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JIOKJIaTYMK NEPEUUCTUI (PAKTOPBL, KOTOPLIE
YUUTBIBAJIUCH IPU COCTABJICHUH IPOTHO30B,

B TOM YMCJIE IPOTHO30B KOJIMYECTBA

HE(PTECEPBUCHDBIX ONEPALINU C PA36HMBKOM IO

CETMEHTAM PBIHKA. BBUIN IPEICTABICHEI 6A30BbI,

NECCUMUCTUYECKUI Y OITUMHUCTUYECKUNA

cueHapuu 1066191 He(PTH B PO Ha meprof

110 2030 roj1a ¥ IPOrHO3 IOOBIYU 11O TUITAM

MECTOPOXK/EHUI (CTaphle, HOBBIE, TPU3,

mesnbd). JJaHa peTpOCHEKTUBHAS IMHAMHKA

HedTECEPBUCHOTO peIHKA PO B 2005-2018 rogax

C YK43aHHUEM €I'O OCHOBHBIX JIPANBEPOB B 3TOT

MEPUOJL U IPOTHO3HASA JUHAMMKA 3TOI'O PBIHKA HA

2019-2030 ropaml.

B IpOrHo3€ B KAa4ECTBE MPUYHUH POCTA OObEMA PBIHKA
BBIJICJICHBL:

* YBEJIMYEHUE YHCIA HE(PTECEPBUCHBIX OIIEPALINLT;

* POCT CTOMMOCTH ONIEPALINI BCIEICTBUE UX
YCJIOKHEHU, Hanpumep, B cermenTe I'PI1 Bcaencreue
BO3PACTAHHUA YncIa onepauuil MI'PIT u ysenndeHus
YHCJIA UX CTAINUH WIN CJIOKHOCTHU onepanunii KPC;

¢ MHQJISAIMOHHBIE IPOILIECCHL
ITo cpaBHeHuIO ¢ 2018 rogoM COCTAB HATEPKU

KPYITHEUIINX CETMEHTOB HE(PTECEPBUCHOT'O PBIHKA

U3MEHUTCSL. Hanbo b 1porpecc OKUaaeTcs B

CETMEHTAX CONPOBOXAEHUA OypeHus u I'PIT.

Bpu1a mpeACcTaBIeHa JUHAMUKA OObEMA PHIHKA
KonTio6mHra B 2007-2018 rogax. Hanbonbpmur pocTt B
3TOT NEPUOJ ITPOJAEMOHCTPUPOBAJI CETMEHT ONEPAIIUIA
ripu I'PITu MI'PIT (+46,0 miapa py6.), obecrieausrumit 64,9%
POCTA PBIHKA KOJITIOOMHTA.

CaMBblIH JOPOI'O¥ 1 OOBEMHBIH B ICHEKHOM BBIPAKECHUU
cermeHT onepanuii ¢ THKT — ato onepauyu I'PIT,
BKJIIO4ast MI'PIT HAa HOBBIX CKBaXKHMHAX. ETOo 06'bEM
B 2018 rozy coctasui 48,3 miapz py6. (60,8%).

B HacTosmee BpeMs CTPYKTYPa PbIHKA OCHOBHBIX
KOJITIOOMHI'OBBIX ONEPALUI BBITTIAAUT TAK:

* 06padoTka I13I1 CKBa’KHMHBI U BBI3OB IIPUTOKA
(6e3 yuera I'PIT);

* TIOAI'OTOBUTENBHBIE pab0oThI K 'PIT, 0OCBOCHUE
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Bapoum KPABELL
Vadim KRAVETS

The Future of
the Russian
Oilfield Services
Market including
Coiled Tubing
and Fracturing
Segments

Vadim KRAVETS, RPI
Research & Consulting

The speaker listed
the factors that were
taken into account
when making the
forecasts, including
forecasts of the number
of oilfield operations by
market segment. The
baseline, pessimistic
and optimistic scenarios of oil production in
the Russian Federation for the period until
2030 and the forecast of production by type of
oilfield (mature, new, yard-to-recover reserves,
offshore) were presented. The speaker provided
retrospective dynamics of the oilfield services
market of the Russian Federation in 2005-2018,
indicating its main drivers during this period and
the forecast of the market for 2019-2030.
Forecast includes the following factors driving
the possible growth of the market:
* Increase in the number of oilfield services
operations;
» Higher price of such operations due to increased
complexity (e.g, in the fracturing segment
— increase in the number and complexity of
fracking stages, or more complicated workover
operations);
* Inflation.
Compared to 2018, there will be a change in
the composition of the five largest segments
of the oilfield services. The greatest progress is
expected in the segments of drilling and hydraulic
fracturing.
The dynamics of the coiled tubing market
volume in 2007-2018 was presented. The largest



CKBAKUHBI 110¢s1e T'PIT;

e IIOArOTOBKA CKBAXHUHBI K 36C, ocBOeHue nocie 36C;

* MOJATOTOBKA K 9KCILTyaTAIIUU U PEMOHT
HATHETATEIbHBIX CKBA’KUH/OCBOCHUE BHOBb
NpOGYPEHHBIX CKBAXKUH;

e npoume BUubI paboT KPC;

» onepaumu ripu I'PIT 1 MI'PIT;

e onepauuu npu 6ypenuu u 35C.

Han60ab11yI0 OO PHIHKA KOJITIOOUHI'A B (DPU3UYECKOM
BBIPA’KEHUH COCTABAI0T onepanuu 11pu KPC (71,2%), npu
3TOM B JIEHEKHOM BBIPA’KEHUH OHU COCTABIIAIOT JIUIIb
35,2%. O6paTHAs KApTUHA HAOMIOAaeTCsA B cermenTe I'PIT
1 MI'PIL. B (pH3UYECKOM BBIPAXKEHHUU UX JOJISI COCTABIISAET
26,8%, TOr/1a KaK B IEHEKHOM BBIPAKCHUM STOT CETMEHT
repBeHCTBYET — 60,8%.

PBIHOK KOJITIOOMHT'A OOJIAA€T 3HAYHUTEIbHBIM
NOTEHIIUAIOM pocTa K 2030 rony — 248% B JEHEKHOM
BBIPAXKEHUU. POCT OyZIeT OOYCJIOBIJIEH YBETMYEHHUEM
KOJIMYECTBA ONEPALUI U C€6ECTOMMOCTH OT/IE/IBHBIX
OIlEpALUI B CBA3HU C IIOBBIIIEHHUEM TEXHOJIOIMYECKOM
CI0KHOCTU. OJHAKO B CBA3U C IIOSABJIEHUEM PAA
poccuiickux npoussoacts 'HKT oxugaercs
CAEPKUBAHNUE CTOUMOCTH OIIEPALINIL.

B 2006-2018 rogax KPyITHEHIIIIM CEIMEHTOM PhIHKA
I'PIT ABAAINCH Onlepantiy OgHOCTAANHHOTO 'PIT Ha
nepexoiAIeM (POH/IE CKBAKUH, KOTOPbIE COCTABUIN 49,7%
PBIHKA B (DU3UYECKOM BBIpAXKEHUH. B 2018 rogy o6bem
PBIHKA BBIPOC ITO CpaBHEHMUIO ¢ 2017 rogoM Ha 29,2% u
cocTtasu 1331 Mupg pyonei. DTOT poCT ObLJI CBI34H B
MEPBYIO OYEPED C YBEJIMUYEHUEM KOJTUYECTBA ONEPAIUAIT
MTPII, KOTOpBIE CTAJIN 60JIEE TEXHOJIOTUUYECKU CIOKHBIMU
U IOPOTOCTOAIUMH.

Osxppgaercs, 9o ¢ 2019 no 2030 rog peiHOK I'PIT 6yer
pactu HA 13% B roj 1 JOCTUTHET K KOHITY ITEPUO/A
577,3 MIIpJ py6JIen.

OCHOBHBIM JIPAIBEPOM POCTA CTAHET cerMmeHT MI'PIT,
KOTOPBIH YK€ IIPEB3OMIEN B COBOKYITHOM OO'bEME PBIHKA
ofHOCTaauiHble onepauyu I'PIT a k 2020 roay ero Joss
B JICHEKHOM BBIPAXXEHUH BO3PACTET 10 81,4%. DTO OyzeT
06YyCJIIOBIEHO POCTOM TEXHOJIOTUYECKON CIIOKHOCTH U
cebecronmocTu onepanuii I'PIL

IlepCreKTUBHBIC HATIPABJICHHUS PA3BUTH S
KOJITFOOMHT'OBOT'O OOOPYZOBAHHU A OT
C3A0 «®PUIMAIII»

[O.B. BEJIVIHIH, C3AO «®H/IMAIIL>

MO’KHO CMEJIO KOHCTATUPOBATh POCT UHTEPECA K
060pyAoBaHUIO /1151 Pa60Th! ¢ THKT 01 44,45 MM /10 60,3 MM
¢ pHoI o1 5500—6000 M 1 60s1ee. PACCMAaTPUBAIOTCS /1BA
HAITPABJICHUA — YCTAHOBKH, CMOHTHUPOBAHHBIC HA O/THOM
1IACCU U HA HECKOJIBKUX ITTACCH.

IIpeacTaBieHa MOAEPHU3UPOBAHHASA YCTAHOBKA
knacca MK30T-50 Ha maccu M3KT ¢ yBendeHHON
IPYy30HO’/BEMHOCTBIO IIACCH, YTO HO3BOJIUT PA3MECTUTD
Ha yasie HaMOTKH 26 T THKT. Takke npeacTaBiIcHO
mraccu kiaacca MK30T-50 Ha maccu Tatra, 9To mo3BOIUT
Pa3MeCTUTh Ha y3/ie HaMOTKH 10 6000 M THKT grameTpom
44.45 MM 11 MACCOM 20 T.

HpC,ZLCTaBIICHbI BAPHUAHTBI MOAYJIBbHBIX KOJTIOOMHI'OBBIX
KOMIIJICKCOB, PA3MCIICHHbBIX HA IITACCHU U ITOJTYIIPUIICTIC
C TATAYOM, KAK B TPAHCIOPTHOM Tabapute 4 M 1

growth during this period was demonstrated

by the hydraulic fracturing and multi-fracturing
operations segment (+46.0 billion rubles), which
accounted for 64.9% of the coiled tubing market
growth.

The most expensive and money-intensive
segment of CT operations is hydraulic fracturing
market, including multi-stage fracturing in new
wells. Its volume in 2018 amounted to 48.3 billion
rubles (60.8%).

Currently, the market structure for the main
coiled tubing operations looks as follows:

* Bottomhole area treatment and well stimulation

(excluding fracking):

» Preparation for fracturing, well stimulation after
fracturing;

* Preparing well for sidetracking, well stimulation
after sidetracking;

* Preparing for operation and repair of injection
wells / stimulation of newly-drilled wells;

* Other types of workover operations

* Fracturing and multi-stage fracturing operations;

* Drilling and sidetracking operations.

The largest share of CT market in physical terms
accounts for workover operations (71.2%), while
in monetary terms their share is only 35.2%. The
opposite picture is observed in the segment of
hydraulic fracturing and multi-stage hydraulic
fracturing. In physical terms, its share is 26.8%,
while in monetary terms this segment is a leader
— 60.8%.

Coiled tubing market has significant growth
potential by 2030 — 248% in monetary terms. The
growth will be stipulated by an increase in the
number of operations and the cost of individual
operations due to increase in technological
complexity. However, due to the emergence of a
number of Russian coiled tubing manufacturers,
cost of operations is expected to be contained.

In 2006-2018 the largest segment of the
hydraulic fracturing market was single-stage
hydraulic fracturing operations on the current
declining well stock, which comprised 49.7% of
the market in physical terms. In 2018, the market
volume grew by 29.2% compared to 2017 and
amounted to 133.1 billion rubles. This growth
was primarily associated with an increase in the
number of multi-stage fracturing operations,
which became more technologically sophisticated
and expensive.

It is expected that between 2019 and 2030 the
hydraulic fracturing market will grow by 13% per
year and will reach 577.3 billion rubles by the end
of the period.

Multi-stage fracturing operations will become
the main driving force of growth; it has already
surpassed single-stage hydraulic fracturing
operations in the total market volume, and by
2020 its share in monetary terms will increase
to 81.4%. This will be due to the increase in
technological complexity and cost of hydraulic
fracturing operations.
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HArPy3KOH IO OCSAM He 60J1e€ 7,5 T Ha KAXKIYIO OCh IJIA
I'HKT 44,45 1 50,8 MM (4TO COOTBETCTBYET IPABUIAM
IIEPEBO3KH I'PY30B ABTOMOGHIIbHBIM TPAHCIIOPTOM B
P® 1o raGapuTHBIM pa3MepaM B Harpy3KaM Ha OCHU U HE
TpebyeT JONOIHUTEIBHOI'O COITIACOBAHUSI HA IIPOE3/ 1
OIUIATY 32 «[IePEBEC»), TaK U [iyist THKT 50,8 MM 1 60,3 MM
C U3MEHSIEMBIM KJIMPEHCOM Y IOJIYIIPHUIICIIA, HA KOTOPOM
pasmerieH y3ea HaMoTku THKT.

Bo1ir paccMOTPEHBI HOBBIE HAIIPABJICHM S ITO A30THOMY
060PYAOBAHUIO U ABTOMATU3AITHUH KOJITIOOMHTOBBIX
YCTAHOBOK.

Ha nyTH K ClIA1geMy JPaKOHY

Marcum HOBUKOB, B.B.JIMUTPYK, B.B. BOPOBbEB,
H.P.MYXAMETIIHH, C.A.3ABbAJIOB, UC. IIIMAPHH,
dIlmomobepiuces

JlaHHBIN JOKJIA/] OITHUCBIBAET COBMECTHOE IPHUMEHEHHE
HOJ3EMHOI'O O60PYAOBAHMS, PAOOT IO MHTEHCU(PUKALTUN
wiacta u THKT s pazpaboTtku TypoHa, II1acTa KOTOPBIA
B O6yIYIIEM MOXKET 1ATh TOTYOK K PA3BUTHIO PBIHKA B
Poccun. 3ammacel TypoHa COCTABAAIOT 1,1 TpUIMOHA
KyOMYECKHUX METPOB I'a3d (4TO NPUOIUZUTEIBHO PABHO
50% mOKa3aHHBIX 3aITACOB ra3a KaHa i1, COryiacHO
oruery BP B 2017 rony). CyIIeCTBYIOT JIU PELIEHMS 11

H3BJICUCHUA YITICBOAOPOAOB U3 IJIACTA, TPCACTABIIAIONMICTO

COOOM HEKOHCOMUAUPOBAHHBIIN IECYAHHUK C IIJIACTOBOH
Temreparypou 15 °C? MeeTcs JIM ONBbIT CENEKTUBHOM
JIOOBIYU U 3aKAHYMBAHUS TOPUBOHTAIBHBIX CKBAXKUH,
06€CIIEUYNBAIOMIETO NPEJOTBPAIEHHNE MUTPAIIUH IIECKA
M3 IIACTa 6€3 UCTIONMB30BAHUA CUCTEMBI Gravel pack? Kak
U 34 CYET YErO KOMIAHHUA-ONEPATOP MOMYYAET BBITOLY OT
Pa3paboTKU HOBOT'O pe3epByapa Ha brown fields?
Heo6X0auMO OTMETHUTD B3AUMO/ICHCTBHE C 31KA3UNKOM
Ha OPOTSIKEHUU 00J1ee yeM 12 Mecs1ieB: 0630p
CYHIECTBYIOIINX CUCTEM 3aKAHYMBAHUSA, IPOBEICHUE
TEXHUYECKUX COBEIIAHNN, Pa3pabOTKy Ju3aritHOB ['PI1
U J1A60OPATOPHBIX UCCIEAOBAHUN. TAKMM 06pa30M,
PEAKO UCTIIONIB3YEMOE YCTPOMCTBO KOHTPOJIA IIPUTOKA C
YHUBEPCAIBHBIMU ITECYAHBIMU (DUIBTPAMU-IKPAHAMU
U TIOA3EMHBIM OOOPYAOBAHUEM [IJI1 CEJIEKTUBHOTO
CTUMYJIUPOBAHUSA CTATIO OCHOBOIM TEXHUYECKOTI'O
permeHns. KiIo4eBbIM 37IEMEHTOM PA3BUTUA
TOPU3OHTAJIBHBIX CKBAKMH TypOHA CTAJIO MIPUMEHEHNUE
skuaxocTu I'PIT (Ha BOZHOI U yIVIEBOJOPOJHON
OCHOBAX) B TAH/IEME C TEXHOJIOTUEN 3AKAHYNBAHNA
JUIA MyJIBTUCTAAUHHOTO I'PIT ¢ npumenenuem
CIBHKHBIX MY(T, ynpasiseMblx Ha THKT. JanpHelimee
YIIPABJIECHUE CEJICKTUBHOM JOOBIYEIH TAKKE BO3MOMKHO
HAa IIPOTSYKEHUH BCETO CPOKA IKCIUTYATAIUH CKBAKHUHBL.
YcnenHoe npuMeHEHHE ITOA3EMHOTO OOOPYIOBAHUA U
MHTEHCU(UKAUH I171ACTA B 3an1aiHON Crubupu u IHAO
MHOATBEPKAAIOT BO3MOKHOCTD U3BJIEYEHUA ITIPHUOBIIN
U3 CyIIECTBYIONIEH JOOBIBAIONICH NTH(PPACTPYKTYPBIL.
KoHLenmusa UCIbITaHUA IPHUBJIEKIA JOTIOJTHUTEILHBIE
(B'TOM 4MCJIE UHOCTPAHHDBIE) MHBECTUIINH, U,049€BUJHO,
3TO OTKPBIBAET EIIE OJNH KPYITHBII PBIHOK.
HeocnopruMbIM COOBITUEM SABJIAETCA CHUKEHHE
CTOUMOCTH UH(PPACTPYKTYPBL JINO0 €€ CBEJICHUE K HYIIIO.
CraskeHHas paboTa 3a4KaA349HUKA U I'PYIIIILI HOAPSAJHBIX
OPraHu3a1NI PA3JIMYHbIX CEPBUCHBIX HATIPABICHUN
obecnedna yCenHOe 3aBEPIICHUE MHTEIPUPOBAHHOI'O
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Promising Areas for Development of
Coiled Tubing Equipment at
NOV FIDMASH

Yury BELUGIN, NOV FIDMASH

We can safely state a growing interest in
equipment for working with coiled tubing from
44.45 mm upto 60.3 mm and a length of 5500—
6000 m or more. Two directions are considered
— units mounted on one chassis and on several
chassis.

