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BBeaenue

MHOroCTaJUUHBIA IT'MAPOPA3PhIB IIACTA
(MTPIT) 3ap€EKOMEH/IOBAJ CEOS KaK OAUH U3
OCHOBHBIX METOJOB I/IHTCHCI/IQ)I/IKQLII/II/I IIacra
B Poccurickon ®enepanyu. OCHOBHAA 1IETb

JAHHOT'O METO/JA — CO3/TAHUC BBICOKOIIPOBOAANIUX

TPEMIUH B HEPTETA30HACBIIIEHHOM KOJIJIEKTOPE
HAa BCEM NPOTAKECHUN I'OPHU3OHTAIBbHOI'O YIACTKA
CTBOJIA CKBAXKUHEL []JIs1 3TOr0 IIPOU3BOSUTCS
nooyepeaHas Cepus r'nIpoOpPa3pPhIBOB IIACTA
(T'PII), pe3ys1bTaTOM KOTOPBIX ABJIAETCA
MAaKCUMAJIbHBIN JEOUT yITIEBOAOPOIOB.

C TeyeHueM BpeMEHHU He(PTEra30/100bIBAIONINE
KOMITAaHUU B POCCUIICKOI Penepaniv CTAHOBATCA
BCE TPEOOBATEIBHEE K TEXHUYECKUM U
TEXHOJIOTMYECKUM IapaMmerpam MI'PII B r1ane
KOJIMYECTBA CTAANH, TTTyOHMHBI CTBOJIA CKBAKIHEI
(B OCOOEHHOCTH €€ TOPU3OHTAIBHON YaCTH),
BO3MOXXHOCTHU NNOBTOPHOIO I'PIT 1 ynipasiieHus
UHTEPBAIAMU/IIOPTAMHU IIOCJIE BBOJA €€ B
IKCIUIYyaTALUIO U MHOI'OI'O APYroro. B csa3u ¢
atuM OO0 d'aznpoMHePTB-XaHTOC» 1 OO0
dagnpomuedTe-HTL)> coBMecTHO ¢ OO0 «EBC>
B TEYEHME NOCJIEAHUX 14 MECALIEB IPOBOJAT
ONBITHO-TIPOMBIIJIEHHBIE PA60THI (OITP) 1o
TexHooruu MI'PIT Mongoose cO CABUKHBIMU
My(pTaMH (C BO3MOKHOCTBIO MHOT'OKPATHOTO
OTKDBITHUsA/3aKPBITUA). Texunonorusa NCS
Mongoose Multistage Unlimited (o¢puriaabsHbIM
JUCTPUOBIOTOPOM KOTOPOU B Poccurickorn
Oegepanuu U crpanax CHI asisiercss OO0 «EBC»)
3aPEKOMEH/IOBANIA CEOS HA OTEYECTBEHHOM PBIHKE
K4K aJIBTEPHATUBA TEKYIIUM MeTogam MI'PIT ¢
IIAPOBBIMHU KOMIIOHOBKAM.

O6uas HHPOPMALHUA O TEXHOJIOTHH
NCS Mongoose Multistage Unlimited
B 1aHHOM TEXHOJIOTUH OO'beJUMHEHBI
KOMITOHOBKA /17151 PA300IIEHNS UHTEPBAJIOB,
ciiyckaemas Ha THKT, 1 caABUKHBIE My(DTEI
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Introduction

Multistage fracturing (MSF) is acknowledged
to be as one of the main methods of formation
stimulation in Russian Federation. The main
purpose of this method is to provide highly
conductive fractures in oil and gas reservoir
throughout the wellbore horizontal section. For
this, the sequential series of hydraulic fracturing
(frac) are made, the result of which is the
hydrocarbons maximum production rate.

