAY

AEBUT HEGTH, T/CYTKU

LIK/Ibl OTEOPA NPOB.
SAMPLES

lcr 2cr 3cr 4cr 5CT ==——6CT @ @ @ Bcero

PACMPEJE/IEHUE OBLUEFO OBbEMA [0OBbl4M HEGTU NO CTYMEHAM, %
ACCUMULATED OIL PRODUCTION PER ZONE, %

12.0% [

2104

BMlcr W2cr M3cr “4dcr “5cr W6CT

LEBUT BOAbI MO 30HAM, M3/CYTKU
WATER PRODUCTION PER ZONE, TON/DAY

LVIK/Ibl OTEOPA NPOB.
SAMPLES

lcr 2cr 3cr dcr Ser 6cr o Bcero.

PACIMPEJE/IEHUE OBLIErO OBbEMA BO/bl MO CTYMEHAM, %
ACCUMULATED WATER PRODUCTION PER ZONE, %

WMlcr W2crt W3ct mdcr B5ct W6cCT

Pucynox 7 — Je6umusi no nedpmu u 600e no wiecmu uHmePEanam 2a30K0H0EeHCAMHO CKEANCUNHDL

Ha YPeHnzotickom mecmopoicoeHuu

Figure 7 — Intervals’ production rates and cumulative production

BEAYIIUX POCCUICKUX JJOOBIBAIOMNX KOMITAHUI
B 2016-2017 roiax moKasaJio, YTO IO CPABHEHUIO
cO CHYCKOM I/IHCTpYMCHTOB B CKBQ)KI/IHY C
THOMOIIBIO KAPOTAKHOTO 060pyaoBanus u 'HKT
JULSL 3AIIUCU JTAHHBIX 10 PACXO/IaM U TEYCHUIO (a3
IJIACTOBOT'O q)JIIOI/I,ZIQl 10 BCCMY CTBOIIY CKBa XK1 HBbI
TPACCEPHBI MOHUTOPUHT O0JI2/1A€T CAEYIONUMU
IIPEUMYIICCTBAMM:

e paboTa B TEUYECHHE JJIUTEIBHOI'O BDEMEHHU C
(HOPMUPOBAHHUEM TUHAMUYHON KAPTHUHBI
[IPOUBBO/IUTECIBHOCTH KAKJJOTO U3 UHTEPBAJIOB
CKBAKMHBIL, B OTIIMYUE OT OJJHOPA30BON
KAPOTAXHOM OllEPALUH;

* MEHBIIIAsl PECYPCOEMKOCTD U, KAK CJICJICTBUE,
MCEHbBIIIASI CTOUMOCTD I/ICCJIC,[IOBZIHI/Ifl;

* YBEPEHHAs Pa60TA B yCIOBUSX, KOT1A
TPagUITNOHHBIC BHYTPHUCKBAKMHHBIC
KAPOTAKHBIC OIICPAITUH HCBO3MOKHBI U1
OCJIOKHCHBI.

TpaccepHas TEXHOIOI' UL, OCHOBAHHAS HA
KBAHTOBBIX TOUKAX, [IO3BOJISIET PEIIATH P/
AKTYaJIbHBIX 32/1a4, TAKHUX KAK:

* OLICHKA IPO(MUIISI IPUTOKA CKBAYKUHBI ITIOCJIE
MIPIT;

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

® OIITUMMU3AIINA TEXHUYCCKUX pCH_ICHI/Iﬁ 10
3aKAYMBAHWIO CKBAKMH HAd PAHHUX CTAJUAX
Pa3paboOTKU MECTOPOXK/ICHUS,

48 Ne 2 (060) Hiomb,/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 NTOTEHIIUAJIBHOIO JIOJITOCPOYHOTO
U3BJICYCHUS (PIIOU/2;

* pa3BepHyTas UH(POPMALIUSA JIIS AHAIU3A
B3AMMHOTI'O BJIUSIHUS COCEIHUX CKBAKUH.

3AKJTIOYEHUE

IIprMEHEHNE TEXHOIOIUH OCOOEHHO
3(PPEKTUBHO NIPU PAHHEN JUATHOCTUKE
OO6BOJJHEHHOCTHU CKBAKHWH, YTO TTO3BOJISIET
MHPABUIBHO BBIOPATH HOAXOAAINIYIO TEXHOJOTUIO
PEMOHTHO-BOJIOU3OJIILIUOHHBIX PA6OT,
ONEPATUBHO IPUMEHUTD €€ U ONITUMHU3UPOBATH
JIeO6UT CKBAKUHBI 11O HePTU. [Ipobaema
O6BOJJHEHHOCTHU BECHMA AKTYaIbHA JIIS
POCCUUCKUX MECTOPOXKIEHUN, IJIE TOJIBKO /10
30% CKBAKUH JOCTUI'AIOT IPOECKTHBIX 3HAYCHUI
no Hedpreotnave. Takxke 3PPEKTUBHOCTD
BOJIOM3OJIAIIMOHHBIX U PEMOHTHBIX Pa0OT HE
npesbiiraeT 60%, U OJHOM U3 KITIOYCBBIX ITPUYUH
ABJISIETCS OTCYTCTBUE JOCTYITHBIX M TOYHBIX
METOLOB JUATHOCTUKH.