An upgraded unit of the MK30T-50 class on
the MZKT chassis with an increased chassis load
capacity is presented, which will allow placing
26 t of coiled tubing on the winding unit. The
MK30T-50 class chassis on the Tatra chassis is also
presented, which will allow placing up to 6000
m of coiled tubing with a diameter of 44.45 and a
mass of 26 tons on the winding site.

Variants of modular coiled tubing systems
located on the chassis and semitrailer with
a tractor are presented, both in a transport
dimension of 4 m and axle loads of not more than
7.5 t per axle for CT 44.45 and 50.8 mm (which
corresponds to the rules for transporting goods by
road in the Russian Federation in terms of overall
dimensions and axle loads and does not require
additional approval for travel and payment for
“overweight”), and for 50.8 mm and 60.3 mm
coiled tubing with variable clearance in the semi-
trailer on which the coiled tubing winding unit is
located.

New directions in nitrogen equipment
and automation of coiled tubing units were
considered.

In the Way to the Gas Dragon

Maxim NOVIKOV, VV. DMITRUK, VV.VOROBEYV,
IR MUKHAMETSHIN, S.A. ZAVYALOV, LS. SHMARIN,
Schlumberger

N

This article will explain how the downhole
equipment, stimulation design and CoiledTubing
application unlock an interesting Turon reservoir
which may become a large spurt to the services
market in Russia. The Turon reservoir reserve is
1.1 trillion m? of gas (that is approximately 50% of
the Canada proved Gas. Source: BP report, June
2017) Is there a solution to lift the hydrocarbon
from 15 deg C reservoir with unconsolidated
sandstone? Is there experience of selective
production and horizontal wells completion
with multistage stimulation to eliminate a sand
production without a gravel pack? How and why
does the operator benefit from developing a new
reservoir in the brown fields?

An engagement with customer for over
12 months with: the past completion experience
review, completion technical meetings, hydraulic
fracturing designs and laboratory testing. Thus,
the rarely used Inflow-control device with
universal standalone screens and equipment



MPOEKTA B PAMKAX CJIOKHBIX ['€OJIOTHYECKHX
U KJIMMATUYECKUX YCI0BUH IOKHO-PycCcKoro
MECTOPOXJIEHMA. B 6yayIieM KOMITaHHA-OEPATOD
IUIAHUPYET IPUCTYIIUTD K PEAIU3ALUH ITPOrPAMMEI ITO
3aIyCKY HOBBIX 80 CKBAXKUH.

l'a3oHedTAHAA IPOMBIIIJIEHHOCTb PA3BUBAETCS YEPE3
NPHU3MY ITIOO6AJIBHOTO KPU3NUCA U HYKIA€TCA B HOBBIX
KOHLIENTYAJIbHBIX TPOEKTAX. OOCYKIAEMOE TEXHUYIECKOE
pEIIEHME ABIAETCA OQHHUM U3 HEMHOI'MX METO/IOB
3aKaHYUBAHMUA CKBAKHUH, I7I€ DPOCCUICKHAE KOMIIAHUH
NOAJAEPKUBAIOT U MOT'YT YBEJTMYUTD TPOU3BOACTBO 1
COXPAHHUTD €TO SKOHOMHYHBIM.

MuccHuA KOMIIAHHH I'PYIIIIBI
«Ypana-In3anH»

B.H.ITYMAKOB,
000 Ypan-Zusatin-Ipynns»

«Vpan-Juzaiin» paboTacT Ha
HEPTECEPBUCHOM PBIHKE 15 JIET.
KOnTIOOMHTOBBIH ITAPK COCTABIIAIOT HATh
YCTAHOBOK: JIBE YCTAHOBKH TSKEJIOT'O KJIACCA,
OJJHA CPEJJHETO U O/IHA YCTAHOBKA JIETKOTO
KJ1aCcCa. OCHOBHBIE 32KA34YMKU: «JIyKOMII,
«PocHe(P TR, T'a3npoM HEPTE>, «<PHUTTIK>,
«Hedruca» u 1p. CBOIO MUCCHIO «Ypas-u3arin»
(POpMYIUPYET TAK: «BBITh MAKCUMATIBHO
MOJIE3HBIM U 3(PPEKTUBHBIM TAPTHEPOM
JUIs CBOUX KJIMEHTOB B OOJIACTH ITOBBIIIEHU S
He(TEOTAAYHU IIJIACTOB, UHTECHCU(DUKAITUN
MIPOLIECCOB AOOBIYY HE(PTU U I'a3a,
KaIIHUTAJIBHOTO, TEKYIETO PEMOHTA CKBAKUH 1 OCBOECHUS
CKBaKHMH [10CJIE OYPEHUST».

JOKIaunK pacCKka3an 06 OCHOBHBIX KOJITIOOMHI'OBBIX
TEXHOJIOIUAX U TeXHOonoruax ITHIT, nprumMeHnsaeMbIx
KOMITAHHET, ¥ O IEPCIIEKTUBHBIX HAITPABJICHUAX
Pa3BUTHUSL, TIOJPOOHO OCTAHOBUBIINCH HA IPOOIIEMAX.

B gacTHOCTH, OBIJIO OTMEYEHO, YTO KOJITIOOUHT CET'OIH ST
OYEHb JOPOroO COAEPKATD, IOCKOJIbKY YUCIIEHHOCTD
OpUrajbl, OOCIYKUBAIOIIEN YCTAHOBKY TSKEJIOTO KJIACCA,
oonee 20 yenosek. YCJIOKHEHUE PA0oT, nepexo Ha THKT
OOMNBIIETO JUAMETPA BJIEYET 32 COOOU 3aMEHY MHIKEKTOPA,
MPEBEHTOPA U JPYTUX COCTABIAIONIUX OOOPYJOBAHUA

Ha 60s1e€ MOIHBIE. MHOI'HIE BU/IbI BHYTPUCKBAKMHHOT'O
060PYIOBAHHS IPUOOPETAIOTCS UCKIIOYUTEIBHO 11O
NPEABAPUTEIBHOMY 3a4Ka3Y, YTO TPEOYET BDEMEHU.
CKBaKMHBI CTAHOBSITCA BCE CJIOKHEE, TOPU3OHTAJIbHBIE
YYACTKH 4aACTO OBIBAIOT 3AXJIAMJIEHBL. XOTEJIOCH ObI

00Je€ OTKPBITBIX OTHOIEHHI MEXK/TY 3AKA34YUKOM U
HOJPASIHKOM, IIOCKOJBKY, YEM OOJIBIIE OYIET U3BECTHO O
NPEABICTOPUN CKBAXKUHBL, TEM YCIIEMTHEE IIPOUYT PA6OTHI
B HEIL

Bsadvecnas LUYMAKOB
Vlyacheslav SHUMAKOV

TexXHOJIOTUA MOBBIIICH U A
HedTen3BIeYECHHU A U3 HEOTHOPOIHBIX
KAapOOHATHHIX KOJUIEKTOPOB
C IIPHMEHEHHEM OOKOBBIX
TOPHU3OHTAJIbPHBIX KAHAJIOB

DM ABYCAITIMOB, @.3. UICMATHJIOB,
PD. XYCAHHOB, ITAO <Iammnegpmo»;
PA. TABAIIIHHKOB, PM.AXMETIITHH,
H.H. A/IbIJITAPEEB, OOO <IazpaC-PemCepauc»
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designed to selectively stimulate reservoir became
the equipment choice. The key element of the
horizontal wells development at Turon reservoir
was in feet for purpose fracturing fluid (oil-

based or water-based fracturing fluid), combined
with multi-stage fracturing (MSF) completion
technology with precision sleeves, manipulate

by CoiledTubing. Further selective production
management is also possible throughout the life
time.

Provided downhole equipment and reservoir
stimulation proves that Western Siberia and Yamal
region can benefit from
the existing downstream
infrastructure. The trial
concept attracted additional
(also including the
international) investment
and obviously opens
another large size frac
market. The operators
compelling event is to
minimize the infrastructure
cost or eliminate that
completely. The teamwork
between the customer and
several contractor’s product
lines enabled successful
completion of the integrated
project under the difficult
geological and climatic
conditions of the Yuzhno-Russkoye field. The
further customer's plans correspond to 80 wells
program.

The oil gas industry evolves through a global
crisis and in need of new concepts. Discussed
technical solution is one of few completion
methods where Russian operators maintain and
can increase production and keep it economical.

Mission of Ural-Design-Group
Vyacheslav SHUMAKOV, Ural-Design-Group LLC

Ural-Design has been operating in the oilfield
services market for 15 years. The coiled tubing
fleet consists of five units: two units of heavy
class, one medium and one light class unit. The
main customers are: LUKOIL, Rosneft, Gazprom
Neft, RITEK, Neftis, etc. Ural-Design formulates
its mission as follows: “Be the most useful and
effective partner for our clients in the field of
enhanced oil recovery, stimulation of oil and gas
production, well workover and repair, as well as
well stimulation after drilling”.

The speaker spoke about the main coiled
tubing technologies and EOR technologies used
by the company, and about promising areas of
development, focusing on problems in detail. In
particular, it was noted that coiled tubing is very
expensive thing today, since more than 20 people
are maintaining and servicing the heavy class
unit. The complexity of operations, transition to

4

Ne 1 (071) Mapr/March 2020 31

TECHNOLOGIES



B moknaze paccMarpuBaeTcs
UCIIOJIb30BAHUE OOKOBBIX
TOPU3OHTAJIBHBIX KAHAJIOB MaJIOTO
JUAMETPA C TOUKU 3PEHUS U3BJICUYCHU
TPYJHON3BJICKAEMBIX 34I14COB U3
HEOJHOPOAHBIX MIJIOTHBIX KOJIJIEKTOPOB.
OCBeIIEHBI TEXHOJOI'MYECKHE PEIICHUS,
UCIIOJIb30BAHHBIE B KOMITAHUU,
IpPOO6JIEMBI, TTOJTyYEHHbBIE IPU BHEAPEHUH
TEXHOJIOTUH, 4 TAKXKE PEZYIBTATHI
MIPUMEHEHHUS U TOYKU TEXHOJIOIMTYECKOT'O
pocra.

B nocnegnane roasl OOLUIMEI BEKTOP
pa3paborku B [TAO «TaTHE(PTH>
CMENIAETCA B CTOPOHY MECTOPOXKIECHHU,
CJIOKEHHBIX KAPOOHATHBIMH
NOPOAAMH, OTHOCAIIUXCS K KATETOPUHU
TPYAHOM3BJICKAEMBIX C OOLIEH JOIEH
M3BJIEKAEMBIX 3AI1ACOB 57%. CnegyeTr
OTMETHUTD, YTO TEKYIIHE TEMITBI OTOOPA 3aI1ACOB HE
MO3BOJAIOT 3(PPEKTUBHO BBIPAOATHIBATH BECh PECYPCHBIN
MNOTEHITUAL

IIporiecc pa3pabOTKH JAHHBIX IIJIACTOB
OCJIO’KHSAETCS HAJIMYUEM €CTECTBEHHBIX TPEIIVH,
MPOCTUPAIOIIUXCA B BEPTUKAJIBHOM HAIIPABJIECHNH,
OTCYTCTBHAEM 3(P(PEKTUBHOM cCUCTEMBI [TIT/] 1 61M3KHUM
PACIIOJIOKEHHUEM BOJOHACHIIEHHBIX IUIACTOB, YTO B
COBOKYITHOCTH YBEJIMYUBAET PUCKH IPOPBIBA INIACTOBOM
BOJIBI, OCOOEHHO IIPH IPUMEHEHNH METOAOB CTUMYJIALINNA
rwacta. ClieyeT OTMETUTD, 9TO A1 OAMKHUPCKOTO U
TYPHENCKOI'O IPYCOB XaPAKTEPHO HU3KOE IIACTOBOE
pasaenue (B cpepaeM 50—30% OT HA4aJIbHOTO).
[NepeuncieHHbIE (PAKTOPBI OKA3bIBAIOT HETATUBHOE
BJIMSIHUE HA KO (PUIIMEHT U3BJICUYCHU S YITIEBOJLOPOIOB U
HA IPOAYKTHUBHOCTD CKBAKHWH.

14 pemenmns 32491 MHTEHCU(PUKALTUY IIPUTOKA
He(MTH B 3TUX YCJIIOBUSX HIMPOKOMACIITAOHOE
MPUMEHEHHE TTOTYYHIIH IIPOCTHIE COMTTHOKUCIOTHBIE
06pabOTKH, 4 B JaJIbHEHUIIIEM 1 6OJIEE CJIOKHBIE
CEJIEKTUBHBIE TEXHOJIOIMHU, TAKUE KAK ITUKJINIECKHE
KHUCJIOTHBIE OOPa6OTKH C IPUMEHEHHUEM KU KOCTEH-
OTKJIOHUTEJIEN. BA’KHO ITOAYEPKHYTh, YTO 3HAYUTEIbHAA
JI0JIS1 KAPOOHATHBIX OO'BEKTOB PA3PA0OOTKU
IKCIUTYATUPYETCA C IPUMEHEHHUEM CKBAYKHH C
OTKPBITBIM TOPU30OHTAJIbHBIM OKOHYaHUEM, B KOTOPBIX
MHOI'OKPATHBIE KUCJIOTHBIE OOPA6OTKH CO BPEMEHEM HE
MIPUHOCAT IKOHOMHYECKN OOOCHOBAHHBIX PE3YIBTATOB U
UMEIOT HEJOCTATOYHYIO IIPOAOLKUTENBHOCTD 3(pdeKTa
(OKOJIO 3—5 MECALIEB).

Crnerpanuctamu ITAO «TatHedTh» 1 OO0 «TarpaC-
PeMmCepBHC» ObUT OCHOBATEIBHO U3YY€EH ONBIT PA60T
Ha MCCTOpO}K,/ICHI/II/I 148 HpC,[IJIO)KCH MUJIOTHBIHN HpOCKT
OypeHUs OOKOBBIX KAHAJIOB MAaJIOI'O IMAMETPA C
MOCIEAYIOMEN JUHAMHUYECKON CTUMYJIALIACH.

JlaHHBII NPOEKT ObLJI PEAIM30BAH HA 25 CKBAXKHMHAX,
SKCIUIyaTUPYIOMIUX OAMKUPCKUH U TYPHENCKUH
SPyChL barojiapst OGTHOBPEMEHHOMY HCIIOIB30BAHUIO
KOMOHHAIIUH PA3HBIX TEXHOJOI'NYECKUX IIPHUEMOB
JIOCTUT'HYTHI XOPOIIHE PE3YIBTATHI B CJIOKHBIX
IreO0JIOTMYECKUX YCAOBUAX. I10 pe3ynbraTam
MIPOBEACHHBIX PA6OT TEXHOJIOT U BKJIIOUEHA B
PETYIAPHYIO IPOU3BO/ICTBEHHYIO IPOIPAMMY.
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3.M. ABYCAJIMOB
E.M. ABUSALIMOV

CT of larger diameter entails
replacement of the injector,
BOP and other components

of the equipment with more
powerful ones. Many types of
downhole equipment should
be pre-ordered which takes
time. Wells are becoming more
complex, horizontal sections
are often cluttered. It would

be good to have more open
relations between the customer
and the contractor, since the
more one knows about the well
history, the better one will be
able to do.

Technology for
Enhanced Oil Recovery
from Heterogeneous Carbonate
Reservoirs using Lateral Horizontal
Channels

EM . ABUSALIMOV, F.Z. ISMAGILOV,
R.F.KHUSAINOV, Tatneft PJSC; R.A. Tabachnikou,
RM AKHMETSHIN, IN. ADYLGAREEYV,
Tagras-RemService LLC

The paper discusses the application of
small diameter lateral horizontal channels for
production of hard-to-recover reserves from
heterogeneous tight reservoirs. The paper
describes technological solutions used in the
Company, challenges encountered during the
implementation, results of the application and
milestones for technological growth.

In recent years, the focus of filed development
in Tatneft PJSC has shifted towards the carbonate
reservoirs classified as hard-to-recover reserves
with a total share of recoverable reserves of 57%. It
should be noted that the current production rate
does not allow for the efficient production of the
entire resource potential.

The process of development of these reservoirs
is complicated by natural fractures extending in
the vertical direction, the absence of an effective
reservoir pressure maintenance system and the
close proximity of water-saturated reservoirs.
These factors increase the risk of reservoir water
breakthrough, especially when using reservoir
stimulation methods. It should be noted that
reservoirs in Bashkir and Tournai stages are
characterized by low reservoir pressure (50-30% of
the initial pressure on average). These factors have
a negative impact on the hydrocarbon recovery
rate and well productivity.

Widely used methods of enhanced oil
recovery under these conditions include
simple hydrochloric acid treatments and more
complex selective technologies, such as cyclic
acid treatments with diverter fluids. It should
be stressed that a significant share of carbonate
reservoirs is operated with wells with a horizontal



IToBbIIIEHHIE

Hage:xkHocTu THKT:

YCOBEPUICHCTBOBAHHOE

JIOKAJIBHOE ITIOKPBITHE I

cBapHbIix IIBOB THKT
Dnopro KBPPHOH,

NOV Quality Tubing

ToueuHast KOppo3us HA
BHYTPEHHEM INAMETPE TMOKOMU
TPyObI IPUBOAMIIA K OTKA3aM KOJIOHH
OYPHJIBHBIX TPYO IPU PabOTE BO
BCEX PETMOHAX, OCOOEHHO 3TO
KAaCaeTCa PabOT B HECTAHAAPTHBIX
Tre€OJIOTUYECKUX YCIOBUAX B
CeBepHON AMEPHUKE. /17151 321U THI
HauOb0s1e€ BOCIIPUHUMYUBON YaACTH
KOJIOHHBI THOKUX TPY6 OT KOPPO3UU
OBLIO PAa3pPabOTAHO JIOKAJIBHOE
MOKPBITHUE, KOTOPOE MOXKET ObITh HAHECEHO B MECTAX
CBAPHBIX HIBOB.