Over time, the oil and gas companies in Russian
Federation are becoming more demanding in
technical and technological parameters of MSF
in terms amount of stages, the maximum depth
(particularly in its horizontal part), possibility
of re-fracturing and control of intervals / ports
after start of production and more. Therefore,
“Gazpromneft-Khantos”, LLC and “Gazpromneft
NTC ¢ LLC in partnership with “EWS”, LLC,
during the last 14 months have been conducting
pilot projects on MSF Mongoose technology with
sliding sleeves (with the possibility of repeated
opening / closing). NCS Mongoose Multistage
Unlimited technology (official distributor in
Russia is LLC “EWS”) is acknowledged to be as an
alternative to the current methods of MSF with
ball drop completion.

General information about NCS
Mongoose Multistage Unlimited
technology

In this technology BHA for intervals separation,
running on CT, and sliding sleeves or sand jet
perforation (SJP) are combined, which allows
multi-stage frac during well completion in one
run, and more effectively than any other method
allows.

Technology features
CT string running allows using multiple packer



MO0 NIepPOPATOPHL JJIs TUAPONECKOCTPYHHON
nepdopanuu (I[TIIT), 9TO NO3BOJSIET
OCYILECTBIATb MHOIOCTAaANNHDIN I'PIT ipu
3aKAHYUBAHHUM CKBAXKUH 32 OJJHY CITYCKO-
HOJ’/bEMHYIO ONIEPALUIO U 60JIeE 3(PPEKTUBHO,
4EeM MO3BOJISAET JTIOO0U APYTOH METOZ,

OCOGEHHOCTH TEXHOJIOTHH

Cryck konoHHbI 'HKT o3BOISAET UCIONB30BATh
MAKEP MHOT'OKPATHOM YCTAHOBKM 1114 ['PIT
U MY(PTBI, CABUTAEMBIE MEXAHHUYECKHU.

[Takep MHOTOKPATHOM YCTAHOBKHU CJIBUTAET

Ha KAX/JJOU CTATUU CABHKHYIO My(PTY B
IIOJIOKEHUE «OTKPBITO» U U30JIUPYET LEJIEBOM
MHTEPBAJ B XO/I€ IPOBEAEHUS THJPOPA3PHIBA.
JanHas KOMOMHAI U TO3BOJISAET OTKA3AThCS

OT IPOKAYHUBAEMBIX IPOOOK U HMIAPOB,
CABUTAIOMUX MY(PTBL. C/IBH>KHBIE MY(PTHI
CITyCKAIOTCSI B KOMIIOHOBKE XBOCTOBUKA IIPU
3aKAHYUBAHUM CKBAKUHBI U YCTAHABIHUBAIOTCS
HA4 34IUIAHUPOBAHHBIX [TTyOMHAX /1 IPOBEACHUS
I'PIT. JJaHHBIE CBUKHBIE MY(PTHI MOXHO
LIEMEHTUPOBATH BMECTE C XBOCTOBUKOM, TAKUM
00pa30M, HET HEOOXOJUMOCTH YCTAHABINBATD
33aKOJIOHHBIE TAKEPHI IS PA300IEHUA
nHTepBanoB I'PI1. CABMKHBIE MY(DTHI UMEIOT
TAKOM K€ BHYTPEHHUH JIUAMETP U IIPOYHOCTHbBIE
XAPAKTEPUCTUKU, KAK U CAM XBOCTOBHUK, U
MOCTABIAIOTCA C BEDXHUM EPEBOJJHUKOM JIJI
YAOOCTBA YCTAHOBKH B KOMIIOHOBKY XBOCTOBUKA:
HUKHHUU KOHEL — HUMIIENbHAA PE3b6A, BEDXHUH —
My(pTOBAA.

OTIUYUTETBHOH OCOOECHHOCTBIO JAHHOM
TEXHOJIOTUH ABJIAETCA BO3MOKHOCTb IPOBENECHUA
I'TITI B ciiygae OTCYTCTBHS IPUEMUCTOCTH
OTKPBITOM MY(PTHI (TIO T€OJIOTHYECKUM
IPUYUHAM) UJIH HEOOXOIUMOCTHU JOOABIECHUS
cTaauu 6e3 nornoaHuTenbHou CIIO.