TexXHONMOrnu TPACCUPOBAHUS AKTUBHO
PAa3BUBAIOTCA MHOCTPAHHBIMU KOMITAHUSAMMU.
Hanpumep, OfUH U3 aJIbTEPHATUBHBIX BADUAHTOB
TEXHOJIOTMU TPACCUPOBAHUSA IIOAPAZYMEBACT
NPUMEHEHNE TAK Ha3bIBaeMbIX JJHK-Tpaccepos,
PACIIONIOKEHHBIX HENOCPEACTBEHHO B CKBAKMHE,
B KOMITOHOBKE OOCa/THOM KOJIOHHBL

Opnako npoussoacTso JJHK-Tpaccepos
TPEOYET CO3JaHUA JJIMHHBIX TOJTUMEPHBIX
MOJIEKYJI, COCTOAIIMX U3 IIOBTOPAIOIUXCS
OJIOKOB — HYKJICOTHU/IOB. TpebyeTcs CHHTE3
YHUKAJbHBIX U HETTOBTOPHUMBIX MAPKEPOB /1A
Ka’KJJOM ONEPALINH, YTO BJICUET YBETUYECHUE
BPEMEHU MTOJTOTOBKH U CTOUMOCTH
uccnenosanud. [Ipu pasMeneHny MapKepPOB B
CKBA’KMHE, B KOMIIOHOBKE OOCAaJHOM KOJIOHHBI,
TPeOyeTCAa MPOEKTUPOBAHNE U U3TOTOBJIEHUE €€
KOMIIOHEHTOB IO/ KAXK/YI0O KOHKPETHYIO 30HY
NPUTOKA. TAKOE TEXHUUYECKOE PENMIEHUE JICTAET
KK yI0 CKBAKUHY MHJIMBH/IYAJIbHBIM IIPOEKTOM,
KOTOPBIXA MOJPA3yMEBAET MHOTOKPATHOE
YBEJIMYEHUE BPEMEHU U CTOMMOCTH OTIEPALUML.

Jns o6ecrieyeHnss PyHKITMOHUPOBAHU S
TPACCEPHOI TEXHOJIOTUU TPEOyETCA
3HAYUTEIBHOE KOJIMYECTBO ITIOJIMMEPHOIO
BEIECTBA, COAEPKAIETO MHANKATOPDL
HeJb3s HE OTMETHUTD, YTO IIPU PA3MEIIEHUN
MATEPHAJIOB C TPACCEPAMH B KOHCTPYKIIUNA
06CaTHOM KOJIOHHBI IJIOMA/Ib KOHTAKTA MEXK/Y
IJIACTOM M CKBA’KMHOM CHUIKACTCSL, YTO MOXKET
OK43bIBATb BJIMSTHUE HA ICOUT CKBAXKUHBL. [TO
CPABHEHUIO C CyHIECTBYIOUIMMHU TEXHOJIOI USMU
IIPEUMYIECTBA PA3MEIIECHUS TPACCEPOB B
packimnHusalonem marepuaae MI'PIT — ato
YHUBEPCAIBHOCTb U OTHOCHUTEJIbHAS IIPOCTOTA
B IIPUMEHEHUH, HE TPEOYIONAs 3HAUUTEIbHBIX
OPraHU3aIMOHHBIX YCHUJINI CO CTOPOHBI
3dK4A34YHKaA U HHH.HI/IpOBHHI/IH Ha paHHI/IX Tanax
JKU3HU CKBAKUHBI, TAKUX KAK CIIYCK 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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KOJITIOOMHI'OBBIE TEXHOJIOI'UHU
B PYII JIpomn3BoaCTBEHHOE

oobequHeHUE «beopycHeDTh»

Coiled Tubing Technologies in RUP
Production Association “Belorusneft”

A.H. KOBEII, Ha4aIbHHK Y94CTKA IO IOBEIIICHUIO He(dTeoTnauu nmiaacToB YITHIIuPC PYII J10 <bexopycHedTH>

TEXHOJIOT'MU

A.KOBETS, director of enhanced oil recovery department in RUP PO “Belorusneft”

Ko/TIOOUHI'OBBIE TEXHOIOTIUH B PYTIT
«[IpONU3BOICTBEHHOE OO'bEJUHEHME «BeIOpyCHEDTD>
npumMmeHsaoTca ¢ 2007 ropa. B Hacrosmee Bpems
33/IEICTBOBAHBI [IBE€ KOJITIOOMHI'OBBIEC YCTAHOBKH.

[1epBO¥ KOITIOOMHI'OBOH YCTAHOBKOI, KOTOPAsA
ObL1a TPUOOPETEHA KOMITAHUEH, CTAId YCTAHOBKA
TsKes0ro kinacca MK30T npoussojcrsa C3A0
«PHIMAIII> HA TIOJIYIIPULIETIE C MAKCHMAJIbHBIM
TSTOBBIM YCHJIMEM UHIKEKTOPA 36 TOHH U €eMKOCTBIO
yama HamoTku 7yt THKT auamerpom 60,3 mm 3200 M.
ManimHa TsKEJIOTO K14CCa 6bl1a BBIOpAHa C
MPUIIEIOM HA BBIIIOJITHEHHUE HE TOJBKO CTAH/IAPTHBIX
OIIEPAIINI, HO U 60JIEE CIOKHBIX PAOOT, TAKMX KAK
HAIIpaBJICHHOE OypEHUE.

Coiled tubing technologies
in RUP Production
Association “Belorusneft” are
applied since 2007. At present
time company operates two
coiled tubing units.