Craib INIACTUYECKHU 1e(POPMHUPYETCS B TPOLIECCE
U3TOTOBJIEHUS THOKOM TPYOBI, 4 U3/IETHE MHOTOKPATHO
IUTACTUYECKH JE(POPMUPYETCA B IPOLIECCE
IKCIUTYATALMU. B PE3y/IbTATE NOKPBITHA THOKUX
TPyO UCTOPUYECKU HE OBbLIN YCIIEITHBIMH HU3-34
HEJOCTATOYHOTI'O CLEIJIEHUS C TPYO6AMHU, KOTOPbIE
ABJISAIOTCSI OCHOBOM.

IToce TOro Kak 66110 NPUHATO PEMIEHUE O
HAHECEHUU JIOKAJIbHOT'O TTIOKPBITUSL, ObLI pa3paboTaH
IUTAH UCTIBITAHUN PA3/IMYHBIX BAPUAHTOB ITOKPBITHA,
BKJIIOYAs KAK MATEPHAJIBL, TAK M IPOLIECCHI HAHECEHMU .
IlepBOHAYAIbHBIN [JIAH UCIIBITAHNUI BKJIIOYAJI IPOBEPKY
HA CLIEIUIEHUE C CYOCTPATOM, 4 TAKIKE HA YCTOMYHUBOCTD K
KUCJIOTE C LEBIO BBIPAOOTKH METOAOIOIUH JIJIS1 PAOOYETO
NPOTOTHIIA.

Pe3ynbTaTel TECTUPOBAHMA ObLUIM IIPEJCTABICHBI U
HCIIOJIb30BAJIUCH 15 ONIPENEIEHNUA JAJIbHEUIIETO Iy TH
CO3/[JaHUSA Y BHEJPEHUSA B IIPOU3BOJICTBO PAOOYETO
NPOTOTHIIA. B KA4eCTBE HAUITYUIIETO METOA HAHECEHUA
MHOKPBITHS ObLII BBIOPAH CIIOCOO KOHJICHCAIIH U3 I'A30BOHU
(¢pasbl. B €ro 0OCHOBE — B3BECH B BAKYYMHOM Oy(hEPHOM
YCTPOYCTBE, KOTOPASA OCAKIAETCA HA TIOBEPXHOCTD
TPyOBL 'MOKast HACOCHO-KOMIIPECCOPHAS TPyDOa
PEACTABIISICT COOON HENPEPBIBHBIN TPOAYKT, KOTOPBIA
HE MOXXET OBITh UCIIBITAH B TPAJUIIMOHHON BAKYYMHOHU
Kamepe. [ToaToMy noTpeboBaIaACh pa3padoTKa IEPBOU B
CBOEM POJIE BAKYYMHOI KaMEPBI, KOTOPAA HE OJITHOCTBIO
34KPBIBAET IPOJYKT.

Pa6bounii npoTOTHN OB YCIIEITHO YCTAHOBIJIEH HA
IIPOU3BO/ICTBEHHOM OO'bEKTE B XbIOCTOHE, I/1€ ObLIN
CO37,aHBI UCIIBITATEIbHBIC KOJIOHHBI THOKUX TPYO
C JIOKAJIbHBIM ITOKPBITUEM, HAHECEHHBIM HA KOCBIE
CBapHBIC IIBBL

PesynbraTs! ony6ankosaHbL: SPE 194246.

B IOKyMEHTE OITUCHIBAECTCS HOBAS TEXHOJIOT U
06pPAB6OTKH ITPH U3TOTOBJIEHUN TUOKOU TPYODL
ITepBOHAYA/IbHBIE PE3Y/IBTATHI [IOKA3bIBAIOT, UTO
YCOBEPIIEHCTBOBAHHOE JIOKAJIbHOE TOKPHITHE
MOJKET 3HAYUTECIIBHO yHy‘II]_II/ITb OHCpQ_L[I/II/I, B TOM
YUCJIE IPEIOTBPATUTD HENIPEABUCHHBIE OTKA3BI C
MHUHUMAIBHBIMU 32TPATaMHU 11 onieparopa HKT.

SHapto KSPPUOH
Andrew CARRION

openhole wellbore, in which multiple
acid treatments over time are not
economically feasible with a short
effect duration (about 3—5 months).

Tatneft PJSC and Tagras-
RemService LLC specialists have
thoroughly studied the field
experience and proposed a pilot
project for drilling of small diameter
lateral channels with subsequent
dynamic treatment.

This project was implemented
in 25 wells producing from
the Bashkir and Tournai stages
reservoirs. Simultaneous application
of different technologies provided
positive results in difficult geological
conditions. Based on the results of
the work performed, the technology
is included in the regular production program.

Improving Operational Confidence:
An Advanced Localized Coating for
Coiled Tubing Bias Welds

Andrew CARRION, Sales Engineer,
NOV Quality Tubing

Pitting corrosion on the tubing ID has caused
failures of CT strings in operations across every
operating region, with unconventional plays
in North America being especially affected. A
localized coating that can be applied to the bias
weldment has been developed to protect the most
susceptible portion of the coiled tubing string
from corrosion.

Steel is plastically deformed in the
manufacturing process to make coiled tubing, and
the product is repeatedly plastically deformed in
operations. As a result, coatings have historically
not been successful with coiled tubing due to
insufficient adherence to the tubing, which is the
substrate.

Once the decision was made to pursue a
localized coating, a test plan was developed to
test different iterations of the coating including
coating materials and application processes.

The initial testing plan included checking for
adherence to the substrate as well as resistance to
acid with the goal of highlighting a methodology
for a working prototype.

The results of the testing plan are provided
and were used to determine the path forward to
commission a working prototype. Physical Vapor
Deposition (PVD) was selected as the best method
for application of the local coating. PVD operates
by exciting a target within a vacuum chamber,
which coats the substrate. Coiled tubing is a
continuous product, which prevents the use of a
traditional vacuum chamber. This development
led to the creation of the first-ever vacuum
chamber of its kind — one that does not entirely
enclose the product. }
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Croco0 ynpasjass€MOro MHOTOCTATHHHOTO

KHucJaoTHOro I'PII

B OCJIOZKHECHHBIX I'€O/JIOTO-TEXHHYCCKHX

YCIOBHAX
H.H A/IBUITAPEEB, OOO <lazpaC-PemCepeuc»
npeonpuamue AxmiobunckPemCepsucs

BeIpaboOTKA 3a11ACOB KAPOOHATHBIX KOJIEKTOPOB, KaK
IIPABIIIO, OCJIOKHEHA OIIM30CTHIO BOZJOHOCHBIX IIJIACTOB,
BEPTUKAIBHOMN TPENTUHOBATOCTBIO, BHICOKOI BI3KOCTHIO

HedTH, BBICOKOW 30HAJIbBHOH HEOJTHOPOJHOCTBIO

32JIE3KEI K BO3MOXKHOCTBIO ITPOPHIBA I'A30BOK ITATIKH.
CyIIEeCTBYIOIEE MHOKECTBO TEXHOIOI' UM IIPOBEICHHUSA

MHOI'OCTAaJHUHHBIX KUCIOTHBIX I'PIT B ycinoBuax

TaTapcTaHa HE HAXOAUT IPUMEHEHUS IO IPUUHHE CBOEH
BBICOKOM CTOMMOCTH, HE OOECIIEYHUBAIOICH TOCTATOYHBIX

JIE6GHUTOB CKBAYKUH B TEUCHUE ITPOAOIKUTETIBHOTO
BPEMCHU.

ImaBHOM 11€/1b10 KOMIAHUU «TarpaC-PemCepBuc»
SIBJISIETCS] YCTPEMJIEHHOCTD BCET'O KOJJIEKTUBA HA

CTPATCIUYCCKYIO [IC/Ib 3dKA349YHKA. Kak IIPaBUJIIO, dTO

HOBBIIICHUE 3(PPEKTUBHOCTU OT UCIIOIb30BAHUS
MEPEJOBBIX TEXHOJIOT U, KOTOPAsI BBIPAXKAETCS
B JIONIOJIHUTENBHOU JOOBIYE HEPTH THOO
YBETUYEHHUU CPOKA CITyKObI CKBAXKHH.

Jlns noseleHus apdpekTuBHOCTH ['TM
HAa KAPOOHATHBIX OTVIIOKEHUSAX COBMECTHO
C 3aKAa34YMKOM ObLIA Pa3padoTaHa U B
HACTOSAIIEE BPEMS BHEIPAETCSA TEXHOJIOTUSA
nposeneHuss MKI'PIT ¢ ucnonszoBanuem 'HKT,
MPOKAJIBIBAIOIIETO NEPHOPATOPA U YAMEYHOT'O
aKepPa COOCTBEHHOM Pa3pa00TKU KOMIIAHUU
«TarpaC-PemCepBHC».

Ilepen Ha4YaI0M PabOT NPOU3BOAUTCA
npusaska 'HKT k pazpesy o I'K. Janee
CIIyCKA€TCSI KOMIIOHOBKA B 33/IaHHBIN UHTEPBAJ
JUISL IPOKAJIBIBAHUSL, PA3MbIBA KABEPH U
33aKA4YKH KHUCJIOTHI BO BCKPBITBIF NHTEPBAJI IIO
MEXTpYyOHOMY IpocTpaHCTBY. KI'PIT Kaxx 1011
MOCJIEAYIOUIEH 30HBI IPOBOJUTCS IIyTEM
IIPOKAJIBIBAHUSI HAMEYEHHOI'O UHTEPBAJIA,
IIEPEMEIIECH S KOMIIOHOBKH HUKE 30HBI
BCKPBITHS U HOCJIEAYIOMICH 3AKAYKU KUCIOTHL.

YHUKAIbHOM OCOOEHHOCTDIO TAHHON TEXHOJIOIUH
ABJIAETCA BO3MOXHOCTD OTCJIEKUBAHU A 3aKOJIOHHOT'O
COOOIIEHN A MEK/Y IIOPTAMH KAK IIEPE/] ITPOLIECCOM,
TA4K U B IIpOLIECCE OOPAOOTKH, BHOCUTD KOPPEKTUPOBKU

HETIOCPECTBEHHO B r1pouecce I'PIT v onpenenarn

OIITUMAJIbHOC PACCTOAHUEC MCKAY IIOPTAMHU V1A KAZKIOTO

OO'BEKTA PA3PAOOTKU.

Pa6oThI IpOBE/ICHBI HA OTMHHAIIATH CKBAKHMHAX.

JlaHHasI TEXHOJIOTUsI IEPEBE/ICHA B Pa3pPsi]

IIPOMBIIJIEHHOM 3KCIUTyaTauun. Ha Hee opopmiieH

IIATCHT.

OTeuyeCcTBEHHAA PABHOIIPOXOTHAS
cucrema MI'PII Ha IPOKAYHUBAEMBIX

PACTBOPHUMBIX KJIIOY-IIPOOKaxX. O630p
TEXHOJIOTHH U IIPOBEICHHBIX HCITBITAHUH

EO. MHXAJIHLIBIH, OO0 «OKJI DHEPIKH>

Ocenbio 2018 roga «O1 DHEP/IKU» BIEPBBIC
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The working PVD prototype has been
successfully installed at the manufacturing facility
in Houston, and test strings coated locally on the
bias welds have been created. Findings have been
published in SPE 194246. The paper describes a
new processing technique for the manufacturing
of coiled tubing. Initial results show that the
coating can dramatically improve operations,
especially the prevention of unexpected failures
with minimal cost impact to the coiled tubing
operator.

Method of Controlled Multistage
Acid Hydraulic Fracturing under
Complicated Geological and
Technical Conditions

Irek ADYLGAREEYV, TagraS-RemService
LLC ‘AktyubinskRemSeruvis” Enterprise

Production from carbonate reservoirs is
usually complicated by the proximity of aquifers,
vertical fractures, high oil viscosity, high zonal

heterogeneity of
deposits and the
Wpak ALbIMTAPEEB oy
Irek ADYLGAREEV possibility of gas
2 cap breakthrough.

The existing set of
technologies for
multistage acid
hydraulic fracturing in
Tatarstan is not used
because of its high cost,
resulting in insufficient
flow rates for a long
time.

In order to increase
the efficiency of
enhanced oil recovery
operations in carbonate
reservoirs, Tagras-
RemService developed
and introduced the
technology of multistage fracturing using coiled
tubing, puncture perforator and cup packer. This
technology has been developed jointly with the
Customer.

Before starting the work, the logging data is
studied. Then the bottomhole assembly is run
at target depth for punching, cavity wash-out
and pumping acid into the interval through the
space between tubing and coiled tubing. Each
subsequent zone is treated by punching the target
interval, moving the assembly below and then
pumping acid.

A unique feature of this technology is the
ability to track the annular filtration between the
ports both before and during treatment, make
adjustments during hydraulic fracturing and
determine the optimal distance between the ports
for each reservoir.

The operations were carried out in eleven
wells. This technology has been patented and



Erop MUXAJTULIbIH

MPEJIOKUINA PRIHKY KOMMEPUYECKHUE Eqor MIKHALITSYN

U3/Ie/INS PACTBOPHUMBIX MATEPUATIOB JIJI51
MTPIT.

M3HA49a/IBHO BA2KHO Pa300PaATHCA B
HIOAHCAX PACTBOPUMBIX CIIJIABOB IIAPOBBIX
U3JIC/INY, IEPE]] TEM KaK BBIITYCKATh
pPacTBOPUMYIO cucTeMy «M4»> nyst MI'PIL

MBI HOT'PY3UJIUCH B BOIIPOCHI 1O
NPOYHOCTHBIM, MEXAaHUYECKUM CBOUCTBAM
U PACTBOPEHUIO B 3aBUCUMOCTH OT
pana mapaMeTpos. JJo TeX nop, MoKa
«Onn DHEpmKN» B Poccnn HE HaYann
pPa3padaTeIBATh OTEYECTBEHHBIE
PaCcTBOPUMBIE MIAPOBBIE CUCTEMBI,

HUKTO HE YYUTBIBAJI BBIIIEYTIOMAHYTHIE
napaMeTPhL 3apPyOeKHbIE NOCTABIIUKU
TAKKE HE YYUTBIBAJIU TAKUE HIOAHCHL, YTO
CKAa3bIBAJIOCh HA KAYECTBE ITPOAYKTA U
npornecca MI'PIT B iestom.

Tonbko netom 2019 roj1a Mbl HAPAOOTANIN HAYYHO-
TEXHUYECKYIO 623y ¥ CMOITIU Pa3pabaThIBATh O0see
CJIOKHBIE n3aenusd (Mpobka Plug & Perf, cucrema «M4»).
CBOMMM 3HAHHUAMH MBI IIOAETHINCH HA (hopyMme «Ori
DHEPIKU», HA KOTOPOM COOPAJIN BCEX YYACTHUKOB PBIHKA
JUIA BBICTPAUBAHUSA €TMHOI'O IOHUMAHUSL.

[Jasee B JOKJIA/ie IPOJAEMOHCTPUPOBAIN PAOOY NI
TPOLIECC CUCTEMBI «M4», 11 6BLIIIO OTMEYEHO, UTO'y
CHUCTEMBI «M4» €CTh 2 HIOAHCA (KOTOPBIX HET IPU padoTe
C IIapaMn):

e paboTark cUCTEMA «M4» MOXKET TOJBKO CO 114 nmudrom;
* HEOOXOAVMO HCIIOJIb30BAHUE YCTPOHCTBA COpOCA

CHUCTEMBI «M4» 1O CKBAKUHBI.

3aBEPIINIINA CBOU PACCKA3 PE3YIBTATAMU ITPOMJEHHBIX
CTEH/IOBBIX UCTIBITAHUA U IIJIAHUPYEMBIMU UCTIBITAHUAMA

B OyAyIIIEM.

CoBpemeHHbI€ BBI30BbI I'PII
I1.B.JIAKTHOHOB, I pynna PH/]

BpL1a IpeACTaBIeHA KPaTKasg HH(POPMAIUA 06 UICTOPUU

I'pynnst GH /I, ONBITE CO34AHUS OOOPYAOBAHUSL.
HesarenpHocTs I'pynnbl P/ HanipasiieHa HA

PaspadOTKy U IPOU3BOJCTBO:

* 060PYAOBAHUSA I TULPABIUYECKOTO
pa3pbIBa IJIACTA;

* HATHETATEIBHOIO U
LHEMEHTHUPOBOYHOI'O OOOPYIOBAHUS;

* KOJITIOOMHT'OBBIX TEXHOJIOTHH,
BHYTPHUCKBAKIHHOI'O OOOPYAOBAHUSA U
UHCTPYMEHTY;

* KOMIUIEKCOB /IS TOBBIIIICHU S
He(PTEOTJAYH [IJIACTOB;

* MOOHJIBHBIX OYPOBBIX YCTAHOBOK;

* MIAXTHOTO OOOPYJOBAHUSA (IS
HAIIPAaBJIEHHOI'O OYPEHUS; IS
re€0JIOrOPa3BESOYHOIO KOJIOHKOBOTI'O
OypEeHUS; TPOXOAYECKUX OYPOBBIX
YCTAHOBOK).

OTMeu€eHO, YTO Ha Tepputopuu PO

u gpyrux crpad CHI' B HacTos1ee

BpeMs: paboTaeT 6omnee 500 eTUHUILL

HEPTEra30BOro 060PYJOBAHUA

Masen JIAKTVIOHOB
} Pavel LAKTIONOV

reclassified to the category of
commercial operations.

Russian Full-Bore
Technology for
Multistage Fracturing
with Dissolvable Key-
Plugs. Technology
Outlook and Testing
Review

Egor MIKHALITSYN,
Oil Energy LLC

In the fall of 2018, Oil
Energy first offered the market
commercial products of
soluble materials for multi-
stage fracturing.

Initially, it is important
to understand the nuances of soluble alloys of
spherical products before releasing the M4 soluble
system for multi-stage fracturing.