TaxoKe HEMAJIOBAKHBIM (DAKTOPOM SABIAECTCS
BO3MOKHOCTb TECTUPOBAHUA I'€PMETUYHOCTHA
NPOOKH/ITAKEPA ITOCJIE YCTAHOBKHU U IIEPE]]
OTKPBITHEM MY(PTBI, YTO ITO3BOIAET OBIThH
YBEPEHHBIM MOCJIE CABUI'A MY(PTBL, UTO IIPU TECTE
HA IIPUEMUCTOCTD JKHUJIKOCTD ITIOCTYNAET B TLJIACT,
4 HE Yepe3 HErepMETUYHYIO IIPOOKY/TIAKEDP.

B IPOTUBHOM CJIy44€e MOTYT OBbITh ITOJTyYEHBI
ocnoxHeHuA npu I'PI1 B CBA3MU C yTEUKOI
JKHUJIKOCTH B HHUKEJIEK AU TIJIACT.

KonTpoaupyemasa (yrpasiasieMas)
OIITHMH3AIHA 3aKAHUYHBAHHU A
MHOTrocragumHoro I'PII mo TexXHOJIOTHUH
TexHONMOrus KOHTPOIUPYEMOI ONITUMU3AI NN
3aKAYHUBAHHI MHOT'OCTaauHHOTO I'PIT
33KJIIOYAETCS B IPOLIECCE MOHUTOPUHIA JABJICHU S
HAa 3260€ CKBAXKUHBI IIPU MOCJIEIOBATEIBHOM
BBINNOIHEHUHU cTagui ['PIT B peskxuMe peasibHOIo
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Pucynox 1 - KHK Mongoose oas pa3oouienus
unmepeanos, cnyckaeman na THKT

Figure 1 —- Mongoose BHA run for isolation
intervals

unit for frac and sleeve shifted out mechanically.
Multiple packer unit shifts the sliding sleeve out on
each stage in “open” position. This combination
allows canceling pumping plugs and balls shifting
sleeves. Sliding sleeves run in the liner during well
completion and set on the planned depths for
fracturing. These sliding sleeves can be cemented
together with the liner, so there is no need to
install the annular packers to isolate frac intervals.
Sliding sleeves have the same internal diameter
and strength characteristics, as does the liner, and
come with a top sub to rig up liner into BHA: lower
end is a nipple thread, the top is sleeve.

A distinctive technology feature is the fracturing
if there is a lack of an open sleeve injectivity (for
geological reasons), or the need to add a stage
without additional trip. Also, the important factor
is the ability to test the plug leakage / packer after
setting up and before sleeve opening, allowing
to be assured after sleeve shifting, that during
injection test the fluid goes to the formation,
rather than leaking through the plug / packer.
Otherwise, the complications might occur due
to fracturing fluid leakage into the underlying
formation.

Controlled optimization of MSF
technology completion

The technology of controlled optimization of
MSF technology completion is in the process of
pressure monitoring downhole during sequential
fracturing stages in real time. An important system
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BpEMEHU. BaxxHag OCO6EHHOCTb CUCTEMBI
3aKJIIOYAETCA B TOM, 4YTO, KPOME CBOEH

OCHOBHOU LIEHHOCTH, 4 UMEHHO JIUAIHOCTUKU U
PETUCTPALMU 3200MHBIX IABJIEHUNI U TEMIIEPATY P
HAa/Jl ¥ IO/ ITIAKEPOM, CUCTEMA JIACT BO3MOXKHOCTD
ONTUMHU3UPOBATH PELEITYPY KUZKOCTH I'PTI,
UCIIOJIb3Ys PEAJIbHBIE JAHHBIC 110 HAI'PEBY U
OXJIAKACHUIO ;KUIKOCTU I'PIT B 3200 HBIX
YCJIOBUAX B Ipolecce BoinosHenus I'PIT v mocie
€TI0 3aBEPUICHUSI.

