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BBepeHue

B HacTosmee BpeMs NOAABIIAIONAS YACTh
HEPTAHBIX MECTOPOXKAEHUI Pecniybiinku benapycb
HAXOJUTCS HA IOCJIEHEN CTAUN PA3pA0OTKY,

IpU 3TOM 6071€e€ 50% OCTATOYHBIX 34M1ACOB
YIJIEBOJOPOAOB IPUYPOUYEHO K HU3KOIIPOHUIIAEMBIM
CIA60APEHNUPYEMBIM KOJUIEKTOPAM. AKTUBU3AL U
UX BBIPA6OTKY, OBBIINICHUE HEPTEOTAAUHN

U PEHTA6EIBHOCTD PA00THl (POH/A CKBAKUH

B PVII JIpOU3BOJCTBEHHOE OOBEJUHCHUE
«benopycHe(Th> BO3MOKHBI HCKJIIOUYUTEIBHO

C UCIIOJIb30BAHHUEM IPOTPECCUBHBIX METOJIOB
OCBOEHUS CKBAKUH U UHTEHCU(PUKAIIUU IPUTOKA —
TUJPABIMYECKOTO PA3PbIBA ILIACTA.

B ¢Bs13u CO crien(pUIHOCTBIO CTPOCHUS TJIOTHBIX
KapOOHATHBIX OTJIOKEHUH UCIOTIBb30BAHUE
«KJIACCUYECKUX» TeXHONOruu I'PIT He B ITOITHOMU
MEpPE AAET XKEIAEMbIH pe3ybTart. [Toaromy
MOCTOSAHHOE IPOTPECCUPOBAHUE TEXHOIOTUH
I'PIT BiiedeT 32 COOOU AKTUBHOE PA3BUTHUE JPYIUX
chep HEPTEJOOBIUN U CEPBUCHBIX PAOOT: OypEHUs,
3aKAHYUBAHUA, KAITUTAJIBHOTO PEMOHTA CKBAXKHUH,
reo(pusndeckux pabor. [Ipu 3TOM B3aUMOCBA3b
PAa3IMYHBIX HATIPABIEHUI, TOJ00P U ONTUMHU3ALIHA
MPUMEHSAEMBIX TEXHOJIOTUI HEBO3MOXKXHBI HA
OCHOBAHHH TEOPETUYECKUX U3BICKAHUI, 4 TPEOYIOT
TOJIBKO IPAKTUYECKOM PEATU3ALUHN, U, KAK ITOKA3aJ
HAIII OIIBIT, <'HOKOCTHU> B IPUHATHUHN PEIIEHUN.

B JaHHOM CTAThE NPUBEJEH ONBIT OypPEHUA
U1 OCBOEHUSA KAPOOHATHBIX KOJIJIEKTOPOB B
Pecniybnuke Benapyce 3a nepuoyg 2014-2020 rosos,
KPATKO OIUCAHBI MOITHOCTUA U BO3MOKHOCTH
PVIT JIpOn3BOJCTBEHHOE OO'bEJUHEHNE
«benopycHe(Thb», OCHOBHBIE HCTIOIb3YEMbBIE
TEXHOJIOTUU U UX 3BOJIIOLINSA B 3aBUCHUMOCTH
OT MOJIYYAEMOTI'O TEXHUKO-3KOHOMHYECKOI'O
adPekra. OnrcaHa TEXHOIOIU KJIACTEPHOI'O
MTPII npu peanuszanuu padot no Plug & Perf Ha
TPAAULIMOHHOM U HETPAJUIITMOHHOM KOJIJIEKTOPAX,
MOJYYEHBI ITOATBEPKIEHUE BO3MOXKHOCTH
BOBJIEYEHHN I HOBBIX HEBBIPAOOTAHHBIX 30H
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Introduction

At present, the overwhelming majority of the
oil fields in the Republic of Belarus is at the last
stage of development, while more than 50% of the
current hydrocarbon reserves are confined to low-
permeability, weakly drained reservoirs. Activation
of their production, increased oil recovery and
profitability of the well stock in RUE “Production
Association® Belorusneft” is possible only with the
use of progressive methods of well development and
stimulation of inflow. And it is hydraulic fracturing.

Due to the specificity of the dense carbonate
sediments structure, the use of "classical" hydraulic
fracturing technologies does not fully give the
desired result. Therefore, the constant progress
of hydraulic fracturing technologies entails the
active development of the other oil production and
service work areas, such as drilling, well completion,
well workover, well logging. At the same time, the
interconnection of various directions, the selection
and optimization of the applied technologies is
impossible on the basis of theoretical research, but
requires only practical implementation, and, as our
experience has shown, "flexibility" in decision-
making.

This article will give the experience of drilling and
developing of carbonate reservoirs in the Republic
of Belarus for the 2014-2020 period. The capacities
and capabilities of RUE “Production Association
Belorusneft ”, the main technologies used and their
evolution depending on the obtained technical and
economic effect are briefly described. The technology
of cluster multistage hydraulic fracturing during the
implementation of Plug & Perf on traditional and
unconventional reservoirs is described, confirmation
of the possibility of involving new undeveloped
reservoir zones within the horizontal section of the
well by creating additional filtration channels
(i.e. hydraulic fractures) has been obtained.

Based on the work performed, further
development paths of RUE Production Association



KOJIJIEKTOPOB B IIPEJEIAX FOPUSOHTAIBHOI'O YIACTKA
CKBaKHHBI C TTIOMOIIBIO CO3/ITAHUS JIOTIOTHUTETBbHBIX
KaHaJI0B (pUabTpanuu (T. €. Tpemus I'PIT).

Ha 0OCHOBaHMH BBIIIOJHECHHBIX pa60T
HAMEYEHBI JAJTBHEUITNE TYTH PA3BUTUSA
PVIT JIpON3BOJCTBEHHOE OO'BEIUHECHUE
«BenOpyCHEPTH», [TTABHBIM U3 KOTOPBIX SBJISICTCS
JOCTH)KEHUE yKe K KOHITY 2021 rofa BO3MOXKHOCTH
OPOBOAUTE UKJI paboT MI'PIT no rexHonoruu Plug
& Perf COGCTBEHHBIMU CUJIAMH (T. €. IO, KJIIOY).

Ha4danbHbi (NepBbin) 3Tan — NUIOTHbIE
pa6otbi B IN'C

3apOXEHUE U PA3BUTHE TEXHOJIOTUN OCBOEHUS
KapOOHATHBIX KOJUJIEKTOPOB TOPU30OHTAIBHBIMHU
CKBaXUHAMU B Pecniy6nmke benapych HA4aI1uCh
C Pa3pabOTKH «HETPAJUILITUOHHBIX> KOJIJIEKTOPOB,
Ha KOTOPBIE OBLIN IPOOYPEHBI NEPBBIE CKBAKIHEI
B 2014 roay. Y4UTbIBasg CHELU(PUIHOCTD
MJIAHUPYEMBIX K OCBOECHHIO OTIIOXKEHUI, B KAYECTBE
OWIOTHBIX PA6OT NPUHATO PEMIEHUE OYPUTD
CKBa>KHMHBI C TOPHU30HTAJIbHBIM OKOHYAHHUEM
110 500 M ¢ nocaeayomnum nposecaueM MI'PIT
Ha CTAPEUIIEM U CAMOM OOJIBIIOM HEPTIHOM
MECTOPOXKJEHUN BEIOPYCCKOrO PErMOHA —
Peuuniikom.

Peunnikas CTpyKTypa BbIsABICHA B 1949 rony
6€I0PYCCKON KOMIIJIEKCHOM re0(pU3nYECKON
IKCIIETUITUEN IO TIOBEPXHOCTU COJIEHOCHBIX
¥ TIO/ICOIEBBIX OTIOKeHMH. C MapTa 1967 roma
MECTOPOXKIEHUE HAXOIAUTCSA B IPOMBIIIJIEHHON
pa3paboTKe. B reoJIOrH4eCcKOM CTPOEHUH
PednIikoro MECTOPOXAEHUSA IPUHUMAIOT YIACTHE
HOPOABI KPUCTAJUTUYECKOTO (PYyHAAMEHTA APXEUCKO-
HUKHETIPOTEPO3ONCKOTO BO3PACTA U OCAJOYHOT'O
4exJIa, IPEICTABIEHHBIE BEDXHENIPOTEPO3OUCKUMH,
JIEBOHCKUMH, KAMEHHOYTI'OJIbHBIMH, IEPMCKUMH
1 ME3OKANHO30MCKUMHU OOPA30BAHUSAMY,
pa3feIEeHHBIMU MEXKAY COOOU KPYITHBIMUA
NEPEPBIBAMH B OCAJKOHAKOIUIEHHH.

K HETpaguIMOHHBIM KOJUIEKTOPAM B Pecrniybiirike
benmapych OTHOCATCS MEXKCOJIEBBIE TNIOTHBIE
YIBTPAHU3KOIIPOHHUIIAEMBIE KADOOHATHBIE
OTJIOXKEHHU A BEPXHETO IEBOHA, 4 UMEHHO OTIOXKEHHUA
[-1IT mayKu IETPUKOBCKOI'O TOPU3OHTA. Ha
Tepputropuu Pecriybnnku benapycs B npejenax
[TpUnATCKOro Nporubda JaHHbIE OTIOXKEHUA
HanboJIee NEPCIIEKTUBHBI HA Peunnikom HeE(PTIHOM
MECTOPOXAECHUU. CpeHsS BEPTUKAIbHAS ITTyOUHA
3aJIETAHUA JAHHBIX OTJIIOKEHUHI COCTABIISAET
-1850 — -2050 m. CpeHsAsa OTKPBITASI IOPUCTOCTD
COCTABJIACT 5—7% C PEAKUMU IIPOCIOMKAMHU
KOJIJIEKTOPOB C OTKPBITOH IIOPUCTOCTHIO 10 10-12%,
MIPOHUIAEMOCTD JAHHBIX KOJJIEKTOPOB HAXOJUTCA
B IIpezenax meHee 1 M/, mpu 3ToM KO3 PUIIUEHT
IJIMHUCTOCTHU MOPOJ], B KOJUIEKTOPE JOCTUTAET
30%. JINTOJIOTUYECKHU JAHHBIE KOJIJIEKTOPBI
MIPEICTABJIEHDI IEPECTANBAHUEM JIOJIOMUTOB,
JOJIOMHUTOB INTMHUCTBIX U ITTMHHUCTBIX U3BECTHAKOB,
MepreJier. BeprukanbHasa 3O@EKTUBHAA MOITHOCTD
BAPbUPYETCs B IIpesenax 3,8—8,1 M nipu ob1iein
MOIITHOCTH OTJIOXKEHUM 10 20 M, KO3(PPUITUEHT

Belorusneft are outlined. The main one is the
achievement of the ability to carry out a cycle of
MSHF operations using Plug & Perf technology on its
own (i.e. on a turnkey basis) by the end of 2021.

Initial (first) stage - pilot work in the
horizontal wells

The emergence and development of technologies
for the development of carbonate reservoirs with
horizontal wells in the Republic of Belarus began
with the development of "unconventional" reservoirs,
on which the first wells were drilled in 2014. Taking
into account the specificity of the deposits planned
for development, as a pilot work, it was decided
to drill wells with horizontal ends up to 500 m,
followed by multistage hydraulic fracturing at the
oldest and largest oil field in the Belarusian region —
Rechitskoye.

The Rechitsa structure was revealed in 1949 by
the Belarusian integrated geophysical expedition on
the surface of salt and subsalt deposits. Since March
1967 the field has been in commercial development.
The geological structure of the Rechitsa deposit
involves rocks of the crystalline basement of the
Archean-Lower Proterozoic age and a sedimentary
cover, represented by Upper Proterozoic, Devonian,
Carboniferous, Permian and Meso-Cenozoic
formations, separated by large interruptions in
sedimentation.

Unconventional reservoirs in the Republic of
Belarus include inter salt dense ultra-low-permeable
carbonate deposits of the Upper Devonian, namely
deposits of I-I1I units of the Petrikovsky horizon. In
the territory of the Republic of Belarus, within the
Pripyat trough, these deposits are most promising
in the Rechitsa oil field. The average vertical depth
of these deposits is from 1850 up to 2050 m. The
average open porosity is about 5-7% with rare
interlayers of reservoirs with open porosity up to
10-12%, the permeability of these reservoirs is less
than 1 mD, while the clay content of the rocks in the
collector reaches 30%. Lithologically, the reservoir
data are represented by interbedded dolomites,
dolomites, clay and clayey limestones, marls. The
vertical effective thickness varies from 3.8 to 8.1 m
with a total thickness of deposits up to 20 m, the
dissection coefficient is 4 or more [1].

At the well completion stage, non-cemented units
with annular packers and multistage hydraulic
fracturing sleeves were run, without the possibility of
opening-closing, activation of ports and temporary
cutting off of the underlying intervals were carried
out with balls (ball-drop units). When developing
unconventional reservoirs, standard fracturing
technologies were used: high-viscosity fracturing
fluid, proppant with large fractions of 20/40 and
16/20 mesh, standard injection rate for fields in the
Belarusian region equal to 3.5 m? / min.