We concentrated on questions on strength,
mechanical properties and dissolution,
depending on a number of parameters. Until
Oil Energy in Russia began to develop domestic
soluble spherical systems, no one took into
account the abovementioned parameters. Foreign
suppliers also do not take into account the
nuances that affected the quality of the product
and the multi-stage fracturing process as a whole.
Only in the summer of 2019 we gained a scientific
and technical base and were able to develop
more complex products (Plug & Perf plugs, M4
system). We shared our knowledge at the Oil
Energy forum, which brought together all market
participants to build a common understanding,.

Further, the report demonstrated the workflow
of the “M4” system and it was noted that the “M4”
system has 2 nuances (which are not present
when working with balls):
¢ The M4 system can work only with 114 elevators
* Itis necessary to use the M4 system discharge
device to the well.

We completed our story with
the results of the captive tests
and planned tests in the future.

Modern Fracturing
Challenges
Pavel LAKTIONOV, FID Group

Brief information was
provided on the history and
main activities of the FID Group,
as well as on the experience of
equipment development.

The activities of the FID
Group are aimed at the
development and production of:
» Equipment for hydraulic

fracturing; }
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TEXHOJIOI'M

nipousBojcTsa ['pymmnst ®U, Gosee 160 exuHUIL U3
KOTOPBIX — 060pyaoBanue s PIT. JJana nogpo6Has
XAPAKTEPUCTUKA U IIEPEUHCIIEH COCTAB OCHOBHBIX
KOMILIIEKCOB OOOPYIOBAHHSL.

B xauecTBE COBPEMEHHBIX BBI3OBOB, CTOSIUX IEPE],
OPOU3BOAUTENAMU OO0pyAOBaHus A1 ['PIT, 6bu1H

BBIJICJIEHBI ¥ IOAPOGHO MPOAHATU3UPOBAHEI CJIEAYIOITHE:

* JIOKJIU3ALYA IIPOU3BOACTBA HA TeppuTopun EADC;
¢ 060PYIOBAHUE 151 BBICOKOPACXOAHOTO I'PIT
(16-24 »3 /mun);
* BOCCTAaHOBJIEHHE U MOAEPHU3ALNA OOOPYJOBAHMS;
¢ 060PYAOBAHUE C HAIPY3KOI HE OOJIEE MECTU TOHH HA
OCBb;
e UMPOBU3ALIUSI OOOPYAOBAHUSL.
JIOKJIaTYMK NPENCTABUII AYAUTOPUH BO3MOXKHbBIE
OTBETHI HA BBIZOBBL BOJIBINAS 4ACTh 3TUX OTBETOB YK€
HAIIUIA IIPAKTUYECKOE BOIUIOLIECHUE.

OnrumMu3anusa KOHCTPYKITHH
3AKAHYHNBAHHUA CKBAKHH HA
MECTOPOXKIACHHUAX C HETPATHUITHOHHBIMH
3arracCaMi C IIOMOIIbIO
IIHPOKOMACHITAOHOTO IIPHUMEHEHH S
YHUCJICHHBIX MECTOOB

/13610 KOTPEJLL, Tobuac XOHHK, Daationca OAYCHHA,
Canun I'OPITA/], Cepeeti CTOJIAPOB Baker Hughes,
a GE company

Ha Texkymuil MOMEHT HETPAIUITUOHHBIE
34M1aChI BHOCST 3HAYUTEIbHBII BKJIA]T B OOITUI
06'beM JJOObIYM HE(PTHU 1 ra3a. JJoobiua Ha
MECTOPOXKJECHUAX C HETPAAUIIUOHHBIMHU
3aI14CAMH OCTACTCSI PEHTA6EIBbHON B
PAa3IUYHBIX [IEHOBBIX CETMEHTAX, IOCKOJIBKY
METOJBI IPEABAPUTEIBHON OOPAO6OTKU TIJIACTA
MOTYT OBITh 4AANTUPOBAHBI K U3MEHAIOIIUMCS
PBIHOYHBIM YCJIOBUAM, KOTOPBIE
ONPENEIIAIOT 3ATPATHI HA 3aKAHYUBAHUE
U LIEHY HA YIJIEBOJOPO/IBL. AHAJIOTUYHASA
CUTYyaLUs HAOMIONAETCS B CETMEHTE
BHYTPHUCKBAXKUHHBIX PA0OT B JOOBIBAIOIINUX
CKBaKMHAX. METOABI OOPAOOTKHU MIACTA
MO3BOJISIIOT CTUMYJIMPOBATD JOOBIUY
YIVIEBOAOPOMOB U YBEJIMUUTD IIJIOMA/1b
JPEHUPOBAHMA CKBAXKUH. Ha TeKyunri
MOMEHT OCHOBHBIM METOJIOM OOPa0OTKH
IUTACTA ABJIAETCSA TUAPOPA3PHIB ILUIACTA, B
PaMKaxX KOTOPOT'O B CKBA’KHMHE CO3/JA€TCSA HECKOIBKO
CTaIU BBICOKOIIPOBOJAANIUX TPEMIUH, B KOTOPBIE 3ATEM
MO/T BBICOKUM JJABJIEHUEM 3aKA9YUBAECTCA JKUJIKOCTh
(KaK MPaBUJIO, BOJA), KOTOPAs PACIINPAET TPEIIUHBI,
MOBBIIIASA TAKUM OOPA30M MPOHUIIAEMOCTD ILIACTA
U 1€OUT CKBAKUHBL MICTOPHUYECKHU CIOKHUIIOCH TAK,
9TO KOMn4deCTBO craguiu ['PIT 1 KiacTepos HA CTAAUIO
OonpeeNsaeTCsa IN60 UCXOAA U3 JJINHBI TOPU3OHTAIBHOI'O
YYaCTKA CKBAXXHUHBI (Harmpumep, 60 wiu 120 m),

JINOO UCXO/IAI U3 HAKOIVIEHHOTI'O OIBITA HA 3TOM
MECTOPOXKAECHUU UIIN HA MECTOPOXKAECHHUHU C ITIOXOKUMH
YCJIOBUSIMU, JIMOO UCXOASA U3 IPYIUX MHBECTUIIUMOHHBIX
coobpakeHU!. C TEUEHUEM BDEMEHU HAMETHUIIACH
YCTOMYMBAS TEHJEHIINA K COKPAIEHUIO PACCTOAHUA
MEXKAY CTAAUAMM U KJIACTEPAMHU C 1IEJIBIO ITOBBIIIEHUSA
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* Injection and cementing equipment;

* Coiled tubing technologies, downhole
equipment and tools;

» Complexes for enhanced oil recovery;

* Mobile drilling rigs;

* Mine equipment (for directional drilling; for
exploration core drilling; sinking drilling rigs).

It was noted that more than 500 units of oil
and gas equipment manufactured by FID Group
are currently operating in Russian Federation
and other CIS countries, more than 160 of which
are related to hydraulic fracturing equipment. A
detailed description is given and the composition
of the main equipment complexes is listed.

The following challenges facing hydraulic
fracturing equipment manufacturers have been
highlighted and analyzed in detail:

* Localization of manufacturing process in the

Eurasian Economic Union area;

» Equipment for high-rate hydraulic fracturing

(16-24 m?/min),

» Equipment recovery and modernization;

» Equipment with axial load of no more than six
tons on axis;

» Equipment digitalization.

The speaker presented the audience possible
answers to the challenges. Most of the answers

have already found practical

implementation.
[38ua KOTPEJIJI s s
r_ siesitgl  Completion Design
: Optimization for
; Unconventional
Wells Using Large

Scale Computational
Science

David COTRELL, Tobias
HOEINK, Elijah ODUSINA,
Sachin GHORPADE, Sergey
STOLYAROV;, Baker Hughes,
a GE company

In the current state of
the oil and gas industry,
unconventional resources
are a significant source
of the total production
output. Unconventional wells remain profitable
at various price points, because initial stimulation
treatments can be tailored to changing market
conditions, reflecting completion costs and
(estimated) hydrocarbon prices. The same holds
true for re-stimulation of already producing wells.
Stimulation treatment “opens” up the subsurface
to ultimately allow for better drainage of the
reservoir hydrocarbons. The primary stimulation
treatment currently in use is hydraulic fracturing,
in which the wellbore is broken up into multiple
stages, and highly pressurized fluid (oftentimes
water) is pumped into each stage of the wellbore.
This causes fractures to propagate away from
the wellbore, which in turn enhances the local



YPOBHS JOOBIYH. OTHAKO PA3YMHO IPEAIONOXKUTD,

4TO HACTYIIUT TAKOH MOMEHT, IIOCJIE KOTOPOI'O
JI06aBJICHHE €11 OAHOM cTaauu I'PIT oBieYeT 3aTPATHI,
IIPEBLIIIAIOINE YPOBEHD JOXOAO0B, [IOJIyYEHHBIX 34

CYET YBEJIMYCHU A KOJIMYECTBA CTAANH (T.€. Ollepanus

O JOOABICHUIO CTA/IMU CTAHET MEHEE IPUOBLIBHOMH, B
3aBUCUMOCTH OT CPOKOB OKYIIA€MOCTH). B TaKOM Ciryvae
BO3HUKAET KJIACCUYECKAA 3471494 ONTUMHU3AINUH, KOTOPAS
pemaercsa merogaMu MonTe-Kapiio. Pe3ynbrarsl pacueToB
TOKA3bIBAIOT, YTO ONTUMAJIBHBIE METO/IbI OOPA6OTKH
IJIACTA IEMOHCTPUPYIOT XOPOIIHE TOKAZATEIH JIJI
MHOTI'UX [EJIEBBIX (DYHKITHU, CBSI3AHHBIX C IIPOIIECCOM
I'PTI (mannpuMep, J/IMHA U BBICOTA TPEMUH). TeM HE MeHEe
PE3YABTATHI TIO3BOIAIOT CAEIATH BBIBO/L, UTO 1IEJIEBBIE
(PYHKIIUY, CBA3AHHBIC C JOOBIYEH YITIEBOJJOPOAOB,
JIOXOJJAMHU OT JOOBIYU U IPUOBUIBIO, 3a4ACTYIO
OIIPEAEIAIOT PA3JIMYHBIE OIITUMAJIbHBIE METO/IBI
06pPabOTKH U YTO NOAOGOP ONITUMATIBHOI'O METO/A
3aBUCHUT OT 33/JAHHBIX BDEMEHHBIX IIPOMEXYTKOB.
ITOCKOIBKY B KOHEYHOM CUYETE IPUHATHUE PEIICHUN
OCHOBBIBAETCSA HA IOJIOKUTEIBHOM OITBITE IOy YEHHA
IPUOBLIIU B TEUEHUE OIPEJICIIEHHOIO IIEPUO/IA BDEMEHU,
B CTATBE MPEIIATAETCA UCIIOAb30BATD MOAXOIAILYIO
LEJIEBYIO (DYHKITMIO B COYETAHUHU C OITMCAHHBIM B CTATHE
KOMIIJIEKCHBIM ITOIXOZIOM K MOZIEJTMPOBAHUIO.

KoMILiekCHOe pelieHue 1 yIIPaABICHHU A
JIOOBIYEH HA IIPHMEPE
MECTOPOKICHHUS C
TPYTHOHU3BJICKACMBbIMH
3armacamMmmu

B.C.BYI'POB, OO0 «Benmax Otingusio
Cepsucec (PYC)»

3aa4a, KOTOpasi CTOUT IIepes,
HC(pTHHbIMI/I KOMIIAHUWSIMHU HA
HAYaJIbHOM 3TAIE SKCIUTYATALIUHA
MECTOPOXKJIECHUH, — [IOJIYYUTh
MCYEPNBIBAIONTYIO HH(POPMALTUIO 06
OO'BEKTE PA3PAOOTKU, IOCTPOUTH
KOPPEKTHYIO MOZE/b 3AJICIKCH
MECTOPOXJEHHUS, ONTUMU3UPOBATH
IPOLECC OYPEHUS U 3AKAHYUBAHUS
CKBAKHH JJISI JOCTYKEHU S HANOO0JIee
BBICOKUX [TOKA34TEJIEH IIPU PA3PAO6OTKE
MeCTOPOXaeHUA. OCHOBHAA 11E€/Ib BCEX
JIOOBIBAIOUX OPTAHU3ALUI — JOOUTHCS
MAaKCHMAaJIbBHOTI'O YPOBHS JJOOBIYY ITPH ONTUMU3ALIUHN
ee ce6eCTOMMOCTH. [Ipy 3TOM OUEHB BAXXHYIO POJIb
UI'PAIOT NOKA34TEJIH IO OXPAHE TPYZAA U 9KOJIOTUYECKOM
0€30MaCHOCTH. B JAHHOM JIOKJIAJI€ pEYb OMIET O
TEXHOJIOTMAX U [IPUMEPAX UX IIPUMEHEHUS /I PEIIECHUN
KOMIIJICKCHBIX 33/1a4 HA KAK/IOM N3 IICPCYHCIICHHBIX
3TAINOB, OT NTOJTy4EHU S TH(HPOPMALINU O IPO(HIIE
MPUTOKA U3 IIJIACTA IO VIIPABJIEHUSA IIPOLIECCOM JOOBIYH
U3 KAXKJ0M KOHKPETHOM CKBAXKUHBIL.

Yayumienusa B npumeHenuu FrHKT auisa
padoT 1o OypeHHuIo

I'peticon ALK, Jocaxao AJIZIABY7], Mycmadgha
AJIBMHJIAJ], BH; Bproc PAUXEPT, Tumyp CABHTOB,
denapucs }

Bcesonopn BYPOB
Vsevolod BUGROV

reservoir permeability and allows for economical
production. Historically, the number of stages,
and clusters per stage, for hydraulic stimulation
has been based on wellbore horizontal length
(e.g., 200 ft or 400 ft), or much valued previous
experience in the same or similar area, as well

as other investment considerations. Over time, a
strong tendency has developed to place stages and
clusters closer together to improve production.
However, it is reasonable to assume that there will
be a point beyond which adding another stage
becomes more expensive than what is gained by
increased production revenue from the greater
stage count (i.e., less profitable depending on

the time of investment). This scenario frames

a classic optimization problem which is solved
using Monte Carlo methods. Results show that
optimal stimulation treatment configurations

are robust for many objective functions related

to the fracturing process (€.g., propped length
and propped height). However, we find that
objective functions related to production,
production revenue, and profit often provide
different optimum treatment configurations,

and that those optima shift with respect to the
considered timeframe. Because business decisions
will ultimately be based on profit decisions over

a given time span, we propose
utilizing the appropriate
objective function together with
an integrated modeling approach
such as presented here.

Integrated Solution
for Production
Management through
the Example of a Field
with Hard-to-Recover
Reserves

sevolod BUGROV, Welltec
Oilfield Services (RUS)

The challenge faced by oil
companies at the initial stage of
field development is to obtain
comprehensive data on the
formation, carry out accurate
simulation of the field deposits, and optimize
the process of wells drilling and completion to
achieve the highest production performance. At
the same time, health and safety performance plays
avery important role. This paper will focus on the
application of technologies for solving complex
challenges at each of the listed stages, from
obtaining data on the inflow profile to managing
the production process in each specific well.

Improvements in CT Application for
Drilling Operations

Grayson FUDGE, Jabad ALDAWOOD, Mustaja
ALMILAD, BH; Bruce REICHERT, Timur SABITOV,

Tenaris }
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3a nocnepuue 10 et B CayOBCKOM ApaBuu

MIPUMEHEHHE OyPEHUSA C THOKUMU TPYOAMU 3HAYUTEIBHO
YJIY4YIIUIOCh BO MHOTHUX aCeKTaX. ONTUMU3ALIUA
YCTAJIOCTHOI'O PECYPCA THOKUX TPYO ObLIIa OGHOM U3
ITUX 32/]2Y4, BAXKHBIX JIJIS TOBBIIEHUS 6€30ITACHOCTU U
0611IeN MPOU3BOANUTEIBHOCTH OYPEHUSL. 32 TOCTIEAHUE
JIECSATD JIET IPOEKT CTOJIKHYIICS CO MHOXKECTBOM IPOOJIEM,
cBsi3aHHBIX ¢ THKT. ITpex1eBpeMEHHBIE TOJIOMKH,
CBSI3aHHBIE C TOUEYHBIMU OTBEPCTUSAMY, Ic(pOpMALTUEH
CBapHOTO 1IBA U iepekTamu npu npoussoacTse 'HKT,
OKA43aJIM CEPBE3HOE BIMSAHUE HA OOIYIO 3(P(PEKTUBHOCTD
npoekTa. Hopas rexnonorus FTHKT 6b11a HCIIO/Ib30BaHA
JULS TIPEOAOJIEHU S MHOTUX IPOOJIEM, CBA3AHHBIX C
OYPEHHEM B TAKMX CYPOBBIX CKBA)KMHHBIX YCIOBUAX.
T'HKT 110 HOBO¥ TEXHOJIOTUH ObL/I4 BIIEPBBIC BBE/ICHA
[t 6ypeHus B CayZOBCKOIM ApaBuu B aBrycre 2018
TOfia ¥ BBIBEJIEHA U3 SKCIUIYATAIIUU B IEKAOPE TOT'O JKE
rojia. B o0mie CiokHOCTH 279 KM IO CIYCKY COCTABUIIA
HapaboTKa ¢ 6,389 MeTpa TPOGYPEHHBIX CKBAKUH, 4
TAKKE MHOTOYUCJIEHHBIMU OCJIOXKHEHUAMHU B IIPOLIECCE
BBINIOJIHEHUA OypPEeHUSA, KOTOPBIM fanHas THKT 6bu1a
MOJABEPKEHA ITO CPABHEHUIO CO CTAHAAPTHBIMU TPYOAMHU.
[Is1Th CKBAXKUH OBLIN IPOGYPEHBI € 62,5% YCTAIOCTHOT'O
n3HoCa, riae T'HKT noasepraniacs 60IbMIIOMY KOTUYECTBY

[UKJIMYHBIX U3TUOAHUIT U3-34 IIPUXBATA TPYOBI U

JIOBUJIBHBIX Pa60T. C TOUKU 3peHud 6ypenus 'HKT

YIAy491IniIa MaKCUMAJIbHOC YCUJINC HA TIOABEM U

BO3MOKHYIO ITTyOHHY JJOXO/14 JJO 3AITMPAHUA. BbLIIO
JOCTUT'HYTO YIYUIICHHUE Psi/id KJIIOUEBBIX [TOKA3aTENCH

PaboThl, B TOM YUCJIE:
* 60JIEE BBICOKASI CKOPOCTD CITYCK2;

* CTOMKOCTD K CYIIb(MPHUIHOMY PACTPECKUBAHUIO IIO/T

HaIIPSDKCHUEM;

* yJIy4II€Ha OO1Ias1 U3BHOCOCTOMKOCTh/YCTAIOCTHBIN
PECYPC, B TOM YUCIIE ITPU PA6OTAX C CEPOBOJIOPOIOM, A

TAKXKE COIIPOTUBJICHNC YBCIITMYCHUIO JUAMETPA.