The first coiled tubing unit
that was acquired by the
company was heavy-class
unit MK30T manufactured
by FIDMASH on a semitrailer
truck with the maximum
injector pull capacity 36 tons
and reel capacity for 60.3 mm

Bropas ycranoska MK30T npousBoacTBa diameter coiled tubing —
C3AO «PMJIMAII> OTHOCUTCA K CPEIHEMY KJIACCY, 3200 m. Heavy-class unit
6asupyercsa Ha maccu M3KT (10x10), umeer was chosen for conducting complex operations such as
MAaKCHUMAJIbHOE TAI'OBOE YCUJIME MHKEKTOPA 27,2 TH directional drilling, along with standard operations.
eMKOCTB y3s1a HaMOoTKu 'HKT guamerpom 38,1 Mmm The second unit MK30T manufactured by FIDMASH
5500 M. DTa yCTAHOBKA ObLIA IPUOOPETEHA is a medium-class unit, based on a chassis M3KT (10x10).
HETIOCPENCTBEHHO IS BBITOJIHEHMA CTAHIAPTHBIX This unit is characterized by the maximum injector pull
BH/JIOB PabOT. capacity 27.2 tons and reel capacity for 38.1 mm diameter

OCHOBHO¥ OOIACTBIO IPUMEHEHUS coiled tubing — 5500 m. This unit was acquired for
KOJITIOOMHI'OBBIX TEXHOJIOIMH B KOMITAHUH HA performing standard operation types.

HAYAJIBHOM 3TAIIE ABJIAINUCH CIEAYIONUE PAOOTHL: At the early stage, the main field of application of coiled

* MIPOMBIBKU I'MJIPATHO-NIAPA(PUHOBBIX IIPOOOK; tubing technologies was the following operations:

* 06paOOTKU NPHU3A60MHBIX 30H (IIPEXKIE BCETO, ¢ Cleanout of hydrate-paraffin blockages,

COJISTHOKUCJIOTHBIC); * Bottomhole zone treatment (in the first place,

* OCBOCHHE CKBAKIH; hydrochloric treatment);

* OTMBIB ITPOIIIaHTa r1ocie I'PIT; ¢ Well stimulation;

* HOPMaJIN3AIIMs 32005 CKBA’KHH. » Proppant cleanout after hydraulic fracturing;

Ha HoBOM 3Tane oCBOeHUA
KONTIOOWMHTOBBIX TEXHOJIOIUH
«benopycHedTh» nIepenia K 6oee
CJIOKHBIM paboTaM. B JaHHBIF MOMEHT
KOMIIAHUSA UMEET OIBIT HAIIPABIEHHOI'O
KOJITIOOMHI'OBOI'O Oy PEHMS OTKPBITHIX
KOPOTKUX OOKOBBIX CTBOJIOB,
MHOI'03200MHBIX CKBAKHH, OYpPCHU S
TOPU3OHTANBHBIX CKBA’KHH C YIIPABJIEHUEM
3260MHOI'O J1aBJICHU S, 3A0ypPUBAHUS
OOKOBOT'O OTBETBJIEHUSA B OTKPBITOM CTBOJIE
CKBAKMHBI 6€3 OIIOPHI Ha 320011.

Bcero BoinosiHeHo 6ypenue 1179 m
MEXKCOJIEBBIX KAPOOHATHBIX OTJIOKEHUI
AuamMeTpom 83—92 MM HA CEMU CKBAXKUHAX:

* OypeHUE MHOI'O3400MHBIX CKBAKIH;
* OypeHUE KOPOTKUX OOKOBBIX CTBOJIOB;
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* OypeHUE KOPOTKUX OOKOBBIX CTBOJIOB C
YIPaBAECHUEM 3200MHOIO JJABIEHUS,

* OypEHUE FOPU3OHTAIBHOIO OTKPBITOI'O CTBOIA
CKBaKHHBI C YIIPABIEHHUEM 3200MHOIO JABJICHUS.

TexXHONIOTruA HAIPABIEHHOT'O KOJTIOOMHI'OBOT'O
OypEHUS TOAPA3YMEBAET UCIIOJIb30BAHUE
KOJITIOOMHI'OBOM YCTAaHOBKH, OCHa1meHHOU 'HKT ¢
3aIPABJICHHBIM T€O(PU3NYECKUM KAOEIEM.

J17151 KOMITOHOBKY HHU34 OYPHUJIBHON KOJIOHHBI
(KHBK) nnpuMeHsAeTCsa CUCTEMA HAIIPABJICHHOI'O
6ypenust CHB 89-76M mpon3BozCTBA 6E€TOPYCCKOTO
npepnupustusa C3AO <HosuHKa». U3Mepsemble
mapameTpbl CHB 89-76M 110 KabeTbHOMY
KAaHAJIY CBSI3U NEPEIAIOTCA HA IOBEPXHOCTD, I7IE
BBITIOJTHAETCS KOHTPOJIb U YIIPABJIEHUE TEXHOIOTUEN
KONTIOOUHTOBOrO 6ypenus. [IpuMenenue
CHB 89-76M 1103BOJISICT KOHTPOIHUPOBATH B
PEXKUME PEAJIBHOT'O BPEMEHU YIVIOBBIE U PEKUMHO-
TEXHOJIOTUYECKHE MTAPAMETPHI OYPEHU S, JTAHHbBIE
0 3260HBIX YCJIOBUAX PAOOTHI KOMIIOHOBKH, 4
TAKIKE 10 FAMMA-KOPOTAXKY BBIIIOJTHATH IIPUBA3KY
MOJIOKEHUA KOMIIOHOBKH K I'€OJIOTUYECKOMY PA3PE3Y
CKBAKWHBI.