Well 310g was the first target to explore and
develop unconventional reservoirs in a horizontal
wellbore by hydraulic fracturing. This well was drilled
in 2014, the vertical section of the wellbore was cased
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PAaCYIEHEHHOCTHU COCTABAET 4 1 60iee [1].

Ha sTamne 3aKaHYUBAHUS CKBA’KUH CITYCKAJIHUCh
HEIIEMEHTUPYEMBIE KOMIIOHOBKH C 33KOJIOHHBIMHU
nakepaMu 1 my@ramu MI'PIT 6€3 BO3MOKHOCTH
OTKPBITUSA-3AKPBITUS, AKTUBAIIUA IOPTOB U
BPEMEHHOE OTCEYCHUE HUIKEJIEKAINX HHTEPBAJIOB
OpoBOAUNIOCH mapaMu (ball-drop-KOMOOHOBKN).
ITpy OCBOEHUU HETPAJAUIIMOHHBIX KOJIJIEKTOPOB
IPUMEHSINCH CTAHAAPTHBIE TeXHON0ruu I'PIT:
BBICOKOBSI3KAS1 JKMJIKOCTb PA3PbIBA, IPOIIIAHT
KpynHbIX ppakiui 20/40 u 16/20 mesh,
CTAaHAAPTHBIN JIJIST MECTOPOXKIEHUI 6EIOPYCCKOTO
PETrMOHA PACXOJ HATHETAHUS, PABHBIN 3,5 M?/MUH.

IlepBbIM OO'BEKTOM, HA KOTOPOM IIPOXOAMIIA
pa3BeAKa U OCBOEHUE HETPAJUIITMOHHBIX
KOJIJIEKTOPOB B TOPU30HTAJIIBHOM CTBOJIE METO/IOM
I'PIT, crana ckBaxkyuHa Ne 310g. JlaHHAasA CKBAXKUHA
npobypena B 2014 rozy, BEPTUKAJIbHBIA YIaCTOK
CTBOJIA OOCAKEH IKCIJIYATAITMOHHOM KOJIOHHOM
0 245 178 MM, B TOPU3OHTAJIbHBIN YYACTOK CITYIIIEHA
5-11opToBast KOMIIOHOBKA MI'PIT @ 114 MM ¢
33aKOJIOHHBIMH MTAKEPaMU. [IJIMHA TOPU3OHTAIBHOTO
y4aCTK4, IPOBEJEHHOI'O IO KOJJIEKTOPY B
HAIPABJIEHUH ECTECTBEHHOI'O HAILIACTOBAHMU,
cocrasuia 400 M, IPH 3TOM HPOTAKEHHOCTD
NPOAYKTUBHBIX OTJIOKEHUH 10 CTBOJY — 305,1 M,
O BEPTUKAIH — 7,83 M. KOadpuimeHT OTKPBITOMH
HOPUCTOCTH IO OTJAEIBbHBIM NPOILIACTKAM
Jocturan 12%, koa(pHUIITUEHT INMTUHUCTOCTH IIPH
3TOM COCTABJISLA 10 11,2%, HA9aIbHOE MIIACTOBOE
JaBieHue — 26,7 MITa. [Ipodus MPOBOAKH
CKBa’KHMHBI Y ITTyOHUHBI yCTAHOBKH ITIOPTOB U ITAKEPOB

with a production casing of @ 245 178 mm, a 5-port
multistage hydraulic fracturing assembly @ 114 mm
with annular packers was run into the horizontal
section. The length of the horizontal section, drawn
along the reservoir in the direction of natural
bedding, was 400 m, while the length of productive
deposits along the wellbore was 305.1 m, along the
vertical — 7.83 m. The coefficient of open porosity for
individual layers reached 12%, the clay content at this
was up to 11.2%, the initial reservoir pressure —
26.7 MPa. The well placement profile and port and
packer depths are shown in Figure 1.

When carrying out multistage hydraulic fracturing
on well 310g, 5 stages were performed, a total
of 437 m> of fracturing fluid and 85 tons of proppant
with fractions 20/40 and 16/20 mesh were injected,
which corresponds to ~ 0.2 tons of proppant per
meter of length of the effective (oil-saturated)
horizontal wellbore. A characteristic fact of the
operations performed was the virtually problem-
free injection of a coarse fraction (16/20 mesh) of
proppant with a concentration of up to 800 kg/m?.

The well was put into operation with an initial
production rate of 46 tons/day (35.4 tons/day for
oil) in the first month. After 4 months, the flow
rate decreased to 6 tons/day (4.7 tons/day for oil).
The results obtained, namely, a sufficiently high by
the standards of even traditional reservoirs of the
Republic of Belarus, the input flow rate of the well,
made it possible to actively continue field testing
of new technological approaches to drilling and
development of wells.
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Pucynox 1 - IIpogpuns ckeadxicunst 3108 ¢ ykazanuem mouex pasmeuenus nopmoe MI'PII u

3aKONOHHbIX NAaKePos

Figure 1 — Profile of well 3108 with indication of locations of multistage bydraulic fracturing

ports and annular packers

U300paKEHBI HA PUC. 1.

IIpu nposeaenuu MI'PIT Ha ckBaxxuHe 310g
BBITNIOJIHEHO 5 CTAAUI, CYMMAPHO 3aKa4aHO 437 M?
JKHUJIKOCTH Pa3pbIBa U 85 T IPONNAHTA (PPAKIIUHI
20/40 u 16/20 mesh, yTo cooTBercTByeT ~ 0,2 T
OPOMNMNAHTA HA METP JJINUHBI 3(P(HPEKTUBHOTO
(HE(TEHACHIIIEHHOI'O) TOPU3OHTAIBHOI'O CTBOJIA
CKBa’KHUHBL XaPAaKTEPHBIM (PAKTOM BBIITOJTHEHHBIX
onepanui IBUIACh (pakTUIECKU 6ecnpobIeMHAs
3aKayka KpymHoH (ppakiuu (16/20 mesh)
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Further, well 292g was drilled to the
"unconventional" reservoir of the Rechitsa field,
which was located in the cross of natural bedding,
and the reservoirs exposed by the well had similar
characteristics to well 310g. It was also mastered
using ball-drop units, but with a different approach
to multistage hydraulic fracturing: The volume of
the injected fluid was multiplied (1220 m? in total),
its viscosity was reduced, the proppant mass was
increased (165 tons of proppant with 20/40 mesh
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MIPONMNAHTA C KOHIeHTpanuen 1o 800 Kr/m?. fractions) and the proppant concentration was 8

B skcrryaTaniuio CKBaKMHA BCTYIINIIA C reduced up to 300 kg/m? The injected proppant mass ||
HAYaJIbHBIM IEOUTOM MTPOAYKIIUH 46 T/CYyT corresponds to ~ 0.34 tons of proppant per meter O
(35,4 T/CyT IO HE(PTH) 32 IEPBLIA MECHLL, of length of the effective (oil-saturated) horizontal Z.
Yepes 4 Mecsiia Ae6uT CHU3UICS 10 6 T/Cy'T wellbore (Figure 2). -
(4,7 T/cyT no HeTH). [ToydyeHHBIE PE3YJIBTATHI, Despite a significant increase in the ratio of the LLTJ)
4 UMEHHO JOCTATOYHO BBICOKHUH IO MEPKAM proppant mass to the length of the horizontally |
JIAKE TPAJAUIIMOHHBIX KOJJIEKTOPOB Pecrybinku bored deposits in well 292g, after a complex of
benapych BXOJHOM 1€OUT CKBAKUHBI, IIO3BOJIIN development work, it entered production with a
AKTHUBHO IPOJOJIKUTB IIPOMBICIIOBOE OIIPOOOBAHUE much lower oil production rate — 597 tons/day,
HOBBIX TEXHOJIOT'HYECKHUX MTOJXOJOB IIPU OYPEHUH U after 3 months the production rate decreased
OCBOECHHH CKBAKUH. to 4.3 tons/day for oil (table 1).

Janee ObL1a IPOOYpPEHA CKBAXKUHA 2928 HA The main reason for obtaining low production
«HETPAAUIIMOHHBIC» KOJJIEKTOPBI PEUnIIKOTO rates in the well was seen to be a different
MECTOPOXK/CHU S, KOTOPAS PACIIOIATAIACh B KPECT location of the wellbore, and, as a consequence,
€CTECTBEHHOMY HAIJIACTOBAHUIO, 4 BCKPBITHIE the development of hydraulic fractures along the
CKBaKMHOMU KOJIJIEKTOPBI O6JIAZ AN CXOKUMH wellbore and the alignment of the created filtration
XAPAKTEPUCTUKAMU CO CKBAXMHOU 310g. OCBOEHA channels with the wellbore. This hypothesis was
OHAa TAKJKE C NOMOIIBIO ball-drop-KOMIIOHOBOK, HO confirmed by the results of the interpretation of

C UHBIM 1TOAXOAOM K MI'PIT: KpaTHO
YBEJINYEH OO'BEM 3aKAYUBAEMON
JKHUJKOCTH (CYMMAPHO 3aKA4YaHO
1220 M?), CHUIKEHA €€ BA3KOCTb,
yBeJIMYEHA Macca npormanTa (165 T
nponnanTta ppaxknauii 20/40 mesh)
Y CHUKCHA KOHIICHTPAITUA
nponnanTa a0 300 kr/m?.
3aKayaHHas MACCa IIPOIIAHTA
coorsBeTcTBYeT ~ 0,34 T IpOIIIaHTa
Ha METP JUINHBL 3(PHEKTUBHOTO
(He(TEHACHIIIEHHOTO)
T'OPU30OHTAIBHOI'O CTBOIA
CKBAXUHBI (pUC. 2).

HecMOTps HA 3HAYUTENbHBIN
IPUPOCT OTHOMICHUS MACChI Pucgvzuon 2 —I'pagpux npogederus MI'PII na ckgadxcune 292g
IIPOIIIAHTA K IIPOTAKEHHOCTU 1-2-1i nopm
BCKPBITBIX TOPU30HTA/IbHBIM Figure 2 — Schedule of multistage bydraulic fracturing
CTBOJNIOM OTOKeHUT Ha ckpaxune ~ On well 292g 1-2 port
292g, nocie npoBeAeHUA KOMILJIEKCA
pPaboT O OCBOEHHUIO OHA BCTYITHIIA
B 0GBIYY C TOpasno 6oiee uskum  laoauua 1 — Ilapamempot océoenusn ckeaxcun 292g u 3108
ne6uToM o HeTH — 5,97 T/CYT, Table 1 — Development parameters of wells 292g and 310g
yepes 3 Mecs1a 1cOUT NPOAYKIIUU

ToHH
CHU3UICI 10 4,3 T/CyT 110 HEPTU
3 T/CY Cp OnunHa OBy Pacxop, Macca Makc. npon. Ha [ebut
(Tabm. 1). Crgaxu- | TCm | Kon-Bo | S/p°Fs | Harker. npon- KoHU. | 1M3d. | Hedm,
- - length | cramnm ! M3 /MUH npor. DJIHBI T/CyT
OCHOBHOU IPUYUHOU Oy YEHUA Ha engtr FL e naHTa, T !
Well of hori- | Number volume. | miection | o0 oni | Max. Tonns of | Oil flow
HU3KUX JEOUTOB I10 CKBAXKUHE zontal | of stages ms | rate. m3/ Wei%%t +| conc. prop. per | rate, t/
BH/IEJIOCH MHOE PACIIOIOKEHUE well, m min ' prop 1Im otﬁff. day
en
CTBOJIA CKBAKUHBL, U, KAK CJI€JCTBUE, g
passurHe TpeuuH TPIT B1omb 310g 400 5 437 3,2 85 800 0,2 35,4
CTBOJIA CKBAKUHBI U COOCHOCTH 2929 480 > 1220 4,2 165 300 0,34 5,97

CO CTBOJIOM CO3/JaHHBIX KAHAJIOB
dunprpanuu. JaHHas TunoTesa

OBbLIa IOATBEPKIEHA PEZYABTATAMU HHTEPIPETALIUN microseismic monitoring, which was carried out on
MHKPOCEMCMHUYECKOI'O MOHUTOPHHTI 4, KOTOPHBIH well 292¢g: the azimuth of the direction of fracture
MIPOBOAWIICA HA CKBAKUHE 292¢g: a3UMYT development coincided with the azimuth of the
HAIMPABJIEHUA PA3BUTHUA TPEINH COBIAAII C direction of the horizontal section of the well.
43MMYTOM HAallPABJIEHUS TOPU3OHTAJIBHOI'O Y4ACTKA Thus, at the first stage of drilling horizontal wells
CKBA’KUHBL. and developing unconventional reservoirs using
Taxkum 06pa3oM, HA IIEPBOM ITAIIE OYPEHUA multi-stage hydraulic fracturing, initial experience
FOPHU3OHTAJIbHBIX CKBAKUH U OCBOCHUS was gained in drilling, running and activating
HETPAJULIMOHHBIX KOJUIEKTOPOB METOAOM ball-drop units, performing multi-stage hydraulic
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MHOrocTaaunHoro I'PIT nosy4yeH Ha4aJIbHbIA