IIocTaBJIEHHAA 3aa9A

Ha Texymui MOMEHT 110 TeXHooruu MI'PIT
Mongoose B Poccurickoit deiepaiuu B O0IIei
CJIOKHOCTHU ObLIIO ITPOBEAEHO 60s1e€ 20 CKBAKUHO-
ornepanuy B XBOCTOBUKAX 101,3 MM 1 114,3 MM co
CIBMKHBIMU My(PTAMU 1/UJU € TposeaeHueM I'TITL
B yacTHOCTH, B MIoHe 2016 roza 6511
NPOBEJECH PEKOPAHBIN A1 Poccurickoit deneparinu
30-cragurabid MI'PIT co cABHM>KHBIMU
MydTamu Ha FOKHO-TIPUOOCKOM MECTOPOXKIEHUHN
OO0 J'a3npoOMHEPTH-XAHTOC.

Ilepes 3aKa39MKOM CTOAA LIEJIb IPOBECTH
30 cTaguit MI'PI1 B CKBaKUHE OOIIEH JIITMHOM
4586 M C TOPU3OHTAILHBIM YIACTKOM JITTUHOM
1500 M, BKJIIOUAIOIIA TAKKE 3aJa49H JOCTHKECHU S
326051 IPOTIKECHHOT'O TOPU3OHTAIBHOT'O YYACTKA,
reodusndeckue uccaenopanus Ha THKT.

Tak>Ke B CBSI3U C OCOOBEHHOCTSAMHU TEXHOJIOTUU
Mongoose, Koraa rnepexos OT O4HOU CTaAuHU
K Apyro# (cpsIB nakepa nnocJe I'PIL nogbeM K
CIIEYIOEMY MHTEPBAJLY, IIO3UITMOHUPOBAHHE
Ha Mmydre I'PI1, mocajka makepa u OTKPbITHE
MY(TBI) 3aHUMAET NOPAAKA 40 MUHYT, OCHOBHBIM
(PaKTOPOM J1J151 HOBOI CKBAKHHBI JIJIs1 IPOBEJICHU S
OOJIBIIIOTO KOMNYECTBA cTaguit MI'PIT siBisiiach
CKOPOCTB IPOBEAEHNA KAXKIOM cTaanuu I'PIT,
4 MMEHHO NOATIOTOBKA K Hel. [ToaToMy ObL1a
TNOCTABJIEHA JOIIOTHUTEIbHAA 3214494 —
nposesieHue 6 TPIT B CyTKHU. YTO HE ABIACTCS
KPUTHUYHBIM JIJI1 CAMOM TEXHOJIOTUU Mongoose,
4 OrPAaHHUYEHA TOIBKO PAaOOTOM 6PUT /B
I'PIT. JaHHBIE IAPAMETPBI TAKKE ABJIAIOTCA
KPUTUYECKUMHU B IVIAHE ObICTPOTHI IIPOBEJCHUST
PaboT U BBIBOJA CKBAKUHBI B 9KCIUIYATAIUIO.
[ToaTomy OOO «EBC» IpeIOCTABIAIO TAKKE
KoMIuteKCHbIe yeryry 1o THKT u I'PIT (coBMeCTHO
¢ OO0 «Hprorex Besr CepBrC») 1A TONyYEHN A
MAaKCHUMAJIbHOM KOOIIEPALIMU MEXTY IBYMSI
cepBucaMU. [11g obecnieueHus 6ecnepedboHOM
MOJIa4YU TEXHUYECKOM JKUAKOCTU AJ1s1 'PTT
UCHOJIBb30BAJINCH (C BO3MOXXHOCTBIO IIOIOI'PEBA B
3UMHEE BPEMSsT) EMKOCTh/Gacceitd 600 M3, Takoke
OblLJ1a 3apaHee Pa3paboTaHa METOIMKA ITOJITOTOBKHU
K 1poBeaeHuIO I'PIT (COBMECTHO C 3aKA3YUKOM) JJI
UCKJIIOYCHH ST BO3MOKHBIX TPOCTOEB, B TOM YUCJIE
IO IIPUYHHE HECOTTIACOBAHHBIX JIEHCTBUU.
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Pucynoxk 2 - Monmaoic komnaexca T HKT
Figure 1 — CT Fleet rig-up

feature is that in addition to its core values, namely,
diagnosis and recording of downhole pressures
and temperatures above and below the packer, the
system makes possible to optimize the fracturing
fluid formulation, using real data on heating

and cooling in the fracturing fluid downhole
conditions during frac operation and after its
completion.