Lenbio mpoBeIeHUA PAOOT ABIANIOCH:

 rtecruposanue CHBE 89-76M;

* O0TpabOTKA TEXHOJOTUU OYPEHUA OOKOBBIX

CTBOJIOB U MHOT'O3a00OMHBIX CKBAKH1H;

* OTPabOTKA TEXHOJIOI'MH OYPEHUS Ha ICIPECCUN
(pasHoBecun) ¢ npuMmenenuem ['CXK;

* OTPabOTKA TEXHOJIOI'UHU 3A0yPUBAHUSL
OTBETBJIEHUSA B TOPU3OHTAJIBHOM CTBOJIE
CKBAXKMHBI 6€3 OIIOpHI Ha 320601

* HCKJIIOYEHHE ITOVIOIEHHA OYPOBOI'O PACTBOPA,
I @EepEeHIIAIbHBIX [IPUXBATOB UHCTPYMEHTA;

* YBEJIMYEHUE 30HBI JPEHUPOBAHUA
MPOJYKTUBHOI'O IIACTA.

11 mpoBeieHns PadoT IO HATIPABIEHHOMY
KOJITIOOMHI'OBOMY OYPEHHIO OBbLJI IPUMEHEH
KOMILJIEKC BHYTPHUCKBAKMHHOI'O U HA3EMHOTO
060PYIOBAHMA B CJIEYIOIIEM COCTABE:

* KOJITIOOMHI'OBAs yCTaHOBKA MK30T;

* IIPOTHUBOBBIOPOCOBOE OOOPYJOBAHUE;

e THKT puamerpom 50,8 MM, OCHAILIICHHASI

reoU3UIECKUM Kabesiem;

* CHUCTEMA HAIIPABJIECHHOI'O OYPCHUSA
(CHB 89-76M);

* BUHTOBOI 3A00MUHBIN IBUT'ATE/Ib;

* (ppes-ponoro BUT-92.

MaxCcuMabHAS NPOTKEHHOCTD ITPOOYPEHHOTO
CTBOJIA CKBA’KUHBI COCTABHIIA 268 M. Cpe/iHsist
MEXAHUYECKAsI CKOPOCTh OYPEHHS HA PEIIPECCUHU
ObL1a paBHA 1,4 M/4. CpeiHASA MEXAHUYECKAS
CKOPOCTb OYypEHUs HA JCIIPECCUN (PABHOBECHH)
PaBHANACH 2,2 M/4. CpeAHHUI OTXOZ OT OCHOBHOI'O

BUT-92 O6paTHbIit Moaynb
KnanaH opueHTaLun

PasbeguHutens
v KnanaH
LIMPKYNSILMOHHBI

/ Mopgynb
B3 OpwueHTaTtop Harpysku

* Bottombhole cleaning.

At the new stage of application of coiled tubing
technologies Belorusneft turned to complex operations.
Currently the company has the experience of directional
coiled tubing drilling of short openhole sidetracks,
multihole wells, drilling horizontal wells with bottomhole
pressure control, drilling lateral hole in the openhole
wellbore with no slack-off on the bottomhole.

In total, the company performed drilling of 1179 meters
of inter-salt carbonate deposits in seven wells with
83-92 mm diameter:

* Drilling of multihole wells;

* Dirilling of short sidetracks;

 Dirilling of short sidetracks with bottomhole pressure
control;

 Dirilling of horizontal openhole wellbore with
bottomhole pressure control.

Technology of directional coiled tubing drilling implies
the application of a coiled tubing unit equipped with CT
with logging cable inside.

Directional drilling system SNB 89-76M manufactured by
Belorussian company Novinka was used as a bottomhole
assembly (BHA). Measured parameters of SNB 89-76M was
transmitted through cable channel to the surface where
coiled tubing drilling is controlled and operated. The
application of SNB 89-76M provides real-time control of
angle, operation mode drilling parameters and bottomhole
conditions. Also, this system makes possible to establish
correlation between BHA location and geologic log
according to gamma-logging.

The purposes of the operation were:

¢ Testing of SNB 89-76M;

 Testing of technologies of sidetracking and drilling
multihole wells;

¢ Testing of technology of underbalanced drilling with
gas-liquid mixture;

» Testing of technology of drilling sidetracks in
horizontal wellbore with no slack-off on the
bottomhole;

¢ Elimination of mud losses and differential sticking of
tools;

¢ Enhancement of formation drainage area.

In order to conduct directional coiled tubing drilling the
company applied a set of downhole and surface equipment
as follows:

¢ Coiled tubing unit MK30T;

e Well control equipment;

* 50.8 mm diameter CT with logging cable inside;

« Directional drilling system (SNB 89-76M);

* Downbhole drilling motor;

» Milling bit BIT-92.

JIyHOUHBbIN
coeavHUTENb

KpaH
LIapoBbIi
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TEXHOJIOI'MI

CTBOJIA CKBAJKUHBI COCTABUII 60 M.