Hedexrockon IT1 - coBpeMEeHHOE
a(dPexTUBHOE CPEICTBO KOHTPOJLSI
cocroaausa THKT

AM. BEPEMEEHKO, C3A0 «Hogumia»

K rubxuM Tpy6aM NPeNbABIAIOTCS BBICOKUE
TpeboBaHUs. C OJHOH CTOPOHEL,

OT HUX TPEOYETCSI HAAEKHOCTD. C
JIPYyTr O CTOPOHBL, IONYJISIPHAS B MUPE
KOHIIENIINA 6EPEXKINBOIO IPOU3BO/ICTBA
IIPEAIONArdeT KAaK MOXKHO IIOJIHEE
UCIIOJIb30BATDb UX PECYPC.

OJJHAKO HA 3TATIE BBINIOTHEHUS PAOOT C
ucnosbzoBanueM 'HKT MOryT BO3HUKATh
HENPOIHO3UPYEMBIE CUTYALINH, TAKHE KAK
33IUPbI TPYOBI IIJIAIKAMU, UICTUPAHUSA
€€ Ha UICKPHBJICHUAX CKBA’KHUHDL, 4 TAKKE
BO3ZENUCTBUE AIPECCUBHBIX CPEZ, KOTOPBIE
CHMKAIOT PECYPC TPYOBI 1 CO3JAI0T
YI'PO3Y BOSBHUKHOBEHUA ABAPUITHO
cuTyanuu. CJI0KHO IPOTIHO3UPYEMbBIM
SIBJISIETCS TAKKE PEAIbHBIN OCTATOYHBIN

pecypc TpyobL
[g onpeneneHus peaabHOro
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AnekcaHap BEPEMEEHKO
cocrosamsi THKT Ha Bcex aranax ee Alexander VEREMEENKO

Over the past 10 years, coiled tubing drilling in
Saudi Arabia has improved significantly in many
respects. Optimizing the fatigue life of coiled
tubing was one of these objectives, which was
important to improve safety and overall drilling
performance. Over the past ten years, the project
has faced many challenges related to coiled
tubing. Premature failures associated with pin
holes, welding defects and CT manufacturing
defects have had a major impact on the overall
project efficiency. The new CT technology has
been used to overcome many of the challenges
associated with drilling in such harsh well
conditions.

CT manufactured with new technology was
first introduced for drilling in Saudi Arabia in
August 2018 and decommissioned in December
2018. Total run-in distance constituted 279 km
in wells with 6,389 m depth. The coiled tubing
was exposed to multiple complications during
the drilling process as compared to standard
CT strings. Five wells were drilled with 62.5%
of fatigue wear. The coiled tubing was exposed
to a large number of bending cycles due to
pipe sticking and fishing operations. In terms
of drilling, the coiled tubing has increased
maximum lifting force and maximum run-
in depth before lockup. A number of key
performance indicators have been improved,
including:

— Higher penetration rate

— Resistance to sulfide cracking

— Improved overall wear resistance/fatigue life,
including operations with hydrogen sulfide, as
well as resistance to diameter increase.

Flaw Detector DT1 - a State-of-the-
Art and Effective Way to Control CT
Condition

Alexander VEREMEENKO, Novinka CJSC

There are high requirements for coiled tubing,.
On the one hand, it must be reliable. On the other,
according to lean production
method it should perform to its
full capacity.

However, during operations,
unforeseen circumstances may
arise such as tearing of tubing
surface by rams, scuffing at the
curved sections of the well,
aggressive substances that
reduce coiled tubing service life
and can lead to emergencies.

It is also difficult to analyze
remaining CT service life.

Flaw detector is used for
analysis of a real CT condition
at all stages of its service,
for identification of non-
predictable safety risks and
maximizing CT service life.



HCIIOJIb30BAHUS, BBISIBJICHUS HEIIPOTHO3UPYEMBIX
PHCKOB 6€30ITACHOCTU PA6OT U JIJIs1 MAKCUMAJIBHOT'O
UCIOJIb30BAHUS PECYPCA THOKOH TPYOBI 11€JIECOOOPA3HO
IPUMEHEHHE 1e(PEKTOCKOIA.

Crnenuanuctamu C3A0 «<HOBHHKA» HA OCHOBE JIAHHBIX,
MOJIYYEHHBIX IPU UCIIBITAHUAX OOJIBIIOTO HA60pa TPYO C
pasnuuYHBIMU Je(PEKTAMHU, ObLI CO3/JaH pabodni 06pasery
OT1.

AT1 npeaHa3HavyeH A1 MTHCIICKITUY THOKUX TPYO
TpEX AUAMETPOB: 38,1 MM, 44,45 MM, 50,8 mm. TonmuHa
CTEHKHU — 710 5 MM. [Ie(PEKTOCKOI MOXKET YCTAHABINBATHCS
K4K Ha HOBBIE KOJITIOOMHI'OBBIE YCTAHOBKH, TAK U HA paHEE
BBIIIYIIECHHOE OO0PY/I0OBAHUE.

ITo npuHIMny pa6oThl IT1 — 3TO MATHUTHBIH
Jnedexrockon. HaMarHu4umuBaHUE y4aCcTKA TPYObl
JIO TEXHUYECKOT'O HACBIEHUS OCYIIECTBIISIETCS
HOCTOSIHHBIMH MATHUTAMH, YTOOBI MUHUMHU3UPOBATH BEC
Jnedexrockona.

Jle(peKToCKOn COCTOUT U3 OJI0KA U3MEPUTEIBHOTIO,
6J10Ka KOMMYTAITUOHHOT O, IEPCOHAIBHOI'O KOMIIBIOTEPA,
MOHT2KHOTI'O IIOBOJIK4, KOMIIJIEKTA COCTUHUTEBHBIX
Kabesnen U CeUaJIbHOI'O IPOTrPAMMHOIO OOECIICYEHUSL.
B goknazie 6p1a JaHa TOAPOOHAS XAPAKTEPUCTHUKA
KAXXJJOI'O U3 OJIOKOB, 4 TAKXKE IIPOIEMOHCTPUPOBAHBI
IpUMEPBHI 1e(PEKTOIPAMM MTAPAJIIETBHO, B TOM YHCJIE U C
rpaduKamMu BUOPALTUL.

TOYHOCTHBIE UCITBITAHNS MAKETHOI'O O6pa311a
JIe(PEeKTOCKOITA ¥ €TO HATYPHBIE UCTIBITAHUS HA
KOJITIOOGMHTOBOM YCTAHOBKE HOJTHOCTBIO MO TBEPAVIIH
COOTBETCTBUE NMPUOOPA 3AIBIACHHBIM ITAPAMETPAM U
TOKA3aJIH, YTO Pa3pabOTAHHOE YCTPOHUCTBO HAXOAUTCS
HA YPOBHE JTYYIINX 32PYOEKHBIX aHATIOTOB. [IepBbIe
06pasIIH AEPEKTOCKOTA YKE TTOCTABIEHBI 3aKA3UNKAM.

Cepsuc «@ugmani-OHJIaANH>: PA3BUTHE U
HOBBIE€ BO3MO>KHOCTH
FO.B. BEJIVTHH, C3AO «DHJIMAIID

BpL1a IpefoCcTaBaeHa HH(POPMALUS O TEKYIIEM
(PYHKIIMOHAJIE JAHHOT'O CEPBUCA, 4 TAKKE
HOBOBBEJICHUAX, KOTOPBIE OY1yT BHEJJPEHDBL B CAMOE
omxaiiee speMs. CEpBUC OOECIIEYNBAET:

* MOHUTOPHHT ITAPAMETPOB OOOPYAOBAHUSA U
TEXIIPOLIECCA B PEKUME PEAIBHOI'O BPDEMEHUY,

* IEOJIOKALUIO (MECTOIOJIOKEHHE) OOOPYAOBAHNUS,

* YVIAJIEHHBIN JOCTYT K (paliiaM JAHHBIX C YyCTAHOBOK;

* CMHXPOHH3AIUIO U XPAHEHHUE IOJYYEHHBIX JAHHBIX;

* MOJIYYEHUE ONOBEMIEHNUH O HEUCIIPABHOCTAX
060PYIOBAHUS U ABAPUMHBIX COOOIIICHUH.

* IIPEAOCTABJIEHUE OTYETOB.

Cergac B II0JIb30BATEJILCKOM YACTU PEAIM30BAHDI
CleAyIOIe MOAYIIH:

* IMAPK O60PYNOBAHUS — CITUCOK JJOCTYITHOTO
060pPYAOBAHUS U KPATKAs TH(POPMALIHA O HEM,;

* MOHMTOPHHT — JaHHBIE O PAOOTE YCTAHOBKH B
PEAIBHOM BPEMEHU;

* ApXUBHBIE JaHHBIE — (Pariyibl CKP nam cucTeMel
VIIPaBJIEHUs, CHHXPOHU3UPOBAHHBIE HA cepBepe. ECTh
BO3MOKHOCTb KOHBEPTUPOBATD B PA3JIMYHBIE (POPMATHI
(ceryac B .CSV — «DKCEIb»);

* OIOBEUIEHUS — UHPOPMALIHS O COOOHMICHUAX U
OITNOKAX;

Specialists of Novinka created a working sample
DT1 based on the data obtained during testing of
a wide range of tubings with different defects.

DTT1 is designed for inspection of three CT
diameters: 1.5 inch, 1.75 inch, 2 inch. Wall
thickness is up to 5 mm. Flaw detector DT1
can be installed on both new and previously
manufactured coiled tubing units.

DT1 is a magnet flaw detector. Magnetization of
the tubing section is performed using permanent
magnets in order to minimize flaw detector
weight.

Measurement unit DT1 consists of several parts
thus providing simple and convenient installation
on CT. Unit gravity center is below the tubing axis.
Measurement unit installation on the level wind
is performed using a steel draw-bar with a break
SENSof.

The report gave a detailed description of each
of the blocks, and also demonstrated examples of
defectograms in parallel, including a color image
of the flaw patter.

Accuracy testing of a mock-up sample of flaw
detector and field-testing on coiled tubing unit
provided full confirmation of the tool compliance
with stated requirements and showed that
developed tool is at the level of the best foreign
analogues. The first flaw detector samples have
already been delivered to customers.

Fidmash-Online Service:
Development and New
Opportunities

Yuri BELUGIN, NOV FIDMASH

Information was provided on the current
functionality of this service, as well as innovations
that will be introduced in the very near future.
The service provides:

* Real-time monitoring of equipment and process

parameters.

Geolocation (location) of equipment.

* Remote access to data files from the units.

» Synchronization and storage of received data.

¢ Receive alerts about equipment malfunctions
and alarms.

* Reporting.

Now the following modules are implemented in
the user part:

» Equipment Park — a list of available equipment

and brief information about it

Monitoring — data on the operation of the unit in

real time

¢ Archived data — tank monitoring system (TMS)
files or control systems synchronized on the
server. It is possible to convert to various formats

(now in .csv — Excel)
¢ Alerts — Messages and Bug Information
» Help — firmware, instructions and other

information.

* Administration on the customer side:
management of user access rights to customer
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* CIIPaBKa — IPOMINBKH, THCTPYKIINU U IPYTasT
nH(pOpMaALIHS;
* QIMUHHCTPUPOBAHUE HA CTOPOHE 3aKA3UHKA:
VIIPAaBJICHUE IPABAMHU JOCTYIIA NIOIb30BATEIECU K
O60PYAOBAHUIO 3aKA3UYHKA.
HososBeeHus:
OTYETBI/AHATUTHUKA — AHAJTUTUYECKASI OOPabOTKA
HAKOIIJIEHHBIX JAHHBIX U (POPMUPOBAHUE OTUYETOB O
paboTe 060PYAOBAHMUS HA UX OCHOBC;
‘Web CKP-ApPXUB — OHJIAUH-NIOCTPOEHUE I'PAPHUKOB
U COCTABJIEHUE OTYETOB MO TEXHOJIOTUIECKHUM
ONepaLusM;
BujicofaHHble (2020 o) — NPHU HAJIMYUU HA 60OPTY
CUCTEMBI BUZICOHAOIIOACHUS;
UHTErPaIus B CHCTEMBI COOPA U
06pPa6OTKH JAHHBIX 3AKA3YHKOB
(APL, ModBus u Apyrue NpOTOKOJIBI).
OTINYUTENBHON OCOOEHHOCTBIO
cepBuca «bupmant-OHTafH> ABIAETCA
ero nocrpoenue Ha WEB-unTtepderice,
U, YTO HEMAJIOBAXKHO, IOCTYII K YCIIyTE
MPEJIOCTABIAECTCA OGECILIATHO.

Ba3kasa CJIMKBOJA — HOBAsA
AJIbTEPHATHUBHAA ) KUIKOCTH
I'PII pyxisa TpaJUITMOHHBIX
KOJ/UIEKTOPOB

Ceemaana ITAB/IOBA, d1lnombepice»

CHIUTBIE T'€JIU HA OCHOBE I'yapOBOI'O
IOJIMMEPA YKE IOJI'OE BPEMA OCTAIOTCA
peo6aaIAIOMHUMU KUJTKOCTIMU
JUIS TUIPOPA3PhIBA I1aCcTa B Poccum.
TpaguiioHHbIE «CHOUPCKUE» JKUJIKOCTHU
I'PTI copepakar 3.0—4.2 KI/M? CIIUTOrO NOJIUMEPA, YTO
BBIPAKAETCA B OYEHD BBICOKO TMHAMUYECKON BA3KOCTU
(Kaxk npaBuiIo, 3Ha4nTENbHO BolIIe 400 cIlipu 100 c-1)
U PE3YABTUPYIOUUX HU3KHX 3HAYEHUAX OCTATOYHON
IIPOBOAUMOCTHU IPOIMIIAHTHOU ITAYKH, OKOJIO 35%.

COBpEMEHHBIE TEHICHIINHY TTIEPEXO/A K KOJIJIEKTOPAM
CO CJIOKHBIM I'€OJIOTUYECKUM CTPOEHUEM, I'I€ CO3/TAaHUE
IINPOKOM I’ PABINYECKON TPEIIMHDI HE ABJIACTCA
HEOOXO/IUMBIM, TPEOYIOT IEPECMOTPA TEKYIIETO TTOAXOAA
K I'PIT. Lesib JTaHHOM paboThI — OLICHUTh IPUMEHHUMOCTD
HOBOU XUAKOCTHU I'PIT 1711 POCCUUCKUX TPASHUITHOHHBIX
KOJIJIEKTOPOB, C POKYCOM HA JIAOOPATOPHOM
TECTUPOBAHUU — PA3PAOOTKE HOBBIX METO/IMK U OLICHKE
PE3YABTATOB.

Baskas cimksopa (HiVis FR) — HU3KOBA3KAs JKUAKOCTD
H4 OCHOBE CUHTETUYECKOI'O TTIOJIMMEPA — U POKO
UCHOIB3YETCS HA c/1aHIax (shale fracturing) B CeBepHOI
Amepuike ¢ 2016-2017 roioB, OJHAKO paHee HUKOT/IA
HE IPUMEHSLJIACH JJ1s1 TUIPOPA3PHIBA TPAAUITMOHHBIX
NECYAHNKOB C IIPOHUIIAEMOCTBIO HA YPOBHE MUJIJIUIAPCH,
B COYETAHUU C KEPAMUUYECKUM IPOMIAHTOM, IIPU
CKOPOCTAX 3aKa4Ku MeHee 10—15 m?/MuH. Takum
06pa30M, TPUMEHHUMOCTD JJAHHOU KUJKOCTH JIJI51
YCJIOBUH TPAAUITUOHHBIX KOJIJIEKTOPOB JJO/IKHO OBLIO
BCECTOPOHHE OLICHEHO CIIEPBA B IA00PATOPHH, 4 3ATEM B
MOJIEBBIX YCIIOBUAX.

B npe3eHTaluu NPEeACTABIEHBI PE3YIBTATEI
J1A6OPATOPHBIX UCCICIOBAHU /17151 HOBOH JKMJIKOCTH
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equipment.

Upgrades:
¢ Reports / analytics — analytical processing of

accumulated data and generation of reports on

the operation of equipment based on them.

* Web TMS-Archive — online charting and
reporting of technological operations.

* Video data (2020) — if there is a video
surveillance system on board

* Integration into customer data collection and
processing systems (API, ModBus and other
protocols)

A distinctive feature of the "Fidmash-Online"
service is its construction on the WEB-interface,
and most importantly, access
to the service is provided for
Ceetnana MABJTOBA free.

NEERELAY IO/

Viscous Slickwater
— New Alternative
Frac Fluid for
Conventional
Reservoirs

Svetlana PAVLOVA,
Schlumberger

Guar-based crosslinked
fluids remained the
prevalent choice of frac fluid
for a long period of time,
since massive hydraulic
fracturing was started in
Russia. Traditional “Siberian”
frac fluid contains
3—-4.2 kg/m’ of crosslinked guar, which results in
very high fluid viscosity (min 400 cp at 100 sec-1
as rule of thumb) and low retained permeability of
proppant pack — around 35%.