OIBIT B OYyPEHUH, CITyCKE U AKTHUBALIMHU ball-drop-

KOMITOHOBOK, BbIIOJIHEHUM MI'PIT 1o pas3iau4HbIM

TEXHOJIOTMYECKUM I10AX0AaM. BepoaTHbIMU

OPUYNHAMU MOJYYEHH HEBBICOKUX JEOUTOB

HEPTU U HENPOJO/IKUTEIBHOCTH 3(P(PEKTA MOTTIN

HOCJIYKUTB CIEAYIOMUE (PAKTOPBHL:

— HEOIITUMAJIbHASA IIPOBOJAKA CTBOJIA CKBAKUHBI
OTHOCUTEJIbHO CKOIIEHUU YIVIEBOLOPOLOB
U JIATEPAJIBHBIX IIOJIEN HAIIPSXKEHUH, U, KAK
CJIECTBHE, — HU3KUI ITIOTEHLIUAJI CKBAKUHDI,

— HEOIITUMAJIbHAA CXEMA 3aKAHYMBAHUA U OCBOCHU A
CKBa>KHUHBL BEPOATHO, 1151 JOCTHXKEHU S H0oJee
BBICOKUX JICOUTOB HEOOXOIMMO HUCITIOIb30BAHUE
TexHonoruu I'PIT, HanIpaB/IEeHHBIX HA YBEJIUYECHUE
KOJIUYECTBA CO3/1aBAEMBIX TPEMUH U 60JIEE
IJIOTHBIM OXBAT UMU 'OPU3OHTAJIBHOI'O CTBOJIA
CKBa’KHHBI,

— MaJjiasi BEJIMYMHA CTUMYJIMPYEMOTO OObEMA
nopoabl npu nposegenuu I'PIT [1].

Bropou 3Tan - npoeuyvpoBaHMe nogxoaa Ha
«KJlaccuYecKne» KONNEeKTOpbl, MUMOTHbIE
paboTbl No noBTOpHbIM Pl

IToce noy4eHus IEPBOTO OIBITA OYPEHUS
1 OCBOCHU A 'OPHU30OHTAJIBHBIX CKBAKWH HA
«HETPAJUITMOHHOM» KOJIJIEKTOPE ITPUHSITO
pEIIeHHE IIEPEHECTH JJAHHBIC
ITO/IXO/IbI HA «KJIACCHYCCKUC»
KONEKTOPHL. Taxk, ¢ 2014 o 2018

fracturing using various technological approaches.

The probable reasons for the low oil production rates

and the short duration of the effect could be the

following factors::

— suboptimal wellbore routing with respect to
hydrocarbon accumulations and lateral stress
fields, and as a result - low well potential;

— suboptimal well completion and development
scheme. Probably, in order to achieve higher flow
rates, it is necessary to use hydraulic fracturing
technologies aimed at increasing the number
of created fractures and tighter coverage of the
horizontal wellbore;

— small value of the stimulated volume of the rock
during hydraulic fracturing [1].

The second stage is the projection of the
approach to the "classic" reservoir, pilot
works on re-fracturing

After obtaining the first experience in drilling and
developing horizontal wells in an "unconventional"
reservoir, it was decided to transfer these approaches
to the "classic" reservoir. So, from 2014 to 2018
8 horizontal wells were drilled and completed in
various oil fields: The borehole length was up to
500 m using ball-drop units, the number of stages
increased to 6, the proppant weight per stage

Taonuya 2 — IapamempPot padbomst ckéaxcun nocae MI'PIT
Table 2 — Well performance parameters after multistage

rof] ObLIIO MPOOYPEHO U OCBOECHO bydraulic fracturing

8 TOPU3OHTAIBHBIX CKBAKUH HA

PA3TUYHBIX MECTOPOXK/IECHUIX: Co. cyr. aeur

JUIMHA CTBOJIA COCTABIISLIA /IO HedT 33 3 Mec., C»Eh ;}g gﬁ%"g He¢C)TpV-| fllgbeﬂf?";gﬂ_

500 m ¢ npumMeHeHveM ball- CKBaXMHa T/CyT, i 3 Mmec., T/cyT T/CyT "| 0BBoAHEHHOCTL, %
drop-KOMIIOHOBOK, KOJIUYECTBO Well '%‘;g?ggigi%?e'l ~ Average daily Average daily oil Water cut, %
CTATUH YBETUYUIIOCH 10 O, for 3 months,t/ ||<341#%2(t)p]/\5/ r?;gg)/r i ra'{?df:; YT

MacCCa MPOIHAHTA Ha CTAUIO day '

YBETHMYMIACH 10 50—60 T, pacxon 589 35 89 41.69 16,25 14.04
HAaTHETAHUSA COCTABIIAN OT 3,5 2049 6.77 19.00 126 46.86
J10 5,5 M?/MUH. JJaHHBIE PA6OTHI

6bUIH 3(P(PEKTUBHBL, O 4eM 61g 25,38 29,13 15,71 12,72
CBHUJICTEIBCTBYIOT BBIPOCIITHE 599 17.12 21,36 14,18 19,00

B 2—3 pa3a BXO/IHBIE JICOUTHI 125g 12,97 65,22 12,48 79,99
110 He(TH B CPABHEHUH CO 569 18,34 22,42 9,31 14,74

CKBA’)KMHAMH, KOTOPBIE 3AITyCKATA
ogHocTaaunHbIM ['PIT (Tabi1. 2).

Pa6oTe B esIOM 66U 3(P(PEKTUBHBI, CKBAKUHBI
OOJIBIIIE I'OZIA PAOOTAIN HA XOPOIIUX PEXKUMAX,
OJTHAKO YK€ K 2—3 TrOZjaM IKCIIIyaTal Uy JOObIYa
HeTH yniana o 1-4 T/CyT U BCTaJI BOIIPOC O
MPOBEJIEHUY NOBTOPHOU MHTEHCU(PUKAIIUY HA
JIaHHBIX OO'bEKTAX. B Iponecce npopaboTKu
BOIPOCA ObLII HAJIEH PAJT CEPBUCHBIX
KOMITAHUH, KOTOPBIE TIPEJJIATANIN PA3TUYHBIE
TEXHOJOTUYECKHUE MTOAXOABI K NOBTOPHBIM I'PIT Ha
HE3a1IEMEHTUPOBAHHBIX ball-drop-KOMIOHOBKAX:
I'PIT c 1puMEHEHNEM ITAKEPHOM KOMIIOHOBKU
Cup-to-Cup, HalyBHBIE ITAKEPHBIE CUCTEMBI,
HUCMONIB30BAHUE KOJIbMATHUPYIOMUX (PAOEPOB,
HOTOKOOTKJIOHUTEJIEH U IIP. TaKkKe ObLII NOJPOOHO
M3Y4YEH OIIBIT BEAYIIUX JOOBIBAIOMNX KOMITAHUM
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increased to 50—60 tons, the injection rate was from
3.5 to 5.5 m? /min. These works were effective, as
evidenced by the 2—3 times increased input oil flow
rates in comparison with wells that were launched
with one-stage hydraulic fracturing (Table 2).

The work was generally effective, the wells worked
at good conditions for more than a year, however, by
2—-3 years of operation, oil production dropped to
1-4 tons/day and the question arose about re-
stimulation at these facilities. In the process of
studying the issue, a number of service companies
were found. They offered various technological
approaches to re-fracturing on uncemented ball-
drop units: Hydraulic fracturing using Cup-to-Cup
packer unit, inflatable packer systems, the use of




P® u cpeal BEIBOJ, YTO BCE CYIIECTBYIOIMIUE HA
pbiHKe CHI TEXHOJIOIUHU UMEIOT PAJL HELOCTATKOB
U BBICOKHX PUCKOB, U OOJIBIIMHCTBO CEPBUCHBIX
KOMITAHUH HE JAIOT I'APAHTUU B YCIICITHOCTU
MPOBEJIEHUS PAOOT.

IIprHMMAas BO BHUMAHUE HEOJHO3HAYHBIA
OIIBIT U OT'PAHUYECHHOE IIPEJIOKEHUE HA PBIHKE,
IPUHATO PEUIEHUE IIPOBOAUTD ITIOBTOPHDBIN I'PIT
COOCTBEHHBIMU CUJIAMHU. B KadecTBe OObEKTA
JULSL IPOBEJIEHUA TOBTOPHOTroO MI'PIT 661112
BBIOpaHA CKBAXKMHA 310g, KOTOPAasi BCKPBIBAJIA
«HETPAAULIMOHHBIN> KOJUIEKTOP MHOI'OIIOPTOBOM
IAPOBOIM KOMIIOHOBKOTI.

OCHOBHOM LIEJIBIO IPOBEAECHU A IIOBTOPHOI'O
MTI'PIT Ha JaHHOM OO'BEKTE BUJICIOCH CO3JAHUE
JONOMHUTEIBHOTIO CTUMYIUPOBAHHOI'O OObEMA B
30HAX I'OPU30HTAIBHOI'O CTBOJIA, HE IOABEPTIHYTHIX
00pPabOTKE NIPU OCBOCHUH CKBAKUHBI, U BOBJICYCHUE
B IOOBIYY PaHEE HE BBIPAOOTAHHBIX 3aI1ACOB.

[ JOCTHXKEHU S LIEJIN IIEPBBIM JIEJIOM
OBbLJIN BBIIIOJIHEHBI PA0OTHI IO O PEJEICHUIO
MIPUHHUMAIOMUX MHTEPBAJIOB U OIIPEAEICHUA
HauOoJIeE BEIPAOOTAHHBIX 30H TOPU3OHTAIBHOI'O
cTBOJIA. 10 pe3ynbraraM HAMETUJIOCh CO34AHUE
IECTH HOBBIX UHTEPBAJIOB ITyTEM NTEPHOPUPOBAHUA
IKCIUIyaTALMOHHOM KOJIOHHBL [lepenanpasieHue
MOTOKA YKUJIKOCTHU U CO3JAHUE TPEIIMH B HOBBIX
UHTEPBANIAX [JIAHUPOBAIOCH JOCTUYD IIyTEM
JIOKAJIBHOI'O YBEJTUYEHUSA CTPECCA B BBIPAOOTAHHBIX
30HAX 1 YACTUYHOU OJIOKUPOBKHU CYIMECTBYIONUX
TPEMUH ITOCPEACTBOM 3AKAYKH JUBEPTUPYIOMNX
MAYEK (B HAIIIEM CJIY4a€ MTAYE€K KPYITHOTI'O
NPONNaHTa). JaHHAA CXEMA 10 CBOE CYTH ABJIAIACDH
«CJIETION» TEXHOJIOTUEH, TAK KAK, HECMOTPA HA
Pl KOCBEHHBIX IIPU3HAKOB IUBEPTUPOBAHMA,
OTCYTCTBOBAJIA IIPAMAsA BO3MOKHOCTDb HAIIPABJIATD
U YIIPABJIATH MECTONOJIOKEHHUEM CO3/LAHUSA
TpemuH [1].

ITocne padoT IO AONOIHUTENBHOM ITIEPpOpaLur
IIECTU UHTEPBAJIOB BLIIIOJIHEH KOMILJIEKC
nosropHoro MI'PII ¢ qusepruposanueM. IIposeseHo
IECTD 3aKa4eK OCHOBHOTO I'PII. B KauecTBe
PACKJIMHUBAIOINX AT'€HTOB UCIIOJIb30BAJINCH
nponnasTe! ppakuutt 30/50, 20/40
u 12/18 NRT (Non-Radioactive
Tracer 11 IOCIEAYIOWIErO
KAPTHUPOBAHUS MECT OOPA30BAHU S
TpemuH). Macca nponmnanra
Ha CTAJMIO BAPbUPOBAJIACH OT
40 1o 50 TOHH, MAKCUMAaJIbHAS
KOHLIEHTPALUsI COCTABJISAIA
110 400 Kr/m?, cpeJHUI pacxon,

HAr"veTaHusg Ha CTAJUI0 COCTABIIAI LB
5—6 M3/MUH. 3aKa4aHHAsE MACCa

U KOHLIEHTPAL U [IPOIITIAHTOB
OIIEPATUBHO KOPPEKTUPOBAJINCH
B 3aBUCUMOCTHU OT IIOBEAECHUS
YCTBEBOI'O [JABJICHUA IIPU 3aKAYKE
npomnmnanTa. CyMMapHO IIpU
IPOBEACHUU ITIOBTOPHOIo MI'PITT
3aka4daHo 280 T nponnaHTa, 6oiaee
2500 mM? )KUIKOCTH Pa3PHIBA,

bridging fibers, flow diverters, etc. The experience

of the leading mining companies of the Russian
Federation was studied in detail and it was concluded
that all the technologies existing in the CIS market
have a number of disadvantages and high risks, and
most service companies do not guarantee the success
of the work.