ITo/my4eHHBIE PE3YIBTATHI PA6OT OLIEHEHBI KAK
HepPCreKTUBHBIE. KOMIIaHMSA HAMEPEHA TPOJOIKATh
PAa3BUTHE TAHHOM TEXHOJIOTHH.

[TapajlyIeIbHO BBIMIEYKA3aHHBIM PA0OTAM
cnenuanuctamu PYIIT 10 «BenopycHedTb»

OBLII IIPOBEIEHEBI ONTBITHO-ITPOMBICJIOBBIE
UCIBITAHUS TEXHOJIOTUU (PPEIEPOBAHUS IIAPOB U
cenest Myt MI'PIT MHOTrOCTaIUHHON KOMIIOHOBKU
Tumna StageFRAC ¢ npuMeHEeHNEM CUCTEMbL
HanpasiaeHHOro oypenwust CHB 89-76M

B TOPU30HTAJIbHON CKBAKUHE.

Lles1bIo IPOBEIEHUA 3TUX UCIIBITAHUI ABJIAIACH
OTPabOTKA TEXHOJIIOTUU (PPEIEPOBAHUS IIIAPOB U
cenes mypt MITPIT Ha THKT B rOpyU30HTAIbHOM
CTBOJIE CKBAXKUHBI C TPUMEHEHUEM MOAYJIEN
cuctembl CHB 89-76M miponsBojzicTBa C3A0
«HoBHMHKa».

s ppesepoBaHus mapos U ceaen Myt MI'PTI
OBLI IPUMEHEH KOMIUIEKC BHYTPUCKBAKUHHOTO
U HA3€EMHOT'O OOOPYAOBAHUSA, UCIIOJIb3YEMOT'O
B TEXHOJIOTMU KOJITIOOMHIOBOI'O OyPEHMS, HO B
HECKOJIBKO U3MEHEHHOM COCTABE. /1714 IETAJIBHOTO
KOHTPOJIA HATPY30K HA pa6OYNI1 MHCTPYMEHT
B KOMITOHOBKY ObLJI BKJIIOYEH MO/IY/Ib HATPY3KH,

Ha CJIy4ad aBApUITHOM CUTYALMH B KOMIIOHOBKY
TAKKE ObLI BKJIIOYEH PA3bEAUHUTENb ABAPUAHBIIL
Cama paboTa BBIIOJIHAIACHh HETOCPELCTBEHHO C
MOMOIIBIO BOIHYTOI'O TOPIIEBOTO (ppe3a.

B cocTaB KOMIIOHOBKH BXO/UJIH:

* KOJITIOOMHI'OBAs yCTaHOBKA MK30T;

* NIIPOTHUBOBBIOPOCOBOE OOOPYIOBAHUE;

e THKT puamerpom 50,8 MM, OCHAIIICHHASI

reoU3UIECKUM KabesieM;

* MOJYJIH CUCTEMBI HAIIPABJIEHHOT'O 6ypEHUA
(CHB 89-76M) — pa3beJUHUTECIb X MO/YIIb
HAI'PY3KHY;

* BUHTOBOI 3A00MUHBIN IBUT'ATEIIb;

* TOpPLOBBIA ppe3 3DP3B-93.

Pa6oTh! ObLIIM PA3/I€IEHBI HA HECKOJIBKO 3TAIIOB.

1. IToAroTOBKA HA3EMHOI'O U YCTHEBOI'O
O60PYJOBAHUSL, MOHTAXK U OOBA3KA
KOJITIOOMHI'OBOM YCTAHOBKH.

2. UccnenoBanue (Pa3psjKa) CKBAKUHBI,
3a110JIHEHME 30HbI Ne 5 (mydra I'PIT oz map
Ne 5) MI'PITIICKT.

3. Iepesog HKT 89 MM Ha KTJK ¢ npuMeHEHUEM
OA’BEMHOTIO arperara, cmena HKT puamerpom
89 mm na HKT guamerpom 114 Mm.

4. Iepesog HKT puamerpom 114 MM Ha 6ypOBOH
pacrsop Tuna bPIT, ¢ppeseposanue mydT MI'PIT
c nomo1pio CHDB B pexxume enpeccuu Ha
POAYKTOBBIM ILJIACT.

5. 3aKayka B IOTANHYIO KOJTOHHY MTPIT tuamMeTpom
114 mm ITICIKT, nepesoa HKT quamerpom 114 mm
Ha KTK.

6. CITyCK BOPOHKH C IYCKOBBIMU Mypramu Ha HKT
JHUAMETPOM 73 MM, OCBOCHUE CKBAKHHBI.

PaboTHI 11O (PPE3EPOBAHUIO HIAPOB U Cce/ie/I MyPT
MTPII 661711 BBIIIOJTHEHBI yCIIEIHO. K UX pe3yabTraTam
MOKHO OTHECTH:

e CIIPUMEHEHUEM KOJITIOOMHI'OBOT'O
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The maximum length of a drilled wellbore was 268 m.
The average overbalanced drilling rate of penetration
was 1.4 m/hr. The average underbalanced drilling rate of
penetration was 2.2 m/hr. The average horizontal reach
was 60 m.

Results obtained were evaluated as perspective. The
company intends to keep up the development of these
technologies.

Along with abovementioned operations specialists of
RUP PO Belorusneft conducted pilot testing of technology
of milling MHF balls and sleeves of Stage FRAC multistage
assembly. The operation was conducted in a horizontal
well Ne 310g at Rechitskoye oil field with the application of
directional drilling system SNB 89-76M.