With recent move towards complex geology
reservoirs in Russia, where wide propped frac
is no longer an optimum solution, the need in
review of current fracturing approaches emerged.
The objective of the study presented is to evaluate
the applicability of novel clean frac fluid for
conventional reservoirs in Russia, particularly is
focused on development of laboratory testing
procedures and testing results analysis of novel
synthetic polymer-based fracturing fluid.

Viscous slickwater (HiVis FR) — low viscous
fluid based on synthetic polymer has already been
widely used for shale fracturing in North America
“since 2016-2017, however was never applied for
conditions of sandstones fracturing: in miliDarcy
environment, in combination with ceramic
proppant, pumping via tubing, utilizing pump
rates less than 10 m3/min (60 bbl/min), whereas,
fluid had to be fully investigated in laboratory
and field conditions of conventional fracturing of
sandstones.

Fluid rheology studies, leak-off behavior,
regained conductivity of the proppant pack,
regained permeability of the formation,



BA3KOH CJIMKBOZbI B CDABHEHUHU CO CTAHAAPTHOM
CHUCTEMOM Ha OCHOBE I'yapa. b1y IpOBEIEHDL
PEOJIOrNYECKUE UCCIELOBAHM S, TECTHI I10 OIIPEAEICHUIO
MEXAHU3MOB YTEUYKU XKUJKOCTH, OCTATOYHOM
IIPOBOAUMOCTHU MPOIITAHTHON ITAYKU U IIPOHULIAEMOCTH
I1ACTA, THAPOJAUHAMUYECKHE UCTIBITAHNA U OLICHKA
MECKOHECYIIEN CTOCOOHOCTH KUAKOCTH. DIACTUYHBIE
CBOUCTBA BA3KOM CJIMKBO/BI IIO3BOJIAIOT YIIYYIINUTD
JUHAMUYECKUH [IEPEHOC IIPOIIIAHTA U YMEHBIIUTD
CTATUYECKOE OCEIAHME IIPOIIIAHTA IO CPABHEHUIO
CJIMHEUHBIMU I'ydPOBBIM I'€JIEM, T.€. YIYYIIHTD
T'OPHU30HTAIBHOE U BEPTUKAJIBHOE PACIIPENEICHUE
MPOIIAHTA B TpeMHE. OCTATOYHAA IPOBOAUMOCTD
MPOIIAHTHOU ITAYKH [JA2KE IIPU BBICOKOH 3aIPYy3KE
CHUHTETHUYECKOTO MOJIUMEPA 6€3 UCTIONb30BAHUSA
JECTPYKTOPOB fJocturaeT 100%, 94To aBaseTCsa
IIPEBOCXOAHDBIM PE3YIBTATOM. DKCIIEPUMEHTBI 110
OLIEHKE IPOBOAMMOCTU KEPHOB necyanuka (1-10 M)
MOKA3aJIH, YTO OCTATOYHAS (PA30BASA MIPOHUIIAEMOCTD JIJIS
YIVIEBOJOPOJOB MTOCIE OOPAOOTKH BA3KOI CIIMKBOJOM
cocrasuia nopaaka 100%; 3To JOKA3BIBAET, YTO HOBAS
JKHUJKOCTb HAd OCHOBE IIOHU3UTEJIA TPEHUS HE IIOBPEXKAAET
HEPTEHACHIIIEHHBIN IUIACT.

B pesybrare npoBEJEHHBIX MACIITAOHBIX
JIaOOPATOPHBIX UCCIIEJOBAHUI BA3KASA CIMKBOJA
ObLIA PEKOMEHIOBAHA JIJI TTOJIEBBIX UCTILITAHUIT HA
HU3KONPOHMIAEMBIX IeCYaHUKaX B Poccun.

ITonespie ucnibrranua (OITP) nokasajiu o0 TE/IbHbIE
PE3YIBTATHI IPUMEHEHHN BA3KOM CJIMKBOZBI KAK B IVIAHE
ONEPAUOHHON YCIENTHOCTH, TAK 1 B IJIAHE BIUAHUA HA
Je6ut npu npoussojcTse I'PI1. BbL10 pEKOMEHJOBAHO
JanpHeree nposejeHue padbot I'PIT ¢ BA3KOM CJIMKBOJON
JUIA TPAJUIIMOHHBIX KOJIJIEKTOPOB.

HanpsizkeHHOE COCTOAIHUE ITOPO/IbI
B rOPHU30HTAJIBHBIX CKBAKHHAX C
MHOrocraguHeiM I'PIL. Biamnsaaue Ha
oneparuu ¢ THKT

Mapmur PAHJTAHC, BP Poccus

Kaxx b1 He(pTEra30HOCHDIH IVIACT 3AJIETAET B
PA3IMYHBIX YCJIOBUAX. B Poccuu paconoxeHo
OOJIBIIOE KOJIMYECTBO HEPTETA30BBIX MECTOPOKIECHUM,
MO3TOMY TEKTOHUYECKHUE YCIOBUS 3AJIETAHUS MOTYT HE
COOTBETCTBOBATH MIPEATIONATAEMBIM 1O YMOTYAHUIO
YCJIOBUAM HEHATIPSKEHHOTI'O COCTOSIHUS. DTU YCIIOBUS
MOTYT 3aBUCETDb OT OIM30CTH K ONIPEAECIEHHBIM
Tre€OJIOTUYECKUM CTPYKTYPAM, KOTOPBIE B OTAECTBHBIX
CJIy4asiX MOT'yT OOPa30BaTh HEMPOHULIAEMBII 6apbep
WJIN AKTUBHYIO TEKTOHUYECKYIO IUTUTY, OKPANHA
KOTOPOU HAXOAUTCA B ABUKEHNH C ONIPEIETIEHHON
CKOPOCTBIO. Bosiee Toro, Ha HANPSKEHHOE COCTOSTHUE
HOPOABI OKA3BIBAET OOJIBIIOE BIUSHUE UCTOIICHUE
MECTOPOXKACHUSA U 3aBOJHEHUE, KOTOPOE ABJIAETCS
HanboJIEE PACHPOCTPAHEHHBIM METO/IOM MOBBIIIEHUSA
Hedreotgauu B Poccun.

Takue PaKkTOPHI MOT'YT NPUBECTH K HATIPKEHHOMY
COCTOSTHUIO B YCIIOBHAX FTOPU30OHTAIBHOI'O CMEIIEHU
Tre€OJIOTUYECKUX CTPYKTYP HJIN TA2KE B YCIOBUAX
pasnoma B36POCOBOI'O THIIA, YTO B OOJIBIIEH NN
MEHBIIEN CTENEHN HAOIIOAAETCA HA HEKOTOPBIX
MECTOPOXKACHUAX. Bosee TOro, K OCJIOKHEHUSAM MOXKET

dynamic proppant transport tests and dynamic
fluid viscosity evaluation in comparison with
conventional guar-based fluid system are
presented in the study. Elastic properties of
Viscous slickwater provide improved dynamic
proppant transport and decrease static proppant
settling in comparison with other low viscous
fluid — linear guar-based gel, i.e. better horizontal
and vertical proppant distribution inside the
fracture. Ceramic proppant pack conductivity
even with high loadings of synthetic polymer

— High Viscosity Friction Reducer showed
superior results even without breakers —
Regained conductivity reached 100%. Coreflow
experiments using conventional (1-10 mD)
sandstone cores demonstrated 100% regained
phase permeability to hydrocarbon, proving that
fluid is non-damaging to oil-bearing formation.
As a result of numerous laboratory studies
performed, Viscous slickwater was qualified as
alternative fracturing fluid to conventionally
used guar-based gel and has been approved for
field testing campaign on conventional tight
sandstones in Russia.

Field trials of novel frac fluid — Viscous
slickwater demonstrated positive results both in
terms of pumpability and well productivity on
tight sandstones 0.5—-3.0 mD. This fluid has been
recommended for further roll out to wider range
of conventional oilfields.

Multi-Frac Horizontal Wells, Stress-
States and how this can affect CT
Operations

Martin RYLANCE, BP Russia

Not all reservoirs are created equal, and
in a substantial number of oil and gas fields
and formations around Russia, the tectonic
environment can be quite different from the
typically assumed relaxed and passive state that
is considered the default. This can be a function
of the relative proximity of such plays to a
distinct geological feature, that may even form
the reservoir trap, or may be characterized by an
active tectonic plate that has a dynamic margin
and reflects a recent level of activity. Additionally,
an in-situ stress-state will often be substantially
impacted by the effects of both depletion and
water-flooding which is the most commonplace
EOR method used in Russia.

These scenarios can translate into strike-slip
or even reverse fault stress states, being present
to a greater or lesser extent in certain areas of
fields. Additionally, the presence of both multi-
layered and laminated formation geology, as well
as the wide-spread presence of overpressure and
depletion driven pressure differentials, typical
of tight gas and tight oil, can then exacerbate
this situation even further. These in situ stress-
states can result in an extremely challenging
environment for the successful execution
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TEXHOJIOI'M

IIPUBECTH MHOI'OILIACTOBOCTD U YCLIYUYATBIN XaPAKTEP
THOPOZABL, A TAKXKE HIUPOKOE PACHPOCTPAHEHUE NIEPETTAJIOB
JIABJICHUSL, BBI3BAHHBIX 4aHOMaJIbHO BBICOKHUM IIJTACTOBBIM
JIABJICHUEM WJIH UCTOLIEHUEM IIJIACTA, YTO XAPAKTEPHO
JUIsI HUBKOITPOHHUITAEMBIX NOPOZ, TaKO€ HAIPSXKEHHOE
COCTOSTHUE MTOPO/IbI MOKET BBI3BATh CUJIbHBIE
OCJIOKHEHUA Ipu Iposegenuu I'PIT u Apyrux onepanuin
HA FOPU30HTAJIBHBIX CKBAXKUHAX, 3dKOHUYEHHBIX
KOMIOHOBKAMH JIJIS MHOTOCTaguHHOro I'PIT.

Takoe HANIPSPKEHHOE COCTOSTHUE TTOPO/IBI MOKET
OKa3bIBATh HEMTOCPEACTBEHHOE BIUSHUE HA KOMIIOHOBKH
3aKaH4YMBAHUA U ITpoliecc ['PIT pa3imuHbIM O6Pa30M.
Haunbonee 3aMETHBIMHU MTOCJIEACTBUAMHU TAKUX YCIIOBUH
3aJIETAHUSA SBJSIIOTCS CUJIbHAA icpOpMaIvsg 06CaTHOU
KOJIOHHBI, CY?KEHUS XBOCTOBUKA, 4 TAKKE OCTIOKHEHUSA
npu uHUanuu Tpemnnsl IPIL ledpopmaiiys
06CaJHOI KOJIOHHBI IPUBOJUT K YIOPOKAHUIO
BHYTPHCKBAKUHHBIX PA0OT U pA0OT ITO PEMOHTY
CKkBaXXUH. Takke gedopmanusg 06CaTHON KOJTOHHBI
BBI3BIBAET OOJIBIIUE OCIOKHEHUS IIPU 3AKAHYNUBAHUU
CKBa’KMHBI U MOXKET IIPUBECTHU K 3aKYIIOPHUBAHUIO
KaHaJa 1066191 HePTH 1 ra3a. [Ipu nposegennu ['PIT
B YCIIOBUAX TOPHU3OHTAIBHOI'O CMEMEHUS IOPOJBI B
IIACTE OOPA3YETCA CETh CIOKHBIX TOPU30OHTATIBHBIX U
IUIOCKUX TPEMUH, YTO 3a94CTYIO IIPUBOAUT K HU3KOI
MPOBOANUMOCTH TPEIWH U CHUYKEHUIO IIPOHUIAEMOCTH,
M 3TO HETATUBHO CKAXKETCA HA MTPOU3BOJAUTEIBHOCTH
CKBAKHHBI B JJAJIbHCHIIICM.

CMEIIIEHNE IJTACTOB U ECTECTBEHHOE OOPA30BAHUE
Pa3I0MOB SABJIAIOTCA OCHOBHBIMU MEXAHU3MAMH
Jedopmaniu 06caHON KOoHHBI npu ['PIT. JJaHHbBIE C
NpoBeJeHHbIX MUHU-T'PIT, MUKPOCENCMUYECKUX U IPYTUX
UCCIEJOBAHUI NOATBEPKIAIOT OCIOKHEHUSA, C KOTOPBIMUA
MNPUXOJUTCA OOPOTHCA MPH 3daKAHYMBAHUN CKBA’KHH B
TAKUX YCIOBUAX. B HEPTETa30BOM NPAKTHUKE MOABIISAETCA
BCE OOJIBIIIE CBU/IETEILCTB TOT'O, YTO ECTh HEOOXOAUMOCTD
B Pa3paboTKe a6COMIOTHO HOBOI'O ITOAX0OA K
CTPOUTENBCTBY CKBA’KHH B YCJIOBUAX HATIPAXKEHHOTO
COCTOSHMA ITOPOJIBI — OT MPOLIECCA HAKJIOHHO-
HanpasjeHHOro 6ypeHus U 35C 10 nopdbopa 06CaHbIX
KOJIOHH ¥ KOMIIOHOBOK HHMKHET'O 3aKAHYMBAaHUs. Bece
3TU PAKTOPBI HEOOXOAUMO IIPUHUMATh BO BHUMAHUE
JUISL TPOBEJEeHUS 9P (PEKTUBHOI'O IIPOLIECCA CO3IAHU S

of hydraulic fracturing and the associated
development of fields with horizontal wells
completed with multiple fractures.

Such complex stress-states can directly affect
the well completions and hydraulic fracturing
in a multitude of ways, but some of the most
impactful consequences are often severe casing
deformation, production-liner restrictions and
complex fracture initiation scenarios. Casing
deformations are responsible for increased
intervention costs as well as higher costs for
upgraded and strengthened wells. At the same
time, such issues can dramatically impair the
efficient execution of the completion plan
and create a bottle-neck to subsequent oil
and gas production from the well. Horizontal,
complex and pancake fractures will typically
develop in strike-slip/reverse fault stress states,
often resulting in fracture conductivity and
connectivity loss that will greatly impair the
eventual well performance.

Layer interface slippage and natural fault
re-activation are dominant mechanisms for
hydraulic fracture induced casing deformations.
Data from micro-fracs, micro-seismic and
other diagnostics can demonstrate the
practical difficulties that are encountered while
completing wells in these complex environments.
There is growing evidence from the industry that
horizontal multiple fractured well developments
in such stress-states require that a renewed
focus be made in all phases of the well design
and construction, from directional drilling and
lateral placement to casing selection and lower
completion design. All these considerations
need to be made with the goal of enabling the
competent delivery of a highly effective and
conductive fracture (network), to efficiently
access and produce the hydrocarbon resource.

While these complex stress-states may not
initially be encountered, the evidence suggests
that if their impact(s) are considered during
the well planning and well construction phases

BBICOKOIIPOBOAUMOM CETHU TPEIIHUH
I'PIT ¢ 1ienpio HauboJIee MOJIHOM
Pa3paboTKH MECTOPOKICHUNI
YIJIEBOAOPOAOB.

Ha navyanpHO1 cTauu
Pa3paboOTKU IPU3HAKU CIIOKHOT'O
HAIPAKEHHOI'O COCTOAHUA ITOPOABI
MOT'YT HE IIPOABJIATHCA, OHAKO,
€CJIM YYUTBIBATD ITO B IIPOLIECCE
MIIPOEKTUPOBAHUA U CTPOUTEILCTBA
CKBAKHHBI, MOXKHO Pa3padoTaTb
IUIAH ICHUCTBUA B CJIY4Y4€ IIPOSBIICHHU
ITUX IPUBHAKOB. B HacTOA1IICE
BpEMS METOJ MHOI'OCTAJUIHOI'O
I'PIT B rOpU30OHTAJIBHBIX
CKBAKMHAX IIOJIy4a€T BCE OOIbIICE
PACIIPOCTPAHEHUE, IIOITOMY YUET
JaHHBIX (DAKTOPOB CTAHOBUTCS BCE
6oJsiee BasKHOM 32/1a4€KA.
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that a number of contingencies can
successfully be put in place. As more
and more developments are based
on multi-fractured horizontal wells,
it will be increasingly important that
such considerations are taken into
account.

Coiled Tubing has Set New
Benchmarks for Multistage
Fracturing in Poorly
Consolidated Terrigenous
Reservoirs

Anatoliy KICHIGIN,
Packer Service LLC

Today, when most reservoirs

Aratonnn KNYATVH have low productivity, the question
Anatoliy KICHIGIN

of whether multistage hydraulic



KOJITIOOHMHT pACIITHPAET I'PAHHUILBI
MmuOrocraguimHoro I'PI1 B
CITA00KOHCOTHITHPOBAHHBIX
TEePPUTECHHBIX KOJUIEKTOPAX

AC. KHYUITHH, OO0 dlarxep Cepsucs

B macrosiee BpeMs, C y4eTOM YXYIUICHUA KA4€CTBA
Pa3BEIAHHDBIX 34I114COB, OTAE/IbHBIM U YPE3BLIYANHO
BAKHBIM CTAHOBUTCS BOIIPOC BO3MOKHOCTU IIPUMEHEHU A
MHOI'OCTAJUMHOI'O TUPABINYECKOI'O PA3PhIBA I1J1ACTA
(MTI'PIT) HA CKBAKMHAX CO CJIOKHOM I'€OJIOTUEH.

SApKUM IprMEpPOM yCIIEITHOro npuMeHeHuss MI'PIT

¢ npuMeHeHneM 'HKT cTas OmbIT, Oy YeHHBII Ha
MeCcCOsXCKOM HE(PTEra30KOHIEHCATHOM MECTOPOXKIECHUN
(HI'KM), rze ycriemHo nposeaeH MI'PIT qyia
TPYAHOU3BIEKAEMBIX 3a11aCOB (TPU3) BA3KOM HEPTH,
3AJIETAIOIINX B [IECYAHBIX CJIAOOKOHCOINUPOBAHHBIX
KOJUIEKTOPAX Ha HEOOJIBIIUX INIYOMHAX B YCJIIOBUAX
HU3KUX TEMIIEPATYP.