Taking into account the ambiguous experience
and limited supply in the market, it was decided to
carry out the re-fracturing using our own resources.
Well 310g , which penetrated the "unconventional”
reservoir with a multiport ball unit was selected
as the target for repeated multistage hydraulic
fracturing.

The main goal of the repeated multi-stage
hydraulic fracturing at this object was to create an
additional stimulated volume in the zones of the
horizontal wellbore that were not treated during well
development, and to involve previously undeveloped
reserves in production.

To achieve the goal, the first thing to do was to
determine the receiving intervals and determine the
most developed zones of the horizontal wellbore.
The results indicated the creation of six new intervals
by perforating the production casing. Redirecting
the fluid flow and creating fractures in new intervals
was planned to be achieved by a local increase in
stress in mined zones and partial blocking of existing
fractures by pumping diverting packs (in our case,
packs of large proppant). This scheme was inherently
a"blind" technology, since, despite a number of
indirect signs of diversion, there was no direct ability
to direct and control the location of cracks [1].

After work on additional perforation of six
intervals, a complex of repeated multistage
hydraulic fracturing with diversion was performed.
Six injections of the main hydraulic fracturing
were carried out proppants with fractions 30/50,
20/40 and 12/18 NRT (Non-Radioactive Tracer
for subsequent mapping of fracture sites) were
used as propping agents. The proppant weight
per stage varied from 40 to 50 tons, the maximum
concentration was up to 400 kg/m?, the average

Pucynok 3 - Paccmanogéxa o000pyoosanus na ckeéaxcune 3108
Figure 3 — Equipment placement on well 310g
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4TO COOTBETCTBYET 0,75 T IPOMIIAHTA HA METP
3P PEKTUBHON JJIMHBI TOPU3OHTAIBHOT'O CTBOJIA
CKBAKHHBI (PUC. 3).

B xone nposeaenna MI'PI1 npoBoauics
KOMIUIEKC re0(PHU3NUYECKUX UCCIIEJOBAHU:
HA3€MHbBIM MUKPOCENCMUYECKUA MOHUTOPUHI,
III'M Ha 3aKa4YKe, ONPEACICHUE MECTOIOIOKECHU A
NRT-nponnanTa. JJaHHBIE PAOOTHI BBIIOJIHSAIUCH
[ OIIPEEJIEHUS MECTOIOJIOKEHHUA U KOJIMYECTBA
CO3/1aBAEMBIX TPEIIUH IIPU IIOBTOPHOM MI'PIT
U OTIPEJIETIEHUA CAMOIO (DAKTA JOCTUKEHUA
[IE€PEHAIIPABJIEHU TPEIUIUH 10 TOPU3OHTAIbBHOMY
CTBOJLY.

PesynpraThl IPOBEAEHNA UCCIENOBAHNN
MOKAa3bIBAIOT, YTO NRT-IpONMaHT pacrnonaraeTcs
HE BCEra CTPOro HAIIPOTHUB HOBBIX TpeimuH I'PIT
(B HAIIEM CJIy4a€ UHTEPBAJIOB NEP(POPALIUN), A HA
HEKOTOPOM PACCTOSHUU OT HUX. MHTEepnpeTanus
MUKPOCEVCMUYECKUX COOBITUH OIIPEJEINIIA,
4TO PACTPECKUBAHHE IIOPOJ B LIEJIOM
MPUYPOYEHO K HOBBIM KJIACTEPAM IIEPPOPALUH,
HO PACTPECKUBAHUE HE ObIO NOCTAAUMHOE,

4 IIPOXOJAMJIO HA IPOTAKEHUU BCEX CTAAUN
3aKa4KU. AHAJINU3 BBINOJHEHHBIX [TI'M Takke
MOKA3aJ1 U3BMEHEHUE IPUEMUCTOCTU OTIAEIbHBIX
UHTEPBAJIOB 10 CTBOJIY CKBA’KUHBI 110 CPABHEHUIO
¢ (POHOBOI1 3aIUCHIO. [TOTyYeHHBIE PE3YIBTATHI
1O U3MEHEHUIO TPOPUIIS IPUEMHUCTOCTA UMETTU
JOCTATOYHO HEMJIOXYIO (IYCTh ¥ HE CTPOTYIO)
Koppenanuio ¢ pegyabraramu MHHK-kaporaxa n
OCOBEHHO MUKPOCENCMHUYIECKOTO MOHUTOPHHTIA,
T. €. MOKHO IIPOCJIEAUTD OKHUITAEMYIO CBSA3b MEX/Y
CO3/1aHUEM HOBBIX 3aKpeTIeHHbIX TpemuH ['PIT n
M3MEHEHHUEM IIPUEMUCTOCTH UHTEPBAJIOB BCIIE] 32
HUMHU.

INoce BpInonHEHNA TOBTOPHOIO MI'PIT ¢
JUBEPTUPOBAHUEM CKBAXMHA 310g BCTYIINIIA B
J06BIYy ¢ 1ebutom o HedTHu 26,6 T/CyT, AEOUTOM
O XKUJAKOCTH 30 T/CyT 1 OOBOJHEHHOCTHIO 11,11%.
[Tony4eHHBIH 1EOUT COIOCTABUM C IIOJIYYEHHBIM
J€6HMTOM IPU OCBOEHUH, YTO MMO3BOJIAET CUYATATD
BBIIIOJIHEHHBIE PA60OTHI BECbMa 3(PPEKTUBHBIMU.

TakuM 06pa30M, aHAJIU3UPYS PadbOTy 34 IIATH JIET,
HAMPAMMNBAJIOCHh PEMIEHUE, KOTOPOE MMO3BOJIAIO
OBl KPATHO YBEJIUYUTD IPOCTUMYIHUPOBAHHBIN
00beM IpU BeINIOJAHEHUU MI'PIT, a TaK:Ke UMETH
BO3MOXHOCTB C MAJIBIMHU 34TPATAMU IPOBOJUTH
IOBTOPHYIO CTUMYISAIHIO CKBAJKHH.

TpeTuii 3Tan —- NUNOTHbIe paboTbl NO
6ypeHuio I'C u BbinonHeHuto MIPIN no
TexHonorum Plug & Perf

[Tocie aHaM3a paHee BBIIIOTHEHHBIX PaboT
o 6ypenuto u I'PIT cTayno NOHATHO, YTO
KJIIOUYEBBIMU (DAKTOPAMHU, BIUSIOIMIUMH HA IPUTOK
HePTH (OCOOEHHO U3 «<HETPAJUITMOHHOTI 0>
KOJIJIEKTOPA), IBJSIOTCS IJIOM b PACTPECKUBAHU S
U CTUMYJIMPOBAHHBIN OOBEM KOJIJIEKTOPA.
YTOO6BI YBEIMYUTD VIOl PACTPECKUBAHUSA
U CTUMYJIHPOBAHHBIN OObEM KOJIJIEKTOPA
HEOH6XOJUMO OYPHUTh I'OPU3OHTAIBHBIC CTBOJIBI
6oJ1ee MPOTIKEHHBIE, COKPATUTH PACCTOSIHUE
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injection rate per stage was 5—6 m’/min. The injected
mass and proppant concentration were promptly
adjusted depending on the behavior of the wellhead
pressure during proppant injection. In total, during
the repeated multistage fracturing, 280 tons of
proppant were injected, more than 2500 m?

of fracturing fluid, which corresponds to 0.75 tons

of proppant per meter of effective length of the
horizontal wellbore (Figure 3).

In the course of the multistage hydraulic
fracturing, a complex of geophysical studies was
carried out: Ground microseismic monitoring,
downhole logging, determining the location of
the NRT proppant. These works were carried out
to determine the location and number of fractures
created during repeated multi-stage hydraulic
fracturing and to determine the very fact of
achieving fracture redirection along the horizontal
wellbore.

The research results show that NRT proppant is
not always located strictly opposite new hydraulic
fractures (in our case, perforation intervals), but
at some distance from them. Interpretation of
microseismic events determined that rock cracking
was generally confined to new perforation clusters,
but cracking was not stage wise, but took place
throughout all stages of injection. The analysis of the
performed downhole logging also showed a change
in the injectivity of individual intervals along the
wellbore compared to the background recording.
The results obtained on the change in the injectivity
profile had a fairly good (albeit not strict) correlation
with the results of TDT log and, especially,
microseismic monitoring, i.e. it is possible to trace
the expected relationship between the creation of
new fixed hydraulic fractures and a change in the
injectivity of the intervals following them.

After performing repeated multi-stage hydraulic
fracturing with diversion, well 310g entered
production with an oil flow rate of 26.6 tons/day,

a liquid flow rate of 30 tons/day and a water cut of
11.11%. The resulting production rate is comparable
to the production rate received during development,
which allows us to consider the work performed as
very effective.

Thus, analyzing the work over five years, a solution
was suggested that would make it possible to
multiply the stimulated volume when performing
multi-stage hydraulic fracturing, as well as be able to
re-stimulate wells at low cost.

The third stage - pilot work on drilling
horizontal wells and performing multistage
hydraulic fracturing using Plug & Perf
technology

After analyzing the previous drilling and fracturing
work, it became clear that the key factors affecting
oil inflow (especially from the "unconventional"
reservoir) are the fracture area and the stimulated
reservoir volume. To increase the fractured area and
stimulated reservoir volume, it is necessary to drill
more horizontal boreholes, to reduce the distance



mexay craguamu I'PIT o CTBOJIY CKBAKUHBIL, 4 IPU
I'PIT 3aKa4MBATh 3HAYUTEIBHO OOJIBIIUE OO'BEMBI
JKUJKOCTU U IPOIMIIAHTA.

7151 TOCTHUKEHHU A IOCTABJIEHHBIX 11EJIEH
C y4eToM onbITa CEBEPHON AMEPUKU OBLIIO
OPUHATO PEMIEHUE CTPOUTD CKBAXKHUHBI C
LIEMEHTUPYEMBIM TOPHU3OHTAJIBHBIM OKOHUYAHHUEM
OPOTKEHHOCTBIO TOPU3OHTAIBHOI'O CTBOJIA
500-1000 M, IpU 3TOM CITYCKAThb B IPOJyKTUBHBIC
OTJIOXKEHH S IKCIIYATALTUOHHYIO KOJIOHHY
JMaMETPOM He MeHee 114 MM ¢ 0643aTeIbHON
BO3MOKHOCTBIO (DOPMHUPOBAHUS PABHOIIPOYHOI'O U
PaBHONIPOXOAHOTO TU(TA KOJIOHHBI TPYO OT YCThsA
JIO 326051 CKBAXKHUHBI, C ITOCIEYIOMIUM [IPOBEJIECHUEM
o Het MI'PIL.

VBennueHne NpOTAKEHHOCTA TOPU3OHTAIBHOI'O
CTBOJIA B YCJIOBUAX MAJION BEPTUKAJIBHOU
MOMIIHOCTHU «HETPAAULIUOHHBIX» KOJJIEKTOPOB
(mo 8,1 M) MOBJIEKJIO 32 COOOH HEOOXOAUMOCTh
MPOBOJKU FTOPU3OHTAIBHOI'O CTBOJIA CKBAKUHBI B
OTrPaHUYEHHOM KOpHUAOpPE. TaKKe I BO3MOKHOCTH
0€3aBAPUITHOIO CITYCKA SKCILTyaTAIITMOHHON
KOJIOHHBI OOJIBIIOTO AUAMETPA TPEOOBAIOCH
HUCKJIIOYEHHUE 3HAUYUTEIBHOTO UCKPHUBJICHUSA
CTBOJIA CKBAKMHBL [I03TOMY Ha MTUJIOTHBIE
PaboOTHI AJ1 IPOBOAKH TOPU3OHTAIBHOIO YYaCTKA
MPOTAKEHHOCTBIO 60siee 1170 M ObLI MPUBJIEYEH
CEPBHUC MO YIIPABIEHUIO TPAEKTOPHEI CTBOJIA
CKBaKHHBI C IPUMEHEHUEM POTOPHO-YIIPABJIAEMOM
CHUCTEMBI BEAYIEH MUPOBOU KOMITAHHUH, YTO
MO3BOJIMJIO IIPOBECTH CTBOJI CKBAKUHBI ITO
MPOEKTHON TPAEKTOPHHU B 33JJAHHBIE TOYKH B
KpaT4anmue CPOKHU.