The purpose of this pilot testing was to test the
technology of milling MHF balls and sleeves in a
horizontal wellbore using CT with SNB 89-76M modules
manufactured by Novinka.

In order to conduct milling of MHF balls and sleeves the
company applied a set of downhole and surface equipment
used for coiled tubing drilling. But this time the set was
slightly different. It was decided to put away orientation
tool and include load module. Also it was decided to
include a disconnect tool. The milling was performed with
a face milling bit.

The components are as follows:

Coiled tubing unit MK30T;

Well control equipment;

50.8 mm diameter CT with logging cable inside,
Modules of directional drilling system (SNB 89-76M) —
disconnect tool and load module;

Downhole drilling motor;

Face milling bit 3F3V-93.

The operation was divided into several stages.

1.

5.

6.

Preparation of the surface and wellhead equipment,
assembling and connecting of the coiled tubing unit.

. Well testing (discharge), filling MHF zone Ne 5 (HF

sleeve for a ball Ne 5) with polysaccharide killing fluid.

. Filling tubing 89 mm with heavy-salt killing fluid using

workover truck, replacement of 89 mm tubing with
114 mm tubing.

. Filling tubing 114 mm with drilling mud,

underbalanced milling of MHF sleeves using SNB.
Pumping into MHF liner with 114 mm diameter, filling
tubing 114 mm with heavy-salt killing fluid.

Run in hole of a re-entry guide with gas-lift valves on a
tubing 73 mm, well stimulation.

Milling of MHF balls and sleeves was performed
successfully. The results as follow:

Underbalanced milling of MHF balls and sleeves
was performed using coiled tubing equipment
(underbalance pressure - 5.5 MPa).

The application of SNB 89-76M (disconnect tool
and load module) during milling provided real-time
monitoring of milling parameters and bottomhole
pressure.

4 MHF sleeves were milled (MHF zones Ne5 — No2).
The average speed of milling MHF balls and sleeves
(made of composite material) using inverted face
milling bit was 0.23 m/hr.

Drilling fluid density was 750—1060 kg/m3. Inflow of
gaseous oil was detected during operation.



060PYIOBAHHUS BBIIIOJTHEHO (PPEZEPOBAHUE There was a problem with installing logging cable cé)
mapos u cesen mydt MI'PII ¢ renpeccuer Ha inside the CT. At early stages this problem was solved by @)
IIPOAYKTOBBIN ILIACT (YPOBEHD ACIIPECCUU unreeling the whole length of CT into the wellbore with @)
2,5-5,5 MIIa). the following installation of a cable inside the CT. That was =

¢ TIpumensiembie Moy CHB 89-76M a time-consuming process. Starting from 2014, Belorusneft ©)
(pazpeAMHUTEIID U MOAYJ/Ib HAIPY3KU) IIPU performs operations with a special set of equipment Z
dppeseposannu mypT MI'PIT no3sonuim for installing logging cable inside the CT. This set of 5
BBIIIOJTHUTB PAOOTHI C KOHTPOJIEM PEKHUMHO- equipment provides installation of logging cable inside the m
TEXHOJIOT'MYECKUX NAPAMETPOB (PPE3EPOBAHUSA CT spooled on the reel. =
U 32001HOTO IABJIEHUS B PEKUME PEATIBHOI'O Starting from 2013, the company successfully conducts
BPEMEHHU. pilot testing of a unique SKIF® technology aimed at

* BpInosHEeHO (PpPE3EPOBAHUE YETHIPEX MY(PT enhancement of drainage area in heterogeneous low-
MTI'PIT (30HBI Ne 5 — Ne 2 I'PIT). permeability reservoirs and oil recovery factor.

* CpenHsas CKOPOCTh (PPE3EPOBAHMSA MIAPA U CEIIA
My TBI MI'PIT (BBITTOJITHEHHBIX U3 KOMIIO3UTHOTO
MaTepPHaIA) C IPUMEHEHUEM BOTHYTOI'O
TOPIIOBOT'O (ppe3a cocTrasmiia 0,23 m/4.

* B KkauecTBe 6ypOBOro pacTBOpa NpuMeHsacs bITP
ITIOTHOCTBIO 750—-1060 Kr/M3. B riporiecce paboT
HAOIIOAJICS IPUTOK I'A3UPOBAHHON HE(PTU.

I1pu BEINOTHEHNH PabOT BO3HUKJIA TPOOIEMA

ocHaeHus 'HKT reodpusndeckum Kabeaem.

Ha nepBbIX Tanax JaHHASA IPOOIEMA PEIIATACH
METO/IOM BBIMOTKU BCEH JUIMHBI TPYOBI B

CKBAKMHY C IIOCIEAYIOLIEH 3aIIACOBKOM Ty1a
Kabe1s, 94TO ABJISJIOCh OUEHD TPYAOEMKHUM
nporeccoM. C 2014 roga «benopycHe(PTH> UMEET
BO3MOXXHOCTbD BBIITOJTHATH PAOOTHI CO CIIEIIUATIBHBIM
KOMILJIEKCOM OOOPYIOBAHUSA JIJIs1 OCHAIEHU

I'HKT reodusndeckum KabeaeMm. DTOT KOMIIIEKC The method is based on
MHO3BOJIAET OCHACTUTD T€O(PUUIECKUM KaOeJIeEM creating of radial deep-
nosiocTb 'HKT, HaMOTaHHOI HA 6apabaH. penetrating filtration