Ha jaHHOM 3Tane pa3BuTH HEPTAHOM
MPOMBIIIJIEHHOCTH BCE GOJIBIIIE U OOJIBIIE B PA3PA6OTKY
BOBJIEKAIOTCSI CYUTAIOIINECH PAHEE HEPEHTAOETBHBIMU
MECTOPOXKACHUS, TaK Ha3bIBaeMble TPH3. OnblT
Meccosxckoro HI'KM, noxkany#, ABasgeTcss Haubosee
OB6IUPHBIM B POCCHH B IJIaHE alTPOGALINY PA3TUYHBIX
CHUCTEM U CTPATETNH 3aKAHYMBAHUA TOPHU30OHTAIbHBIX
CKBAXUH ¢ MI'PIT B yCJIOBUAX BA3KOU HE(PTH,
3AJIETAIOIINX B [IECYAHBIX CJIAOOKOHCOIUUPOBAHHBIX
KOJUIEKTOPAX HA HEOGOJIBIIMUX IMTyOMHAX IIPH HU3KUX
TeMneparypax. IIpose/ieHHbIE pA6OTHI U BBIBOABI MOT'YT
OBITh UCIIOJIL30BAHBI ITPH MPOEKTUPOBAHNUH U OLICHKE
AHAJIOTUYHBIX 1O CTPYKTYpe TPU3.

BblIM OXapaKTEPHU30BAHBI OCOOEHHOCTH
CIIA6OKOHCOIUUPOBAHHBIX TEPPHUTEHHBIX KOJUIEKTOPOB,
ONUCAHBI METO/IBbI OOPBHOBI C IECKOIIPOSABICHUSMHU, OUCAH
XUMUYECKHUI METO], 60PBOBI C IECKOIIPOSIBJICHUEM Ha
I'HKT, OCHOBaHHBII HA UICKYCCTBEHHOM 3aKPEIJICHUN
TOPHBIX ITOPOJ] PA3JIMYHBIMHU BSUKYIIUMU BEMECTBAMHA
(B OCHOBHOM IIOJIMMEPHOI'O TUIIA).

DOKYC JOKJ14/1a 6bJI HAIIPABJIEH HA MHOI'OCTA/IMMHBINA
I'PIT ¢ ynipaBisieMbIMU (PUIIBTPAMHU, TEXHOJIOI'HSI KOTOPOT'O
MO3BOJIAET PEMATD PAJL 3a4a4: nposegenue MI'PIT
KOHTPOJIb IIECKONPOABIEHUN 1 YCIIEIITHOE OTCEYEHUE
30HBI B CJIy4a€ ITOJTyYEHU IIPOPBIBA BOAbI/Ta3a. MI'PIT
TUIAHUPYETCA IPOBOAUTD IO OECIIAPOBOM TEXHOJIOTUH
c npumeHenreM 'HKT, B CBOIO ouepe/ib, KOHTPOJIb IIECKA
OyZeT OCYIECTBIATHCA IIPU ITOMOIIU ITOTHOIPOXOAHBIX
3aKPBIBAEMBIX (PHIBTPOB. [IpeNMyIIeCTBOM JAHHOT'O
MOJAXOAA ABJIAETCA BO3MOXKXHOCTD YIIPABJIECHUA My(DTAMHU
I'PITu (pyrnprpamu 6€3 IPOBEACHUS JOIIOJIHUTEIBHBIX
CIIO.

OTKPBIBAEMBIE/3AKPBIBAEMBIE MY(PTHI KOMIIOHOBKH C
TTOJIHOIIPOXOHBIM CEYEHHUEM, YIIPABJIAEMBIE C [IOMOIIBIO
I'HKT, NO3BOIAIOT IPOBOAUTS celeKTUBHBIE ['PIT Kak
Ha HOBBIX CKBAXKUHAX, TAK U HA CKBAXKUHAX ITOCJIE
HEKOTOPOI'O IIEPUO/A IKCILTYATALIMU, OCBOMUTD 1 BLIBECTH
Ha IIPUTOK KAXK/IBbIN IPOAYKTHUBHBIM MHTEPBAJI 11O
OTIEJIbHOCTH U COBMECTHO.

JlaHHAa5 TEXHOJIOI'Us OCHOBAHA HA IIPUMEHECHUU
MHOT'OPA30BbIX yIIpaB/sgeMblx MydT I'PTL. I1a
nposejeHus I'PIT npuMeHseTcs CieryaabHbIA K04 JIJIS
OTKPBITHA/3AKPbITUA NOPTOB I'PIT. PaboTa c mopramu I'PIT

fracturing can be applied in wells with

complex geometry becomes very important. An
outstanding example of multistage hydraulic
fracturing using coiled tubing was a project in
Messoyakha o0il, gas and condensate field where
multistage fracturing was successfully performed
for stimulation of production of hard-to-recover
heavy oil in poorly consolidated reservoirs at
small depths with low temperature.

Today, the oil industry development has to
deal with the increasing volume of so-called
hard-to-recover reserves, which were previously
considered unprofitable. The experience gained
in Messoyakha oil and gas condensate field is
probably the most extensive in Russia in terms of
testing various systems and completion strategies
for horizontal wells with multistage fracturing
operations in poorly consolidated sandstone
reservoirs with viscous oil at shallow depths with
low temperatures. Operations performed and
lessons learnt can be used for simulation and
evaluation of similar hard-to-recover reserves.

The report described the following: features of
poorly consolidated terrigenous reservoirs, sand
control methods, the chemical method of coiled
tubing sand control based on artificial rock
strengthening with different binders (mainly
polymeric type).

The report was focused on multistage
fracturing technology with closable filters that
addresses multiple tasks: fracturing, sand control
and successful cut-off of possible water/gas
breakthrough interval. Multistage fracturing
is planned to be carried out using ball-free
technology with coiled tubing while sand control
is achieved using full-bore closable filters. The
advantage of this approach is the ability to
control fracturing sleeves and filters without
additional runs.

Closable CT-controlled full-bore sleeves allow
to carry out selective fracturing in both new wells
and wells after a certain production period. It
can also be used for stimulation of each interval
individually and simultaneous stimulation of
several intervals.

This technology is based on the application
of multi-use controlled fracturing sleeves.
Hydraulic fracturing is carried out using a special
key to open/close fracturing ports. Fracturing is
performed using coiled tubing with no need to
pull coiled tubing string out of hole before each
fracturing stage. Fracturing fluid can be pumped
through the small annular space between tubing
and coiled tubing. Additional advantage of this
technology is the ability to add fracturing stages
to the already installed assembly by means of
sand-jet perforation.

Taking into account complex geology
of the Messoyakha oil and gas condensate
field with viscous oil in poorly consolidated
sandstone reservoirs at shallow depths and low
temperatures, the tasks required unconventional
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nposoauTcs npu nomoty T'HKT, mpu aTom nnogbem F’HKT
nepej kax o onepanueti I'PIT ue Tpebyercs. ['PIT moxeT

MPOBOJUTLCS MO MAJIOMY 3aTPYOHOMY IIPOCTPAHCTBY
I'HKT — HKT. JOO/IHUTENBHBIM IPEUMYIIIECTBOM
ITAHHOM TEXHOJIOTUH SABJISICTCS BO3MOKHOCTD JOOABIATH

craguu I'PIT K yKe yCTAaHOBJICHHOM CUCTEME ITPH IIOMOIIN

MIPOBEAECHUS I'HJIPONECKOCTPYHHON HEPPOPALIHHN.
IIprHMMas BO BHUMAHUE CJIOKHDBIE T'€OJIOIMYECKUE
ycnosus Meccosixckoro HI'KM ¢ BA3KOM HEPTHIO,
3JICTAIONICH B IIECYAHBIX CJTAOOKOHCOIUANPOBAHHBIX
KOJUIEKTOPAX HA HEOOJIBIIUX [VTYOMHAX TP HU3KUX
TEMIIEPATYPAX, TOCTABJIEHHBIE 3314491 TPEOOBAIHN
HEOPAUHAPHBLIX pemenuil. [Ipumenenne THKT
MO3BOJIMJIO HE TOIBKO 3(PPEKTHUBHO
HCIOJIb30BATh XUMUYECKUE METO/IBI OOPBOEI C
IECKONPOABJIEHUEM, HO U ITpousBecTu MI'PIT.
IToJryY€HHBIN OIBIT IIOKA3bIBAECT BO3MOKHOCTH
COBPEMEHHBIX TEXHOJIOTU, II€ IPUMEHEHUE
I'HKT no3BOJIsET HE TOIBKO COOTBETCTBOBATD
BBICOKHUM TPEOOBAHUAM, HO U PACHIUPATD
T'PAHULIBI SKCIUTYATALIUU. TaK, HCIIOJIb30BAHUE
I'HKT nossosnuio npoussectu MI'PITHa
CIIEUAJIN3UPOBAHHON KOMOMHUPOBAHHOMU
KOMIIOHOBKE 3aKaHYMBAHUA C 3AKPbIBAEMbIMU
dunsrpamu u mypramu MI'PIL

OnBIT IPUMEHEHH A YCTAHOBKH
CTAJICTIOTHMEPHOM TPYyObI HA
MECTOPOKIeHUAX BOoCTOYHOM
Cubupu

MA. KHA3EB, OO0 HHK-TKPC»

BbUIH JJAaHBI TEXHUYECKUE XAPAKTEPUCTUKHA

Makcm KHA3EB
Maxim KNYAZEV

YCTAHOBKH (JJUAMETP UCHOJIb3yEMBIX TPYO IIJTAHTOKA6EA

— 44 MM; BMECTUMOCTD 6apabaHa JIEOEIKU — HE MEHEE
4000 M; MAKCUMAJIBHOE YCUJIUE HA JIEOE/IKE — HE MEHEE
100 xH). I[TepednciieH cCOCTaB O60PYAOBAHUS,
OPEJCTABIEHBI XAPAKTEPUCTUKH IIJIAHTOKAOEIA.

C UCTIOIB30BAHUEM I'MOKOU CTAJIENOIUMEPHOMN
TPYObI IPOMU3BOAUINCH CJIEYIONIUE TEXHOIOTUIECKUE
onepanum:

* pacTervieHUE (Pa3MBbIB) THAPATHBIX U TAPA(PHUHOBBIX

MIPOOOK (85 CKBAKUH);

* IIPOMBIBKA CTBOJIA CKBAXKUHBI OT COJIEBBIX OTJIOKEHUN

(12 cxkBaxxun),

* paCTEIUIEHUE 3aTPYOHOTO NPOCTPAHCTBA (12 CKBAKUH);

e MIylIeHue CKBAXKUH (10 CKBAKUH).

Canpens 2018 roga no 1 Hos6pst 2019 rosa 6puragoi
I'CIIT 6b1110 npon3BeAEHO 119 pEMOHTOB CKBAXKUH, U3
HHUX 85 PEMOHTOB IO BOCCTAHOBJIEHUIO ITUPKYIALIAN
B HKT. PaG0ThI TIOKA32711 BEICOKYIO 9KOHOMHUYECKYIO
3(PHEKTUBHOCTb.

Cmaszounasa 1oo6aska <HE®TEHOJI-CIN»
JIJIsI Oy pPOBBIX PACTBOPOB HA BOHOM
OCHOBC

AI'HUBKO, PI'Y negpmu u 2asa (HHY)
umenu M. Iyoxuna

BcBsasuc YBCIIMYCHUCM /10T 6YpCHI/I5l HAKJIOHHO-

HATPABJIEHHBIX ¥ TOPHU30HTAIBHBIX CKBAXKHUH PE3KO
BO3POCTHN TPEGOBAHUS K 6YPOBBIM PACTBOPAM U

44 Ne 1 (071) Mapr/March 2020

solutions. The use of coiled tubing allowed to
effectively apply chemical methods of sand
control and produce multistage fracturing.

The experience gained shows the potential of
modern technologies, where the use of coiled
tubing enables meeting high requirements and
also expanding the scope of application. Thus,
the use of coiled tubing allowed to perform
multistage fracturing with special combined
completion assembly with closable filters and
fracturing sleeves.

Case Study on the Application of
Steel/Polymer
Pipe at the Fields
in Eastern Siberia
Maxim KNYAZEV,
INK-TKRS LLC

Presentation
provided technical
characteristics of the
unit (pipe diameter —
44 mm; drum capacity
—at least 4000 m;
maximum hoisting
load — not less than 100
kN). Also, the report
included equipment and
technical characteristics
of the pipe.

Coiled steel-polymer
pipe allowed to perform
the following operations:
¢ Removal of hydrate and paraffin plugs (85

wells);

* Wellbore cleanout from salt deposits (12 wells);
* Annular space thawing (12 wells);
* Wells killing (10 wells).

From April 2018 till November 1, 2019 the
fleet with coiled steel-polymer pipe performed
119 well workover operations, 85 of which were
aimed at restoring circulation in the tubing.

The operations demonstrated high economic
efficiency

Lubricant Additive "NEFTENOL-SDI"

for Water-Based Drilling Fluids
Anastasia IVKO, Gubkin National University

of Oil and Gas

Due to the increasing scope of directional and
horizontal wells drilling, the requirements for
drilling muds and agents have been tightened
dramatically. Previously classified as auxiliary
agents, lubricants turned into the category of
basic agents.

The objective of this research is to develop a
lubricant additive with improved anti-sticking
properties and low foaming capacity while
maintaining high lubricating properties.

The obtained technical result is a faster torque



IPUMEHSEMBIM peareHTaM. CMa3049HbIE JOOABKU U3
BCIIOMOTATEIBHBIX PEATEHTOB MEPEILIN B PA3PA/],
ONPENEIIAIONTUX.

3aaueii HACTOAMICH PAO6OTHI SABJISICTCS
CO3[JAHHE CMA309HON JOOABKH C y/y4IIEHHBIMHA
AHTUIIPUXBATHBIMH CBOUCTBAMU U HU3KOU
MEHOOOPA3YIOIIEH CIIOCOOHOCTBIO IIPHU COXPAHEHUHU
BBICOKHUX CMa304YHBIX CBOUCTB.

ITonmy4eHHBIN TEXHUYECKUI PE3YJIBTAT 3AK/II04YAE€TCA B
CHMUIKEHUU 3HAYEHUSI MOMEHTA CTPATUBAHHUSA 6y POBOTO
pacTBOpa HA I'PAHUILIE «(PUNBTPALTMOHHASA KOPKA — JJUCK»,
00pabOTAHHOI'O 3aIBJIEHHON CMa304YHON JOOABKOH,
PU OJHOBPEMEHHOM CHHKEHHUU IEHOOOPA30BAHUA U
COXPAaHEHHUHU BbICOKHUX CMA30YHBIX CBOMCTB.

ITocTaBiIEHHAS 33/1a49a PEMATACHh CO3JAHUEM
CMAa304YHON KOMITO3ULIUH JIJIS1 Oy POBBIX PACTBOPOB
Ha OCHOBE OJIEMHOBOM KHUCJIOTHI U CJIOKHBIX 3(PUPOB
OJIEMHOBOM KHUCJIOTHI CO criupTaMu ppaknuu C12-C14
B PA3JIMYHBIX IPOLIEHTHBIX COOTHOIIEHUAX U
MOCJIEAYIONIEE MOJETHPOBAHUE PELENTYP CMA30YHBIX
JO6ABOK C HMIUPOKUM JUATTA30HOM TEMIIEPATYD
3aCTBIBAHUSL.

Hamu ObI/IN N3Y4YEHBI CMA304YHBIE TOOABKH K
OYpPOBBIM PACTBOPAM B KOHIIeHTpanuax 0,5-1,5% o0.,
BBIITYCKAEMBIE OTEYECTBEHHOU U 3aPyOEKHOM
MPOMBIIIJIEHHOCTBIO, GOJIBITMHCTBO U3 KOTOPBIX ITO
CHMIKEHHUIO KO3 (PUITUEHTA TPEHUS, ONIPEIETIEHHOM
Ha TecTepe cMas3bliBaromen crnocooHocTu OFITE,
YAOBJIETBOPAIOT TPEOOBAHUAM TEXHUYECKHX YCJIOBHUH U
pErIAaMEHTAM I1O OYPOBBIM PACTBOPAM.

Taxske Ha IPpUOOPE /111 UCIIBITAHUS HA IIPUXBAT
nop nepenaiom gasaeHuil OFITE ObL1u UCTIBITAaHbI
uccieayeMble JO6aBKU. BONBITMHCTBO U3 HUX CHIDKAIOT
3HAYEHU MOMEHTA CTPATUBAHUA HA IPAHUILIE
«(pUNBTPAMOHHAS KOPKA — JUCK» HAa 30—40% 110
CPaBHEHUIO C HECOOPAO6OTAHHBIM PACTBOPOM.
DPPEKTUBHBIC AHTUNIPUXBATHBIE IPHUCAIKH CHUKAIOT
MOMEHT CTPArvuBaHUs (PUIBTPALTMOHHON KOPKH 10 80%.
IIpepnaraemas cmazouHas oo6aska «<HEGTEHOJI-
COW» mapka CIMH-5 pa3dpaboTaHa Ha OCHOBE 3(pUPOB
PACTUTENBHBIX MACeI, 06JIA4AI0M A YIYIIIEHHBIMU
TPUOOTEXHUUYECKMMHU CBOMCTBAMH 1 3KOJIOTHUYECKOHI
6€30IaCHOCTHIO. 3a9BJI€HHAS CMA3049HasI J06aBKA
obJ1aaeT MIUPOKUM AUANIA30HOM TEMIIEPATYD
3acThiBaHUs: OT -10 10 -40 °C, MOKET OBITh IPUMECHECHA
BO BCEX THUIAX 6YPOBBIX PACTBOPAX HA BOJHOH OCHOBE.

Ha mecTopoxgeHussax 3anagaou Cudupu
OBLIIN ITPOBE/IEHBI ONBITHO-IIPOMBIIIJICHHBIE
HUCITBITAHUA PA3PA60TAHHOM CMA309YHOM JJOOABKI.
OO6'BEKTOM UCCIENOBAHUA CITYKHUJI MHTMOUPYIOINH
OypoBoii pacTBop (MBP) Ha OCHOBE YACTUYHO
I'UJPOJIU30BAHHOI'O IIOJIMAKPUIAMUJA, OOPA6OTAHHBIN
HUCCIIELYEMOM CMA3049HOM JOOABKOM.