Ilepexos OT HEHEMEHTUPYEMBIX «XBOCTOBHUKOB»

K IEMEHTHUPYEMBIM ITOJIPA3yMEBAJI IPUMEHEHNE
PELENTYPHI TAMIIOHA>KHOI'O PACTBOPA, CIIOCOGHOTO
BBIJIEPKATH BBICOKHE CTPECCOBBIE HATPY3KH HA
LEMEHTHBIA KAMEHBD B IIPOLIECCE IPOBEIECHUA
nepdopanoHHbIX padoT u I'PIL. KpensieHue Takux
O6'BEKTOB TPEOOBAJIO HE TOJNBKO IIPUMEHEHU S
06CaHBIX TPYO C IPEMUATIBHBIMU TUIIAMU
PE3BOOBBIX COEJUHEHUI U BBICOKOTEXHOJIOI'MYHOM
OCHACTKH, HO U IIPUBJICYEHUA BEAYITUX
CEPBUCHBIX KOMITAHUI 1O IIEMEHTUPOBAHUIO
3KCILIYATAIIMOHHBIX KOJIOHH TOPU30HTAJIbHBIX
YYaCTKOB CKBAKMH C JUTMTEIBHOH IPOTIKEHHOCTBIO
TOPU3OHTATBHOT'O CTBOA.

Taxske ¢ koH1a 2018 roga Ha4aIKUCh PabOTHI 1O
IIPOBEJEHUIO ITUPOKOI'O KOMIIJIEKCA UCCIIEIOBAHUM
C LIEJIBIO ONIPEAEICHUS TEOMEXAHUUYECKUX
CBOMCTB NOPO/I-KOJIJIEKTOPOB HA PA3TNYHBIX
MECTOPOXKACHUAX. [JaHHBIE PA60THI BKIIOYAU:

— IIPUOOPETEHNE COBPEMEHHOI'O reO(PU3NIECKOTO
060pPYJOBAHUS,
— MIPOBEJICHUE TOBTOPHBIX I'€O(PU3NYIECKUX

HCCJIETOBAHUN HAa ONTOPHBIX CKBAXKHUHAX;

— IIEPEUHTEPIPUTAITUIO T€OPUZUIECKOTO

MaTepHasna B HOBBIX IPOOYPEHHBIX CKBAXKMHAX

C COBPEMEHHBIM KOMIIJIEKCOM UCCJIEIOBAHUM;

— MAacCHITa6HBIN OT6OP KEPHOBOI'O MATEPUAJIA

B HOBBIX CKBa’KMHAX, IIPOBEICHNE

r€OMEXAHNYECKUX U IEeTPOPUZUIECKUX

between hydraulic fracturing stages along the

wellbore, and to inject significantly larger volumes

of fluid and proppant during hydraulic fracturing.

To achieve these goals, taking into account the
experience of North America, it was decided to
build wells with a cemented horizontal end with a
horizontal wellbore length of 500-1000 m, while
lowering a production casing with a diameter of
at least 114 mm into productive deposits with the
obligatory possibility of forming an equal-strength
and equal-bore cleanout string lift from the wellhead
to the bottom of the well, followed by multi-stage
hydraulic fracturing.

The increase in the length of the horizontal
wellbore in the conditions of low vertical thickness
of "unconventional" reservoirs (up to 8.1 m) led to
the need to drill a horizontal wellbore in a limited
corridor. Also, for the possibility of trouble-free
running of the production string of large diameter,
it was required to exclude significant deviation of
the wellbore. Therefore, for pilot work for drilling
a horizontal section with a length of more than
1,170 m, a wellbore trajectory control service using a
rotary-controlled system of a leading world company
was involved, which made it possible to conduct
the wellbore along the design trajectory at specified
points in the shortest possible time.

The transition from non-cemented liners to
cemented liners implied the use of a grouting slurry
formulation capable of withstanding high stress
loads on the cement stone during perforation
and hydraulic fracturing. Cementing such objects
required not only the use of casing with premium
types of threaded connections and high-tech
equipment, but also the involvement of leading
service companies for cementing production strings
of horizontal sections of wells with a long horizontal
borehole.

Also, from the end of 2018, work began on a wide
range of studies to determine the geomechanical
properties of reservoir rocks at various fields. These
works included:

— purchase of modern geophysical equipment;

— carrying out repeated geophysical surveys at
reference wells;

— reinterpretation of geophysical material in newly
drilled wells with a modern set of studies;

— large-scale sampling of core material in new wells,
carrying out geomechanical and petrophysical
studies;

— carrying out information hydraulic fracturing
in drilled wells with conducting downhole
geophysical research and microseismic research.
The result of the work performed was the creation

of 1D geomechanical models for a number of

wells, updating the existing petrophysical and

geomechanical models, drawing up 3D geological

and geomechanical models for a number of deposits
of various fields, adjusting the location of project
wells, their azimuthal direction, and well completion
options.

Alogical continuation was the drilling of a new
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Pucynox4 - IIpogpuns ckeaxcunot 411g
Figure 4 — Profile of the well 411g

UCCIENOBAHUL;

— IposejeHre NHPOPMALMOHHBIX I'PIT B
OyPAIUXCS CKBAKMHAX C IPOBEIECHUEM
BHYTPUCKBAXXUHHBIX F€O(PUIUIECKNX
UCCJIEJOBAHUN U MUKPOCENCMUYECKUX
HCCIEIOBAHUH.

Pe3yIbTaTOM BBIIIOJIHEHHBIX PA0OT CTAJIO
co3paHue 1D reoMexaHUu4YeCKUX MOJIeJIEN T1O

PAAY CKBAKUH, AKTYAJIN3AL U CYIIECTBYIOMNUX

neTpOoPUINIECCKON U TEOMEXAHUYECKON MOJICTIEH,

cocrasiieHue 3D reosoro-reoOMeXaHu4ecKux

MOJEJIEH 110 PALY 3AJIEKEN PA3IUYHBIX

MECTOPOXKIAECHHUI, KOPPEKTUPOBKA MECTOIIOTIOXKEHU A

MPOEKTHBIX CKBAKHUH, UX A3UMYTAJIbHOTO

HAIIPABJICHUA, BADUAHTOB 3aKAHYUBAHUA CKBAXKMH.
JIOrM4eCKUM NIPOJOIKEHUEM CTAJIO OypeEHHE

HOBOI1 CKBA>KMHBI HA [1€JIEBBIE UHTEPBAJIbI

«HETPAAULIMOHHOI'O» KOJUIEKTOPA Peunnkoro

MECTOPOX/IEHUA — CKBAXKUHBI 411g. 3aKaHYNBAHHE

CKBAKHMHBI OCYIIECTBJIEHO IIyTEM CITyCKa

PaBHOIIPOXOJHOU LIEMEHTUPYEMOU B OJTHY CEKITUIO

IKCITYATAITMOHHOM KOJTOHHBI @ 140 MM

MOBBIMIEHHOM I'PYIIBI IPOYHOCTH V-150, €

JUTHHOM TOPU30HTAIBHOTO y4acTKa 1176 m, rae

NPOTAKEHHOCTb NPOAYKTUBHBIX OTIOXKEHHH 110

CTBOJIYy cOCcTaBmia 746,5 M, 3(pHEKTUBHAS MOIIHOCTD

MO BEPTUKAIN — 82,2 M (pUC. 4). YUUTBIBAA, YTO

OCBOEHHUE CKBA’KUHBI INIAHUPOBAJIOCh IPOBOJUTH

10 TEXHOJIOTUH Ky1acTepHOro Plug & Perf ¢ BeICOKUM

PAaCXO0OM HArHETAHUS, pAa6OTHI TPEOOBAIN

orcyrcTys nnoasecku HKT ¢ makepoM (T. €. 3aKkadka

I'PIT 110 3/K), a OTCEYEHNE TPOCTUMYIUPOBAHHBIX

WHTEPBAJIOB KOMIIO3UTHBIMU IIPOOGKAMU

MJIAHUPOBAJIOCH BBITIOIHATD IIPU IIOMOIIH JIMOO

KOJITIOOMHI'OBOH, JINOO T€O(PU3NUIECKON YCTAHOBOK.
[TnnoTHas cKBaXuHA 411g cTa1a TAK HA3BIBAEMBIM

MOJIUTOHOM UCHBITAHNUH TEXHOJOTUYIECKUX

MPUEMOB: HA HEN OIIPOOOBAJIMCH PA3TUYHBIE

THUIIBI NEP(POPALTMOHHBIX 3APAIOB, TUTIOPA3MEPHI

nepdopaTopoOB, KOITUYECTBO KJIACTEPOB,
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well at the target intervals of the "unconventional"

reservoir of the Rechitskoye field — well 411g. The

well was completed by running an equal-bore
cemented production casing in one section of

© 140 mm of increased strength group V-150, with

a horizontal section length of 1176 m, where the

length of productive deposits along the wellbore

was 746.5 m, effective vertical thickness was 82.2 m

(Figure 4). Considering that the well development

was planned to be carried out using the cluster "Plug

& Perf" technology with a high injection rate, the

work required the absence of a tubing suspension

with a packer (i.e. hydraulic fracturing injection by
completion string), and it was planned to cut off
stimulated intervals with composite plugs using
either, or geophysical units.

Pilot well 411g became the so-called "testing
ground" of the technological methods: Various types
of perforating charges, standard sizes of perforators,
the number of clusters, limited opening of the
formation "limited entry" (clusters 30 cm long,

6 holes /1 running meter); linear/low-viscosity

(40 cP) / crosslinked (350 cP) fracturing fluids and

their alternation during the main hydraulic fracturing

were used; hydraulic fracturing was carried out with
different productivity (from 5.5 m3/min to 9 m3/min),
perforators and packer plugs were run on tubing and

coiled tubing, etc. (Figure 5)

At the same time, related technologies were
improved in parallel:

— the fracturing fluid was modified in the direction
of high shear load and crosslinking time up to
60 seconds;

— the hydraulic fracturing fleet was modernized: The
goal was to combine two full-fledged hydraulic
fracturing fleets into a single working system to
achieve a productivity of 12—-14 m3/min (one fleet in
RUE Production Association Belorusneft is capable
of operating with a capacity of up to 7 m?* / min);

— completing of equipment for cementing, gas-well



OTPaHUYEHHOE BCKPBITHE IJ1acTa limited entry
(xmacrepsl uHOM 1o 30 cM 1o 6 0TB./1 1. M);
IIPUMEHSINCH JIMHENHbIE/ManoBa3kue (40 cIl)/
cuuTeie (350 clIT) XKUAKOCTU pa3pbiBa U UX
4epeOBAHUE IPU NPOBEJIEHUU OCHOBHOI'O

I'PIT; mpoBoauiuce I'PI1 ¢ paznuuHon

IPOU3BOAUTEIBHOCTBIO (OT 5,5 M?/MUH 10

9 M*/MHH), NEPHOPATOPHI U MAKEP-TIPOOKHU

ciiyckanuchk Ha HKT u 'HKT u 1p. (puc. 5).

[Ipu 3TOM HAPAIETBHO COBEPIIECHCTBOBAINCH

CONYTCTBYIOUNE TEXHOJIOTUU:

— II0Pa6aTBIBAJIACH )KUJIKOCTb PA3phIBA B
HANPABJICHUU BHICOKOH CIBUTOBOM HATPY3KU U
BPEMCHH CIIUBKH 10 60 CEKYH/I;

— MmoaepHU3UpoBaics paot ['PIT: 11e1b10 661710
OO'BEIMHEHUE B EJUHYIO PAOOYYIO CUCTEMY ABYX
HOJIHOIEHHBIX (pr10TOB I'PIT /17151 TOCTUKEHU S
IIPOU3BOJUTENBHOCTH B 12-14 M3/MuH (OgUH
¢not B PYII «IIpOU3BOICTBEHHOE OO'bEAUHEHUE
«benopycHedTb» CIOCOOEH PAOOTATh C
IIPOU3BOJAUTENBHOCTDIO 10 7 M?/MHH);

— IPOBOAUIACH JOYKOMILJIEKTALI U OOOPYAOBAHUA
st nemeHTupoBanust, [OP, pioTa I'PIT, koTOpas
MO3BOJIN/IA PACIIUPUTD CIIEKTP BBIITOJTHEHHU A
paboT COBCTBEHHBIMU CUIAMH.

TaxkuM 06pa3oM, yKe K JeBATOM cTaguu I'PIT

Ha CKBAXXUHE 411g y1a10Ch IPOBOJUTD PA6OTHI C

pacxogoM Haruetanus 8—10 m3/MuH.

Bcero na ckBaxkune 411g seinosninex I'PIT B

11 30Hax HA 27 K1acTepax, 3akadado 12 000 m3

JKUJKOCTH Pa3phiBa U 871 T nponnaHTa (PpakInui

30/50 u 20/40. ITocne pa3dbypuBaHUsI IPOOOK U

HOPMaJIM3A1IMH 32005 CKBA’)KMHA 3AITYIIIEHA B pabOoTy

(POHTAHHBIM CIIOCOHOM C 1e6uTOM 1O HEPTHU 50 T/CYT

1 06BOHEHHOCTBIO 10%.