C 2013 rosa B KOMIAHUHU YCIIENTHO OCBAUBAETCS channels in productive
YHUKaIbHAA TeXHONorusa CKMU®®, nanpasieHHas reservoir interval in
Ha YBEJIMYEHHE OXBATA HEOJHOPOHBIX producing wells for

enhancement of reservoir
= fluids filtration area. Deep-
*. penetrating filtration

HU3KOIPOHUIIAEMBIX IVIACTOB BBIPAOOTKON U
HOBBIIIEHNE KOI(DPUIITNEHTA HEPTEOTAAUH IIJIACTOB.
MeToza OCHOBAaH Ha (POPMHPOBAHNH HA

JIENCTBYIOMMNX CKBAKUHAX B UHTEPBAJIE ‘ 3 : channels are created by
MPOYKTUBHOT'O KOJIJIEKTOPA CUCTEMBI PA/TAATBHBIX ‘ o ' ‘ jetting after milling holes
[TyOOKOMPOHUKAIONUX KAHAJIOB (PUABTPAITUN in production casing. The technology uses a special set
JULSL YBEJIMUCHUS TUIONAIN (DUIBTPAIITUHN of downhole equipment and a special coiled tubing unit
MIACTOBBIX (DIIIOUJIOB K CTBOJIY CKBAXKUHBI. SVPL
[1Ty6OKOITPOHUKAIOIINE KAHABI (PUIBTPALIUN Schematic diagram demonstrates the process of creating
CO3/4AI0TCH ITYTEM I'HJIPOMOHHUTOPHOI'O PA3MBbIBA of a system of branched drainage channels with length
[1J12CTA NOCJIE PPE3EPOBAHUS OTBEPCTUN B up to 100 m at different levels in determined directions in
AKCIUIYATAIIMOHHOM KOJIOHHE C IPUMEHEHHUEM order to enhance drainage area. The deployed bottomhole
CIIEIIUATIBHOT'O KOMIIJIEKCA BHYTPUCKBAXKUHHOT'O assembly is controlled at the surface. This BHA is deployed
060PYIOBAHUSA U CHELTUATIBHOM KOJITIOOUHIOBOH at production string depth where it mills several holes. The
ycTanoBku CBITI. next step implies using coiled tubing unit with a 12.7 mm
Ha cxeMe oKa3aH NPOIECC CO3JAHUS B diameter CT, a jetting hose and a jet nozzle that runs

WHTEPBAJIE TPOAYKTUBHOI'O KOJIJIEKTOPA
CUCTEMBI PA3BETBIEHHBIX JIPEHAKHbIX KAHAJIOB LTI Kae : KonTiobuHroBas Tp
NPOTAKEHHOCTHIO 10 100 M HA pa3HBIX YPOBHAX B HenpoHMLiaeMbili PORNAcToK
33/IAaHHBIX HAIIPABJIECHUAX JJI1 YBEIMYEHUA OXBATA
U IUIOI AU (PUIBTPALIUH IIJIACTOBBIX (DIION/IOB

K CTBOJIY CKBAKUHBL CITyCKaeMast KOMITOHOBKA [ : " -
YIOPABIAETCSA ONIEPATOPOM C YCThA. DTA KOMIIOHOBKA Henpokuiaewti SRERIERES
YCTAHABIMBAETCSA HA IKCILUIYATALIMOHHOM KOJIOHHE,
I7e JeJiaeT HECKOJIBKO OTBepCTUil. Ha cienyromem
3Tane padboT UCIIOIb3YETCA KONTIOOMHIOBAA :
YCTAHOBKA, ocHameHHas THKT guamerpoM 12,7 mm, HenpoHuL,aembIl mponnacTok

Mnact-konnekTop

nﬂaCT—KOﬂﬂeKTOp
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Pa3MBIBOYHBIM PYKABOM M I'MJIPOMOHUTOPHON
HACAJKOH, KOTOPAs, IPOXO/ISl UEPE3 IPOCBEPICHHBIE
BHYTPHUCKBAXKMHHON KOMIIOHOBKOM OTBEPCTHA,
BBITIOJIHSET PA3MBbIB (DUJIBTPALTMOHHBIX KAHAJIOB.

3a nnepuop oTpadboTku TexHonorun CKMUO® na
MECTOPOXACHUAX Berapycu CIenuaaucTaMu
KOMIIAHUHU OBUIN IPOBEJICHBI PA6OTHI M BBITIOJTHEHO
18 CKBaKMHO-ONEPAIUI, Pa3MBITO 152 (pUIbTpa-
LIMOHHBIX KaHA4J14, U3 HUX Ha 118 KaHamax
JKHJIKOCTBIO PA3MBbIBA CJIYKUJIO JU3ETBHOE TOILIHBO
U Ha 34 KAaHAJIAX — TEXHUYECKAS BOJA IJIOTHOCTBIO
1000-1050 Kr/m>.

DUIBTPALIMOHHBIE KAHAJIBL, PA3MBITBIC
TEXHUYECKON BOJIOH, TAKIKE ObLIN OOPAOOTAHBI
pactBopoM constHOU KUCIOThL (HCI). Pa6oTs! Ha
06'bEKTAX BBITIOJTHIINCH B 06bEME OT OJHOI'O /IO
BOCBMHU YPOBHEU, TPU 3TOM CO3/1ABAJIOCH OT JIBYX JJO
MIECTHAAIATH (DUJIBTPALTMOHHBIX KAHAJIOB JJTUHON
710 100 M, yBETMYUBAIOMUX IJIONIA/Tb IPEHU POBAHUS
CKBAXKMHHOT'O (PIIIOU/IA.