AHAIU3UPOBATIOCH BIHSIHUE IPOIEHTHOTIO
COZIEPKAHMS CMA304HOM JO6ABKU HA CHH)KEHHE
koa(dpunuenrta rpenus (Krp) 0ypoBoro pacrsopa Ha
npubope KTK-2 1 Ha CHUKEHHE MOMEHTA CTPATUBAHUSA
(MOMEHT CTPArUBAHUA, (PYHT TIOMM) HA TPAHULIE
«(PUNBTPALTUOHHAs KOPKA — JIUCK» Ha Tpuoope OFITE
JUISL UCTIBITAHUS HA IPUXBAT IIOJ] IIEPENAIOM JIABJICHUI.
O11eHUBAJIOCH BJIUSIHUE CMA30YHOM JOO6ABKHY HaA
dunbrparooraavy (O, cM?/30 Mun). [leHOO6pasyomue

of the first movement of drilling mud at the
interface "filtration cake — disc treated with the
lubricant additive", while reducing the foam
formation and maintaining high lubricating
properties.

The task set was solved by development of a
lubricating composition for drilling muds based
on oleic acid and oleic acid esters with alcohols
of C12-C14 fraction in different percentage ratios
and further simulation of lubricating additive
formulations with wide range of pour points.

We have studied lubricating additives for
drilling muds in concentrations of 0,5—1,5 vol.
manufactured by domestic and foreign industry,
most of which meet the requirements of technical
specifications and regulations on drilling muds
in terms of friction coefficient reduction, defined
using the OFITE lubricating ability tester.

However, not all lubricant additives meet the
requirements for foaming tendency.

The additives under study were also tested using
the OFITE tester for sticking under pressure. Most
of these additives reduce the torque of the first
movement at the interface "filtration cake — disc"
by 30—40% as compared to untreated solution.
Effective anti-stick additives reduce the torque
of the first movement of the filtration cake by up
to 80%.

These additives include: Sonbur 1103, Dehylub
1757 and newly developed lubricating additive
"NEFTENOL-SDI" of SDIN-5 model and anti-
sticking additive Neftenol APP.

The proposed lubricant additive "NEFTENOL-
SDI" of SDIN-5 model is developed on the basis of
vegetable oil esters. This lubricant has improved
tribotechnical properties and environmental
safety. This lubricant additive has a wide range of
pour points: from -10 to -40 °C, it can be applied
in all types of water-based drilling fluids.

Pilot tests of the developed lubricant additive
were carried out at the fields of Western Siberia.
The subject of these tests was an inhibiting
drilling mud (IBM) based on partially hydrolyzed
polyacrylamide, treated with the lubricant
additive under study.

Tests provided ability to analyze the effect of
the lubricant additive percentage on reduction
of the friction coefficient of the drilling mud
(Kfr) using the CPC-2 unit and the effect on the
reduction of the torque of the first movement
(first movement torque, pounds’inch) at the
interface of the "filtration cake — disk" using the
OFITE unit for sticking under pressure. The effect
of the lubricant additive on filtrate return was
also assessed (F, cm?/30 min). Foaming properties
were determined by the difference in density
between the initial and lubricated drilling mud.

The compatibility of lubricant additive with
drilling mud was visually determined during
these tests. When the lubricant additive was
added into the drilling mud, the mixability and
homogeneity of the new drilling mud were
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CBOUCTBA ONPEAEIIANUCH II0 PA3ZHULIE IITIOTHOCTEN
UCXOAHOI'O 1 O6pa6OTAHHOT'O CMA304HOM T06ABKOM
OypOBOrO pacTBOpPA.

B nponecce uccnegoBaHu BU3YaJIbHO O PEAEIIANACD
COBMECTHUMOCTD CMA3049HOH JJOOABKH C 6yPOBBIM
pacTBopoM. [Ipu BBEICHUU CMA304YHON JOOABKU B
OYpPOBOM PACTBOP OLIEHUBAIACh CMEMIUBAEMOCTD
U1 OJJHOPOJHOCTB HOBOTO OYPOBOI'O PACTBOPA.
COBMECTUMOCTB C OYPOBBIM PACTBOPOM SIBJIAETCS
O4YEHb BAXKHBIM ITOKa3aTeneM. Eciin cmazouHas 106aBKa
MJI0XO CMENINBAETCS C 6YPOBBIM PACTBOPOM, OOPA3yET
KaKHE-TMOO CTPYKTYPBI, KOTOPBIE MOT'YT MJIABATh
Ha [IOBEPXHOCTH PACTBOPA UJIH BBINIAAATh B OCA/IOK,

TO TAKAasl CMAa3049Had JOOABKA HE Oy/IET OKA3BIBATH
3(PPEKTUBHOTO BO3AEUCTBUA NTPU OYPEHUN CKBAKHUH.
OTHOpaBHON TOYKOH CPABHEHUS OPAJICST UCXOIHBIA
OypOBO¥ pacTBOD.

OnBITHO-TIPOMBIIIIICHHBIC UCITBITAHUS ITIPOIIN
YCHENTHO. AHATU3UPYS JAHHBIE, MOXKHO CJIEIATh BBIBOJ,
4TO PA3pabOTAHHAA CMA3049HAA JOOABKA 3(PHEKTUBHO
CHIDKAET KO3(P(PUIIMEHT TPEHU S 6YPOBOI'O PACTBOPA
npu BeegieHuU 0,3% 00., 06€CIIeYnBAET CHUKEHUE
KO3 PUIUEHTA TPEHU S 6yPOBOI'O PACTBOPA OOJIEE YEM
Ha 50% O CPaBHEHUIO C HEOOPAOOTAHHBIM PACTBOPOM.
ITpu BBOJIE B OYPOBOIT PACTBOP JAHHBIN IPOAYKT HE
BBI3BIBAJI IEHOOOPA30BAHUA OYPOBOI'O PACTBOPA U HE
YBEIUYUBAI (PUIBTPATOOTAAYY.

ITo OKOHYaHNUM OYPEHUS 1 IIPOMBIBKU B TCUCHHE TPEX
4aCOB NO’bEM OYPOBOI'O UHCTPYMEHTA IPOXOINII O€3
3ATSIKEK.

Peain3anusa IpoOEKTa IPOU3BOACTBA
TpyOsl THK Ha TeppuTopuu Pecrryoruku
Tarapcran

MC.AMITAHOB, OOO «rmexo Troounz»

Bonpoc o6ecrieyeHns: CEpBUCHBIX U
HedTErazoj06bIBAIOITUX KOMIAHHUI KAYECTBEHHOMU
I'HKT 6bL1 BCET/1a 1 BCE €€ OCTAECTCA AKTYAJIbHBIM.

Ha cerogHsmHaui IeHb MOIABIISIONIAs YACTh
ucnonb3dyemor B PO Tpyosl 'HK sxcnopTupyercs

n3 CIIA n Knrtas, 9410 HENMOCPEACTBEHHO CBA3aHO C
HEOOXOIMMOCTBIO PACYECTOB B MUHOCTPAHHOM BAJIIOTE,
JUTATENbHBIM IEPUOAOM ITPOU3BOJICTBA U JIOTUCTHUKH,
HEOOXOIMMOCTBIO IPOBEJCHU S TAMOKEHHBIX OIIEPAITUIL
U IPOYMMHU OCJIOKHAIONUMU OOCTOSITEIbCTBAMU.

B cBOIO 0U€EpEb, 3TO IPUBOAUT K TOMY, YTO KOMITAHUH
—norpeéburenu 'HKT CUIbHO OTpaHUYEHEL B
BO3MOXXHOCTH ONIEPATUBHOT'O IPUOOPETEHUS
HEOOXOIMMON UM TPYOBL

OfHUM U3 PEMIEHUN JAHHOU ITPOOJIEMBI SIBISIETCS
PAa3BUTHE OTPACIU IPOU3BOJCTBA KaueCcTBeHHOU THKT
B P®. UMeHHO ¢ 310 11e1bi0 KOMIaHUusa OO0 «MHTIKO
TIO6MHI» pealn3yeT NPOEKT B Pecriybnuke TaTrapcTaH.
Ha HOBOM IPOU3BOJCTBE OYAET CAEIAH YIIOP UMEHHO
H4 Ka4ECTBE BBIITYCKAEMOU NPOAYKIIUU. TaKKe HA TanIE
NJIAHUPOBAHUSI KOMIIAHUEHN YUUTHIBAJIACh AKTYaJIbHAS
IPOU3BO/ICTBEHHAS IMHEHKA, YIOOCTBO JJOI'UCTHUKY,
ofOecIreueHne HAJIUY M TOTOBOM IIPOAYKIIUHN HA CKJIA/1e
U IPEJOCTABJICHU S COITyTCTBYIOIIEIO CEPBUCA.

[IpOEKT peasn3yeTCs C IPUBJICYEHUEM BEYIIIUX
MHPOBBIX CIICIIUAIUCTOB B 06acTu npoussoactsa 'HKT.
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assessed. Compatibility with drilling mud is a
very important indicator. If the lubricant does
not mix well with drilling mud and forms any
structure that may float on the surface of the mud
or precipitate, such lubricant will not effective
during drilling.

The starting point for comparison was the
initial drilling mud.

Pilot tests were successful. Analysis showed
that the developed lubricant additive effectively
reduces the friction coefficient of drilling
mud with added volume of 0.3% vol., provides
reduction of the friction coefficient of drilling
fluid by more than 50% as compared with
untreated fluid. When added into the drilling
mud this product did not cause foaming nor
increase in filtrate return.

After drilling and cleanout the drilling assembly
was pulled out of hole within three hours without
any overpulls.

Implementation of the Project
for the Production of CTs in the
Republic of Tatarstan

Mikbail YAMSHANOV;, Inteko Tubing LLC

The issue of providing service and oil and gas
extraction enterprises with high-quality coiled
tubing has always been and still remains relevant.
Today, the overwhelming majority of CTs used
in the Russian Federation is exported from the
USA and China, which is directly related to the
need for settlements in foreign currency, a long
period of production and logistics, the need
for customs operations and other complicating
circumstances. In turn, this leads to the fact that
CT consumers are very limited in their ability to
quickly acquire the tubing they need.

One of the solutions to this problem is the
development of the production of high-quality
coiled tubing in the Russian Federation. For
this purpose, the company Inteko Tubing LLC
is implementing a project in the Republic of
Tatarstan. The new production will focus on
the quality of its products. Also at the planning
stage, the company took into account the current
production line, the convenience of logistics,
ensuring the availability of finished products
in stock and the provision of related services.
The project is being implemented with the
involvement of the leading world experts in the
field of CT production.

Coiled Tubing as an Integral Part
for Solving Problems at the Field.
Current Challenges

Sergey SIMAKOV, Gazpromneft NTC

The growth of technological wells leads to
the selection of non-standard coiled tubing
equipment in the implementation of the tasks
with coiled tubing.



I'HKT Kaxk HeOThbeM/IeMasA 9ACTh
JJIA PEIIICHH A 3A1a49 HA CKBAKHHE.
BBI30BBI CETOAHAIIHETO THA

CM. CHMAKOB, OOO d asnpommegpmo HT1]»

POCT TEXHOJIOTUYHBIX CKBAXXUH IIPUBOJUT K
noA00PY HECTAHAAPTHOrO 060pynoBanus THKT
IPU PEATU3ALINY TOCTABIEHHBIX 3a4a4 ¢ [HKT.

OIUH U3 BbI3OBOB, CTOSIIIUX CET'O/IHS IEPE/]
KOMIIJIEKCOM I'MOKHX HACOCHO-KOMIIPECCOPHBIX
TPYO, — TO CTPOUTEIBCTBO TOPU3OHTATIBHOTO
Y4aCTKA NPOTAKEHHOCTHIO 2000 M, KOTOPBIH
TpedyeT NoA6O0Pa O60PYIOBAHUS COITIACHO
MIPOBOJUMBIM PACYETAM IO HATPY3KAM,
TUIPABINUKE U 3(PPEKTUBHBIM CHUIaM. OJHUM
U3 BO3MOKHBIX CLIEHAPHEB 151 PEATTU3AIUH
JTAHHOM MPOTI'PAMMBI ABJIAETCS BBIOOD
YCHUJIEHHOT'O MHXKEKTOPA, Y3J14 HAMOTKH,
NPEJHA3HAYEHHBIX [ NpUMeHeHus ['T
JquaMeTpom 60,3 MM.

VYUTBIBAS CDOKU NIPOBEAECHUS 3aKYIIOYHBIX IIPOLIEAYD,
4 TAKXKE MPUMEHEHHE HECTAHIAPTHOTIO OOOPYAOBAHUSA
I'HKT yBEJIMYEHHOI'O AUAMETPA, PAHEE HE
npuMeHsBIIerocs B nepumerpe ITAO «asnnpoMHeDTD»,
MPOBEACHHE IIPOLICAYD OCYIICCTBIACTCS
326JIaTOBPEMEHHO C y4ETOM HEOOXOAUMOT'O JIN/I-TANIMa Ha
NPUOOPETEHUE U IOCTABKY.

CKBaXMHBI SIMasIbCKOTO Kitactepa ¢ ABIT ¢ 2019 rona
BOIIUIM B IIPOTPAMMY PEATU3ALINU 1 BBIIIOTHEHUA
pa6ot ¢ THKT. JonoJIHUTENBbHBIMU (DAKTOPAMH,
OCJIOKHSAIOIMUMHU PaboTy, TOMUMO ABIT/I, ABISIOTCS
YBEJIMYECHHBINA KO3PPUITUEHT TPEHUS OTHOCUTEIBHO
PaHee BBINOIHABIINXCS pACYETOB, cityieHHas HKT
C U3MEHEHHBIM 43UMYTOM ITO CTBOJIY CKBA’KHUHEI,
BBINAJAIONIHUE B CTBOJI CKBA’KMHBI OPTAHUYECKUE
COEVTHEHUSL.

OTHOCHUTENBHO HE TIOATBEPKEHA TUIIOTE3A O TOM,

YTO KOJIOHHA FTOPU3OHTAJIBHOI'O YYACTKA CKBA’KUHBI
MOJKET OBITH 1€(POPMHUPOBAHA (CMELIECHA O€3 HAPYIICHHUS
LEJIOCTHOCTH) B CHJIY OIIPEETIEHHBIX OOCTOSATENLCTB,
TAKUX, KaK BBICOKUE 1ABJIEHUA pa3pbiBa MI'PIT
IToxTBEPXKAECHNE UIN OIIPOBEPIKEHUE JAHHOM I'MIIOTES3bI
MOJKET OBITh OCYIIECTBIEHO IIPU IIOMOIIY CITYCKA KAMEDBI-
KaBEPHOMEPA IIOCJIE IOJYYEHHBIX PA3TPY30K, 3P deKTa
OaKJIMHI'A B TOPU3OHTE.

TexXHOJIOrusl «yMHOI'O TEMITMPOBAHUS I'T> MOXET
OBITb IPUMEHEHA /I PEATTN3AIIUN YBETUYEHHBIX
TOPU3OHTAJIBHBIX YYACTKOB JUIA JOXOXKACHUA U PEEHNA
32724 1pu pabote ¢ mydpramu MI'PIT c THKT
C IIPHWJIOKEHHUEM HEOOXOAUMO HATPY3KH.

Ha cerogHamHuM 1€Hb BO3MOXHOCTH PabOTHI
CKBaKMHHOTO TpakTopa ¢ 'HKT orpannyeHsl
«arporackuBanuem» 'HKT B ropusonTe. O603Ha4eHA
HEOOXOAMMOCTD MOJEPHUBALIMHU CYIIECTBYIOMMNX
I'U/IPABJINYECKUX CKBAXKUHHBIX TPAKTOPOB 151 PA6OTHI
¢ THKT nipu BKJIIOYEHWH JJOTTOIHUTEIBHOH TEXHOJIOTUHN
MIPOMBIBKH IPU JBKEHUH TpakTOopa ¢ THKT, mpu
poxoxaennuu 'HKT ¢ tpakropom 10 my@dTsl MI'PIT 1
OTKPBITUH, VACIIEBICHNH ITPEIOCTABISEMOIO CEPBHUCA
CKBAXUHHBIX TPakTOpoB c THKT. ©
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One of the challenges
facing the coiled tubing
complex today is the
construction of a
horizontal section of
2000 m in length, which
requires the selection
of equipment according
to the calculations for
loads, hydraulics and
effective forces. One of
the possible scenarios
for the implementation
of the program is the
choice of a reinforced
injector, a winding unit,
designed for the use of
CTs with a diameter of
60.3 mm.

Given the timing of the procurement
procedures, as well as the use of non-standard
coiled tubing equipment of increased diameter,
previously not used in the perimeter of
Gazpromneft, the procedures are carried out in
advance taking into account the necessary lead
time for acquisition and delivery.

Since 2019, wells from the Yamal cluster with
AHFP have been included in the program for
the implementation of coiled tubing operations.
Additional factors that complicate the work, in
addition to the pressure drop, are the increased
friction coefficient relative to previously
performed calculations, the lowered tubing with
a changed azimuth along the wellbore, organic
compounds falling into the wellbore.

The hypothesis that the column of the
horizontal section of the well can be deformed
(displaced without breaking the integrity) due
to certain circumstances, such as high fracture
pressure while MSHF, is not relatively confirmed.
Confirmation or refutation of this hypothesis can
be carried out by lowering the caliper camera
after received unloadings, the buckling effect in
the horizon.

The “smart tempering CT” technology can be
used to implement increased horizontal sections
for reaching and solving problems when working
with multi-stage hydraulic fracturing with coiled
tubing with the necessary load.

To date, the capabilities of a downhole tractor
with coiled tubing are limited by pulling the
coiled tubing in the horizon. The necessity
of modernizing existing hydraulic downhole
tractors to work with coiled tubing is indicated
when additional washout technology is included
when moving a tractor with coiled tubing, when
the coiled tubing with the tractor reaches the
multi-stage fracturing sleeve and the opening;
Cost reduction of the provided service of
downbhole tractors with coiled tubing. ©
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