YeTBepTbilh (TEeKyLwwnin) atan -
TUpaXXxupoBaHue paboT no 6ypeHuo I'C
u BbinosnHeHuto MIPIN no rexHonorun
Plug & Perf Ha «knaccnyeckmne» KonneKkTopbl

Onupasach Ha PE3YIABTATHI IPOBEJEHHBIX
UCCJIEJOBAHUN U OIIBIT BBIIIOJTHEH U
paboT Ha CKBaXUHe 411g, Komnanuend PYI1
«[IpOU3BOACTBEHHOE OObEAUHEHUE «BENTOPYCHEDTH>
B 2020 rozy IpOOYypPEHDI IBE TOPU3OHTATIbHBIE
CKBaKUHBI Ne 67g 1 Ne 155g Ha Pa3THYHBIX
MECTOPOXAEHUAX B «KJIACCUYECKUX> KOJUIEKTOPAX.
BepTHUKAIbHBIA YYACTOK CTBOJIA CKBAKUH OOCAKEH
IKCIUIyATALUOHHON KOJIOHHOU @ 178 MM, a
TOPHU30OHTAJIbHBIN YYACTOK — IKCILIYATAITMOHHOMN
KOJIOHHOM @ 114 mMm rpynnsl npodyHocTy P-110 ¢
NOJBECKOM XBOCTOBHKA, BBIJIEPKUBAIOIIEH ITIEPENAT,
masnenus 70 MITa.

Ha cxkBaskuHe 67g I/TMHA F'OPU30HTATIBHOT'O
CTBOJIA CKBAXXUHBI @ 114 MM cocTaBuiaa 487 M,
1o pesyabraram unrepnperanuu 'MC
MPOTHO3UPYEMASA CYMMAPHAS HE(PTEHACHIIIIEHHAS
MOILIHOCTD KOJIJIEKTOPOB — 12 M (110 BEPTHUKAJIM 11O
KapTe HE(PTEHACBIIIEHHBIX TOJIIIHH); 1O (PAKTY —
191 M (o cTBOIY), 28,37 M (11O BEPTUKAJIN).
s nposegenuss MI'PIT o rexnosioruu Plug & Perf
B CKBAKMHY CITYCKaJIACh KOMITOHOBKA HKT

Pucynok 5 — Cnyck naxep-npooxu u
nepgpocucmem na ckeancune 411g
Figure 5 — Running the packer plug and
perforation systems in well411g

drilling, hydraulic fracturing fleet was carried out,

which made it possible to expand the range of work

performed on its own.

Thus, by the ninth stage of hydraulic fracturing at
well 411g, it was possible to work with an injection
rate of 8—10 m?/min.

In total, well 411g was fractured in 11 zones on
27 clusters, 12,000 m?® of fracturing fluid and
871 tons of proppant with fractions 30/50 and
20/40 were injected. After drilling out the plugs
and normalizing the bottom, the well was put into
operation in a flowing manner with an oil flow rate
of 50 tons/day and a water cut of 10%.

The fourth (current) stage - replication

of work on drilling horizontal wells and
performing multistage hydraulic fracturing
using Plug & Perf technology on "classic"
reservoirs

Based on the results of the studies and the
experience of performing work on well 411g, the
company RUE Production Association Belorusneft
drilled two horizontal wells No. 67g and No. 155g
in 2020 at various fields in “classic” reservoirs. The
vertical section of the wellbore is cased with a
production casing of @ 178 mm, and the horizontal
section is cased with a production casing of @ 114 mm,
strength group R-110 with a liner hanger that can
withstand a pressure drop of 70 MPa.

On well 67g, the length of the horizontal wellbore
0 114 mm was 487 m, according to the results of
logging interpretation, the predicted total oil-
saturated capacity of the reservoirs is 12 m (vertically
according to the oil-saturated thickness map); in
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© 114 MM CO CTUHI'€POM, TEM CAMBIM
06pPa30BbIBASI PABHONIPOXOAHOM TUPT
TPyO OT YCThs 4O 3200:. MI'PIT BBIIOIHEH
B4 CTAJJUH IO 3 KJIACTEPA B KAXKJAOU

C IPOU3BOJUTEIBHOCTBIO 9—11 M3/

MUH. Bcero 6b110 3aKa4aHo 2243 M?
JKUJKOCTH Pa3pblBa U 347 T IPOIIIAHTA
dpaxnuii 30/50 u 20/40 ¢ MAKCUMATIBHONU
KOHIIeHTpa1uen 10 800 Kr/M3, 4To
COOTBETCTBYET 1,82 T rIponnaHTa Ha METP
3P PEKTUBHON JJIUHBI TOPU3OHTAIIBHOTO
CTBOJIA CKBAXXUHEL B cpaBHeHunu ¢ 2014
TOJJOM JIAHHBII [IOKA34TEJIb ObLI YBEJINYEH
6oJsie€ YeM B 5 pas.

IIpOCTUMYIUPOBAHHBIE MHTEPBAJIBI
nep@opanuu OTCEKAINCh KOMIO3UTHBIMHU
OPOOKAMHU, KOTOPBIE BMECTE C
nepdopaTopamMu JOCTABISIACH HA 32601
C IOMOMIBIO I€O(PUNYECKOTO KAOETIS ITYTEM 3AMbIBA
KOMITIOHOBKH (ps1oTom I'PIL Tem cambIiM O6111€€ BpEM S
BBINIOJIHEHUA Pa60T MI'PII 1o TeXHONIOTMHN
Plug & Perf cocTaBuio He 6oiee 48 4acoB.

Takoke Ha CKBAKUHE 67g 6L BBITIOTHCH KOMITTICKC
pPadoT O MUKPOCEHCMUYIECKOMY MOHUTOPUHTY,
UHTEPIPETALNA KOTOPOTO MTOKA3a/14, YTO TPEIIHUHBI
I'PIT pacnionarajauch B KpeCcT IPOCTUPAHUIO CTBOJIA
CKBa’KUHBL, CPEJHSASA JJIMHA TPEMUH COCTABUIA
okosto 200 M (pwuc. 6).

Pa3zbypuBaHNne KOMIIO3UTHBIX ITAKEP-TIPOOOK U
HOPMaJIN3a1I1A 32005 BBIIOTHAINUCH C TOMOMBIO
KOJNTIOOMHI'OBOM YCTAHOBKHU C IPUMEHEHUEM I'MOKOM
Tpy6Hs! 50,8 MM, BUHTOBOI'O 3a60MHOT'O IBUTATEIIA
JHUAMETPOM 73 MM M BOTHYTOI'O TOPLIEBOI'O (ppe3a
JuaMeTpoM 93 MM. I1pu MCIIONb30BAHUU JAHHOM
KOMIIOHOBKHM CPEJTHEE BpEMsA OYPEHUA OAHOM AKEP-
npo6Ku coCcTaBuiIO 30—40 MUHYT.

CKBaXMHA BCTYIIUJIA B Pa6OTY CO CIEAYIONUMHA
napamMeTpamu: 1eouT no Heprtu — 33,99 1/CyT,

JEOUT MO JKUIAKOCTH — 66,58 T/CyT, 0GBOJJHEHHOCTD
—48,95%; uepes 3 MecsAa11a aPaAMETPBI COCTABUIIN:
J1eouT no HepTH — 32,28 T/CyT, JEOUT IO XKUJKOCTH
— 38,86 T/CyT, OGBOAHEHHOCTH — 16,93 %.
ITosIy4EeHHBIN IPUTOK IIPEBBIIIAET B 2 pa3a apdexT
OT IIPUMEHEHHNA HA JAHHOM MeCTOpOXaeHuu MI'PTT
C MCIIOJIb30BAHHEM ITAPOBBIX KOMIIOHOBOK U B 4
pasza adpPeKT OT NPOBEACHHUS OFHOCTAJUNHOI'O
I'PIT B Cy6rOpu30HTAIBHOM CKBAKUHE TAHHOT'O
MECTOPOXIEHUS (CPESHUM 1eOUT HEPTH ITOCIIE
crangaptTHoro I'PIT cocrasiseT 7—8 T/CyT).

CKBaXXHHY 155 TPOOYPUIIU C JJTHHON
I'OPHU30HTAJIIBHOI'O CTBOJIA CKBAKHUHBI @ 114 MM
814,82 M, o pesdynbraram natepnperannu ['MC
IIPOTHO3UPYyEMAs CYMMAPHAA HE(PTEHACHIIEHHAA
MOUIJHOCTB KOJUIEKTOPOB COCTABsAIA 20 M
(110 BEPTUKAJIN 1O KAPTE HEPTEHACHIIIEHHBIX
TOJIIUH); 10 HaKTy — 387,7 M (110 CTBOIY), 36 M (110
BepTUKann). Inga nposegenua MI'PIT 1o TexHosnoruu
Plug & Perf B CKBa)XKHMHY CITYCK4JIACb KOMIIOHOBKA
HKT @ 114 MM CO CTUHI'€POM aHAJIOTMYHO CKBAXKUHE
67g. MI'PI1 BBITIOTHEH B 7 CTA/INH IO 3—4 Ky1acTepa
B K4X/JOU C IIPOU3BOJUTEIBHOCTBIO 9—12 M3 /MUH.
Bcero 6s110 3aka4aHo 3300 M? *KUAKOCTH Pa3phIBA
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Pucynox 6 - Muxkpoceiicnuueckue
uccaedosanun na ckéadicune 67g

Figure 6 — Microseismic surveys at well 67g

fact it accounts for 191 m (along the wellbore),

28.37 m (vertical). To carry out multistage hydraulic
fracturing using the Plug & Perf technology, a tubing
unit of @ 114 mm with a stinger was run into the
well, thereby forming an equal pipe lift from the
wellhead to the bottomhole. Multi-stage hydraulic
fracturing was performed in 4 stages, 3 clusters in
each with a productivity of 9—11 m3/min. In total,
2243 m? of fracturing fluid and 347 tons of proppant
with fractions 30/50 and 20/40 were injected with

a maximum concentration of up to 800 kg/m?,
which corresponds to 1.82 tons of proppant per
meter of effective length of the horizontal wellbore.
In comparison with 2014, this indicator has been
increased more than 5 times.

The stimulated perforation intervals were cut
off with composite plugs, which, together with
perforators, were delivered to the bottomhole using
a geophysical cable by flushing the layout with the
hydraulic fracturing fleet. Thus, the total time spent
on multistage hydraulic fracturing operations using
Plug & Perf technology was no more than 48 hours.

Also, at well 67g, a set of works on microseismic
monitoring was performed, the interpretation of
which showed that hydraulic fractures were located
in the cross of the wellbore strike, the average length
of the fractures was about 200 m (Figure 6).

The composite packer plugs were drilled out and
the bottomhole normalized using a coiled tubing
unit equipped with a coiled tubing of 50.8 mm, a
downhole motor with a diameter of 73 mm and a
concave end mill with a diameter of 93 mm. When
using this unit, the average drilling time for one
packer plug was 30—40 minutes.

The well was put into operation with the following
parameters: oil flow rate — 3399 tons/day, liquid flow
rate 66.58 tons/day, water cut 48.95%; After 3 months,
the parameters were: Oil flow rate — 32.28 tons/day,
liquid flow rate 38.86 tons/day, water cut 1693%. The



u 659 T nipormanTa GPaKIUL
30/50 u 20/40 ¢ MAKCUMAJIbHOU
KOHIIeHTpa1uet 10 800 kr/m?,
41O coorBercTByeT 1,70 T
OPOMNMNAaHTA HA METP 3(PPEKTUBHON
JUIMHBI TOPU30HTAJIBHOTO CTBOJIA
CKBAKHHBI (PUC. 7).
I[IpocTUMYIMPOBAHHBIC
UHTEPBAIBI NEPHOPALTUHN TAK XKE,
KaK 1 HA CKBOKUHE 678, OTCCKAIUCH
KOMIIO3UTHBIMU IPOOKAMY,
KOTOPBIE BMECTE € NEPPOPATOPAMHU
JOCTABJISLZINCH HA 3200 C IIOMOIIBIO
reo(pusn4YeCKOro Kabess myTemMm
3aMbIBAd KOMIIOHOBKHU (PJIOTOM
I'PIT. Tem cambIM OO1IIEE BpEMS
BBINIOJIHEHUA PaboT MI'PII o
TexHosioruu Plug & Perf coctasuno
He 6oJiee 4 CYyTOK.

Pa3bypuBaHUE KOMIIO3UTHBIX
HaKEP-IPOOOK U HOPMAJIU3AITUST
320051 BBITOJTHSJINCH C IIOMOIMIBIO KOJITIOOMHI'OBOH
YCTAHOBKHM C IPUMEHEHUEM THOKOI TPYOHI 50,8 MM,
BHHTOBOT'O 3A00MHOTIO JIBUT'ATENA JTUAMETPOM
76 mm u gonorom PDC guamerpom 92 mm. Ilpu
HUCNONIB30BAHUU JJAHHOM KOMIIOHOBKH CPEHEE
BpeMs OYPEHUA OLHOM MAKEP-TIPOOKU COCTABUIIO
20—-30 MUHYT.