B asrycre 2016 rofia 6bIT HAYaT HOBBIH 3TAT B
UCTOPUU Pa3BUTHA TEXHOMOrUU CKID®, BpLn
3AKJIIOYEH JIOI'OBOP C OJJHOM U3 POCCUIICKHX
HEPTETOOBIBAIONINX KOMITAHUN HA BBITIOJIHEHUE
PadoT MO CO3/IAHUIO CETU INTYOOKOIIPOHUKAIOMINX
KAHAJIOB (PUIBTPAIIUL

Komanpoii cieninanucTos «benopycnedru» Ha
pAZIE MECTOPOXKAECHUH PA6OTHI IO TEXHOJIOI U
CKH®® 6p111 YCIENMTHO ITPOBEJEHEL BBITTOTHEHO
10 CKBaXMHO-ONEPALUU, Pa3MBITO 84 (PUIBTPA-
LMOHHBIX KaHAJI4, U3 HUX HAa 40 KaHAJIAX KUJKOCTBIO
Pa3MBbIBa CIYKUJIO JU3ETBHOE TOIIUBO U HA
44 KaHaIaX — TEXHHUYECKAs BOJIA IIJIOTHOCTBIO
1000-1030 Kr/m?. PUIBTPALTUOHHBIEC KAHAJIBI,
PAa3MBITBIE TEXHUYECKOH BOJJOU, TAKKE ObLIN
06pabOTAHBI PACTBOPOM COMSIHOM KUCAOTHI (HCI).
Pa6oThI HA OO'BEKTAX BBIIIOJIHSIIUCH B OObEME OT
OJJHOTI'O IO YETBIPEX YPOBHEN, IPU 3TOM CO3/ABAIHCH
OT YETBIPEX [0 ABEHAAATH (DUIBTPALTUOHHBIX
KaHaJIOB AJHMHOM 10 100 M, HO3BOISIOIIUX
06€ECIEYNTD JONOTHUTEIBHBIN IPUTOK
CKBaXKMHHOTI'O (DJIIOU/IA B OKOJIOCTBOJIBHYIO 30HY.

B anBape 2017 roga 6b111 3aKOHYEHBI PA6OTHI 1O
TexHosornu CKHU®® Ha Tpex 00bEKTAX JIIA
OJHOM U3 YKPAUHCKUX KOMIIAHUH. BbLIIO
YCIENIHO PAa3MBITO 12 (PUIBTPAITUOHHBIX
KAaHAJIOB.

Ha Texyimyi MOMEHT KOMITAHU
«benopycHE(PTh» TPOAOIIKAET
COBEPIICHCTBOBATD TEXHONOT IO CKHD®,

HoBoe HanpasyieHue pa3suTHA
KOMIIAHUU — BBINIOJIHEHUE IeO(PU3NIECKUX
PaboT C KONTIOOMHTOM. B HacTosIee
BpEMsI Pa3pabaThIBAIOTCS KOHHEKTOPDI
OPHUTMHAJIbHON KOHCTPYKIIUH [T
BBIIIOJTHEHHU S I€O(PU3NUECKUX PAO6OT HA
'HKT.

Komnanus «benopycHeThb» mMeapo
JIEJINTCS OIIBITOM U BCET/1A TOTOBA K
COTPYAHHUUYECTBY 1O BCEM HATIPABJICHUSAM.
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through milled holes and performs jetting of filtration
channels.

During pilot testing of SKIF® technology at Belarus fields,
company s specialists conducted 18 well operations. 152
filtration channels were jetted, 118 of them were jetted with
adiesel fuel as a jetting fluid and 34 of them were jetted
with the process water with density 1000—-1050 kg/m?.

Filtration channels jetted with the process water were
treated with solution of hydrochloric acid (HCL). During
operation, from one to eight levels were jetted with a
system of two — sixteen filtration channels with length up
to 100 m.

In august 2016, there was a new stage in SKIF®
technology history. The company made a contract with
one of Russian oil producing companies. The contract
was for creating a system of deep-penetrating filtration
channels.

Belorusneft team successfully performed operations with
SKIF® technology at several fields. The team conducted 10
well operations. 84 filtration channels were jetted, 40 of
them were jetted with a diesel fuel as a jetting fluid and 44
of them were jetted with the process water with density
1000-1050 kg/m?. Filtration channels jetted with the
process water were treated with a solution of hydrochloric
acid (HCI). Work at the facilities was carried out in the
volume from one to four levels, with four to twelve filter
channels up to 100 m in length created allowing additional
flow of well fluid into the near-barrel zone.

During operation, from one to four levels were jetted
with a system of four — twelve filtration channels with
length up to 100 m providing additional reservoir fluid
inflow in the near-wellbore region.

In January 2017, the company finished SKIF® technology
operations at three wells for one of Ukrainian companies.
12 channels were successfully jetted.

Belorusneft keeps on improving SKIF® technology.

The new field of the company development is
conducting logging operations using coiled tubing. At
present time, new original connectors are being developed
for connecting other equipment to CT.

Belorusneft company generously shares its experience
and is ready for cooperation in all directions.
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