The task

More than 20 well operations in 4 and 4.5 liners
with sliding sleeves and / or SJP were done with
MSF Mongoose technology in Russian Federation.
In particular, a record for Russian Federation
30-stages MSF was done in June of 2016 with
sliding sleeves at South Priobskoye field of
“Gazpromneft-Khantos”, LLC.

The customer had a task to provide 30 stages
MSF in well total length of 4586 m with a
horizontal section of length 1500 m, which also
includes the task of get bottom of the extended
horizontal section, logging operation on CT string.

Also in connection with the Mongoose
technology features, when the transition from
one stage to another (packer reseating after frac,
pulling to the next interval, frac sleeve positioning,
packer seating and sleeve opening) takes about
40 minutes, but the main factors for a new well to



Ha cTaguu IpOEKTUPOBAHUSA JAHHOM
CKBAKHMHbBI MUHXEHEPHBIM OTAes10M OO0 «EBC»>
OBLIIU NPOBEJEHBI PACYETHI JOXOZA IO 326051 B
OPOTrPAMMHOM OOECTIEUEHNH, YTO IO TBEPANIIO
HEOOXOIUMOCTD UCIToab30BaHUS T'HKT ¢
BHEIIHUM AuaMeTpoM 50,8 MM. [JlaHHaA TPpyOa
MO3BOJISIET JOUTHU O 32005 U IPOBECTU OTKPBITHE
HIDKHUX My(PT 6€3 UCIOIB30BAHUS CIIEITUATBHBIX
3260UHBIX UHCTPYMEHTOB, OOECIICYUBAIONINX
JIOTIONTHUTEJIBHOE TATOBOE YCUIHE. YTO, B CBOIO
o4epenb, yIPOIIAET IPOBEAECHHUE OCHOBHOT'O
BU/1a pabot. Takske ucnonb3oBanue 'HKT 50,8 MM
06€ECTIEUNBAET HEOOXOAUMBINA PACXO, KUJLKOCTH
PU NOJTYYEHUH KPUTUYECKOTO POCTA JABIECHUS
npu I'PIT (CTOIT) 1 HEOOGXOAUMOCTH BEIMBIBA
NPOMNMNAHTA U3 CTBOJIA CKBAKHUHBIL.

PesyabpTrar M BBIBOJBI

ITo mToram NpPoOBEJEHHON PA6OTHI MOXKHO
KOHCTATUPOBATH, UYTO 30-cTaauitubeiii MI'PII ObL1
YCIENIHO NTPOBEJEH, ObLIN OTKPBITHI BCE 30 My(T.
B o6111€ CJTOKHOCTH B TEUECHUE BCEX CTAUH
OBLIO 3aKka4aHo 1179 T nponmanTa (0KoJo 40 T HA
cTaanio). OMHUM U3 JOCTUKEHUI TAKXKE ABJIACTCS
nposegeHue nepsbix 20 cragui I'PIT 32 ogHy
CIIyCKO-TIOA'bEMHYIO ONEPALHIO (6€3 NeEPE6OPKU
MHCTPYMEHTA). Bcero 6u1u nposeieHst 2 CI1O
JUISL IPOBEJICHUST OOIIErO KOJTUYECTBA CTAAUMN.

JIOTIOJIHUTENBHO ObLII IPOU3BEJICH CITYCK HA
I'HKT (mepen MI'PIT) npu60OpPOB A1 NPOBEJCHUS
ucciaenoBanus AKI u CIIT fy1s1 O1IeHKU KaYyeCTBa
LEMEHTUPOBAHUA TOPU3OHTAIBHOTO YYACTKA
CKBaKHHBL

Taxske HA TOCJIEAHUX CTAIUAX OBLJIO IIPOBEAECHO
7 crapguii I'PIT3a 21 9ac, 9TO TOBOPUT O
JOCTHIKEHHH OCTABIEHHO 3AKA3YHUKOM 34/JA4 M.