CKBaXMHA BCTYIIUJIA B Pa6OTY CO CIEAYIOMUMHA
napaMeTPaMU: 1eOUT 10 HePTU — 41,32 T/CyT, AEOUT
I10 JKUAKOCTH — 68,22 T/CyT, 06BOJHEHHOCTD —
39,44 % w erie BBIXOAUT HA pexxuM. OJTHAKO BBOJHBIC
[apaMETPHI IIPEBBIMIAIOT B 3 pa3a apdeKT OT
NPUMEHEHNUA HA JAHHOM MeCTOpOXAeHuN MI'PII ¢
HUCNONIB30BAHUEM MIAPOBLIX KOMIIOHOBOK M
B 4 pa3a a(PPEKT OT NPOBEJEHUA OJHOCTATUNHOIO
I'PIT B Cy6ropu30HTAIBHOM CKBAKUHE TAHHOT'O
MECTOPOXICHUS (CpEeAHUM 1eOUT HEPTH ITOCIE
craggaptHoro I'PIT cocrasinser 10 1/CyT).

ITosry4yeHHAas BBICOKAA MPOJYKTUBHOCTD CKBAKHH
Ne 411g, Ne 67g 1 Ne 155g [TOKa3bIBACT, UTO BIOKCHHUC
CPEJCTB B MIUPOKUNA KOMILJIEKC UCCIEJOBAHNI,
OypEHHE HOBBIX CKBAKHH, UX OCBOEHHE METOJIOM
MTIPIT nno Texnosioruu Plug & Perf
Ha MeCcTOpOoXaAeHUAX PYII «[Ipon3BogCTBEHHOE
o6beguHeHuE «benopycHePTh» 3PPEKTUBHBI KAK
Ha «<HETPAJUIUOHHBIX>, TAK X HA KITACCUYECKUX
KOJUJIEKTOPAX.

PazButue B 2021 ropy

MacnrrabHoe 6ypeHUE FTOPU3OHTAIBHBIX CKBAXKUH,
COBEPHIEHCTBOBAHUE TEXHOJOT UM OCBOCHU S
CKBa>KUH, YBEJIMUECHUE IJIOMAAU PACTPECKUBAHUSA
U CTUMYIUPOBAHHOI'O OO'bEMA KOJJIEKTOPA,
COKPAIllEHHE BPEMEHHBIX 34TPAT IPUHOCAT
MOJOXKUTEIBHBIE PE3YJIBTATBL: KDATHO YBETUUHUBAIOT
OPUTOK, IPOJO/IKUTEIBHOCTD 3(PPEKTA, U, KAK
CJIEJICTBUE, DPEHTAOEIBHOCTD PA6OT.

IIpropHUTETAMHU AAIBHENIIIETO PA3BUTUSA B
OYpPEHUU FTOPU3OHTAIBHBIX CKBAXXUH U IPOBEJNECHUHU
B HUX Kj1acTepHoro MI'PII o rexHonoruu
Plug & Perf BUANTCA B IEPBYIO OYEPEAD TOTHBIN
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Pucynox 7 — Paccmanoexa 060pyooeanua na ckeéaxcune 155g
Figure 7 — Equipment placement on well 1558

resulting inflow is 2 times greater than the effect of
using multistage hydraulic fracturing in this field
using ball units, and 4 times the effect of carrying out
one-stage hydraulic fracturing in a sub-horizontal
well of this field (the average oil production rate after
standard hydraulic fracturing is 7—8 tons/day).

Well 155g was drilled with a horizontal wellbore
length of @ 114 mm and 814.82 m, according to the
interpretation of the logging results, predicted total
oil-saturated capacity of the reservoirs was 20 m
(vertically according to the oil-saturated thickness
map); In fact — 387.7 m (along the wellbore), 36 m
(vertical). For multistage hydraulic fracturing using
Plug & Perf technology, a 114 mm tubing unit with
a stinger was run into the well, similar to well 67g.
Multistage hydraulic fracturing was performed in
7 stages, 3—4 clusters in each with a productivity of
9-12 m?/min. In total, 3300 m? of fracturing fluid
and 659 tons of proppant with fractions 30/50 and
20/40 were injected with a maximum concentration
of up to 800 kg/m? which corresponds to 1.70 tons
of proppant per meter of effective length of the
horizontal wellbore (Figure 7).

The stimulated perforation intervals, as well as in
well 67g, were cut off with composite plugs, which,
together with perforators, were delivered to the
bottomhole using a geophysical cable by cleaning
out the assembly with the hydraulic fracturing fleet.
Thus, the total time spent on multistage hydraulic
fracturing operations using Plug & Perf technology
was no more than 4 days.

The composite packer plugs were drilled out
and the bottomhole normalized using a coiled
tubing unit using a 50.8 mm coiled tubing, a 76 mm
downhole motor and a 92 mm PDC bit. When using
this assembly, the average drilling time for one packer
plug was 20—-30 minutes.

The well was put into operation with the following
parameters: oil flow rate — 41.32 tons/day, fluid flow
rate 68.22 tons/day, water cut 39.44% and is still
entering the regime. However, the input parameters
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OTK43 OT IPUBJIEYECHUS JOPOTOCTOSAINX
CEPBUCOB U BBIIIOJTHEHHUS BCETO KOMILIEKCA pa0OT
COOCTBEHHBIMHU CHJIAMHU. TaKXKE HEMAJIOBAXKHBIM
(PaKTOPOM PA3BUTHUA ABJISAETCSA ONITUMU3AL U
TEXHOJIOTUYECKOTO IIPOLIECCA TPOBEACHU A

paboT, KOTOPAs MO3BOJIUT YBEIUYUTD KAYECTBO U
COKPATHUTb BPEMEHHBIE 34TPATHI, TEM CAMBIM €IIIE
OOJIBIIIE NOBLICUTh PEHTA0ENBHOCTD. JIOTHYECKUM
ano(e030M Pa3BUTHS CTAHET BBIXO/ HA PBIHOK
HEPTECEPBUCHBIX YCJIYT U IPOBEJEHUE PAOOT 1O
KiacrepHomy MI'PIT ¢ IpuMEHEHUEM TEXHOJIOIUNU
Plug & Perf moj1 k1104 Ha MECTOPOKICHUSAX
334KA34HKa.

W et cepbe3Has MOJEPHU3ALHA 6yPOBOTO
OJI0Ka: BHEAPAIOTCS OyPOBBIE YCTAHOBKH HOBOI'O
MOKOJIEHH I, MOAEPHUSUPYIOTCA CTAPBIE U
JIOOCHAIIAIOTCS CUCTEMAMHU BEPXHETO NIPUBOJA
(CBII), HOBBIMU MOIIITHBIMUA OYPOBBIMHA HACOCAMH,
COBPEMEHHON 4-CTYIIEHYATON CUCTEMOU OUYHUCTKNA
OYpPOBOT'O PACTBOPA C LIENBIO PEATU3ALTUN
ArPECCUBHBIX NOAXO/0B U BBIIIOTHEH U
3a5BJIEHHBIX 'H/IPABINYECKUX IPOTPAMM, AKTHUBHO
MNPUMEHSETCA TEIEMETPUYECKAA CUCTEMA C
TUAPABIMYECKUM KAHAJIOM CBA3U. DTO IIPUBEJIO
HE TOJIBKO K CYIIECTBEHHOMY COKPAIIEHUIO
CPOKOB CTPOMUTENBCTBA CYOrOPU30OHTAIBHBIX
U F'OPU3OHTAJIBHBIX CKBAKWH, HO U TTIO3BOJIMJIO
MPOBOJUTD ITOJIHBIA [TUKJI CTPOUTENIBCTBA
CKBa’KHMHBI C IPOTAKEHHOCTBIO TOPU3OHTAIBHOTO
cTBOna 6onee 1000 M COOCTBEHHBIMU CHIIAMH
0€3 IIPUBJIEYEHU CEPBUCA IOPOTOCTOAIIETO
OOOpPYIOBAHUS U TEXHOJIOTHH.

OBOMIOIIMOHUPYET NOAXOA, U K IEMEHTUPOBAHUIO
CKBa’KMH. 34KYIIJIEHA MHHOBAIIMOHHASA
TAMIIOHAXXKHA5 TEXHUKA, pa3paboTaHa COOCTBECHHAS
peLENnTypa 3J1IACTUIHOTO TAMIIOHAKHOT'O
pacTBOpA, KOTOPAs MO3BOJINUIA OTKA3AThCSA
OT IIPUBJIEYEHHUSA YCIYT BEAYIIUX CEPBUCHBIX
KOMIIAHMH 1O KPETIJIEHUIO CKBAKHH, KAYECTBEHHO
LEMEHTUPOBATH TOPU3OHTAJIBHBII CTBOJI
CKBa’KMHBI M PACTIONIATATD KJIACTEPDI NEP(POpAIUN
Ha MaJIOM PACCTOAHMHU JPyT OT Apyra. Hannaue
CIIELIMAJIM3UPOBAHHON OCHACTKHU B OKTSI6pe 2020
rO/ja IO3BOJIMJIO BBIIIOJIHUTD ITUJIOTHBIE PA6OTHI ITO
LEMEHTUPOBAHUIO IKCILIYATALMOHHON KOJIOHHBI
114 MM, pacmnoJIOKEHHONU B TOPU30OHTAIBHOM
Y4Y4CTKE NPOTAXKEHHOCTBIO 1000 METPOB, C
BpaIlIEHHUEM COOCTBEHHBIMU CUIAMHU C KAYECTBOM
kpeneHus K aki = 0,98.

B HacTOsITIEE BpEMS YCIIENTHO PEATU30BaHa
IIpOrpamMma IEPEOCHAIECHUS IIEHTPA
UCCJIEIOBAHUH KEPHA HOBBIM COBPEMEHHBIM
JIABOPATOPHBIM OOOPYLOBAHUEM OT BEAYIIIUX
IIPOU3BOIUTEIICH MO CIEAYIONIMM HAITPABICHUAM:
IIEPBHUYHAS IPOOOIOIOTOBKA KEPHA, IPHUBA3KA
kepHa K 'MC, pOTOAOKYMEHTUPOBAHME KEPHA
B /IHEBHOM U YJIBTPA(HOIECTOBOM CBETE,
CTAH/IAPTHBIC U CIIENAIbHBIE (TEOXUMUYECKUE,
reOMEeXaHNYECKIE, MUHEPAJIOTUYECKUE, DEHTIE€HO-
TOMOI'padPHUYECKUE) UCCAEIOBAHUA. Hannuue
TAKOI'O O6OPYAOBAHUS CLIOCOOCTBYET MOIYIEHUIO
O0JIBIIOTO 06'beMa NUH(POPMAIIHH, KOTOPAS
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are 3 times higher than the effect of using multistage
hydraulic fracturing in this field using ball units and
4 times the effect of performing one-stage hydraulic
fracturing in a sub-horizontal well of this field (the
average oil production rate after standard hydraulic
fracturing is 10 tons/day).

The obtained high productivity of wells No. 411g,
No. 67g and No. 155g shows that investment in
a wide range of studies, drilling new wells, their
development by multistage hydraulic fracturing
using Plug & Perf technology at the fields of RUE
Production Association “Belorusneft” are effective as
in “non-traditional” , and on classic collectors.

Developmentin 2021

Large-scale drilling of horizontal wells,
improvement of well development technologies,
an increase in the area of cracking and stimulated
reservoir volume, and a reduction in time costs bring
positive results: they multiply the inflow, the duration
of the effect, and, as a result, the profitability of the
work.

The priorities for further development in drilling
horizontal wells and carrying out cluster multistage
hydraulic fracturing using Plug & Perf technology
is, first of all, a complete refusal to attract expensive
services and perform the entire range of works on
our own. Also an important development factor is the
optimization of the technological process of work,
which will increase the quality and reduce time costs,
thereby further increasing profitability. The logical
apotheosis of development will be the entry into the
oilfield services market and the implementation of
cluster multi-stage hydraulic fracturing operations
using the Plug & Perf technology on a turnkey basis
at the customer's fields.

A serious modernization of the drilling unit is
underway: New-generation drilling rigs are being
introduced, old ones are being modernized and
retrofitted with top drive systems (TDS), new
powerful mud pumps, a modern 4-stage mud
cleaning system in order to implement aggressive
approaches and fulfill the declared hydraulic
programs, is actively used telemetry system with
hydraulic communication channel. This led not only
to a significant reduction in the construction time for
sub-horizontal and horizontal wells, but also made it
possible to carry out a full cycle of construction of a
well with a horizontal wellbore length of more than
1000 m on our own without involving the service of
expensive equipment and technologies.