B nporiecce paboTel 6bUIN IOy IEHBI
3 «CTOIIa», KOTOPHBIE OB YCIIEITHO BEIMBITHI
6e3 gononHurtenbHbiX CI1O. JaHHBINA PakT
MHOATBEPKAAET BOSMOKHOCTD IPOBEICHUA
NOAOOHBIX OIIEPALIUNI K HEOOXOJUMOCTD
ncnonb3oBanug 'HKT 50,8 Mm npu npoBeIeHUN
AHAJIOTUYHBIX PAOOT.

PesynbraThsl IpoBEAEHNA JAHHOM CKBAXKUHO-
OIEPALIUH IO3BOJIAIOT TOBOPHUTD O BBIXO/IE
Ha HOBBII YPOBEHDb 3AKAHYUBAHUA CKBAXKHUH
C BO3MOYKHOCTBIO IpoBeaeHusa MI'PIT, korna
OCHOBHBIMHU (PAKTOPAMU OYIYT ABISITHCS
MAaKCUMA4JIbHOE YBEJIMUYEHUE HE(PTEra300THAUHN
MJ1ACTA U €€ 9KOHOMUYECKAS 3(PPEKTUBHOCT,
4 HE JIMMATUPOBAHHE KOJIMYECTBA CTAAUH,
OTPAHUYEHUE JOCTYIIA B CTBOJI CKBA’KUHBI
nocae MI'PIT, mnoTpeOHOCTh NPOBENCHU
JOTIOJIHUTEIbHBIX PA00T, MAKCUMAJIbHAS [TTyOHHA
U IPYTHE (PAKTOPBHI, CBA3AHHBIE C 3AKAHYUBAHUEM
CKBAXXHHBIL. ©

operate a large number of MSF is the speed of each
frac stage, namely, preparation for it. Thus,

the additional task was to carry out additional

6 frac per day. That is not critical for most
Mongoose technology but limited only by frac fleet
work. These parameters are also critical in terms of
the speed of work and bringing well in operation.
Thus, EWS, LLC also provided services for coiled
tubing and fracturing (with NewTeck Well Services
Ltd.) for maximum co-operation between the

two services. To ensure uninterrupted supply of
technical fluids for hydraulic fracturing it was used
600 m? (with the possibility of heating in winter)
tank / pool. Also, the preparation method to carry
out hydraulic fracturing was developed in advance
(together with the customer) to avoid possible
downtime including uncoordinated actions.

While designing this well by the engineering
department of EWS, LLC, the income calculations
were carried out in the software, which confirmed
the need for a coiled tubing 2” string. This
string allows reaching the bottom and holding
the opening the lower sleeves without using
downbhole tools that provide additional traction.
This simplifies the main type of work. Also, using
2“ coiled tubing string the necessary fluid flow
during critical pressure increasing while fracturing
(screenout) and necessity for washing out the
wellbore from proppant.

Results and conclusions

Because of this work, we can say that 30-stages
MSF has been successfully done, all 30 sleeves were
shifted. It was pumped 1,179 tons of proppant
(approx. 40 tons per stage) during all stages.

One of the achievements is also done the first
20 frac stages per one trip (without tool
redressing). It was 2 times trips in total to total
amount of stages.

Additionally, cement bond log tools running on
CT and Downhole GR-Density Fault Detectorwas
made (before frac) to measure the horizontal
section quality of the well cementing,.

During last stages, the 7 stages of hydraulic
fracturing were held in 21 hours, which means
achieving client objectives. During operation,
3screenouts occurred that have been successfully
cleaned out without any additional trips.

The results of this well-operation allows a new
level of wells completion with the possibility of
MSF with maximum increasing of formation oil
recovery factor and its economic efficiency, rather
than limiting the frac stages, restricting access
to the wellbore after frac, necessity of additional
runs, maximum depth and other factors related to
well completion.
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