The approach to well cementing is also evolving.
An innovative grouting technique was purchased, a
proprietary formulation of an elastic grouting slurry
was developed, which made it possible to abandon
the involvement of the services of leading service
companies for well casing, high-quality cementing of
a horizontal wellbore and locate perforation clusters
at a short distance from each other. The availability
of specialized equipment in October 2020 made it
possible to carry out pilot work on cementing a 114 mm
production casing located in a horizontal section



MO3BOJISIET KOPPEKTHO XAPAKTEPHU3OBATH CIOXKHYIO
IPUPOAY ITACTA-KOJUIEKTOPA U JTydIlle IOHUMATh
€r0 CTPOEHUE 1 CBOUCTBA, YTO HEOOXOJUMO JIJIsI
PpELIEHUS MTUPOKOrO KOMILJIEKCA 34/1a4 T€0JIOTUHU U
pPa3paboTKU.

TF'eodusnyeckre paboTel BEIXOAAT HA COBEPIIEHHO
HOBBIA YPOBEHb. 34KYIUIEHHOE BBICOKOTOYHOE
reo(pru3ndYeCcKoe O60PYAOBAHUE TTIO3BOJISIET
HOJYy4aTh HIMPOKUH CIIEKTP CKBAXKUHHOTO
Y1 HA3€EMHOI'O re0O(PU3UYECKOTO MATEPUAIIA,
UHTEPIPETALNA KOTOPOT'O BLIIIOIHAECTCS
COOCTBEHHBIMHU CHUJIAMHU (B TOM YUCJIE U
MUKPOCEUCMUYECKOTIO MOHUTOPUHTI'A). DTO
CIIOCOOCTBYET HE TOJIBKO MPAaBUJIBHOMY BEIOOPY
HAaNpPaBJIEHU OYyPEHUS CTBOJIOB HOBBIX CKBAKHUH
U KA4ECTBEHHOMY COCTABJICHUIO Au3arina I'PIT,

HO TAKJKE TTO3BOJISIET IOCTOSAHHO YIy4IIaTh
3D reoMeXaHUYECKUE MOAEN HEPTAHBIX
MECTOPOXKIACHUN.

IIpu npoBeaeHnH NEPPHOPALUOHHBIX PA6OT
AKTHUBHO IPUMEHSAIOTCS 3APAIBI POCCUUCKOTO U
AMEPHUKAHCKOTO IIPOU3BO/ICTBA, 4 KOMIIOHOBKH
C IepPOCUCTEMAMH U MAKEP-TIPOOKAMHU MOTYT
JOCTABJIATBHCA O HY’KHOI'O MECTA TOPU3OHTAJIBHOTO
Y4aCTKA CKBA’KHUHBI ITyTEM 3aMbIBA HA
reo(pusn4eCcKoM Kabele, 2 TAKXKE C IPUMEHEHHUEM
I'HKT u HKT.

IIposenenue padot no I'PIT yxe ceriuac
COIIOCTABUMO C BEAYIIUMH HEPTECEPBUCHBIMU
xKoMnanuamu. B 2020 rogy 3aBepmniach
MozaepHu3anus Gaotos 110 I'PIT u ux o6’beUHEHUE
B €JUHYIO CUCTEMY. DTO O3BOINUJIO NPOBOAUTH ['PIT
C IPOU3BOJUTEIBHOCTBIO O 14 M3/MIH, IPH 3TOM
€CTb BO3MOXHOCTD 3AKAUYUBATb OOBEM KUJIKOCTH
6osee 2000 m? 1 maccy nponmnanTa 6onee 300 T
32 ogHy onepanuio. Cenyac ueT JOOCHAIIEHUE
(psioTa I'PTI HOBOU TEXHUKOI (BBICOKOPACXOAHAS
CMECHUTEJIbHASA YCTAHOBKA, XMMMAIINHA, EMKOCTHOM
MapK) C LIEJIbIO BO3MOXHOCTH yXKe B cepegune 2021
ropa nposoauTs MI'PIT ¢ pacxosgoMm HATHETAHUSA 10
18—-20 M*/MuH.

VCOBEPIIEHCTBYIOTCS U TEXHOJIOTUYECKUE
noaxo/bl K I'PIT. PazpaboTaHa crieluajabHas
peLENnTypa *KUAKOCTH PAa3PhIBA HA I'YaPOBOH
OCHOBE, KOTOPAsI UMEET XOPOUIUH TECT HA CIBUT
Y CIIOCOOHA BBINOIHAT CBOU (DYHKIIMU JAKE TIPU
pacxope HarHeTaHus 12—14 m*/MuH [2].

W 1eT aKTUBHOE TECTUPOBAHUE KUJKOCTHU
pa3pbIBa HA OCHOBE BBICOKOBSI3KUX IOHU3UTENIECH
Tpenus (HVFR), 3aKyIieHbl TPU pa3IUuYHbIX
THUNA (AMYJIbCHUS, CYCIIEH3HUS, TOPOIIOK)

KUIKOCTHU A1 iposegieHrns OITH Ha CKBaKHUHAX.
MoIEpHU3UPYETCS JIAOOPATOPHOE OOOPYAOBAHUE:
OPUOOPETAIOTCA YCTAHOBKU JJIs1 ONIPEIECIEHUS
IPOBOAUMOCTH NPONMNAHTHOM ITAYKU U U3MEPEHUS
NOTEPHU AABJICHHUSA HA TPEHHUE. VX NCTIONIb30BAHUE

B paboTeE B IEPBYIO OYEPEAD [IO3BOJIUT KPATHO
HOBBICUTB 3(P(PEKTUBHOCTD NPOBegcHUA ['PIT Ha
HETPAJTUIIUOHHBIX KOJUJIEKTOPAX [2].

Pa60TEI IO HOPMATHU3ALINH 32605 U
Ppa30ypUBAHUIO NAKEP-TIPOOOK C MPUMEHEHUEM
KONTIOOMHI'OBOM YCTAHOBKU IMTOCTOSTHHO

with a length of 1000 meters, with rotation on its
own with a fastening quality of K acc =0.98.

At present, a program has been successfully
implemented to re-equip a core research center
with new modern laboratory equipment from
leading manufacturers in the following areas:
Primary sample preparation of a core, linking
a core to GIS, photo documentation of core in
daylight and ultraviolet light, standard and special
(geochemical, geomechanical, mineralogical,

X-ray) tomographic) studies. The availability of

such equipment contributes to obtaining a large
amount of information that allows you to correctly
characterize the complex nature of the reservoir and
better understand its structure and properties, which
is necessary to solve a wide range of geology and
development problems.

Geophysical work is reaching a completely new
level. The purchased high-precision geophysical
equipment allows obtaining a wide range of borehole
and surface geophysical material, the interpretation
of which is carried out on our own (including
microseismic monitoring). This contributes not only
to the correct choice of direction for drilling new
wells and high-quality hydraulic fracturing design,
but also allows for continuous improvement of 3D
geomechanical models of oil fields.

During perforation operations, charges of Russian
and American production are actively used, and units
with perforation systems and packer plugs can be
delivered to the desired location in the horizontal
section of the well by washing on a geophysical cable,
as well as using coiled tubing and tubing.

Hydraulic fracturing works are already comparable
with the leading oilfield service companies. In 2020,
the modernization of hydraulic fracturing fleets and
their integration into a single system was completed.
This made it possible to carry out hydraulic fracturing
with a capacity of up to 14 m?/min, while it is possible
to inject a fluid volume of more than 2000 m? and
a proppant mass of more than 300 tons in one
operation. Now the hydraulic fracturing fleet is being
retrofitted with new equipment (high-flow mixing
unit, chemical machine, tank farm) in order to be
able to carry out multi-stage hydraulic fracturing in
mid-2021 with injection rates up to 18—20 m?/min.

Technological approaches to hydraulic fracturing
are also being improved. A special formulation of
a guar-based fracturing fluid has been developed,
which has a good shear test and is capable of
performing its functions even at injection flow rates
of 12-14 m?®/min [2].

An active testing of the fracturing fluid based on
high-viscosity friction reducer (HVFR) is underway,
three different types (emulsion, suspension,
powder) of fluid were purchased for pilot testing in
wells. Laboratory equipment is being modernized:
installations are being purchased to determine the
conductivity of the proppant pack and measure the
friction pressure loss. Their use in work, first of all,
will make it possible to multiply the efficiency of
hydraulic fracturing in unconventional reservoirs [2].
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Tabnuua 3 — deontouun oypenus u océoenunI'C

Table 3 - Evolution of drilling and development of borizontal wells

Konnyectso
CKBaXKMH 8 1 1 1 1 8 2
Number of wells BbINoNHeHMe
Tin konnekTopa a KH?CCM;?CKgth TPV3 - TdPJl[/B Knaccvyeckmin ’ -;PJIE/B W Fl’<a60T "
assic and hard-to-recover ard-to-re- . ard-to-re- orks carrie
Collector type resorces cover resorces Sl Cover resorces out
-
oAbl 2014-2018 2019 2020 2021
Years
Tenecucrema/ Cobct. cunbl/
I_Ts;ggﬂgmﬂc Tenecucrema | Tenecncrema Tenecncrema Tenecucrema PYC cepBuC
- Telesystem Telesystem | Tenecucrema/ Telesystem Telesystem RSS By own ef-
Wiring technology forts/ service
LlemeHT. be3
BpaLueHs 3a LiemeHT. 6e3 BpallieHns 3a LlemeHT. ¢ BpalLeHveM 3a 1
LlemeHTMpoBaHe ?/\e/iﬁewltema ?/f/'BtkL]leMteHTa c ! ”Oixof':h 1 NOAXOL C LieHT. NOAXOL, C LeHT. CBO6CF' C'/”]:b'
Cementing tthout ce- ithout ce- emem With- | cement without rotation for | Cement with rotation for 1 ap- y own et-
ment ment out r]%t?tlon 1 approach proach per cent. forts/ service
1 approach
3K Cobct. cunnbl
Producti i 168*114 178*114 140 178*114 178*114 178*114 140 By own ef-
ieeuaem Suing) forts/ service
Cobct. cunnbl
rc
Anavia 300-500 m 450 1200 400 590 1000 1400 By own ef-
BG length y :
9 forts/ service
Kon-Bo cragum
rPM CobcT. cnnbl
Number of hy- A=6 3 12 4 7 8 14 By own ef-
draulic fracturing forts/ service
stages
Cobct. cunbl

CKopocTb 3akatk | 3 5 g 4 7 7 1 12-14 12-18 By own ef-

Pumping speed y :
ping sp forts / service
Cobct. cunnbl

Kon-

NO” EO K”faclreFt’OB 1 1 2-3 3 3-4 4 4-6 By own ef-
UIIZET @ QUUSIETS forts/ service
Maccc‘?agpm%-l‘ Ha CobcT. cnnbl

. 20-60 60 110 100 120 120-150 150-180 By own ef-
Weight of pro y ;
pger stage > forts/ service

COBEPHIEHCTBYIOTCSA — OIPOOYIOTCS PA3JIUYHBIE
THUIIBI HIOPOAOPA3PYIIAIOMIETO UHCTPYMEHTA, UAET
AKTHUBHAA Pa3paboTKa paboven XKUJKOCTH, KOTOPAs
CIIOCOOCTBYET CHUKEHUIO TH/IPABINYECKUX
NOTEPDb HA TPEHUE, NOAACPKAHUIO TPEOYEMOI
IPOU3BOAUTENIBHOCTH, MUHUMAJIBHOMY
3aTPSIBHEHUIO IJIACTA U OBICTPOMY OTMBIBY
OPOAYKTOB Pa30YPEHHBIX KOMITIO3UTHBIX MTAKED-
OPOOOK U IPONIIAHTA.

YuuThIBas BbIIIEHU3JIOXKEHHOE, B PYII
«[IpOU3BOACTBEHHOE OObEAUHEHUE «BeTOPYCHEDTH>
Ha 2021 rog mOCTAaBJIECH IIJIAH BBINOJIHUTH HA 10
CKBA’KMHAX MECTOPOXKJEHUN OEIOPYCCKOTO
PETMOHA KOMILJIEKC PpA0OT, HAYWHAA OT OYPEHUSA
U 3aKAHYUBASI OCBOEHUEM METOJIOM KIACTEPHOTO
MTPIT no texnonoruu Plug & Perf COOCTBEHHBIMU
CHJIAaMHU O€3 NMIPUBJICYEHH A CTODOHHUX CEPBUCHBIX
KOMITAaHMH (Ta0J1. 3). DTO cocTasasieT bonee 30%

OT 3aIJIAHUPOBAHHBIX K CTPOUTEBCTBY CKBAXKUH
IKCIUIyaTAIUOHHOTrO (poH/a B 2021 roay.
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Bottom hole normalization and packer plug
drilling using a coiled tubing unit are constantly
being improved — various types of rock cutting tools
are being tested, a working fluid is being actively
developed, which helps to reduce hydraulic friction
losses, maintain the required productivity, minimize
formation contamination and quickly wash out the
products of drilled composite packers - plugs and
proppant.

Considering the above, RUE Production Association
Belorusneft has set a plan for 2021 to complete a
range of works at 10 wells in the Belarusian region,
from drilling to development by cluster multistage
hydraulic fracturing using Plug & Perf technology
on its own without involving third-party service
companies (Table 3). This is more than 30% of the
production wells planned for construction in 2021.
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